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Abstract. This paper takes Beijing Meteorological environment data as the anal-
ysis object, and uses six eigenvalues to analyze PM2.5. Normal equation, gradient
descent, ridge regression and xgboost are used to predict and analyze and compare
the results. The mean square error of xgboost algorithm is 0.322. It is significantly
lower than the other three algorithms, and its effect is far better than the other
three algorithms, which is suitable for the prediction of this data.
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1 Preface

Artificial intelligence is widely used in data prediction. These have greatly facilitated our
lives. If we can predict the future environment and climate, we can make people better
manage and prevent the problem of atmospheric change. Therefore, it is necessary to
analyze and predict meteorological data based on Python machine learning.

2 Data Preprocessing

The meteorological monitoring data used are the results of Beijing meteorological con-
dition detection, which from the kaggle platform. The data includes 18 meteorological
characteristic information of different samples such as temperature and PM2.5, with a
total of 52584 pieces (2010-2015).

The forecast process is divided into four parts:

First, the meteorological environment detection data should be preprocessed,
including selecting the required features and standardizing the data.
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Second, Analyze the obtained data, exclude the characteristic value with large or
small correlation coefficient, and compare the results to obtain a series of required
characteristics.

Third, using the obtained environmental meteorological data, different algorithms
are used to establish the model, and the optimal results of each algorithm are obtained
by adjusting the parameters.

Fourth, Compare and analyze the data results and select the best method.

The process is shown in Fig. 1:
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Fig. 1. Overall design flow chart

2.1 Target Value Processing

After the missing value processing, the target value with large mean square error in the
data set and the data distribution not meeting the Gaussian distribution is processed. Use
NP. Log() in numpy to logarithmically convert the target value, and the result is shown
in Fig. 2.

2.2 Correlation Analysis

Not all data in the data set can be used as a training set, and the features with minimal
correlation between the target values can be discarded, or the correlation between the
two features is great, which will make the predicted value offset and is not conducive
to the result prediction. Use the Seaborn module in Python to draw a thermal map, and
use the thermal map to observe the relationship between features. The thermodynamic
diagram is shown in Fig. 3.

It can be concluded from the thermal map that the correlation between the data label
and the year is very strong, but the two characteristics have little impact on the target
value, so it is not necessary to use them as characteristics. Prec and Iprec have a strong
correlation, and one feature should be removed. However, the data in these two groups of
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Fig. 2. Logarithm Transformation diagram
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Fig. 3. Data thermodynamic diagram

data are almost zero, and the impact on the results is very weak, so they are not selected.
The correlation between temperature and pressure (temp and PRES) also reached 0.82,
and the correlation was quite high. Therefore, the temperature characteristic is discarded
and only the pressure characteristic is retained. The four characteristics in the middle
are the observation data of PM2.5 in Beijing from four different countries, which are
highly relevant. In the forecast, select the data of the United States as the target value.

2.3 Labeling Treatment

Standardized algorithms were used for data processing. The principle of standardization
is to convert the average value of feature data into 0 and the standard deviation into 1.
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The standardized formula is shown in (1).

z=x—1v/0

151

6]

where v and 9 are the mean and standard deviation of the column where x is located.
The values obtained after data normalization are shown in Fig. 4.

2 0.246991
3 0.246991
4 0.149542
5 0.052092
6 0.052092
7 0.052092
8 0.052092
9 0.052092
10 0.052092
11 0.052092
12 —0. 142806
13 —0. 142806
14 —0. 240256

Fig. 4. Data standardization

3 Normal Equation Algorithm Prediction

The prediction of normal equation algorithm is divided into four steps: incoming data,
data set segmentation, model training and model evaluation. The system flow chart is

shown in Fig. 5.
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Fig. 5. Forecast flow chart

model training

Through the above process, six sets of eigenvalues PM_Dongsi, DEWP, Iw, Cbwd,
HUMI, and PRES were selected as training data sets and PM_ Us post as the value of

the objective function.
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3.2 Data Set Segmentation

The data set is divided into two parts. The first part is the training set of the data. The
selected six feature values are used to train the data. The second part is the verification
set, which is used to verify the advantages and disadvantages of the model, that is the
target value. The function of dividing data sets uses train_ test_ Split function, which in
the Sklearn library. The training set of data accounted for 75%, and the validation set
accounted for 25%.

