Iranian Journal of Irrigation and Water Engineering _ 198

Research Paper
Comparison of ARIMA and SARIMA Time Series Models with Machine
Learning Algorithms for Meteorological Drought Forecasting (Case study:
Khuzestan Province)

Fereshteh Sadeghkhani !, Mohammad Ansari Ghojghar 2

! PhD Student, Department of reclamation of arid and mountainous regions, Faculty of Natural Resources, University of

Tehran, Karaj, Iran (f.sadeghkhani78@ut.ac.ir)

2 Assistant Professor, Department of reclamation of arid and mountainous regions, Faculty of Natural Resources, University
of Tehran, Karaj, Iran. (Ansari.ghojghar@ut.ac.ir)

d 10.22125/iwe.2025.513573.1871

Received:

March 7, 2025 Ab.StraCt . . .

Accepted: Regional changes in precipitation aqd surface air temperature lead to severe
July 13,2025 droughts and subsequent changes in hydrological patterns. Meteorological
Available online: drought is an early warning system of drought conditions that is transferred to

August 24, 2025 environmental drought and can seriously affect the aquatic ecosystem. Therefore,

monitoring and predicting drought and creating an early warning and foresight
system in drought-prone areas is inevitable. In the present study, the performance
of ARIMA and SARIMA time series models was compared with ANFIS and
ELM machine learning algorithms in order to predict meteorological drought in

Efn}:lvzv:srtg: Khuzestan province. In order to evaluate the SPI meteorological drought index on
Drought, ’ time scales of 1, 3, 6 and 12 months, statistics and information of eight synoptic
Machine stations (Abadan, Bostan, Ahvaz, Bandar Mahshahr, Omidieh, Ramhormoz,
Learning, Masjed Soleiman and Safiabad) (Dezful)) was used from 1989 to 2020. Then, the
Seasonal time series and machine learning models based on SPI were implemented and
Patterns, SPI. finally the best model for predicting drought was extracted. RMSE, MAE, NS and

R evaluation criteria were used to evaluate the efficiency and performance of the
models. The results showed that ELM and ANFIS machine learning models had
higher accuracy than ARIMA and SARIMA time series models in SPI forecasting
and among the models studied, ELM model has the lowest scattering, the highest
accuracy and also the highest correspondence with the first and third quarters. The
model with the lowest RMSE and MAE values between 0.375 to 0.403 and 0.305
to 0.341, respectively, and the highest values of NS and R between 0.796 to 0.833
and 0.831, respectively. Up to 0.853, the best model was selected to predict the
SPI index. Thus, it can be said that this model has shown more effective efficiency
than other models studied. Also, based on the results of SPI, it was found that
drought is in normal condition in the study area, but in the future, the situation
can be worse, so the use of various modeling results in warning and warning
systems can help in managing and reducing the damage caused by this destructive
phenomenon. have an environment.
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Introduction

Meteorological drought is a severe regional climate event with a long duration and wide impact range,
which is the dominant factor in the occurrence of other types of drought. As an important link, the
propagation from meteorological drought to hydrological drought has significant impacts on the water
cycle, so accurate and efficient drought forecasting plays an important role in water resources
management and planning at the basin scale. Forecasting the occurrence of drought remains a difficult
but vital task for meteorologists and water resources managers and is an essential tool for implementing
appropriate measures to reduce the negative impacts of drought. Due to the increasing frequency and
severity of drought occurrence in Iran in recent years, drought monitoring and forecasting have received
increasing attention. In recent years, many researchers have widely used mathematical and statistical
models and machine learning methods to model and predict drought.

Materials and Methods

In this study, the performance of time series models and machine learning algorithms has been
investigated by evaluating and predicting meteorological drought indices. For this purpose, using
recorded precipitation data from eight synoptic stations (Abadan, Bostan, Bandar Mahshahr, Omidieh,
Ramhormoz, Masjed Soleiman, and Safiabad (Dezful)) located in Khuzestan province over a 30-year
period (1989 to 2020), the standardized precipitation index (SPI) was calculated and analyzed at time
scales of one, three, six, and 12 months. Precipitation data were considered as input to the models to
predict the drought index, and SPI values were predicted at different time scales using ARIMA and
SARIMA time series models and ANFIS and ELM machine learning algorithms. In order to evaluate
the models, the data was divided into two parts: training and testing. Of the available data, 80% was
used for training and 20% for testing the models. In order to evaluate the accuracy and efficiency of the
models under study, the evaluation criteria of root mean square error (RMSE), mean absolute error
(MAE), Nash-Sutcliffe coefficient (NS), and correlation coefficient (R) were used.

Results

According to the results obtained, among the models studied, the ELM model has the lowest dispersion
and in fact the highest accuracy and correspondence with the first quartile bisector. Thus, it can be said
that the ELM model is more effective than other models in predicting the meteorological drought index.
Among the models studied, the ANFIS model had an acceptable performance after the ELM model, but
the ARIMA model showed a weaker performance in predictions. In general, although the machine
learning models had a significant difference compared to the time series models, the time series models
did not differ significantly from each other, nor did the machine learning models differ significantly
from each other.

Discussion and Conclusion

Time series models and machine learning algorithms can play an important role in long-term forecasts
of precipitation values at different time scales. Based on the results of the forecast at all stations studied,
the Extreme Learning Machine (ELM) algorithm had higher accuracy in predicting SPI values than
other models. The results of the present study indicate the high flexibility of machine learning
algorithms in predicting long-term data, which has made machine learning models known as a powerful
tool in simulation and forecasting. The study of drought and the prediction of its change trend makes it
possible to have a clear understanding of the region based on the forecasts made in order to control the
growing trend of drought. Therefore, it can be inferred that the information obtained from machine
learning algorithms provides managers and officials with a relatively accurate understanding of the
nature of drought before it occurs, so that they can minimize the damage caused by this destructive
phenomenon by optimally managing early warning and warning systems during drought.
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