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Abstract

Human activities constantly produce air pollutants, which may greatly impact climate change. Elucidating the relationship

between air quality and temperature change is essential to gain a better understanding of climate change. Up until now, machine

learning algorithms have been deployed to big data analysis in various fields. Here, we use the machine learning algorithms to

analyze temperature and air quality data of different cities across China. Multiple linear regression and tree-based methods,

including bagging, boosting and random forest, are used to train the model. With the tree-based methods, the factors highly

associated with temperature change will be elucidated, which indicate their significant impact on temperature change. The

results in this study demonstrate the possibility of using machine learning in atmospheric science field to predict air quality

and temperature change, and how different algorithms perform regarding temperature and air quality predictions, which is

informative for future air quality prediction research. The relationship between air quality and temperature change can also

provide guidance to policymakers.
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Introduction
Human activities constantly produce air pollutants, which may greatly 

impact climate change. Elucidating the relationship between air quality 

and temperature change is essential to gain a better understanding of  

climate change. Up until now, machine learning algorithms have been 

deployed to big data analysis in various fields. machine learning can be 

quite accurate when it comes to temperature predictions, both for 

monthly air temperature (Appelhans et al. 2015; Naing & Htike, 2015) 

and global temperature changes (Zheng, 2018).

Materials and methods
1. Data
1.1 Parameters

1.2 Cities

Shanghai, Beijing, Guangzhou, Wuhan, Changsha, Nanning, Chengdu, 

Zhengzhou, Dalian, and Harbin.

1.3 Time frame           

2016/1/1-2016/12/31

2. Algorithms and their features

2.1 Multiple linear regression (MLR) is a statistical method that uses 

several explanatory variables to predict the outcome of  a response 

variable and to model the linear relationship between them. 

yi = β0 + β1xi1 + β2xi2 + ... βpxip + εi (i = 1,2, ... n)

2.1.1 Coefficient of  determination (R2) provides a measure of  how 

well observed outcomes are replicated by the model, based on the 

proportion of  total variation of  outcomes explained by the model.

2.1.2 Mean squared error (MSE) measures the average squared 

difference between the estimated values and the actual value.

2.2 Random Forest (RF) 

operates by constructing a 

multitude of  decision trees at 

training time and outputting the 

class that is the mode of  the mean

prediction (regression) of  the 

individual trees. (See Figure 1)

2.2.1 Variable importance represents the statistical significance of  each 

variable in the data with respect to its affect on the generated model.

Results

Conclusions

• Both multiple linear regression and random forest perform well in all 

prediction scenarios.

• The results in this study demonstrate the possibility of  using machine 

learning in atmospheric science field to predict air quality and temperature 

change. 
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Results (continued)

Variable importance

When predicting temperature, dew point (Td) has the most 

significant impact on temperature.

When predicting AQI, PM2.5 impacts the AQI the most.

Use MLR to predict temperature (train set) Use MLR to predict temperature (test set)

Use RF to predict temperature (train set) Use RF to predict temperature (test set)

Use MLR to predict AQI (train set) Use MLR to predict AQI (test set)

Use RF to predict AQI (train set) Use RF to predict AQI (test set)

R2=0.94
MSE=180

R2=0.95
MSE=183 

R2=0.98
MSE=6.7

R2=0.98
MSE=46

R2=0.98
MSE=1.70

R2=0.98
MSE=1.64

R2=0.99
MSE=0.0060

R2=0.99
MSE=0.053

Parameters Meaning Unit

Temp
Atmosphere temperature at 2 meters above the 

ground

degree 

Celsius

Po Atmosphere pressure at station level mmHg

RH Relative humidity at 2 meters above the ground %

Td dew point at 2 meters above the ground
degree 

Celsius

P Atmosphere pressure at sea level mmHg

PM2.5

atmospheric particulate matter with a diameter 

of  2.5 μm or less
μg/m3

PM10

atmospheric particulate matter with a diameter 

of  10 μm or less
μg/m3

CO carbon monoxide ppm

NO2 nitrogen dioxide ppb

O3 Ozone ppb

SO2 sulfur dioxide ppb

AQI air quality index

Figure 1. Random Forest Structure (Chakure 2019)


