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13 October 2024 Therefore, the aim of this study is to create a comprehensive index of three indices SPI, PDSI, and SRI, which

Accepted: includes all aspects of meteorology, hydrology, and agriculture. For this purpose, three drought variables

8 Febi:uar)./ 2025 (severity, duration, Magnitude) were analyzed for 10 meteorological stations in Iran for the statistical period of

1990-2021, firstly using principal component analysis (PCA) and nonlinear coupling based on copula. were
analyzed. The probability distribution model for constructing the MCDI composite index. It was then tested
with the ability of the exact functions of Clayton, Frank, and Gamble to generate a trivariate joint distribution.
The best copula function for each station was determined through the Kolmograf-Smirnov (K_S) test, and the
results showed the superiority of the Gumbel function in most stations. Return period curves were drawn for
all stations and for all three joints. The period of returns indicated a long-term frequency of drought with
greater intensity for periods of 50 and 100 years. The shortest return period of 50 years with the superiority of
Clayton's function related to Tabriz and with the superiority of Gumbel's function related to Tehran was 10
months and the longest period was 30 months related to Mashhad with the superiority of Gumbel's function,
respectively with intensity of 6.53 and 8.95 and 26/34 were included. For the 100-year return period, the
shortest period with the superiority of Clayton is related to Tabriz with 13 months and intensity of 13.75, and
Keywords: the longest period with the superiority of Gumbel's function belongs to Kerman with a duration of 48 months,
Composite index MCDI, and the intensity of 42.56. The results of this research show that the use of a multivariate composite index
(MCDI) by using detailed functions provides the possibility of a more comprehensive and accurate assessment
of drought on a national scale. This approach, taking into account the meteorological, hydrological, and
agricultural aspects of drought, provides an efficient tool for managing water resources and strategic planning
in the face of drought in different regions of Iran.

Published online:
27 March 2025

Drought,
Copula function,
Drought indicators.

@ @ @ © the Author(s). Publisher: University of Sistan and Baluchestan

NC

1. Introduction

Drought is a severe natural disaster caused by an abnormal decrease in rainfall, the effects of which extend
from the meteorological phenomenon to the fields of agriculture, hydrology, environment, economy, and in the
worst case, to the loss of human lives (Waseem et al, 2015:30). Therefore, evaluating and investigating drought
is very important in planning and implementing plans to deal with it. One of the common methods of drought
evaluation is using drought indices. So far, many indicators have been developed by researchers to evaluate
different types of droughts. Nevertheless, each of these indicators only deal with certain aspects of the drought
phenomenon, so developing a composite drought index to describe drought can be useful (Esadi Agbalaghi,
2016: 8). Since droughts are significantly different in terms of temporal and spatial characteristics from one
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region to another, this phenomenon is known as a multivariate phenomenon that is often characterized by
duration, intensity and magnitude variables. Magnitude) is determined (Azhdari, 1400: 2). In general, there is a
significant correlation between these variables, and a better interpretation of drought can be obtained from
multivariate statistical analyses. Since the probability distribution of drought variables is often not the same, it
is not possible to use classical multivariate distribution functions. On the other hand, there are a newer group of
multivariate distribution functions called copula function, which have been widely used in the multivariate
analysis of drought (Abbasian, 2018: 23). The most important feature of copula functions is that there is no
requirement for the same marginal distribution in their use. Copula functions make it possible to combine
several univariate distributions from different families to make a multivariate distribution by considering the
correlation between variables. These functions were first introduced by Sklar (1959) and in recent years have
been considered in fields such as economics and hydrology (Guderzi et al., 2018: 353).

Therefore, studies have been conducted in this regard, and the results of studies conducted in the past indicate

that in the field of drought monitoring, there is a need to provide an index that includes all physical forms of
drought (meteorology, agriculture, and hydrology). Also, in the analysis of prior probabilities, more univariate
and sometimes bivariate distributions have been used, while due to the different and effective variables in
drought analysis, multivariate distributions on the composite index should be considered more carefully. has
wings Therefore, in this article, by using the weighted combination of SPI, PDSI, and SRI, the MCDI
composite index was created using the principal component analysis (PCA) method, and this composite index
was created using copula functions for the joint analysis of three variables: intensity, duration and the
magnitude of drought in the desired stations, and finally, the return period of three variables for three
Archimedesian copula functions should be investigated.

2. Methods and Material

In this research, 10 stations from this region with the longest record across the country were selected. Three
indices SPI, PDSI and SRI were chosen to investigate the aspects of drought, so that through their combination
using the principal component analysis (PCA) method, a new composite index can be obtained that includes all
meteorological, hydrological and agricultural aspects. Therefore, by creating innovation through the creation of
a multivariable composite index MCDI, the period returns were investigated. Then, using the three-variable
copula functions including Clayton, Frank, and Gamill, the return periods of 2,5,10,50, and 100 years were
investigated and analyzed.

