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3- Gaussian copula model
4- Joint Deficit Index (JDI)
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2- Standardized Precipitation Index (SPI)
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2- Spearman rank correlation coefficient
3- Clayton

4- Frank

5- Gumbel-Hougaard
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Figure 1. Locations of hydrometric and hydrometeorological stations in the study area.
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Table 1. Descriptive statistics of drought variables based on the SPI indices.

eIk IR sk IR ek IR
(ola) (aals 033155 SPI) (ola) (anls i SPI) (ola) (aalsas SPI)
Duration Severity Duration Severity Duration Severity % B oo o
(month) (12-month SPI) (month) (6-month SPI) (month) (3-month SPI) ™™ g X 'z
52 53
3277
3
71 16.06  63.23 12.53 22 6.33 4296  5.07 18 5.54 3335 435 46 1
84 11.5 103.8 8.93 31 5.93 3395 474 22 5.18 17.88  4.17 49 2
71 2075  59.25 16.71 22 6.23 39.81 495 18 5.69 3126  4.46 45 3
69 17.57  62.51 14.42 29 6.63 2835 524 21 5.23 17.64 427 47 4
67 13.68  80.64 10.53 31 6.20 3134 488 21 4.86 17.64  4.01 51 5
47 1439 4091 11.13 21 5.83 2447 472 21 5.14 18.57 4.5 49 6
46 1038 37.01 8.24 20 5.48 2352 452 21 5.10 1782 4.09 50 7
53 10.83  65.01 8.56 29 6.13 2557 515 13 4.94 1324 387 52 8
46 10 37.7 7.91 21 4.86 23.56  3.96 21 4.98 17.84  4.09 50 9
38 9.04 39.42 7.40 18 5.55 2336 4.56 10 4.86 10.00  4.02 51 10
65 1195 7514 8.94 30 5.93 2939 479 22 5.14 1752 417 49 11
32 9.14 37.91 7.06 20 5.81 2259  4.67 10 4.76 9.65 3.85 53 12
38 9.58 37.72 7.66 18 5.42 22.57 446 10 5.00 9.79 4.16 49 13
37 10.74 3573 8.77 18 6.00 19.13 490 17 5.06 14.67  4.07 50 14
48 9.04 43.8 7.63 21 6.60 22.64 538 16 4.26 1751  3.42 58 15
37 11.71 3279 9.46 18 5.86 2190  4.77 18 5.12 16.45  4.08 50 16
37 11 34.35 8.55 18 6.02 21.85 490 10 4.82 10.79  4.03 51 17
43 13.67  68.56 10.75 33 8.45 5941  6.76 30 4.72 5371  3.74 53 18
34 11.95 3746 9.64 20 6.05 2036 491 11 4.21 9.89 3.50 57 19
83 13.1 88.12 9.88 31 6.66 47.13 526 18 5.17 2328 431 47 20
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Table 2. Spearman’s correlation coefficient between some descriptive statistics of the variables of meteorological

drought events.
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Table 3. Relative frequency of the copulas as optimum option for fitting to the variables of meteorological

drought events in the subbasins.
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Figure 2. Joint return period (in terms of year) corresponding to the average values of drought severity and
duration for D > d and S = s in terms of 3-month SPI.
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Figure 3. Joint return period (in terms of year) corresponding to the average values of drought severity and
duration for D > d and S = s in terms of 6-month SPI.
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Figure 4. Joint return period (in terms of year) corresponding to the average values of drought severity and
duration for D > d and S = s in terms of 12-month SPI.
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Table 4. Descriptive statistics of drought events variables based on the reference discharge index.
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Table 5. Spearman’s correlation coefficient between some descriptive statistics of the variables of hydrological

drought events.
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Figure 5. Joint return period (in terms of year) corresponding to the average values of hydrological drought
severity and duration for D > d and S > s in terms of the low-flow index.
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Abstract

Background and Objectives: The drought is considered to be one of the most important
natural phenomenon affecting various aspects of human life. Therefore, understanding how this
phenomenon behaves is an important part of the water resources management which is directly
related to the concept of drought. Knowledge of frequency of drought events with specified
magnitudes can be of great importance in water resources planning and management. This
knowledge is provided by using the drought frequency analysis methods. However, because of
the multivariable nature of the drought, studying its aspects or variables individually probably
cannot result in an efficient and comprehensive knowledge about this phenomenon. Therefore,
in recent years, several multivariate methods and techniques have been developed for
multivariate drought frequency analysis. The application of copulas in multivariate drought
frequency analysis is one of the approaches that has shown a considerable efficiency in this field
because of the multivariate nature of drought and the noticeable correlation between its
variables. The objective of current research is to study the meteorological and hydrological
drought events in Gharesoo-Gorganrud basin and to perform bivariate drought frequency
analysis in this basin by copulas based on the drought severity and duration.

Materials and Methods: In the current study, the copulas are utilized to perform bivariate
drought frequency analysis in Gharesoo-Gorganrud basin. The drought severity and duration
were calculated based on the meteorological and hydrological drought indices for 23 watersheds
in the study area and are used in the drought frequency analysis. In addition, the efficiency of
different copulas are assessed in each watershed and the return periods corresponding to average
values of drought severity and duration are calculated in each watershed. Finally, the maps of
return periods of the meteorological and hydrological droughts are plotted for the study area.

Results: There are clear inverse correlations between the meteorological drought frequency and
the variables severity and duration in the studied watersheds. In addition, a high correlation is
observed between the mean statistics of the two meteorological drought variables severity and
duration. Furthermore, there is a clear inverse correlation between the hydrological drought
frequency and severity. However, it is observed that the correlation between the hydrological
drought severity and duration is much lower than the corresponding value between the
meteorological drought severity and duration. This issue can be caused by the effect of the
magnitude of the recorded discharge in the watersheds on the value of hydrological drought
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severity variable. In general, Gumbel-Hougaard copula shows the highest efficiency for
meteorological and hydrological drought frequency analysis in the study area. In addition, the
highest values of the joint return period corresponding to the mean values of the drought
severity and duration based on most of the assessed indices in this study are observed in the
subbasins 18 and 22.

Conclusion: According to the results, in the study area, the cumulative increase of
meteorological drought severity is due to increase in the duration of drought events. Also, in
general, Gumbel-Hougaard copula can be considered as the most efficient option among the
studied copulas for drought frequency analysis in the study area.

Keywords: Bivariate frequency analysis, Copula, Hydrological drought, Meteorological drought
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