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There are two limitations in the analysis of drought characteristics, which this
study has investigated and resolved. First, the limitation of the length of the
statistical period regarding the presentation of meteorological drought
characteristics and the other is the frequency analysis. The first case was solved
by using CRU climate data and the second case by using copula functions in this
research. In this study, while checking the accuracy of the rainfall values
extracted from the CRU climate model on a monthly scale, the frequency
analysis of drought severity and duration characteristics based on the SPI index
in the Zarinehrood basin has been analyzed. The results of the investigations
showed that the values of the CRU scenario have a suitable accuracy and error
rate with the observational data and have a suitable efficiency based on Nash-
Sutcliffe criterion, more than 0.72. By extending the statistical period to 60
years, the SPI index was estimated in the studied area, which indicates the
increase in the severity and duration of droughts in recent years. 45 percent of
the studied statistical period had a lack of rainfall and 8% of the studied months
were faced with severe drought. By choosing the distribution of generalized
extreme values and logistic for drought severity and duration series in the
studied stations, Frank's copula was selected for drought severity-duration pair
variable. The results of investigation and joint analysis of drought severity -
duration pair variables led to the presentation of drought probability curves in
the region, which estimate the regional characteristics of drought with different
probabilities. The presented approach has better performance than the historical
period and univariate analysis due to the increase of time series memory and the
use of joint distribution and copula functions and shows the characteristics of
drought better.
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Figure 1. The location of Zarinehroud River Basin and the studied meteorological stations

Table 1. Characteristics of observed rainfall data in the study area

. Max Rainfall Mean Rainfall STD. Rainfall Elevation Established . .
Station Primary period
(mm) (mm) (mm) (m) year
Bukan 132.21 29.23 31.22 1480 1345 2005-2019
Tekab 165.72 27.47 28.73 1380 1365 1986-2019
Miandoab 133.20 23.35 26.45 1295 1343 2002-2019
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Figure 2. Scattering plot of simulated data based on CRU and observed values of rainfall on a monthly scale in

Bukan station (Left: before applying bias correction, right: after applying bias correction)
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Figure 3. Scattering plot of simulated data based on CRU and observed values of rainfall on a monthly scale in

Tekab station (Left: before applying bias correction, right: after applying bias correction)
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Figure 4. Scattering plot of simulated data based on CRU and observed values of rainfall on a monthly scale in

Miandoab station (Left: before applying bias correction, right: after applying bias correction)
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Table 2. The results of the Nash-Sutcliffe statistic between the observed rainfall values and the corrected CRU values

Station NSE
Bukan 0.73
Tekab 0.72
Miandoab 0.75
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Figure 5. The results of extracting the SPI index in the scales of 6, 12 and 24 months at Bukan station in the
period of 1959-2019
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Figure 6. The results of extracting the SPI index in the scales of 6, 12 and 24 months at Tekab station in the
period of 1959-2019
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Figure 7. The results of extracting the SPI index in the scales of 6, 12 and 24 months at Miandoab station in the
period of 1959-2019
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Figure 8. Changes in duration and severity of SPI meteorological drought index in the studied stations
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Table 3. The results of selecting the best marginal distributions according to the intensity and duration of
meteorological drought

Station Drought Characteristics Dist. RMSE NSE
Buk Dd Logistic 6.89 0.94
vkan Ds GEV 229 0.99
Dd GEV 7.78 0.93

Tekab Ds Logistic 2.29 0.99

. Dd Logistic 7.04 0.94
Miandoab Ds Logistic 2.73 0.99

Table 4. The results of examining and fitting two-dimensional copulas on the pair-variables of drought
duration-severity series

Station Pair-variable Copula RMSE NSE Copula parameter
Bukan Dd-Ds Frank 0.06 0.96 19.85
Tekab Dd-Ds Frank 0.07 0.94 17.35

Miandoab Dd-Ds Frank 0.06 0.96 19.82
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Figure 9. The results of estimating the probability of occurrence of meteorological drought intensity and
duration with different probabilities in Bukan station
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Figure 10. The results of estimating the probability of occurrence of meteorological drought intensity and
duration with different probabilities in Tekab station
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Figure 11. The results of estimating the probability of occurrence of meteorological drought intensity and
duration with different probabilities in Miandoab station
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