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ITISE 2025. Abstracts

[0009] Convolutional Time Series for Key Performance Indicator Online & Proactive Prediction

Ibtissam Elhassani (ENSAM-Meknes, Moulay Ismail University of Meknes, Morocco.), Noureddine Barka (University of
Quebec at Rimouski, Rimouski, Canada), Tawfik Masrour (ENSAM-Meknes, Moulay Ismail University of Meknes,
Morocco.) and Omar Ayadi (University of Quebec at Rimouski, Rimouski, Canada).

In the context of a manufacturing organization, it is essential to anticipate key performance indicators (KPIs) such as
Overall Equipment Efficiency (OEE). These KPIs allow managers to assess the proficiency of their employees and
operations, and subsequently utilize this data to make informed decisions regarding the optimization of processes.
Accurate forecasting of the indicators gives a better vision and allows to take the right decision to reorient the teams and
ensure high performance during the production. There are plenty machine learning methods that were used to predict
KPls, namely support vector regression, random forest, extreme gradient boosting and deep learning models. However,
they are not exploited enough to make real-time predictions. This paper proposes a framework to monitor and predict in
real-time manufacturing systems related KPls, especially in the production and maintenance sides, such as: OEE and its
variables (performance rate, quality rate, availability), Macro / Micro stoppages, MTTR, MTBF and Maintenance team
availability. We will make use of a new deep learning architecture, which is the One-Dimensional Convolutional Neural
Networks to provide accurate time series (TS) forecasting for KPIs, the models themselves evolves overtime, in response
to data evolution. The proposed framework was implemented in an automotive industry that was very advanced in terms
of hardware technologies. The results show up that the models provide very accurate information, the thing that helped
to well exploit the data collected from the Genba and gave a better understanding of the plant’s situation.

[0203] The Role of Additive Manufacturing in the Prediction of Fatigue Life of Scraper Rings in
Internal Combustion Engines

Sophia Fatihi (advanced System Ingeneering Laboratory National School of Applied Sciences, Ibn Tofail University
Kénitra, Morocco), Elhoussaine Ouabida (advanced System Ingeneering Laboratory National School of Applied
Sciences, Ibn Tofail University Kénitra, Morocco) and Hassan Mharzi (advanced System Ingeneering Laboratory
National School of Applied Sciences, Ibn Tofail University Kénitra, Morocco).

Additive Manufacturing (AM) has emerged as a transformative technology for producing high-performance mechanical
components, including scraper rings in internal combustion engines (ICEs). These rings are critical for regulating oil film
thickness, reducing friction, and preventing excessive oil consumption, making their fatigue life prediction essential for
engine efficiency and durability. However, AM introduces unique microstructural characteristics, such as anisotropy,
porosity, residual stresses, and surface roughness, directly influencing fatigue behavior. Traditional fatigue life prediction
models often fail to account for these AM-specific factors, necessitating advanced computational techniques. This study
explores the role of AM in the fatigue life assessment of scraper rings by integrating finite element analysis (FEA),
machine learning (ML), and experimental fatigue testing. The impact of AM process parameters, defect formation, and
post-processing techniques on fatigue life is analyzed to develop defect-tolerant fatigue prediction models. Additionally,
hot isostatic pressing (HIP), laser peening, and topology optimization are investigated to mitigate fatigue-related failures.
The findings provide insights into optimizing AM processes for improved fatigue performance, leading to more reliable
and durable ICE components. This research contributes to the advancement of AM-based desigh methodologies for high-
stress applications in the automotive and aerospace industries.

[0205] Volatility Transmission Between European Stock Indices and the Tunisian TUNINDEX: A
GARCH-BEKK Approach

Khalil Mhadhbi (Faculty of Economic Sciences and Management of Nabeul).

This paper investigates the volatility transmission between the stock market indices of major European partners (CAC 40,
DAX, FTSE MIB, IBEX 35, EURO STOXX 50) and the TUNINDEX, the Tunisian stock market index. In a context marked by
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global crises (2008 financial crisis, COVID-19 pandemic, Russo-Ukrainian war), this research aims to understand the
volatility dynamics and interactions between these markets. Through theoretical analysis and econometric modeling
using GARCH(1,1) and BEKK models, the results reveal a low correlation between the TUNINDEX and European indices,
suggesting a relative decoupling of the Tunisian market. ARCH-LM tests confirm the presence of conditional
heteroskedasticity, and GARCH models show a strong persistence of volatility. The BEKK model highlights a marginal
transmission of shocks between markets, confirming the relative independence of the TUNINDEX. These findings offer
diversification opportunities for investors while emphasizing the need to monitor local risks. Recommendations are
provided for investors, regulators, and financial institutions, and future research perspectives are suggested, including
the study of asymmetric effects and the use of high-frequency data.

[0275] Extreme weather and disease: the case of leptospirosis in eastern coastal Australia
Xiao Lu (The University of Sydney) and Michael Ward (The University of Sydney).

Leptospirosis is a zoonotic disease that causes enormous fatalities and economic losses globally. Mainly transmitted by
direct contact with reservoir hosts (e.g., rodents and cattle), or indirect exposure to environmental contamination as the
bacteria are shed in urine, outbreaks have often been associated with heavy rainfall and flooding. Despite this, the
relationship between weather and outbreaks has not been quantified to the extent of allowing risk to be forecast. Here
we explored this relationship by analysis of 23 clinical cases of canine leptospirosis in southern New South Wales (NSW),
Australia (October 2021 — May 2023). In this context, leptospirosis is an emerging disease.

During the 2022 winter, a large and statistically-significant cluster of canine leptospirosis was identified near lakes,
overlapping with the heavily flooded areas in March 2022. Univariate Cox proportional hazards models were developed
using the lagged extreme climate data and the survival time series. The mean value of concordance indices (C-indices) of
a variable at all lags (weekly, monthly, cumulative) was calculated and used to determine the climate variables in
multivariate models. C-indices and the prediction residuals were used to select the model with the best predictive ability.
This model included extremely high maximum temperature and cumulative precipitation: there was a significant
protective effect during the three-week period prior to an event (relative risk, RR = 0.41) and significant detrimental
effect over the longer period preceding an event (around 12 weeks, i.e., 3 months; days with extremely high maximum
temperature RR = 2.7, cumulative precipitation RR = 78.63).

The cluster if leptospirosis observed was markedly influenced by extreme climate events, with the effect appearing to be
biphasic: less precipitation and extreme temperatures over the short term (< 3 weeks) limited cases, whereas extreme
precipitation and temperature conditions over the longer term (< 3 months) increased the risk. The latter provide an
opportunity to implement warning systems so that risk mitigation actions (e.g. vaccination, public education) can be
implemented.

[0280] An information theory approach to stock market liquidity

Massimiliano Frezza (Department MEMOTEF - Sapienza University of Rome), Sergio Bianchi (Department MEMOTEF -
Sapienza University of Rome), Vittoria Bruni (Department SBAI- Sapienza University of Rome), Silvia Marconi
(Department MEMOTEF - Sapienza University of Rome), Augusto Pianese (QuantLab - University of Cassino and
Southern Lazio), Barbara Vantaggi (Department MEMOTEF- Sapienza University of Rome) and Domenico Vitulano
(Department SBAI- Sapienza University of Rome).

This study proposes a novel methodology for the dynamic analysis of complex scaling behavior in financial data across
multiple investment horizons. The approach consists of two main components: (a) the implementation of a distribution-
based technique to estimate time-varying self-similarity matrices, wherein each matrix entry reflects the scaling
parameter associated with pairs of price-change distributions constructed over different temporal scales; and (b) the
application of information theory—specifically, the Normalized Compression Distance (NCD)—to measure the relative
complexity and assess the similarity between pairs of self-similarity matrices. This methodological framework facilitates
the identification of distinctive patterns that may provide insights into the levels and structure of market liquidity. An
empirical application to the S&P 500 Index shows the effectiveness of the proposed approach.

[0303] Assessing the oil price-exchange rate nexus: A switching regime evidence using fractal
regression
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Sami Diaf (Universitit Hamburg) and Rachid Toumache (National Higher School of Statistics and Applied Economics
(ENSSEA)).

Oil, as a key commodity in international markets, bears an importance for both producers and consumers. For oil-
exporting countries, periodic oil fluctuations have a non-negligible impact on the economic outlook and the way
monetary/fiscal policies should be conducted. While most of academic efforts tried to link low-frequency real exchange
rate with macroeconomic fundamentals for a medium/long term inference, they omitted to gauge the volatile and
complex high-frequency linkage between oil prices and exchange rate fluctuations. By their strong non-linear nature,
such time series cannot be investigated using traditional tools or aggregated at lower frequencies for inference purposes.
This work investigates the scale-based volatile linkage between daily international oil fluctuations and nominal exchange
rate variations of an oil-exporting country, namely Algeria, by adopting a fractal regression approach to uncover the time-
varying impact and simultaneously track its incidence over the short and long runs.

Results state the power-law characteristics of both time series, with a pronounced non-linearity of international oil
prices, measured by the OPEC price barrel, and a time-varying scale-dependent impact on the exchange rate Dollar-Dinar
that could be approached using a two-state hidden Markov model. Over the short term, a 1% increase in international oil
prices may lead to a 0.7% appreciation in the Dollar-Dinar value (when considering scales less then 240 days, or 8
months), while its long-term effect may double, on average, to 0.14% (for scales greater than 240 days).

Findings confirm a short-term decoupling between the two variables, as the high fractal properties of oil prices are not
transferred to the Dollar-Dinar series. This confirms the bona fide of monetary policy interventions to ensure a relative
stability of the Dinar vis-a-vis the US Dollar, which is considered as the backbone of government's financial planning.

However, sustained trends of oil prices' have a significant long-term impact, estimated to be twice the short term one,
and may occur when considering a threshold of 9 months as a breakpoint for short and long run inferences. A prudent
exchange rate regime helps offsetting foreign shocks on the Dinar at least in the short run, but such interventions remain
limited in the long run, where pronounced trends in oil prices have a direct impact that cannot be easily neutralized,
especially during long episodes of receding oil prices, abrupt market swings or internal deterioration of key
macroeconomic aggregates.

Aside from the time-varying effects, the study demonstrates the importance of multiscale analysis when analyzing high
frequency data; and the need to adopt advanced power-law techniques that turn out to be informative when coupled
with advanced statistical modeling in assessing time-vayring effects on the basis of denoised data. Bivariate fractal
analysis delivers a spectrum of impacts that could be seen as the realization of a Gaussian process featuring two hidden
states, taken as proxies of short and long run fluctuations.

[0391] Cascading multi-agent policy optimization for demand forecasting
Saeed Varasteh Yazdi (emlyon business school).

Reliable demand forecasting is crucial for effective supply chain management, where inaccurate forecasts can lead to
frequent out-of-stock or overstock situations. While numerous statistical and machine learning methods have been
explored for demand forecasting, reinforcement learning approaches, despite their significant potential, remain little
known in this domain. In this paper, we propose a multi-agent deep reinforcement learning solution designed to
accurately predict demand across multiple stores. We present empirical evidence that demonstrates the effectiveness of
our model using a real-world dataset. The results confirm the practicality of our proposed approach and highlight its
potential to improve demand forecasting in retail and potentially other forecasting scenarios.

[0422] Inclusive Turnout for Equitable Policies: Using Time Series 2 Forecasting to Combat Policy
Polarization

Natasya Liew (Boston University Metropolitan College), Sreeya Harinatha (Boston University Metropolitan College),
Sarthak Pattnaik (Boston University Metropolitan College), Kathleen Park (Boston University Metropolitan College)
and Eugene Pinsky (Boston University Metropolitan College).

Selective voter mobilization dominates U.S. elections, with campaigns prioritizing swing voters to win critical states.
While effective short-term, this strategy deepens policy polarization, marginalizes minorities, and undermines
representative democracy. This paper investigates voter turnout disparities and policy manipulation using advanced time
series forecasting models (ARIMA, LSTM, and seasonal decomposition). Analyzing demographic and geographic data, we
uncover significant turnout inequities, particularly for marginalized groups, and propose actionable reforms to enhance
equitable voter participation. By integrating data-driven insights with theoretical perspectives, this study offers practical
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recommendations for campaigns and policymakers to counter polarization and foster inclusive democratic
representation.

[0493] Electricity demand model for climate change analysis in systems with high integration of
wind and solar energy

Ruben Chaer (INSTITUTO DE INGENIERIA ELECTRICA -del Uruguay), Juanita Acosta (Universidad de los Andes),
Marcelo Silvera (Administracién del Mercado Eléctrico), Guillermo Flieller (Administracién del Mercado Eléctrico),
Guillermo Jimenez (Universidad de los Andes) and Vanina Camacho (Administraciéon del Mercado Eléctrico).

A novel model of the electrical demand of a power system capable of representing hourly power and its dependence on
temperature is presented. The application of the model to the Colombian system is shown with an evaluation of the error
obtained. For the simulation of the optimal operation of systems with a high participation of renewable energies, a model
such as the one presented is of vital importance in order to take into account the dependence of demand on
meteorological variables. It is also necessary for the simulation of the expected effects of climate change on electricity
demand.

[0528] Modelling Crime date using the Non-stationary Bivariate Integer-Valued Autoregressive
(BINAR(1)) models with Poisson-Lindley (PL) Innovations.
Yuvraj Sunecher (UNIVERSITY OF TECHNOLOGY MAURITIUS), Naushad Mamode Khan (UNIVERSITY OF MAURITIUS),
Muhammed Rasheed Irshad (Cochin University of Science and Technology) and Hendrik Willem Pretorius
(University of Pretoria).

This paper proposes a family of first order bivariate integer-valued autoregressive (BINAR(1)) with Poisson Lindley
innovations (BINAR(1)PL). The model parameters are estimated using the conditional maximum likelihood (CML)
estimation approach. The proposed models are applied on some real life crime data.

[0599] Assessment of the impact of supply and demand shocks on sustain prices increases:
Evidence from the wholesale electricity market in Portugal

Negin Entezari (Universidade de Coimbra Centro de Investigacdo em Economia e Gest3o, Portugal) and José Fuinhas
(Universidade de Coimbra Centro de Investigacido em Economia e Gestdo, Portugal).

This study addresses the persistent effects of external shocks on electricity market in Portugal particularly in response to
major global crises such as the COVID-19 pandemic and the Russia-Ukraine war. Structural dependence on fossil fuels and
imports makes the Portuguese market highly vulnerable to supply chain instability. By analyzing hourly data from January
2015 to September 2024, using Structural Vector Autoregression (SVAR) and Variance Decomposition methods, the study
aims to distinguish between short-term and long-term effects of shocks, identify the primary drivers of price volatility,
and assess their relevance for electricity price forecasting. The findings show that demand shocks dominate in the short
term due to seasonal and behavioral fluctuations, uniquely influences the quantity and timing of energy consumption,
potentially leading to long-term shifts in consumption patterns. Supply shocks often leading to sustained inflation and
market instability caused by structural and geopolitical factors.

[0683] Enhancing Meteorological Forecasting in Croatia Using Machine Learning

Jakov Lozuk (Croatian Meteorological and Hydrological Service (DHMZ)) and Iris Odak (Croatian Meteorological and
Hydrological Service (DHMZ)).

Machine Learning (ML) and Artificial Intelligence (Al) are increasingly shaping various aspects of modern life, providing
fast and efficient solutions to complex problems while significantly reducing processing time. In meteorology, these
advanced techniques have proved highly valuable, enhancing data assimilation, downscaling, and improving both the
accuracy and efficiency of weather forecasting. By leveraging vast amounts of data, ML methods offer the potential to
overcome limitations inherent in traditional forecasting approaches. In this study, the primary focus is air temperature
forecasting, with additional consideration given to another key meteorological variable - visibility, due to its critical role in
transportation safety and efficiency. Accurate forecasting of these two variables is essential for ensuring safe and

4



CONTRIBUTIONS AND ABSTRACTS INFORMATION ITISE 2025

efficient traffic flow and mitigating potentially hazardous events. Low visibility episodes can, for instance, affect safety or
even disrupt maritime, aviation, and road transport. Additionally, reliable temperature forecasts are crucial for daily
planning, affecting outdoor activities and general public routines. Beyond these applications, precise weather forecasting
is also fundamental for energy management, where many sectors rely on accurate forecasts to optimize operations and
resource allocation.

This study focuses on predicting air temperature at meteorological station locations across Croatia using three ML
models: Extreme Gradient Boosting (XGB), Random Forest (RF), and Long Short-Term Memory (LSTM). The ML-based
forecasts are compared against numerical weather prediction (NWP) outputs and an operational post-processing method
that combines an analog approach with statistical correction for extreme events. Preliminary results indicate notable
improvements in forecast accuracy, particularly for the most common temperature ranges, where ML models outperform
the existing post-processing approach. However, extreme temperature events remain challenging, with NWP forecasts
continuing to provide superior predictions in such cases. The study evaluates forecasts up to 3 days ahead, revealing that
ML-based predictions offer substantial improvements, particularly for the second and third forecast days, outperforming
the current post-processing technique in terms of root mean square error (RMSE). A key aspect of this research is the
comparative analysis of two ML forecasting approaches for temperature: directly predicting the post-processed
temperature value and forecasting the NWP temperature bias. Additionally, the study examines different training
strategies by training models individually for each station versus developing a unified model trained on data from all
stations. Preliminary findings suggest that the bias correction approach generally yields more accurate forecasts.
Furthermore, station-specific models tend to outperform generalized models, except in the case of XGB, where training
on the full dataset leads to further improvements. Among all tested approaches, XGB achieves the lowest RMSE,
emerging as the most promising method for enhancing forecasting accuracy. However, all ML models struggle with
predicting extreme temperature, highlighting the need for further refinement.

Accurate forecasting of extreme weather events is crucial due to their significant impact on people and society. Extreme
cold events can lead to severe frost, negatively affecting agriculture, while also causing ice formation on roads, disrupting
transportation, and compromising public safety. Prolonged and intense cold waves pose a serious threat to human health
and even life. Conversely, heat waves which due to ongoing climate change are becoming more frequent and severe,
pose significant health risks, particularly to older people, individuals with chronic ilinesses, and other vulnerable groups.
Heat waves are often accompanied by prolonged dry spells, which, combined with high temperatures, can severely
impact agriculture, strain water supply systems, and threaten vegetation and wildlife by increasing the risk of wildfires.
Although extreme weather events are quite rare, their consequences can be devastating. Advancements in forecasting
can improve early warnings, enhance preparedness, and help mitigate their negative effects. This study analyzes two case
studies representing both types of extreme temperature events: a cold wave in continental Croatia and the first heat
wave of 2024. Data from two meteorological stations were used: one inland meteorological station for cold wave
examination and one in a coastal, Mediterranean-influenced region for heat wave analysis. As indicated by previous
findings, our Machine Learning models underestimated the severity of extreme temperature events in both analyzed case
studies. However, among the models tested, Long Short-Term Memory networks exhibited the lowest underestimation,
demonstrating an ability to capture these high-impact weather events better compared to XGBoost and Random Forest
models.

In addition to temperature forecasting, this study explores ML-based predictions for low-visibility events. Such events,
defined as visibility below 2000 meters, occur in approximately 5% of all recorded data, with the most severe fog events
being even rarer. To address this challenge, multiple modeling strategies have been implemented, including both
regression and classification approaches. Similar to temperature forecasting, directly predicting post-processed visibility
values and forecasting biases in Numerical Weather Prediction (NWP) visibility estimates have also been applied. While
some evaluation metrics indicate improvements, notable discrepancies between predicted and observed distributions
persist. Capturing rare low-visibility occurrences remains particularly challenging due to the complex interplay of localized
meteorological and topographical factors that influence these events. Overcoming these limitations will require further
refinement of feature engineering and model training techniques. Although ML models demonstrate potential in this
domain, additional research and methodological advancements are necessary before they can be considered for
operational deployment.

Overall, this study highlights the potential of Machine Learning techniques in enhancing the accuracy of temperature and
visibility forecasting. By leveraging advanced ML techniques such as Extreme Gradient Boosting (XGB), Random Forest
(RF), and Long Short-Term Memory (LSTM) networks, notable improvements have been achieved, particularly in
forecasting the most common temperature ranges. For these categories, ML methods achieved the best results in
reducing NWP forecast bias and RMSE, proving to be effective post-processing tools. However, despite these
advancements, the underestimation of extreme temperature values remains challenging, although LSTM shows promise
in addressing this limitation. Similarly, although some verification measures for rare events, such as EDI (Extremal
Dependence Index) suggest improvements, discrepancies between predicted and measured distributions highlight the

5
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complexity of these events and the need for further model refinement. Future research should focus on enhancing model
architectures, optimizing data preprocessing, incorporating additional atmospheric variables, and exploring hybrid
modeling approaches that may provide a more robust framework, particularly for extreme events. The continued
advancement of ML in meteorology holds great promise for more accurate and reliable weather forecasting, enabling
better decision-making across various sectors that depend on precise meteorological information. As these methods
continue to evolve, their integration into operational meteorological frameworks will contribute to more resilient and
adaptive weather prediction solutions in the future.

[0696] Efficient Asymmetric Causality Tests

Abdulnasser Hatemi-J (Department of Economics and Finance, UAE University).

Asymmetric causality tests are increasingly gaining popularity in different scientific fields. This approach corresponds
better to reality since logical reasons behind asymmetric behavior exist and need to be considered in empirical
investigations. Hatemi-J (2012) introduced the asymmetric causality tests via partial cumulative sums for positive and
negative components of the variables operating within the vector autoregressive (VAR) model. However, since the
residuals across the equations in the VAR model are not independent, the ordinary least squares method for estimating
the parameters is not efficient. Additionally, asymmetric causality tests mean having different causal parameters (i.e., for
positive or negative components), thus, it is crucial to assess not only if these causal parameters are individually
statistically significant, but also if their difference is statistically significant. Consequently, tests of difference between
estimated causal parameters should explicitly be conducted, which are neglected in the existing literature. The purpose
of the current paper is to deal with these issues explicitly. An application is provided, and ten different hypotheses
pertinent to the asymmetric causal interaction between two largest financial markets worldwide are efficiently tested
within a multivariate setting.

[0700] Comparative Analysis of Forecasting Models for Disability Resource Planning in Brazil’s
National Textbook Program

Luciano Cabral (NEES - Nucleo de Exceléncia em Tecnologias Sociais — Instituto de Computac3o (IC)), Luam Leiverton
(NEES - Nucleo de Exceléncia em Tecnologias Sociais — Instituto de Computacdo (IC)), Jario Junior (NEES - Nucleo de
Exceléncia em Tecnologias Sociais — Instituto de Computac&o (IC)), Thyago Tendrio (NEES - Nucleo de Exceléncia em
Tecnologias Sociais — Instituto de Computagdo (IC)), Dagoberto Pinho (NEES - Nucleo de Exceléncia em Tecnologias
Sociais — Instituto de Computac3o (IC)), Nicholas Cruz (NEES - Nucleo de Exceléncia em Tecnologias Sociais — Instituto de
Computac3o (IC)), Joana Fusco Lobo (FNDE - National Education Development Fund), Breno Jacinto (NEES - Nicleo de
Exceléncia em Tecnologias Sociais — Instituto de Computacdo (IC)), Lenardo Chaves (NEES - Nucleo de Exceléncia em
Tecnologias Sociais — Instituto de Computacdo (IC)), Rafael de Amorim Silva (NEES - Nucleo de Exceléncia em
Tecnologias Sociais — Instituto de Computacéo (IC)) and Bruno Pimentel (NEES - Nucleo de Exceléncia em Tecnologias
Sociais — Instituto de Computacao (IC)).

Accurate forecasting of student disability trends is essential for optimizing educational accessibility and resource
distribution in the context of Brazil's oldest public policy, the National Textbook Program (PNLD). This study applies
machine learning (ML) and time series forecasting models (TSF) to predict the number of visually impaired students in
Brazil using educational census data from 2021 to 2023, with the aim o estimating the amount of Braille Textbooks to be
acquired in the PNLD's context. By performing a comparative analysis on various ML models (e.g, Naive Bayes, ElasticNet,
Gradient Boosting) and TSF techniques (e.g. ARIMA, and SARIMA, Exponential Smoothing), to predict future enrollment
trends, we identify the most effective approaches for school-level and long-term disability enrollment predictions. Results
show that ElasticNet e Gradient Boosting excels in forecasting enrollment estimations over TSF models. Despite
challenges related to data inconsistencies and reporting variations, incorporating external demographic and health data
could further improve predictive accuracy. This research contributes to Al-driven educational accessibility by
demonstrating how predictive analytics can enhance policy decisions and ensure equitable distribution of resources for
students with disabilities.

[0861] The discrete Langevin-type model od time series with asymmetric persistence and the
procedure of its reconstruction from data

Zbigniew Czechowski (Institute of Geophysics, Polish Academy of Sciences, Ks. Janusza 64, 01-452 Warsaw, Poland).
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The idea of asymmetric persistence appeared over 25 years ago in the context of economic time series [1]. A number of
studies have demonstrated asymmetric dependences - there are often stronger correlations between financial objects
when the market is going down than when it is going up. Some mechanisms generating asymmetric correlations may also
be present in various physical, geophysical or biological processes. For example, in northern hemisphere temperature and
sunspot time series the asymmetric correlations were detected and measured by using the modified Detrended
Fluctuation Analysis (mDFA) procedure [2] (the standard DFA is dedicated to series with symmetric correlations). A simple
theoretical scatterer-based mechanism of asymmetric persistence in the one-dimensional random walk was proposed in
Ref. [3]. A number of models were proposed to describe asymmetric correlations in econometric data (see Ref. [4] for
a comprehensive review). In most cases these were appropriate generalizations of nonlinear models: TAR, Markov
switching model and GARCH. In the first two, nonlinearities are introduced into the drift and in the third into the diffusion
term.  Inthe present study we introduce the discrete Langevin-type model of time series with asymmetric persistence.
It the model nonlinearities can occur in the drift and diffusion terms simultaneously. We define a special form of
correlation (persistence) in time series y(k), k = 1,...,N. The next state y(k+1) will depend not only on the current state y(k)
(as in Markov process) but also on the sign of previous increment, d(k) = y(k) — y(k-1). To this aim an additional function
c(d(k)) is introduced as a factor into the diffusion term of the discrete Langevin equation, i.e.

y(k+1) - y(k) = a(y(k)) dt + c(d(k)) (b(y(k)) dt)*0.5 |w| (1)

where dt is a time step and w is an independent random variable with normal density. The function c determines the sign
of the diffusion term: if d(k) > 0 then with probability p the function c = 1 (or c =-1 with probability 1-p) while if d(k) < 0
than c = -1 with probability q (or c = 1 with probability 1- q). The parameters p and q are called the persistence
parameters for the model: p and g determine the degree of persistence in upward and downward trends respectively. A
similar model for symmetric persistence (p = q) was introduced in Ref. [5]. The introduction of asymmetry leads to
significant deviations between the initial drift or diffusion functions (i.e., a(y), b(y) in Eq. (1)) and the corresponding
functions reconstructed from the generated time series using the standard method [6] (that was dedicated to Markov
time series) as well the procedure proposed in Ref. [5].  Therefore, the second task of this work is to derive a new
procedure for reconstructing model (1), which will be effective also for asymmetric cases. We follow the method
presented in Ref. [7] and starting from the modified Langevin equation (1) we derive the associated Fokker-Planck
equation in which the drift and diffusion functions contain appropriate terms that take into account the contribution of
asymmetric persistence. As a result we obtain a system of two implicit nonlinear equations for the initial drift and
diffusion functions. These equations also include drift and diffusion functions reconstructed using the standard method
[6] and parameters dependent on p and g. Fortunately, this system leads to a fourth-degree algebraic equation that has
an analytical solution. This means that we have analytical (although very complex) forms of unknown initial functions a(y)
and b(y) (see Eq. (1)) reconstructed after using the standard method [6] in the first step. However, the equations contain
persistence parameters, p and g, the values of which also need to be estimated. For this purpose, we can use the
standard DFA procedure [8], which gives the estimate of sum p + g and the histograms of two distribution functions f(y,
dk < 0) and f(y, dk > 0) (reconstructed from time series), their mutual shift leads to the estimation of difference q - p.

This new procedure was tested on stationary time series generated by model (1), in which various linear and nonlinear
forms of drift and diffusion functions and various values of the persistence parameters p and g were assumed. In all
cases, the procedure correctly reconstructed the assumed forms of functions a(y) and b(y). ~ The results of this study
provide an important generalization of the work [5] to cases of asymmetric persistence. The proposed discrete Langevin-
type model may constitute an interesting alternative for existing models of econometric time series with asymmetric
correlations due to the very wide applications of the Langevin equation in various fields of science and its simple physical
interpretation. Moreover, this model can be extended to the case of long asymmetric persistence of order r (i.e., the next
increment will depend on the sequence of signs of r previous increments, see Ref. [9]), but then it will be much more
difficult to derive the model reconstruction procedure from time series. Let us note that the Langevin models driven by
fractional noise have a very long memory but the correlations there are symmetric.

Acknowledgements This work has been financed by the project of the National Science Centre, contract No.
2022/45/B/ST10/01621.
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[0880] A study of econometric aspects: The impact of artificial intelligence on consumer health
and the development of the fortified water market

Mukhtar Tultabayev (Kazakh University of Technology and Business), Maira Kazankapova (Kazakh University of
Technology and Business) and Asiya Shoman (Kazakh University of Technology and Business).

The modern world is in the process of active transformation due to the development of artificial intelligence (Al)
technologies and their implementation in everyday life. One of the consequences of this process is the awareness of the
potential negative impact of Al on the mental health of users, which stimulates changes in consumer preferences and
promotes an increased interest in a healthy lifestyle. In this context, there is an increase in demand for fortified water as
a product that can compensate for the negative effects of interaction with technology. The purpose of this study is to
analyze the elasticity of demand for fortified water depending on factors related to the impact of Al on health, as well as
to identify key areas for further scientific research in this area. Artificial intelligence has firmly entered our lives, bringing
both advantages and certain risks. According to numerous studies, prolonged interaction with Al can cause users to
experience increased levels of stress, anxiety, and even depression. These conditions attract the attention of experts in
psychology and economics, who study how such factors affect consumer behavior. Amid growing concerns about mental
health, there is a growing demand for wellness products. Fortified water enriched with useful substances is becoming
more and more popular on the market. Research shows that switching to a healthy diet and functional drinks correlates
with increased attention to mental health. For a more detailed study of the trends in the consumption of fortified water,
an econometric analysis was carried out, which made it possible to assess the elasticity of demand for this product. The
elasticity of demand is considered as an indicator reflecting the change in the volume of consumption of a product in
response to fluctuations in its price or other factors. The study examined both price elasticity and the impact of non-
material factors related to mental health. 1. Price elasticity: Rising prices for vitamins and functional products may lead
to lower demand for fortified water. However, given its positioning as a health product, it can exhibit low price elasticity,
especially among consumers who care about their well-being. 2. Non-material factors: The psychological state caused by
stress from interacting with Al contributes to an increase in demand for products that are perceived as "life-saving". In
this case, there is a positive correlation between the level of anxiety and the consumption of fortified water. Fora
comprehensive analysis of the impact of factors related to the mental health of Al users on the demand for fortified
water, it is necessary to develop a multidimensional approach, including: - Sociological research: Conducting surveys and
focus groups to study consumers' opinions about the relationship between mental health and beverage choice. -
Economic analysis: An in-depth study of the price elasticity of demand and changes in consumer preferences depending
on the stress level. - Psychological analysis: The study of the relationship between vitamin intake and overall health,
including the analysis of perceptions and attitudes towards fortified foods. The conducted analysis allows us to conclude
that an increase in the consumption of fortified water as a means of countering the negative impact of artificial
intelligence on health opens up new prospects for economic and sociological research. The econometric approach allows
us to identify the main factors contributing to the popularity of this product.

[0905] Integrated Predictive Optimization of Energy and Thermal Management in Heavy-Duty
Fuel Vehicles
Christoph Hametner (TU Wien) and Stefan Jakubek (TU Wien).

The transition to sustainable heavy-duty transportation relies on the effective integration of fuel cell technology and
energy storage systems. Fuel cell electric vehicles offer a viable alternative for long-haul freight transport but face
significant challenges, including fuel cell and battery aging, thermal management issues, and hydrogen consumption. A
key factor in ensuring efficiency and reliability is the ability to anticipate and dynamically manage thermal and energy
demands. This research explores a predictive control strategy that integrates real-time and forecasted data—such as road
topology, traffic conditions, and ambient parameters—to optimize both the power split between the fuel cell and battery
and the thermal management of key components. By incorporating these external influences into the vehicle’s
operational strategy, the approach enhances efficiency, extends component lifespan, and improves overall system
performance in heavy-duty trucking applications.

