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Abstract According to the demand for weather forecast at the venues of the 14" National Winter Games, based on the data of the fine grid model of the
European Centre (EC) and RMAPS model, as well as the real-time observation data of the competition fields, a dynamic optimal correction method was
proposed to improve the accuracy rate of temperature and wind speed prediction. Through techniques such as deviation correction and univariate linear re-
gression, mathematical models applicable to different competition regions were constructed, and the effective correction of objective forecast products
within 0 — 120 h were realized. The results show that this method significantly improved the accuracy rate of the prediction of temperature,, wind speed and
extreme wind speed, and the effect was more obvious especially when the model performance was unstable. Meanwhile, terrain and climate background

had a significant impact on the correction effect. This study provides new technical support for mountain meteorological forecast.
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The meteorological services for the 14" National Winter
Games have extremely high requirements for the spatial and tem-
poral resolution of forecast, and precise hourly forecast of multiple
stations should be provided. However, the competition venue is
located in a complex mountainous environment. The direct predic-
tion of numerical models (such as EC and RMAPS) have large er-
rors, and there is a lack of historical data, so it is difficult to con-
duct manual correction. One of the problems that must be solved
in precise precise forecast is to create a periodic and quantitative
temperature. At present, the release technology of numerical pre-
diction products is regarded as an effective way to improve the lev-
el of temperature prediction, and many effective and practical ob-
jective release methods have been explored, such as BP neural

d[2—3]

network method"" | decreasing average metho , multiple re-

gression method”’’ | and Kalman filter*'. Therefore, this study
aims to improve the accuracy of forecast through an objective cor-
rection method based on real-time data and model output, so as to

provide reliable meteorological support for events.

1 Data and methods

1.1 Data sources The two-meter temperature and 10-meter
wind field data of the EC fine grid mode from November 2018 to
March 2019 included the data of all the stations during the 14"
National Winter Games. The observation data of temperature,
wind speed and wind direction at each station of the 14" National
Winter Games venues were sourced from Inner Mongolia Tianqing.

1.2 Research methods

attempts at different correction methods, the correction method

During the correction process, through
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with the highest accuracy rate within 3 d was selected from multi-
ple methods according to the selection principle of dynamic opti-
mality, so as to correct the model and then determine objective
correction results.

The two-day average error method takes the average of the er-
rors of a model in the previous two days at this station and this
time as the new error for model correction. The model is very use-
ful when it is relatively stable and there is no weather change. It
represents the average state of the model error, and its accuracy
rate is relatively high under the same weather background. Howev-
er, when the weather changes, the accuracy rate drops rapidly,
and it is easy to cause forecast values to extend towards extreme
values.

The five-day average error method takes the average of the er-
rors of a model in the previous five days at this station and this
time as the new error for model correction. The model error over a
longer period of time is selected for averaging, which results in
better averaging. Moreover, the weather and climate background
within 5 d change little, so it can better represent the average state
of the model error. However, it is not sensitive enough to the cor-
rection when the weather process occurs, which may cause the
correction value to shift towards the average, resulting in a smaller
absolute value of the correction.

The univariate regression method means performing linear re-
gression on the errors of the previous two days, so as to predict the
error of the new pattern based on the slope and intercept of the
trend line. This method is more suitable for processes such as con-
tinuous heating or cooling, and its application effect is relatively
good. As the weather fluctuates, its prediction effect is extremely
poor, and it is very easy to cause the forecast value to be larger.

By using the objective correction method and based on the

latest numerical prediction products, the prediction products in
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each time period were corrected to form the objective correction
products within O — 120 h finally. According to the pre-set thresh-
old, if there is a time limit that has reached the threshold was
checked, and then the time and location where it is located can be
judged and output. The prediction model is as follows:

Yi=Fi+Bi+B0

BO=M:;+Bi-S

In the formulas, Yi is the predicted value; Fi is the model
value; Bi is the average deviation of the background field; BO is
the corrected deviation; Mi is the mode value on the previous day;

S is the actual value.

2 Verification and analysis of correction re-

sults

2.1 Objective correction effect of temperature In the cor-
rection results of temperature prediction from 08:00, the correc-
tion method had a very good correction effect for Hailar Ice Sports
Training Center and Yakeshi Fenghuangshan Ski Resort. The ac-
curacy rate of the corrected objective products rose by more than
10% in most stations, and the increase was up to nearly 20% in
some stations. However, for the Jinlongshan Ski Resort, the cor-
rection effect was not particularly obvious, or there was almost no
increase in the accuracy rate. In the correction results of tempera-
ture prediction from 20:00, the accuracy rate rose more signifi-
cantly compared to that of temperature prediction from 08 :00. For
Hailar and Yakeshi Fenghuangshan Ski Resort, the accuracy rate
increased by 25% , and the increase reached 30% in most sta-
tions. However, the correction effect for Jinlongshan Ski Resort
was still not satisfactory, and it contributed little to the improve-
ment of accuracy rate.

