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Introduction

Drought is a multivariate phenomenon whose effects are manifested in characteristics such
as duration, magnitude, and intensity. Analyzing drought using only one variable (e.g.,
precipitation) is insufficient because drought is influenced by various variables such as
precipitation, runoff, and soil moisture. Univariate or bivariate indices typically represent
only one type of drought (meteorological, hydrological, agricultural, or socio-economic).
Since different types of droughts may occur simultaneously, composite indices have been
proposed to simultaneously reflect multiple variables and the complex relationships among
them. One such method is the vine copula, which, by decomposing the problem into a
hierarchy of bivariate pair-copulas, enables precise modeling of multivariate dependencies
in high dimensions. The aim of this study is to develop a multivariate drought index based
on vine copulas that can model nonlinear correlations among four key drought variables
(precipitation, runoff, evapotranspiration, and soil moisture) across different time scales.
Additionally, the performance of this new index is compared with univariate and linear
composite indices, and its ability to identify historical and compound droughts is evaluated.

Teimouri, F., Bazrafshan, O., Gholami, H., Shekari, M. & Zamani, H.(2026). Application of integrated drought index in multivariate analysis based
on Vine-Copula. Journal of Drought and Climate Change Research (JDCR), 3 (Spatial Issue), 95-118. 10.22077/jdcr.2025.9917.1161

Copyright: © 2026 by the authors. Licensee Journal of Drought and Climate Change Research (JDCR). This article is an open
access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) licensc
(https://creativecommons.org/licenses/by/4.0/).


https://orcid.org/0000-0003-2524-3992
mailto:o.bazrafshan@hormozgan.ac.ir

hen g oy905 | AP

Another objective of this research is to analyze the risk of concurrent meteorological, hydrological, and
agricultural droughts using a conditional vine copula approach and to provide practical management strategies
to mitigate drought impacts in vulnerable areas.

Materials and Methods

In this study, to analyze and assess drought over a 20-year period (2000-2020) in the Minab watershed, four
drought monitoring indices were used: SPI (Standardized Precipitation Index), SRI (Standardized Runoff
Index), SPEI (Standardized Precipitation Evapotranspiration Index), and SMDI (Soil Moisture Deficit Index).
Subsequently, based on the three indices SPI, SRI, and SMDI, which exhibited the highest mutual correlation,
an integrated drought index (IDI) was constructed using the vine copula method. This approach enables for
the independent selection of dependency functions for each pair of variables and is particularly effective in
modeling hydrological phenomena such as drought, which involves variables like precipitation, runoff, and
soil moisture. Vine copula preserves the complex relationships among variables while reducing computational
complexity, providing an efficient solution for analyzing high-dimensional problems. Finally, using drought
characteristics (intensity, duration, magnitude, and peak) derived from the integrated drought index (IDI), the
conditional return period was calculated.

Result and Discussion

The results showed that the Frank copula function with parameters 4.8 and 7.1 is the most suitable
dependency model for the SPI-SRI and SRI-SMDI pairs, respectively. This selection was made based on
Kendall’s tau values (0.441 and 0.567), indicating a moderate to strong dependency between the variables.
Among the four drought indices, the three indices SPI, SRI, and SMDI, which had the highest correlation,
were analyzed. The results indicate that in the C-vine structure, the SRI drought variable is positioned at the
root node of the first tree and connects with the two other drought variables, reflecting the strong dependency
of SRI with the other variables. Furthermore, given the correlation coefficient of 0.82 between the SPI and
SRI drought indices, the highest among the pairs, they were selected as the first suitable index pair and the
first edge for constructing the multivariate drought index using the vine copula method. The developed IDI
index demonstrated superior ability in identifying compound droughts compared to univariate indices. Return
period analysis showed that in the multivariate case, the M | SDP scenario at a probability of 0.99 reaches a
return period of 225337 years, indicating the rarity of high-magnitude drought events along with other
features. The examination of relationships among drought characteristics also revealed a strong correlation
(0.95) between drought intensity and duration. Additionally, drought persistence conditional on intensity,
magnitude, and peak (D | MSP) at the same 0.99 probability yielded a return period of 11,388 years, which is
lower than the first case but still considered extremely large.

Conclusion

This comprehensive study examined the characteristics of drought in the Minab watershed using advanced
statistical methods. The results showed that SRI acts as the central variable in the tree structure, with the
highest correlation observed between SPI and SRI. The analysis of drought characteristics revealed the
strongest correlation (0.95) between drought intensity and duration. Examination of conditional probability
functions indicated that at low drought magnitudes, the likelihood of short-term droughts increases.
Additionally, long-term droughts generally have moderate magnitudes and less frequently reach critical levels.
This study demonstrated that using composite methods such as vine copulas can provide a better
understanding of drought phenomena and their features. The findings suggest that multivariate drought
analysis can be a powerful tool for water resource management and drought risk assessment. The observed
differences in return periods and relationships among variables emphasize the importance of regional drought
analysis and caution against directly generalizing results to other areas. These results can serve as a solid
scientific basis for management decisions in confronting drought events.
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Table 3. The results of goodness of fit test on the variables under study (at a significance level of 5 percent)
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Table 5. Results of the C-Vine structure on drought indices
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Fig 6. C-Vine structure diagram of IDI index variables
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Table 6. Descriptive statistics of drought characteristics obtained from the IDI index in the study basin
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Table 7. Results of the C-Vine structure of drought characteristics
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