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Abstract—The air pollution of Beijing-Tianjin-Hebei region in
China becomes increasingly serious. Focus on the air quality
management of Beijing-Tianjin-Hebei region, this paper
proposes a method based on SVM algorithm and multivariate
linear regression to the prediction and evaluation of air quality.
First, it builds the evaluation metrics based on the weather
factors, the correlation of neighbor cities, and their combination.
Furthermore, it applies the SVM algorithm to the classification
and prediction of air quality of Beijing-Tianjin-Hebei region. By
the application of multivariate linear regression method, the
weather factor with no significant effect on air quality is removed
to save the cost of calculation. Finally, the experimental results
show that the method based on the combination of weather
factors and correlation of neighbor cities is better than the other
two methods. We draw the conclusion that the method is feasible
and effective.

Keywords—support vector machine (SVM); data mining;
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. INTRODUCTION

The environmental pollution of Beijing-Tianjin-Hebei
region in China is becoming increasingly serious, especially
the air quality. Environmental protection and management is
related to the national economy and the livelihood of people. It
is very important to strengthen the environmental management
of cities and improve the air quality in the Beijing-Tianjin-
Hebei region. It is also urgent to develop the research on the
management of air quality of Beijing-Tianjin-Hebei region.
The management of air quality of cities usually denotes the
classification, prediction and evaluation of air quality.

With the development of digital city management and
intelligent technology, there are a variety of big data related to
ecological environment of the cities, such as meteorological
data, environmental data, traffic flow and industrial data, etc.
There is huge economic value and social benefit in the big
data. The related technologies of big data have shown the
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broad prospects for development and application in the field of
environmental management and protection [1].

Machine learning algorithm, as an effective analysis
method for big data, can dig the intrinsic value with high
efficiency. Therefore, under the environment of big data, we
apply the machine learning algorithm to the research of city
environmental management. There is an important research
significance and great research value for the development of
society. In this paper, we collect the meteorological data and
air quality data of Beijing-Tianjin-Hebei region, and apply the
machine learning algorithm and regression analysis method to
the air quality classification, prediction and evaluation.
Meanwhile, the multivariate linear regression method is
adopted to find the weather indicator without significant effect
on the air quality.

Il.  RELATED WORKS

There are some researches related on the urban
environment in the recent years. Some related works focus on
the air quality research of the cities.

Firstly, the researches analyze the influence of some
factors on air quality, including the influence of emission
reduction of APEC region on PM2.5 [2], the relationship
analysis between economic development and the change of
PM10 concentration [3], the relationship between the
industrial agglomeration and the environment [4], the
influence of meteorological elements on the air quality index
[5], the quantitative analysis of automobile exhaust [6], and so
on.

Secondly, the researchers introduced a variety of data
mining algorithms to the analysis and prediction of air quality.
Song Y. C. used the BP neural network algorithm and time
series model to the air quality prediction [7]. Huang S. applied
the multivariate linear regression method to the improvement
of PM10 forecast [8]. Yu Z. introduced the linear regression
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model and neural network spatial prediction model to predict
PM2.5 of four cities in China [9]. According to the historical
and real-time data (weather, traffic and mobility etc.), Yu Z.
proposed a semi-supervised learning approach based on
artificial neural network (ANN) and linear chain conditional
random field(CRF) to deduce the air quality of Beijing and
Shanghai [10].

Finally, there are some research methods on air quality
evaluation, including the fuzzy-grey clustering method [11],
fuzzy comprehensive evaluation method [12], principal
component analysis [13], fuzzy analytic hierarchy process
(AHP) method [14], etc.

Although some environmental research based on big data
has carried out, it is necessary to develop the comprehensive
data analysis and data mining for the air quality of Beijing-
Tianjin-Hebei region.

I1.  AIR QUALITY ANALYSIS OF BENING-TIANJIN-HEBEI
REGION BASED ON SVM AND MULTIVARIATE LINEAR
REGRESSION

A. Research Method

Big data mining and analysis of urban environment is an
important issue for the management of society. The air quality
of city is affected by a variety of external factors, including
meteorological conditions, the air quality impact of neighbor
cities, the impact of industry and economy, etc. In view of air
quality of city, this paper applies the machine learning
algorithm to the air quality classification and prediction of
Beijing-Tianjin-Hebei region from three aspects, including the
research based on weather factors; the research based on the
air quality correlation of neighbor cities; the research based on
the combination of weather factors and air quality correlation
of neighbor cities. The main methods of this paper include the
following two aspects.

