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ABSTRACT

This study develops an enhanced Weibull Autoregressive Conditional Duration (W-ACD-X) frame-
work designed to endogenously incorporate calendar-effect variables for the simultaneous modeling
of intraday seasonality and stochastic duration clustering. Unlike traditional ACD methodologies
that rely on a two-step pre-filtering approach, which can distort underlying data dynamics and in-
troduce statistical artifacts, the proposed W-ACD-X model employs a one-step simultaneous esti-
mation strategy that preserves the integrity of raw high-frequency data.To ensure methodological
robustness, the study employs a dual-estimation approach: Frequentist Maximum Likelihood Es-
timation (MLE) and a Bayesian framework based on Hamiltonian Monte Carlo (HMC) with the
No-U-Turn Sampler (NUTS). The W-ACD-X specification is rigorously compared with Gompertz-
ACD-X and Lomax-ACD-X models through both Monte Carlo simulations and an empirical ap-
plication to high-frequency IBM transaction data. The Weibull specification consistently provides
a superior fit, outperforming alternative distributions across AIC, BIC, WAIC, and LOOIC met-
rics. While both estimation frameworks yield consistent point estimates indicating high duration
persistence, the Bayesian NUTS approach offers additional advantages by enabling comprehensive
quantification of parameter uncertainty through posterior distributions. The proposed framework
offers a robust and precise methodology for practitioners in operations research to model complex
market microstructure without information loss associated with external data adjustment.
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