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. Introduction:

CZL index, DIP  software, Many researchers considered drought to be the first dangerous natural phenomenon
Drought, Minimum rainfall, due to its significant impact. Drought is one of the most important natural disasters
Steinman  method. that affects various aspects of human life with its slow and creeping occurrence. This
calamity, as an unfortunate climate phenomenon that directly affects communities
through water resource restriction, brings economic, social and environmental
costs. In general, drought is divided into four categories, including meteorological,
agricultural, socio-economic and hydrological droughts. Due to being located in the
geographical dry belt and the desert strip located in the latitudes of 20 to 40 degrees
in the northern hemisphere with an average annual rainfall of about 250 millimeters,
also due to the disproportionate distribution of rainfall, Iran is considered one of the
dry and semi-arid regions of the world. River and for this reason drought is one of the
Received: main climatic characteristics that should be studied. In this research, meteorological
13 September 2023 drought was studied using ZSI, MCZI, CZI, PN, DI and SPI drought indices in the
Aleshtar Plain. Daily precipitation values from three stations, Aleshtar, KakaReza and
Sarabsead-Ali, were collected for 2001-2021. After analyzing the annual precipitation
Revised: trend at each station, the duration and maximum severity of drought were determined
09 October 2023 using meteorological drought indices. Considering that in previous studies, only one
or two drought indicators have been used to investigate meteorological drought, the
purpose of this research is to investigate the duration and maximum of meteorological
Accepted: drought using different drought indices (ZSI, MCZI, CZI, PN, DI and SPI) and
14 October 2023 rainfall statistics of three stations to find the most suitable index in Aleshtar Plain. In
determining the performance of these indices and selecting the most suitable index,
four methods of minimum and maximum precipitation, Steinman and Spearman have

been used.
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Materials and methods:

In this research, to investigate the annual drought and drought periods in Aleshtar Plain, the daily
rainfall data of Aleshtar, KakaReza and Sarabsead-Ali stations during the statistical period from
2001 to 2021 were used and drought indicators were employed. DIP software was used and analyzed.
Then, to find the most versatile drought index, minimum and maximum precipitation, Spearman and
Steinman methods have been used.

Results and discussion:

Investigating drought trend using SPI index

In order to investigate the drought trend in different stations for the time windows of 1, 3, 6, 9,
12, 24 and 48 months in terms of the intensity and duration of the drought period, the SPI index
output values have been used. According to the drought analysis results, it was observed that the
standardized precipitation index values have many fluctuations in the short-term time windows.
While the longer time periods of 12, 24 and 48 months show slower reactions to the changes in
precipitation, according to the results, the maximum duration of drought for the time period studied
in the stations of Sarabsead-Ali and KakaReza has occurred with an amount of 11 months, and the
least continuity occurred in Aleshtar station with an amount of 2 months. Also, the highest mean
length of the dry period was at KakaReza station with a value of 8.25 and the lowest was at Aleshtar
station with a value of 1.25. The most severe dry month in the studied period in terms of SPI drought
index was at AleShtar station with a value of -3.2 and the lowest at KakaReza station with a value
of -1.05.

Comparison of drought indices to find the most suitable index

Examining the minimum theory

According to the obtained results, according to the minimum theory assumptions, the CZI index has
been selected as the most suitable index. This is done by estimating one correct case out of four, SPI,
ZSI and PN indices at most stations. There has been a severe drought and MCZI and DI indices could
not predict any of the cases correctly and the status of the cases has returned to normal in all stations.
In comparison with wet conditions, SPI, ZST and CZI indices have been selected as the most suitable
indicators of wet. This is done by estimating three correct cases out of four. However, MCZI, DI and
PN indices have reached normal status in all stations and never had reliable predictions.
Investigating Spearman’s correlation between indices and rainfall values

The results obtained from the comparison of Spearman’s correlation between drought indices and
precipitation parameters show that there is a favorable correlation between the two at all stations.
Also, the MCZI index obtained weaker results than other drought indices.

Choosing the right index based on normal distribution

The index that was chosen as the best index in the largest number of stations by the Steinman method
is the CZI index. This index was selected as the highest index in three stations, and the ZSI index
was selected as the second rank index. DI index with the weakest performance out of three stations
did not get a rank in two stations.

Selecting the top index

In this research, with respect to the criterion of all four tests for choosing the best drought index,
for each of the tests, according to the number of indicators that are compared, the highest score is
given to the best index, and in the same way until the index. Finally, points are given, and finally, the
index that has obtained the most points in total (Table 1) is selected as the most suitable index for
the conditions of the region. According to Table (1), the CZI index that has got the most points from
all the tests is selected as the most effective index. SPI and ZSI indices have also obtained favorable
and accurate results in this region.
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Table 1. Scoring indicators in four tests

PN DI MCZI Cz1 ZSI SPI test/index
4 2 1 6 3 5 Minimal
2 4 3 5 5 6 Maximum
5 3 2 4 6 4 Spearman
3 1 2 6 5 4 Steinman
14 10 8 21 19 19 Total points
Conclusion:

