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Ongoing global warming has caused unprecedentedgelsain climate systems,
leading to an increase in the intensity and frequeof weather and climate
extremes. This study uses the sixth phase of thgled Model Intercomparison
Project (CMIP6) data to investigate projected clesnip drought events over Iran
under two Shared Socioeconomic Pathway emissionasios. The observational
period of 1985-2014 and the next three 25-yearodsriare the near future 2020-
2026, 2075-2051 and far future 2100-2076, were idensd as study periods. The
standard precipitation evapotranspiration indexHlpMas used to estimate drought
over a 12-month timescale. According to the resultgler SSP2-4.5, the average
precipitation of the country increases by 20%, 1a%gJ 16% in the near-, medium-,
and far-future periods, respectively, and by 15%bland 21% in the pessimistic
scenario. In terms of temperature, the most sewececase is related to the
pessimistic scenario and in the far future at ¥@rdes Celsius. The average 12-
month SPEI drought index shortly under the SSP2a#d&d SSP5-8.5 scenarios will
be equal to 0.53 and 0.80, respectively, in theiomeduture, -0.1 and zero, and in
the far future, -0.45 and -0.84. According to tksults, by applying the pessimistic
scenario, the severity of droughts in the near muedium future will decrease by
96% and 49%, respectively, and in the future, It increase by 300%. However, if
the SSP2-4.5 scenario occurs, there will be a 6&étedise soon and an increase of
64% and 234% in the medium and long term, respelgtiExamining the trend of
average temperature and drought severity usindgvidien-Kendall test indicated an
increase in average temperature and drought sgwart00% of the stations with a
confidence level of 99%.
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EXTENDED ABSTRACT

INTRODUCTION

Drought is one of the most severe and widespread hatisesters in the world today in terms of
social and economic losses (Yu et al., 2014); accortting report by the Food and Agriculture
Organization of the United Nations (FAQO), the direct @it cost of this phenomenon is estimated
at 250 to 300 billion dollars per year worldwide; therefa@ecomprehensive understanding of the
spatial and temporal characteristics of drought is créicialeducing its effects and adapting to it, and
is currently the main focus of global climate studies (R@L,2; Hao et al., 2017).

So far, much research has been conducted on théseffieclimate change, including drought. Wang
et al. (2021) examined the effects of drought in &hteng et al. (2022) also assessed meteorological,
hydrological and agricultural droughts under global warmisimg the Coupled Comparison Project
Phase 6 (CMIP6) models, the results of which all indicate intensification of the drought
phenomenon with the intensification of global warmingthivii Iran, we can also refer to the studies
of Dasturani et al. (1403), Khadempour et al. (1408) lohammadi et al. (1403). The results of the
above studies also indicate an increase in droughtisewéth the intensification of global warming.

In the present study, using the SPEI drought index, tbegtit trend in Iran is analysed under two
scenarios, SSP2-4.5 and SSP5-8.5, using CMIP6 models. Gigdimitations of previous studies,
which were mainly conducted at regional scales or withided number of models, this study, using
the Hamadi system of multiple models and applying thedma®ction process, attempts to minimize
the inherent uncertainties of climate models and provigder@ comprehensive and accurate picture of
the drought trend at the national level.

DATA AND METHODS

In the first stage, 27 models for precipitation paramatel 15 models for temperature parameter were
selected from the CMIP6 model set. To compare the nuatael with observational data, temperature
and precipitation information of 71 synoptic stationstlué country during the period (1985-2014)
were obtained from the National Meteorological Organisatiégure 1). The output of the selected
GCMs was also received for the historical period (atiogrto the baseline data) and the future (2100-
2026) and under two intermediate and pessimistic sosn&lom the Earth Global Data Network
Federation (ESGF) at https://esgf-node.lInl.gov/search@&mip
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Figure 1: Map of elevation classes in Iran and selected stations
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In the next step, the Kling-Gupta evaluation indice&B and root mean square error (RMSE) were
used to evaluate the accuracy of CMIP6 models cordparebservational data.

(1) KGE=1—-/(r—1)?+ (B -1+ -1
_ Os/us _ Hs

) v=g b=

3) RMSE = —JZL(:“O”

The output data of climate models usually have sigmiticdeviations and errors, which require
increasing correlation, improving quality, and increasiatpdeliability. Therefore, bias correction
methods can effectively improve the simulation capabilityCéfIP6 models (Yang et al., 2018).
Therefore, CMhyd software was used to correct the bied downscale selected temperature and
precipitation models.

