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ARTICLE INFO ABSTRACT

Article history: Drought, as a climate threat, has a significant impact on the environment and, consequently, on
Received: 23 Februry humans and other living organisms. Therefore, monitoring and predicting this phenomenon is
2022; necessary. This study, to examine and evaluate the drought forecast in the west and north-west of
Accepted: 23 April 2022 Iran, including Hamedan, Kermanshah, Kurdistan, West Azerbaijan, East Azerbaijan, Ardabil,
Auvailable online 30 Zanjan, Qazvin, Ilam, Markazi, Gilan, and Lorestan, have been used multivariate standardized
April 2022 drought index (MSDI) and methods based on artificial intelligence. To predict the values of this

index in the study area, monthly rainfall, and soil moisture, as the input, and the calculated amount
of MSDI, as output, was applied. The grid data on precipitation and soil moisture for a period of
36 years (1980-2016) were obtained from the MERRA database. The results of monthly drought
analysis based on these data showed that the most severe drought in the study area occurred from

March to October and the main focus of this phenomenon are Lorestan provinces, especially llam
and Kermanshah. The findings were following seasonal and annual maps. According to the MSDI
index classification, no severe drought was observed in the study area and the droughts were in the
middle class. The results of artificial neural network modeling also showed that the use of artificial
neural networks, in general, has an appropriate ability to simulate properly. Among the algorithms
used to optimize the artificial neural network, the genetic algorithm has the best performance
compared to other methods in predicting drought.
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1. Introduction situation, it is possible to predict the return period
of drought in different regions by relying on
statistics, and using this knowledge, the problems
caused by them can be minimized. It is possible to
reduce (Wilhite, 1995). Drought indicators, as one
of the most important parts of the drought
1997; Loukastal, 2007). Therefore, its recognition, monitoring system, are the determining factor in

monitoring and prediction s very necessary in monitoring the drought situation (Qabaisouq et al.,
order to optimally manage water consumption in 2015). Since the use of one-dimensional
different sectors. Since it is almost impossible to indicators cannot show all aspects of

prevent this phenomenon in any region and meteorological, agricultural, and hydrological

Drought is one of the climate hazards that always
affects human activities and the natural
environment and can cause a lot of damage to the
economy, agriculture, environment, etc (Kogan,
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droughts, a multivariate approach should be used
to achieve these goals. In fact, the lack of a system
or model for integrating information related to
drought includes; Different climatic variables,
drought indicators and their interrelationships
prevent the reliable and timely diagnosis of
drought and its sustainability (Hao and Agha
Kochuk, 2015). Hence, the importance and
necessity of carrying out the present research
based on examining and recognizing drought
using multivariate indicators and also predicting
drought using non-linear methods based on
artificial neural network and optimizing its
structure using algorithms Various things become
important.

2. Methodology

With the aim of evaluating the droughts of the
western and northwestern provinces of Iran, the
monthly rainfall and soil moisture data for the
provinces of Hamedan, Kermanshah, Kurdistan,
West Azerbaijan, East Azerbaijan, Ardabil,
Zanjan, Qazvin, Illam, Markazi, Gilan and
Lorestan for a 36-year period (1980-2016) with a
suitable spatial resolution was obtained from the
MERRA database as a grid of 0.66 at 0.5 degrees.
To investigate and evaluate the drought, the
multivariate standardized drought index (MSDI)
was used, and it was calculated in the R software
environment. Finally, drawing maps for drought
analysis and interpretation was done with ArcGIS
software. In order to predict drought in the studied
area, artificial neural network was used, and also
to optimize artificial neural network in drought
prediction, genetic algorithm and particle swarm
algorithm were used in Matlab software
environment. Finally, BIAS MAE, RMSE
statistics have been used to check the network
data performance.

3. Results

The value of MSDI drought index was calculated
in terms of monthly, seasonal and annual time
periods for the study area and it was found that
severe droughts occurred in the southern parts of
the study area i.e., llam and Kermanshah
provinces. Monthly surveys show that from
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March to October, the western provinces
(Kermanshah, Lorestan and especially Ilam)
experience the maximum amount of drought, as
well as the most severe drought, between the
months of April and July. and the lowest occurred
in January and next in November and December.
Seasonal analysis shows that the most severe
drought is in spring, and summer is the next in the
region, which includes the southern half of the
study area (Kermanshah, Lorestan and llam). The
annual overview of drought based on the MSDI
index shows that, except for Ilam province, which
is in the middle category, other studied regions are
in the category of weak and very weak drought.
The minimum intensity of drought in the region is
also observed in the northern regions of West
Azarbaijan and Ardabil provinces, the center of
East Azarbaijan, which corresponds to seasonal
distributions.

The error rate of the artificial neural network has a
relatively large distance from the optimal limit, so
the optimizer functions were used to increase the
efficiency of the network. Therefore, two
algorithms of particle swarm and genetics were
used. The results of the particle swarm algorithm
provided better answers than the artificial neural
network, which is due to the use of the structure
of the particle swarm algorithm in network
training. The evaluation of the modeling error
using the genetic algorithm showed that this
algorithm provides many times better results than
the previous two modeling. The reason for this is
certainly the appropriate matching of the data
structure with the genetic algorithm theory, as
well as their optimal training due to the optimized
structure used.

4. Discussion

An interesting point that is evident in the monthly,
seasonal and annual maps is that according to the
classification of the MSDI index, severe drought
was not observed in the study area and the most
severe droughts are in the middle class.

The results of using artificial neural network
showed that the performance of optimized neural
network using genetic algorithm is better than
other models. The results show the superiority of
the genetic algorithm over ANN and PSO in
predicting climate parameters, It is consistent with
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the research of Moeini et al. (2017) in predicting
base flow, Abdullah et al. (2014) in predicting
evaporation, and Arshad et al (2013 in predicting
the impact of drought on agriculture.

5. Conclusion

Monthly surveys showed that the most severe
drought in the study area occurs between the
months of April and October, and the main focus
of this phenomenon is the provinces of Lorestan,
especially Kermanshah and llam. The greatest
extent of drought is related to the months of April
and May. The seasonal and annual spatial pattern
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is also similar to the monthly one, so that, except
for the spring season, when drought surrounds
more than 70% of the region, the southern regions
of the study area, namely Kermanshah, Lorestan
and llam provinces, have the highest amount of
drought.

The results of the modeling of artificial neural
networks also showed that the use of artificial
neural networks generally has a good simulation
ability. Among the algorithms used to optimize
the artificial neural network, the genetic algorithm
has the best performance compared to other
methods in predicting droughts.
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