ZSI, MCZI, CZI, PN, DI and SPI drought indices were used to investigate meteorological drought
in the Aleshtar Plain. Then, to find the most versatile drought index, minimum and maximum
precipitation, Spearman and Steinman methods were used. The results of this research showed
that CZI, ZSI and SPI indices are the most important indicators for studying and investigating
meteorological drought situation in the Aleshtar Plain. It is suggested to examine the meteorological
drought situation in the region for longer periods. These indicators are also evaluated. In the
phenomenon of drought, due to the fact that different definitions have been expressed for it from
different points of view, and also that numerical values of this phenomenon cannot be measured
directly, it seems difficult to comparearious indicators and choose the best indicator. Determining
the monitoring target is one of the most important processes of choosing the appropriate drought
index. This target must be specified in the first step. It is important to know for what purposes
(meteorological, agricultural, and hydrological) drought monitoring is conducted.
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Fig 2. The annual trend of precipitation for all the investigated stations
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Table 2. The estimation results of drought severity by different indicators in the year with the lowest amount

of rainfall
PN DI MCZI CZI ZSI SPI Ju oS
Year Station
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Table 3. The estimation results of drought severity by different indicators in the year with the highest amount

of rainfall
PN DI MCZI CzI ZSI SPI JL oK
Year Station
N VAN NN MW MW VW 2019 Aleshtar
N VAN NN EW EW EW 2019 SatabseadAli
N VAN NN EwW EwW EwW 2019 KakaReza
N VAN NN EwW EwW EwW 2019 Total area
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Table 4. Comparison of Spearman's correlation of drought indices with precipitation in each station

PN DI MCZI CZI ZS1 SPI ol
Station
0.992 0.977 0.646 0.991 0.99 0.991 Aleshtar
0.999 0.983 0.472 0.999 1 1 SarabseadAli
1 0.983 0.586 0.999 1 0.999 KakaReza
1 0.989 0.486 1 0.999 Total area
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Table 5. Probability percentage of different humidity classes in standard normal distribution
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2.275 EW Extremely wet aad lews Jlo
4.406 SW Sever wet S (Jlo
9.185 MW Moderately wet by Jloys
68.268 N Normal Jby
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Table 6. The percentage of moisture classes of each index for Aleshtar station

el [ sk, Cunsg

PN DI MCZ1 CZI 7SI SPI L S
Humidity condition/index
0.0 12.01 0.0 2.49 2.49 4.76 Extremely wet
0.0 9.88 0.0 0.0 0.0 9.52 Severe wet
0.0 0.0 0.0 0.34 0.34 0.0 Moderately wet
53.98 39.70 26.97 17.45 17.45 85.71 Normal
5.10 5.10 0.0 0.0 0.0 0.0 Moderately drought
43.21 14.64 0.0 0.0 0.0 0.0 Severe drought
21.53 7.25 2.49 0.0 0.0 0.0 Extremely drought
12383 8858 2946 2027 2027 2485 Summation of differences
of all situations
53.98 39.70 26.97 17.45 17.45 17.45 maximum difference
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Table 7. Percentage of moisture classes of each index for Sarab Saed Ali station

e [ gk ) Cunsg

PN DI MCZI (741 ZSI SPI . Do
Humidity condition/index
0.0 7.25 0.0 2.49 2.49 2.49 Extremely wet
0.0 0.36 0.0 0.36 0.36 0.36 Sever wet
0.0 19.39 0.0 4.42 4.42 4.42 Moderately wet
1.60 53.98 26.97 3.16 3.16 3.16 Normal
0.34 9.86 0.0 0.34 5.10 0.34 Moderately drought
19.40 0.36 0.0 0.36 0.0 0.36 Severe drought
0.0 16.77  2.49 0.0 0.0 0.0 Extremely drought
Summation of the
21.34 10796 29.46 11.12 15.53 11.12 differences of all
situations
19.40 5398 26.97 4.42 5.10 4.42 maximum difference
Lo, oliims] gl (a2 Susb) WS woys A Jgua
Table 8. Percentage of moisture classes of each index for KakaReza station
PN DI  MCZI  CZI ZSI SPI oL sy Sents
Humidity condition/index
0.0 12.01 0.0 2.49 2.49 2.49 Extremely wet
0.0 9.88 0.0 0.36 0.36 0.36 Severe wet
0.0 4.42 0.0 0.34 0.34 0.34 Moderately wet
7.92 39.70  26.97 3.16 3.16 3.16 Normal
4.42 5.10 0.0 0.0 4.42 0.0 Moderately drought
9.88 14.64 0.0 0.36 0.36 5.12 Severe drought
2.49 2.49 2.49 2.49 0.0 0.0 Extremely drought
Summation of the
2471  88.24  29.46 9.19 11.12 11.46 differences of all situations
9.88 39.70  26.97 3.16 4.42 5.12 maximum difference
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Table 9. The percentage of humidity classes of each index for the Total area

PN DI MCZI CZI ZSI SPI o Ll ssb )T
Humidity condition/index
0.0 16.77 0.0 2.49 2.49 2.49 Extremely wet
0.0 0.36 0.0 0.36 0.36 0.36 Severe wet
0.0 9.86 0.0 442 4.42 442 Moderately wet
3.16 53.98 26.97 7.92 7.92 7.92 Normal
0.34 5.10 0.0 442 0.34 4.42 Moderately drought
14.64 14.64 0.0 0.36 0.0 0.36 Severe drought
0.0 7.25 2.49 0.0 0.0 0.0 Extremely drought
Summation of the
18.14 107.96 29.46 19.97 15.53 19.97 differences of all situations
14.64 53.98 26.97 7.92 7.92 7.92 maximum difference
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Table 10. Ranking the indicators in quadruple tests

PN DI MCZI CZI ZSI1 SPI =z ,/uy)
test/index
4 2 ] 6 3 5
Minimal
2 4 3 5 5 6
Maximum
. |
5 3 2 4 6 4 oE
Spearman
R
3 1 2 6 5 4 .
Steinman
g",l o e ‘
14 10 8 21 19 19 il o
Total points
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