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Hourly Prediction of Particulate Matter (PM2.5) Concentration
Using Time Series Data and Random Forest

Deukwoo Lee' - Soowon Lee'"

ABSTRACT

PM2.5 which is a very tiny air particulate matter even smaller than PM10 has been issued in the environmental problem. Since PM2.5
can cause eye diseases or respiratory problems and infiltrate even deep blood vessels in the brain, it is important to predict PM2.5.
However, it is difficult to predict PM2.5 because there is no clear explanation yet regarding the creation and the movement of PM2.5.
Thus, prediction methods which not only predict PM2.5 accurately but also have the interpretability of the result are needed. To predict
hourly PM2.5 of Seoul city, we propose a method using random forest with the adjusted bootstrap number from the time series ground
data preprocessed on different sources. With this method, the prediction model can be trained uniformly on hourly information and
the result has the interpretability. To evaluate the prediction performance, we conducted comparative experiments. As a result, the
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performance of the proposed method was superior against other models in all labels

. Also, the proposed method showed the importance

of the variables regarding the creation of PM2.5 and the effect of China.
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Table 1. Description of Input Variables

Variable Type Description
Wind Speed, Wind Degree, Rain,
Seoul Weather Vapor, Sunlight, etc
City (12 Variables)
(Numeric) C02, NO2, 03, SO2
Air Pollutant (4 Variables)
Wind Speed, Wind Degree, Rain,
Weather Vapor, Sunlight, etc
Baekryung (12 Variables)
Island Air Pollutant CO2, NO2, 03, SO2
(Numerio) | ™" “ (4 Variables)
Particulate PM10, PM2.5
Matter (2 Variables)
Target Particulate .
(Category) Matter PM2.5 of Seoul City
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Fig. 1. Structure of the Proposed Method
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Table 2. Number of Data for Each Target Label (Timestep=2)

Good Normal Bad Total
Train 127,374 182,620 71,316 381,310
Validation 42,671 60,540 23,898 127,104
Test 42,265 61,131 23,708 127,104
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Table 3. F1-Scores by Tree Number on Validation Data

PM2.5 Label

B Good Normal Bad
0.741 0.710 0.676
10 0.817 0.788 0.756
30 0.824 0.801 0.773
100 0.828 0.806 0.780
200 0.828 0.807 0.781
300 0.829 0.808 0.782
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Fig. 2. F1-Scores by Tree Number on Validation Data
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Table 5. Top10 Input Variables by Importance
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Table 4. Hyperparameters for the Proposed Random Forest 1 NOZ 1111 NOZ 1068
Name Value 2 CcO 10.39 CcO 8.09
n_estimators 200 3 03 8.42 03 7.77
(Number of Tree (Bootstrap)) 4 bPM2.5 568 bPM2.5 6.86
Criterion ‘Entropy’ 5 SO2 5.04 s02 535
max_depth None 6 bPM10 3.39 bPM10 4.14
max_features ‘log2’ 7 dew 3.38 bNO2 3.70
min_impurity_decrease 0 8 bTemp 3.09 b0O3 3.20
bootstrap True 9 vapor 2.93 humid 3.18
10 humid 2.90 dew 3.11
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Table 6. Hyperparameters for Logistic Regression

Name Hyperparameters Optimal

penalty [11°, 12", ‘elasticnet’] 1
tol [0.00001, 0.0001, 0.001, 0.01, 0.1] 0.1
C [5.0, 4.0, 3.0, 2.0, 1.0, 0.1] 1.0

Table 7. F1-Score of Hyperparameters for Logistic Regression

penalty tol C F1-Score for ‘Bad’ Label
L1 0.1 1.0 0.5864
L1 0.1 2.0 0.5863
elasticnet 0.1 5.0 0.5859
12 0.1 1.0 0.5811
L1 0.00001 2.0 0.5459
L1 0.0001 2.0 0.5459
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l
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Table 8. Hyperparameters for LSTM

Name Hyperparameters Optimal
batch_size [512, 256, 128] 256
num_units
(cell output) [512, 256, 128] 512

number of cell [3, 2, 1] 2
learning_rate [0.01, 0.001, 0.0001, 0.00001] | 0.0001
_ Early
epochs Stop

Table 9. F1-Score of Hyperparameters for LSTM

number | batch | num learning F1-Score for
of cell size units rate ‘Bad’ Label

2 256 512 0.0001 0.7771

3 256 256 0.0001 0.7754

1 256 512 0.0001 0.7696

1 128 256 0.001 0.7641

3 512 256 0.001 0.7640

1 512 256 0.01 0.7354
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Table 10. F1-Scores of the Proposed Method and
Other Models (Timestep=2)

PM2.5 Label
Model
Good | Normal Bad
Logistic Regression 0.684 0.700 0.588
LSTM 0.822 0.792 0.775
Proposed Method 0.828 0.808 0.779
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Fig. 4. F1-Scores for ‘Bad’ Label of Proposed Method and
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