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Drought has significant economic and social consequences, particularly in arid and
semi-arid regions. The Mashhad Plain has recently experienced moderate to severe
droughts, resulting in substantial damage to the agriculture and water sectors. This
study aims to project changes in the characteristics of extreme droughts (SP16 <-1)
using outputs from the MRI-ESM2-0 model under two SSP scenarios. Additionally,
the study investigated drought events through bivariate frequency analyses of
drought duration and severity, based on SPI6 and the copula concept. Precipitation
downscaling was performed using two methods: linear scaling (LS) and distribution
mapping (DM). The LS method demonstrated superior downscaling capability based
on statistical criteria. Projections for the near future (2026-2050) indicated an
increase in precipitation under the SSP1-2.6 and SSP5-8.5 scenarios, with a
statistically significant increase under SSP5-8.5. A decrease in drought frequency
was observed under the SSP5-8.5 scenario based on SPI16-DM. Assessing future
changes in characteristics of drought derived from the SPI6-LS series suggested an
increase in drought frequency under the SSP5-8.5 scenario. Univariate return period
analysis using the LS method indicated that, under the SSP1-2.6 scenario, drought
events would remain unchanged compared to the baseline period. Conversely, under
the SSP1-2.6 scenario (DM method), increased values of duration and severity were
projected. Joint frequency analysis results suggested that under the SSP1-2.6
scenario, seasonal joint return periods of severity and duration would be shorter than
the baseline, indicating an increased risk of drought hazards in the region under
study. The application of these research results will contribute to improved future
planning in the water and agriculture sectors for this area.
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1. Introduction

Studying future droughts is crucial for mitigating risks, enhancing resilience, and ensuring sustainable
development in the face of changing climate conditions. The general circulation models (AOGCMs)
are the most important tool for projecting future climate change. The aim of this paper is to assesse
changes in drought characteristics based on the standardized precipitation index (SPI) and analyze
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bivariate frequency analysis of drought using copula functions at the Mashhad for the period 2026-
2050.

2. Materials and Methods

For this study, monthly precipitation during 1989-2014 of Mashhad synoptic station was used. The
historical and future MRI-ESM2-0 model output was downloaded from the Copernicus Climate Data
Store (CDS).

First, the precipitation time seris was qualified using the RHtestsV4 package in the R software
environment. CMhyd (Climate Model Data for Hydrologic Modeling) is software that has been used
to extract and bias-correct data obtained from the selected global climate model using two statistical
methods, e.g., linear scaling (LS) and distribution mapping (DM).

Hydrological phenomena like drought are often multidimensional and hence require the joint
modeling of several random variables. Copula functions have become a popular multivariate modeling
tool in many fields where multivariate dependence is of interest. Elliptical and Archimedean copulas
are the most popular families that have been used to multivariate drought frequency analysis. In the
univariate setting, the return period is generally defined as:

_EL) __EWML)

XT1P T1-F,(x,) (1)
where, T is the return period with a single variable, X (duration (D) or severity (S)), greater or equal to
a certain value, FX (.) are percentiles of CDF with X, and E(T) is the expected inter-arrival time of
sequential droughts within the study period. The seasonal and conjunctive return periods are
calculated as follows (Shiau, 2006):

B T N = O W :
oS~ B(D>d, 525) 1-Fy(d)—Fs(s)+Fog(d5)  1—Fp(d)—Fe(5)+C(Fy (4).Fs () (2)
L EL B E(L) 5
DS~ p(D=dorS2s) 1-Fps(dss) 1-C(Fy (d),F(5) )

where Tpns denotes the seasonal joint return period for D > d and S > s; Ty sdenotes the conjunctive
joint return period for D>d or S >s.

3. Results

Based on the statistical criteria, the LS method demonstrated better downscaling capability. According
to projections for the near future (2026-2050), an increase in precipitation was found under SSP126
and SSP585 scenarios, with a statistically significant increase under the SSP585 scenario. A decrease
in drought frequency was obtained in SPI6-DM time seirs. Examination of changes in severity,
duration, and frequency extracted from the SPI6-LS series showed that drought frequency would
increase under the SSP585 scenario. In SP16-DM, despite a decrease in drought frequency, more
severe conditions in terms of severity and duration were projected compared to the baseline period,
particularly under the SSP1-2.6 scenario. In univariate return period analysis of SPI-LS, results
indicated that with probabilities equal to the baseline period, under the SSP1-2.6 scenario, drought
events would remain unchanged, while under the SSP5-8.5 scenario, they would have less severity and
duration compared to the baseline.

4. Discussion

As climate change alters precipitation patterns, studying future droughts helps identify regions that
may become more vulnerable. This knowledge is vital for developing adaptive strategies to cope with
changing climate conditions. The results of bivariate frequency analyses could be used in water
resources management plans, risk analysis, and probabilistic scheduling.
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