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Abstract: Temperature serves as a fundamental indicator of thermal conditions, influencing various natural processes and
human activities. This study investigates the relationship between temperature and other meteorological factors, including
humidity, wind speed, visibility, pressure, and apparent temperature, using historical weather data from Szeged, Hungary
(2006-2016). Employing multiple regression models and advanced machine learning algorithms such as XGBoost and
Acrtificial Neural Networks (ANNS), the research aims to elucidate the linear and non-linear dependencies of temperature on
these factors. The findings indicate a significant linear correlation, with XGBoost outperforming traditional regression
approaches in predicting temperature variations. This study contributes to enhancing temperature forecasting accuracy, which
is crucial for improving quality of life and informing climate-related decision-making processes.
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1 INTRODUCTION

The  relationship  between  temperature  and
meteorological factors is of significant importance in
understanding both short-term weather changes and long-
term climate patterns. Accurate temperature forecasting has
practical implications for several domains, including
agriculture, urban  planning, and public health.
Meteorological factors such as humidity, wind speed, and
pressure not only directly influence thermal comfort but also
impact various processes ranging from chemical reactions to
transportation efficiency [16]. Moreover, a deeper
understanding of how these factors interrelate can inform
adaptive measures for mitigating climate change impacts,
particularly in urban areas experiencing heat stress. In this
study, we aim to leverage advanced data science tools to
analyze these relationships, emphasizing the importance of
both linear and non-linear modeling approaches in enhancing
forecasting accuracy.

The city of Szeged, Hungary, presents an ideal case
study due to its varied climatic conditions and historical
weather records spanning multiple years. By using a
combination of traditional statistical models and machine
learning algorithms, this study endeavors to build robust
temperature forecasting models that cater to the unique
geographical and meteorological characteristics of the region.

Ultimately, this research contributes to improved weather
predictions and aims to support data-driven decision-making
for urban climate adaptation strategies.

This study seeks to address the following research
questions:

1. How can temperature be accurately forecasted in a
specific geographical area?

2. What is the nature of the relationship between
temperature and other meteorological conditions?

3. What insights can this relationship provide to the
public and relevant stakeholders?

The remainder of this paper is organized as follows:
Section 2 reviews relevant literature on the use of machine
learning and statistical models in temperature forecasting and
weather prediction. Section 3 details the methodology,
including data collection, preprocessing, and model
development processes. Section 4 presents the results
obtained from both regression-based and advanced machine
learning models, along with a discussion of their comparative
performance. Section 5 concludes the study by summarizing
key findings, discussing limitations, and suggesting future
research directions.
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2 LITERATURE REVIEW

The application of machine learning (ML) in predicting
temperature and managing meteorological data has garnered
significant attention in recent years. [13] explored various
ML techniques, including linear and nonlinear regressions,
and clustering methods like K-means and DBSCAN, to
forecast indoor temperatures. Their findings highlighted the
superior performance of Non-linear Autoregressive
Exogenous Multilayer Perceptron in regression tasks,
although clustering methods did not enhance predictive
accuracy significantly.

[23] introduced a linear stochastic model for forecasting
daily soil temperature (DST) through time-series analysis,
demonstrating improved performance over multilayer
perceptron neural networks. [3] employed the Weather
Research and Forecasting (WRF) model to predict urban
temperatures in Beirut, achieving optimal outcomes for key
urban parameters but acknowledging residual uncertainties.

[22] developed a Building-Resolved Temperature (BRT)
model for South Korea, incorporating spatial information to
enhance temperature forecasts. Despite its detailed spatial
considerations, the model exhibited inconsistent performance
due to spatial distribution variability.

Accurate prediction of weather has enormous benefits
in building smart cities, improving resilience of infrastructure,
alleviating traffic congestions (e.g., [18]-[21]), and
transportation planning (e.g., [9]-[11]), post-disaster
evaluation [8], delivery (e.g., [12], [25], [24]), improving
public transit service [2], and streamlining air traffic (e.g., [6],
[7], [14], [4]). These studies underscore the versatility of ML
methodologies in diverse applications, highlighting their
potential for enhancing predictive models in meteorological
contexts as well.

However, existing studies often face limitations related
to spatial conditions, dataset quality, and model uncertainties,
indicating a need for more robust and comprehensive
approaches in temperature forecasting.

33 METHODOLOGY

The dataset utilized in this study is sourced from Kaggle
and comprises historical weather records of Szeged, Hungary,
spanning from 2006 to 2016. The dataset includes hourly and
daily measurements of temperature, wind speed, humidity,
visibility, pressure, and apparent temperature. To facilitate
numerical analysis, irrelevant columns such as time-series
data and textual descriptions were removed. Data
preprocessing involved eliminating null values and outliers to
ensure data integrity and suitability for subsequent analyses.
Exploratory data analysis through boxplots revealed normally
distributed variables, and correlation analyses indicated
strong linear and inverse relationships among the variables,
suggesting suitability for regression-based modeling.

