o3l _
Water and Soil Science, Vol.34, NO.1, Spring2024, pp. 55-73. SB o ol

[ WATER ¥ soIL
sonce,

DOI: 10.22034/ws.2021.49033.2465 ISSN:2717-3755 https://water-soil.tabrizu.ac.ir/

Research Article

Investigation of Trend and Prediction of Maximum Mean Temperature in
Northwest Iran using Time Series Models

V Ahmadifar!, R Delirhasannia?®, S Samadianfard?, T Mohammadzadeh?

Received: March 27, 2022 Accepted: September 7, 2022
Revised: August 27, 2022 Published online: March 20, 2024

!PhD Graduate, Department of Water Engineering, Faculty of Agriculture, University of Tabriz.
2Assoc. Prof., Department of Water Engineering, Faculty of Agriculture, University of Tabriz.
3Building Art Learner, Ahar Education Management.

*Corresponding Author, Email: delearhasannia@yahoo.com

Abstract
Background and Objectives

Climate change and its consequent impacts on the different phenomena of the earth are serious mankind
concerns during recent years. Climate change and global warming have very significant negative impacts on
different resources including water and ice resources, forests, pastures, agricultural fields, industry, and finally
human life. Air temperature and precipitation variations are the primary effects of climate change on
atmospheric elements. Hence, the assessment of the atmospheric element for an instance temperature has
critical importance. Temperature rise caused by climate change has serious negative impacts on agricultural
activities through increasing the evaporation and the possibility of droughts. Because climatological elements
have nonlinear behavior and they are not a function of a certain statistic distribution therefore a tendency for
using non-parametric approaches, especially Mann-Kendall is growing. The complicated nature of physical
processes and lack of adequate knowledge in the climate models have caused the creation of statistical models
and their development for defining these processes. The application of these models for the reconstruction of
past values and predicting future values has been called time series. The aim of the current research is to
analyze the variation trend of mean maximum monthly temperature using the Mann-Kendall test, mean
maximum monthly temperature with time series method, determine the proper pattern and prediction of
temperature variations in the Northwest of Iran.

Methodology

In this research, the trend of mean maximum temperature variations in 12 selected stations in Northwest
Iran over a 24-year (1997-2020) period was investigated. At first, the trend of variation data series was tested
using the Mann-Kendall approach. Then, the mean maximum monthly temperature was predicted using the
time series model. Minitab 17 software was applied in order for time series model development and prediction
purposes. The total number of data for each set was 285 where 80% of them were considered for calibration
and 20% for model validation. The performance of models was investigated based on Model Efficiency
Coefficient (CE) and Correlation Coefficient (R) indices. The CE varies between oo to 1 and the closer values

to 1 indicate more accurate model performance. Finally, temperature predictions were done for the following
8 years (2021-28) based on developed models.
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Findings

The obtained results of the application of the Mann-Kendall test for determining the mean maximum
temperature trend in 12 studied stations in Northwest Iran clarified an increasing behavior for all stations.
Increasing trends in Ahar and Sarab stations were significant at the level of 95% and in the Tabriz, Maragh,
Miyaneh, Khalkhal, Urmia, Khoy, and Mahabad stations the significance level was 99%. Regarding the basic
assumptions in time series modeling, before starting model creation, the normal and static situation of the data
series was tested. The obtained results of these tests also showed a linear increasing trend in the investigated
stations. Consequently, seasonal and non-seasonal differential process on initial series in the studied stations
was conducted to model recognition through ACF and PACF differential series graphs. The temperature
variations along different seasons of the year in all stations proved more increase for all stations in the winter
in comparison with other seasons. Considering the 12th differential level due to seasonal characteristics of
data, ACF and PACF graphs of differential series were plotted and a correlation was observed between data in
the first lag. To create a series model, the seasonal model of SARIMA(p,d,q)(P, D, Q)® was applied. After
calibration and validation of the final models for studied stations, these models were applied for predicting 8
following years (2018-2026) and were compared with the basic period (1994-2017). According to the
predictions, the mean maximum temperature in all stations shows an increase in comparison to the basic period.
The highest increasing amount is for Jolfa station with 4.39°C and the lowest value was determined for
Parsabad station with 0.69 °C. The variations in temperature were assessed on a seasonal scale for 8 upcoming
years. The comparisons of temperature variation for all stations in the different seasons showed increasing

behaviors in all stations in winter in comparison with other seasons.

Conclusion

The mean maximum temperature in 12 studied stations was modeled by time series. High values for R and
CE in these stations proved the high accuracy of this method for predicting air temperature. After model
development and selection of the most proper model for studied stations, the prediction of temperature was
performed for 8 following years for each station. The temperature variations in this duration were investigated
seasonally and the results showed that the maximum temperature increase for all stations will occur in the
winter. Temperature increasing in winter months may cause negative impacts like change in precipitation
pattern from snow to rain, early melting of region snow reservoirs, incomplete vernalization of seeds, and early

start of the growing season with a risk of frost hazard for crops.
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