IOP Conference Series: Earth and Environmental Science

PAPER « OPEN ACCESS You may also like

Forecasting of Air Maximum Temperature on nformation M Likelbood as

Parameter Estimation Methods for Spatial

Monthly Basis Using Singular Spectrum Analysis Veclor Autoregressive Model with

Calendar Variation
and Linear Autoregressive Model Sunarsonoeta, e A

- Updated Moving Forecasting Model of Air
To cite this article: Nabeel Saleem Saad Al-Bdairi et al 2021 IOP Conf. Ser.: Earth Environ. Sci. 877 Maximum Temperature
012033 Khalid Hashim, Hussein Al-Bugharbee,
Salah L. Zubaidi et al.

- Effect of Wasit Thermal Power Plant on

Water Quality of Tigris River Downstream
to Al Zubaidiayh City
View the article online for updates and enhancements. Hiba Alaa and Ali Jwied Jaeel

@ The Electrochemical Society
Advancing solid state & electrochemical science & technology

May 29 — June 2, 2022 Vancouver « BC « Canada
Abstract submission deadline: Dec 3, 2021

Connect. Engage. Champion. Empower. Acclerate.
We move science forward

This content was downloaded from IP address 82.0.56.11 on 17/11/2021 at 12:23


https://doi.org/10.1088/1755-1315/877/1/012033
/article/10.1088/1742-6596/1097/1/012075
/article/10.1088/1742-6596/1097/1/012075
/article/10.1088/1742-6596/1097/1/012075
/article/10.1088/1742-6596/1097/1/012075
/article/10.1088/1742-6596/1097/1/012075
/article/10.1088/1755-1315/877/1/012032
/article/10.1088/1755-1315/877/1/012032
/article/10.1088/1757-899X/584/1/012028
/article/10.1088/1757-899X/584/1/012028
/article/10.1088/1757-899X/584/1/012028
https://googleads.g.doubleclick.net/pcs/click?xai=AKAOjsvxPb-NSS7As8WShI5vcjkw6nv4YZ1IEj8BdvdmO1OsQQ7C44Mspl_w-82cEtDi30Qnyp6ipciYN7tHnHYDX1tfyXtKxk7pAjvadTKAgbRbdqtwshe6rmgTR_MHHfctieVuTTmzLRfM6m-TYbOg-sBgJIvdsF3i-XfrG-HonzoRYemvqtDx4WQTuNgnju4WmGJr3IEYzU52oIIU2BZdUSgKr4yoG90_Lx7MfwlM738wKIRu4l1gRNhRRFi34U-smsxZWP2P9CB05bkuYLsOJN4l7mxHEBdJmls&sig=Cg0ArKJSzIFY34XZ-JVT&fbs_aeid=[gw_fbsaeid]&adurl=https://ecs.confex.com/ecs/241/cfp.cgi%3Futm_source%3DIOP%26utm_medium%3DDLAds%26utm_campaign%3D241AbstractSubmit

ICOREMT 2021 IOP Publishing
IOP Conf. Series: Earth and Environmental Science 877 (2021) 012033 doi:10.1088/1755-1315/877/1/012033

Forecasting of Air Maximum Temperature on Monthly Basis

Using Singular Spectrum Analysis and Linear Autoregressive
Model

Nabeel Saleem Saad Al-Bdairi !, Salah L. Zubaidi ', Hussein Al-Bugharbee !, Khalid Hashim
34 Sabeeh L. Farhan 39, Asad Al Defae 2

! Department of Mechanical Engineering, College of Engineering, Wasit University, Iraq

2 Department of Civil Engineering, College of Engineering, Wasit University, Iraq

3 Department of Civil Engineering, Liverpool John Moores University, UK

4 Department of Environmental Engineering/ University of Babylon, Iraq

5 Department of Architecture, Engineering, College of Engineering, Wasit University, Iraq
®School of Architecture, Design and the Built Environment, Nottingham Trent University, UK

* Corresponding author: nsaleem@uowasit.edu.iq

Abstract. In this research, the singular spectrum analysis technique is combined with a linear
autoregressive model for the purpose of prediction and forecasting of monthly maximum air
temperature. The temperature time series is decomposed into three components and the trend
component is subjected for modelling. The performance of modelling for both prediction and
forecasting is evaluated via various model fitness function. The results show that the current
method presents an excellent performance in expecting the maximum air temperature in future
based on previous recordings.