From the distribution of data, there was only a slight differ-
ence between the original data of the model were not particularly
significant at Yakeshi Ski Resort and Jinlongshan Ski Resort.
From the correction results of urban forecast, it can be seen that
the correction effects of Zhalantun and Yakeshi were similar. From
the correction results of stations of the 14" National Winter
Games, it is found that there was a big difference between Jinlong-
shan Ski Resort and Fenghuangshan Ski Resort, because their ter-
rains are completely different. There are obvious differences in
their terrain distribution. Firstly, the altitude of Fenghuangshan
Ski Resort is relatively low, and the slope is gentle. Although the
terrain is slightly undulating, all the stations can receive sunlight,
which is basically the same as a flat ground. Secondly, the terrain
of the station in the Hailar Iceberg Sports Center is also relatively
platform, with no obvious obstructions or buildings around. This is
also quite similar to the environment of urban forecast stations.
Therefore, the effect of empirical correction using average error
was relatively ideal, and the accuracy rate of temperature predic-
tion increased significantly. However, the terrain of Jinlongshan
Ski Resort is unique. Firstly, the horizontal distances between the
various stations of Jinlongshan Ski Resort are relatively close, but

there are significant differences in the vertical direction, with a

height difference of nearly 200 m. Secondly, Jinlongshan Ski Re-
sort is located on the shady side of the mountain range and the lee-
ward side, so that it is impossible for the sunlight to fully cover the
ground in most times. Merely considering the influence of average
error is insufficient to make up for the effects brought by terrain,
lighting, cloud cover, etc. Therefore, the correction effect was not
obvious. Based on practical working experience and the forecast
experience during the previous test events, when prediction was
conducted at each station in Zhalantun, it is necessary to fully
compare the differences in cloud cover and wind between the two
days. The correction effect was better according to the idea of av-
erage error.

2.2 Objective correction effects of average wind speed and
extreme wind speed For the correction of wind speed, the mu-
nicipal bureau mainly focuses on finding the error of the model
system. Generally, it looks for the model error of the previous
time, and uses it as a reference for the correction of the error of
the current time. By following the same idea as the temperature
correction direction and using the idea of average error, the aver-
age state of the model systematic error is found. Through the sta-
tistics of the correction effect of wind speed over a period of time,
it is found that the correction effect of the average error idea on
wind speed was relatively obvious in some stations, but was aver-
age in other stations. As seen from the correction effect, the ob-
jective correction method increased the accuracy rate of extreme
wind speed more obviously than average wind speed, and was also
more applicable to stations. It is found that in station C7426 of
Zhalantun, the increase in the accuracy rate of extreme wind
speed was the most obvious, reaching nearly 20% . This station
has the highest altitude and no obstruction around. Therefore, the
forecast value of wind speed based on the model here was relative-
ly small. However, the objective correction method combined
some real-time information, so the accuracy rate of extreme wind
speed was significantly improved. The athletes set off from this
station, so the forecast of wind speed in this station is also very
important.

The objective correction effect of wind speed prediction from
20.00 was significantly better than that of the prediction from
08:00. Firstly, the correction effect of average wind speed rose
significantly , with more than five contributing stations, and the in-
crease of accuracy rate was also relatively obvious. Secondly, most
stations played a role in the increase in the accuracy rate of ex-
treme wind speed. Especially for all the stations in Zhalantun, the
accuracy rate of maximum wind speed rose very significantly, with
an increase of more than 10% , so the correction effect was very
ideal.

In conclusion, the objective correction method played differ-
ent roles in the correction of wind speed and extreme wind speed
at different prediction times. In the correction of the numerical
forecast starting at 20:00, the objective correction method played
a very significant role, and the correction effect was good. Espe-

cially for the correction of extreme wind speed, it played a very
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significant role in the improvement of the correction effect. How-
ever, the correction effect of the objective correction method on
wind direction was generally not ideal. The reason is that wind di-
rection is a vector, and a simple deviation correction method can-
not accurately correct it. The correction effect may be relatively
ideal within a certain period of time, but the correction effect on
wind direction was not as good as that of model forecast from the
perspective of the long-term average state. In practical work, the
model should be simply corrected in combination with the current
situation, and the correction scope should not be too large, be-
cause the simple correction method does not have an ideal correc-

tion effect on wind direction.

3 Conclusions

Based on the data of the fine grid model of the European
Centre (EC) and RMAPS model, as well as the real-time obser-
vation data of the competition fields, a dynamic optimal correction
method was proposed. The following conclusions are obtained
through practical tests.

(1) The mathematical models constructed for different com-
petition areas by techniques such as deviation correction and uni-
variate linear regression are feasible, and can achieve effective
correction of objective forecast products within 0 —120 h.

(2) Through the research on the forecast methods of temper-
ature and wind in fixed stations at the venues of the 14" National
Winter Games, it is found that the objective correction method had
a better improvement effect on the EC model in terms of tempera-
ture,, wind speed and extreme wind speed. However, the objective
correction method had different effects in various regions. Espe-
cially when the model performance was poor or unstable, the effect
of the objective correction method would be better.

(3) 2-day average deviation correction, 5-day average devia-

tion correction, and univariate linear regression deviation correc-

tion schemes were similar to the ideas of forecasters in urban fore-
cast, but there were slightly fewer influencing factors to refer to.
However, they still had a good correction effect. Especially
through the selection of a dynamic optimal correction scheme, it
also had a significant effect on the improvement of the forecast per-
formance. However, this primary correction scheme was not suffi-
cient to enhance the accuracy rate, especially when the mode per-
formance was relatively good.

(4) The objective correction effect of wind direction was
poor. The main reason is that wind direction is a vector, and the
simple linear correction scheme had no obvious effect on it. There-
fore, the correction effect was comparable to or slightly worse than
that of the model itself. A better correction scheme should be

sought to objectively correct wind direction.
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