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ARTICLE INFO ABSTRACT
. . Drought is one of the most critical climatic hazards in arid and semi-arid regions,
Article type: where persistent water shortages impose substantial environmental and economic

Research Paper impacts. Understanding the propagation of meteorological drought into hydrological

drought is a fundamental step toward sustainable water resource management. This
study investigates the relationship between meteorological drought characteristics and
event-scale propagation ratios, and assesses the sensitivity of watersheds in Khorasan

Article history Razavi Province to this propagation process. Using monthly precipitation and
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Accepted: 21 December 2025 coefficients were derived for each catchment. The results show that propagation ratios

Published online: 20 January 2026 decrease exponentially with increasing meteorological drought severity and intensity
across all catchments. The average coefficients of determination for the severity- and
intensity-based relationships were 0.43 and 0.48, respectively, with over 85% of the
catchments exhibiting statistically significant fits. Among the studied basins, the
Mosheng catchment showed the highest sensitivity (severity sensitivity = 2.29;
intensity sensitivity = 1.77), whereas the Dahaneh-Shur catchment exhibited the
lowest (severity sensitivity = 1.08; intensity sensitivity = 0.92), indicating more stable
hydrological behavior. A significant negative association was also found between
snow fraction and severity sensitivity, suggesting that a higher contribution of
Keywords: snowfall reduces the magnitude of drought propagation. Overall, the findings highlight
. . substantial spatial heterogeneity in catchment responses to drought propagation and
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EXTENDED ABSTRACT

Introduction: Understanding how meteorological droughts propagate into hydrological droughts is essential for
effective drought risk management and water resource planning. While meteorological drought originates in a
deficit of precipitation, its translation into streamflow deficits depends strongly on watershed characteristics,
climate conditions, and surface—subsurface interactions. Recent studies have highlighted drought propagation as
a nonlinear process that varies across climatic and physiographic settings. However, most previous research has
focused on long-term or spatial analyses, while event-scale propagation-which captures the dynamics within
individual drought episodes-remains less explored, particularly in semi-arid regions such as northeastern Iran.
This study analyzes the event-scale propagation of drought from meteorological to hydrological systems across
multiple watersheds in Razavi Khorasan Province, Iran.

Methodology: Monthly precipitation and streamflow data from 30 hydrometric stations across Razavi Khorasan
Province were analyzed. The original text states a 30-year period; please verify if this aligns with the 29-year
period mentioned in your abstract for consistency. Meteorological and hydrological droughts were characterized
using the Standardized Precipitation Index (SPI) and the Standardized Streamflow Index (SSI), respectively. A
gamma distribution was fitted to the non-zero precipitation and discharge records. Drought events were
identified when index values fell below —1. To assess drought propagation at the event scale, each hydrological
drought event was paired with its preceding meteorological drought. For every paired event, the duration,
severity, and intensity of both drought types were calculated. Propagation ratios were then determined as the
ratio of hydrological to meteorological drought characteristics, enabling a quantitative assessment of drought
evolution between systems. Subsequently, exponential relationships between standardized propagation ratios
and meteorological drought characteristics (severity and intensity) were fitted using nonlinear regression for
each catchment. The resulting coefficients, denoted as Ks and K, represent the catchment’s sensitivity to
variations in meteorological drought severity and intensity, respectively. Finally, Pearson correlation analysis
was employed to examine relationships between these sensitivity coefficients and key environmental variables,
including precipitation seasonality, snow fraction, the Normalized Difference Vegetation Index (NDVI), mean
slope, soil water holding capacity, and the aridity index.

Results and Discussion: The analysis demonstrated that standardized drought propagation ratios decreased
exponentially with increasing meteorological drought severity and intensity across all catchments, confirming
the nonlinear nature of the process. The fitted exponential relationships yielded average coefficients of
determination (R2) of 0.43 for severity-based (Rs*) and 0.48 for intensity-based (R,*) ratios, with over 85% of
catchments showing statistically significant fits (p < 0.05). The sensitivity coefficients Ks and K, exhibited
considerable spatial variability, ranging from 1.08 to 2.29 and 0.92 to 1.77, respectively. The Moushang
catchment showed the highest sensitivity (Ks= 2.29; K, = 1.77), while the Dahaneh-Shur catchment showed the
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lowest (Ks= 1.08; K, = 0.92). Corresponding R? values were 0.80 and 0.71 for Moushang, and 0.54 and 0.52 for
Dahaneh-Shur, indicating a stronger and more predictable drought response in the more sensitive catchment.
Correlation analysis revealed a statistically significant negative relationship between Ks and snow fraction (fs) (r
= -0.30, p < 0.05). This suggests that basins with a greater contribution from snowfall experience attenuated
drought propagation, likely because snow accumulation and gradual melt delay and buffer runoff deficits. Other
environmental variables-including NDVI, slope, soil water holding capacity, precipitation seasonality, and the
aridity index-showed weak or non-significant correlations with Ks and K;. These findings indicate that
catchments with lower snow fraction, sparse vegetation, and limited soil water storage are more vulnerable to
intensified drought propagation, where even moderate meteorological droughts can lead to severe streamflow
reductions. Conversely, catchments with higher snow storage or infiltration capacity demonstrate greater
hydrological resilience.

Conclusion: This study establishes an event-based framework for quantifying drought propagation dynamics
from meteorological to hydrological systems. The results confirm that the transformation follows a nonlinear
exponential pattern, governed primarily by drought severity and catchment characteristics. The derived
sensitivity coefficients (Ks and K,) effectively capture catchment responsiveness, serving as practical indicators
for identifying vulnerable areas. Catchments such as Moushang, Sabi—Kal Salar, Mah Nesa, and Beirut, with
high Ks and K; values, exhibit a strong and rapid hydrological response to meteorological droughts. These
basins require prioritized attention in drought risk management, including enhanced monitoring, optimized
reservoir operations, and regulated water use during drought periods. In contrast, basins like Dahaneh-Shur,
with lower sensitivity, possess greater inherent buffering capacity. Overall, the findings underscore the value of
event-scale analysis for elucidating drought propagation mechanisms, especially in data-limited semi-arid
regions. Integrating key environmental controls such as snow dynamics can significantly improve drought
forecasting and resilience planning. Future work should extend this analysis to larger spatiotemporal domains
and incorporate remote sensing data and process-based hydrological modeling to further unravel the physical
drivers of drought propagation.
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Figure 2- The nonlinear relationship between meteorological drought characteristics and drought propagation
indices in the Moushang catchment (a—c), and the best-fitted exponential curve and coefficient of determination (R?)
after linearization (b—d)
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Figure 4- Relationship between the drought severity sensitivity coefficient (K;) and environmental factors
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