Traditional energy management strategies primarily focus on fuel efficiency, while thermal management is often treated
as a separate function. However, temperature fluctuations in the fuel cell or battery system can significantly affect both
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energy efficiency and the component’s long-term durability. This study investigates the interactions between predictive
energy management and thermal management, demonstrating how predictive and integrated approaches can improve
system performance. Instead of optimizing power distribution and cooling separately, our study considers their
interdependencies, allowing for more adaptive and efficient control decisions.

The developed strategies utilize dynamic programming to evaluate entire driving missions and optimize control actions
over extended predictive horizons. By dynamically adjusting the power distribution between the fuel cell and battery, as
well as implementing predictive cooling, efficient energy use is ensured while maintaining battery state of charge and
mitigating excessive thermal stress. Moreover, this approach allows for flexible prioritization between fuel economy and
thermal management, adapting to varying operational conditions and real-world driving scenarios.

Simulation studies based on real-world heavy-duty driving data confirm that predictive thermal management can
effectively reduce temperature peaks during high-load conditions, minimizing temperature-related aging effects. While
conventional strategies often lead to suboptimal interactions between energy and thermal management, the proposed
concepts achieve better thermal control with only a marginal impact on hydrogen consumption. These findings highlight
the benefits of integrating predictive thermal and energy management to enhance durability, efficiency, and operational
reliability in fuel cell electric trucks.

[1108] A Framework for Video Based Sign Language Interpretation Using Machine Learning and
Statistical Methods

D Swathi (Sathyabama Institute Of Science And Technology ,Department Of Computer Science And Engineering), K
Susmetha (Sathyabama Institute Of Science And Technology ,Department Of Computer Science And Engineering) and S
Sreeji (Sathyabama Institute Of Science And Technology ,Department Of Computer Science And Engineering).

The Sign Language Recognition System is designed to capture video input, process it to detect hand gestures, and
translate these gestures into readable text. The project consists of several key components and steps: Video Processing:
Using OpenCV, the system captures frames from the video input.MediaPipe processes these frames to detect and track
hand landmarks in realtime.OpenCV capabilities allow for efficient frame extraction and basic image processing tasks
such as resizing and normalization. Hand Detection and Tracking: MediaPipe pre-trained models identify and track hand
movements within the video frames.The accurate detection and tracking of hand movements are critical for the
subsequent recognition of sign language gestures. Sign Language Recognition: The core of the system is a deep learning
model,trained using TensorFlow and Keras on a dataset of sign language gestures. The model learns to classify the
detected hand movements into corresponding sign language characters or words. Convolutional Neural Networks (CNNs)
are typically used for this task due to their effectiveness in image recognition tasks. Text Display: Once the system
recognizes the signs, it converts them into text and displays the output. This can be done through a console output or a
graphical user interface (GUI) built with Tkinter. The GUI provides a more user friendly experience,allowing users to see
the translated text in real-time.

[1115] Autoregressive Moving Average Model iARMA for Time Series with Irregular Time
Intervals

César Andrés Ojeda Echeverry (Author of paper) and Diana Alejandra Godoy Pulecio (Author of paper).

This research focuses on the study of stochastic processes with irregularly spaced time intervals, present in a wide range
of fields such as climatology, astronomy, medicine and economics. Research has proposed autoregressive (iAR) and
moving average (iMA) models separately, and moving average autoregressive processes (iIARMA) for positive
autoregressions. The objective of this work was to generalize the iIARMA model to include negative correlations.

A first order moving average autoregressive model for irregular discrete time series is presented, being an ergodic and
strictly stationary Gaussian process. Parameter estimation was performed by Maximum Likelihood, and its performances
were evaluated for finite samples through Monte Carlo simulations. The estimation of the Autocorrelation Function (ACF)
is performed using the DCF (Discrete Correlation Function) estimator evaluating its performance by varing of sample size
and average time interval.

The model was implemented on real data from four different contexts: the first one consists of the two-week
measurement of star flares of the Orion Nebula in the development of the COUP (Chandra Orion Ultradeep Project), the
second one belongs to the Colombian financial indicator COLCAP measured in the first six months of 2024, the third one
is related to climatic data indicators of ENSO (El Nifio-Southern Oscillation) with measurements between 1850 and 2006,
and the fourth pertains to the measurement of sunspot cycles between 1860 and 1990 and their relationship to
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temperature variation in the northern hemisphere. The diversity of examples shows the usefulness and versatility of the
proposed model.

[1196] Forecasting Aluminum Price: A True Challenge for Econometric Models

Krzysztof Drachal (Faculty of Economic Sciences, University of Warsaw) and Joanna Jedrzejewska (Faculty of
Economic Sciences, University of Warsaw).

This paper explores the forecasting of aluminum prices using various predictive models dealing with variable uncertainty.
A diverse set of economic and market indicators is considered as potential price predictors. The performance of models
including LASSO, RIDGE regression, Time-Varying Parameter regressions, LARS regression, ARIMA, Dynamic Model
Averaging, Bayesian Model Averaging, etc. is compared according to forecast accuracy. Despite the initial expectations
that Bayesian dynamic mixture models would provide the best forecast accuracy, results indicate that forecasting by
futures prices and with Dynamic Model Averaging outperformed all other methods when monthly average prices are
considered. Contrary, when monthly closing spot prices are considered, Bayesian dynamic mixture models happen to be
very accurate compared to other methods, although beating the no-change method is still a hard challenge. Additionally,
both revised and originally published macroeconomic time-series data are analyzed, ensuring consistency with the
information available at the real time of forecasting by mimicking the perspective of market players in the past.

[1224] Overcoming Stockout Bias: A Multi-Frequency Forecasting Approach for Inventory
Optimization
Diego J. Pedregal (Universidad de Castilla-La Mancha) and Juan R. Trapero (Universidad de Castilla-La Mancha).

Demand forecasting in lost-sales inventory systems presents significant challenges due to censored data from stockouts,
which distort demand estimation and lead to poor inventory decisions. This work introduces a novel forecasting
framework that combines Tobit Exponential Smoothing (TETS) with temporal hierarchies to improve unconstrained
demand estimation. Unlike traditional methods that rely solely on observed sales, our approach utilizes multi-frequency
data aggregation to reconstruct lost demand more accurately. The model is formulated within a state-space
representation, ensuring probabilistic forecasts that account for varying censoring levels. Through extensive simulations
and real-world validation using M5 competition data, we demonstrate that our method outperforms standard
exponential smoothing and conventional Tobit models. Results show that leveraging hierarchical structures significantly
reduces bias, improves forecast accuracy, and enhances inventory performance by minimizing lost sales and excess stock.
Additionally, we address the spiral-down effect, a common pitfall in demand forecasting that leads to chronic
understocking. Our findings underscore the importance of incorporating time aggregation techniques in forecasting
models to support more resilient and cost-effective supply chain management.

[1261] Forecasting Consumption Trends of Systemic Antifungal Agents for Human Use in
Kazakhstan

Yuliya Semenova (Nazarbayev University), Daniil Semenov (Nazarbayev University) and Larissa Makalkina (Astana
Medical University).

Fungal diseases pose significant public health threats worldwide due to their substantial morbidity and mortality rates,
particularly among vulnerable populations such as immunocompromised individuals, the elderly, and children. Treated
with systemic antifungals, ensuring the availability and accessibility of these medications is a priority for healthcare
systems, especially in low- and middle-income countries (LMICs). However, there is a paucity of studies investigating the
consumption of systemic antifungals and forecasting future consumption trends. This study aims to address this gap by
analyzing the nationwide consumption and predicting future trends of systemic antifungals in an LMIC (Kazakhstan).

Data on systemic antifungals sold and distributed by pharmacies and healthcare facilities in Kazakhstan were obtained
from the pharmaceutical market research company Vi-ORTIS. The consumption of systemic antifungals was assessed in
defined daily doses per 1,000 inhabitants per day (DIDs) following the methodology established by the Global
Antimicrobial Resistance and Use Surveillance System (GLASS). Predictive modeling was conducted to forecast future
trends up to the year 2030. The Expert Modeler function of SPSS software (version 26.0) was employed to identify the
best-fit epidemiological model and generate forecasts.

The total consumption of systemic antifungals was 0.41747 DID, with outpatient healthcare sector consumption at
0.33625 DID and hospital sector consumption at 0.08122 DID. The best-fit epidemiological model for all forecasts was
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ARIMA (0,0,0), and all models were statistically significant (p < 0.001). Overall, the consumption of systemic antifungals—
both in total and within outpatient and hospital healthcare sectors—is projected to remain stable until 2030. The lack of
projected growth may be attributed to the relatively stable size of the immunocompromised patient population.
Continuous monitoring of consumption trends remains essential to ensure preparedness for potential shifts in fungal
disease epidemiology and antifungal resistance patterns.

[1382] Monitoring Fractal Properties of Time Series via Hurst Exponent Estimation and LSTM-
Based Detection

Lyudmyla Kirichenko (Lodz University of Technology, Lodz, Poland), Sergiy Yakovlev (Lodz University of Technology,
Lodz, Poland), Olha Matsyi (Lodz University of Technology, Lodz, Poland) and Alexander Kirpich (Georgia State
University, Atlanta, Georgia, USA.).

This study addresses the problem of detecting changes in the fractal structure of time series by analyzing the dynamics of
the Hurst exponent. Identifying such changes is crucial, as they may indicate critical states or abnormal operating modes
of complex systems. To tackle this problem, the use of LSTM autoencoders is proposed due to their high capability in
modeling complex temporal dependencies and detecting abrupt changes. The research employed a sliding window
approach for sequential estimation of the Hurst exponent, enabling a detailed analysis of its dynamic changes. The neural
network was trained on synthetic fractal time series with various scenarios of Hurst exponent changes. The effectiveness
of the proposed approach was validated on test data and subsequently applied to the analysis of EEG recordings of
patients experiencing sudden emotional changes. The results demonstrated that changes in the Hurst exponent correlate
with emotional transitions, showcasing the potential of the proposed method for medical diagnostics and
neurophysiological studies.

[1460] Time Series Forecasting for Touristic Policies

Konstantinos Mavrogiorgos (University of Piraeus), Athanasios Kiourtis (University of Piraeus), Argyro
Mavrogiorgou (University of Piraeus), Dimitrios Apostolopoulos (Municipality of Vari, Voula, Vouliagmeni), Andreas
Menychtas (University of Piraeus) and Dimosthenis Kyriazis (University of Piraeus).

The formulation of touristic policies is a time-consuming process that consists of a wide range of steps and procedures.
These policies are highly dependent on the number of tourists and visitors of an area to be as effective as possible. The
estimation of this number is not always easy to achieve, since there is a lack of the corresponding data (i.e., number of
visitors per day). Hence, this estimation must be achieved by utilizing alternative data sources. To this end, in this paper
the authors propose a neural network architecture that is trained on waste management data to estimate the number of
visitors and tourists in the highly touristic municipality of Vari-Voula-Vouliagmeni, Greece.

[1545] Exchange rate misalignment and economic growth in Tunisia: An ARDL analysis (1980-
2019)
Nedra Ben Ahmed (PhD faculty of economics and mangement Tunisia EL MANAR).

Abstract In light of the global economic slowdown, particularly in developing countries like Tunisia, this study focuses on
the variability of the real exchange rate and its role in economic stability. The research examines the relationship
between exchange rate misalignment and economic growth in Tunisia from 1980 to 2019. Using the Autoregressive
Distributed Lag (ARDL) approach, the analysis explores the short- and long-term effects of misalignment on growth. The
findings indicate that real exchange rate fluctuations hinder economic growth. The study concludes that inappropriate
exchange rate policies contribute to poor economic performance in many developing countries.

[1549] Monitoring multidimensional risk in economy
Alexander Tyrsin (Leibniz Universitat Hannover), Michail Gerasimov (Leibniz Universitidt Hannover) and Michael
Beer (Leibniz Universitit Hannover).

In a broad sense, “risk” is understood as a potential danger of any unfavourable outcome. It is inherent in all spheres of
human and social activity. In economics, risk is typically interpreted as the probability of a individual or organization
experiencing resource losses, income shortfalls, or additional costs due to the implementation of specific production and
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financial policies. In order to prevent such risky outcomes of economic states, it is crucial to monitor activities and
identify dangerous changes of factors driven by internal or external factors. For this purpose, it is required to be able to
quantitatively assess the risk of their occurrence and state recommendations for their reduction. In economics, risk
analysis is often associated with certain difficulties. These include the presence of several risk factors that may be
interrelated and occur simultaneously, non-stationary of processes in the economy, and small data samples. The aim of
the research is to propose and test a multivariate risk model that captures key economic dynamics. A mathematical
framework for multidimensional risk assessment is developed. Let S be some economic system under research. Using the
a priori information about it, let us identify in this system the risk factors X1, ..., Xm. As a result, we obtain a
representation of the system in the form of a random vector X = (X1, ..., Xm) with some probability density pX(x). Instead
of the generally accepted allocation of specific hazardous situations, we will define a region D of unfavorable outcomes in
the Euclidean space Rm [1]. Region D can look arbitrarily depending on the specific problem. Let S be some economic
system under research. Using the a priori information about it, let us identify in this system the risk factors X1, ..., Xm. As
a result, we obtain a representation of the system in the form of a random vector X = (X1, ..., Xm) with some probability
density pX(x). Setting the function of consequences from hazardous situations as g(x), we obtain a model for quantitative
risk assessment. If we accept g(x) = 1 (x in D) respectively g(x) = 0 (x not in D), then r(X) = P(X D), i.e. we estimate risk as
the probability of an unfavorable outcome. If it is difficult to describe the function g(x) accurately enough at the early
stage of system research, the probability P(D) becomes an estimate and is a convenient initial approximation of the risk
model. In the risk monitoring problem, we represent the factors X1, ..., Xm as a set of correlated nonstationary random
processes. The proposed method enables risk estimation at each moment using small data samples, where risk factors
are locally approximated by parabolic or linear trends. The model is applied to monitor socio-economic risks in Russia
using annual (2000-2023) and monthly (2020-2023) statistical data. Key risk factors include working-age mortality,
average per capita income, per capita industrial production, agricultural output, unemployment rate, and regional budget
revenues. The results demonstrate that the proposed multivariate risk model is generally sensitive to most economic
shocks and responds appropriately, confirming its effectiveness in economic risk assessment.

References [1] Surina A.A., Tyrsin A.N. Risk Management in Gaussian Stochastic Systems as an Optimization Problem //
Communications in Computer and Information Science. 2019. V. 1090. PP. 562-577. https://doi.org/10.1007/978-3-030-
33394-2_43

[1557] Hybrid Model Development for Forecasting Power Demand Considering Multiple
Seasonalities

Jong Seung Lee (Gachon university) and Hyung Tae Ha (Gachon university).

The volatility of electricity demand is increasing due to the expansion of renewable energy, introducing supply-side
uncertainty, alongside rising heating and cooling needs driven by greater temperature variability and the rapid growth of
electricity-intensive sectors such as data centers and electric vehicles. As a result, accurate electricity load forecasting is
becoming increasingly critical for reliable grid operations. This study proposes a hybrid forecasting model that effectively
captures the multi-scale seasonality of electricity demand. The proposed model extracts weekly and yearly seasonal
patterns using Fourier decomposition and models linear structures through SARIMA. Residual nonlinear components,
which are not captured by the SARIMA model, are then learned using a CNN-LSTM architecture that incorporates
exogenous variables such as temperature, humidity, weekday/holiday indicators, and seasonal dummy variables.
Experimental evaluations using real-world data demonstrate that the proposed hybrid model outperforms benchmark
models, including SARIMA, LSTM, Prophet, and SARIMAX-LSTM, in forecasting accuracy. Future research will enhance the
model’s robustness by integrating event-aware modules to address exceptional demand scenarios, such as heatwaves
and public holidays.

[1634] : Is it useful the information of common and idiosyncratic EU countries cycles to improve
GDP forecasts?

Aranzazu de Juan Fernandez (Associate Professor of Econometrics - Universidad Auténoma de Madrid).

There has been a growing literature focused on analyzing the business cycles of the European economies using very
different methods. In this paper we obtain the cycles for all the European economies using the Linear Dynamic Harmonic
Regression (LDHR) algorithm (Bujosa et al, 2000) which decomposes the time series allowing us to obtain unobserved
components, the trend, the seasonal, the cycle and the irregular component of non-seasonally adjusted time series. We
consider two types of quarterly time series. On the one hand, Gross Domestic Product at market prices (GDP) and on the
other hand, GDP per capita. Both types of data generate different cycles, although not many differences are observed.
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Once the cycles have been obtained, we compute the common factors of all of them and analyze whether each country
has an idiosyncratic cycle not explained by the common factors. We have observed that most European countries follow
the common cycles and have an idiosyncratic cycle. The common ones are closely related to the cycles of the different
definitions of the European economy, i.e. the 27 countries of the European Union (EU27), the 12 economies of the euro
area (EA12), the 19 economies of the euro area (EA19) and the 20 countries of the euro area. The old member countries
have a cycle more related to EA12, while the new member countries have a cycle more related to the EU27 cycle, but all
of them also have an idiosyncratic cycle that explains the different behavior of the EU economies with respect to the
common cycle. Finally, we use the approach of Carvalho and Havey (2006), which considers the relationship of GDP with
the different unobserved components of the times series to obtain GDP forecasts for European countries using common
and idiosyncratic cycles. In almost all cases, we obtain important improvements in the forecasts with respect to the
benchmark one.

[1646] A Comprehensive Overview of Forecasting Methods for Electricity Generation from
Photovoltaic (PV) Systems

Danijel Topi¢ (Faculty of Electrical Engineering, Computer Science and Information Technology Osijek), Goran KneZevic¢
(Faculty of Electrical Engineering, Computer Science and Information Technology Osijek) and Karlo Emmanuel Nyarko
(Faculty of Electrical Engineering, Computer Science and Information Technology Osijek).

The increasing integration of photovoltaic (PV) systems into the electric power grids has heightened the need for
accurate forecasting of electricity generation. Reliable predictions are crucial for ensuring grid stability, optimizing energy
market operations, and enhancing the economic viability of solar energy. This paper provides a comprehensive review of
forecasting methods for PV power generation, categorizing them into statistical, machine learning, physical, and hybrid
approaches. Statistical methods, such as autoregressive integrated moving average (ARIMA), linear regression, and
exponential smoothing, leverage historical power generation data to identify trends and patterns. While these models
are computationally efficient, they often struggle with highly nonlinear and dynamic solar energy production influenced
by weather variability. Machine learning techniques, including artificial neural networks (ANNs), support vector machines
(SVMs), random forests, and deep learning architectures, have shown significant promise in improving forecasting
accuracy. These data-driven approaches excel at capturing complex nonlinear dependencies and temporal patterns but
require large datasets and computational resources.

Physical models use meteorological and atmospheric parameters such as solar irradiance, temperature, and cloud cover
to estimate PV system performance. These models, including radiative transfer equations and numerical weather
prediction (NWP) models, offer high interpretability but may suffer from inaccuracies due to uncertainties in weather
forecasting. Hybrid models, which integrate statistical, machine learning, and physical modeling techniques, are gaining
attention for their ability to enhance prediction robustness by leveraging the strengths of multiple approaches.

The paper also discusses key challenges in PV power forecasting, including data availability, spatial variability, model
generalization, and uncertainty quantification. Recent advancements, such as explainable artificial intelligence (XAl) and
ensemble learning, are explored for their potential to improve the reliability and interpretability of predictions.
Additionally, emerging trends in edge computing, Internet of Things (loT) integration, and real-time adaptive models are
examined as future directions for PV forecasting research.

[1657] Prediction and prevention of postoperative purulent-septic complications in abdominal
surgery
Iryna Diachuk (Ukranian) and Olexandra Gulenko (Ukranian).

Difficulties in diagnosis, prevention and treatment of purulent-septic complications, to a large extent caused by the lack
of effective integral forecasting scales, determine the complexity of the problem of purulent-septic complications as one
of the acute and unresolved in modern abdominal surgery. The purpose of the study: to develop a method of forecasting
purulent-septic complications to improve their diagnosis and treatment.

[1671] Improving ICS Cybersecurity with Time-Series Prediction Models
Velizar Varbanov (Bulgarian academy of sciences) and Tatiana Atanasova (Bulgarian academy of sciences).

Traditional security detection methods struggle to identify zero-day attacks in Industrial Control Systems (ICS),
particularly within critical infrastructures (Cls) integrated with the Industrial Internet of Things (lloT). These attacks
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exploit unknown vulnerabilities, leveraging the complexity of physical and digital system interconnections, making them
difficult to detect. The integration of legacy ICS networks with modern computing and networking technologies has
expanded the attack surface, increasing susceptibility to cyber threats. Anomaly detection systems play a crucial role in
safeguarding these infrastructures by identifying deviations from normal operations. This study investi-gates the
effectiveness of deep learning-based anomaly detection models in revealing operational anomalies that could indicate
potential cyber-attacks. We implemented and evaluated a hybrid deep learning architecture combining Convolutional
Neural Net-works (CNN) and Long Short-Term Memory (LSTM) networks to analyze ICS telemetry data. The CNN-LSTM
model excels in identifying time-dependent anomalies and ena-bles near real-time detection of cyber-attacks,
significantly improving security monitor-ing capabilities for lloT-integrated critical infrastructures.

[1691] Trend Analysis of MODIS Land Cover/Use for Italian Regions

Ebrahim Ghaderpour (Sapienza University of Rome), Francesca Bozzano (Sapienza University of Rome), Gabriele
Scarascia Mugnozza (Sapienza University of Rome) and Paolo Mazzanti (Sapienza University of Rome).

Monitoring land cover/use dynamics is crucial for land management planning and risk mitigation practices. In this paper,
MOD12Q1 annual images for 2001-2023 are utilized for the twenty administrative regions of Italy. Boxplots are produced
to show the distributions of each land cover/use type within the regions. The non-parametric Mann-Kendall trend test
and Sen’s slope are applied to estimate a linear trend with its statistical significance for each land cover/use time series of
size 23. The results show that grasslands and woodlands have been decreasing and increasing in most regions,
respectively, most significantly in Abruzzo (-0.88%/year for grasslands and 0.71%/year for grassy woodlands). The
findings of this study may guide land managers and policymakers in developing or maintaining a sustainable
environment.

[1703] OPTIMIZING EMERGENCY MEDICAL SERVICES PLANNING: A HYBRID APPROACH
COMBINING METAHEURISTICS, MULTI-AGENT SYSTEMS, AND REINFORCEMENT LEARNING
Sara Batrouni (CRISTAL), Sara Ben Othman (CRISTAL) and Slim Hammadi (CRISTAL).

Emergency departments in hospital systems often face significant planning challenges due to high patient flow, staff
shortages, and the misallocation of medical skills. These issues result in increased workloads, longer waiting times, and a
decline in care quality. While heuristic algorithms have been explored to address patient scheduling, their effectiveness is
often limited by the blind exploration of neighborhood solutions. This research introduces a hybrid approach combining
metaheuristics with a multi-agent system to make the optimization process more intelligent. Tabu Search, Simulated
Annealing, and Genetic Algorithms are enhanced through the collaborative and competitive interactions of agents, while
reinforcement learning (RL) is integrated to guide the search process toward more promising solution areas. By
addressing the blind spots of traditional local search methods, RL ensures adaptive and efficient optimization. Results
from real-life hospital scenarios demonstrate a substantial reduction in patient stay times, showcasing how this hybrid
framework improves operational efficiency and decision-making in healthcare infrastructures. This innovative approach
offers a scalable and intelligent solution to the complex challenges of emergency department planning.

[1732] Integrating Physics-Based Simulation for Automated Construction Activity Sequence
Planning: Analyzing Computational Requirements for Stability Achievement and Path
Obstruction-Free Sequencing Using Brute Force Search

Mohammad Rezaul Karim (University of Alberta) and Yasser Mohamed (University of Alberta).

Integrating physics-based simulation into automated construction activity sequence planning generates sequences that
ensure structural stability and eliminate path obstructions during implementation. Traditional sequencing methods rely
on predefined templates, expert judgment, or data-driven models, which often lack adaptability to site-specific
constructability challenges. This study presents a physics-based simulation approach that employs a brute-force search
algorithm to iteratively generate and validate feasible sequences. The proposed framework maps construction activities
to their respective structural components and simulates their interactions within a virtual physics environment. The
model ensures stability achievement, verifying that each component is structurally supported before placement, and
path obstruction clearance, preventing installation interference. By modeling construction activities as interactive
physical entities, this research introduces a structured methodology for automated sequence generation beyond
conventional rule-based or historical data-driven approaches. However, as brute-force search is employed, the
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computational burden increases with structural complexity. The model is developed, and an analysis is conducted to
understand the computational requirements needed to achieve feasible sequencing under these constraints. The findings
contribute to advancing Al-driven construction planning systems, enabling real-time adaptability and ensure
constructability in complex project environments.

[1789] Intraday Trading Algorithm for Predicting Cryptocurrency Price Movements Using
Twitter Big Data Analysis: An event study

Vahidin Jeleskovic (Humboldt University of Berlin) and Stephen Mackay (Independet reseearcher).

Cryptocurrencies have rapidly emerged as a unique financial asset class, attracting significant attention in recent years.
One of their defining traits is pronounced short-term market volatility, largely driven by sentiment polarization,
particularly on social media platforms such as Twitter. Some recent studies have highlighted the strong correlation
between sentiment expressed on these networks and cryptocurrency price dynamics.

This study explores the immediate 15-minute impact of informative tweets disseminated through foundation-affiliated
channels on trader behavior, with a particular focus on outcomes linked to sentiment polarization. The primary goal is to
identify factors that predict price movements and assess their potential for integration into trading algorithms. To
achieve this, we perform a conditional analysis of return and excess return rates within the 15 minutes following tweet
publication.

Empirical findings reveal statistically significant increases in return rates, especially during the initial three minutes post-
publication. Interestingly, no adverse effects from the messages were detected. Unexpectedly, sentiment itself was found
to have no discernible impact on cryptocurrency price fluctuations. Instead, our analysis indicates that investors are
influenced more by the quality of tweet content, such as word choice and tweet volume.

Although the basic trading algorithm proposed in this study demonstrates some benefits within the 15-minute
timeframe, these are not statistically significant. Nonetheless, this research provides a foundational framework for
further refinement and future investigations into the role of real-time social media dynamics in cryptocurrency markets.

[1802] Estimating Forecast Accuracy Metrics by learning from Time Series Characteristics

Alina Timmermann (TU Dortmund University, Faculty of Computer Science, Chair IV Applied Computer Science) and
Ananya Pal (TU Dortmund University, Faculty of Computer Science, Chair IV Applied Computer Science).

Accurate forecasts play a crucial role in various industries, where enhancing forecast accuracy has been a major focus of
research. However, for volatile data and industrial applications, ensuring the reliability and interpretability of forecast
results is equally important. This study shifts the focus from predicting future values to estimating forecast accuracy with
confidence when no future validation data is present. To achieve this, we use time series characteristics calculated by
statistical tests and estimate forecast accuracy metrics. For this, two methods are applied: Estimation by the euclidean
distances between time series characteristic values, and second, estimation by clustering of time series characteristics.
In-sample forecast accuracy serves as a benchmark method. A diverse, industrial data set is used to evaluate the
methods. The results demonstrate that there is significant correlation between certain time series characteristics and
estimation quality of forecast accuracy metrics. For all forecast accuracy metrics, the two proposed methods outperform
the in-sample forecast estimation. These findings contribute to improving the reliability and interpretability of forecast
evaluations, particularly in industrial applications with unstable data.

[2018] Drift and Diffusion Across Diverse Domains: Different Approaches to Geospatial
Econometrics and Their Implications for Panel Data Analysis and Time-Series Forecasting
James Chen (Michigan State University).

Economic data is highly dependent on its arrangement within space and time. Among varying definitions of space,
perhaps the most obvious and important is geospatial configuration on the surface of the earth. This project uses diverse
approaches to predict median housing prices across 20,640 districts in California. Consideration of geospatial effects
produces a dramatic improvement in predictive accuracy. Unconditional regression with engineered variables, two-stage
least squares regression (2SLS), and iterative local regression all approach (but do not exceed) r? = 0.8536, the goodness
of fit attained in the original California study. True to theorems of supervised learning positing the “unreasonable
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effectiveness of data,” diverse methods for approaching the geospatial component of California housing price data near
the apparent ceiling on predictive accuracy.

Notwithstanding those improvements in predictive accuracy, this paper aims primarily to explain how specific methods of
geospatial analysis can be generalized to other tasks, especially panel data analysis and time-series forecasting. Superior
prediction, in other words, is merely proof of concept. Closer methodological examination not only improves future
geospatial studies, but also enables the generalization of methods used to extract, explain, and quantify geospatial
effects. A methodological examination of geospatial econometrics should therefore inform panel data analysis and time-
series forecasting — and vice versa.

Among the methods in this paper, 2SLS may be the most easily generalizable beyond geospatial econometrics. A second-
stage regression very explicitly exposes the drift and diffusion terms in geospatial analysis. At levels of theoretical
abstraction beyond the immediate task of predicting housing prices in California, distance-sensitive analytical approaches
highlight the value of treating time-variant data as potentially discrete and discontinuous. This insight highlights the need
for — and the value of — methodologies that suspend the assumption that data varies in a continuous or even linear
fashion across space and time.

[2270] Spatiotemporal Modeling of Household Food Insecurity Levels in Ethiopia

Habtamu Tilaye Wubetie (PhD student in statistics), Temesgen Zewotir (Professor at University of KwaZulu-Natal
Durban, KwaZulu-Natal, South Africa), Aweke A. Mitiku (Post Doc Position at University of KwaZulu-Natal) and Zelalem
G. Dessie (Post Doc Position at University of KwaZulu-Natal).

The state of moderate and severe food insecurity in Ethiopia has not been significantly reduced for a long time due to
cultural, natural, and manmade shocks, which cover most of the country with considerable magnitude and have adverse
effects on the health and economy. This multi-risk problem has not been investigated for the feeding pattern and shocks
effect in Ethiopia, though previous studies have indicated significant geographic distribution and related factors. This
study investigates the spatial and temporal pattern of household food insecurity levels and assesses the driving factors.
The Ethiopian socio-economic longitudinal data from years 2012, 2014, and 2016 with a sample size of 3835 households
were analyzed. The result reveals that a greater portion (52.07%) of households’ population is moderately and
chronically food insecure. Basically, households living in neighboring zones have significantly similar food insecurity levels,
and slight improvements were observed over time. This transition over time within neighboring zones revealed that food
insecurity in neighboring zones has declined, except in most of the northern and southwestern areas of Ethiopia.
However, the interaction term showed that the change in food insecurity levels for households living in neighboring
zones is similar at one time point, but the evolution is not sustainable. Therefore, working on significant factors, such as
enhancing urbanization, market and road linkage, education, employment, non-agricultural businesses, and promoting
integrated farming by conserving soil, will sustainably eradicate moderate and chronic food insecurity in zone households
through controlling dependency ratios, shocks, and small-land farming.

[2285] Characterization of System Dynamics from Observational Time Series Based on
Variability Analysis
Olivier Delage (Laboratory for Atmosphere and Cyclones-UMR 8105 University of "la Reunion"), Juan Pedro Montavez

(Regional Atmospheric modeling Group, Physics Department, University of Murcia) and Hassan Bencherif (Laboratory
for Atmosphere and Cyclones-UMR 8105-CNRS-University of "la Reunion").

