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Abstract

Drought, as a natural and creeping phenomenon, is considered
one of the most important climate challenges in arid and semi-
arid regions, including Iran. Given the context of climate change
and the increased severity of drought events, a dynamical analysis
is crucial for effective water resource management. This study
aimed to investigate the probabilistic behavior and drought
dynamics within the Mashhad Plain. To achieve this, the Markov
Chain model was applied to a 127-year time series of precipitation
and mean temperature data. The core innovation lies in
employing the Twelve-Fold Hydrologic Time Series method. By
analyzing the data across twelve annual time scales, this approach
facilitated a more comprehensive and precise characterization of
drought features, effectively revealing long-duration events often
masked in conventional annual analyses. The results derived from
the transition probability matrix indicated that extreme climatic
states (severe drought and extreme wet periods) exhibit
significant persistence, whereas intermediate states (moderate
drought and moderate wet periods) are inherently more
transient. Furthermore, the calculation of the steady-state
distribution provided a clear perspective on the long-term
behavior of the climatic system. The findings reveal that, in the
long run, the combined probability of residing in drought states
(severe and moderate), totaling 42%, is higher than the probability
of residing in wet states (38%). These results yield invaluable
insights for strategic, long-term planning in water resource
management and facilitate effective adaptation strategies against
future climatic conditions in arid and semi-arid regions.
Keywords: Drought, Stationary Distribution, Transition
Probability Matrix, SPEI Index, Markov Chain.
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