3. Results and Discussion

To calculate the composite index, first, each of the SPI, PDSI and SRI indices was calculated for the period
(1990 to 2021) and then by weighting each index through the principal component analysis (PCA) method, the
composite index was calculated for 10 stations. The opinion was calculated separately. According to the
specified weight for each index, which is related to the data with a delay of one month, the combined CDI
index was obtained for each station, which according to the research of Marwa Ali et al. (2022) showed the
ability of the PCA method to evaluate the optimal weight for each index.

The weight of the parameters related to each index to create a composite index shows the effectiveness of that
index in the study area. By comparing the weight of the SP1, SRI and PDSI indices, the uniform effect of these
three indices can be seen, as Oliyaei et al. (2019) He mentioned it in his research. The range of changes of this
index is a combination of values greater than 2 to -2, and the closer or more this value is to -2, the more severe
the drought is, and the aspects of drought can be evaluated using the CDI index (Azhdari, 2021:71). Therefore,
based on this, the location of the intensity, duration and peak of the combined index were compared for the two
time periods of 1990 to 2005 and 2006 to 2021. The results show the increasing trend of drought between 2006
and 2021, and the longest duration and intensity of drought is related to the eastern and central regions of the
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country. As Oliyaei et al. (2019) have made this prediction with a combined index for northwest Iran and
Azhdari (2021) for Bandar Abbas. Then, three-variable copula functions were used to calculate each of the
characteristics related to the obtained composite index. Therefore, Kendall, Spearman, and Pearson correlation
coefficients were used to check the degree of correlation in multivariate distributions for each of the three-
variable Clayton, Frank, and Gamble functions. The Kolmogorov-Smirnov goodness-of-fit test of each of the
fitted copula functions was determined based on the P-value according to the type of correlation coefficient.
The test of the best fitted copula function is based on the P-Value value, so that the larger the P-Value and
closer to one, the better the fitted copula (Azhdari,2021:39). Comparison of changes and results obtained from
single indicators in the research process of Shakersoureh and Asadi (2017) for SPI, SRI and GRI indicators,
Jahangir et al. (2019) for SSI and SPI and in Finally, the examination and comparison of the results of the
current research with the results of Azhdari (2021) which was done for SPI and SRI indices in both single and
combined modes showed the accuracy of the combined index in multivariable drought estimation compared to
single indices. Since the best fitting distribution function of the input variables is necessary to calculate the
joint probability function, the better the fitting distribution function is, the more accurate the calculated
probability is (Hossain et al, 2020: 8).

Therefore, for most of the stations, Gamble's optimal function was considered with the highest value, and only
for the two stations of Bandar Abbas and Tabriz, with P-values of 0.97 and 0.799, respectively, it is superior to
Clayton's optimal function, which had the best fit. The return period of 2, 5, 10, 50 and 100 years was shown
for each station separately and for three three-variable functions of Clayton, Frank and Gamble. that the
minimum duration of the 50-year return period with the superiority of Clayton's function related to Tabriz and
with the superiority of Gumbel's function related to Tehran was 10 months and the longest period was 30
months related to Mashhad with the superiority of Gumbel's function, respectively with intensity of 6.53, 8.95
and 34.26 are included. For the 100-year return period, the shortest duration of drought with the superiority of
Clayton's function is related to Tabriz with 13 months and intensity of 13.75, and the longest duration with the
superiority of Gumbel's function belongs to Kerman with duration of 48 months and intensity of 42.56. Oliyaei
et al. (2019) and Kavianpour et al. (2020) have achieved it in their research process for parts of Iran. Many
studies have shown that S and D generally have a strong positive correlation (Sadeghfam et al, 2022: 10).
Therefore, the return period for the coming years will be a sign of drought in most provinces with intensity and
long duration.

4. Conclusion

This study presents a method to determine a composite index using copula functions to have a three-variable
analysis of drought intensity, duration and Magnitude. Since the combined index can evaluate different aspects
of drought, three variable analysis of intensity, duration and peak was performed on the MCDI index using
detailed functions and its results were presented. Therefore, the results will show the recovery period for the
coming years from the severe and long-term drought in most provinces. In principle, the use of a multivariable
framework can help politicians, decision makers and the whole society in managing water resources. Presenting
complex patterns in future studies, such as considering various variables that may cause or exacerbate drought
events, will certainly improve the research process and provide new insights into the driving factors of severe
droughts.

Keywords: Composite index MCDI, Drought, Copula function, Drought indicators.
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