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Abstract 
PM2.5 concentration as a representative indicator of hazy weather, accurate prediction 
of PM2.5 concentration can effectively warn the arrival of heavy pollution weather in the 
future. In this context, how to effectively predict the future short-term PM2.5 
concentration has significant practical significance as well as environmental protection 
value. To this end, this paper selects historical meteorological data and temporal data 
from 12 environmental monitoring stations in Beijing, and predicts PM2.5 
concentrations in each region of Beijing by statistical models and machine learning 
algorithms, and analyzes the importance of their influencing indicators. The results 
show that the random forest algorithm has the best results in predicting PM2.5 
concentrations, with a prediction accuracy of 91.7%. In addition, the wind direction has 
the most significant effect on PM2.5 concentration. Based on the results of the empirical 
study, the paper proposes corresponding policy recommendations, which have certain 
implications for the prevention and control of haze under the new normal. 
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1. Introduction 

With the rapid development of the economy, the continuous advancement of industrialized cities, and 
the continuous increase in population, cities affected by haze are becoming more and more serious. 
PM2.5 concentration refers to the concentration of particulate matter with an ambient kinetic 
equivalent diameter less than or equal to 2.5 microns in the ambient air. Because of its long residence 
time in the atmosphere, wide diffusion range and easy to be accompanied by toxic substances, it has 
a great impact on human health. Therefore, the problem of PM2.5 concentration has become a hot 
topic of concern for people and government. 

In recent years many people have predicted PM2.5 concentration, such as: Song Feiyang et al. [1] 
combined KNN-LSTM model to predict PM2.5 from hourly data of six factors of state-controlled air 
quality in Harbin; based on the data provided by Shanghai Pudong Meteorological Bureau, Dai Li J 
et al. [2] used SVM to predict the future 24h concentration; Yu shenting and Liu Ping [3] used LSTM-
CNN based on randomly selected data from seven monitoring stations in urban and suburban areas 
of Beijing for the period 2014-05-01 - 2015-04-30 to make predictions; Huang et al. [4] used PM2.5 
and meteorological data of the target monitoring station for the past 24 h as input to the LSTM and 
predicted the PM2.5 concentration of the station for the next 1 h. Jiang Hongxun et al. [5] used the 
DLENN model to capture the randomness of PM2.5 concentration changes, combining the air quality 
and meteorological conditions data of 11 monitoring stations in Shenyang area from 2016 to 2017 
whose errors were higher than ARIMA, SVM and integrated models have significantly reduced. 

In this paper, the PM2.5 concentrations of the primary pollutant of haze from several stations in 
Beijing are studied, and the linear regression model and machine learning algorithm are used to build 
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the PM2.5 prediction model on the historical data, and the advantages and disadvantages between 
multiple prediction methods are compared on the test set. The results show that the random forest 
algorithm has the best results in predicting PM2.5 concentrations, with a prediction error of 91.7%. 
In addition, the wind direction indicator has the most significant effect on the PM2.5 concentration. 

2. Theoretical Methods 

Linear regression model: A statistical analysis method used to determine the quantitative 
interdependent relationship between two or more variables, usually a regression analysis that models 
the relationship between one or more independent and dependent variables using a least square 
function of called a linear regression equation. 

Machine learning algorithms; the previous multi-layer perceptron models and simple neural network 
models are compared with the current support vector machine models, which now have the greatest 
benefit of using kernel functions to induce sample points into a higher dimensional space, followed 
by the use of support vectors to describe the nonlinear dependencies between the corresponding 
variables and covariates. The random forest algorithm refers to the use of multiple different and 
independent decision trees to form a forest to make decisions later. When a new sample is input, each 
tree in the forest makes an independent prediction, and the final result is obtained using the principle 
of stock voting. 

2.1 Data Pre-processing 

The dataset used in the paper comes from a total of 35,064 periods of data collected from the weather 
observatory of the Olympic Center during the period from March 1, 2013 to February 28, 2017. The 
data set provides PM2.5, PM10, SO2, NO2, CO, O3, temperature, rainfall, dew point, barometric 
pressure, and wind direction for each hour of the period for a total of 35,064 periods without 
abnormalities, and the invalid data are shown in Figure 1. 

 

 
Figure 1. (data of Aotizhongxin) 

 

 
Figure 2. (concentration of PM2.5 and direction) 
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The annual average value of PM2.5 is 82.78 and the minimum value is 3. The maximum value can 
reach 898.0, while the average values of SO2 and NO2 are only 17.4 and 59.3, which are much 
smaller than PM2.5. The maximum values of SO2 and NO2 are 341.0 and 290.0 respectively, which 
are also smaller than PM2.5. The average annual concentration of O3 is 56.4 while the maximum 
concentration can reach 423.0. 

The wind direction is classified according to the direction and it is obvious that the PM2.5 
concentration is related to the wind direction, and the highest PM2.5 concentration can be seen in 
Figure 2. 

By dividing the data into two data sets, rain and no rain, and averaging the data separately, Figure 3 
shows that the haze concentration is lower on rainy days than on non-rainy days. 

 

 
Figure 3. (concentration of PM2.5 in rainy day or non- rainy day) 

2.2 Empirical Study 

In this paper, we first pre-process the data from National Olympic Sports Center. The test data are 
obtained from the annual air quality data of National Olympic Sports Center, and all the test sets are 
arranged by time series, and we use python to grab one of the data sets for the test data set. The 
training data are used to calculate the gradients and update the weights and then the data sets with 
different types are divided. Here we consider month, hour, SO2, NO2, CO, O3, TEMP, PRES, DEWP, 
wind direction, WSPM and whether it rains or not, divide into training and test sets according to the 
labeled features and then model it by logistic regression model to finally get the accuracy of 86.3 on 
the training set. In this paper, the random forest algorithm is used to predict the data again. Random 
forest is an Ensemble Learning algorithm, which belongs to the Bagging type, and by combining 
multiple weak classifiers, the final results are voted or averaged to make the overall model results 
have high accuracy and generalization performance. It can achieve good results mainly due to 
"random" and "forest": one makes it resistant to overfitting and the other makes it more accurate. In 
this paper, we model the dataset and then fit the data to obtain an accuracy of 91.6% by the random 
forest algorithm. The accuracy of the random forest algorithm is higher compared to the logistic 
regression algorithm then accuracy. 

Substitute the actual data into the linear regression and machine learning algorithm, the Refer to the 
text in China Auto Market Forecasting Based on Combined Machine Learning and Time Series 
Model and the Neural Network Based Stock Price Forecasting.ipynb to implement this piece of 
forecasting as well as combing the results. 

3. Conclusion and Outlook 

In this paper, we have selected historical meteorological data and temporal data from the 
environmental monitoring station of National Olympic Sports Center, and predicted PM2.5 
concentrations in various regions of Beijing by statistical models and machine learning algorithms, 
and analyzed the importance of their impact indicators. The results show that the random forest 
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algorithm has the best results in predicting PM2.5 concentrations, with a prediction error of 9.22%. 
In addition, the wind direction indicator has the most significant effect on PM2.5 concentration in the 
random forest algorithm. Based on the results of the empirical study, the paper concludes that the 
future PM2.5 concentration is on a decreasing trend, and the most critical influencing indicators are 
wind direction and quarter. 
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