This research employs both regression-based and

advanced machine learning approaches to model the
relationship between temperature and other weather factors.

3.1 REGRESSION MODELS
3.1.1 Variance Inflation Factor (VIF)

To address multicollinearity among independent
variables, VIF analysis was conducted with a threshold of 2.
This process led to the exclusion of the ‘'Apparent
Temperature (C)' variable due to high collinearity.

3.1.2 Linear Regression (LR)

A multiple linear regression model was developed to
explore the linear dependencies between temperature and the
remaining five weather factors. The model was specified as:

Y =a+ b]_Xl + bzXz + ... + ann

Where, Y indicates the dependent variable temperature
in Szeged.

3.1.3 Principal Component Regression (PCR)

Recognizing potential limitations of VIF in fully
mitigating multicollinearity, PCR was employed as an
alternative dimension reduction technique. The process
involved standardizing the data, performing PCA to extract
principal components, and subsequently conducting linear
regression using the selected components. Two principal
components were retained based on the eigenvalue
distribution, enhancing model efficiency and reducing
computational demands.

3.2 ADVANCED MACHINE LEARNING MODELS
3.2.1 XGBoost

Extreme Gradient Boosting (XGBoost) was selected for
its proven accuracy and scalability in predictive modeling
[17]. Its ability to handle complex, non-linear relationships
makes it a suitable candidate for temperature forecasting.

3.2.2 Artificial Neural Network (ANN)

An ANN, specifically a three-layer Fully Connected
Neural Network (FCNN), was constructed to model
temperature dependencies. Data normalization using Min-
Max scaling was performed to optimize training efficiency.
The network architecture included an input layer with six
nodes, a hidden layer with ten nodes, and an output layer
predicting temperature. The Adam optimizer and Mean
Squared Error (MSE) loss function were utilized over twenty
training epochs.

4 RESULT

4.1 REGRESSION MODELS

The linear regression models exhibited varying degrees
of multicollinearity, with VIF-adjusted models showing
reduced multicollinearity issues. The R-squared value
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decreased from 0.991 to 0.548 post-VIF adjustment,
indicating diminished explanatory power. Conversely, the
PCR model achieved an R-squared of 0.770, outperforming
the VIF-adjusted LR model by effectively mitigating
multicollinearity without substantial loss in fit. Residual
analysis confirmed normal distribution patterns across all
regression models, validating their suitability.

4.2 ADVANCED MACHINE LEARNING MODELS

Both XGBoost and FCNN were evaluated on training
(80%) and testing (20%) datasets. XGBoost achieved an R-
squared of 0.999585, significantly surpassing FCNN’s
0.936483. Prediction versus actual temperature plots for both
models demonstrated high accuracy, with minimal Mean
Squared Error (MSE) and Root Mean Squared Error (RMSE),
underscoring their capability to capture temperature
variations effectively.

Among the regression approaches, PCR emerged as the
most effective model, balancing complexity and explanatory
power with an R-squared of 0.770. Advanced machine
learning models, particularly XGBoost, outperformed
traditional regression methods, achieving near-perfect
predictive accuracy. Despite FCNN’s lower R-squared, its
lower MSE and RMSE values indicate strong predictive
performance, though XGBoost's superior fit and faster
training times render it more advantageous for this
regression-focused study.

The superior performance of XGBoost suggests that
linear relationships heavily influence temperature dynamics,
despite the potential presence of non-linear interactions. This
aligns with findings from [15] and [1], who demonstrate the
efficacy of advanced ML techniques in complex predictive
tasks across various domains.

However, the study has limitations, including the
absence of temporal and spatial autocorrelation
considerations and the focus on a single geographic location.
Future research should explore spatio-temporal models and
extend analyses to multiple regions to enhance
generalizability and robustness.XGBoost's significantly
higher R-squared value (0.999585) compared to the Fully
Connected Neural Network's (FCNN) R-squared (0.936483)
highlights its superior ability to model temperature data,
especially in regression tasks where precise predictive
accuracy is paramount. This remarkable performance
suggests that XGBoost excels at capturing the dominant
linear relationships present in the dataset. The extremely high
R-squared value indicates that XGBoost can almost perfectly
explain the variance in the temperature data, making it a
standout choice for regression analysis. Moreover, its faster
training times make it even more desirable in practical
scenarios where computational efficiency is crucial,
particularly in large-scale or real-time applications.