Many studies aimed at gaining a better understanding of the behavior of physical systems rely on analyzing the variability
of observational time series. In geophysics, most time series exhibit non-stationary characteristics, interpreted as the
result of interactions among physical processes driving the global evolution of the observed system. This variability
reflects both the system's underlying dynamics and fluctuations related to measurement systems. In this context, the
analysis of the data's variability is based on decomposition techniques which, while taking into account the non-
stationary nature of the data, allow them to be represented in the time-frequency domain as a finite sum of components,
each capturing fluctuations at a specific time scale. Two relatively recent techniques enable to carry out this type of
decomposition: Empirical Adaptive Wavelet Decomposition (EAWD) and Singular Spectrum Analysis (SSA). The Empirical
Adaptive Wavelet Decomposition (EAWD) has been published in 2022 (O. Delage et al.). This method combines the
strengths of Empirical Mode Decomposition (EMD) and Empirical Wavelet Transform (EWT). By adaptively segmenting
the Fourier spectrum, EAWD overcomes EMD’s mode mixing issues, ensuring each extracted mode to have non-
overlapping spectral content. This enhances time-frequency resolution for nonlinear and non-stationary series. The
Singular Spectrum Analysis (SSA) is a robust decomposition technique (Broomhead & King, 1986) based on the spectral
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analysis of a trajectory matrix constructed with a sliding window containing consecutive values from the original time
series. Singular Value Decomposition (SVD) is then applied to separate trends, periodic cycles, and noise, facilitating the
reconstruction of denoised signals and the analysis of dynamic components. The methodology proposed combines EAWD
and SSA techniques to address two types of fluctuations coexisting in time series: Measurement-related fluctuations and
fluctuations characterizing the dynamic of the observed system. Fluctuations coming from the measurement system
induce either aberrant data due to its interaction with the environment and which will be assimilated to missing data, or
measurement noise. The analysis will consist of improving the quality of the data, i.e. processing missing data and
filtering noise in order to obtain a continuous noise free signal. To achieve this objective, EAWD and SSA techniques will
be combined with another technique called Detrended fluctuations analysis (DFA) to detect the components corrupted
by noise. The DFA technique exploits the non-stationary nature of time series by associating with each component a scale
coefficient representing how at a specific time scale, the fluctuations vary around the local mean. Eliminating
components dominated by noise consists of defining a threshold and excluding components whose scale coefficient is
lower than this threshold. A scale coefficient equal to 0.5 characterizes "an uncorrelated white noise" and the threshold
commonly adopted in the literature is "0.5 with a 0.2 confidence interval that 0.7. The objectives associated with the
analysis of fluctuations arising from the dynamics of the observed system are: - to estimate the system's dynamic
dimension, represented by the number of degrees of freedom (DOF) significantly contributing to data's variability. - to
extract linear and nonlinear parts of the time series. This separation enhances the understanding of simple, predictable
dynamics while highlighting complex interactions responsible for emergent behaviors. This presentation will provide an
overview of the EAWD, SSA, and DFA techniques and detail the methodology used to achieve the above objectives. The
results obtained when this methodology is applied to ozone concentration and rainfall time series, will be presented and
discussed. It will also be shown that this approach aims to enrich the analysis of variability in physical systems and
provide tools adapted to the understanding of complex dynamics.

[2316] Impact of ECOWAS fragmentation on the achievement of food self-sufficiency in rice,
maize and onion by 2050

Pierre Mamboundou (International Food Policy Research Institute), Fousseini Traore (INTERNATIONAL FOOD POLICY
RESEARCH), Insa Diop (INTERNATIONAL FOOD POLICY RESEARCH) and Sy Abdourahmane (INTERNATIONAL FOOD
POLICY RESEARCH).

Following the Maputo (2003) and Malabo (2014) declarations which led to the adoption by the countries of the Economic
Community of West African States (ECOWAS) of policies and regulations aimed at promoting intra-regional trade,
supporting agriculture and combating food security, ECOWAS is experiencing upheavals with the creation of the Alliance
des Etats du Sahel (AES). In a context where world trade remains marked by the impacts of recent crises (Covid 19,
invasion of Ukraine by Russia) which raise concerns about the ability of African states to cover their demand for food
products, we analyze the potential effects of this scission on achieving self-sufficiency in rice, maize and onion by 2050.
Furthermore, we assess the extent to which reducing post-harvest losses and trade policies could mitigate their
importance. The choice of these products is explained by the fact that they are among the main basic foodstuffs that
pose a significant challenge in both food security and regional integration policies. To do this, we perform an ARDL
econometric model for forecasting demand as well as a moving average approach for supply of rice, maize, and onions by
2050 for each ECOWAS country. These forecasts will be based on the econometric model and GDP constant data
projections from the World Economic Outlook (WEO) and the forecasts of population from the World Bank, as well as on
the arable land data available from FAOSTAT.

[2319] Dynamical modeling of floods using surface water level time series
Johan Duque (Universidad Tecnologica del Uruguay), Leonardo Santos (INPE) and Jorge Zapata (UTEC).

This paper presents a nonlinear hydrological time series model based on dynamic systems to analyze flood events. Using
20 years of water surface level data from Durazno, Uruguay, we identified flood occurrences and examined their
periodicity. The study evaluates the temporal distribution of events and their correlation with external factors such as
precipitation. The time series were modeled using data-driven model based in neural networks and the phase space
reconstruction from a dynamical system perspective. Additionally, a dynamic systems model was developed to assess the
relationship between water levels and soil saturation due to rainfall. Bifurcation diagrams were employed to establish
flood thresholds within the river basin, enhancing the understanding of flood dynamics and risk assessment.
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[2417] Penalized Convex Estimation in Dynamic Location-Scale Models
Reda Alami Chentoufi (GENES-CREST).

This paper introduces a two-step procedure for convex penalized estimation in dynamic location-scale models. The
method uses a consistent, non-sparse first-step estimator to construct a convex Weighted Least Squares (WLS)
optimization problem compatible with the adaptive Least Absolute Shrinkage and Selection Operator (LASSO), addressing
challenges associated with non-convexity and enabling efficient, sparse estimation.

The consistency and asymptotic distribution of the estimator are established, with finite-sample performance evaluated
through Monte Carlo simulations. The method's practical utility is demonstrated through an application to electricity
prices in France, Belgium, the Netherlands, and Switzerland.

[2424] Optimizing Short-Term Electrical Demand Forecasting with Deep Learning and External
Influences

Leonardo Amaral (Federal University of Santa Catarina), Gustavo Araujo (Federal University of Santa Catarina) and
Ricardo Moraes (Federal University of Santa Catarina).

Short-term electrical demand forecasting is crucial for the efficient operation of modern power grids. Traditional
methods often fail by neglecting system nonlinearities and external factors that influence electricity consumption. In this
study, we propose an enhanced deep learning-based forecasting model that integrates external factors such as
meteorological data and economic indicators to improve prediction accuracy. Using an ISO NE (Independent System
Operator New England) dataset from 2017 to 2019, we analyze 23 independent variables to assess their impact on model
performance. Our findings demonstrate that careful variable selection reduces dimensionality while maintaining
forecasting accuracy, enabling the effective application of deep learning models. The CNN+LSTM composite model
achieved the lowest prediction error of 0.15%, outperforming standalone CNN (0.8%) and LSTM (1.44%) approaches. The
combination of CNN's feature extraction capabilities with LSTM’s strength in handling time-series data was instrumental
in achieving su-perior performance. Our results highlight the importance of incorporating external influences in electricity
demand forecasting and suggest future directions for developing more precise and efficient models.

[2546] Fundamentals of Time Series Analysis in Electricity Price Forecasting

Ciaran O'Connor (University College Cork), Steve Prestwich (University College Cork) and Andrea Visentin
(University College Cork).

Time series forecasting is a cornerstone of decision-making in energy and finance, yet many studies fail to rigorously
analyse the underlying dataset characteristics, leading to suboptimal model selection and unreliable outcomes. This
paper addresses these shortcomings by presenting a comprehensive framework that integrates fundamental time series
diagnostics—stationarity tests, autocorrelation analysis, heteroscedasticity, multicollinearity, and correlation analysis—
into forecasting workflows. Unlike existing studies that prioritise pre-packaged machine learning and deep learning
methods, often at the expense of interpretable statistical benchmarks, our approach advocates for the combined use of
statistical models alongside advanced machine learning methods. Using the Day-Ahead Market dataset from the Irish
electricity market as a case study, we demonstrate how rigorous statistical diagnostics can guide model selection,
improve interpretability, and improve forecasting accuracy. This work offers a novel, integrative methodology that
bridges the gap between statistical rigour and modern computational techniques, improving reliability in time series
forecasting.

[2740] Dynamic Model Averaging for Forecasting Construction Material Prices in Morocco: A
Comparative Analysis with Traditional and Machine Learning Approaches
Benaissa Chidmi (Texas Tech University) and Youssef Ettoumi (National School of Architecture).

The construction industry is a crucial contributor for Morocco’s economic growth: approximately 7% to the GDP, over 1.2
million jobs and more than 7,000 licensed firms, playing a crucial role in infrastructure development and industrial
growth. Public investment in infrastructure has been substantial, with spending increasing by 42% to reach $6.4 billion in
recent years. Another key indicator of construction activity, cement sales that grew by 7.31% annually, totaling 15 million
tons by May 2024. Despite its dynamism, this industry faces significant challenges due to fluctuating costs of raw
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materials. Indeed, supply chain disruptions have been a persistent issue, with 20% of Moroccan construction firms
reporting difficulties in sourcing essential materials in 2024. Additionally, global commodity price volatility and domestic
policy changes can further impact material costs, creating uncertainty for all stakeholders. Given the industry’s
dependence on price stability, accurate forecasting of construction material prices is essential for effective decision-
making. Traditional forecasting models often struggle to capture the complexities of material price fluctuations in a
rapidly evolving economic environment. To address this challenge, this study employs Dynamic Model Averaging (DMA),
a flexible approach that allows for time-varying model selection and coefficient estimation. By leveraging DMA, this
research aims to enhance predictive accuracy and adaptability in forecasting the prices of key construction materials in
Morocco. Providing more reliable price forecasts will help industry stakeholders mitigate financial risks, optimize
procurement strategies, and improve long-term planning, ensuring greater stability. To improve the accuracy of price
forecasts, the Dynamic Model Averaging (DMA) approach will incorporate both macroeconomic and sector-specific
variables. Macroeconomic indicators such as GDP growth, FDI and government policies, such as the Villes Sans Bidonvilles
(War Against Slums) program directly influence construction demand and material costs. Additionally, sector-specific
factors: domestic production levels, transportation and logistics costs, and supply chain disruptions, play a crucial role in
determining price fluctuations. By dynamically weighting the relevance of these variables over time, DMA provides a
more adaptive framework for capturing the evolving relationships between economic conditions and construction
material prices.

A key advantage of DMA is its ability to adjust model parameters over time, making it more responsive to structural
changes in the economy compared to traditional time series forecasting methods such as ARIMA or vector autoregression
(VAR). In fact, unlike these static models, DMA continuously updates the importance of different predictors, allowing for
more robust forecasting in volatile environments. Moreover, while machine learning approaches such as random forests
or neural networks can capture nonlinear relationships, they often require large datasets and extensive tuning to
maintain interpretability and prevent overfitting. This study will compare all three approaches: traditional econometric
models, machine learning models, and DMA to assess their predictive accuracy and adaptability. The emphasis will be
placed on DMA, given its ability to integrate both economic theory and dynamic adaptability, making it a particularly
suitable tool for forecasting construction material prices in Morocco. By allowing for time-varying model selection and
coefficient estimation, DMA should provide more accurate and adaptive predictions, particularly in the face of economic
fluctuations and sector-specific shocks. The findings will offer valuable insights for policymakers, construction firms, and
investors, enabling them to anticipate price trends, optimize procurement strategies, and mitigate financial risks.
Additionally, the study aims to highlight the practical benefits of incorporating both macroeconomic and sector-specific
variables into a dynamic forecasting framework, contributing to more data-driven decision-making in the construction
industry.

[2774] UniPlot - 2D and 3D data analysis and reporting made easy
Adrien Laveau (N/A).

UniPlot is a state-of-the-art software to visualize and analyze data. With only a few mouse clicks, you can transform your
data into 3D surface maps with color zones, contour maps with color fill, or plot 2D data into diagrams with several axes.
Text objects, scanned photos and other drawing and labeling elements can be easily inserted into the document.

Data can be processed interactively or automated for repetitive tasks or analysis.

UniPlot offers an efficient and powerful programming language. It enables the user to add new functions to the user
interface, to execute complex mathematical data analysis, to import specially formatted data files or to automatically
produce complete documentations.

[2867] The Stationarity of Spanish Marriage Rates: The Impact of the Civil War
Rafael Gonzalez-Val (Universidad de Zaragoza &amp; IEB) and Miriam Marcén (Universidad de Zaragoza).

A civil war can be one of the most disruptive events in a nation’s history, often influencing its development on multiple
levels (Blattman and Miguel, 2010). Nevertheless, from an academic perspective, some of its consequences remain
relatively underexplored. While there is extensive scholarly literature examining the effects of wars on the hierarchy of
cities and regions, as well as their demographic impacts on population and birth rates, the long-term effects on marital
patterns have received less attention. The Spanish Civil War (hereafter SCW) began in 1936 as the result of a failed
military coup by an extreme right-wing faction of the army against the legally constituted Republican government, which
had been formed in 1931. The war followed a period of heightened social and political polarization, which, despite
internal divisions, led to a clear-cut divide: Left (i.e., Republican/loyalist) versus Right (i.e., Nationalist/rebel). The coup
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quickly split the army and the country into two camps. Initially (in 1936), the Republican territory accounted for 60
percent of the country’s total population. The coup failed in four of the six largest cities (those with over 200,000
inhabitants): Madrid, Barcelona, Valencia, and Malaga, but succeeded in two: Sevilla and Zaragoza. However, the
rebellion soon secured control of 32 out of the 49 provincial capitals, which were key centers of political, economic, and
military power (Ortega and Silvestre, 2006). Over nearly three years, the frontlines gradually shifted in favor of the
Nationalist army. The war ended in 1939, and General Francisco Franco, the leader of the rebel forces, established a
right-wing dictatorship that lasted until 1975. Excess mortality caused by the SCW is estimated at approximately 350,000
deaths, rising to around 500,000 when including the immediate postwar years up to 1942, roughly double that caused by
the Napoleonic Wars in Spain (Ortega and Silvestre, 2006). Of the second total, around 200,000 deaths resulted from
political repression: 50,000 in areas controlled by the Republicans and nearly 150,000 in areas that progressively fell
under Nationalist control (Preston, 2012). At the city level, Gonzalez-Val and Silvestre (2023) found that, for the entire
sample of capital cities, the SCW did not have a significant effect on city growth overall. However, population growth in
cities that had belonged to the losing side for most of the war did experience a significant negative impact from the
shock, compared to cities aligned with the winning side. According to their findings, the effect of the war was temporary,
lasting just over a decade (11-12 years), and it tended to diminish toward the end of that period. Nevertheless, despite
being temporary, the impact of the Spanish Civil War on the growth of cities aligned with the losing side resulted in a
more lasting effect on their size. Twelve years after the war, the average population size of those cities was still 6 percent
smaller than it would have been if the war had not occurred. A robustness check showed that the effect on regional
population was similar. We argue that much of this population loss corresponded to young men, married or of marrying
age, whose absence created an imbalance in the marriage market: a ‘shortage’ of men versus an ‘abundance’ of women
(due to the increase in the number of widows). A key prediction of marriage models is that a decline in the ratio of men
to women in the population improves men’s position in the marriage market while worsening women'’s position.
Abramitzky et al. (2011) examined the effects of male scarcity caused by the exogenous shock of World War | mortality in
France on various marriage market outcomes. Their findings showed that the reduction in the proportion of men due to
war-related deaths increased the likelihood of men marrying and enabled them to marry women from higher social
classes. Additionally, in regions with higher postwar male mortality, women were less likely to marry, tended to marry at
an older age, and the age gap between spouses narrowed. In related research, the recent paper by Ogasawara and
Komura (2022) provides a valuable theoretical framework. These authors develop a household bargaining model in which
couples negotiate over the quantity and quality of their children, with the balance of power determined by the sex ratio
in the marriage market. They empirically test their theoretical predictions using panel data at the prefecture level in
Japan, treating the exogenous impact of World War Il on marriage as a natural experiment. Similarly, we aim to analyze
whether there was a significant (transitory or permanent) change in the marriage rate (defined as the number of
marriages per thousand inhabitants) following the SCW. To do so, we take advantage of a new, long-term, annual dataset
(Gonzalez-Val and Silvestre, 2020). We consider two spatial units: the province (NUTS Ill regions) and the provincial
capital (which would represent a selection of LAU Il / NUTS V units). The number of observations totals 5,488 during the
1900-2011 period (49 capital cities or provinces x 112 years). First, we use time series analysis to test whether each
province or capital’s path is stationary or follows a unit root process. To test for the presence of unit roots, we run the
Augmented Dickey-Fuller test. We find that the null hypothesis of a unit root in the marriage rate is not rejected for most
of the cases in the sample (86% of provinces and 65% of the capital cities at the 5% significance level). We also test for
unit roots allowing for the presence of one (Perron and Vogelsang, 1992) and two (Clemente et al., 1998) structural
breaks, and evidence supporting unit roots clearly decreases to the 24% of provinces and 41% of the capital cities in the
one-break scenario. Interestingly, in the two-break scenario, the first structural break is often detected around the dates
of the SCW. We run two robustness checks to validate our results. First, we re-run the time series analysis considering
the generalised supremum ADF (GSADF) test statistic for explosive behaviour proposed by Phillips et al. (2011, 2015). This
recursive test does not assume exogenous structural breaks. The percentage of unit roots rejected at the 5% level is
similar; the unit root is rejected for 71% of provinces and 76% of the capital cities. Second, we also run several panel unit
root tests, including Levin—Lin—Chu (2002), Im—Pesaran—Shin (2003) and Pesaran (2007) panel unit root tests. In line with
the results obtained using time series analysis, panel results reject the unit root in all cases for both provinces and
province capitals. Overall, these findings provide clear evidence that the panel data on marriage rates are stationary,
meaning that even after a dramatic shock such as the SCW, the marriage rate is expected to revert to its mean after an
undetermined transition period. Second, to better understand the impact of the SCW on marriage rates, we analyze the
effects of the exogenous, province- (or city-) specific wartime loss of males using panel data models. The results indicate
a negative and significant effect of the SCW on marriage rates. However, a more flexible model specification reveals that
this effect was temporary, dissipating approximately 56 years after the war ended. At the provincial level—which
reflects the total number of marriages and the overall population—a subsequent decline emerges twenty years after the
SCW. This later drop is attributed to the ‘missing generation’ caused by the war. In contrast, capital cities did not
experience this effect due to the continuous influx of young people throughout the second half of the century.
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[2984] PV Power Generation Forecasting With Fuzzy Inference Systems

Cinthia Rodriguez (Pontificia Universidade Catdlica do Rio de Janeiro), Marco Pacheco (Pontificia Universidade
Catdlica do Rio de Janeiro), Marley Vellasco (Pontificia Universidade Catdlica do Rio de Janeiro), Manoela Kohler
(Pontificia Universidade Catdlica do Rio de Janeiro) and Thiago Medeiros (Pontificia Universidade Catdlica do Rio de
Janeiro).

This paper aims to implement a Fuzzy System for the purpose of forecasting the output of photovoltaic (PV) systems. A
bibliometric review was conducted to establish a baseline, involving the exploration of 6 different configuration of fuzzy
systems. These systems were trained and evaluated using a sliding window technique and a validation set. The
development of the study utilized data collected from May 1, 2018, to June 30, 2018, at the Universidad Auténoma de
Occidente campus. The dataset was analyzed in order to identify any discernible trends, seasonal patterns, and instances
of stationarity. A comparison of the 6 models revealed their ability to predict PV power generation, with the model with
13 lags and 5 fuzzy sets demonstrating results with a reasonable trade-off between training and test performance. The
model achieved an R-squared value of 0.8124, and RMSE of 29.7025 kWh in the test data, indicating that the predictions
were closely aligned with the actual values. However, this suggests that the model may be overly simple or may require
additional data to more accurately capture the inherent variability of the data. The paper concludes with a discussion of
the model's limitations and potential avenues for future research.

[3000] Predicting Sustainable Urban Mobility: Cycling Trends in Slovenia

Sergej Gricar (University of Novo Mesto Faculty of Economics and Informatics) and Stefan Bojnec (University of
Primorska Faculty of Management).

In the context of a sustainable green transition, developing new approaches is crucial for achieving planed sustainability
goals. Predicting trends in walking and cycling within urban areas has become increasingly important as cities strive for
greener transportation solutions. Our study seeks to deepen the understanding of green daily commuting among
Slovenians, particularly focusing on the use of bicycles for traveling to work and educational institutions. To conduct our
research, we are utilizing various secondary data sources obtained from Statista, which provide a comprehensive view of
current commuting patterns. Our methodology employs cointegrated vector autoregression analysis, a sophisticated
statistical technique that helps identify relationships among time series data. The findings underscore the significance of
government involvement in promoting sustainable daily commuting, particularly through a bottom-up approach that
empowers local communities. Our results reveal that the opportunity costs associated with current commuting practices
are substantial, indicating a pressing need for change. By providing accurate predictions and insights, our study aims to
assist in the slow yet essential transformation toward more sustainable commuting practices, ultimately leading to
positive shifts in urban mobility, driven by both municipalities and government initiatives. We believe that fostering a
culture of cycling and walking can substantially contribute to reduced carbon emissions and enhanced quality of life in
urban areas.

[3065] Nationawide consumption of systemic antivirlas in Kazakhstan with predictive modelling

Daniil Semenov (Astana IT University), Yuliya Semenova (School of Medicine, Nazarbayev University) and Larissa
Makalkina (Astana Medical University).

Antivirals are antimicrobial agents used for the prevention and management of viral infections. Although to a lesser
extent than systemic antibacterials, they are also prone to the development of resistance when misused. Internationally,
there is a paucity of studies investigating the consumption of systemic antivirals and making future projections. This study
aims to address this gap by reporting such information for Kazakhstan, an upper-middle-income country located in
Central Asia. Data on systemic antivirals sold or administered were obtained from the pharmaceutical market research
company 'Vi-ORTIS' for the period 2017-2023 and analyzed using the GLASS-AMC template of the WHO to calculate
defined daily doses per 1,000 inhabitants per day (DID).

The total consumption of antivirals increased from 2017 to 2023, with an average annual growth rate of 10.24%. The
highest consumption level was recorded in 2020, reaching 3.6 DID. According to interrupted time series analysis, the
pandemic had a significant impact on antiviral consumption, with an increase of almost 1.0 DID compared to the pre-
pandemic period (p<0.001). Tenofovir disoproxil was the most consumed antiviral, with its consumption ranging from 0.4
DID in 2017 to 0.9 DID in 2023, reflecting an average annual growth rate of 6.29%. Predictive modeling until 2030
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suggests that the consumption of certain classes of antivirals is likely to increase. The study's findings have important
implications for public health policy, particularly in planning and managing antiviral consumption.

[3130] climate change, agricultural productivity and child health in Burkina Faso
Aminata Zong-Naba (Thomas SANKARA University).

Climate change is a reality, and its effects have been felt across the board in recent decades. The health consequences of
climate change are increasingly significant for children. A country's economic health is linked to the health of its
population. The population of Burkina Faso is confronted on a daily basis with climate change affecting agricultural
productivity and health, especially children, who are the most vulnerable. The general aim of this research is to analyze
the effects of climate change on children's health through agriculture in Burkina Faso. To do this, an AutoRegressive
Distributed Lag (ARDL) model is used on data from 1990 to 2023 to analyze this relationship. The main results show that a
rise in temperature and a fall in agricultural productivity led to a 0.024% reduce child health and increase in infant
mortality. In addition, an increase in rainfall and fine particles in the air increase infant mortality by 0.001% and 0.0001%
respectively in Burkina Faso. The development of new strategies to increase child health and reduce child mortality in the
face of climate change by improving agricultural yields.

[3178] SVD-based directed spectral graph convolution for multivariate forecasting — An
application to Southern California Bight ocean surface temperature prediction
Annette Jing (Stanford University) and Han Hong (Stanford University).

Graph neural networks (GNNs) have seen increasing use in spatio-temporal forecasting tasks [1], where the natural
spatial structure of such datasets lends itself well to being modeled as a graph input to the models. The central building
block of GNNs is graph convolutions, which are convolutional operators designed to capture the non-Euclidean
relationships encoded by a graph. In the domain of multivariate time series forecasting, these are precisely the predictive
relationships between time series. For our application, we focus on forecasting the ocean surface temperature measured
by stations located in the Southern California Bight (SCB) area and performing inference on the forecast results.

There are two predominant types of graph convolutions: Spatial and Spectral. Spatial convolutions follow an intuitive
message passing framework, where, in a single convolution “messages” from neighboring nodes are passed to and then
combined at the target node. Spectral convolutions, stemming from spectral graph theory, are defined via graph Fourier
transforms (GFTs) on the non-Euclidean graph space. The latter has the advantage of better expressiveness in terms of
capturing global structures and long-range dependencies, but is generally limited to undirected graphs due to its reliance
on the eigen-decomposition of a symmetric graph Laplacian matrix [2] [3]. Since inter-series propagation can often be
asymmetrical, a large number of multivariate time series forecasting GNNs employ spatial convolutions to overcome this
difficulty [4] [5] [6] [7]. This is especially true for our ocean surface temperature forecasting application due to the
existence of multiple directed forces such as the Southern California Eddy and the California current [8].

In this work, we propose a directed spectral graph convolution based on the singular value decomposition (SVD) of a
directed graph Laplacian, which corresponds to the eigen-decomposition of a symmetric dilated Laplacian and results in a
graph frequency space that is twice the size of the number of nodes [9] [10]. While SVD-based spectral graph
convolutions are not exactly new [11] [12], our method has three key innovations. First, to the best of our knowledge
there has not been published work that applies SVD spectral convolutions to multivariate time series forecasting. Second,
our method utilizes a polynomial filter approximation in the dilated graph frequency space instead of enforcing a low
rank structure by only selecting the top few singular vectors. This preserves expressiveness without sacrificing efficiency
via repeated matrix decompositions. Specifically, we employ Chebyshev interpolation [13] for better approximation
ability while avoiding overfitting caused by the Runge phenomenon. Lastly, we combine our SVD-based graph module
with N-BEATS [14], a popular univariate time series forecasting deep learning model that learns a decomposition of the
forecast into interpretable components. In addition to existing components such as trend and seasonality, our graphical
N-BEATS (GNBEATS) method outputs a “graph component” that quantifies the contribution of neighboring series to the
forecast of a target series.

Our dataset is derived from the 30 to 35 degree latitude and -120 to -115 degree longitude bin of the International
Comprehensive Ocean-Atmosphere Data Set (ICOADS), which covers the SCB area and has been collected from early 2020
onward. The task is to forecast the average hourly ocean surface temperature measured at 19 stations for a day ahead
using measurements from the day before. The input graph is constructed by combining a distance-based undirected
graph with a directed graph that captures the direction of the ocean currents. We demonstrated that models using the
SVD-based directed graph convolution yield superior forecast accuracy compared to those using undirected spectral
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convolutions post graph symmetrization. Moreover, GNBEATS outperforms leading static-graph models such as DCRNN
[4] and STGCN [2].

As next steps, we plan to investigate the relationship between ocean surface temperature and wind direction in the
dataset to see if time-varying graphs that capture wind conditions can further improve forecast results. Additionally, we
would like to explore the connection between model-learned graphs and graphs built from domain knowledge of physical
conditions in the SCB area. Finally, we also plan to explore functional dependence based graph construction, such as
through Granger causality.

[1] M. Jin, H.Y. Koh, Q. Wen, D. Zambon, C. Alippi, G.l. Webb, I. King, S. Pan, “A Survey on Graph Neural Networks for Time
Series: Forecasting, Classification, Imputation, and Anomaly Detection,” IEEE Transactions on Pattern Analysis and
Machine Intelligence (TPAMI), 2024. [2] B. Yu, H. Yin, and Z. Zhu, “Spatio-temporal graph convolutional networks: A deep
learning framework for traffic forecasting,” in 1JCAI, 2018, pp. 3634—3640. [3] D. Cao, Y. Wang, J. Duan, C. Zhang, X. Zhu,
C. Huang, Y. Tong, B. Xu, J. Bai, J. Tong, and Q. Zhang, “Spectral temporal graph neural network for multivariate time-
series forecasting,” in NeurlIPS, 2020. [4] Y. Li, R. Yu, C. Shahabi, and Y. Liu, “Diffusion convolutional recurrent neural
network: Data-driven traffic forecasting,” in ICLR, 2018. [5] C. Zheng, X. Fan, C. Wang, and J. Qi, “GMAN: A graph multi-
attention network for traffic prediction,” in AAAI, 2020, pp. 1234-1241. [6] L. Bai, L. Yao, C. Li, X. Wang, and C. Wang,
“Adaptive graph convolutional recurrent network for traffic forecasting,” in NeurlIPS, 2020. [7] S. Lan, Y. Ma, W. Huang,
W. Wang, H. Yang, and P. Li, “DSTAGNN: dynamic spatial-temporal aware graph neural network for traffic flow
forecasting,” in ICML, Proceedings of Machine Learning Research, vol. 162, 2022, pp. 11906-11917. [8] C. Dong, X. Lin, F.
Nencioli, Y. Chao, Y. Guan, D. Chen, T. Dickey, J.C. McWilliams, “Three-dimensional oceanic eddy analysis in the Southern
California Bight from a numerical product,” Journal of Geophysical Research, Vol. 117, Issue C7, 2012. [9] Y. Chen, C.
Cheng, Q. Sun, “Graph Fourier transform based on singular value decomposition of directed Laplacian,” Sampl. Theory
Signal Process. Data Anal., Vol. 21, Number 24, 2023. [10] C. Cheng, Y. Chen, Y.J. Lee, Q. Sun, “SVD-Based Graph Fourier
Transforms on Directed Product Graphs,” IEEE Transactions on Signal and Information Processing over Networks, Vol. 9,
pp. 531—541, 2023. [11]S. Peng, K. Sugiyama, T. Mine, “SVD-GCN: A Simplified Graph Convolution Paradigm for
Recommendation,” in CIKM, 2022. [12] Z. Cheng, Y. Qi, X. Xin, T. Wang, B. Wei, Z. Gu, “De-Noising is All You Need: An
Svd-Based Method to Enhance the Performance of Graph Neural Networks in Traffic Flow Prediction,” Available at SSRN:
http://dx.doi.org/10.2139/ssrn.4886773, 2024. [13] M. He, Z. Wei, “Convolutional neural networks on graphs with
Chebyshev approximation, revisited,” in NeurlPS, 2022. [14] B.N. Oreshkin, D. Carpov, N. Chapados, Y. Bengio, “N-BEATS:
Neural Basis Expansion Analysis for Interpretable Time Series Forecasting,” in ICLR, 2020.

[3199] Multi-class Error Detection in Industrial Screw Driving Operations Using Machine
Learning

Nikolai West (TU Dortmund) and Jochen Deuse (TU Dortmund / University of Technology Sydney).

Recent advances in machine learning have significantly improved anomaly detec-tion in industrial screw driving
operations. However, most existing approaches focus on binary classification of normal versus anomalous operations or
employ unsupervised methods to detect novel patterns. This paper introduces a compre-hensive dataset of screw driving
operations encompassing 22 distinct error types and presents a multi-tiered analysis framework for error-specific
classification. Our results demonstrate varying detectability across different error types and es-tablish the feasibility of
multi-class error detection in industrial settings. The complete dataset and analysis framework are made publicly
available to support future research in manufacturing quality control.

[3372] Development of a Software Sensor for Voltage Measurement Based on Artificial
Intelligence

Mohammed Amine Zafrane (Electrical Engineering Faculty. Electronic department.USTO/ EDTAS-ASAL) and Houari
Aoued (Electronic department. University of Science and Technologies of Oran- Algeria).

Accurate voltage measurement is essential in various fields such as electronics, energy systems, and embedded
applications. In this work, we present the development of a software sensor capable of estimating measured voltage with
high precision. To achieve this, we designed an experimental test bench to collect representative data under different
operating conditions. A series of measurements was then conducted to analyze voltage variations and establish a robust
dataset. Finally, we developed a model based on artificial intelligence (Al) to predict voltage based on input conditions.
Our results demonstrate that this approach enhances measurement accuracy while reducing the need for expensive
physical sensors.
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[3618] Optimizing Modeling Accuracy Using Variational Mode Decomposition and Elastic Net
Regression

Ahmed Alsayed (University of Bergamo).

Variational Mode Decomposition (VMD) is a powerful signal-processing technique for extracting meaningful patterns
from complex, non-stationary, and non-linear datasets. However, effectively modeling relationships and improving
accuracy in predictive tasks remains challenging. This study proposes an optimized framework that integrates Elastic Net
Regression (ENet) with the VMD method to enhance modeling accuracy. First, VMD is employed to decompose non-
stationary and nonlinear signals into intrinsic mode functions, thereby denoising the data and improving feature
representation. Thereafter, ENet regression is applied to handle multicollinearity and perform feature selection. To
validate the effectiveness of the proposed approach, numerical simulations, and real-world stock market datasets are
utilized. The results demonstrate that the VMD.ENet model significantly improves predictive accuracy and
interpretability. These findings highlight the potential of the VMD.ENet framework in financial market analysis, and
various scientific domains, providing a robust solution for complex data modeling tasks.

[3718] Effect of natural resource rents on military spending in Sub-Saharan Africa
Arsene Aurelien Njamen Kengdo (University of Dschang).

