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Abstract

Handling missing values during data analysis is an important issue that directly affects the
prediction performance of models and research results. However, research on the differences
between the dimensionality reduction rate and model prediction performance is still lacking for
building energy-related data. Therefore, this study compared the dimensionality reduction rate
and model prediction performance by handling missing values in weather information datasets,
which is related to building energy. The missing value-handling methods were divided into
removal, k-nearest neighbors (KNN) imputation, and no handling. Dimensionality reduction
methods were classified based on principal component analysis and feature selection using the
model. Further, the eXtreme Gradient Boosting (XGBoost) algorithm, a gradient boosting
method with its own missing data handling capabilities, was used. Consequently, few principal
components were required to explain 95% of the variance in the raw data when the missing
values were removed than when they were replaced with KNN. Moreover, the dimensionality
reduction methods of model building and feature selection outperformed principal component
analysis in terms of dimensionality reduction rate and model predictive accuracy. Particularly,
the XGBoost model without missing values had the highest accuracy, suggesting that the
missing-value handling method of XGBoost may be superior to conventional missing-value
handling methods. These results may have important implications for selecting imputation
methods in building energy data analysis, considering the effort and cost of missing value
handling, and can significantly reduce the cost and effort of data preprocessing.

Keywords: XGBoost 2. 9(XGBoost), 7] Alts5(Machine learning), 5/3+&+* (Principal
component analysis), 7|7 H(Weather data), 2=%] & 2% ¥ (Missing values handling
methods)
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RMSE  : FoAl 22HRoot Mean Square Error)
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PCA : F9E B4 (Principal Component Analysis)
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Table 1 Test bed information

Parameter Example Unit Missing value rate (%)
Average temperature 2 °C 0.01
Average sea level pressure 1025.5 hPa 0.03
Monthly precipitation 20 mm 0.12
Average relative humidity 61 percent (%) 0.05
Total sunshine hours 165.9 hour (hr) 0.00
Sunlight rate 55.02 percent (%) 0.00
Total solar radiation 229.95 MJ/m? 46.77
Average wind speed 1 n/s 0.15
Small total evaporation 38.6 mm 46.97
Large total evaporation 27.3 mm 46.97
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Fig. 3 After missing value imputation correlation results
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Fig. 4 PCA results due to missing values handling method
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Table 3 Best XGBoost hyperparameter for no missing value handling

Hyperparameter Value
Max depth 1
Estimators 20
Min child weight 2
Subsample 0.6
Colsample by tree 1
Colsample by node 0.8
Colsample by level 0.8
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Weather Information Feature Importance using SHAP
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Fig. 6 SHAP analysis results
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Table 4 Best XGBoost hyperparameter for data with missing value removal

Hyperparameter Value
Max depth 1
Estimators 10

Min child weight 1
Subsample

Colsample by tree
Colsample by node

—_—

Colsample by level
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Table 5 Best XGBoost hyperparameter for data with KNN imputation

Hyperparameter Value
Max depth 1
Estimators 10

Min child weight 1
Subsample 1

Colsample by tree 1
Colsample by node 1
Colsample by level 1

Missing value removal : True vs. Predicted values

KNN Imputation : True vs. Predicted values
R-squared = 0.86

R-squared = 0.84
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