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Abstract

Drought, as one of the most complex and multidimensional climatic phenomena, is inherently
associated with high uncertainty and nonlinear dependencies among climatic variables. In this
study, a hybrid framework integrating phase space reconstruction (PSR), Vine Copula, and
quantile regression was developed to improve the accuracy and interpretability of drought
prediction in the hyper-arid climate of Bandar Abbas over the period 1960—2022. The results
demonstrate that phase space reconstruction, by unveiling the hidden dynamical structure of
the SPEI time series, significantly enhances model performance, such that the coefficient of
determination (R?) in the testing phase increases from approximately 0.10 to more than 0.80.
The Vine Copula approach effectively captures the nonlinear and asymmetric dependencies
among climatic variables and, when combined with PSR, provides a coherent framework for
representing the dynamic behavior of the drought system. Quantile-based models, including
QRF, QXGBoost, and QVineCopula, not only improve predictive accuracy but also enable
data-driven quantification of uncertainty, resulting in superior coverage of prediction intervals
(PICP = 0.91). Variable importance analysis highlights the dominant role of lagged SPEI
components—particularly SPEI9 and SPEI8—along with maximum temperature and wind
speed, in governing regional drought dynamics. Overall, the hybrid PSR-QVineCopula
model achieves an optimal balance between accuracy, robustness, and interpretability, and
offers a novel framework for both deterministic and probabilistic drought prediction in hyper-
arid regions.

Keywords: Drought, Phase Space Reconstruction (PSR), Vine Copula, Quantile Regression,
Probabilistic Prediction, Uncertainty.