This paper examines the effect of natural resource rents on military spending in 29 Sub-Saharan African (SSA) countries
from 1996 to 2021. The study employs Driscoll and Kraay fixed effects and System Generalized Method of Moments
(GMMs) estimators, and establishes three main results. First, military spending is negatively affected by rents from coal,
forests, minerals, and natural gas, but positively affected by oil rents. Second, governance issues play a role in the link
between natural resource rents and military spending, primarily through corruption. Third, sensitivity analyses show that
all these results are sensitive to country characteristics. Furthermore, the inclusion of additional control variables reveals
that cross-border conflicts, economic risk, ethnic tensions, military involvement in politics, external debt risk, and
inflation risk contribute to increased military spending in the sample. In terms of economic policy implications, it is crucial
to address the institutional factor and, more specifically, to intensify the fight against corruption, despite the confidential
nature of defence activities. Moreover, diplomatic efforts, economic development measures, and risk management
policies could help reassess priorities in terms of defence spending allocation.

[3917] Understanding Gold Price Dynamics:The Global Economic Influence via SARIMAX
Spoorti Morabad (PES university, Bengaluru, India).

India is one of the largest markets for gold, which is widely regarded as a vital asset and a reliable store of value.Growing
affluence and the perception of gold as a safe asset drive its demand for, due to which investors are inclined to invest on
gold heavily. This makes forecasting of gold price essential in India for enabling informed investment decisions, effective
policy planning and valuable economic analysis. However, existing research often fails to account for the combined
influence of key global economic indicators on Indian gold prices. This study investigates the dynamics of Indian gold
prices by examining the influence of three main global economic indicators: exchange rate (INR/USD), inflation rate and
interest rate, which enhances the performance and the accuracy of the model used. Utilizing Seasonal Autoregressive
Integrated Moving Average with Exogenous Variables (SARIMAX), feature engineering techniques are performed to
extract relevant patterns and trends from the data. Our analysis illustrates the substantial relationship between the gold
prices and global economic indicators, focusing on how exchange rates, inflation rates and interest rates serve as
significant exogenous variables and underscores the importance of understanding external economic factors affecting
gold price fluctuations and providing valuable insights for investors, policymakers, and economists.

[3984] Meta Fuzzy Functions with Gustafson-Kessel for Time Series Forecasting
Nihat Tak (Marmara Universitesi).

There are many different methods in the literature for modeling a time series data and using it for forecasting. Some of
these methods are statistical methods while others are alternative methods. Statistical methods do not give very
satisfactory results due to some assumptions involved and the complexity of today's data. Considering the complexity of
today's data, alternative methods that are independent of assumptions are more prominent. The complexity of the
alternative methods in the literature and the fact that most of them do not have ready-made codes in known statistical
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software programs is another challenge in modeling this complex data. Moreover, while these proposed alternative
methods may perform well in different specific data sets, they may not perform well in many others. Therefore, it is a real
question mark which method we should trust for modeling a given time series. In this context, the Meta Fuzzy Functions
proposed by Tak in 2018 stand out. Meta Fuzzy Functions are proposed to combine the outputs of different methods by
weighting them for a specific purpose. In this context, in this study, Meta Fuzzy Functions will be used for forecasting
methods. It combines the logic of meta-analysis with the fuzzy c-means clustering method. The method aims to cluster
different forecasting methods according to their forecasting performance and then weight the methods in each cluster
with their membership degrees to obtain as many different functions as the number of clusters. One of these functions
will perform better than the others according to the structure of the given time series. Finding this function is determined
by using validation data. The success performance of meta-fuzzy functions is based on the clustering performance. The
more accurate the clustering is, the more likely it is that successful prediction method(s) will be distinguished from
others. In this context, Gustafson-Kessel clustering method is preferred in this study instead of FCM used in MFFs.
Advantages of the Gustafson-Kessel clustering method over FCM; I. It allows to identify clusters of various shapes,
especially ellipsoidal ones, using the Mahalanobis distance. This makes it suitable for datasets where clusters are not
spherical. Il. Calculates a unique covariance matrix for each cluster, allowing it to adapt cluster shapes to the underlying
distribution of the data. Ill. By taking cluster covariance into account, GA provides a more accurate representation of the
data, especially in datasets where features are correlated. IV. Thanks to the Mahalanobis distance, it performs better on
data sets with non-variable variances and correlations between features. V. If the dataset has correlated features or non-
spherical clusters, the Gustafson-Kessel algorithm is a better choice than FCM. Considering these advantages of the GA
clustering method, it has been adapted to the Meta Fuzzy Functions method. In this study, the methods to be used in the
Meta Fuzzy Functions method are Multilayer Perceptron Artificial Neural Network (MLP-ANN), Fuzzy Time Series Network
(FTS-N), Time Series Fuzzy Inference System (TSFIS) Seasonal Holt method (S-Holt), Winters Additive Exponential
Smoothing (WA-ES) and Winters Multiplicative Exponential Smoothing (WM-ES). To evaluate the performance of GK
based MFF, 14 meteorological datasets are used. Results, which are verified in terms of RMSE and MAPE, showed that
the proposed method can be a handy tool for dealing with forecasting problems.

[4009] Integrating Explainable Al and Hybrid Sharing for Enhanced Knowledge Transfer in
Multi-Task Deep Learning

Pablo Hidalgo (Faculty of Law, Business and Government, Universidad Francisco de Vitoria, 28223 Madrid, Spain), Leon
Belefia (Faculty of Law, Business and Government, Universidad Francisco de Vitoria, 28223 Madrid, Spain), Ana Lazcano
(Faculty of Law, Business and Government, Universidad Francisco de Vitoria, 28223 Madrid, Spain) and Julio E.
Sandubete (Faculty of Law, Business and Government, Universidad Francisco de Vitoria, 28223 Madrid, Spain).

In many machine learning contexts, tasks are often approached as interconnected components with the goal of
leveraging knowledge transfer between them, which is the central aim of Multi-Task Learning (MTL). MTL has been
widely applied across various domains, including computer vision, natural language processing, and healthcare, where
multiple learning tasks benefit from shared knowledge. However, a key challenge in MTL is understanding task
relationships: which tasks are similar, and how and why do they exhibit similarity? Identifying and quantifying these
relationships is crucial for optimizing learning strategies and improving model performance.

In this work, we propose a novel multi-task similarity measure based on Explainable Artificial Intelligence (XAl) methods,
specifically leveraging Accumulated Local Effects (ALE) curves. ALE curves provide insights into feature influence on model
predictions, enabling a more interpretable and systematic approach to evaluating task similarity.

To quantify similarity, we compare ALE curves using the Fréchet distance, weighted by the data distribution, and
integrate these distance values with feature importance scores. This approach allows us to derive a robust, interpretable
similarity measure that can be applied to both single-task learning, where tasks are trained independently, and multi-task
learning, where tasks are trained jointly. Notably, our measure is model-agnostic, making it applicable across different
machine learning models without requiring modifications to the underlying algorithms.

Beyond measuring similarity, we introduce a hybrid parameter-sharing strategy for Multi-Task Deep Learning. This
approach combines hard and soft parameter sharing using the developed similarity measure, allowing for a more flexible
and effective knowledge transfer mechanism. By leveraging both shared and task-specific components, this strategy
balances generalization and specialization, enhancing model performance in diverse multi-task settings.

We validate our approach on a real-world bike-sharing usage dataset built from the BiciMad bike-sharing system in
Madrid. This dataset combines time series data with additional input features to forecast future usage. Experimental
results demonstrate that our similarity measure aligns well with intuitive task relationships, confirming its effectiveness in
identifying meaningful task similarities. Furthermore, the Deep Multi-Task Learning models trained using our hybrid
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parameter-sharing strategy achieve competitive performance compared to existing algorithms. Importantly, our
approach enhances model explainability, providing a transparent framework for understanding task dependencies,
guiding model design, and supporting informed decision-making in complex multi-task environments.

[4027]) Comparative Analysis of Temperature Prediction Models: Simple Models vs. Deep
Learning Models

Zibo Wang (Boston University Metropolitan College), Weiqi Zhang (Boston University Metropolitan College) and
Eugene Pinsky (Boston University Metropolitan College).

Accurate and concise temperature prediction models have important applications in meteorological science, agriculture,
energy and electricity. This study aims to compare the performance of simple models and deep learning models in
temperature prediction and explore whether simple models can replace deep learning models in specific scenarios to
save computing resources. Based on 37 years of daily temperature time series data from 10 cities from 1987 to 2024, the
Simple Moving Average (SMA), Seasonal Average Method with Lookback Years (SAM-Lookback) and Long Short-Term
Memory (LSTM) models are fitted to evaluate the accuracy of simple models and deep learning models in temperature
prediction. The performance of different models is intuitively compared by calculating the RMSE and Percentage Error of
each city. The results show that LSTM has higher accuracy in most cities, but the prediction results of SMA and LSTM are
similar and perform equally well, while SAM-Lookback is relatively weak.

[4053] Evaluating Sales Forecasting Methods in Make-to-Order Environments: A Cross-Industry
Benchmark Study

Marius Syberg (Technical University Dortmund), Lucas Polley (Technical University Dortmund) and Jochen Deuse
(University of Technology Sydney).

Sales forecasting in make-to-order (MTO) production is particularly challenging for small and medium-sized enterprises
(SMEs) due to high product customization, volatile demand, and limited historical data. This study evaluates the practical
feasibility and accuracy of statistical and machine learning (ML) forecasting methods in MTO settings across three
manufacturing sectors: electrical equipment, steel, and office supplies. A cross-industry benchmark assesses models such
as ARIMA, Holt-Winters, Random Forest, LSTM, and Facebook Prophet. The evaluation considers error metrics (MAE,
RMSE, sMAPE) as well as implementation aspects like computational demand and interpretability. Special attention is
given to data sensitivity and technical limitations typical in SMEs. Findings show that ML models perform well under high
volatility and when enriched with external indicators, but require significant expertise and resources. In contrast, simpler
statistical methods offer robust performance in more stable or seasonal demand contexts and are better suited in certain
cases. The study emphasizes the importance of transparency, usability, and trust in forecasting tools and offers
actionable recommendations for selecting a suitable forecasting configuration based on context. By aligning technical
capabilities with operational needs, the research supports more effective decision-making in data-constrained MTO
environments.

[4142] A Forecasting Method Based on a Dynamical Approach and Time Series Data for Vehicle
Service Parts Demand

Vinh Long Phan (TOYOTA MOTOR CORPORATION), Makoto Taniguchi (Toyota Motor Corporation) and Hidenori
Yabushita (Toyota Motor Corporation).

In automotive industry, the supply of service parts such as bumper, battery, and aero parts are required even after the
end of vehicle production as customers need them for repairs and maintenance to ensure safety and ride comfort over
long-term usage. To gain customer satisfaction, it is necessary not only to provide service parts through manufacturing
responsibility but also to supply parts in a timely manner for accidents and regular consumable replacements. Therefore,
while ensuring a safe inventory level to avoid delays in part supply due to stock shortages, excess inventory can lead to an
increase in warehouse management costs. Hence, it is desirable to use demand prediction technologies that accurately
forecast the demand for service parts and manage inventory effectively. In demand forecasting for service parts, it is
necessary to consider the changing demand characteristics over time and the constraints on the available data for
prediction. The demand characteristics encompass various patterns along the life cycle of parts such as long-term
changing trends, periodic fluctuations corresponding to seasons, and irregular variation in situations with low order
quantities. Therefore, to achieve demand forecasting for each part, it is essential to base predictions on the limited past
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order history data for individual parts, extract characteristics, and calculate the forecast value. However, demand
forecasting using historical order data with high accuracy for a large number of parts that exhibit significant demand
variability poses a big challenge, even when some advanced statistical and machine learning techniques are applied. In
this paper, we propose a new forecasting method based on a dynamical approach using Ensemble Empirical Mode
Decomposition (EEMD) and Dynamic Mode Decomposition (DMD). EEMD and DMD are respectively utilized to adaptively
decompose arbitrary time series that change at different time scales into multiple Intrinsic Mode Functions (IMFs) and
are applied to represent the dynamics of the time series in each mode. In the proposed method, the order history of a
single service part is decomposed into modes using EEMD. Subsequently, state variables constituted by position-related
components and momentum-related components for each mode are calculated and transition predictions for each mode
are conducted using DMD. The sum of the transition predictions is calculated as the demand forecast value for the
individual part. In this study, forecasting trials using test functions such as the Henon map, logistic map, tent map, etc.,
were conducted to theoretically confirm the validity of the proposed method. Excellent agreement between the
forecasting values and the test function data shows the capability of the proposed method to predict the future values of
various time series data with complex characteristics such as periodicities, trends, nonlinear variability, and chaotic
behavior. In addition, an application of the proposed method to an order dataset of service parts was conducted to
confirm its effectiveness in practice. The proposed method demonstrated an approximately 30% reduction in forecasting
error compared to comparative methods, showcasing its superiority in accurately predicting service parts demand across
various patterns and implying that it can be used with high confidence to forecast and analyze future demand at the
individual service part level.

[4321] Grad-CAM-Based Regularization for Time Series Forecasting: Promoting Temporal
Consistency and Relevant Attention
Amal Saadallah (Lamarr Institute- TU Dortmund).

Time series forecasting remains a challenging task, particularly when deep learning models fail to focus on meaningful
temporal patterns. We propose a novel Grad-CAM-based regularization technique to enhance the interpretability and
effectiveness of convolutional neural networks (CNNs) for time series forecasting. By integrating Grad-CAM into the
training process, we guide the model’s attention toward important temporal regions while discouraging abrupt and
unstable attention shifts. Our method introduces two key improvements: (1) temporal smoothness, which penalizes
sudden variations in Grad-CAM maps to ensure consistency, and (2) meaningful attention alignment, which encourages
the model to prioritize relevant temporal features. We evaluate our approach against standard training methods and
common regularization techniques, including L1, L2, dropout, and batch normalization. Experimental results demonstrate
that Grad-CAM-based regularization improves both forecasting accuracy and stability, making CNNs more robust and
interpretable for time series analysis.

[4341] Clustering-Based Methodology for Comparing Multi-Characteristic Epidemiological
Dynamics with Application to COVID-19 Epidemiology in Europe

Alexander Kirpich (Georgia State University), Aleksandr Shishkin (Georgia State University), Pema Lhewa (Georgia
State University), Ezekiel Adeniyi (Georgia State University), Michael Norris (University of Hawaii at Manoa), Gerardo
Chowell (Georgia State University), Yuriy Gankin (Quantori), Pavel Skums (University of Connecticut) and Alexander
Perez Tchernov (Belarusian State University).

This study utilized a clustering-based approach to investigate whether countries with similar COVID-19 dynamics also
share similar public health and selected sociodemographic factors. The pairwise distances between 42 European
countries for six characteristics were calculated, including COVID-19 incidence, mortality, vaccination, SARS-CoV-2 genetic
diversity, cross-country mobility, and sociodemographic data. Hierarchical clustering trees were constructed, and the
strengths of association between the pairs of trees were quantified using cophenetic correlation and Baker's Gamma
correlation measures. The analysis revealed distinct patterns of agreement between clusterings. Vaccination clusterings
showed moderate agreement with incidence but no strong agreement with mortality. Mortality-based clustering only
agreed with population health clustering. Incidence-based clustering aligned with population health, genetic diversity,
and selected sociodemographic parameters. Genetic diversity clusterings agreed with mobility and related
sociodemographic characteristics. The utility of the cluster-based methods for the time-series is illustrated, and these
findings provide insights into the underlying mechanisms driving epidemiological disparities across localities and
subpopulations.
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[4350] Democratizing Agricultural Commodity Price Forecasting: The AGRICAF Approach

Rotem Zelingher (Vienna University of Economics and Business (WU)).

Ensuring food security is a global challenge, particularly in low-income countries where food prices affect access to
nutritious food. The instability of global agricultural commodity (AC) prices exacerbates food insecurity, with international
trade restrictions and market disruptions further complicating the situation. Although online platforms exist for
monitoring food prices, there is still a need for accessible, detailed forecasts for non-specialists. This paper proposes the
Agricultural Commodity Analysis and Forecasts (AGRICAF) methodology, integrating explainable machine learning (XML)
and econometric techniques to analyze and forecast global AC’s prices up to one year ahead across different horizons.
This innovative integration allows us to model complex interactions while providing clear, interpretable results. We
demonstrate the utilization of AGRICAF, applying it to three major commodities and explaining how different factors
impact prices across months and forecast horizons. By facilitating access to reliable forecasts of AC prices, AGRICAF can
advance a fairer and sustainable food system.

[4433] Drift and Diffusion Across Space and Time: Bridging Dependencies in Geospatial
Econometrics, Time-Series Forecasting, and Panel Data Analysis
James Chen (Michigan State University).

Many systems can be decomposed into deterministic drift and stochastic diffusion. Black-Scholes option pricing, for
example, follows the drift-and-diffusion structure of the Fokker-Planck equation and is readily understood as a special
case of jump-diffusion. In economics, stochastic diffusion often includes spatial and temporal dependencies. Geospatial
econometrics typically manages spatial autocorrelation in one of two ways: through spatial error models or spatial lag
models. Drawing upon spatial methods for exploiting autocorrelation in the error term or in the dependent variable, this
article describes and applies two-stage least squares (2SLS) and iterative regression in time-series and panel data
applications where dependencies un-fold in diverse temporal and spatial domains. lllustrations include the pre-diction of
housing prices in California, the correction of commodity price forecasts, risk assessment in European and American
banks, and panel-data analysis of European rail passenger traffic.

[4501] Recovery and Validation of Time Series of Water Level in Lake Grey, Chilan Patagonia

Patricio Fuentes-Aguilera (Universidad San Sebastidn), Lien Rodriguez-Lépez (Universidad San Sebastian), Luc
Bourrel (Géosciences Environnement Toulouse, UMR 5563, Université de Toulouse) and Frederic Frappart (ISPA, UMR
1391 INRAE).

Water availability in sufficient quantity and under adequate conditions is essential to ensuring health, sustainable
development, and the preservation of biodiversity (Magee et al., 2019). Climate change is a factor that has a significant
impact on water resources (Schilling et al., 2020), which is demostrated in the increase in extreme events such as floods
and heat waves (Medina & Mufioz, 2020). In this context, lakes act as sentinels of the effects of climate change, so
assessing changes in lake levels is a useful tool for water resource management (Frappart et al., 2018). This study
proposes the evaluation of the levels of Lake Grey in the Magallanes region by means of remote sensing.

The Grey River basin is located in the Magallanes y la Antartica Chilena region in southern Chile, between -50.7° and -
51.3° latitudes, and -73.1° and -73.4° longitudes. The basin originates from the Grey Glacier, covering an approximate
area of 856 km2, with altitudes between 43 and 2,352 m.a.s.l., and is characterized by a Tundra climate (Kottek et al.,
2006). In addition, it is within the Torres del Paine National Park, UNESCO Biosphere Reserve (Hiine et al., 2022).

It is proposed to use satellite altimetry techniques to estimate the levels of Grey Lake, in order to have a measure to
evaluate the effects of Climate Change in the area. For this purpose, we used information from the Sentinel-6 mission
(GDR data). This are products derived from the measurements of the Sentinel-6 Michael Freilich satellite, which is part of
the Copernicus program of the European Space Agency (ESA). Sentinel-6's main mission is to monitor sea level, which is
crucial for the study of climate change and ocean dynamics. Each day, data is collected by the satellite and processed to
generate geophysical logs. The GDR products are the most processed, as they include advanced geophysical correction
for the raw measurements obtained from the satellite. These data are processed, as indicated in Frappart et al. (2018,
2021) and (Cretaux et al., 2023). The levels obtained by remote sensing will be compared with the data recorded by the
Direccién General de Aguas, by different objective functions (Gupta et al., 2009).
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A good level of fit is obtained between the in situ data and those estimated by satellite altimetry, with a KGE of 0.82.
Therefore, it is possible to use this technique to obtain the levels of Lake Grey and improve the management of water
resources in southern Chile and the assessment of Climate Change in Patagonian systems.
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[4596) Exploring Multi-modal LLMs for Time Series Anomaly Detection

Hao Niu (KDDI Research, Inc.), Guillaume Habault (KDDI Research, Inc.), Huy Quang Ung (KDDI Research, Inc.),
Roberto Legaspi (KDDI Research, Inc.), Zhi Li (KDDI Research, Inc.), Yanan Wang (KDDI Research, Inc.), Donghuo
Zeng (KDDI Research, Inc.), Julio Vizcarra (KDDI Research, Inc.) and Masato Taya (KDDI Research, Inc.).

Anomaly detection in time series data is crucial across various domains. Traditional methods often struggle with
continuously evolving time series requiring adjustment, whereas large language models (LLMs) and multi-modal LLMs
(MLLMs) have emerged as promising zero-shot anomaly detectors by leveraging embedded knowledge. This study
expands recent evaluations of MLLMs for zero-shot time series anomaly detection by exploring newer models, additional
input representations, varying input sizes, and conducting further analyses. Our findings reveal that while MLLMs are
effective for zero-shot detection, they still face limitations, such as effectively integrating both text and vision
representations or handling longer input lengths. These challenges unveil diverse opportunities for future improvements.

14619] Transmuting Unequally Spaced Data: A MIDAS Regression Touch to Forecast Real GDP
Growth in Brazil

Julia Ladeira Ferreira (FGV-EESP) and Pedro Valls (FGV-EESP).

Unequally spaced data poses a dilemma on how to aggregate high-frequency variables to model a low-frequency
variable. To tackle this quandary, this work proposes to apply Ml(xed) DA(ta) S(ampling) (MIDAS), introduced by Ghysels,
Santa-Clara, and Valkanov (2004) and Ghysels, Sinko, and Valkanov (2007), which allows the independent and dependent
variables to be sampled at various and different frequencies, to forecast the real GDP growth in Brazil using
macroeconomic data. The results show that the restricted polynomial MIDAS specification can outperform the AR(1) for
out of the sample recursively estimated nowcasts. Moreover, IBC-BR restricted lag polynomial based MIDAS showcase
the best performance under all the computed metrics for evaluation. Not only did the restricted IBC-Br MIDAS
outperform the benchmark, but it also beat the U-MIDAS. Fortuitously, the cumulative MSE ratio revealed that between
2014Q3 until the end of 2015, the quotient for the monetary base MIDAS model continuously declined. While this
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behavior might not be related to the "fiscal pedaling", its trend contributes to the economic policy narrative during those
years.

[4635] Natural resource curse on educational inequality: does political concentration matter in
developing countries?

Valentine Soumtang Bime (University of Yaounde Il), Agathe Cassandra Koumis Ngagni (University of Douala
Faculty of Economics and Applied Management) and Mondjeli Mwa Ndjokou Itchoko Motande (University of
Maroua).

There is a vast literature on inequality however, little is known about the effect of natural resources on educational
inequality and even less about the role of institutions in this relationship. This study fills this gap by assessing the role of
political concentration in the relationship between natural resources and educational inequality. Using data from 81
developing countries from 1995 to 2019, we estimate a two-stage least squares model. The results show that while
natural resources reduce educational inequality in DCs, political concentration tends to worsen this effect. This result
partly explains the natural resource curse in developing countries. The results remain stable to several robustness checks.
We suggest that political power should be less concentrated and suggest more decentralization for a better allocation of
rents in education systems.

[4718] A Novel Approach to Optimal Generation Planning in Electric Power Systems
Burak Kiiglkaslan (MRC Tirkiye) and Benhr Satir (MRC Turkiye).

The reduction of fossil fuel usage within the scope of combating the global climate crisis, accelerated integration of
renewable energy sources, and widespread electrification have critically increased the importance of planning processes
in power systems. Power system planning consists of three fundamental stages: Demand Forecast, Least-Cost Generation
Planning, and Network Analysis. This study addresses the original algorithm and model developed for Least-Cost
Generation Planning. The model and algorithm were successfully implemented in an African country in 2025, achieving
optimal results. The success of the developed methodology is based on two fundamental elements: First, its approach
that avoids a black-box structure, allowing users to transparently monitor all processes; second, its modular treatment of
the generation planning problem. The methodology performs hourly planning while considering the technical criteria and
constraints of generation units. It optimizes the dispatch and operation regimes of Photovoltaic systems, wind farms, and
Battery Energy Storage Systems (BESS) through a practical approach. In the first phase of the modular structure, the
adequacy of existing generation capacity to meet the projected hourly load demand within the planning horizon is
analyzed. In cases where current capacity proves insufficient, the second phase determines necessary generation
investments to optimally address unmet energy demand. Investment decisions are selected by the model from a
Candidate Power Plant pool created by the user, utilizing technical and cost scoring. Within the planning horizon, each
day is divided into four equal time periods (Night, Day, Afternoon, and Evening). The maximum hourly energy deficit in
each time period is evaluated, calculating potential contributions of candidate plants and determining technical score
values. The commissioning dates of power plants are also considered in investment assessment. Cost scoring of power
plants is performed based on Fuel Costs and Variable Operation & Maintenance Costs. This dual evaluation approach
aims to address the energy deficit optimally from both technical and economic perspectives. In the third phase,
integrated planning is conducted with existing generation units and plants determined for investment in the second
phase. Comprehensive statistical data and summary reports are automatically presented to users in all three phases. The
original approach in the second phase of the developed algorithm minimizes the high processor power requirements and
lengthy calculation time problems frequently encountered in such optimization problems.

[4738] Application of Deep Q-Learning and Double Deep Q-Learning for Dynamic Risk
Management Optimization: Stop-Loss and Take-Profit Strategy Enhancement

Roman Muromtsev (tomsk state university of control systems and radioelectronics) and Daria Novokhrestova (tomsk
state university of control systems and radioelectronics).

This empirical investigation examines the efficacy of implementing advanced neural network architectures in the
optimization of risk management parameters, specifically focusing on stop-loss and take-profit mechanisms within
algorithmic trading frameworks. The research methodology encompasses a comprehensive analysis of Deep Q-Network
(DQN) and its enhanced variant, Double Deep Q-Network (DDQN), in the context of dynamic risk management
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optimization. Through the application of sophisticated reinforcement learning paradigms, this study presents a novel
approach to the automation of critical decision-making processes in financial trading systems. The investigation
specifically addresses the optimization of stop-loss and take-profit threshold determination, utilizing state-of-the-art
machine learning techniques to enhance trading performance metrics. Empirical evidence suggests that the
implementation of DDQN architecture, particularly when integrated with Super Support and Resistance (Super SR) level
methodology, demonstrates statistically significant improvements in risk-adjusted returns and overall portfolio
optimization. These findings contribute to the growing body of literature on algorithmic trading and provide compelling
evidence for the superiority of advanced reinforcement learning techniques in financial risk management applications.

[4748] Forecasting Techniques for Univariate Time Series Data: Analysis and Practical
Applications by Category
Leonard Dervishi (Fraunhofer IGD), Antonios Raptakis (Fraunhofer IGD) and Gerald Bieber (Fraunhofer IGD).

Effective forecasting is vital in various domains as it supports informed decision-making and risk mitigation. This paper
aims to improve the selection of appropriate forecasting methods for univariate time series. We propose a systematic
categorization based on key characteristics, such as stationarity and seasonality, and analyze well-known forecasting
techniques suitable for each category. Additionally, we examine how forecasting horizons, the time periods for which
forecasts are generated, affect method performance, thus addressing a significant gap in the existing literature. Our
findings reveal that certain techniques excel in specific categories and demonstrate performance progression over time,
indicating how they improve or decline relative to other techniques. By enhancing the understanding of method
effectiveness across diverse time series characteristics, this research aims to guide professionals in making informed
choices for their forecasting needs.

[4874] Analysis of criminal recidivism among Chilean prison inmates in five regions
Vicente Jopia (Universidad de Santiago de Chile).

Introduction: Recidivism occurs when a person, after being sanctioned for a crime, commits another offense after a
period of time despite state intervention. Tracking recidivism is key to evaluating and improving the penitentiary system,
particularly its effectiveness in reintegrating prisoners into society. The related literature is nowadays showing a special
interest in the forecast of recidivism; yet, the state of the art reveals that recidivism forecasting generally considers the
last sentence through black-box models. Objectives: This study aims to embrace the criminal record into an explainable
machine learning framework to forecast criminal recidivism through a tailored high-order recursion approach. Methods
Available data from the Chilean Gendarmerie is leveraged. A thorough data wrangling is performed to handle the criminal
record of people convicted for high-impact social crimes. Then, a number of sentences are defined for each crime to
balance the database under a hierarchical sampling approach. In this regard, high-order Hidden Markov Models (HMMs)
are adopted and fitted through Viterbi’s algorithm. Results: The hierarchical sampling reveals that, among the ten high-
impact social crimes, the thirteen first sentences are considered with 86% of the total information. Robbery arises as a
cornerstone crime in the estimation. For instance, a criminal record starting with robbery as first sentence yields to
committing robbery as the subsequent crime with 56% probability and 60% in the third sentence. Likewise, a criminal
record starting with trafficking or weapon possession has 4% and 7% more chances, respectively, of committing a third
crime if they are followed by robbery. Conclusion: The proposed modeling approach reveals the criminal record of
convicted people leads to different probabilities to recidivism. Accordingly, it is expected that reinsertion programs
leverage this to develop new approaches under more informed assessments. For future research, we propose to
generalize the HMM by including the time between the release of the convicted and the next sentence date in order to
evaluate the prison time.

[4953] Non-linear Dynamics of the Phillips Curve in India: A Time Series Analysis Using
Explainable Machine Learning

Shovon Sengupta (Fidelity Investments), Bhanu Pratap (Reserve Bank of India) and Amit Pawar (Reserve Bank of
India).
The conventional linear Phillips curve model, while valuable for policymaking, often struggles to maintain forecasting

accuracy in the presence of structural breaks and inherent non-linearities in economic data. This paper addresses these
limitations by integrating machine learning (ML) methods into a New Keynesian Phillips Curve (NKPC) framework to
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forecast and explain headline inflation in India, a large and dynamic emerging economy. Our analysis demonstrates that
ML-based approaches significantly outperform traditional linear models in terms of forecasting accuracy, particularly in
capturing the complex, non-linear dynamics of inflation.

Using explainable ML techniques such as feature importance, partial dependence plots, and Shapley values, we provide
empirical evidence that the Phillips curve relationship in India is characterized by non-linearities, including threshold
effects and interaction dynamics between covariates. Our findings reveal that headline inflation is strongly influenced by
inflation expectations, followed by lagged inflation and the output gap. However, supply shocks, with the exception of
rainfall deviations, have a relatively marginal impact on inflation dynamics.

The paper highlights the dual advantage of ML models: they not only enhance forecasting accuracy but also uncover
complex, non-linear relationships in the data, offering deeper insights into the inflationary process. These insights are
particularly valuable for policymakers, as they provide a more nuanced understanding of the structural determinants of
inflation and the potential implications of monetary policy decisions.

By bridging the gap between macroeconomics and machine learning, this research demonstrates the potential of ML
techniques to address the limitations of traditional econometric models, particularly in contexts marked by structural
breaks and volatility. The study’s findings suggest that ML models can serve as a powerful tool for both forecasting and
policy analysis, offering a more flexible and interpretable framework for understanding inflation dynamics in emerging
economies.

[4973] When accounting for people behavior is hard: Evaluation of some spatiotemporal
features for Electricity Load Demand Forecasting
Guillaume Habault (KDDI Research, Inc.), Shinya Wada (KDDI Corporation) and Chihiro Ono (KDDI Research, Inc.).

Understanding human behavior is crucial for accurately predicting Electricity Load Demand (ELD), as daily habits and
routines directly influence electricity consumption patterns across temporal and spatial domains. Two approaches for
representing human mobility behavior are explored: (i) incorporating location-based Human Dynamics (HD) data and (ii)
leveraging electricity consumption data from different contract types—Low Voltage (LV) for residential areas and High
Voltage (HV) for industrial and office spaces. This study investigates which of these representations allows deep learning
models to better capture the influence of human mobility on LV consumption. Focusing on mesh-level predictions, our
experiments demonstrate that combining LV and HV data can reduce the spatiotemporal prediction error (STPE) of LV
consumption by an average of 13.37%. Similarly, incorporating HD data can achieve a 14.3% average reduction in STPE
for sufficiently large areas. Notably, while integrating both HV and HD data improves consistency across different areas, it
does not universally lower the overall prediction error. These findings suggest that HV data provides more reliable results
across various configurations, particularly in urban regions with strong business activity. In contrast, HD data is more
effective for widespread regions characterized by significant human movement or densely populated areas. This study
highlights the complementary roles of HV and HD data in improving spatiotemporal LV consumption predictions and
offers valuable insights into tailoring feature selection based on area characteristics and forecasting objectives.

