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Reveahng Drlvmg Factors of Urbaﬁ O Based on Explalnable N/Iachme Learmng "
DONG Jiadqi' HU Dong ‘mei' *, YAN Yu- long PENG Lin® ZHANG Peng-hui', NIU Yue- ylfgn DUAN deO lin' ) r

(1.Key Lab(nalory of Resour( es and Environmental System, Optlmlzatlon College of Enyironmental Scierice aid Engineering, North China Electric Power University’ Ben]mg
10220@I Chmd 2. School of the Enyironment, Beijing Jiaotong Umversltv Beijing’ 100044, China)

Abstract Dmen by precursor erissions, meteorological canditions, and olrer fa@kﬁ: atmospheric ozone (05 ) has become the main pollutant affecting urban air quality in
summér. The, current deduetive models driven by physical and chemical mechanisms require a large number of parameters for the analysis of O; pollution, and the calculation
timeliness ds poor. The data-driven inductive models are efficient but have problems such as poor explanation. In this study, an explainable model of data-driven Correlation-
ML-SHAP was established to reveal the strongly correlated influencing factors of O, concentration. Additionally, the machine learning ML module coupled with the explainable
SHAP module was used to calculate the contributions of driving factors to O, concentration, so as to realize the quantitative analysis of driving factors. The O, pollution process
in the summer of 2021 in Jincheng City was used as an example to carry out the application research. The results showed that the Correlation-ML-SHAP model could reveal and
use strong driving factors to simulate O concentration and quantify influence contribution, and the ML module used the XGBoost model to achieve the best simulation
accuracy. Air temperature, solar radiation, relative humidity, and precursor emission level were the strong driving factors of O; pollution in Jincheng City in summer 2021,
and the contribution weights were 32. 1%, 21.3%, 16. 5%, and 15. 6% The contribution weights of air temperature, solar radiation, and precursor emission level increased
by 3.4%, 1.2%, and 1.2% on polluted days, respectively, and the contribution weights of precursor emission level rose to third place on polluted days. Each driving factor
had a nonlinear interaction effect on O, concentration. When the air temperature exceeded 24°C , or the relative humidity was lower than 70%, there was a 94. 9% and 94. 1%
probability of positive contribution to O, pollution, respectively. Under such meteorological conditions, p(NO, ) exceeded 9 pg=m >, or p(CO) exceeded 0.7 mgem
and there was a 94.9% and 9. 3% probability of positive contribution to O, pollution, respectively. The southeast wind speed was lower than 5.8 m+s ™", or the south wind

-1

speed was lower than 5.3 m+s ™" | both of which contributed positively to O; pollution. The model quantitatively analyzed the influence contribution of various driving factors

on urban O, concentration, which could provide a basis for the prevention and control of urban atmospheric O, pollution in summer.

Key words:: O, pollution; driving factors; contribution; explanation; machine learning
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Table 1  Configuration of the main parameters of the models

[ R ZHC
n_estimators =210, max_depth =7, min_child_weight =6, subsample = 1.0, colsample_bytree =1. 0, gamma =
XGBoost 0.6, reg_alpha =0. 05, reg_lambda =3, learning_rate =0. 15
Random Forest n_estimators =210, max_depth =22, max_features =5, max_features =5, min_samples_leaf =2
Adaboost n_estimators =177, learning_rate =1
Decision Tree criterion = ‘mse’ , min_samples_split =2
KNN n_neighbors =10, p =1, weights = distance
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Table 2 Model evaluation index results %] E/‘J SHAP #%?EE%‘T%E%%B %Eg‘ﬁ E/‘J 54
PR MAE RMSE K {EAREN . ST (8) MAR(9) «
XGBoost 15.4 21.7 0.82
a(x;)
Random Forest 16.0 21.9 0. 81 [( x) = J
Adaboost 2.2 28.2 0. 69 Uala) Falg) o v aly) + o+ aly)
Decision Tree 21.8 30. 4 0. 64 ( 8 )
KNN 22.2 30.1 0. 65

n
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Fig. 2 Temporal variation characteristics of O,

concentration in Jincheng City in 2021
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