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Abstract: Alpine skiing is extremely sensitive to wind, and especially extreme wind speed is often one of
the key factors that determine the smooth progress of the Winter Olympic Games. The numerical model
data from the European Center for Medium-Range Weather Forecasts (ECMWF) and corresponding ex-
treme wind observations at eight key stations in Yanqing Competition Zone of the Winter Olympic Games

from January to March during 2018 — 2021 are used. The objective forecasting models of extreme wind
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speed are constructed based on three types of machine learning algorithms: decision tree (DT), random
forest (RF) and gradient boosting decision tree (GBDT). The comparative evaluation results show that
the best predictors of extreme wind speed mainly focus on the wind speed and direction at different levels,
and additionally include the vertical velocity at individual stations. Removing the wind direction leads to
the decrease of accuracy and increase of mean absolute error (MAE) in most of models. On the whole, the
GBDT and RF models based on the decision tree ensemble learning are superior to the single decision tree mod-
el (DT). The GBDT model has the least MAE ranging from 1.56 m* s ' t0 3.57 m* s ', and the maximum
improvement rate is up to 8. 7% compared with the DT model. Besides, the GBDT model is also skillful in
the forecasts of super threshold extreme wind speed. All models have the increasing trend in the MAE and
decreasing trend in the accuracy with the rising elevation of stations. As the forecasting lead time extends,
the MAE of each model shows a periodic diurnal variation. Based on the stacking ensemble learning meth-
od, the RGL model is established using the two outstanding models, GBDT and RF, as the primary learn-
er and the support vector machine as the secondary learner. The results indicate that compared with the
single model, the RGL model has a certain ability to improve the prediction of extreme wind speed, espe-
cially at the high-altitude stations with relatively high winds. The MAE can be reduced by a maximum of
0.13 m+ s ', and the accuracy can be increased by a maximum of 0. 022, The relevant research results
have been well applied to the 2022 Beijing Winter Olympic and Paralympic Games.

Key words: Beijing Winter Olympic Games, complex terrain, extreme wind, machine learning, ensemble
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Table 1 Information of main automatic

weather stations in Yanqing Competition Zone
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x3 FEEBRNEHANM 72 h BRARKRKEFIRAEHLEITIRE (MAE) (R4 :m « 71 ) FAERHZ (Ace)
Table 3 MAE (unit; m + s7') and Acc of extreme wind speed within 72 h

lead time predicted by different models at each station

w5 BRLEELD DT #i 5] RF 27 GBDT # %!
A1701 MAE 3.73(A0.17) 3.63(40.32) 3.57(40.29)
Acc 0.480( ¥ 0.039) 0.506( ¥ 0.062) 0.491C ¥ 0.044)
A1703 MAE 2.60(—) 2.55(40.17) 2.47(40.03)
Acc 0.647C ¥ 0.002) 0.667C ¥ 0.034) 0.673(—)
A1705 MAE 3.02(40.38) 2.92(40.55) 2.89C40.39
Acc 0.597(C ¥ 0.060) 0.619C ¥ 0.100) 0.615( ¥ 0.061)
A1708 MAE 1.65(40.18) 1.62(40.37 1.56(40.18)
Acc 0. 826( § 0.029) 0.833( ¥ 0.075) 0.850( ¥ 0.022)
A1710 MAE 2.86(40.24) 2.73C40.49) 2.61C40.37)
Acc 0.613( ¥ 0.032) 0.632( ¥ 0.073) 0.651C ¥ 0.059)
Al1711 MAE 1.79C40.10) 1.77(40.20) 1.68(4A0.14)
Acc 0.822( ¥ 0.009) 0.811(y 0.037) 0.845C y 0.024)
Al1712 MAE 1.91CA0.20) 1.90C 4 0.32) 1.83( 4 0.2
Acc 0.774( ¥ 0.026) 0.793( ¥ 0.069) 0.807( ¥ 0.043)
A1489 MAE 1.90C40.11) 1.79C40.41) 1.74C40.23)
Acc 0.769C y 0.014) 0.793C vy 0.070) 0.804C y 0.042)
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