[5005] A comparison of Adam and Levenberg-Marquardt optimizers for the prediction of
extremes: case study for flood prediction with artificial neural networks

Julien Yise Peniel Adounkpe (HSM, Univ Montpellier, IMT Mines Alés, CNRS, IRD), Valentin Wendling (HSM, Univ
Montpellier, IMT Mines Alés, CNRS, IRD), Alain Dezetter (HSM, Univ Montpellier, CNRS, IRD), Bruno Arfib (Aix
Marseille Univ, CNRS, IRD, INRAE, CEREGE), Guillaume Artigue (HSM, Univ Montpellier, IMT Mines Alés, CNRS, IRD),
Séverin Pistre (HSM, Univ Montpellier, CNRS, IRD) and Anne Johannet (HSM, Univ Montpellier, IMT Mines Alés, CNRS,
IRD).

Artificial neural networks (ANN) adjust to the underlying behavior in the data set using a training rule or optimizer. The
most popular first and second order optimizers, Adam (AD) and Levenberg-Marquardt (LM), were compared with the aim
of predicting extreme flash flood of a runoff dominated hydrological system. A fully connected multilayer perceptron with
a shallow structure was used to diminish its complexity and limit overfitting. The inputs of the ANN were determined by
rainfall-water level cross-correlation analysis. For each optimizer, the hyperparameters of the ANN were selected using a
grid search and by the cross-validation score on an original criterion (PERS PEAK) mixing the persistency (PERS) and the
quality of flood-peak restitution (PEAK). For an extreme and unseen event used as test set, LM outperformed AD by 25%
on all performance criteria. The peak water level of this event, initially 166% greater than that at of the training set, has
been predicted by 92% if more training iterations are added to the LM optimizer. This shows that ANN can predict

32



CONTRIBUTIONS AND ABSTRACTS INFORMATION ITISE 2025

beyond the ranges of training set given the right optimizer. Nevertheless, LM training time was up to five times longer
than AD during grid search.

[5043] Development of a Personalized Program for Predicting Future Cognitive Function and
Facilitating Tailored Behavior Modification

Masaru Mimura (Keio University), Taishiro Kishimoto (Keio University), Fumiya Nakai (Keio University), Toshiro
Horigome (Keio University), Ryoko Shimizu (Keio University) and Haruaki Horie (Keio University).

Background As global populations age, the risk of developing dementia has become a growing concern for many
individuals. In super-aging societies, strengthening cognitive reserve and preventing or slowing cognitive decline is an
urgent challenge. While research has shown that lifestyle factors such as physical activity, diet, and sleep play a crucial
role in dementia prevention, it remains difficult for individuals to consistently adopt and maintain these habits.
Traditional public awareness campaigns about dementia prevention often have limited impact due to weak motivation
for behavior change and a lack of tangible feedback on intervention effectiveness. There is a growing need for
personalized services that actively engage older adults in preventive activities, provide real-time feedback on their
progress, and enhance motivation through a sense of personal relevance. This study introduces a tailored intervention
program, PREPARE (Predicting and Readying for Evolving Perspectives in Advanced Cognitive Enhancement), which
predicts future cognitive function (over a five-year period) based on current cognitive status and lifestyle habits. By
visualizing potential cognitive changes, the program encourages individuals to reassess their lifestyles and adopt effective
behavior modifications. This presentation focuses on the development of the simulation application for predicting future
cognitive function.

Methods In collaboration with Keio University and the Hitachi Group, we adapted and extended an existing sugar
metabolic parameter prediction program to develop a cognitive function prediction simulation application. The system
was trained using baseline and five-year follow-up data from approximately 1,000 participants in the JPSC-AD Arakawa
Cohort Study, using the Mini-Mental State Examination (MMSE) as the cognitive function measure. The predictive model
developed by Hitachi incorporates three key features: Time-series learning — The model can analyze longitudinal data to
improve prediction accuracy. Multiple intervention adaptability — The system accounts for different types of lifestyle
interventions. Continuous representation of intervention effects — The model provides real-time feedback on predicted
cognitive outcomes based on specific behavioral modifications. By refining the selection of covariates and intervention
variables, we developed a time-series counterfactual learning model capable of simultaneously predicting the effects of
multiple interventions.

Results We successfully developed an application capable of predicting MMSE scores five years in advance with an error
margin of 1-2 points. Additionally, we implemented an Al-driven feedback system that simulates the impact of various
lifestyle interventions. This system allows users to input potential lifestyle changes and receive personalized predictions
on their expected cognitive improvement. The final product is a user-friendly smartphone application, enabling seamless
interaction and real-time cognitive health monitoring.

Discussion The system can suggest optimal combinations of 1-3 lifestyle interventions to maximize cognitive function
improvement, providing users with personalized MMSE score projections based on their engagement with the
recommended modifications. We are currently evaluating how this simulation app influences Health Belief among
cognitively healthy older adults.

(5143] Transfer learning for nonstationary traffic flow prediction using AdaRNN-DCORAL

Linlin Zang (Shanghai Jiaotong University), Bo Zhang (Shanghai Jiaotong University) and Tao Wang (Shanghai Jiaotong
University).

The rapid urbanization and expansion of intelligent transportation systems (ITS) necessitate reliable traffic flow
predictions for efficient transit operation[1, 2]. However, due to the influence of passengers' travel modes and the
difficulty of data collection, some traffic flow data are not only nonstationary in temporal distribution but also insufficient
in data size, leading to inaccurate prediction results. Traditional and deep learning-based models often fail in scenarios
with data insufficiency and temporal nonstationarity, leading to poor performance [3]. This study aims to address these
issues by leveraging transfer learning techniques and adaptive modeling. To predict traffic flow with insufficient data and
a nonstationary distribution, we combine the AdaRNN for adaptive learning of nonstationary time-series data with the
deep CORAL algorithm for domain adaptation to obtain accurate prediction results. Additionally, AdaRNN network is
incorporated to achieve the self-adaptation of nonstationary data within the target domain [4]. Finally, the experiments
show the improved performance of the proposed method over that of state-of-the-art models in terms of prediction
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accuracy and computation time. The passenger flow datasets from the Shanghai metro and bus on both weekdays and
holidays are described, which are used to model the source dataset and the target dataset, respectively. For each public
transit mode, the passenger flow is sampled every 30 minutes, and each data point p is formed by three pieces of
information, the sample time, the passenger flow over the past 30 minutes, and a binary digit to represent whether the
day is a work day (1) or a holiday (0). Thus, pER”3. Generally, we first collect time series traffic flow datasets D= [
{x_i,y_i}] _(i=1)"k in the prediction task, where x_i€ {p_1,p_2... p_n} is a set of continuous traffic flow in n time steps and
y_i€{y_1,y_2..y_m }is a set of traffic flow data for the subsequent m time steps. Then we train a model M:x_i=> [¢] _i
to obtain a satisfactory prediction of labels [¢] _ithat are close to y_i. Normally, the time interval between adjacent
traffic flow can be determined according to the real scenario; we set it to 30 minutes in this study. The prediction model
of the AdaRNN requires consideration of the difference between the prediction and actual values, which is termed the
prediction loss. Different from traditional prediction models, the AdaRNN accounts for the variance in the data
distribution and categorizes the data. The corresponding prediction loss is the average value of the prediction losses on
all subdomains, denoted as L_pred, which is calculated as shown below: L_pred (8)=1/K 5_(j=1)AK: :1/N_j 5_(i=1)A(N_j):

[I(y_inj,M(x_i*j;8))]  (2) where K is the number of segments in the time series data. In this case, K=2, as we have
defined D_w and D_h. N_j is the length of a time series data segment, 0 are trainable parameters in the neural network,
and I(,) is the mean square error (MSE) loss function. Accordingly, we denote the prediction loss and TDM loss as module
losses of the AdaRNN in our study, defined as L_AdaRNN. The loss of the AdaRNN algorithm can be calculated as follows:
L_AdaRNN (8,a)=L_pred (8)+L_TDM (D_w,D_h;6,a) (3) DCORAL represents the variance between different datasets in the
prediction model. The domain adaptation between two types of data is realized by continuously reducing the gap
between the source and target domains during training, enabling the prediction model to realize the prediction task for
the target domain using less data. In AdaRNN-DCORAL, the DCORAL loss is denoted as L_DCORAL and is defined as
follows: L_DCORAL=1/(4d"2 ) ||C_S-C_T||_F*2 (5) where d denotes the dimension of the RNN output, and C_S and C_T are
the RNN output data covariances from the source and target domains, respectively. ||-|_F*2 denotes the squared matrix
Frobenius norm. Then, we define the different losses of the model, including L_AdaRNN and L_DCORAL. Therefore, the
final loss of the AdaRNN-DCORAL is calculated via Eq. (6). L(B,a)=L_AdaRNN+ [AL] _DCORAL (6) where X is a weighting
parameter. Subsequently, the proposed model was utilized to predict the passenger flow on the test data. Meanwhile, to
determine the value of the weighting parameter A, we first test the impact of different values of A on model training
results across different transfer prediction tasks. The results are shown in Table 1.

Figure 1. Transfer prediction performance of AdaRNN-DCORAL under different values of A From the results in the table, it
can be observed that the model’s prediction performance improves as the value of A increases. However, when the value
of A exceeds 1, the proportion of transfer loss becomes excessively high, leading to a decline in training performance. We
compare the average training performance of models for different A values across multiple transfer tasks, as shown in
Figure 5. It is evident that the model performs best when A is set to 1.

Figure 2. MAEs and RMSEs for prediction tasks for various window sizes The test data are used to evaluate the prediction
accuracy of the different models after training. Then, we calculate the corresponding evaluation metrics. In all types of
transfer prediction tasks, the errors of the prediction values and real values of AdaRNN-DCORAL are lower than those of
the comparison models. This implies that AdaRNN-DCORAL performs better than the comparison models in prediction
tasks with insufficient data and nonstationary data distributions. Fig. 7 illustrates the variation in the prediction effect of
diverse models under different window sizes. The prediction results of the comparison deep learning models change
significantly when the time window changes. In contrast, the AdaRNN-DCORAL model has more stable prediction results,
which means AdaRNN-DCORAL exhibits superior stability in terms of prediction performance even when the time window
varies. This study proposes a novel transfer learning model for passenger flow prediction in the temporal dimension was
proposed for a public transit system with insufficient and nonstationary data. The AdaRNN-DCORAL model incorporates
an adaptive RNN model and the DCORAL algorithm. The AdaRNN is utilized to realize the adaptive prediction of
nonstationary passenger flow, and DCORAL is used to continuously reduce the gap between two datasets to achieve
domain adaptation between the source and target domains in the public transit system.

[5147] Analyzing and Classifying Time-Series Trends of Medals

Minfei Liang (Boston University Metropolitan College), Yu Gao (Boston University Metropolitan College) and Eugene
Pinsky (Boston University Metropolitan College).

Since the 19th century, the development of metallurgical technology has been influenced by a variety of factors, such as
materials, casting technology, and the political policies and economic development of different countries. This paper aims
to analyze the time-series evolution trend of medal issues in different countries and explore their historical and
commemorative significance. Taking the characteristics of medal production places, types, compositions, diameters,
weights, shapes, compositions and thicknesses between 1800 and 2025 as indicators, data analysis methods such as time
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series, hierarchical cluster analysis (HCA), logistic regression, and random forests are used to study the process of medal
development and influencing factors in the past 225 years. The results show that compared with the pre-World War Il
period, the weight and diameter of all medals of major countries changed significantly in different periods. Before and
after World War I, there was a shift from traditional materials to cost-effective and convenient alternatives.

[5192] Finite-Element and Experimental Analysis of a Slot line Antenna for NV Quantum Sensing

Dennis Stiegekotter (FH Miinster), Jonas Homrighausen (FH Miinster), Ann-Sophie Bllter (FH Miinster), Ludwig
Horsthemke (FH Miinster), Frederik Hoffmann (FH Miinster), Jens Pogorzelski (FH Miinster), Peter Glosekotter (FH
Miinster) and Markus Gregor (FH Miinster).

Nitrogen-vacancy (NV) diamonds are attractive candidates for quantum sensors that are stable at room temperature. The
technology is shifting from research to application, and efficient resource utilization is required for the miniaturization. In
this work, the focus lies on the microwave needed to manipulate the electron spin states of the NV center. For this
purpose, the short-circuited end of a slot line is analyzed with respect to the amplitude and the homogeneity of the
alternating magnetic field of the microwave using the finite element method (FEM). A microstrip to slot line mode
converter was constructed with a -10~dB bandwidth of 3.2~GHz. With an NV microdiamond on a glass fiber, the end of
the slot line is measured spatially in x, y, and z direction using the Rabi oscillation of one of the magnetic resonances. The
measured Rabi frequency is greater than 1.5~MHz over the entire slot.

[5204] Efficiency Analysis of Academic Institutions in Israel: A Data Envelopment Analysis
Method

Gabriel David Pinto (Azrieli - College of Engineering Jerusalem), Yehonatan Levy (Azrieli - College of Engineering
Jerusalem) and Shiri Ben Eliyahu (Azrieli - College of Engineering Jerusalem).

This study investigates the efficiency of academic institutions in Israel using Data Envelopment Analysis (DEA), a non-
parametric method applied to seven universities and nine engineering colleges. DEA evaluates how institutions convert
resources, research expenditure, staff salaries, and marketing efforts—into outputs such as graduates, research, and
institutional income. Utilizing both Constant Returns to Scale (CRS) and Variable Returns to Scale (VRS) models, the study
analyzes performance and identifies Decision-Making Units (DMUs) that are either efficient or require improvement.
Spanning data from 2014 to 2021, the analysis captures trends and shifts in efficiency over time, revealing varying levels
of efficiency across institutions. While some demonstrated significant improvements, others experienced declines
influenced by factors such as research investments, marketing strategies, and alumni engagement. External events, like
Operation Guardian of the Walls, further impacted performance, highlighting the role of external influences on efficiency
outcomes. This research emphasizes the importance of systematic and multi-criteria evaluations in higher education to
optimize resources, improve decision-making, and advance strategic planning. It also suggests incorporating additional
parameters, such as physical area, and conducting qualitative analyses to better understand the drivers of efficiency
variations, ultimately supporting policymakers, academic administrators, and researchers in refining institutional
performance and fostering long-term sustainability.

[5261] Comparative Analysis of Traditional and Deep Learning Methods for Global Horizontal
Irradiance Forecasting in Diverse U.S. Climates

[lhaam Omar (Khalifa University), Maryam Tariq (Khalifa University), Gharisa Almehairi (Khalifa University) and
Maher Maalouf (Khalifa University).

Accurate forecasting of Global Horizontal Irradiance (GHI) is essential for optimizing the integration and management of
solar energy resources within electrical grids. With growing reliance on solar power, particularly in the context of
sustainable energy transitions, precise short-term forecasting has become increasingly critical to grid stability, energy
efficiency, and operational planning. This study comprehensively evaluates several prominent forecasting methodologies
to ascertain their suitability under varying climatic conditions, providing a structured basis for selecting appropriate
models aligned with specific geographic and meteorological contexts. Specifically, this research examines classical time
series approaches, including Holt-Winters exponential smoothing and Seasonal Autoregressive Integrated Moving
Average (SARIMA), alongside more advanced multivariate regression frameworks such as SARIMA with exogenous
regressors (SARIMAX). Furthermore, state-of-the-art deep learning techniques, notably Long Short-Term Memory (LSTM),
Convolutional Neural Networks (CNN), hybrid CNN-LSTM architectures, and Temporal Fusion Transformers (TFT), are
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rigorously analyzed. The evaluation employs a systematic approach, utilizing real-world observational data from 2021,
spanning three climatically diverse locations in the United States: Rochester, NY (temperate with significant variability),
Seattle, WA (highly variable maritime climate), and Tucson, AZ (arid with consistent solar irradiance). To ensure
methodological rigor, forecasting accuracy is assessed through a rolling-window validation technique. This approach
involves iterative training and evaluation cycles with seven-day training periods, each generating precise 24-hour-ahead
forecasts, thus effectively emulating realistic operational forecasting scenarios. Results indicate substantial variations in
forecasting performance, strongly correlated with the local climatic and meteorological characteristics of each location.
Notably, univariate models such as SARIMA exhibited superior accuracy in regions characterized by stable atmospheric
conditions and predictable irradiance patterns. In Tucson, for example, SARIMA demonstrated impressive forecasting
performance, achieving a Mean Absolute Error (MAE) as low as 9.14 W/m?2. This highlights the efficacy and efficiency of
classical models in stable and predictable climates. Conversely, in locations exhibiting pronounced climatic variability,
such as Seattle, the accuracy of classical forecasting models significantly deteriorated, with Holt-Winters recording a
notably high Root Mean Square Error (RMSE) of 1,797.69 W/m?. Such pronounced variability underscores the limitations
of traditional methods when faced with complex meteorological dynamics, highlighting a critical need for methodologies
capable of integrating additional explanatory variables to enhance predictive performance. Multivariate regression
models (SARIMAX), enhanced by external meteorological predictors selected via Lasso regression, consistently
demonstrated robust forecasting performance under varying climatic conditions. Particularly in Rochester, SARIMAX
achieved an MAE of 26.77 W/m?, illustrating substantial improvement through the incorporation of external weather-
related variables. The inclusion of these variables, such as temperature, humidity, cloud cover, and wind speed, allows
SARIMAX to adaptively respond to dynamic climatic influences, making it suitable for regions prone to meteorological
fluctuations. The evaluation of advanced deep learning methodologies provided significant insights into their superior
capability in handling complex nonlinear temporal dependencies inherent in solar irradiance data. The hybrid CNN-LSTM
architecture emerged as particularly effective, consistently reporting the lowest Mean Absolute Scaled Errors (MASE)
ranging from 1.13 to 1.49 across the evaluated locations. Furthermore, the Temporal Fusion Transformer (TFT)
demonstrated noteworthy proficiency in capturing intricate temporal dynamics and interactions among diverse input
variables, further reinforcing its applicability for regions characterized by unpredictable weather patterns. This
comprehensive comparative analysis emphasizes the critical importance of aligning forecasting method selection with
regional climatic characteristics, demonstrating a clear trade-off between methodological complexity and operational
forecasting accuracy. The study unequivocally suggests that for locations with high meteorological variability, advanced
methodologies such as SARIMAX and deep learning models, particularly CNN-LSTM and TFT, offer significant predictive
advantages. Conversely, simpler approaches like SARIMA remain highly effective and resource-efficient for locations with
relatively stable climatic conditions. In conclusion, this research provides valuable practical guidance toward the
systematic selection of solar forecasting methodologies, considering local climatic contexts. The study's findings serve not
only to enhance forecasting accuracy and grid reliability but also contribute strategically to the broader discourse on
sustainable energy management, renewable integration, and climate-resilient power systems. Future research directions
include further exploration of adaptive model hybridization techniques and expanded validation across additional
climatic zones to consolidate these preliminary recommendations.

[5293] Leveraging Exogenous Regressors in Demand Forecasting

S M Ahasanul Karim (Research Student), Bahram Zarrin (PostDoc Researcher, Senior Software Engineer, Microsoft)
and Niels Buss Lassen (PostDoc Researcher, External Lecturer, Copenhagen Business School).

Demand forecasting is different from traditional forecasting because it is a process of forecasting multiple time series
collectively. It is challenging to implement models that can generalize and perform well with forecasting many time series
altogether based on accuracy and scalability. Moreover, there can be external influences like holidays, disasters,
promotions, etc. creating drifts and structural breaks, making accurate demand forecasting a challenge. Again, these
external features used for multivariate forecasting often worsens the prediction accuracy because of having more
unknowns into the forecasting process. This paper attempts to explore effective ways of leveraging the exogenous
regressors to surpass the accuracy of univariate approach by creating synthetic scenarios to understand the model and
regressors performances. The paper finds that the forecastability of the correlated external features plays a big role in
determining if it would improve or worsen accuracy for models like ARIMA, yet even 100\% accurately forecasted extra
regressors sometimes fail to surpass their univariate predictive accuracy. The findings are replicated in cases like
forecasting weekly docked bike demand per station each hour where the multivariate approach outperformed the
univariate by forecasting the regressors with Bi-LSTM and using predicted values for forecasting the target demand with
ARIMA
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[5534] Informational efficiency and rational bubbles
Omid Ardakani (Georgia Southern University).

This paper develops an approach for reevaluating informational efficiency and financial bubbles by integrating
information-theoretic measures with econometric testing. | introduce a generalized entropy model, establish its
properties, and illustrate its application in financial markets, particularly its adaptability in handling risk aversion and
encapsulating distributional characteristics. The empirical analysis employs approximate and sample entropy to capture
the information content of financial time series with explosive roots. This framework, combined with conventional
econometric tests, improves the identification of rational bubbles by quantifying uncertainty and nonlinearity in data.
Empirical evidence from the housing market suggests a decline in entropy during bubble phases. | also examine the
impact of monetary policy shifts on housing bubbles and demonstrate how alterations in policy instruments can modify
the entropy of housing prices in reaction to external shocks. The price-rent ratio's response to yield spread shocks
indicates that housing bubbles are prone to collapse as the yield spread widens, with effects that gradually taper off.

[5558] Comparative Analysis of Methods for the Unsupervised Classification of Ground
Deformation Time Series

Jhonatan Rivera Rivera (Geological Survey of Spain (CN IGME-CSIC), Rios Rosas 23, 28003 Madrid, Spain), Héctor
Aguilera (Geological Survey of Spain (CN IGME-CSIC), Rios Rosas 23, 28003 Madrid, Spain), Marta Béjar-Pizarro
(Geological Survey of Spain (CN IGME-CSIC), Rios Rosas 23, 28003 Madrid, Spain), Carolina Guardiola-Albert
(Geological Survey of Spain (CN IGME-CSIC), Rios Rosas 23, 28003 Madrid, Spain), Pablo Ezquerro (Pyrenean Institute of
Ecology (IPE-CSIC), Av. Montafiana 1005, 50059 Zaragoza, Spain), Riccardo Palama (Geomatics Research Unit, Centre
Tecnolégic de Telecomunicacions de Catalunya (CTTC/CERCA), Castelldefels, Spain), Oriol Monserrat (Geomatics
Research Unit, Centre Tecnoldgic de Telecomunicacions de Catalunya (CTTC/CERCA), Castelldefels, Spain) and Alejandra
Staller (ETSI Topografia, Geodesia y Cartografia, Universidad Politécnica de Madrid (UPM), 28031 Madrid).

One of the most relevant products of Synthetic Aperture Radar Interferometry (InSAR) is Deformation Time Series (DTS).
Its analysis allows the identification, characterization, and monitoring of ground deformation caused by both natural
processes (e.g., landslides or earthquakes) and anthropogenic activities (e.g., mining settlements or subsidence due to
groundwater extraction). However, InSAR databases are often voluminous, requiring semi-automatic clustering or
classification methods to reduce computational costs and facilitate result interpretation.

In this study, we propose an unsupervised classification methodology consisting of two steps: (1) detection of stable and
unstable time series, considering the satellite's minimum detectable velocity (instrumental uncertainty), and (2)
identification and characterization of deformation patterns, using K-means and K-shape clustering algorithms for
different distance metrics. Additionally, we compare the performance of our approach with two recent methods that
combine dimensionality reduction techniques (PCA and UMAP) and clustering (K-means and HDBSCAN). For this
evaluation, we collected thousands of DTS from the European Ground Motion Service (EGMS) in different regions of Italy
and Spain, focusing on the diversity of geological processes and, consequently, the heterogeneity of the DTS.

Finally, we discuss the advantages and disadvantages of each InSAR classification method in terms of computational
efficiency, clustering/classification coherence, and result interpretability. This work has been developed thanks to the
pre-doctoral grant for the training of research personnel (PRE2021-100044) funded by
MCIN/AEI/10.13039/501100011033 and "FSE invests in your future" within the framework of the SARAI project "Towards
a smart exploitation of land displacement data for the prevention and mitigation of geological-geotechnical risks"
PID2020-116540RB-C22, funded by MCIN/AEI/10.13039/501100011033.

(5587]) Asymmetric Tail Dependence Between BWP/ZAR and ZAR/BWP: An Application of
Multivariate Markov-switching Score-Driven Model nested with Copulas
Katleho Makatjane (University of Botswana), Ntebogang Moroke (Department of Statistics and Operations Research,
North West University) and Claris Shoko (Department of Statistics, University of Botswana).

This study proposes a dependence-switching t-quasi vector autoregressive (VAR) copula model with common seasonal
trends to examine asymmetric tail depen- dence for two different currency statuses, namely, an appreciating currency
and a depreciating currency. The model is estimated using Botswana pula/South African rand (BWP/ZAR) and South

African rand/ Botswana pula (ZAR/BWP) from January 02, 2006 to November 13, 2024. The application of this model is
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quite complicated since it requires specifications not only on how the usual Bayesian parameters change over time but
also those with bulk distribution components. The estimated Autoregressive score dynamic allowed the copula
parameters to promptly react to important systemic and time-varying indicators. For two currencies, it has been
discovered that the dependence and tail depen- dence among the aforementioned two market statuses are asymmetric
for both currencies in a negative correlation regime, but are symmetric in a positive corre- lation regime. These findings
add to those found in previous literature and imply that a time-invariant copula framework may not be the best one to
use when examining cross-market linkages.

[5613] Contrastive Pre-training for Spatial-to-Temporal Learning in Decomposed Parking
Pattern Modeling
Hanyu Sun (The Hong Kong Polytechnic University) and Wei Ma (The Hong Kong Polytechnic University).

Addressing the challenge of accessing time-varying information from unmonitored urban spaces is crucial for improving
urban mobility. By analyzing recurrent mobility patterns in garage vacancy data over time across multiple cities, we
create a foundational model for understanding the parking conditions in unmonitored areas. Our method decomposes
complex time series into globally principal frequency patterns, which resemble spatially stationary contextual features
like Points of Interest (POls) and geographic data. We then apply self-supervised contrastive pre-training (CPT) models to
identify similar patterns using only spatial context. A subsequent inverse operation models unmonitored measurements
effectively, while a supervised reconstruction model refines accuracy. Testing in Hong Kong and Malaya shows a
significant performance improvement, with reductions of up to 27.1\% in MAE and 19.1\% in RMSE compared to state-of-
the-art approaches. This work offers an efficient, interpretable solution for estimating real-time time series without using
history information and solves the access of parking vacancy in unmonitored garages, enhancing urban mobility
management.

[5631] Time Series Prediction based on Causal Discovery

Julio Mufioz-Benitez (Instituto Nacional de Astrofisica Optica y Electrénica) and Luis Enrique Sucar (INAOE).

Prediction based on causal models has the advantage that the relevant variables that affect the variable of interest can
be identified, providing in principle better results than using traditional statistical (associative) models. Based on
observational data, causal discovery algorithms aim to identify causal relationships between the variables of interest.
Several causal discovery algorithms have been developed with promising results, including causal discovery form time
series data. However, causal interactions may occur at a time scale faster than the measurement frequency, resulting in a
subsampled time series, which may produce significant errors during time series analyzes and thus in the recovered
causal model, and this could have a significant impact on the predictions.

In this work, we propose an approach based on imputing missing data using adversarial neural networks to recover the
true causal structure of a subsampled time series. The trained model is fed with the subsampled time series in order to
generate data that behaves similarly to the original one, so that the original causal structure can be recovered. The
completed data series is then fed to a causal discovery algorithm; and the resulting structure is used to perform
predictions on the time series, based on causal relations between variables.

We illustrate the method using a synthetic time series with a known causal structure as our ground truth; this helps to
evaluate and compare the recovered causal structure. Our experiments on synthetic time series show that the predicted
data using the causal model based on the completed data is close to the original data. Comparing the predictions with
those with the causal model learned from the subsampled data, we observe a reduction of an order of magnitude (10
times) of the Mean Squared Error. This reflects the importance of knowing the causal interactions to make predictions
based on the most relevant variables. Then we demonstrate the application of the proposed method on a real world
scenario related to energy markets, to predict the daily energy demand and electricity price.

[5655] New evidence on the impact of implicit trading costs on asset prices in the Russian stock
market
Tamara Teplova (HSE University) and Sergei Gurov (HSE University).

We perform a comprehensive study of different illiquidity effects in the relatively illiquid Russian stock market. Over the
period 2010-2020, we apply cross-sectional and time-series regressions using two low-frequency illiquidity proxies: the
Amihud ratio and the invariance-implied ratio. The evidence suggests that implicit trading costs influence only the returns
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of small-capitalization stocks or low size double-sorted portfolios. The Amihud ratio overestimates the illiquidity premium
for small-cap stocks as predicted by the invariance theory. However, we find that the effect is economically and
statistically significant only in the time-series.

[5711] Forecasting Commodity Market Trends Using Machine Learning Techniques
Anas Hourani (Fort Hays State University).

This research focuses on developing an Al-driven approach for forecasting commodity market trends using machine
learning techniques. Commodity markets are influenced by a wide range of dynamic and interconnected factors,
including global supply and demand, weather conditions, geopolitical events, and economic policies. Traditional
forecasting methods often struggle to capture these complexities, resulting in inaccurate predictions and increased
uncertainty for stakeholders such as traders, investors, and policymakers. By leveraging advanced machine learning
algorithms, this study aims to enhance the accuracy and reliability of market trend predictions, providing valuable
insights for better decision-making, risk management, and financial planning. The proposed model incorporates diverse
datasets, applies data preprocessing techniques to improve quality, and evaluates multiple machine learning algorithms
to determine the most effective approach for forecasting price fluctuations and market trends. The findings of this
research have the potential to significantly improve strategic planning in commodity trading, reduce financial risks, and
contribute to a more stable and efficient marketplace.

[5801] Evaluating CO, Forecasting Models in Diverse Indoor Environments: Influence of
Application Context

Peio Garcia Pinilla (Department of Statistics, Computer Science and Mathematics, Public University of Navarre),
Aranzazu Jurio Munarriz (Department of Statistics, Computer Science and Mathematics, Public University of Navarre)
and Daniel Paternain Dallo (Department of Statistics, Computer Science and Mathematics, Public University of
Navarre).

Indoor Air Quality (IAQ) has gained significant attention in recent years due to its critical impact on health and well-being
in enclosed environments. Among the prima-ry parameters for IAQ, CO, levels serve as a key indicator of ventilation
efficiency and air renewal indoors. To effectively enhance IAQ, it is essential to develop data-driven solutions that
optimize ventilation management without requiring substantial structural changes. In this context, forecasting stands out
as one of the most useful techniques for improving IAQ. In previous studies [1], CO, measurements were collected in
school classrooms us-ing loT devices, and various forecasting models were evaluated to determine the most effective
approach for this specific setting. However, it remains necessary to analyze whether these models retain their predictive
accuracy in environments with different temporal characteristics, in order to validate their generalizability across diverse
con-texts. This study investigates the generalization capability of CO, forecasting models across distinct indoor
environments and assesses whether the methodologies that previously demonstrated superior performance remain
effective under varying occu-pancy patterns and corresponding CO, concentration levels. Since different indoor spaces
vary in size, ventilation systems, and air circulation dynamics, the study also examines whether models that excelled in
classroom settings maintain comparable accuracy in other contexts. To this end, models are trained and validated
independent-ly for each environment, evaluating the reproducibility of previous findings and ana-lyzing the stability of
temporal patterns across different indoor spaces. To conduct this analysis, 10T devices (provided by Inbiot Monitoring [2])
were de-ployed in a variety of locations, including hospitals, metro stations, and markets in Barcelona (Spain); hospitals
and nursing homes in Rotterdam (Netherlands); student residences and dining halls in Grimstad (Norway); worker dining
areas and reading rooms in Baden-Wirttemberg (Germany); and offices in Pamplona (Spain). IAQ data was collected
across all these environments within the same timeframe, with meas-urements taken at 10-minute intervals from March
to December 2024, allowing for a comparative analysis under homogeneous conditions. This study utilizes data collected
within the framework of the European project K-HEALTHInAIR (Knowledge for improving indoor AIR quality and HEALTH),
which assesses the impact of IAQ on health through extensive pollutant monitoring across Europe. The project involves
16 partners from 8 countries, including research centers, universities, hospitals, and industry stakeholders [3]. The results
of this research provide valuable insights into the stability of CO, tem-poral patterns across different indoor
environments and the adaptability of forecasting models to diverse contexts. This analysis contributes to the optimization
of IAQ monitoring and control strategies, enabling the implementation of time series-based solutions tailored to the
specific characteristics of each type of space.
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(5803] Nonlinear effects of climate change on electricity consumption: Regional evidence from
Mexico

Vicente German-Soto (Universidad Autonoma de Coahuila) and Alonso Hernandez Blanco (Universidad Autonoma
de Coahuila).

