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Trend Analysis of Drought Characteristics in Iran Using Univariate
and Multivariate Idices

Sana Abdollahi!, Ommolbanin Bazrafshan*?, Marzieh Shekari®

Abstract

The drought phenomenon contains important characteristics, including duration, severity, peak
and frequency. In this study, two indices of drought assessment consist of univariate index
(Standardized Precipitation Index: SPI) and multivariate copula-based index (JDI: Joint Deficit
Index) are compared. In this regard, the drought characteristics, including the severity, duration,
and drought frequency have been studied in 39 synoptic stations of Iran during the 1965-2014.
The results showed that the longest duration and maximum severity of each station belongs to the
JDI. Also, the frequency of drought in different classes shows the JDI estimates the drought
frequency with high accurately, but the SPI-12 provided an unexpected estimation is some
stations. In addition, the results of the Mann-Kendall test for the drought characteristics showed
that the drought trend with JDI is decreasing while SPI-12 does not show a significant trend in
the most stations. Finally, the results showed that JDI provides a complete drought assessment
for decision makers and water resource managers.
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Abstract

The drought phenomenon contains important characteristics, including
duration, severity, peak and frequency. In this study, two indices of
drought assessment consist of univariate index (Standardized
Precipitation Index: SPI) and multivariate copula-based index (JDI: Joint
Deficit Index) are compared. In this regard, the drought characteristics,
including the severity, duration, and drought frequency have been studied
in 39 synoptic stations of Iran during the 1965-2014. The results showed
that the longest duration and maximum severity of each station belongs to
the JDI. Also, the frequency of drought in different classes shows the JDI
estimates the drought frequency with high accurately, but the SPI-12
provided an unexpected estimation is some stations. In addition, the
results of the Mann-Kendall test for the drought characteristics showed
that the drought trend with JDI is decreasing while SP1-12 does not show
a significant trend in the most stations. Finally, the results showed that
JDI provides a complete drought assessment for decision makers and
water resource managers.

1. Introduction

Drought is a multidimensional phenomenon that the univariate analysis ignores in many dimensions.
Due to its high flexibility, Copula functions have been introduced as a suitable tool for bivariate or
multivariate analysis of hydrometeorological phenomena (Bazrafshan et al., 2020a). Copula functions
are widely used by researchers today in bi- or multivariate analysis of precipitation, runoff, drought,
and flood. Copula functions represent multivariate distributions that can have any form of marginal
function, there is a wide range of them, and the common distribution of correlated variables can be
obtained from them (Kao and Guvindaraju, 2010).

The aim of this study is to construct the Copula-based multivariate meteorological index, calculate
drought characteristics, analyze the trend of drought characteristics and compare it with SPI.
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2. Materials and Methods

In this study, daily precipitation data of 39 synoptic stations during 1965 to 2020 were used. These data
were collected from the Meteorological Organization of the country (IRIMO, 2020).

The SPI is an index which is used for evaluation of meteorological drought. To compute this index, we

suppose that the X represents the total precipitation during w months. Due to the histogram of
precipitation data, a suitable right skewed distribution is fitted to K and the marginal CDF will be

- -1
computed as Uw wa(xw). The SPI then is equal to SPI=CD (Uy) in which ®() is the cumulative
distribution function of the standard normal (Bazrafshan et al., 2020b).

To compute the SPImod, Kao and Govindaraju (2010) replaced the cumulative precipitation up to w

month
month (XW )with the monthly precipitation data. Here w is one of the months through January to

Jan Aug
December. For instance the X represents the precipitation in January while the Xs shows the

cumulative precipitation from January to August. Obviously, as long as W <12 the samples are not
overlapped. In the other hand, the correlation among observations significantly decreases. In addition,

month
the observations in the simultaneous “*w  are affected by the same seasonal periods (Achite et al.,
2022).

mod
The SPI™ can be computed same as the SPI using an appropriate fitted distribution as below
Splwod — q)—l(uwonth) — (D—l(Fxmomh (X(,nvonth )) (1)

In this study, a modified SPI time scale of 1 to 12 months was used to create the JDI index.
JDI = CID‘lKC (2

Ke which is definedas <7 = bt Ulae Cu,u,..

is the cumulative probability that measures the PIU,<u,..U, Sup] =t .

Also, Mann-Kendall test was used to analyze the trend.

3. Results

In temporal distribution of drought, JDI shows more fluctuations compared to SPI and the conditions
are almost the same for the stations in terms of dry and wet conditions. But SP1 shows relatively longer
periods of wet and dry.

In spatial distribution of drought, JDI shows large parts of northern and central Iran with mild drought
and wet season. In contrast to SPI, it shows moderate to severe drought.

T-test was used to compare the drought characteristics of the two indicators (Table 2). The results show
that there is a significant difference between the values of intensity and duration of the JDI and SPI.
According to Table 3, the results show that SPI has estimated the frequency of severe drought at 7
stations to be zero. In contrast, JDI did not estimate the drought frequency at zero in any of the three
classes under study, and it agrees well with the values expected in Table 1.

Analysis of drought severity and duration showed that JDI shows a stronger trend than SPI.

4.  Discussion and Conclusion

The data analysis represents that the JDI is more accurate to identify the beginning and the ending times
of drought events compared to SPI. In addition, JDI determines the overall deficit condition very well,
based on joint cumulative probability. Generally, since JDI monitors the drought events month by
month, hence it is able to provide a comprehensive assessment of drought status. Despite the
mathematical complication, JDI provides simpler interpretation of drought condition since it combines
various time scales in one index. In the other words, for a duration of specific months, JDI estimates
only one specific value while SPI provides several various estimations for various time scales.

Finally, it is suggested that the performance of other univariate indices such as SRI and Z-index and
bivariate indices such as SPEI and RDI be compared with the above multivariate index and the
uncertainty of these indices be estimated.
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