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ABSTRACT

In this study, we developed a statistical method to predict environmental noise using machine

learning models trained on measured data from a noise monitoring network in Seoul, Korea. Daytime

and nighttime annual equivalent noise levels were used as dependent variables, and traffic, climate,

topographic, landscape, and land-use characteristics were used as explanatory variables. Feature variables

were aggregated within buffer distances of 20 to 80 m around monitoring sites to identify the optimal

range of influence. Among several models that we evaluated, an extremely randomized trees

(Extra-Trees) model showed the highest predictive performance with a coefficient of determination of

0.729 and a root mean square error of 3.4 dB(A) for daytime noise at a buffer radius of 30 m. We

then applied Shapley additive explanations (SHAP) to analyze the contribution of each variable, and

the results showed that factors related to traffic were the most influential, followed by land-use

characteristics. The trained model was applied to a 10 m X 10 m grid to generate a statistical noise

map. This study highlights the potential of explainable machine learning-based statistical noise mapping

for urban noise management and land-use planning.
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Table 1 List of main variables used in the study

. Spatial Source
Rkl Rk LELED resolution (year, ref., spatial resolution)
. Environmental noise
Target Measured noise levels [Leq, dB(A)] 42 ~176 - measuring network (2021)
Traffic volume [vehicles/h] 162 ~ 105001
Traffic Korea transport data base
features Traffic speed [km/h] 2~96 - (2021)
Heavy vehicle ratio [%)] 1~70
Climate Average Temperature [°C] 9~14 MK-PRISIM
features Average Wind speed [m/s] 0.7~22 (2017 ~2021, 1 km)
Topographic Elevation [m] 0.1~801 Digital elevation map
features Slope [°] 0~ 65 (2021)
NDVI -0.1~0.5
Feature | Landscape Sentinel-2
features” GNDVI 0.2~05 (2021, 30 m)
NDWI -0.5~0.2 10mx 10 m
Urbanized area [%)] 52.1
Agricultural area [%] 1.6
Forest area [%] 23.5
LULC o Land cover map
features Grassland area [%] 12.1 (2021)
Wetland area [%] 0.3
Bareland area [%)] 5.1
Water area [%] 52

* NDVI, GNDVI, and NDWI denote the normalized difference vegetation index, green normalized difference vegetation
index, and normalized difference water index, respectively.
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Fig. 3 Estimated features within buffer
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Table 2 Candidate supervised learning regression algorithms

Library Model family Class (regressor)
Lincar models Ridee. Lo, Flasic-net, Bayesian idee
Kernel methods Kernel ridge
Support vector machines SVR (support vector regression)
ExtraTrees regressor, Random forest regressor,
o Tree-based ensembles Gradient boosting regressor,
Scikit-learn Ensembles HistGradient boosting regressor
Meta-ensembles Voting regressor, stacking regressor
Nearest neighbors KNeighbors regressor
Gaussian processes Gaussian process regressor
Neural networks MLP regressor
XGBoost XGB regressor
LightGBM Gradient boosting (tree) LGBM regressor
Catboost CatBoost regressor
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Table 3 Model performance metrics across buffer distances for daytime noise prediction

Buffer RMSE [dB(A)] R*
“To0 " | Bt Tross | xcBocss | Random |Linar egtssion | gy, 1 | xcmocet | Radom | - Linear regresion
20 4.7 4.0 4.5 52 0.484 0.627 0.535 0.373
30 3.4 4.8 42 5.5 0.729 0.462 0.601 0.309
40 3.9 4.8 4.5 6.1 0.650 0.463 0.538 0.147
50 4.3 5.1 4.6 5.7 0.580 0.392 0.515 0.252
60 4.7 49 5.0 5.9 0.487 0.446 0.418 0.208
70 5.2 5.9 5.4 6.1 0.380 0.181 0.326 0.144
80 5.6 5.9 5.8 6.2 0.285 0.208 0.230 0.116
6.5 0.8
6.0 0.7
5.5 _ 0.6
§540 N%;""4.).5
54.5 ;0.4
: 4.0 “ 0.3
3.5 0.2
3.0 0.1
20 30 40 50 60 70 80 20 30 40 50 60 70 80
Buffer distance [m] Buffer distance [m]
-a- Extra-Trees —+—XGBoost —+— Random Forest Linear Regression (OLS) -a- Extra-Trees ——XGBoost —— Random Forest Linear Regression (OLS)
(a) RMSE (b) R?

Fig. 4 Variation in model performance with buffer distance for daytime noise prediction
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Table 4 Cross-validation performance (L)

| s | w | S
1 0.7335 3.3934

2 0.1127 6.1003

Before 3 0.2436 5.5421

4 0.5412 4.7801

5 0.5423 4.2991

Average CV 0.4346 4.8230

After Average CV 0.4640 4.7313

Table 5 Hyper-parameters of Extra-Trees model

Hyper-parameter Value
max_depth None™
max_features 0.5
min_samples_leaf 2
min_samples_split 2"
n_estimators 200

* Reference values
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