This paper examines the nonlinear relationship between climate change and electricity demand. While extreme
temperatures initially intensify electricity consumption, consumption tends to decrease when temperatures normalize,
creating a nonlinear pattern. We test this hypothesis using Autoregressive Distributed Lags (ARDL) regression techniques
incorporating autoregressive and quadratic terms to capture both short- and long-term temperature effects. This
methodology effectively handles mixed stationary and non-stationary time series data. Our empirical analysis focuses on
Mexico and its regions using monthly data from 2002-2019. Results confirm the nonlinear relationship between extreme
weather and electricity consumption in the national data and two-thirds of Mexican regions. We measure the sensitivity
of electricity consumption to extreme temperature changes and estimate threshold values beyond which both cold and
hot temperatures accelerate electricity demand. Findings reveal significant increases in electricity demand when national
average temperatures fall below 11.6°C or rise above 30.6°C, with threshold values varying across regions based on local
climatic conditions. We conclude that effective regional energy policy must incorporate climate impact considerations
when planning electricity supply, as this relationship significantly affects economic growth potential.

[5812] Forecasting the Impact of Irregular Migration on the External Borders of the European
Union by Using Time-Series Models

[liuta Cumpanasu (West University Timisoara).

Forecasting the Impact of Irregular Migration on the External Borders of the European Union by Using Time-Series
Models

Over recent years, the irregular migration has experienced a significant increase worldwide. The U.N.'s refugee agency
reports that the number of displaced people is at its highest ever.

This reality has caught the attention of the practitioners responsible with how to deal with this phenomenon, of non-
governmental organization representatives, international agencies, and scientists.

The proposed study brings about a major contribution to Academia by providing a fresh viewpoint and research approach
regarding the estimation of the shocks that the irregular migration generates on welfare and public expenditures as well
as on border security in the Balkans, its findings being able to capture an area which has not yet benefitted from a
comprehensive approach in the scientific community.

Furthermore, this is the first research that investigates the most recent international migration phenomenon in the
Covid-19 Pandemic crisis or similar lockdowns and the impact on border management and public expenditures, by using
the mediation of secondary drivers.

Moreover, as a novelty, the study offers an already tested, innovative and ambitious model for estimating of public
expenditure due to irregular migration, by using time series of migration and border management variables. For testing
of the research hypothesis, an auto-regressive, econometric model (Vector autoregression - VAR) was used.

The model’s contribution to trustworthy estimate bi-directional interaction between migration variables is of particular
importance both for drafting effective border security strategies but also for timely directing the budget dedicated to
migration management. Additionally, we consider this model as an important advancement in the field since it can be
successfully used in other regions or areas of research, both by Academia and practitioners, based on the large
generalisability, external validity, and transferability of the study.

If there are any questions, feel free to contact us.

Yours sincerely, lliuta Cumpanasu PhD student at West University Timisoara, Faculty of Economics Police Chief
Commissionaire, Analyst, Frontex Agency, Intelligence Division Expert in Migration Management and Border Security
Mobile: +40746120479

[5818] Optimization and Forecasting of the Temporal Evolution in the Heat Equation Using
Krylov Methods, Preconditioning, and Parallel Processing

Luis Fernando Alvarez Velasquez (N/A).
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The heat equation is a classical tool for modeling diffusion processes, in which the temporal evolution of temperature is
recorded as time series. The numerical solution of this equation—especially in high-resolution problems or over extended
domains—yields large-scale linear systems that require computationally efficient solutions. Furthermore, the ability to
perform forecasting (i.e., to predict the future evolution of temperature) is essential in analysis and control applications.
This proposal presents an integrated solution that optimizes both the numerical solution and the forecasting of the
temporal evolution in the heat equation by means of: ¢ Advanced preconditioning: improves the matrix structure and
accelerates the convergence of iterative methods. ¢ Krylov methods (e.g., conjugate gradient, GMRES, BiCGSTAB): enable
the efficient iterative solution of large, sparse linear systems. ¢ Parallel processing: distributes the computational
workload across multicore environments or clusters, significantly reducing execution time. Experimental results obtained
from time series derived from heat equation simulations will be presented, focusing on the analysis of temporal evolution
and the prediction of future states. Additionally, a brief performance comparison with traditional methods will be
provided.

[5938] Optimizing Portfolio Selection with Fuzzy Logic: Insights from Investment Monthly
Recommendations

Anna tyczkowska-Hanckowiak (WSB MERITO University in Poznan) and Aleksandra Wéjcicka-Wéjtowicz (Poznan
University of Economics and Business).

Short abstract. Investors usually leverage their individual knowledge, experi-ence and intuition as they navigate the
complexities of stock investment market. Investment recommendations, often communicated through natural language
labels such as "buy", "sell", or "hold", provide investors with a broader perspec-tive. Beyond the subjective personal
judgment, the opinions of experts bring an element of objectivity to the decision-making process. The paper proposes the
case study comparing a month-long consecutive reccommendations (approx. 20-22 stock market days) established by the
procedure basing on fuzzy approach (with the use of trapezoidal oriented fuzzy numbers) with those issued by experts.

The analysis covers chosen companies included in WIG20 (main index on Warsaw Stock Exchange).

[5970] Beyond the Hodrick Prescott Filter: Wavelets and US-Mexico Trade Dynamics

J. Gerardo Covarrubias (National Autonomous of Mexico University) and Xuedong Liu (National Autonomous of
Mexico University).

This study outlines the methodology employed to model the relationship among a set of dichotomous variables on a
nominal scale, which represent attributes. The objective is to elucidate their influence on a quantitative dependent
variable measured on a ratio scale. This approach allows for the quantification of the impact of these attributes and their
significance in shaping the behavior of the entity possessing them. The resolution method employed for estimation is
ordinary least squares. How-ever, it is crucial to note that interpreting the estimators in the resulting model requires a
nuanced perspective, distinguishing it from the conventional interpre-tation of slope or rate of change in a classic model.
To clarify, these estimators align with the average behavior of the dependent variable concerning binary characteristics,
and the outcomes are in harmony with the analysis of variance.

[6160] Sentiment Analysis with Hybrid Deep Learning Models: A New Era in Text Classification

Mohammad Asadpour (Faculty of Electrical and Computer Engineering, University of Tabriz, Tabriz,East Azarbaijan,
Iran) and Reza Latifi Ardahaei (Faculty of Electrical and Computer Engineering, University of Tabriz, Tabriz,East
Azarbaijan, Iran).

Sentiment analysis involves identifying the emotional tone of text (positive, neutral, or negative) and is widely used on
social media to understand user opinions. Recently, deep neural network(DNN) models are being applied to sentiment
analysis tasks to obtain promising results. Among various neural architectures applied for sentiment analysis, long short-
term memory (LSTM) models and its variants, such as gated recurrent unit (GRU), have attracted increasing attention. In
this work, we propose hybrid models, including CNN-LSTM, CNN-BiLSTM, and CNN-GRU, to improve accuracy and reduce
overfitting. This study introduces hybrid models, CNN-LSTM, CNN-BiLSTM, and CNN-GRU, that combine CNN for feature
extraction and dimensionality reduction with LSTM or GRU for capturing long-term dependencies. Experimental results
demonstrate that our hybrid models outperform the state-of-the-art models in terms of accuracy and complexity.
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[6180] Emergent Behavior and Computational Capabilities in Nonlinear Systems: Advancing
Applications in Time Series Forecasting and Predictive Modeling

Karel Garcia Medina (Friedrich-Alexander-Universitit Erlangen-Niirnberg (FAU)), Ernesto Estévez Rams (University of
Havana (UH)), Daniel Estévez Moya (Max-Planck-Institut fiir Physik komplexer Systeme) and Reinhard B. Neder
(Friedrich-Alexander-Universitat Erlangen-Nirnberg).

Natural dynamical systems can often display various long-term behaviours, ranging from entirely predictable decaying
states to unpredictable, chaotic regimes or, more interestingly, highly correlated and intricate states featuring emergent
phenomena. That, of course, imposes a level of generality on the models we use to study them. Among those models,
coupled oscillators and cellular automata (CA) present a unique opportunity to advance the understanding of complex
temporal behaviours because of their conceptual simplicity but very rich dynamics.

In this study, we explore the behaviour of Adler-type oscillators under different types of coupling using a combination of
analytical and numerical approaches. We thoroughly studied the long-term dynamics of the system, identifying several
distinct dynamic regimes, ranging from periodic to chaotic and complex. Furthermore, sufficient conditions for specific
behaviours, like global phase synchronization, were found. The interplay between local and global effective interactions
was also studied to gain insight into emergent global behaviour in locally - interacting systems. This was done through in-
house figures of merit combined with classical measures of coupled oscillators theory.

The systems were analyzed both qualitatively and quantitatively, allowing for the detection of very similar patterns
between CA, which are computationally capable systems, and coupled oscillators for some specific rules and regimes,
respectively. This further reinforces the argument around computational capabilities in dynamical systems, as quantified
by information transmission, storage, and generation measures. Borrowing such measures from Information Theory, we
evaluated the computational capabilities of the models and potentially verified the "edge of chaos" hypothesis in the
context of coupled nonlinear oscillators.

The "edge of chaos" hypothesis refers to the verified tendency of nonlinear systems to display enhanced computational
capabilities in the vicinity of chaotic regimes or the transition to them. Some authors have even argued that the brain and
life itself operate under such a regime where long - range correlations enable optimal information handling in the
systems. The possibility of designing a general framework that, independent of the dynamical system, allows us to
identify their closeness to such states becomes naturally appealing if we consider exploiting this non-anthropocentric
computational power for actual computational tasks.

Neural Network architectures like Echo State Networks ( ESN ) or any other instance of Reservoir Computing are
especially compelling candidates for integrating dynamical systems in the computational workflow, since one could argue
that the entire computational power of the network is limited to the reservoir. The training only changes the way we
embed and read information from it. With that in mind, any system with computational capabilities could thus act as a
reservoir, provided echo state properties are met. If, to top things off, one can guide the dynamical regime of such a
reservoir to be computationally optimal, the performance of the entire network architecture could greatly benefit.

In summary, this study advances the understanding of emergent behaviour in nonlinear systems. It paves the way for a
general framework that leverages the features of dynamical systems to optimize their combination with computationally
capable systems.

[6279] Survey on forecasting for electric vehicle charging-power demand

Wen Yang (LTCI, Télécom Paris, Institut Polytechnique de Paris), Ignacio Laurenty (LTCI,Télécom Paris, Institut
Polytechnique de Paris), Mathieu Fontaine (LTCI, Télécom Paris, Institut Polytechnique de Paris) and Florence
D'Alché-Buc (LTCI, Télécom Paris, Institut Polytechnique de Paris).

Do not wish to publish.

[6332] A Rapid, Fully Automated Denoising Method for Time Series Utilizing Wavelet Theory

Livio Fenga (University of Exeter).

A wavelet-based noise reduction method for time series is proposed. Traditional denoising techniques often use a trial-

and-error approach, which can be inefficient and may lead to suboptimal results. In contrast, our method systematically
selects the most suitable wavelet function and its tuning parameters from a predefined set to ensure optimal denoising.
The resulting denoised series maximizes a suitable objective function based on information-theoretic divergence. This is
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particularly important for economic time series, which often exhibit non-linear dynamics, erratic patterns, and are
susceptible to measurement errors and external influences. The method's performance is evaluated using time series
data from the Business Confidence Climate Survey, publicly available online from the Italian National Institute of
Statistics. Our empirical analysis demonstrates that the method provides robust filtering, effectively separating
informative signals from noise and removing uninformative components. This improves data clarity and enhances the
reliability of subsequent analyses, such as forecasting.

[6344] Analysis of Forecasting Bias and the Impact of Air Pollution: Evidence from Indian
Financial Analysts
Sreenu Nenavath (MANIT Bhopal).

This study investigates the impact of air pollution on financial analysts’ earnings forecasts following company site visits in
India. It leverages data from publicly disclosed site visit reports of listed companies on the National Stock Exchange (NSE)
and corresponding analyst reports. It focuses on forecasts issued within 15 days of visits and extends the analysis to a 30-
day window. The research explores how environmental conditions, specifically air quality, influence forecast accuracy.
The dataset integrates site visit details, earnings estimates from the CMIE Prowess database, and daily air quality indices
(AQl) provided by the Central Pollution Control Board (CPCB). Key variables such as firm size, market-to-book ratio, stock
turnover, and analyst attributes like forecast frequency, are controlled for robustness. Forecast optimism is calculated by
comparing projected and actual earnings per share (EPS), normalized by stock price. Analytical rigor is maintained
through methods like winsorization to mitigate outliers and adjustments for forecast timing. Results reveal significant
downward biases in earnings forecasts during periods of severe air pollution, especially for projections issued shortly
after site visits. The bias diminishes when multiple analysts visit simultaneously, indicating diverse perspectives mitigate
the effects. Analysts accustomed to high pollution exhibit resilience, showing reduced sensitivity to site-specific
conditions. These findings underscore the influence of environmental factors on financial forecasting, highlighting their
importance in India’s dynamic markets.

[6401] Time Series Modeling with Functional Threshold Variables
Gan Yuan (City University of Hong Kong).

We investigate the estimation of the threshold autoregressive model with functional threshold variables. The threshold
autoregressive model has had broad applications in various fields since it was introduced by Tong (1978). However, most
existing works only allow a real-valued threshold variable, which limits the potential usefulness of the model. In this
work, we extend the existing framework of threshold modeling by considering a functional threshold variable, where the
model-switching is controlled by some unknown bounded linear functional (which we refer to as the threshold
functional) of the threshold variable. In particular, we propose penalized quasi-maximum likelihood estimators for both
threshold functional and other model parameters and establish the consistency of these estimators. Furthermore, we
show that the threshold functional is super-consistent in sup-norm, with a convergence rate O_p(1/T) as the sample size
T goes to infinity. Finally, we illustrate the use of the proposed model in modeling stock prices as a real application.

[6420] Non-Linear Dependence and Granger Causality: A Vine Copula Approach

Roberto Fuentes Martinez (Scuola IMT Alti Studi Lucca - Universidad de Alicante), Irene Crimaldi (Scuola IMT Alti
Studi Lucca) and Armando Rungi (Scuola IMT Alti Studi Lucca).

Inspired by Jang et al. (2022), we propose a Granger causality-in-the-mean test for bivariate k-Markov stationary
processes based on a recently introduced class of non-linear models, i.e., vine copula models. By means of a simulation
study, we show that the proposed test improves on the statistical properties of the original test in Jang et al. (2022), and
also of other previous methods, constituting an excellent tool for testing Granger causality in the presence of non-linear
dependence structures. Finally, we apply our test to study the pairwise relationships between energy consumption, GDP
and investment in the U.S. and, notably, we find that Granger-causality runs two ways between GDP and energy
consumption.

[6438] A Risk-Based Approach to Combatting Trade-Based Money Laundering in Bangladesh:
Insights from FATF's Three-Dimensional Framework
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Md Noor Uddin Milon (National Board of Revenue (NBR)).

Trade-Based Money Laundering (TBML) remains one of the most complex and underexplored dimensions of money
laundering, especially in developing countries with growing import-export economies. Despite adherence to guidelines
set by the Financial Action Task Force (FATF), the prevalence of TBML continues to rise, necessitating a deeper
investigation into risk dynamics and mitigation strategies. This study examines why money laundering persists even after
following FATF guidelines and introduces two novel analytical tools—the Money Laundering (ML) Risk Curve and the
Cost-Risk Equilibrium Curve. The ML Risk Curve highlights the diminishing returns of risk reduction, demonstrating that
beyond a certain threshold, ML risks cannot be entirely eliminated. The Cost-Risk Equilibrium Curve identifies the optimal
point where the cost of implementing anti-money laundering measures balances the benefits of risk reduction. These
insights lead to two key propositions: (1) that money laundering risks cannot be eradicated entirely after a certain level,
and (2) that governments should focus on reaching an equilibrium point to determine further actions. Through an
analysis of FATF's risk-based approach and its applicability to the Bangladeshi context, this study also develops a
comprehensive risk matrix combining threat, vulnerability, and consequence with customer, country, and product
factors. This matrix serves as a practical framework for identifying and addressing TBML risks at a granular level. The
findings have significant implications for policymakers, offering actionable strategies to allocate resources efficiently,
mitigate risks effectively, and adopt a balanced approach to combatting TBML in resource-constrained environments.

[6485] MATS: Multi-variate Attention-based Analysis for Time Series Forecasting in Enterprise
Applications

Stefanos Antaris (Gilion AB), Mohamadhosein Andjedani (Gilion AB), Santiago Roman (Gilion AB) and Henrik
Landgren (Gilion AB).

MATS (Multi-variate Attention-based Analysis for Time Series Forecasting) is a novel framework designed to enhance
financial forecasting in enterprise applications by addressing limitations in traditional models. It integrates multi-scale
representation learning with attention mechanisms to capture complex cross-dimensional and temporal dependencies
among financial metrics, even in data-scarce scenarios. MATS demonstrated a minimum 20% improvement in forecasting
accuracy compared to state-of-the-art methods and empowers stakeholders with actionable insights to optimize
strategies like marketing and growth plans. Future extensions include real-time forecasting and anomaly detection for
dynamic financial environments.

[6799] “"Deep Learning for Binary Classification of Multivariate Time Series in Esports: A Case
Study on League of Legends"

Jacek Klimek (MORAI), Oskar Stowik (MORAI) and Jakub Klimek (MORAI).

Our work explores the applicability of Deep Learning algorithms to the problem of classification of multivariate time
series. In particular, we were concerned with the issue of classification of multivariate time series representing the record
of games played in the popular computer video game “League of Legends.” We have collected datasets consisting of
thousands of matches played at different levels, including games played by professional players of the game. The time
series corresponding to the games played by professional players were classified into one class and the time series of
other players into another class. This positions our topic as a problem of binary classification of multivariate time series.
Based on our previous research, we were able to apply Deep Learning algorithms and especially the Transformer
algorithm to solve this issue. Due to the gigantic complexity of the data describing the space of states and actions for this
game, the only option was to use data recording the state of the game in one-minute quanta. Conveniently, the game's
owner Riot Ltd. allows the download of very high quality data of all games played in “League of Legends.” The dataset
generated as part of the research is large enough to allow building models using Deep Learning algorithms. It is
qualitatively very different to publicly available, public datasets, and we will make it available as a public dataset that can
be useful for other researchers.

[6937] Spatio-Temporal PM2.5 Forecasting Using Machine Learning and Low-Cost Sensors: An
Urban Perspective

Mateusz Zareba (AGH University of Krakow), Szymon Cogiel (AGH University of Krakow) and Tomasz Danek (AGH
University of Krakow).
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This study analyzes air pollution time series big data to assess stationarity, seasonal patterns, and the performance of
machine-learning models in forecasting PM2.5 concentrations. 52 low-cost sensors (LCS) were deployed across Krakow
city and its surroundings (Poland). With hourly sampling, nearly 40,000 observations were collected over two months,
capturing both high and low spatial and temporal variability. The Kwiatkowski—Phillips—Schmidt—Shin (KPSS) test
confirmed trend-based non-stationarity, which was addressed through differencing, revealing distinct daily and 12-hour
cycles linked to traffic and temperature variations. Additive seasonal decomposition exhibited time-inconsistent
residuals, leading to the adoption of multiplicative decomposition, which better captured pollution outliers associated
with agricultural burning. Machine learning models—Ridge Regression, XGBoost, and (Long short-term memory neural
networks) LSTM—were evaluated under high spatial and temporal variability (winter) and low variability (summer)
conditions. Ridge Regression showed the best performance achieving the highest ${R}*2$ (0.97 in winter, 0.93 in
summer) and the lowest mean squared errors. XGBoost showed strong predictive capabilities but tended to overestimate
moderate pollution events, while LSTM systematically underestimated PM2.5 levels in December. The residual analysis
confirmed that Ridge Regression provided the most stable predictions, capturing extreme pollution episodes effectively,
whereas XGBoost exhibited larger outliers. The study proved the potential of low-cost sensor networks and machine
learning in urban air quality forecasting focused on rare smog episodes (RSE)

[6955] Enhancing Public Health Insights and Interpretation Through Al-Driven Time-Series
Analysis: Hierarchical Clustering, Hamming Distance, and Binary Tree Visualization of
Infectious Disease Trends

Eugene Pinsky (Boston University Metropolitan College) and Ayauzhan Arystambekova (Boston University
metropolitan College).

This study introduces an Al-driven framework to improve public health surveillance by combining hierarchical clustering
and Hamming distance metrics to analyze trends in infectious disease. Using Uzbekistan’s regional data, this approach
reveals meaningful spatio-temporal patterns, facilitating evidence-based health interventions. This framework uniquely
integrates Al with traditional epidemiological analysis, offering a dual approach that captures both static and dynamic
aspects of regional health trends. The proposed methodology quantifies disease variation over time and visualizes
regional clusters, highlighting areas for targeted healthcare improvements.

The findings highlight the potential of machine learning to interpret epidemiological data, with significant implications for
reducing regional health disparities and optimizing resource allocation. This work lays the foundation for the integration
of Al into broader public health strategies, allowing more precise and timely interventions.

[7028] Estimation of Risk Measures: Analysis of a Method

Marta Ferreira (Centro de Matematica, Universidade do Minho) and Liliana Monteiro (Departamento de Matematica,
Universidade do Minho).

Extreme value theory comprises a set of techniques for inference at the tail of distributions, where data are scarce or
non-existent. The tail index is the main parameter, depending on it risk measures such as Value-at-Risk or Expected-
Shortfall. In this work we will analyze a method for estimating the tail index through a simulation study. This will allow an
application to real data including the estimation of the mentioned risk measures.

[7041] Forecasting the success of International Joint Ventures

Aws Younes (Durham University Business School), Prof. Konstantinos Nikolopoulos (Durham University Business
School) and Prof. Michel Phan (Em Lyon Business School).

A joint venture is a business partnership where two or more companies work together on a specific project, sharing
resources and risks. Each company keeps its own identity while collaborating to achieve a common goal. Partner
selection can be defined as the process of seeking, evaluating, and finally choosing the right partner to achieve the firm’s
strategic growth objectives in a specific host country. Country Governance is defined as the traditions and institutions by
which authority in a country is exercised. There are six dimensions of governance are constructed based on this
definition; Voice and Accountability (VA), Political Stability (PV), Government Effectiveness (GE), Regulatory Quality (RQ),
Rule of Law (RL) and Control of Corruption (CC). In an increasingly globalized world, firms aiming to stay competitive in
international business must explore foreign markets and many multinational enterprises (MNEs) from developed
countries use Foreign Direct Investment (FDI) as a strategy to enter markets in developing economies, benefiting from
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local knowledge and connections. Due to external uncertainties and the challenges of operating in a foreign market,
MNEs often prefer forming International Joint Ventures (1JVs) with local partners rather than wholly-owned subsidiaries
(WOSs) to enhance the success of their international endeavours and reduce the risk of failure. This study focuses on
analysing how weak country governance influences the criteria MNEs use to select local partners and develops a
forecasting model for Forecasting the success of International Joint Ventures.

[7068] Explainability of Machine Learning algorithms for victory prediction in the Dota2 video
game

Julio Losada Rodriguez (Universidad de Granada), Pedro Castillo (University of Granada), Antonio Mora (University
of Granada) and Pablo Garcia-Sanchez (Universidad de Granada).

Video games, especially competitive ones such as \textit{Dota 2}, have gained great relevance both as entertainment and
in e-sports, where predicting the outcome of games can offer significant strategic advantages. In this context, machine
learning (ML) is presented as a useful tool for analyzing and predicting performance in these games based on data
collected before the start of the games, such as character selection. Thus, in this work, we have developed and tested ML
models, including \textit{fRandom Forest} and \textit{Gradient Boosting}, to predict the outcome of \textit{Dota 2}
matches. This study is a pioneer in incorporating explainability techniques using Shapley Additive Explanations (SHAP)
graphs, that allow us to understand which specific factors influence model predictions. Data extracted from the
OpenDota APl were preprocessed and used to train the models, evaluating them using metrics such as \textit{accuracys},
\textit{precision}, \textit{recall}, \textit{F1-score} and \textit{cross-validated accuracy}. The results indicate that
predictive models, particularly \textit{Random Forest}, can accurately predict game outcomes based only on pregame
information, but also, that the explainability of machine learning techniques can be effective for analyzing strategic
factors in competitive video games.

[7084] Proactive Backorder Anomaly Detection and Multi-Level Pattern Mining in Complex
Manufacturing Supply Chains

Pier Paolo Tarasco (Pirelli & C. S.p.A.), Fadwa Fathallah (Pirelli & C. S.p.A.), Simone Paolo Mottadelli (Pirelli & C.
S.p.A.) and Gabriele Pece (Pirelli & C. S.p.A.).

In today’s complex global manufacturing world, managing backorders effectively is vital. However, traditional methods
often fail to capture the volume and complexity of modern supply chains. This is particularly true for industries like the
tyre sector, characterized by an extensive and diverse product portfolio where individual Stock-Keeping Units (SKUs) are
defined by multiple product attributes and specific geographical market demands (reflecting regional preferences and
conditions). Manually monitoring backorder trends across thousands of SKUs defined by these attributes is inefficient and
often fails to detect subtle yet critical deviations promptly. This paper introduces an automated, data-driven system
designed to address these challenges. We present a novel, comprehensive approach for the daily identification, ranking,
and pattern mining of backorder anomalies. Our methodology involves a multi-stage process, beginning with (1) the
screening of aggregated product segments for anomalies using robust time series analysis and an Isolation Forest
algorithm [1], followed by (2) multi-level pattern mining to explain these anomalies. Instead of analyzing each SKU in
isolation, which can be computationally intensive and may hide bigger picture trends, our approach first groups SKUs
based on combinations of these key product attributes. This aggregation allows for the identification of systemic issues
and broader market dynamics that affect entire product segments, rather than just isolated fluctuations. The core
contribution lies in the integrated application of these techniques to not only detect anomalies at this aggregated
segment level but also to uncover broader, systemic patterns that may be driving them. Our system processes daily
backorder data, segmented into distinct time series based on key product attributes & country. The solution was
developed as part of the "Integrated Business Planning OR1" carried out in the Pirelli Digital Solution Center of Bari. The
approach has two main stages:

1. Granular Anomaly Detection using Isolation Forest: To identify anomalies at the product attribute combination level,
we employ an Isolation Forest algorithm (as introduced in [1]). We apply this to temporal data through specific feature
engineering features calculated over a rolling window of predefined length. These features are designed to capture key
dynamics indicative of anomalous behavior and include temporal variance, the slope of a linear regression fitted to the
backorder quantities (trend magnitude), and the percentage change from the beginning to the end of the window. The
Isolation Forest model, trained on these engineered features, assigns an anomaly score to each data point. Instances
exceeding a defined contamination factor (representing the expected proportion of outliers) are flagged as potential
anomalies. The output is a daily ranked list of granular anomalies, prioritized by the magnitude of the backorder quantity.
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2. Multi-Level Anomaly Explanation through Pattern Mining: While granular detection at the attribute-segment level is
essential, understanding the broader context or common drivers of these anomalies is critical for effective intervention.
Our system incorporates a novel two-step process for this. First, when a granular anomaly is detected in a segment,
Dynamic Time Warping (DTW) [2, 3] is used to measure the similarity between its backorder time series pattern (over the
analysis window) and the patterns of all other product segments. This identifies other product groups exhibiting
temporally similar anomalous behavior. Second, the attributes of the set of co-behaving anomalous segments identified
by DTW are then analyzed using the Apriori algorithm [4]. This frequent item-set mining technique uncovers common
attribute combinations that are prevalent within the group of similar anomalies, using a minimum support threshold to
ensure statistical significance. These patterns represent potential "high-level" systemic drivers contributing to multiple
granular anomalies. The pattern mining thus helps identify which aggregated levels are of interest. In order to confirm
that these identified high-level patterns represent anomalous behaviors, we re-apply the Isolation Forest methodology.

This system has been successfully deployed and is operational within Pirelli’s supply chain management framework. It
provides daily automated anomaly reports to planners, significantly reducing the manual effort previously dedicated to
monitoring backorder trends. This insight is invaluable for directing corrective actions more effectively and provides a
consistent, objective basis for data-driven decision support. Future research will explore the incorporation of exogenous
variables, the development of more sophisticated feedback mechanisms for continuous model refinement, and the
extension of the framework towards predictive anomaly forecasting.

[7125] Improving Spanish GDP forecasts using disaggregated Composite Leading Indicators for
the Spanish regions.

Aranzazu de Juan Fernandez (Universidad Auténoma de Madrid) and Marco A. Pérez Navarro (Universidad
Auténoma de Madrid).

Regional Spanish GDP are published by different administrations in an annual database. However, it is important for the
policy agents to know in advance what is going to happen in regional economies with the behavior of important
indicators. In this sense, having quarterly or even monthly Composite Coincident Indicators or Composite Leading
Indicators can help the regional administration to overcome the adverse situations provoked by the onset of recession
periods. That is why we use the Linear Dynamic Harmonic Regression (LDHR, Bujosa et al, 2000) approach to obtain
monthly leading and coincident indicators that can help the authorities in their economic policies. But these indicators
might also be a good starting point to obtain forecasts of the National Spanish GDP as shown in Garcia-Ferrer et al (2020).
Following the same methodology, we use different forecasting models to obtain these forecasts upon the basis of the
ones obtained in a regional level. In fact, not all Spanish regions have the same drivers of their economies. Coastal
regions behave in a different way than interior regions. In almost all the cases, coastal region economies are dominated
by the tourism sector although some regions in the north coast of Spain have based their economies in the industrial
sector. In this sense, it is important to consider this different behavior to forecast Spanish GDP. We use several methods
to obtain the Spanish GDP forecasts: MIDAS different schemes, combination of the forecasts obtained for each Spanish
region. In total, we compare the forecasts obtained by 15 different models and compare them with a benchmark model
using accuracy measures (Root Mean Squared Error, Mean Absolut Percentage Error) widely considered in the literature.
We obtain a basic conclusion: the best forecasting models are those in which we consider regional disaggregation. The
different behaviors depending on the main activity of each region clearly help to improve the forecasts of the benchmark
model. We also test for the usefulness of this method, and we can clearly conclude that disaggregation is a good practice
when we try to obtain the aggregated one.

[7135] Frequency identification in Singular Spectrum Analysis

Pilar Poncela (Universidad Auténoma de Madrid), Diego Fresoli (Universidad Auténoma de Madrid) and Diego
Martos Venturini (Universidad Torcuato Di Tella).

Singular Spectrum Analysis (SSA) is a nonparametric method for time series modeling andforecasting. The popularity of
SSA stems from the fact that is naturally tailored for decomposing univariate or multivariate time series into components
that can be interpreted as trend, cycle or noise. The SSA methodology is widely used across multiple fields in a variety of
applied problems, see, for instance, Zhang et al. (2019) for Energy, Ghaderi et al. (2011) for Biometrics, Vautard and Ghil
(1989) for Earth Sciences, or de Carvalho and Rua (2017) and Hassani and Thomakos (2010) for Business and Economics,
just to name a few examples. The method is primarily based on the Singular Value Decomposition (SVD) of the so called
trajectory matrix, that contains consecutive segments of the initial time series. The lack of statistical formalism and the
computational simplicity of SSA enhance novel extensions to the standard method. For instance, in Arteche and Garcia-
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Enriquez (2017) a variant of SSA is used to model stochastic volatilities and value at risk; in de Carvalho and Martos (2020)
the standard multivariate SSA (MSSA) is adjusted so to deal with compositional time series data in order to nowcast the
intention towards Brexit and interpret the corresponding estimated components as change in opinion towards the exit of
UK of the European Union; Haghbin et al. (2021) propose functional singular spectrum analysis and apply the novel
version to remote sensing data; and de Carvalho and Martos (2022) propose SSA for interval valued time series to model
price ranges in stock markets. Nevertheless, in all these variants of standard SSA, the interpretation of the extracted
components in terms of oscillation frequencies is carried out ex—post SVD decomposition. For instance, Plaut and Vautard
(1994) compute the periodogram associated to the extracted SSA components in order to identify in a heuristic way their
fundamental frequency of oscillation. For harmonic signals, in the case of a long window length, Harris and Yuan (2010)
interpret the singular vectors of the trajectory matrix as eigenfilters and show their spectral properties: for the frequency
of oscillation of the harmonic, eigenvalues come in pairs and frequency identification can be done through the
periodogram of the singular vectors. These authors show that the frequency response of the eigenfilters identifies the
frequency of oscillation of the extracted signals. Very recently, Golyandina and Zhornikova (2023) extend this approach
based on the periodogram to digital images. However, as Kume (2012) and Tom’e et al. (2018) show the identification of
the pair of eigenvalues associated to a particular frequency is difficult due to the overlap of signals and noises.
Nevertheless, there is a need for frequency identification in SSA as this is the basis for the grouping step and
interpretation of the extracted signals. To overcome this problem, Bégalo et al. (2021) introduce Circulant Singular
Spectrum Analysis, CiSSA, and its extension to the multivariate case in B'ogalo et al. (2024) where the authors, before-
hand but once the window length to build the trajectory matrix is chosen, match eigenvalues and eigenvectors to
frequencies in an automated way. This is possible using circulant matrices associated to second moments of the data
instead of the usual variance-covariance matrices when applying principal components in SSA. In this paper we want to
propose a new procedure that takes into account the two ingredients of the problem at the same time: frequency
identification and the quasi diagonalization of the matrix of second moments associated to the data. If interested in
frequency identification, it seems natural to work in the frequency domain instead of the time domain. However, and
differently from CiSSA, we will work with the traditional matrix of second moments of the data, instead of using circulant
matrices. Our solution uses the same filters for signal extraction than CiSSA, but we avoid going through the circulant
matrices. Our solution is also equivalent to filtering the data at specific frequencies. However, we take advantage of the
matrix form of the setup of the problem in SSA. In this sense, our approach is also linked to algebraic signal extraction as
we transform the framework for univariate time series analysis into matrix form and take advantage of linear algebra for
signal extraction. The full asymptotic diagonalization of the second moment matrix provides the information of how
much variability is provided at each frequency and their relative importance. As a by-product, the above mentioned
quasi-diagonalization delivers a consistent estimator of the spectral density of Welch’s type. We prove the consistency of
our estimator, even though the degree of overlapping is the highest possible. We also avoid the complex relation
between Fourier analysis and SSA; see, for instance, Harris and Yuan (2010) and Kume (2012). Regarding the separability
of the signals, we do not leave it as an empirical matter. We introduce the concept of asymptotically diagonal matrices
and show that the set of eigenvectors asymptotically diagonalize the matrix of second moments of the data. Therefore,
the extracted signals are asymptotically orthogonal. We are also able to characterize the degree of separability between
signals as a function of the sample size and the window length. Through some simulations and real data examples, we
show that our proposal extracts signals with a higher degree of separability than competing alternatives giving a clearer
picture and understanding on the driving sources of oscillations of a given time series. Our procedure is useful in
problems in time series such as denoising, deseasonalizing in time series with several seasonalities or changing
seasonality, uncovering unknown cycles or in general “decomposition-prediction-integration” cases. We think that we
contribute to the literature of SSA (and of signal extraction in general) with this new proposal. This general contribution
can be divided in two: First, we will formally introduce Spectral (or frequency) SSA and propose a new algorithm similar to
that of traditional SSA. Second, as a by-product of the signal extraction procedure within the SSA framework, we provide
a consistent estimator of the spectral density.