3.3 Model Evaluation

The mean square error was used to compare the real value and the predicted value.
The mean square error formula is:

MSE =1/n)_ (x —x*)? )

t=1

where x is the real value and X * is the predicted value.

3.4 Normal Equation Prediction and Result Analysis

The predicted value and mean square error of the model are shown in Table 1.

Table 1. Mean square error of normal equation

Mean square error of normal equation | Time spent

0.534 0.14

It can be seen from the results that the prediction result of the normal equation is
ideal, and the change of the predicted value is basically consistent with the real value.
The line graph of normal equation is shown in Fig. 6.
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Fig. 6. Ridge regression line chart
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4 Prediction of Gradient Descent Weather Algorithm

First, we need to determine the learning rate o, that is, the size of the learning pace.
Second, any given initial value.
Third, use the previously determined steps to advance and update the determined
direction 6 Value.
Fourth, if it is lower than the defined value €, we can stop solving.
The algorithm formula is:

0; = 0; —a(hyg(x) — y)x 3)

where « is the learning rate and (hy (x) — y)x is the step taken. If the value of « is set
too small, the operation will take a long time. However, if a is set too large, it will lose
its minimum value and cause gradient explosion.

4.1 Gradient Descent Prediction and Result Analysis

The predicted value and mean square error of the model can be obtained through the
above process, as shown in Table 2.

Table 2. Gradient descent mean square error

Gradient descent mean square error | Time spent

1.766 0.06

The mean square error of the normal equation is 1.766, and the training model often
uses 0.06 s. The line chart of the first 100 data of the predicted value and the target value
is as follows: Fig. 7, Fig. 8 and Fig. 9.
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Fig. 7. Gradient descent line chart
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5 Ridge Regression Algorithm for Meteorological Prediction

Ridge regression algorithm is an improved least square estimation method. The algorithm
is as follows:
Take the derivative of the original formula W, The result is:

2xT (Y —XW) —2aW @)
Let it be O to obtain the value of W and the result is (5)
w=X"X+r)"'XxTy (5)

where X is the eigenvalue matrix, Y is the target value matrix, and \ is the ridge
coefficient.
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5.1 Ridge Regression Prediction and Result Analysis

The predicted value and mean square error of the model are shown in Table 3.

Table 3. Mean square error of ridge regression

Ridge regression mean square error | Time spent

0.529 0.15

It can be seen that the mean square error of the normal equation is 0.529, and the
training model often uses 0.15 s. The first 100 data figures of predicted value and target
value are as follows in the Fig. 10:

Fig. 10. Ridge regression line chart

6 Xgboost Algorithm for Meteorological Prediction

Xgboost is also called extreme gradient lifting tree, which is an implementation of
boosting algorithm. For classification or regression problems, the effect is very good.
The formula for evaluating the segmentation candidate set is:

Lol G2 Gk (GL+Gr)* . ©)
2'HL+X Hrp+A Hp+Hp+ X
2 2
Where % represents the effect obtazined by the left subtree, 1% represents the effect
(GL+GRr)

obtained by the right subtree, T Hnp7 fepresents the effect produced by the tree before
the partition, and represents the cost of complexity caused by adding new nodes.
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6.1 Xgboost Prediction and Result Analysis

The predicted value and mean square error are shown in Table 4.

Table 4. Xgboost mean square error

ngOOSt mean square error

Pt F B[]

0.322

5.05

Table 5. Comparison of prediction results

Normal equation | gradient descent | Ridge regression | xgboost
Mean square error | 0.534 1.766 0.529 0.322
Frequently used 0.14s 0.06 s 0.15s 5.05s

It can be seen that the mean square error of the normal equation is 0.322, and the

training model often uses 5.05 s. At this time, use Matplotlib to use the first 100 data
of the predicted value and the target value as a line graph. The results are as follows in

Fig. 11:
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Fig. 11. Xgboost line chart

7 Conclusion

According to the mean square error analysis and the comprehensive analysis of the
scatter chart and line chart, although the time of xgboost model is longer than that of
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other algorithms, its mean square error is 0.322, which is far lower than the values of
0.534, 1.766 and 0.529 of the other three algorithms. The parameter adjusted by xgboost
this time is max_ depth = 5, learning_ rate = 0.1, n_ estimators = 160. It has a strong
practical significance in atmospheric prediction and can achieve a relatively ideal effect.
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