Firstly, the data mining of air quality is based on Support
Vector Machine (SVM) algorithm. We obtain the air quality
index (AQI) data and meteorological data of Beijing-Tianjin-
Hebei region, and preprocess the data. According to the air
quality level, the class labels are established. If the air quality
index (AQI) value of city is greater than 100, we defined the
air quality level of city as 1. Otherwise, if the AQI value is
small than 100, we defined it as 0. According to the various
weather factors, we realize the feature selection and extraction,
and construct the index system of air quality of Beijing-
Tianjin-Hebei region. Then, we adopt the SVM algorithm for
the data mining of air quality. The SVM algorithm is applied
to the training sets to establish the prediction model. Finally,
according to the prediction model and the given test sets, we
run the SVM algorithm to realize the classification and
prediction of air quality of Beijing-Tianjin-Hebei region. Then
we calculate the prediction results of air quality level and
performance parameters, including the accuracy (ACC),
specificity (SPC) and sensitivity (SEN).

Secondly, the significant correlation analysis of air quality
is based on the multivariate linear regression. At first, we
analyze the influence of various weather factors on the air
quality, and establish correlation model between the air quality

Advances in Social Science, Education and Humanities Research (ASSEHR), volume 95

and weather factors of the cities based on the multivariate
linear regression method. After the modeling and calculation,
we analyze the different impacts of weather indicators on air
quality, and remove the weather factor which has not
significant impact on air quality.

B. Evaluation Metrics

The evaluation metrics are built based on three kinds of
characteristics, including the weather factors; the air quality
correlation of neighbor cities; and their combinations.

Firstly, in the air quality research of Beijing-Tianjin-Hebei
region based on weather factors, we propose six evaluation
metrics, including average air pressure (0.1hPa), the average
temperature (0.1°C), the average relative humidity (1%),
average vapor pressure (0.1hPa), average velocity (0.1m/s)
and the wind direction with the maximal wind speed. These
six metrics are numerical data. The wind direction is coded as
the value of 1-17. The weather data collected in this paper are
from the data sets of the China International Exchange station
provided by China Meteorological Data Network.

Secondly, in the air quality research based on the
correlation of neighbor city, we collect the air quality index
(AQI) data of four cities, including Tianjin, Beijing,
Shijiazhuang and Chengde. The air quality data of four cities
are from the on-line monitoring analysis Platform of China Air
Quality. Here, we regard one of four cities as the forecasting
object and let AQIO represent its air quality. Then AQI1, AQI2
and AQI3 denote the air quality index of the other three cities
in the Beijing-Tianjin-Hebei region, and they are the
evaluation metrics of air quality as the neighbor cities.

Thirdly, in the air quality research based on the
combination of weather factors and the correlation of neighbor
city, we combine the above indicators and define 9 evaluation
metrics, namely, 6 weather indicators and 3 AQI data of
neighbor cities. According to the 9 evaluation metrics, we can
predict the AQI level of a city.

C. Algorithm Realization

The SVM algorithm proposed by Vapnik [15] is a
supervised machine learning method which is widely used in
statistical classification. The SVM algorithm can find the
global optimal solution without the curse of dimensionality. In
this paper, SVM algorithm is used to classify and predict the
air quality of Beijing-Tianjin-Hebei region. The SVM
algorithm used in this paper is derived from the LIBSVM
software package developed by Lin [16]. In the SVM
algorithm, there are two steps, including training process and
prediction process. In the training step of SVM, we adopt the
default kernel function. As for the other parameters, we also
use the default values.

In addition, regression analysis is the most important
statistical method in mathematical statistics. Through the
regression model, we can analyze the relationship between
two or more variables. The regression model includes linear
regression model and nonlinear regression model. In this paper,
the multivariate linear regression analysis method is used to
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analyze the relationship between the weather factors and air
quality.

Therefore, this paper proposes a method for the air quality
prediction and assessment of Beijing-Tianjin-Hebei region
based on SVM and multivariate linear regression analysis. In
this paper, the AQI prediction and evaluation for Beijing-
Tianjin-Hebei region is achieved by SVM algorithm.
Furthermore, the multivariate regression analysis is performed
to find the weather factor whose effect on the AQI is not
significant. Then, that weather factor will be removed, and the
new data sets are built. The AQI level will be predicted by
SVM based on the new data. According to the results of
prediction, we will evaluate the air quality. The detailed
algorithm is as follows.