[7172] Spatiotemporal regression and autoregression for fusing Australia gauge and satellite
precipitation data
Xueming Li (The University of Melbourne) and Guogqi Qian (The University of Melbourne).

In this study, we develop a two-step precipitation data fusion model that integrates a linear regression model with a
spatial autoregressive component. We propose a novel joint estimation method based on the Expectation-
Maximization(EM) algorithm that addresses the issue of error inflation arising in stepwise estimations. We also develop a
Monte Carlo EM algorithm for complicated model structures where the analytical solution is intractable. These
approaches allow us to effectively blend the strengths of both gauge and satellite precipitation data, leveraging the
accuracy of the former and the broader coverage of the latter. The resulting fused precipitation dataset aims to provide a
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comprehensive and reliable representation of precipitation patterns across the Australian region, enhancing our ability to
analyse and predict precipitation variations.

[7238] Modelling South African Stock Prices with Mixture Distributions

Martin Chanza (North-West University), Modisane Seitshiro (North-West University) and Anupkumar Bongale
(Symbiosis International University).

The purpose of the research study is to investigate and model the behaviour of South African stock prices during periods
of divestment by employing various mixture distributions. Divestment, which refers to the process of selling off
investments or assets, often triggers significant market reactions, making it essential to understand the distributional
characteristics of stock returns in such periods. Stock prices in emerging markets like South Africa are influenced by a
range of local and global economic factors, making it critical to assess the underlying risk factors that drive market
movements. Hence, in this research study, we focus on developing a robust model using mixture distributions to capture
the complexities of stock price behaviour during divestment events. This study adopts a mixture distribution approach to
model the return dynamics of South African stock prices, particularly during periods marked by divestment. The
methodology involves using various mixture distributions, such as Gaussian Mixture Models (GMM), Lognormal Mixture
and the Student's t-mixture models, to capture the potential heterogeneity in stock returns. Each mixture distribution is
tested for its ability to model stock price returns accurately, considering factors such as heavy tails, volatility clustering,
and asymmetry, which are characteristic of stock returns in emerging markets. The sample consists of daily stock price
data for financial, technology and energy institutions listed on the Johannesburg Stock Exchange (JSE), with a focus on
those affected by significant divestment events between 2015 and 2024. The data is first pre-processed to account for
market anomalies and then fitted to the mixture models. Several statistical tests, including likelihood ratio tests, Akaike
Information Criterion (AIC), and Bayesian Information Criterion (BIC), are used to assess the goodness of fit for each
model. The results indicate that mixture distributions outperform traditional single-distribution models, such as the
normal or log-normal distributions, in explaining the return behaviour of stocks during divestment periods. Among the
tested models, the Gaussian Mixture Model (GMM) and the Student's t-mixture distribution provided the best fit for the
data, capturing the observed heavy tails and volatility clustering in stock returns. The analysis revealed that divestment
events are typically accompanied by higher volatility and larger-than-expected price movements, which are well
represented by the mixture distributions. Specifically, the mixture models accounted for the non-linear relationships
between returns, adjusting for sudden shifts in market sentiment and investor behaviour during divestment events.
Additionally, the findings show that South African stock prices exhibit asymmetric behaviour, with negative returns being
more extreme than positive returns, especially following divestment announcements. The mixture distributions
successfully captured this asymmetry, highlighting the importance of considering market sentiment and external
economic factors in modeling stock prices in the South African context. This article makes several significant contributions
to the field of financial modeling and stock price analysis, particularly in emerging markets. First, it demonstrates the
advantages of using mixture distributions over traditional single-distribution models in capturing the complexity of stock
price dynamics during divestment periods. The study highlights the need for models that can account for the multi-
faceted nature of financial returns, such as skewness, fat tails, and volatility clustering, which are often overlooked by
simpler models. Second, the study provides a deeper understanding of the behaviour of South African stock prices during
divestment events, an area that has been underexplored in previous literature. The empirical findings offer valuable
insights for investors, policymakers, and financial analysts seeking to understand the impact of divestment on stock
market performance in emerging economies like South Africa. Finally, the use of mixture models opens up new avenues
for future research in financial econometrics, particularly in the modelling of asset returns in other emerging markets that
may experience similar divestment and market disruption events. The approach presented here can be extended to other
financial instruments, such as bonds and commaodities, and applied to various economic contexts where volatility and
extreme market events play a significant role. The study concludes that mixture distributions, particularly Gaussian
Mixture Models and Student's t-mixture distributions, offer a more accurate and flexible framework for modelling South
African stock prices during periods of divestment. By effectively capturing the complex characteristics of stock returns,
such as heavy tails, asymmetry, and volatility clustering, these models provide a better understanding of market
behaviour during times of uncertainty. The results emphasize the importance of considering distributional complexities in
financial modelling and risk management, particularly in emerging markets like South Africa. The findings contribute to
the broader field of financial econometrics, offering a robust methodological approach for future research on asset
pricing and market dynamics during divestment and similar events.
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[7282] Nonlinear Dynamic Inverse Solution of the Diffusion Problem based on Krylov Subspace
Methods with Spatio-Temporal Constraints

Luis Fernando Alvarez (Uniersidad Tecnologica de Pereira) and Eduardo Giraldo (Universidad Tecnoldgica de Pereira).

In this work is proposed a Nonlinear Dynamic Inverse Solution of the Diffusion Problem based on Krylov Subspace
Methods with Spatio-Temporal Constraints. The proposed approach is applied by considering as a forward problem a 1D
diffusion problem with a nonlinear diffusion model. The dynamic inverse problem solution is obtained by considering a
cost function with spatio temporal constraitns, where the Krylov subspace method named Generalized Minimal Residual
is applied by considering a linearized diffusion model and spatio-temporal constraints. In addition, a Jacobian based
preconditioner is used in order to improve the convergence of the inverse solution. The proposed approach is evaluated
under noise conditions by considering the reconstruction error and the relative residual error. It can be seen that the
performance of the proposed approach is better with the preconditioner for the nonlinear diffusion model.

[7434] Forecasting the average daily and during the hours of maximum electric load based on
the data of the average monthly electricity consumption with single and other energy sources

Saidjon Tavarov (South Ural State University (national research university)), Aleksandr Sidorov (South Ural State
University (national research university)), Yulia Medvedeva (South Ural State University (national research university)),
Andrey Svyatykh (Uralenergosbyt LLC) and Ekaterina Zykina (South Ural State University (national research
university)).

The article is devoted to the determination of the average daily and during the hours of maximum electric load according
to the data of electricity consumption, taking into account the generalized coefficient Ai for apartment buildings and
individual residential buildings in Chelyabinsk and the cities of Dushanbe and Khorog of the Republic of Tajikistan. The
results of modeling the average daily electric load taking into account the developed generalized coefficient Ai show that
the specific power values for apartments in apartment buildings and in individual residential buildings in the city of
Chelyabinsk and the cities of Dushanbe and Khorog of the Republic of Tajikistan are overestimated, taking into account
the applicability in the Republic of Tajikistan of the same standard values of specific electric loads (SEL) of apartments in
apartment buildings (AB) as in the Russian Federation. According to the results of modeling using the data of the average
monthly electricity consumption for 226 apartments in ABs and for individual residential buildings in Chelyabinsk,
according to the proposed approach, the average daily electric load on days during the month varies in the range of 2-3.5
kW/sq and below a, for the cities of Dushanbe and Khorog of the Republic of Tajikistan in the range of 2-5 kW/sq and
below, which does not exceed the SEL of the given RB 256.1325800.2016. However, due to the lack of other energy
sources (gas supply and hot water supply) in the conditions of the Republic of Tajikistan and on the basis of the obtained
maximum load time factor and the generalized coefficient A_(i(9)) the obtained values of actual capacity exceed the
maximum in hours by 1.2-2.5 times the SEL given RB 256.1325800.2016.

[7493] Should You Sleep or Trade Bitcoin?

Paridhi Talwar (Boston University Metropolitan College), Aman Jain (Boston University Metropolitan College) and
Eugene Pinsky (Boston University Metropolitan College).

Dramatic price swings and the possibility of extreme returns have made Bitcoin a hot topic of interest for investors and
researchers alike. With the help of advanced neural network models including CNN, RCNN, and LSTM networks, this
paper has delved deep into the intricacies of Bitcoin price behavior. We will study different time intervals: close-to-close,
close-to-open, open-to-close, and day-to-day, to find a pattern that we can use to develop an investment strategy. The
average volatility over a year, six months, and three months is compared with the predictive power of volatility versus a
traditional buy-and-hold strategy. Our findings point out the strengths and weaknesses of each neural network model
and provide useful insights into optimizing cryptocurrency portfolios. This study contributes to the literature on price
prediction and volatility analysis of cryptocurrencies, thus providing useful information to both researchers and investors
to execute strategic steps within the volatile cryptocurrency market.

[7535] Energy Consumption Forecasting for Renewable Energy Communities: A Case Study of
Loureiro, Portugal
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Muhammad Akram (Department of Engineering, University of Sannio, 82100 Benevento, Italy), Chiara Martone
(Department of Engineering, University of Sannio, 82100 Benevento, Italy), llenia Perugini (Department of Engineering,
University of Sannio, 82100 Benevento, Italy) and Emmanuele Maria Petruzziello (b Koala Company.it 82100
Benevento, Italy).

Intensive energy consumption in the building sector remains one of the primary contributors to climate change and
global warming. Within Renewable Energy Communities (RECs), improving energy management is essential for promoting
sustainability and reducing environmental impact. Accurate forecasting of energy consumption at the community level is
a key tool in this effort. Traditionally, engineering-based methods grounded in thermodynamic principles have been
employed, offering high accuracy under controlled conditions. However, their reliance on exhaustive building-level data
and high computational costs limits their scalability in dynamic REC settings. In contrast, Artificial Intelligence (Al)-driven
methods provide flexible and scalable alternatives by learning patterns from historical consumption and environmental
data. This study investigates three Machine Learning (ML) models Decision Tree (DT), Random Forest (RF), and CatBoost
and one Deep Learning (DL) model, Convolutional Neural Network (CNN), to forecast community electricity consumption
using real smart meter data and local meteorological variables. The study focuses on a Renewable Energy Community
(REC) in Loureiro, Portugal, consisting of 172 residential users from whom 16 months of 15-minute interval electricity
consumption data were collected. Temporal features (hour of the day, day of the week, month) were combined with
usage patterns derived from historical consumption, including features representing energy consumption at the
corresponding time in the previous hour and on the previous day, to enhance model accuracy by leveraging short-term
dependencies and daily repetition in usage behavior. Models were evaluated using Mean Squared Error (MSE), Mean
Absolute Percentage Error (MAPE), and the Coefficient of Determination (R?). Among all models, CatBoost achieved the
best performance, with an MSE of 0.1262, MAPE of 4.77%, and an R? of 0.9018. These results highlight the potential of
ensemble learning approaches for improving energy demand forecasting in RECs, supporting smarter energy
management, and contributing to both energy and environmental performance.

[7544] Cycle Time Anomaly Detection with Time Dependent Cumulative Distribution Function
Luca Varesi (Pirelli & C S.p.A), Mattia Bolzoni (Pirelli & C S.p.A) and Gabriele Pece (Pirelli & CS.p.A).

In modern manufacturing, identifying inefficiencies in production times is essential for reducing operational costs and
enhancing competitiveness. Processing steps with unusually long durations can create bottlenecks, waste resources, and
misalign the entire assembly line, undermining overall system efficiency. Timely detection of these anomalous high
durations enables rapid intervention in critical processes, preventing downstream delays and minimizing costs associated
with machine downtime, overtime, and late deliveries. In this context, we define cycle-time time series as the duration of
a single production step, and we define a cycle time anomaly as a variation in the cycle time values distribution on a
specific interval defined by domain knowledge. Defining anomalies based on the underlying distribution is crucial for
detecting machine-level issues: an isolated measurement anomaly may simply reflect a one-off part defect or sensor
error, whereas clusters of anomalous points indicate a genuine shift in machine behavior toward a production fault. By
evaluating batches of deviations instead of isolated readings, we ensure alerts target genuine process abnormalities
rather than random noise. Moreover, restricting our analysis to a domain-informed interval of the cycle-time distribution
filters out extremes caused by external factors—such as planned or unplanned maintenance and upstream delays—that
could otherwise trigger false alarms. To identify cycle time anomalies, we propose the following approach. Treating the
cumulative distribution function (CDF) as a latent variable, we model its values at the boundary of the domain-specific
interval as a time series using historical data. Once a batch of new observations is collected, we conduct a hypothesis test
to determine whether their distribution deviates from the historical one. The estimated CDF varies in time and we model
it as a function of the production recipe, that is, the specific product variant being manufactured. Conversely, the CDF
must remain machine agnostic to prevent capturing inter-machine behavioral differences arising from machine-specific
faults or variations. In order to estimate the CDF at the extreme of the domain knowledge interval, we explore both
autoregressive models and neural networks. To detect anomalies in incoming cycle-time data, we use the historical CDF
to compute, for each machine, the probability that new observations fall within the domain-informed interval. By
leveraging the fact that the CDF has a uniform distribution, we flag new observations as anomalous if they fall outside the
confidence interval predicted by the CDF. Concretely, we apply a binomial-proportion confidence-interval test under the
null hypothesis that the new batch follows the historical CDF. If the test rejects this null hypothesis, an alert is sent
immediately to factory maintenance personnel. The cycle-time anomaly detection procedure was developed as part of
the "Al Algorithms for Smart Manufacturing OR3" carried out in the Pirelli Digital Solution Center of Bari and will be
tested across multiple Pirelli manufacturing facilities, where we anticipate it will deliver significant benefits. By
continuously monitoring key process metrics and flagging deviations in real time, the system is expected to enable plant
engineers to identify and diagnose emerging production problems before they escalate. In addition, faster anomaly
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detection will allow maintenance and operations teams to initiate corrective actions more promptly, minimizing
downtime and preserving throughput. Overall, we expect this deployment to strengthen operational resilience and to
equip Pirelli’s with actionable insights for guiding ongoing process improvements.

[7606] Investment horizons in Fama-French model: an investigation from multivariate fractal
regression

Oussama Tilfani (Mohammed V University) and Zakaria Firanou (Mohammed V University).

Asset pricing has been always a primary concern of researchers and practitioners. The capital asset pricing model (CAPM)
introduced by Sharpe (1964) and Linter (1965) relates risk and return in simple way, was widely used in finance and risk
management. Despite its wide use, the CAPM suffers from several drawbacks and critiques. Another extension of the
CAPM, was introduced by Fama & French (1993) to include common risk factors, and provides a better explanatory
power. However empirical works on Fama & French model, didn’t focus on multiscale properties of return and risk
factors relationship. Some researchers (e.g. Gengay, Selguk and Whitcher 2005 and Tilfani, Ferreira and Boukfaoui 2020)
extended standard CAPM to multiscale level in the light of simple fractal regression, which revealed new insights not
captured by the standard CAPM in the light of standard econometric properties. This work attempts to highlight this type
of connection by reconciling the Fama & French model and the multiple fractal regression approach (TILFANI et al 2022),
which allows to estimate coefficients in a linear regression between time series variables across different investment
horizons. Estimations will be made over the period from 1965 to 2024, on ten portfolios formed on beta in the US
market, our results suggests that high-beta portfolios have higher multiscale coefficients, providing useful insights to
researchers and market participants.

[7725] Water Level Forecasting based on an Ensemble Kalman Filter with NARX Neural Network
Model.

Jackson Renteria (Universidad Tecnoldgica del Chocd), Douglas Plaza (Escuela superior Politecnica del Litoral) and
Eduardo Giraldo (Universidad Tecnoldgica de Pereira).

It is fundamental, yet challenging, to accurately predict water levels at hydrological stations located along the banks of an
open channel river due to the complex interactions between different hydraulic structures. This paper presents a novel
application for short-term multivariate prediction applied to hydrological variables based on a multivariate NARX model
coupled to a nonlinear recursive Ensemble Kalman Filter (EnKF). The proposed approach is designed for two hydrological
stations of the Atrato river in Colombia, where the variables water level, water flow and water precipitation are
correlated using a NARX model based on neural networks. The NARX model is designed to consider the complex
dynamics of the hydrological variables and their corresponding cross-correlations. The short-term two-day water level
forecast is designed with a 4th order NARX model. It is observed that the NARX model coupled with EnKF which improves
the robustness of the proposed approach in terms of external disturbances. Furthermore, the proposed approach is
validated by subjecting the NARX-EnKF coupled model to 5 levels of additive white noise. The proposed approach
employs metric regressions to evaluate the proposed model by means of the Root Mean Squared Error (RMSE) and the
Nash-Sutcliffe model efficiency (NSE) coefficient.

[7967] The influence of Covid-19 on the cross-correlation network of the financial time series of
the main world stocks markets.

Janusz Miskiewicz (Wroctaw University, Institute of Theoretical Physics).

The study presents the cross-correlations network analysis of the COVID-19 pandemic's influence on US, European and
Far Eastern markets. It is shown that COVID-19 and the measures taken by authorities have changed the structure of the
strongly and typically correlated companies. However, after the pandemic, the system returns to its previous state
recovering the main features. The analysis is based on the momentum time series incorporating the return and volume
information of the stock markets.

[7989] Modeling of dynamical systems: Data-driven Koopman operators and quantum
mechanics
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Joanna Slawinska (Department of Mathematics, Dartmouth College) and Dimitrios Giannakis (Department of
Mathematics, Dartmouth College).

A framework for data assimilation and prediction of nonlinear dynamics is presented, combining aspects of quantum
mechanics, Koopman operator theory, and kernel methods for machine learning. This approach adapts the formalism of
guantum dynamics and measurement to perform data assimilation (filtering), using the Koopman operator governing the
evolution of observables as an analog of the Heisenberg operator in quantum mechanics, and a quantum mechanical
density operator to represent the data assimilation state. The framework is implemented in a fully empirical, data-driven
manner by representing the evolution and measurement operators via matrices in a basis learned from time-ordered
observations. Applications to data assimilation of the Lorenz 96 multiscale system and others show promising results.
Extensions of this work toward spatiotemporal pattern extraction and subgrid-scale modeling is presented as well.
Furthermore, our framework provides a route for implementing and designing appropriate algorithms on quantum
computers.

[8059] Term Structure Interest Rate With Deep Learning: A Systematic Literature Review: 2015-
2024

Sanjeewa Dayarathne (University of Moratuwa) and Uthayasanker Thayasivam (University of Moratuwa).

Deep learning has achieved remarkable success in multiple domains such as computer vision, speech recognition, natural
language processing, audio-visual recognition, adaptive testing etc. and garnering significant attention from the research
community. With the rapid growth of Fintech in recent years, deep learning has become increasingly prevalent in finance
and banking services. Now it is been used for different subdomains of finance, especially to price prediction of stocks,
commodities, risk management and interest rate prediction. However, a comprehensive survey on deep learning
applications in interest rate and yield curve prediction remains absent in the existing literature or very much limited. This
study aims to fill that gap by systematically reviewing and analyzing the literature on deep learning applications in
interest rate and yield curve prediction. It was found that RNN, LSTM, CNN, and AE are predominantly used to predict
individual interest rates and the parameters of the Nelson Seagal model. This is the first study that provides valuable
insights and guidance for academics and practitioners on the current state of deep learning in yield curve prediction and
interest rate forecasting.

[8117] Modelling risk measures using TAPARCH model with families of heavy-tails distributions

Moses Bhekinhlahla Khumalo (University of South Africa), Prof Phillip Mashele (University of South Africa) and Prof
Modisane Seitshiro (University of North West).

This study seeks to improve risk measurement in financial returns by integrating the TAPARCH model with three families
of heavy-tailed distributions, thereby enhancing the estimation of VaR and ES while addressing key stylized facts. The
accuracy of the proposed models is assessed using Kupiec LR backtesting procedure, with empirical analysis conducted
the All Share (ALSI), Banking (BNKI), and Mining (MNGI) indices.

The results indicate that the TAPARCH-SSTD model is most appropriate for ALSI, TAPARCH-GEVD for BNKI, and TAPARCH-
GPD for MNGI in the context of VaR estimation. For ES estimation, TAPARCH-SSTD proves effective for ALSI, while
TAPARCH-GPD performs well for both BNKI and MNGI. The study recommends using extreme mixture models to enhance
risk measurements, as they offer improved capabilities in capturing both moderate and extreme losses by employing
distinct modelling approaches for bulk data and tail data above the threshold.

[8144] Interpersonal coordination through Granger causality applied to AR processes modeling
the time evolution of low-frequency powers of RR intervals
Pierre Bouny (University of Bordeaux - IMS lab), Eric Grivel (Bordeaux INP - IMS lab), Roberto Diversi (University of
Bologna - DEI) and Veronique Deschodt Arsac (University of Bordeaux - IMS lab).

In this paper, interpersonal coordination is studied by analyzing physiological synchronization between individuals. To this
end, a four-phase protocol is proposed to collect biosignals from the participants in each dyad. Then, the time evolution
of the low-frequency (LF) power of the heart rate variability process for each participant is deduced. Finally, an approach
based on bivariate autoregressive model and Granger causality is proposed to determine whether a dependency exists
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between the biosignals. The approach is first applied to synthetic data and then to real data. This method has the
advantage of providing explicit modeling of the dependency, which can help physiologists achieve better interpretation.

[8220] An Interrupted Time Series Analysis of the Impact of the COVID-19 Pandemic on Routine
Vaccination Uptake in Kenya

Michael Ngigi (Department of Health Services, Kericho County| Institute for Global Health, Santa Chiara Lab, University
of Siena,), Yola Moride (Center for Pharmacoepidemiology and Treatment Science, Rutgers, The State University of New
Jersey|Yola RX Consultants), Anne-Marie Castilloux (Yola RX Consultants, Montreal, QC H3H 1V4, Canada) and Sue
Ann Costa Clemens (Oxford Vaccine Group University of Oxford |Institute for Global Health, University of Siena).

A strategic priority of the World Health Organization’s Immunization Agenda 2030 is to increase vaccination coverage and
equity through reaching “zero-dose” children. Through an ecological study, we sought to quantify the impact of the
COVID-19 pandemic on the coverage of the pentavalent and the measles/rubella vaccines in Kenya, without implying
causality. The monthly number of doses from January 2017 to August 2022 were obtained from the Kenya Health
Information System for the pentavalent and the measles/rubella vaccines. Immediate (step) and long-term (ramp)
changes following interruptions occurring during the period from March 2020 to December 2020 were assessed through
an interrupted time series analysis using an autoregressive integrated moving average (ARIMA) model, accounting for
seasonality. In December 2020, there was an immediate decrease of 8337, 12,212, and 20,848 in the number of doses for
the first, second, and third dose of the pentavalent vaccine, respectively (statistically significant for the third dose only).
This corresponded to a percentage relative difference of -21.6, -20.1, and -24.5, respectively, for three doses of
pentavalent vaccines, while for measles/rubella vaccine it was -27.3 and -33.6, respectively, for the first and second
dose. COVID-19 resulted in interruptions affecting routine immunization, but recovery occurred within four months.

[8255] Multivariate Forecasting Evaluation: Nixtla- TimeGPT

S M Ahasanul Karim (Research Student), Bahram Zarrin (PostDoc Researcher, Senior Software Engineer, Microsoft)
and Niels Buss Lassen (PostDoc Researcher, External Lecturer, Copenhagen Business School).

Generative models are being used in all domains. While primarily built for processing texts and images, its reach has been
further extended towards data-driven forecasting. Whereas there are many statistical, machine learning and deep
learning models for predictive forecasting, generative models are special because they do not need to be trained
beforehand saving time and computational power. Also, multivatiate forecasting with the existing models are difficult
when the future horizons are unknown for the regressors because they add mode uncertainities in the forecasting
process. Thus this study experiments with TimeGPT(Zeroshot) by Nixtla where it tries to identify if the generative model
can beat other models like ARIMA, Prophet, NeuralProphet, Linear Regression, XGBoost, Random Forest, LSTM, RNN etc.
To asses this, the research created synthetic datasets and synthetic signals to asses the individual model performances
and regressor performances for 12 models. The results then used the findings to asses performances of TimeGPT in
comparison to the best fitting models in different real world scenarios, The results showed that TimeGPT outperforms
multivariate forecasting for weekly granularities by automatically selecting important regressors where as its
performance for daily and monthly granularities are still weak.

[8368] Prediction of individual antisocial behavior of a minor addicted to psychoactive
substances
Farouq Al Azzam (Jordanian), Olena Maksymykhina (Ukranian) and Hisham Shakhatreh (Jordanian).

An analysis of the psychological regularities of the emergence and dynamics of illegal attitudes to commit crimes, the
psychological features of the criminal behavior of a minor was carried out. Psychological aspects and the identity of the
criminal — the bearer of certain psychological features — were considered criminal behavior.

[8460] Benchmarking Foundation Models for Time-Series Forecasting: Zero-Shot, Few-Shot, and
Full-Shot Evaluations

Frédéric Montet (iCoSys, HEIA-FR, HES-SO, Fribourg, Switzerland), Benjamin Pasquier (iCoSys, HEIA-FR, HES-SO,
Fribourg, Switzerland) and Beat Wolf (iCoSys, HEIA-FR, HES-SO, Fribourg, Switzerland).
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Recently, time-series forecasting foundation models trained on large, diverse datasets have demonstrated robust zero-
shot and few-shot capabilities. Given the ubiquity of time-series data in 10T, finance, and industrial applications, rigorous
benchmarking is essential to assess their forecasting performance and overall value.

In this study, our objective is to benchmark foundational models from Amazon, Salesforce, and Google against traditional
statistical and deep learning baselines on both public and proprietary industrial datasets. We evaluate zero-shot, few-
shot, and full-shot scenarios using metrics such as SsMAPE and MASE on fine-tuned models, ensuring reliable
comparisons. All experiments are conducted with onTime, our dedicated open-source library that guarantees
reproducibility, data privacy, and flexible configuration.

Our results show that foundation models often outperform traditional methods with minimal dataset-specific tuning,
underscoring their potential to simplify forecasting tasks and bridge performance gaps in data-scarce settings.
Additionally, we address non-performance criteria—such as integration ease, model size, and inference/training time—
that are critical for real-world deployment.

[8469] Advanced Forecasting of Renewable Energy Growth in Brazil: An Application of the
Prophet Algorithm with Multi-Objective Hyperparameter Optimization

Hugo Pimentel Tavares (Universidade Federal Fluminense), Janaina Aparecida da Silva Moura (Universidade Federal
de Juiz de Fora) and Eliane da Silva Christo (Universidade Federal de Juiz de Fora).

The global transition towards renewable energy sources aligns directly with the United Nations Sustainable Development
Goals (SDGs), notably SDG 7 (Affordable and Clean Energy) and SDG 13 (Climate Action), highlighting significance of
accurate renewable energy forecasts for policy and energy planning. This study employs advanced forecasting
techniques, notably Facebook's Prophet algorithm, enhanced by hyperparameter optimization using the NSGA-II
algorithm and Optuna framework, to analyze historical and projected growth patterns of wind, solar, and hydroelectric
energy in Brazil from 2010 to 2030. Results indicate distinct growth behaviors: linear growth for hydroelectric, logistic
growth for wind energy reflecting initial rapid expansion and subsequent stabilization, and exponential growth for solar
energy driven by technological advancements and supportive policies. The Prophet model effectively captures seasonal
variations, demonstrating strong forecasting performance. The integration of precipitation data as a regressor notably
improved hydroelectric forecasting accuracy. The findings highlight significant complementary seasonal patterns between
renewable sources, enhancing grid stability and reliability, and underline the importance of advanced modeling methods
in achieving Brazil's renewable energy integration goals aligned with SDGs 7 and 13.

[8516] A Hardware Measurement Platform for Quantum Current Sensors

Frederik Hoffmann (FH Minster), Ann-Sophie Bilter (FH Minster), Ludwig Horsthemke (FH Minster), Dennis
Stiegekotter (FH Miinster), Jens Pogorzelski (FH Miinster), Markus Gregor (FH Minster) and Peter Glosekotter (FH
Miinster).

A concept towards the current measurement in low and medium voltage power distribution networks is presented. The
concentric magnetic field around the current-carrying conductor should be measured using a nitrogen-vacancy quantum
magnetic field sensor. A bottleneck in current measurement systems is the readout electronics, which is usually based on
optically detected magnetic resonance (ODMR). The idea is to have a hardware that tracks up to four resonances
simultaneously for the detection of the three axis magnetic field components and the temperature. Normally, expensive
scientific instruments are used for the measurement setup. In this work we present an electronic that is based on a Zynq
7010 FPGA (Red Pitaya) with an add-on board, that has been developed to control the excitation laser, the generation of
the microwaves, interfacing the photodiode and provides additional fast digital outputs. The T1 measurement was
chosen to demonstrate the ability to read out the spin of the system.

[8687] Yule series application to forecast behavior of economic cycles

Viacheslav Karmalita (Dt. Slava Karmalita, Consultant).

This paper deals with the development of a method for forecasting the trajectory of the economic cycle. The latter is
represented by discrete values (samples) of random oscillations of the income function. The statistical equivalence of
these values and second-order autoregression (Yule series) made it possible to adapt the autoregressive model to the
specified fragment of the cycle. The adapted model was used as a tool for simulating cycle values by the method of
statistical tests (Monte Carlo). The procedure for the formation of the cycle trajectory is described in detail and its

55



CONTRIBUTIONS AND ABSTRACTS INFORMATION ITISE 2025

parameters have formal justifications. The content of the subsequent statistical analysis of the simulating results has also
been established. The presented method is applicable in macroeconomic and econometric problems, the solution to
which requires knowledge of the possible trajectory of the cycle under consideration.

[8719] Forecasting dock door congestion in warehouse logistics: An Integrated Forecast-
Optimization Framework — extended abstract

Vittorio Maniezzo (University of Bologna), Livio Fenga (University of Exeter) and Giacomo Ruscelli (Onit S.p.A.).

