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Drought is one of the most complex meteorological phenomena that can occur in the most

of Iran. diverse regions of the world and is not confined to any particular area. However, its impact is
more pronounced in arid and semi-arid regions (Sobhani et al., 2019: 181; Timouri et al., 2022:
17; Hosseini Saddiq and Jaldi, 2024:95;). From an evolutionary perspective, drought
encompasses various types of meteorological, hydrological, agricultural, and socioeconomic
droughts, al of which are influenced by various factors within the water cycle (Das et a.,
2022: 2483). Meteorological drought refers to a prolonged period of below-average
precipitation. If this type of drought persists, it can lead to hydrological and agricultural
droughts (Janbozorgi et a., 2021: 2) and during hydrological drought, the quantity and quality
of river water decreases (Parchemi et al., 2022: 21). Extensive research has been conducted
both domestically and internationally on various types of droughts, particularly meteorological
and hydrological droughts. This is because drought has emerged as a significant challenge for
managers in global community (Novidtalab et al., 2020: 107) and has even become a
permanent feature of Iran's climate in recent years (Masoompour Samakosh et al., 2024. 82).
The current study aims to investigate the meteorological and hydrological drought status in
some arid and semi-arid sub-basins within the Central Plateau Basin.
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Methodology

To achieve the study objectives, precipitation, temperature, evapotranspiration, and streamflow data from
synoptic and hydrometric stations located in the Qom-Kahak, Neyzar-Salafchegan, Marvdasht-Kharameh,
and Beyza-Zarqan basins were utilized to compute the SPI, SPEI, RDI, and SSI indices on 1-, 6-, and 12-
month timescales during the statistical period 2004 to 2023. The DrinC software packages, and the R
programming language were employed to calculate these indices, and Excel software was used to generate
corresponding graphs. Also, to investigate the temporal relationship between meteorological and hydrological
drought indicators, Pearson and Cross correlations were used.

Results and Discussion

The analysis results of the SPI, SPEI, RDI, and SSI index values at the study stations revealed that over 95%
of the meteorological and hydrometric stations within the study basins have experienced all conditions ranging
from very severe wet to very severe drought. Examination of the maximum and minimum values of the SPI,
SPEI, and RDI drought indices indicated that on a 1-month timescale, the SPEI index depicted wet conditions
with more intensity and the SPI index depicted more severe drought conditions among the maximum and
minimum values across all stations. On a 12-month timescale, the SPI index estimated more severe wet
conditions and the SPEI index estimated more severe drought conditions in the stations of Qom, Kahak, and
Takht-e-Jamshid. On a 6-month timescale, the SPEI index captured the most severe drought in all the stations
except for Zargan, whereas, within the same timescale, the most severe wet conditions in the three stations of
Qom, Salafchegan, and Zarqan were represented by the SPI index and in the stations of Kahak, Dorudzan,
and Takht-e-Jamshid, by the RDI index. Therefore, it can be concluded that the SPI index on a 1-month
timescale in all stations within the study basins and the SPEI index on a 6-month timescale in 83.3% of the
stations and on a 12-month timescale in 67.7% of the stations indicated drought with greater severity
compared to the other drought indices. Examination results of the minimum values for the SSI drought index
revealed that the minimum SSI index values were observed in Pol Khan station on a 1- and 6- month
timescales, and in Shadabad station on a 12-month timescale.

The results regarding the occurrence frequency of meteorological drought class types for the investigated
timescales during the statistical period also indicated that for all indices and study meteorological stations
(except for Kahak station in the two indices of SPT and RDI) on 12-month timescale, the occurrence frequency
of drought classes is higher than the occurrence frequency of wet classes. Additionally, for all indices and all
stations (except Zarqan), the occurrence frequency of the moderate drought class is higher than that of severe
and extreme drought classes. Other findings obtained from the calculation of meteorological drought indices
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on a 12-month time scale indicate that the highest frequency of drought classes occur in Droodzen and Takht-
e-Jamshid meteorological stations (located in the Morvdasht-Kharameh basin) and the lowest frequency of
drought classes has been observed in Qom and Kahak stations (located in the Qom-Kahak basin). The results
of examining the occurrence frequency of SSI hydrological index classes on a 12-month timescale during the
considered statistical period revealed that drought classes are more prevalent in Shadabad and Kharamah
stations than in other study stations. The hydrometric station of Pol Khan has also experienced more wet
conditions than drought conditions. Additionally, in all study hydrometric stations, the occurrence frequency
of severe wet was found to be higher than that of other wet classes.