After selecting appropriate models and performing thecgss of bias correction and data
downscaling, the twelve-month SPEI index was used to cédcdtaught. Since relying on the results
of a single model can lead to misinterpretation of the egile to the inherent uncertainties of
climate models, the average of the combined means efraemodels (Ensemble) was used to
calculate SPEI. SPEI, which is calculated based onitation and potential evapotranspiration
(PET), was developed by Vicente Serrano et al. in 20h@s hdex is sensitive to temperature
changes and is suitable for assessing drought riskr wholgal warming (Zhao et al., 2022). In this
study, the Torrent-White method was used to calculapavanspiration (Torrent-White, 1984).

RESULTS

The results of ranking the models using the KGE and RMBtes showed that a total of 10
precipitation models and 5 temperature models had mgoabididy than other models to form a
multiple model ensemble (MME) system and could be ased group average to calculate the SPEI
drought index. The results of bias correction andwssaale also indicate an improvement in the
output of precipitation models (Figure 2).
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Figure 2. Empirical cumulative distribution function of precipitation vayenm/month) of station
data and selected models before (a) and after biescton (b

The situation is different for the temperature parameted most models have high correlation and
lower error compared to observational data. Out ofed & 15 initial models selected, considering the
availability of the scenarios studied during the period62@22100, a total of the first 5 models with
acceptable KGE (above 0.41) were selected as the sktaotiels to form the group model (Table 1).
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Table 1 Selected minimum and maximum temperature models

Maximum temperature models Temperature differential models
INM-CM5-0 AWI-CM-1-1-MR
AWI-CM-1-1-MR NorESM2-MM
INM-CM4-8 CMCC-ESM2
NorESM2-MM MRI-ESM2-0
CMCC-ESM2 MPI-ESM1-2-LR

The results of the temperature and precipitation forestasied that under the SSP2-4.5 scenario, the
average precipitation of the country will increase by 2%),and 16 percent in the near, medium, and
far future periods, respectively, and by 15, 13, 2hgercent under the pessimistic scenario. In terms
of temperature, the most severe increase is related foesmistic scenario and in the far future,

with 3.7 degrees Celsius

An examination of the drought index trend over the condiecades, which is calculated based on the
average of temperature and precipitation models until 2ib@cates that under both scenarios, the
overall trend of the SPEI index is downward, and itsi@alill become negative in most years in the
second half of the century.
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Figure 3: SPEI 12-month drought average index graph duringpdlse period (1985-2014) and the
periods (2050-2026), (2051-2075) and (2076-2100pus&P2-4.5 and SSP5-8.5 scenarios

Drought severity is defined as the cumulative value ef $IREI drought index during the drought
period (SPEI less than or equal to 1) (Ayogi et al2120

(4) S = yburation jqex

Similar to Figure 3, drought severity will increase undeth scenarios from mid-century onwards. In
the case of the pessimistic scenario, although in the pealhg of the forecast period, drought severity
in the country will be very low and close to zero, adglavarming intensifies, drought severity will
increase so that the country’s average drought seweititreach about -16 units in 2098 (on average -
1.3 units per station per month).
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Figure 4: Drought intensity diagram during the base period (18&53) and the periods (2050-2026),
(2051-2075) and (2100-2076) under the SSP2-4.5 and SSR&eharios

CONCLUSION

In this study, bias-corrected data of the averageatérmodels obtained from the output of the Sixth
Coupled Model Intercomparison Project (CMIP6) under taedium emission scenarios (SSP2-4.5)
and high emission scenarios (SSP5-8.5) were used to tpiedjgerature, precipitation, and drought in
Iran. According to the results obtained, it is expectetidha to the intensification of global warming
under both scenarios, the rate of evapotranspiratibinarease, and as a result, the average drought
index SPEI will be negative in most years in the last 2%5syehthe study period. The results of the
above study are consistent with other studies cdeduin this field. It is suggested that in future
studies, using models with higher spatial resolution andarembd statistical analyses, these
mechanisms and the mutual effects of local and glolsébra should be examined more closely to
achieve a better understanding of climate predictionsiatelr resources management strategies. This
approach will not only help reduce uncertainty in predictioat will also pave the way for developing
more effective adaptation strategies in the face ofatbnshange.
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