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Abstract A set of multi-mode integration technology of numerical prediction based on machine learning method XGBoost and
consideration of the influence of topographical features has been preliminarily developed. Its integration effect was compared with
that of traditional equal weight average and linear regression methods. Based on the data products of the rapid update cycle numerical
prediction system in Beijing, which can provide cycle predictions including 2 m air temperature, 2 m relative humidity, 10 m wind
speed and 10 m wind direction near the ground 8 times a day, three integrated models of multi-model forecast time lag integrated
models were construct based on the machine learning method XGBoost, the equal weight average method and the linear regression
method, respectively. Experiments were conducted to compare and analyze the effect of the integrated correction of model
predictions at different times in a warm and a cold season every day. The results indicate that in the seasonal test, the integrated
prediction results of 2 m air temperature and 10 m full wind speed based on the XGBoost model are significantly improved compared
with the original optimal prediction results, and are much better than the results of the other two traditional methods. Using the
XGBoost method, the error of 2 m air temperature integration can be reduced by 11.02%—18.09%, the error of 10 m full wind speed
integration can be reduced by 31.23%—33.22%, and the error of 10 m wind direction integration can be reduced by 4.1%—8.23%.
The integrated forecast error of 2 m relative humidity is close to the that from the traditional method. As a whole, the developed
multi-mode integrated prediction model based on XGBoost can fully "excavate" the advantages of different modes or the rapid
updating cycle prediction at different times, and therefore effectively reduces the systematic error of the mode and provides a multi-
mode integrated deterministic prediction product with higher accuracy.
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Fig. 4 RMAPS-ST and ECMWE-IFS were used to integrate the results of 2 m temperature prediction in Beijing (The red

Y . T ® RMAPS-ST  —4— EWA —@— XGB 4 40
(2) v ® & ;
T $ 7 ! _ VECMWF-IFS == GLAR
- T";I.!iQ?';:.: . 135
| | = @
‘ ?:it"'zfi;-iI*‘
Yoo o AV P
:-%*** EREy e
L X 3o v
§§ U0 .

10:00 12:00 14:00 16:00

18:00 20:00 22:00 UTC

(b)

00 4 peoes s

0 B0 [ome—<—

® RMAPS-ST
¥ ECMWEF-IFS

‘ T T 1 730

—4— EWA —@— XGB 1 40
—4— GLAR

H 25
4 20

k- 15

10:00 12:00 14:00 16:00

18:00 20:00 22:00 UTC

—i— EWA
—h— GLAR

® RMAPS-ST

¥ ECMWF-IFS

-4l

—e— XGB 315

10

-10

-15

-20

00:00 02:00 04:00 06:00 08:00

10:00 12:00 14:00 16:00

18:00 20:00 22:00 UTC

EWA RFEFAELE N, GLAR RELMEFIHE R, XGB IRFHLARF I L “ <" Fon I,
a.2017 48 A,b. 2018 4 8 A,c. 201941 A,d. 201942 A)

OBS (C)

OBS (C)

OBS (°C)

1007

solid round scatters show RMSEs of the original prediction data of RMAPS-ST, the green solid triangular scatter points indicate RMSEs of

the original forecast data of ECMWEF-IFS, the yellow solid triangular line shows the RMSE of the result of equal-weight integration, the blue

star solid line is the RMSE of linear regression integration results, the solid line with red dots is the RMSE of the integration result of the

XGBoost machine learning method. "x" represents the mean. a. August 2017, b. August 2018, c. January 2019, d. February 2019)
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(The P_ represent plains, and M_ represent mountainous; Others are the same as Fig. 4)
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Table 3  Results of integrated 2 m relative humidity prediction by three methods
—_— RMSER B 212 fE (%) S BURRMSEARXS T FURRMSEdse/ ME I L E 7318 (%)
ORI MIN AVG EWA AVG GLAR AVG XGB_AVG EWA _RATE GLAR_RATE XGB_RATE
201708 11.48 13.44 10.49 9.94 —17.10 8.57 13.36
201808 10.21 11.05 9.41 8.63 —8.24 7.90 15.48
201901 10.43 10.34 9.95 9.68 0.83 4.60 7.15
201902 12.19 12.52 11.47 11.36 -2.70 5.90 6.80
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Table 4 Results of integrated prediction of 10 m wind speed by three methods
. RMSEY R0 ZIF- 41 (m/s) AR BLTTHR RMSEAR X F 5 A RMS Edie/IME I 28 10 43 (%)
UL
ORI MIN AVG EWA AVG GLAR AVG XGB AVG EWA RATE GLAR RATE XGB RATE
201708 1.23 1.49 0.90 0.82 -21.06 26.60 33.22
201808 1.12 1.54 0.83 0.75 —36.72 26.60 33.19
201901 1.60 1.82 1.16 1.07 —13.41 27.47 3291
201902 1.36 1.60 1.03 0.94 —17.60 24.79 31.23
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Table 5 Results of integrated 10 m wind direction prediction by three methods
Bt MAER) A ZISFXE (°) AR THRMAEAX TR IR MAEfe/ME R AL 73 1 (%)
i
ORI MIN_ AVG EWA AVG GLAR AVG XGB_AVG EWA RATE GLAR RATE XGB_RATE
201708 81.19 79.41 80.36 75.74 2.18 1.02 6.71
201808 80.03 81.97 83.67 76.74 —2.43 —4.56 4.10
201901 77.03 76.37 76.85 70.69 0.85 0.23 8.23
201902 74.67 72.69 75.93 68.88 2.65 —-1.69 7.75
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