The results obtained from plotting each meteorological and hydrological drought index for 1-, 6-, and 12-
month timescales at all study stations indicate that the duration of wet and dry periods is longer on a 12-month
timescale, and the identification and separation of periods are better. Furthermore, the beginning and end of
drought and wet periods are more consistent across all meteorological drought indices on a 12-month
timescale. Yan-Jun et al. (2012) also examined the evolutionary trend of SPI drought in Haihe River and
concluded that drought severity increases on long-term timescales.

The compliance results of the meteorological drought indices SPI, SPEI, and RDI with SSI hydrological
drought in the meteorological and hydrometric stations of each basin showed that, in general, the trends of
the meteorological and hydrological drought indices were consistent with each other, and streamflow
fluctuations were influenced by the amount of precipitation and evapotranspiration, such that with a decrease
or increase in these two parameters, streamflow also decreased or increased. Additionally, the highest cross-
correlation between the SPI and SSI indices on the 12-month timescale was observed in Salafchegan and
Qaleh Cham stations with a forward (positive) time lag of 12 months, equal to 0.574. The highest pearson
correlation coefficient on the 1-month timescale was observed in the Takht-e-Jamshid and Kharamah stations
(r=0.041 and p-value = 0.529), on the 6-month timescale in Salafchegan-Qaleh Cham stations (r = 0.152 and
p-value = 0.023), and on the 12-month timescale in Salafchegan-Qaleh Cham stations (r = 0.309 and p-value=
0.001). Other findings also indicated that only between the SPI and SSI drought indices in the Salafchegan
and Qaleh Cham stations on 6- and 12-month timescales, there was a significant correlation at the 5% and 1%
levels, respectively.

Conclusions

Based on the obtained results, drought is a natural disaster that gradually develops over a long period.
Meteorological drought initially occurs due to long-term decreases in precipitation amount, and if it persists,
hydrological drought occurs, leading to a decline in surface and groundwater levels. According to the
conducted investigations, all meteorological and hydrometric stations located in the study basins have
experienced alternating periods of wet and dry conditions during the statistical period from 2004 to 2023; so
that, On a 12-month timescale, the end of the last wet period in all meteorological stations except Takht-e-
Jamshid and Zarqan was in late 2021, and currently, the stations of Qom, Kahak, Salafchegan, and Dorudzan
have been experiencing a drought period since 2021. Examination of wet and dry periods on a 12-month
timescale in the hydrometric stations of the study basins also indicates that all hydrometric stations are
currently experiencing a wet period, highlighting the delayed impact of meteorological drought on
hydrological drought.
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Table (8): The occurrence frequency in different classes of meteorological drought indicators in a 1-month time scale in study synoptic stations
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Table (9): The occurrence frequency in different classes of meteorological drought indicators in a 6-month time scale in study synoptic stations
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Table (10): The occurrence frequency in different classes of meteorological drought indicators in a 12-month time scale in study synoptic

stations
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Table (11): The occurrence frequency in different classes of SSI index in 1-month, 6-month and 12-month time scales in study hydrometric

stattions
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Figure (2): SPI index graphs in time scales of 1, 6 and 12 months in study synoptic stations
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Figure (3): RDI index graphs in time scales of 1, 6 and 12 months in study synoptic stations
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Figure (5): SSI index graphs in time scales of 1, 6 and 12 months in study hydrometric stations
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Table (12): Cross and Pearson correlation results between SPI and SSI of meteorological and hydrological stations
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