Journal of Urban Environmental
Management

Journal homepage: https:/jumee.kgut.ac.ir
Vol.3, No.3; 2025.pp: 63-77

Research paper

(Received 31 Aug. 2025 Accepted 28 Nov. 2025)

Presenting a hybrid method based on deep learning to predict
the Universal Thermal Climate Index in urban open spaces

Azam Noroozi*!, Mohammad Mohammadi?

! Department of Civil Engineering and Architecture, Faculty of Engineering, University of Torbat
Heydarieh, Torbat Heydarieh, Iran
2 Department of Computer Engineering, Bozorgmehr University of Qaenat, Qaen, Iran

Abstract

The increasing growth of urbanization and climate challenges have made the creation of
sustainable urban environments an important issue in recent years. The design of sustainable spaces
has become of great importance due to the impact of thermal comfort in urban open spaces on the
feeling of comfort and satisfaction of citizens, as well as the optimal use of environmental conditions
in creating comfort and saving energy consumption. Accurate prediction of thermal comfort and
environmental thermal conditions in urban areas by various methods facilitates the improvement of
urban planning and energy management. A review of previous studies shows the high ability of
deep learning models in improving thermal comfort predictions. In this paper, a hybrid method
based on deep learning is presented for predicting the universal thermal climate index. After
preprocessing the dataset, the previous models that had high accuracy were trained and evaluated.
Then, the three models with the highest performance were selected for the combined model, and the
predictions of all three models were generated for the test set. To ensure dimensionality integrity,
the predictions were converted into one-dimensional arrays. Finally, the final prediction was
calculated by averaging the predictions of the three models. To evaluate the performance of the
proposed model and to train and test the methods used in the combined model, the real data set of
Mashhad city was used. Standard numerical prediction criteria including root mean square error,
mean absolute error and coefficient of determination were calculated to evaluate the proposed
model. The evaluation results showed that the hybrid model provides better performance in
predicting the universal thermal climate index compared to previous methods.
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'Root Mean Square Error (RMSE)
"Mean Absolute Error (MAE)

"R-Squared (R2)
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'Artificial Neural Network (ANN)
‘R-Squared (R?)

"Physiological equivalent temperature (PET)
‘Mean Absolute Error (MAE)

°*Root Mean Square Error (RMSE)
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Column Data Type Non-Null Count
air_temp int64 36336
albedo float64 36336
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clearsky_gti int64 36336
cloud_opacity float64 36336
dewpoint_temp float64 36336
dhi int64 36336
dni int64 36336
ghi int64 36336
gti int64 36336
precipitable_water float64 36336
precipitation_rate float64 36336
relative_humidity float64 36336
surface_pressure float64 36336
snow_depth float64 36336
snow_water_equivalent float64 36336
snow_soiling_rooftop int64 36336
snow_soiling_ground int64 36336
wind_direction_100m int64 36336
wind_direction_10m int64 36336
wind_speed_100m float64 36336

wind_speed_10m float64 36336
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Model RMSE MAE R

Rishika Shah et al. [8] - Network A 0.975 0.715 0.994
Ferdinand Briegel et al. [9] - HTC-NN 0.978 0.736 0.994
Rishika Shah et al. [8] - Network B 0.988 0.742 0.993
Ferdinand Briegel et al. [9] - SOLWEIG 1.002 0.767 0.993
Zhiwei Yang et al. [10] - CatBoost 1.033 0.756 0.993
Zhiwei Yang et al. [10] - LightGBM 1.098 0.789 0.992
Zhiwei Yang et al. [10] - XGBoost 1.104 0.809 0.992
Kozmanovic et al. [7] - LR 1.689 1.261 0.981
Kozmanovic et al. [7] - NN 2.002 1.505 0.973
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Hyperparameter Value Description
Optimizer Adam Adaptive Optimizer
Learning Rate 0.001 Default Keras Value for Adam
Loss Function Mean Squared Error Standard Loss Function for
(MSE) Regression
Batch Size 32 Input Batch Size
Epochs 100 Number of Training Epochs

o Jls sl daesls g3lwoolel Jol,e Lolis Ensemble soliny (os, oleds,) s boe i5sel cilisee Jolpe & logls
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(y_pred_ensemble = (y-_pred_a + y_pred_htc-+ y_pred_b)/ 3)
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Comparison of Models by RMSE

Ensemble Model
Metwork A
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Comparison of Models by R?

Ensemble Model R? .'
0973
Metwork A4 @ 0981 .
® o992
HTC-NN | @) 0993 ®
0.994
Metwaork B 4 . .
3 SOLWEIG 1 .
f=]
z CatBoost 1 o
LightGBM o
XGBoost 1 .
LR 1 o
NN
0.975 0.980 0.985 0.990 0.995
R?
R2 L ol cilizes glo e duglio —-F S
QIS oo i (oS 5 sl by, ple by (oS 5 gy ¥ Jge
590 (oS 5 gle gy b solaiig by, amslie -F Jgo
M.o del Training Data Source Test City RMSE MAE R?
Architecture

Ensemble Model  Trained on Combined (Mashhad + Tabriz) Data Tabriz 0.921 0.697 0.994

Ensemble Model  Trained on Combined (Mashhad + Tabriz) Data Mashhad 0.926 0.694 0.994

Ensemble Model Trained on Tabriz Data Only Tabriz 0.941  0.724 0.994
Ensemble Model Trained on Mashhad Data Only Mashhad 0.963 0.71 0994
CNN+LSTM Trained on Tabriz Data Only Tabriz 1.025  0.777 0.992

CNN+LSTM Trained on Combined (Mashhad + Tabriz) Data Tabriz 1.026  0.788 0.992

CNN+LSTM Trained on Combined (Mashhad + Tabriz) Data Mashhad 1.027  0.793 0.993

CNN+LSTM Trained on Mashhad Data Only Mashhad 1.095 0.863 0.992
GNN Trained on Combined (Mashhad + Tabriz) Data ~ Mashhad 2.88 2.157 0944
GNN Trained on Combined (Mashhad + Tabriz) Data Tabriz 3.189 2361 0.927
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