In contrast, although FCNN's R-squared is lower than
that of XGBoost, it still demonstrates strong predictive
performance. The lower Mean Squared Error (MSE) and

Root Mean Squared Error (RMSE) values for FCNN indicate
that it captures temperature variations effectively, even
though its ability to explain the variance in the data is less
comprehensive than XGBoost. FCNN's ability to achieve
lower error metrics may be attributed to its flexibility in
modeling more complex, non-linear interactions within the
dataset. Neural networks, like FCNNs, are designed to handle
a wide range of relationships, including non-linear patterns,
and often perform well in tasks where complex data
interactions are prevalent. However, in this case, the
temperature data may have stronger linear components,
which is likely why XGBoost, a model that excels in linear
relationships, performed better.

This performance difference highlights an important
aspect of regression modeling—choosing the right algorithm
based on the underlying data structure. XGBoost, as a
gradient boosting decision tree model, inherently favors
datasets where linear relationships dominate, while FCNNs
are generally more suited to capturing complex, non-linear
dynamics. In this study, the dominant linear relationships in
temperature dynamics provided a perfect opportunity for
XGBoost to shine, as reflected in its near-perfect R-squared
value and superior predictive accuracy.

In addition to XGBoost and FCNN, the study also
evaluated Principal Component Regression (PCR), which,
despite being a traditional regression technique, performed
reasonably well with an R-squared value of 0.770. PCR
balances the complexity and explanatory power, offering a
viable option for regression analysis. However, compared to
the more advanced machine learning models, PCR’s
performance lagged behind. The lower R-squared value
suggests that PCR is not as adept at capturing the nuances in
the temperature data, which could include both linear and
non-linear interactions. This result is not unexpected, as PCR
simplifies the data by reducing its dimensionality through
principal components, potentially leading to a loss of
information that more advanced models like XGBoost can
retain and utilize.

Despite the strong performance of XGBoost and FCNN,
the study acknowledges certain limitations that should be
addressed in future research. One key limitation is the lack of
consideration for temporal and spatial autocorrelation.
Temperature data, particularly in geographic studies, often
exhibit temporal dependencies, where past values influence
future values, as well as spatial correlations, where nearby
geographic locations share similar temperature patterns.
These factors can introduce biases if not appropriately
modeled. By not accounting for these autocorrelations, the
study’s findings may be less robust when applied to other
contexts where spatio-temporal dynamics are critical. Future
studies could benefit from integrating models that specifically
handle these types of data dependencies, such as spatio-
temporal models, to ensure more generalized and reliable
predictions.

Another limitation is the focus on a single geographic
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location. While the study's findings are insightful, they may
not be generalizable to other regions with different climate
patterns or temperature dynamics. Temperature behavior can
vary significantly across regions, driven by factors such as
altitude, proximity to water bodies, or unique weather
patterns. As such, future research should extend the analysis
to multiple regions to assess the broader applicability of the
findings. Including diverse geographic locations in the
analysis would provide a more comprehensive understanding
of the models’ performance across varied climate conditions
and enhance the robustness and generalizability of the
conclusions drawn from the study.

5 CONCLUSION

This investigation elucidates the complex relationships
between temperature and key meteorological factors in
Szeged, Hungary, utilizing both regression and advanced
machine learning methodologies. The analysis reveals that
temperature has a positive correlation with apparent
temperature, wind speed, and visibility, while showing an
inverse relationship with humidity and pressure. Among the
various models employed, advanced machine learning
models, particularly XGBoost, exhibited superior capability
in capturing these complex interactions, resulting in highly
accurate temperature forecasting.

The findings of this study hold significant implications
for urban planning and climate mitigation efforts.
Understanding the interplay between meteorological
variables allows policymakers to implement more targeted
strategies, such as increasing humidity through artificial
rainfall or developing vegetation-based solutions to reduce
urban temperatures and combat the heat island effect.
Moreover, the superior performance of XGBoost highlights
the effectiveness of sophisticated, data-driven approaches in
managing the increasing complexities of climate change and
urbanization.

Despite these promising outcomes, the study is limited
by its focus on a single geographical area and the absence of
temporal and spatial autocorrelation considerations. Future
research should address these limitations by extending the
analysis to different regions and incorporating spatio-
temporal factors to enhance the robustness and
generalizability of the findings. Furthermore, the inclusion of
additional variables such as land-use characteristics, solar
radiation, and other environmental factors could provide a
more holistic understanding of temperature dynamics.
Ultimately, this research lays a strong foundation for
integrating machine learning into meteorological studies,
offering a path forward for developing adaptive and precise
climate forecasting systems capable of supporting effective
urban and environmental planning initiatives.
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