Dock door congestion is an essential and persistent concern within the realm of outbound warehouse logistics. The
inability to accommodate outbound vehicles at the loading docks, especially during peak hours, disrupts internal
warehouse operations, leads to bottlenecks, and contributes to substantial additional costs and delays. This paper
addresses the critical issue of dock door congestion by proposing an integrated forecast-optimization framework for its
prediction and management. The framework incorporates advanced forecasting methods and optimization techniques to
improve warehouse throughput, enhance operational efficiency, and anticipate potential congestion events based on
historical and real-time data. The problem of dock congestion is multifaceted, involving not only the number of handling
units awaiting shipment but also the optimization of vehicle sequencing and the assignment of specific bays to trucks,
considering varying loading times, costs, and other operational constraints. These factors make the problem inherently
complex and computationally challenging leading to an NP-hard combinatorial optimization problem. In addition, the
non-linearities and stochastic nature of warehouse operations further increase the complexity of the solution. Traditional
allocation strategies, such as the first-come-first-served approach, often result in inefficiencies, poor utilization of
available space, and missed opportunities to improve overall throughput. We propose a novel framework that combines
two proven methodologies: maximum entropy bootstrap (MEB) and ensemble learning via bagging, integrated with
scenario-based stochastic optimization. This hybrid approach offers significant improvements over traditional models by
capturing the complex, non-monotonic components and multi-seasonality inherent in warehouse throughput data.
Through a detailed real-world case study, we demonstrate how the proposed approach can accurately predict the
number of trucks that can be serviced in different time windows, leading to crucial operational decisions such as
warehouse expansion. The approach is generalizable beyond the specific case study, offering valuable insights for any
logistics or supply chain operations that require the integration of stochastic optimization with predictive modeling.

[8744] Analysis of economic and growth synchronization between China and the USA using a
Markov switching VAR model: A trend and cycle approach

Mariem Bouattour (Faculty of Economics and Management of Sfax, University of Sfax.), Malek Abaab (Faculty of
Economics and Management of Sfax. University of Sfax.), Hajer Chibani (Faculty of Economics and Management of Sfax.
University of Sfax.), Hamdi Becha (Faculty of Economics and Management of Sfax, University of Sfax.) and Kamel Helali
(Faculty of Economics and Management of Sfax, University of Sfax.).

This study examines the synchronization of economic and growth cycles between China and the United States amid
ongoing economic and geopolitical tensions. Using a Markov Switching Vector Auto Regression (MS-VAR) model, the
analysis applies the Hodrick-Prescott (HP) and Baxter-King (BK) filters to monthly data from January 2000 to December
2024, capturing trends and cyclical fluctuations. The findings reveal asymmetries in economic synchronization, with
differences in recession and expansion durations influenced by trade disputes, fi-nancial integration, and external shocks.
As the rivalry between the two nations intensifies, marked by trade wars, technological competition, and geopolitical
conflicts, understanding their economic co-movement becomes crucial. This study contributes to the literature by
providing empirical insights into their evolv-ing interdependence and offers policy recommendations for mitigating
asymmet-ric shocks and promoting global economic stability.

[8774] From Rotational to Scalar Invariance: Enhancing Identifiability in Score-Driven Factor
Models
Giuseppe Buccheri (University of Verona), Fulvio Corsi (University of Pisa) and Emilija Dzuverovic (University of
Pisa).

We show that, for a certain class of scaling matrices including the inverse square-root of the conditional Fisher
Information, score-driven factor models are identifiable up to a multiplicative scalar constant under very mild restrictions.
This result has no analogue in parameter-driven models, as it exploits the different structure of the score-driven factor
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dynamics. Consequently, score-driven models offer a clear advantage in terms of economic interpretability compared to
parameter-driven factor models, which are identifiable only up to orthogonal transformations. Our restrictions are order-
invariant and can be generalized to score-driven factor models with dynamic loadings and nonlinear factor models. We
test extensively the identification strategy using simulated and real data. The empirical analysis on financial and
macroeconomic data reveals a substantial increase of log-likelihood ratios and significantly improved out-of-sample
forecast performance when switching from the classical restrictions adopted in the literature to our more flexible
specifications.

[8786] Judgemental Forecasting For decarbonization pathways in the European Energy System

Ali Gamaleldin Karam (Politecnico di Milano), Mohamed Elshahhat Ali Khedr (Politecnico di Milano), Francesco
Cariati (Politecnico di Milano), Emanuele Giovanni Carlo Ogliari (Politecnico di Milano), Konstantia Litisiou
(Manchester Metropolitan) and Vasileios Bougioukos (Richmond American University London).

Judgmental forecasting relies on individual opinions rather than quantitative data and is commonly used in the business
and management fields. This study applies judgmental forecasting to explore potential decarbonization pathways within
the European energy sector. In the first phase, twenty master's students in energy engineering, guided by an expert
moderator, engaged in the forecasting process. Several judgmental techniques were utilized, including the Delphi
method, the Best Member method, Best-Case and Worst-Case scenario planning, and the Consensus approach. The
second phase involved a survey of 80 experts, with the responses analyzed using statistical methods tailored for
judgment-based forecasting.

[8822] Time Series Forecasting of Solar Energy Production with Deep Learning

Ozge Celik (Balikesir University, Institute of Science, Department of Mathematics), Kadriye Filiz Balbal (Dokuz Eyliil
University, Faculty of Science, Computer Science Department, izmir, Turkey) and Prof. Sebahattin ikikardes (Balikesir
University, Faculty of Arts and Sciences , Mathematics Department, Balikesir, Tiirkiye).

In the face of the impending global energy crisis, the shift towards clean energy sources has become an essential
imperative. The World Energy Outlook 2023 report, published annually by the International Energy Agency, states that
the global population will increase approximately 1.7 billion by 2050, and the 2024 report indicates that the increasing
global energy demand, which will accelerate with the increasing population especially after 2030, can only be met with
clean energy. The abundance of clean energy production capacity creates room for rapid transitions in order to comply
with national and global net zero targets. The report also states that in the last five years, annual solar energy capacity
additions have quadrupled to 425 GW, but annual production capacity is being adjusted to increase sixfold to over 1,100
GW. In particular, the occurrence of pandemics and wars has increased the desire of countries to become independent in
the context of energy. This has led to the development of new policies by countries to increase and manage energy
resources. Especially in meeting the energy supply and demand of solar energy investments, which are renewable energy
sources, the importance of making consistent and predictive complex calculations related to the efficiency of new
production facilities to be established, their storage and transportation is gradually increasing. Many calculation methods
are used for the planning of solar energy production, which is known as a variable renewable energy source, and for
making accurate predictions. Especially the development of technology, the fact that the data sets provided by the
established facilities and meteorological sensors can be recorded in time, these calculations have become more
economical with deep learning models, the use of which has become very rapid today. In this study, solar energy
production data and meteorological data obtained from an established facility were first subjected to essential data
preprocessing stages, and some feature selection methods were applied. Solar energy production prediction was
performed on the resulting time series using numerous deep learning models. The performance evaluations of the
created models were carried out with the advantage of various metrics. The achievement of deep learning models in
forecasting solar energy production, along with comparisons with other approaches in the literature, aims to empower
their use as a decision mechanism in the operation and planning process of solar power plants.

[8824] A New GAUSS Software Component for Implementing Dynamic Tests of Contagion with
an Application
Abdulnasser Hatemi-J (UAE University) and Alan Mustafa (Naweroz University).
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The main goal of this article is to present a new software component created by authors in GAUSS for implementing
dynamic tests for contagion. These tests are aimed at providing the possibilities of testing for spill-over effects between
financial markets during a crisis or during a pandemic situation such as the one that we were experiencing recently.
Unlike standard tests for contagion that have fixed dates, the tests implemented here are dynamic in the sense that the
potential contagion effect is measured across the timespan. The leverage bootstrap simulation technique is utilized to
generate critical values that are reliable when the tests are implemented to make sure that the conducted inference is
accurate. Since the approach is new, the software component needs to be created for conducting the underlying tests,
which is accomplished via this article. The module is very easy to implement by general practitioners via a graphical user
interface. An application is offered by using real data from stock markets to demonstrate how the software component
can be used.

[8991] HADL: A Haar-DCT and Low-Rank Framework for Noise-Resilient Long-Term Time Series
Forecasting
Aditya Dey (Norwegian University of Life Sciences), Jonas Kusch (Norwegian University of Life Sciences) and Fadi Al
Machot (Norwegian University of Life Sciences).
NA

[9193] Nuclear Fusion Plasma Disruptions Forecasting by Time Series Analysis

Teddy Craciunescu (Ntal. Inst. for Lasers, Plasma and Radiation Physics, INFLPR, Magurele, Romania), Andrea Murari
(Consorzio RFX and Istituto per la Scienza e la Tecnologia dei Plasmi, CNR, Padova, Italy), Riccardo Rossi (Department of
Industrial Engineering, University of Rome “Tor Vergata”, Rome, Italy) and Michela Gelfusa (Department of Industrial
Engineering, University of Rome “Tor Vergata”, Rome, Italy).

Tokamak plasmas are the site of various instabilities which develop naturally and so far unavoidably. Regions of small
perturbations may grow rapidly, leading to a rapid loss of the stored thermal and magnetic energy, which in the end may
cause harmful effects on the plasma facing components. Disruptions may be accompanied by the generation of runaway
electrons, which could also lead to severe accidents such as the melting of the first wall or leaks in water cooling circuits.
As the effects of these phenomena scale unfavorably with the dimensions of the devices, the control of instabilities and
the prevention of disruptions are essential for the next generation of tokamaks and for the steady-state operation of
future commercial fusion reactors. Recently, approaches based on the identification of dynamical changes in the time
series corresponding to routinely available diagnostic signals (locked mode amplitude LM, plasma current I) have been
developed. The methods are based on the identification of chaos onset, detecting paradigm changes, identifying changes
in recurrence properties. Recently, symbolic dynamic analysis, provided very good results in terms of efficiency and
computation time. The approaching disruption can be detected about 300 ms before the beginning of the collapse. This is
a comfortable time interval to undertake mitigation actions. he methods described in this work reach a successful
prediction rate above 96.2%. They practically depend on only one adjustable parameter simple to set. They can therefore
be deployed without any training, which is an additional advantage for the implementation on new devices.

[9197] A Numerical assessment of some recurrent crime series in the state of Pittsburg

Yuvraj Sunecher (UNIVERSITY OF TECHNOLOGY MAURITIUS), Naushad Mamode Khan (UNIVERSITY OF MAURITIUS)
and Paulo Canas Rodrigues (Federal University of Bahia).

The city of Pittsburg, Pennsylvania remains the epicenter of aggravated assaults this 1 year. Compared to its pre-
pandemic figures, violent crimes saw an upsurge with theft topping 2 the city crime list. This study assessed the trend of
crime series, particularly thefts, robberies, and 3 burglaries in two specific periods namely from January 1990 to
December 2001, and from the 1st 4 July 2023 to 30th September 2023 in Pittsburg using the discrete valued time series
processes with 5 some popular and recently emerged innovation distributions. The upward trend in thefts, robberies, 6
and burglaries was affiliated with police shortage, existing police officers’ low morale, the latter’s 7 anti-police
demeanours, weak crime laws, guns proliferation, falling inflation rates, consumers’ price 8 index rise, uncomfortable
homes, life insecurities, poverty, alcohol, drugs, and a devalued society. 9 Implications thus entail strengthening existing
crime laws, creating a diversion judiciary system 10 offering alternatives to high-cost incarcerations provided that culprits
adhere to the programs, and 11 evidence-based policies rooted in effective approaches.
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[9213] On errors of signal estimation using complex singular spectrum analysis

Nina Golyandina (St.Petersburg State University), Mikhail Senov (St.Petersburg State University) and Alexander
Khramov (St.Petersburg State University).

Singular spectrum analysis (SSA) is a nonparametric method that can be applied to signal estimation. The extension of
SSA to the complex-valued case, called CSSA, is considered. The accuracy of signal estimation using CSSA is investigated.
An explicit form of the first-order errors is obtained for the case of a constant signal and two forms of perturbations, by
an outlier and by independent Gaussian noise. It is shown numerically that (1) the first-order errors describe the full
errors well, and (2) the formulas for accuracy for estimating a constant signal can be applied to a sum of complex
exponentials using multiplication by the number of exponentials.

[9225] Enhancing Maritime Situational Awareness Through Network Based Traffic Modeling
Julius Venskus (Vilnius University), Robertas Jurkus (Vilnius University) and Povilas Treigys (Vilnius University).

Effective marine traffic interaction modeling is crucial for enhancing situational awareness and ensuring maritime safety.
This study introduces a novel approach that integrates complex network theory and feature extraction techniques to
analyze vessel interactions in real time. Using Automatic Identification System (AIS) data, we construct a dynamic
maritime network where vessels are represented as nodes, and interactions—defined by proximity, speed, heading
correlation, and route similarity—form network edges. Key topological features, including degree centrality, clustering
coefficient, and betweenness centrality, are extracted to characterize traffic patterns such as congestion, cooperative
navigation, and risk-prone behaviors.

By applying clustering and network analysis algorithms, we classify interaction types, detect anomalies, and predict
potential risks, supporting proactive decision-making. The framework is validated using historical AIS data and maritime
incident reports, with a real-case analysis of marine traffic in the Baltic Sea near Bornholm Island. The results
demonstrate the framework’s effectiveness in improving real-time traffic awareness for vessel traffic service (VTS)
operators and autonomous ship systems. This research advances real-time maritime traffic management by providing
actionable insights that enhance navigational safety, optimize operations, and support the development of intelligent
marine transport systems.

[9269] Picking winners: smarter variable selection when data is scarce

Yves R. Sagaert (VIVES University of Applied Sciences) and Ivan Svetunkov (Lancaster University Management School).

Statistical modeling theory is well established when the set of independent variables to be considered is fixed and small.
The problem of variable selection becomes much more challenging when the number of potential variables becomes
large. In practical applications, the number of potential external predictors increases as huge amounts of open data
become available. Variable selection becomes even more challenging when little historical data is available, resulting in
the well-known short fat data problem when the number of training points is smaller than the number of variables to be
considered. This is often the case in a business environment, where the relevant historical data is limited. In this research,
we propose a forward stepwise variable selection method that produces models in linear time and solutions that are at
least as good as conventional stepwise approaches. Furthermore, this method does not saturate in the situation of
limited historical training data and selects the most relevant variables in a limited time. We present the results of our
method for particulate matter (PM) air quality measurements in Belgium, showing the benefits of the method in
comparison with the conventional ones in terms of forecasting accuracy and computational time.

[9279] Drift and Diffusion in Panel Data: Extracting Geopolitical and Temporal Effects Through
Two-Stage Least Squares Correction of Residuals and Iterative Local Regression
James Chen (Michigan State University) and Thomas Poufinas (Democritus University of Thrace).

Drift and Diffusion Across Diverse Domains, the companion to this paper, proposes the segmented identification of drift
and diffusion terms in analytical settings spanning space and time. In particular, that paper recognized the prevalence of
two-stage least squares (2SLS) regression in geospatial econometrics. 2SLS By the same token, walk-forward validation in
time-series forecasting constitutes a special instance of iterative local regression. 2SLS and iterative regression are
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contrasting, even conceptually opposed approaches to isolating the drift and diffusion terms in data hypothesized to
contain stable as well as stochastic components.

This paper applies 2SLS correction of residuals and iterative local regression to panel data. Panel data intrinsically
includes a temporal component. The typical panel, however, covers relatively few time periods and with low frequency.
Annual observations are common in economics. Moreover, spatial arrangements in panel data need not be — and most
often are not — expressed in strictly geographic terms. Many panels organize observations according to geopolitical
units, such as individual American states or member-states of the European Union.

Previous research identified macroeconomic and industry-specific determinants of railway traffic in Europe. This paper
applies 2SLS and iterative local regression to that dataset. It uses the k-means algorithm to isolate seven distinct clusters
among 475 total observations. Each cluster then becomes amenable to either 2SLS correction of residuals or local
regression. Goodness of fit for a model of railway passengers in 25 European countries improves from r2 = 0.685 to r2 =
0.782 for 2SLS and r2 = 0.825 for iterative local regression. 2SLS provides strong evidence of geopolitical and temporal
influences. Iterative local regression produces implicit vectors of coefficients and p-values that reinforce some causal
inferences of the unconditional model for rail passenger traffic, while simultaneously undermining others.

[9307] Linking Vegetation Trends and Fire Risk in the Carpathians

Melinda Manczinger (Corvinus University of Budapest) and Tibor Kovacs (Corvinus University of Budapest).

Fires are increasingly recognized as critical drivers of ecosystem change, not only in traditionally fire-prone regions but
also in temperate areas such as Central and Eastern Europe, posing significant ecological, economic, and social
challenges. In the Carpathians, fire susceptibility modelling across seven countries — Czechia, Hungary, Poland, Romania,
Serbia, Slovakia, and Ukraine — has previously identified the Normalized Difference Vegetation Index (NDVI) as a key
predictor of fire risk. However, the temporal dynamics of NDVI and its interactions with observed fire frequency,
predicted fire susceptibility, land cover, and climatic factors remain largely unexplored. This study explores the
relationship between NDVI trends (2000-2024) and fire susceptibility in the Carpathians by addressing several key
aspects. First, we investigate long-term NDVI trend and explore whether its decline is associated with increased fire
frequency. Second, we examine how vegetation deterioration influences fire susceptibility, assessing whether areas with
more pronounced negative NDVI trends exhibit higher fire risk over time. We also analyze how fire trends vary across
different land cover types and whether certain categories show a stronger correlation between NDVI trends and fire
occurrences. Finally, we evaluate whether NDVI trends can serve as an early warning indicator for identifying future fire-
prone areas. Fire occurrence data were obtained from NASA’s FIRMS database for the period 2000-2024, filtered to
include only fire events with a confidence level of >= 80% within the study area, resulting in a dataset of 9,344 fire points.
To analyze vegetation trends, we used NDVI data from NASA’s MODIS Terra satellite (MOD13A3 v061) product ata 1 km
spatial and monthly temporal resolution. These data were aggregated to annual values and analyzed across 39
administrative regions using the H3 hierarchical geospatial indexing system. As a first step, vegetation trends were
assessed using linear regression, while non-parametric Mann-Kendall trend test, land cover classification, and
meteorological data will be incorporated for further insights. Preliminary results indicate that no consistent spatial
patterns regarding different trend types exist in the Carpathians. Fires are overrepresented in regions with negative NDVI
trend (OR: 1.92, p-value = 5.8 x 10-20). Similarly, very high (> 0.99) predicted fire susceptibility is overrepresented in
these regions (OR: 1.61, p-value = 1.74 x 10-16). Future research will refine these relationships to enhance predictive
modeling for fire-prone regions in the Carpathians.

[9325] Beyond summary performance metrics for forecast selection and combination

Ivan Svetunkov (Lancaster University) and Nikolaos Kourentzes (Skévde University).

In doing forecast selection or combination we typically rely on some performance metric. For example, this could be the
Akaike Information Criterion (AIC) or some cross-validated accuracy measure. From these we can either pick the top
performer, or construct combination weights. There is ample empirical evidence demonstrating the appropriateness of
such metrics, both in terms of resulting forecast accuracy and automation of the forecasting process. Yet, these
performance metrics are summary statistics, and they do not reflect the sample-based uncertainty around them. This
poses similar issues to analysing only point forecasts to assess the risks associated with a prediction, instead of looking at
the whole distribution of values. We propose using the point likelihood to get a distribution of information criteria for
each model and each sample, simplifying the pooling process for forecasts combination. We demonstrate that our
approach does not require an arbitrary dichotomy between forecast selection, combination or pooling, and switches
appropriately depending on the time series on hand and the pool of forecasts considered. The performance of the
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approach is evaluated empirically on a large number of real time series from various sources. We argue that the
proposed approach is useful for model selection and combination more generally, beyond the forecasting domain.

[9394] US banks versus European ones: forecasting of bank failures and evaluation of systemic
risk.

Giusy Chesini (University of Verona).

This paper compares the probability of bank failure and the relevance of systemic risk in Europe and the United States. It
analyses whether American banks are outperforming European banks in terms of vulnerability to failure and their
contribution to systemic risk. In March 2023, the failure of a few banks caused turmoil in global finance. Within hours,
national supervisory authorities implemented extraordinary measures. Though regulators averted crisis, this episode
rekindled memories of the 2008 global financial crisis, when the collapse of the U.S. housing market triggered a deep,
prolonged recession. The 2023 bank failures were prompted by inflation and monetary tightening. Meanwhile, uninsured
financial leverage as measured by the ratio of uninsured debt to assets emerged as an important indicator of potential
insolvency. This ratio had not received much academic attention before 2023. Immediately after these failures, Jiang et
al. (2023, DOI: 10.2139/ssrn.4387676) showed how a decline in bank asset values from rising interest rates can
significantly increase fragility among banks and make them prone to runs by uninsured depositors. In principle, effective
deposit insurance can forestall bank runs. Bank deposits around the world are insured in different ways. The 2023 crisis
arose in the U.S., precisely where deposit insurance is higher and more protective. The perverse relationship between
deposit insurance and bank runs invites closer analysis of differences in regulation and bank performance in Europe and
the U.S. This paper assesses the effectiveness of the best-known methodologies for predicting and (ideally) preventing
bank failures. Moreover, every aspect of bank performance is associated with unique risks. Because this relationship can
be complex and multifaceted, banking regulators pay close attention to the risk-return trade-off. For example, capital
reserve requirements can backfire by lowering profits that keep banks solvent. Banks must find a balance between
stability and an appropriate level of profitable risk. Spatial and spatio-temporal models are applied to the US and
European banking sector datasets to enhance risk assessment. Although these models are traditionally used in
environmental and geosciences, their ability to capture location-based patterns makes them valuable for analyzing
geographically influenced financial risks. The empirical findings highlight the significance of spatial linkages in different
banking systems.

[9559] A Comparative Analysis of Time-Series Models for Forecasting ETF Log Returns

Sanabel Bisharat (Khalifa University), Shamma Almaazmi (Khalifa University) and Maher Maalouf (Khalifa
University).

Forecasting monthly asset returns is critical for optimal investment decisions and asset allocation. However, accurate
prediction remains challenging due to the complexity, noise, and volatility of financial markets. In this study, we compare
classical time series models with advanced deep learning approaches to forecast the monthly returns of five major
exchange-traded funds (ETFs): XLF (Financials), XLI (Industrials), XLK (Technology), XLV (Healthcare), and GLD (Gold), using
historical data from 2007 to 2024. We evaluate classical models, including Regression, Moving Average (MA), Simple
Exponential Smoothing (SES), Holt’s linear trend model, ARIMA, and Holt—Winters, alongside deep learning approaches
such as Long Short-Term Memory (LSTM), Gated Recurrent Units (GRU), and a hybrid CNN-LSTM model. A rolling-window
forecasting framework is used to simulate real-time performance, and the statistical properties of the return series are
analyzed. Forecast accuracy is measured using Root Mean Squared Error (RMSE) and Mean Absolute Deviation (MAD).
Our results show that SES and ARIMA provide reliable forecasts, consistently performing better than MA, Holt’s, and
Holt—Winters methods. However, deep learning models, particularly GRU and CNN-LSTM, show competitive performance
at capturing complex nonlinear patterns. These findings provide valuable insights for investors and financial analysts,
allowing for better portfolio management and asset allocation strategies.

[9563] Forecasting organizational success using bio-inspired survival capabilities

Guy Kashi (PhD) and Gad Rabinowitz (Department of Industrial Engineering and Management, Ben Gurion University
of the Negev).

Various researchers have borrowed insights from the natural world for use in man-made systems forecasting their
success. Our study is another such attempt in the field of predicting organizational success using bio-inspired survival
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capabilities while integrating natural evolution, organizations' survival and success, forecasting techniques, economics
performance measurements, climate finance, chaos, and complex systems (McCarthy 2004, Montuori 2000, Joachim
2001, Kauffman 1996, Collins 1997, 2001, Teece 1997). We have identified seven natural evolution and survival
capabilities and itemized each of them to specific controllable characteristics in organizations. Next, we studied how 53
managers and employees perceive and evaluate them in 14 business organizations. Our findings have verified the analogy
and shown that robustness and proliferation predict business relative stock-market success and Forecast organizational
success using bio-inspired survival capabilities.

[9700] VIRTUAL SENSOR FOR OXYGEN ANALYZER

Raj Kumar Thangaraj (ExxonMobil Services and Technology Private Limited), Parth Rajendrakumar Koralwala
(ExxonMobil Chemical Asia Pacific (Div. of EMAPPL)), Jai Manik (ExxonMobil Services and Technology Private Limited),
Amr S El-Bakry (ExxonMobil Services and Technology Private Limited) and Sumeet Trehan (ExxonMobil Technology
and Engineering Company).

In the process industry, fired heaters play a crucial role in transferring heat from combustion to heavy oil, a critical
process fluid. Furnace flooding happens when more fuel is accumulated than sufficient air for combustion. This situation
poses difficulty in controlling the combustion, if the fuel re-ignites suddenly. To prevent furnace flooding, monitoring
excess oxygen concentration in the flue gas is essential. Hence, Oxygen analyzer is considered the last line of defense for
preventing fire heater flooding. However, certain design aspects of these analyzers can lead to inaccurate readings,
particularly in cases of internal leakage or component blockage. These issues can result in hidden failures, producing
falsely high Oxygen readings. This can mislead the control system or panel operator into believing that there is adequate
excess Oxygen in the heater, when in reality, there is not. This misinterpretation can potentially lead to heater flooding in
the worst-case scenario. Thus, there is a need for redundant analyzer when the physical one behaves anomalously.
Purchase, regular maintenance and calibration of redundant analyzers add up to the operational expenses. Hence, there
is a need for building a virtual analyzer model. This paper presents a predictive modeling approach to estimate excess
oxygen levels in the flue gas, ensuring uninterrupted process operation and mitigate safety hazard. At first, we focused
on identifying important features like heater inlet air and fuel flowrate, draft pressure, fuel gas duty, etc... Followed by
feature engineering where we identified the contribution of different lags of these variables in predicting the target
variable i.e. excess Oxygen. This played a crucial role in identifying the order of lags or the window length for different
predictive algorithms. We have experimented various techniques like Vector Auto-Regressive (VAR), Long Short-Term
Memory (LSTM) networks, and Elastic Net. To optimize LSTM performance, we employed Bayesian Optimization for
tuning hyperparameters like the number of layers and neurons. We find that the rigid modeling of VAR is not suitable for
these tasks. Moreover, we find that the performance of Elastic net and the RNN model behave similarly. The model’s
accuracy is evaluated against analyzer readings during normal operation and validated by a subject matter expert during
anomalous behaviour. Our study provides a comprehensive comparison of the modeling approaches, highlighting their
strengths and limitations. Additionally, we discuss the potential applications of these models in real-time monitoring and
control of fired heaters, enabling proactive maintenance and improved process efficiency. The findings of this research
can be extended to other industrial processes, where predictive modeling can enhance safety, reliability, and
productivity.

[9843] Deep Learning for Time Series Forecasting: Insights from the M5 Competition on
Accuracy and Efficiency

Nourhen Kachroudi (Cristal Laboratory), Faiza Ajmi (Catholic University of Lille), Sara Ben Othman (Cristal
Laboratory) and Slim Hammadi (Cristal Laboratory).

This study investigates the performance of four advanced deep learning models—LSTM, TCN, TFT, and TimeGPT—applied
to time series forecasting, using the M5 competition dataset. The models are evaluated based on accuracy metrics
including SMAPE and RMSE, alongside their computational efficiency in terms of training hours. By comparing these
models, the research highlights their strengths and limitations, providing insights into their suitability for real-world
forecasting tasks.

[9847] Enhanced Performance and Lifetime Prediction in PEM Fuel Cells and Water Electrolyzers
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Farideh Abdollahi (Doctrol researcher), Kourosh Malek (Division Head), Thomas Kadyk (Division Head) and Michael
H. Eikerling (Institute Director at Forschungszentrum Jilich).

Abstract Proton Exchange Membrane Fuel Cells (PEFCs) offer significant promise for sustainable energy systems due to
their high efficiency and low environmental impacts. However, their widespread adoption is hindered by challenges
related to durability and accurate prediction of their Remaining Useful Life (RUL). In this work, we propose an innovative
prognostic framework by utilizing an Echo State Network (ESN) model [1], which is tailored specifically for RUL forecasting
of PEFCs in the energy sector. While ESNs have been explored in this field, earlier models often faced challenges in
consistently capturing complex degradation trends or achieving optimal accuracy in long-term performance estimation
[2]. To address these limitations, our framework employs a sliding window strategy, which enhances the ESN’s ability to
handle dynamic temporal dependencies and capture short and long-term degradation patterns effectively. The
framework integrates preprocessed PEFC operational data with a high-dimensional reservoir in the ESN, dynamically
representing stack degradation trends. To ensure accuracy, a grid search algorithm is employed to optimize critical
hyperparameters. The ESN model achieved superior prediction accuracy and reliability compared to traditional
approaches 0.022 and 0.016 in terms of root mean square and mean absolute error, respectively, for long-term
prediction.

References: 1.Jaeger, H., Echo state network. scholarpedia, 2007. 2(9): p. 2330. 2.Hua, Z,, et al., Remaining useful life
prediction of PEMFC systems based on the multi-input echo state network. Applied Energy, 2020. 265: p. 114791.

[9966] Drought Forecasting Performance Across a Rainfall Gradient Using LSTM in Dehesa
Grasslands

Tom Vanwalleghem (Universidad de Cérdoba) and Filippo Milazzo (Universidad de Cérdoba).

Drought is one of the major meteorological disasters that impacts on agricultural production. In Spanish grasslands,
agricultural insurance schemes use remote sensing observations of NDVI or vegetation greenness to quantify payments
to farmers. Payments for drought damage due to reduced grassland production occur when NDVI is below historical
means, with different loss levels depending on the premium paid. The objective of this paper is to predict these NDVI
time series in Mediterranean dehesa grasslands using long short-term memory (LSTM) neural networks at different lead
times, and compare the performance in different zones of Spain. We use rainfall and potential evapotranspiration as
predictors, derived from Open-meteo. NDVI was obtained from Sentinel-2 through Google Earth Engine at 10m
resolution. The training and validation of the NDVI forecast models were performed from 21/07/2015 to 28/2/2025,
using a 70-30% data split. We obtained Nash-Sutcliffe effiency of 0,98 1 — 0,984 and MSE values of 0,004-0,012. We
obtained similar forecast performance in different areas. The LSTM-based predictions significantly improved the
conventional random forest model, with NSE between 0,578-0,88 for 7 and 30 days lead time. In the random forest
models, predictions at 7 days are more accurate and better forecast the negative effect of drought on vegetation
dynamics than 30 days, but in the LSTM-based predictions the difference is minor. This suggests that LSTM is a promising
technique for forecasting agricultural drought incidence.

[9979] Does an image worth 1000 data? It does when classifying Electromagnetic Cascades in
LArTPC Detectors

Alejandro Ponce (University of Granada), Bruno Zamorano (University of Granada), Luis Javier Herrera (University of
Granada), Diego Garcia (University of Granada) and Alberto Guillen (University of Granada).

This work presents a convolutional neural network-based method for the classification of electromagnetic cascades in
Liquid Argon Time Projection Chamber (LArTPC) detectors, focusing on the discrimination between photon-induced and
electron-induced events. One of the novelties proposed is the approach of representing the data stream as images
instead of vectors or numbers. The proposed approach processes structured sequences of charge deposition signals,
projected as spatial patterns derived from detector readouts, and classifies them using deep image-based models. Our
experiments demonstrate that EfficientNet-B2 achieves a classification accuracy of 96.2\% on the validation set,
outperforming previous approaches.

[9987] Simplicity vs. Complexity in time series forecasting: a comparative study of iTransformer
variants
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Polycarp Shizawaliyi Yakoi (School of Electronic and Information Engineering, Liaoning Technical University, Xingcheng,
Huludao, Liaoning), Xiangfu Meng (School of Electronic and Information Engineering, Liaoning Technical University,
Xingcheng, Huludao, Liaoning), Danladi Suleiman (University of the Sunshine Coast, School of Science, Technology and
Engineering, UniSC Moreton Bay, QLD), Adeleye Idowu (Department of Management Information Systems, Cyprus
International University, 99258, Lefkosa), Victor Adeyi Odeh (School of Information and Communication Engineering,
University of Electronic Science and Technology of China) and Chunli Yu (School of Electronic and Information
Engineering, Liaoning Technical University, Xingcheng, Huludao, Liaoning).

According to recent time series forecasting research, simpler models frequently perform better than their more complex
counterparts, particularly over longer time horizons. By comparing two improved versions of the iTransformer—
MiTransformer, which incorporates an external memory module, and DFiTransformer, which adds dual-frequency
decomposition and Learnable Cross-Frequency Attention—this study investigates this assertion. Although both seek to
increase forecasting accuracy, empirical findings across a number of benchmarks demonstrate that performance is
frequently negatively impacted by complexity. The conclusion that simpler, well-structured architectures can provide
superior generalisation and practical utility is further supported by the notable underperformance of the most complex
model, DFiTransformer.
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