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1- Copula

2- Standardized Precipitation Index
3- China Z Index

4- Z-score
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7- Fourth-generation Coupled Global Climate Model
8- Fifth Assessment Report
9- Intergovernmental Panel on Climate Change
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1- Climate Change

2- Severity-Duration-Frequency

3- Standardized Precipitation Evapotranspiration Index
4- Second generation Canadian Earth System model

5- Statistical Downscaling Model

6- Representative Concentration pathway
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Figure 1- The study area and location of the stations on Iran map
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Table 1- The geographic characteristics and precipitation in the study synoptic stations in Fars province
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Table 2- The results of the SDSM model evaluation at the calibration period

bm, u:‘d.w's 2,92 R2 SE
Station  Calibration Period

oot 1986-2001 028 047
(Abadeh)

Uy 1986-2010 0.32 0.36
(Bavanat)

5‘{*"‘3 1986-2001 0.37 0.39
(Shiraz)

L 1986-2001 0.29 0.34
(Fasa)

Y 1986-2003 031 0.35
(Lar)

2y 1986-2006 0.26 0.33
(Lamerd)
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Table 3- The results of the SDSM model evaluation at the validation period

ey (o 09

Station  Validation period

R? RMSE MAE NSE

. 2002-2017
(Abadeh)
by 2011-2017
(Bavanat)
e 2002-2017
(Shiraz)
Le 2002-2017
(Fasa)
N 2004-2017
(Lar)
Y 2007-2017
(Lamerd)

0.87" 0.22 014 o081

0.71" 0.21 0.16 0.87

0.93" 0.31 0.17 095

0.44™  0.60 0.43 0.70

0.69" 0.27 022 0.80

0.80" 0.24 0.17 0.89
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Figure 2- The comparison of observed and calculated average precipitation in the validation period at the a) Abadeh, b)
Bavanat, c) Shiraz, d) Fasa, €) Lar and f) Lamerd station
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Figure 3- Zoning precipitation values based on the a) observed data and b) calculated data at Fars province
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Figure 6- The SPI time series in the base period at Shiraz station
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Figure 8- The SPI time series in the future period under RCP8.5 scenario at Shiraz station
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Figure 9- Severity-Duration-Frequency drought curves in the a) base period b) future period under RCP4.5 and c) RCP8.5
scenarios at the study stations
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Introduction: Drought is an extreme climate effect and a creeping phenomenon which directly affects the
human life. A drought analysis usually requires characterizing drought severity, duration and frequency (SDF).
These characteristic variables are commonly not independent, so this phenomenon is a complex natural disaster
and climate change makes it likely to become more frequent and immense in many areas across the world.
Therefore, in drought analysis, it is needed to investigate its multivariate nature and spatial variability clearly.
Copula, as a model of multivariate distribution, has been used widely in hydrological studies. As the
standardized precipitation index (SPI) is more accessible than other indices, it is the most commonly used
indicators for analyzing the SDF of meteorological drought. Here, the study has two major focuses: 1) Fitting
drought characteristics from SPI to appropriate copulas, then using fitted copulas to estimate conditional drought
severity distribution and joint return periods for both historical and future time periods in Fars province. 2)
Inquiring the effects of climate change on the frequency and severity of meteorological drought.

Materials and Methods: Among the weather stations of Fars province, six synoptic stations were selected,
which had longer historical data than others. The data used included 24-hour precipitation during 15 (2004-2018)
to 33 (1986-2018) years. Three steps were carried out. Stage one: downscaling of outputs of the large scaling
(CanESM2) based on two intermediate (RCP4.5) and pessimistic (RCP8.5) scenarios using SDSM, ver. 4.2.9
during the period of 2020 to 2050. Stage two: calculation of SPI and drought characteristics in the base and
future periods (2050-2020). Stage three: extracting SDF curves for the base and future periods under RCP4.5 and
RCP8.5 scenarios using copula. The SPI was used to extract the drought duration and drought severity in the
Fars province using GCM models under two selected scenarios (RCP4.5 and RCP8.5) from the IPCC Fifth
Assessment Report (AR5) scenarios. The gamble copula function was used to construct the joint distribution
function for evaluating the drought return periods in the study area. Because short-term drought prediction is
more practical than long-term prediction, we used the 1-month SPI for the copulas-based analysis. Drought
severity and duration were calculated based on computed SPI values by using the past available data. Drought
duration is defined as successive months with SPI value less than -1 and drought severity as the accumulative
SPI value during the period with successive SPI value less than -1. The normal and log-normal functions were
selected as the candidate distribution function for drought duration and drought severity.

Results and Discussion: The results showed that the frequency of drought occurrence in the Fars province
will increase during the period of 2020-2050 under the both two scenarios. In the RCP8.5 scenario, the duration
of the drought will also increase. The increase and decrease of monthly rainfall in RCP 4.5 and RCP 8.5 were 2.8
and 6.5%, respectively. The duration of the drought were obtained to be 5.25, 5.5 and 6 days at Shiraz station,
with a 2 and 5 years return period, in the baseline and future periods under RCP4.5 and RCP8.5 scenarios,
respectively. These values were estimated to be 4, 3.5 and 5 days at Bavanat Station. It is expected that the
precipitation will decrease at Shiraz station under the two scenarios. Similarly, this amount is expected to
increase and decrease at Bavanet station in the RCP4.5 and RCP8.5 scenarios, respectively.

Conclusion: Changing droughts based on climate change is important in many aspects. In this study, the
performance of two-variable statistical distribution of severity and duration of drought was investigated based on
the copula function. The comparison of the drought period calculated using the SPI showed that due to the
climate change, the frequency of drought periods is expected to increase in the base and future periods. The
results showed that the value of the precipitation changes in the RCP8.5 scenario is higher than the RCP4.5
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scenario. Generally, the performance criteria showed that the SDSM had a good performance for the past and the
future periods in Fars province for precipitation data. It is expected that with consideration of the amendments in
the sixth report of the IPCC, more precision can be obtained in precipitation modeling. Therefore, reviewing the
output of the SDF curves with the availability of the results of this report is suggested.
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