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Period 1991-2010 2011-2030 2046-2065 2080-2099
Mahabad Historical RCP8.5 RCP4.5 RCP8.5 RCP4.5 RCP8.5 RCP4.5
Alfa 0.771 0.958 1.009 1.012 1.019 0.961 0.970
Beta 1.662 1.442 1.349 1.344 1.337 1.384 1.405
Lambda 1.944 1.793 1.873 1.891 1.909 1.875 1.909
R 0.730 0.772 0.806 0.778 0.772 0.776 0.771
Rspearman 0.610 0.524 0.490 0.490 0.493 0.495 0.485
Tkendalj 0.509 0.429 0.360 0.360 0.360 0.365 0.352
Max Likelihood 74.746 74.575 79.103 79.741 80.518 79.393 80.456
AIC 0.253 0.255 0.204 0.197 0.188 0.200 0.189
NSE 0.996 0.996 0.996 0.996 0.996 0.996 0.996
teta_optimized 1 1 1 1 1 1 1
Best Copula Function Joe Joe Joe Joe Joe Joe Joe
Maragheh Historical RCP4.5 RCP8.5 RCP4.5 RCP8.5 RCP4.5 RCP8.5
Alfa 0.816 1.154 1.023 0.935 0.916 0.901 0.998
Beta 1.759 0.973 1.072 1.390 1.422 1417 1.445
Lambda 1.926 1.679 1.632 1.745 1.745 1.692 1.830
R 0.831 0.748 0.772 0.788 0.789 0.770 0.724
Rspearman 0.573 0.521 0.504 0.564 0.564 0.556 0.573
Tkendalj 0.506 0.449 0.459 0.478 0.480 0.468 0.261
Max Likelihood 80.368 63.777 62.017 67.029 67.070 65.996 76.511
AIC 0.190 0.391 0.415 0.347 0.347 0.361 0.233
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Period 1991-2010 2011-2030 2046-2065 2080-2099
Mahabad Historical RCP8.5 RCP4.5 RCP8.5 RCP4.5 RCP8.5 RCP4.5
NSE 0.995 0.995 0.995 0.995 0.995 0.995 0.995
teta_optimized 1 1 1 1 1 1 1
Best Copula Function Joe Joe Joe Joe Joe Joe Joe
Alfa 1.490 1.138 1.170 1211 1.183 1.190 1.369
Beta 1.094 1.467 1.321 1.301 1.325 1.291 1.163
Lambda 1.817 2.039 1.927 1.963 2.000 1.964 1.887
R 0.809 0.768 0.855 0.859 0.819 0.877 0.835
Rspearman 0.557 0.659 0.613 0.636 0.647 0.638 0.619
Tkendalj 0.482 0.543 0.508 0.525 0.531 0.532 0.507
Max Likelihood 92.311 89.422 86.272 86.531 89.209 90.751 82.896
AIC 0.069 0.097 0.128 0.126 0.099 0.084 0.163
NSE 0.996 0.996 0.996 0.996 0.996 0.996 0.996
teta_optimized 1 1 1.0001 1 1 2.4964 1
Best Copula Function Joe Joe Joe Joe Joe Joe Joe
Tabriz RCP8.5 RCP4.5 RCP8.5 RCP4.5 RCP8.5 RCP8.5 RCP8.5
Alfa 1.358 1.290 1.353 0.904 1.413 1.629 1.196
Beta 1.042 1.007 1.282 1.739 1.270 1.075 1.251
Lambda 1.946 1.638 2.019 1.982 2.151 1.930 1.810
R 0.571 0.749 0.809 0.816 0.882 0.793 0.753
Rspearman 0.518 0.433 0.673 0.575 0.625 0.486 0.501
Tkendalj 0.376 0.388 0.549 0.506 0.491 0.403 0.418
Max Likelihood 85.294 72.426 89.326 90.551 94.843 93.270 86.223
AIC 0.138 0.280 0.098 0.086 0.046 0.061 0.129
NSE 0.999 0.999 0.999 0.999 0.999 0.999 0.999
teta_optimized 1 1 1.0001 1 1 1 1
Best Copula Function Joe Joe Joe Joe Joe Joe Joe
Tekab Historical RCP4.5 RCP8.5 RCP4.5 RCP8.5 RCP8.5 0.843
Alfa 1.097 0.913 0.917 0.843 1.046 1.046 1.847
Beta 1.335 1.661 1.626 1.847 1.460 1.460 1.893
Lambda 1.873 1.909 1.857 1.893 1.891 1.891 0.838
R 0.699 0.828 0.790 0.838 0.748 0.748 0.580
Rspearman 0.550 0.593 0.584 0.580 0.579 0.579 0.579
Tkendalj 0.407 0.470 0.461 0.466 0.450 0.450 0.466
Max Likelihood 84.326 85.761 85.205 87.793 86.283 86.283 87.793
AIC 0.148 0.133 0.139 0.113 0.128 0.128 0.128
NSE 0.991 0.991 0.991 0.991 0.991 0.991 0.991
teta_optimized 1 1.0001 1 1 1 1 1
Best Copula Function Joe Joe Joe Joe Joe Joe Joe
Urmia Historical RCP8.5 RCP4.5 RCP8.5 RCP8.5 RCP8.5 RCP4.5
Alfa 1.505 1.150 1.510 1.145 1.046 1.105 0.843
Beta 0.968 1.166 0.986 1.172 1.460 1.157 1.847
Lambda 1.857 1.583 1.842 1.583 1.891 1.557 1.893
R 0.620 0.744 0.674 0.745 0.748 0.707 0.838
Rspearman 0.542 0.413 0.529 0.414 0.579 0.389 0.580
Tkendalj 0.422 0.408 0.388 0.411 0.450 0.369 0.466
Max Likelihood 72.729 75.424 84.409 75.446 86.283 73.354 87.793
AIC 0.277 0.245 0.147 0.245 0.128 0.269 0.113
NSE 0.998 0.998 0.998 0.998 0.998 0.998 0.998
teta_optimized 1 1 1 1 1 1 1
Best Copula Function Joe Joe Joe Joe Joe Joe Joe
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Abstract:

Background and Aim: Climate Climate change is one of the important factors that will affect
different parts of human life on the planet and will have detrimental effects on the environment,
socio-economic, and especially water resources. Knowledge of climate change can provide
comprehensive plans in various areas of management regarding the monitoring of droughts and
their potential risks. Drought can occur in any area, even wetlands. This phenomenon depends on
various factors and parameters and one of the most important symbols of this phenomenon is the
occurrence of drought is a decrease in rainfall and therefore the analysis of precipitation data is of
special importance to study drought. The purpose of this study is to analyze drought variables
using SPI and SPImod indices and detailed functions.

Method: In this study, to model the multivariate analysis of drought in Lake Urmia basin using
RCP8.5 and RCP4.5 representative concentration pathway scenarios, data and models of
atmospheric circulation of historical data (1991-2010) for three near horizons (2030- 2011),
medium (2065-2046) and round (2099-2080) were simulated and produced. Then, using SPImod
index and copula functions, drought multivariate analysis was performed in MATLAB software
environment. In general, first, using the mentioned indicators (two indicators, SPI and SPImod),
the characteristics of drought intensity and duration were extracted, then, using coding in
MATLAB software environment, eight families of Archimedean detailed functions were used.
Results: The results of multivariate analysis showed that the Joe copula function is the best
copula function for drought multivariate analysis (For analysis of both severity and duration of
drought for the study area). Also, the results of probability and the joint return period showed that
in the coming periods, at least droughts of the same level as historical droughts and even more
severe will occur. Thus, by studying the period of combined and conditional returns and Kendall,
the results showed that at a certain critical probability level, the amount of Kendall return period
is much more than the standard return period, so that this difference increases with increasing
that certain amount.

Conclusion: The results obtained with the climate change approach on the meteorological
drought of Lake Urmia showed that in the coming periods we will see an increase in temperature,
which will affect the rate of trade in the region and water resources, on the other hand, because
the data Meteorology and hydrology are used to calculate the types of droughts, so droughts
affected by climate change will be so that in future periods 46% to 48% of the months will be dry
in different horizons. Finally, the results of the time series of indicators showed that during the
statistical period at least 40% of the months were dry and this intensity of droughts in the Urmia
station is much higher than others. The modified SPI largely eliminates the disadvantages of
conventional SPIs and takes into account seasonal variations in precipitation in the calculation of
the SPI index.

Keywords: Copula Functions, Multivariate Analysis, Climate Change, Pathway Scenarios, Drought
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