Step 1. According to the meteorological data set of
Beijing-Tianjin-Hebei region, the LIBSVM algorithm is used
to train the data sets and get the prediction model. Based on
the model and the meteorological data, the AQI levels of
Beijing, Tianjin and Hebei province are calculated, and the
performance parameters ACC, SPC and SEN are obtained;

Step2. Air quality data based on the correlation of neighbor
city in Beijing-Tianjin-Hebei region are built. The data sets are
divided into the training data and test data. The LIBSVM
algorithm runs the training data and obtains the prediction
model of air quality. Then according to the model and the test
data of neighbor cities, we predict the AQI of Beijing-Tianjin-
Hebei region, and calculate the performance parameters of
ACC, SPC and SEN;

Step3. The total data sets of Beijing-Tianjin-Hebei region
combine the meteorological data sets and air quality data of
the neighboring cities. Based on the data of their combination,
we use LIBSVM algorithm to obtain the prediction model.
Then, according to the model and the total data set, we predict
the AQI level of Beijing-Tianjin-Hebei region and calculate
the performance parameters of ACC, SPC and SEN;

Step4. Multiple regression analysis is used to remove the
indicator without the significant impact on the AQI of Beijing-
Tianjin-Hebei region. After removing the indicator, the new
data sets are formed. According to the new data set, the SVM
algorithm is applied to the prediction of AQI level of the
Beijing-Tianjin-Hebei region.

Step 5. We compare and analyze the experimental results
and draw the conclusions.

IV. EXPERIMENTAL ANALYSIS

A. Data sets

The weather daily data and AQI daily data of four cities,
namely, Tianjin, Beijing, Shijiazhuang and Chengde, are from
January 1, 2014 to May 31, 2016. The experiment is
conducted by open test. The experimental data sets of 2014
and 2015 are treated as the training data sets to build the
prediction model. The data sets of 2016 are used as test data,
and the AQI level of 2016 will be predicted.
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B. Experimental results and analysis

We carry out the experiment from three aspects, which are
based on the weather factors, based on the correlation of
neighbor cities, and based on the combination of weather
factors and correlation of neighbor cities. The experimental
results are listed in Table 1.

TABLE 1. EXPERIMENTAL RESULTS BY SVM
Air quality research of Beijing-Tianjin-Hebei region
Performance Weather Correlation of Combination of weather
parameters - - factors and correlation
factors neighbor city . .
of neighbor city
Accuracy 68.0921% 77.9605% 82.5658%
Specificity 84.8039% 77.6961% 91.4216%
Sensitivity 34% 78.5% 64.5%

From the above experimental results, we draw the
conclusion that the method based on the combination of
weather factors and correlation of neighbor cities is better than
the other two methods. The results show that the combination
method is feasible and effective.

By multivariate regression analysis, we find that the vapor
pressure has not the significant relationship with the AQI, and
remove it. Based on the new data sets, we apply the SVM
algorithm to the prediction and evaluation of AQI of Beijing-
Tianjin-Hebei region. The experimental results are listed in
Table 2.

TABLE II. EXPERIMENTAL RESULTS BY REGRESSION
Air quality research of Beijing-Tianjin-Hebei region
Performance W Weather factors and
ters eather factors and . - .
parame . - . correlation of neighbor city
correlation of neighbor city .
without vapor pressure
Accuracy 82.5658% 81.7434%
Specificity 91.4216% 90.9314%
Sensitivity 64.5% 63%

By the multivariate regression analysis, the vapor pressure
has not the significant effect on AQI. After removing it, there
is little difference between the new results and the original
results. It verifies that the indicator of vapor pressure can be
eliminated to save the calculation cost.

In conclusion, it is feasible and effective to predict and
evaluate the air quality of Beijing-Tianjin-Hebei region based
on SVM algorithm and multivariate linear regression analysis.

V. CONCLUSION

Focus on the air quality management and prediction of
Beijing-Tianjin-Hebei region, this paper proposes a new
method based on SVM algorithm and multivariate linear
regression to predict the air quality. It adopts the SVM
algorithm to the classification and prediction of air quality
based on the three kinds of evaluation metrics, including the
weather factors, the correlation of neighbor cities, and their
combination. According to the multivariate regression method,
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the weather factor with no significant effect on AQI is
removed. Finally, the results show that the method based on
the combination of weather factors and correlation of neighbor
cities is better than the other two methods. We draw the
conclusion that this method is feasible and effective.
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