Keywords: Autoregressive Model; Baghdad City; prediction model; temperature.

1. Introduction

The ecosystem has faced significant problems resulting from the variability of climate and global
warming. These problems are likely to go worst depend on various climate change’s scenarios (i.e., the
temperature increased)[1, 2]. The natural disaster (e.g., volcanoes), industrialisation, and rapid increase of
urbanisation led to Enormous greenhouse gases emission that in the last influence adversely climate
change [3, 4]. It has set a considerable influence on the environment of residential areas in many places of
the world [5-7]. These impacts differ in relation to the region, the type, and the importance.

The factors of climatic have directly and indirectly impacted both inhabitants and their residential
environment along with short-, medium-, and long-terms [8]. Temperature is considered the most vital
climatic variable that influences the growth, development and yield of crops [9]. In Addition, the system
of houses is advanced in relation to factors of climatic [10, 11].
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Different areas have faced a damaging impact of climate change that causes diminishing the quantity [12-
16] and quality [17-22] of drinking water resources. High temperatures (i.e., dry days) lead to the growing
urban water needed [23]. In addition, various studies presented that urban water needed was driven by
maximum temperature [24-28].

Lately, a precise estimate of maximum temperature is a problem that has attracted the attention of
researchers, since it has several various usages in the applications such as industry, agriculture or energy.
Many approaches and methods are utilised in several fields [29-33], and research simulate the maximum
temperature by different techniques [34-36]. The AR technique employed efficiently in several
applications [37-39]. In this study, Auto-regressive (AR) approach will be applied to estimate the monthly
maximum temperature.

2. Area of study and data set

Iraq is one of the Arab countries that lies in arid to the semi-arid area, and Baghdad is the capital of Iraq
and locates in the centre of the country[40]. The weather is wet and cold in winter and dry and hot in
summer (i.e., the temperature reaches 45 C). Iraq faced an acute climate change cased adversely impact
the people, residential area, and freshwater sources[41-43]. The historical monthly data if maximum
temperature along twelve years (2003-3014) used to build and assess the model.
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Figure 1. Location map of Baghdad city.

3. Methodology
The technique of this study divides into, data pre-processing, and auto-regressive approach.

3.1 Data Pre-processing

This technique has a significant effect on the precision of the prediction techniques. It can be separated
here into two stages: normalisation and cleaning. Normalisation time series assistances to reduction the
influence of outliers and makes the data to be normal or near-normal distribution [44, 45]. In this study, a
natural logarithm is used for normalising the data due to its capability to reduction the influence of
multicollinearity among predictor factors[28, 46].
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3.2 Autoregressive Model (AR)

In autoregressive (AR) model, the output pertaining to a particular variable can be predicted from the past
observations of that variable [47]. This model has a linear form. As such, the simplicity of this model
coupled with its powerful prediction increases the popularity of this model in different disciplines in
which time series data need to be analysed. In water demand forecasting, city engineers and water
authorities are working collectively to maintain the balance between the demand and supply of drinking
water to residents in their city. Hence, to achieve this goal, a sound statistical method should be used.
Accordingly, there is a growing interest in applying autoregressive model in water demand forecasting.
The outputs in this model are merely dependent on the previous observations of the same variable [37, 38].

To mathematically formulate autoregressive models, Eq. (1) is used to relate the current observation with
the past ones in a linear relationship as illustrated [37, 38]:

p
X, =6+ Zk,.XH +é 0
i=l

Where; X, and X, | are the observations in periods 7 and #-1, p is the order of the AR model considered,

k, is the autoregressive parameters, 6, is the constant term, and &, is the disturbance term for period #. A

least-square algorithm using MATLAB is utilised to accurately predict the unknown coefficients in the
AR model.

4. Results and discussion

Initially, the maximum temperature data are normalised and cleaned. Afterwards, the time series of
maximum temperature was analysis. Figure 2 visualises the temperature time series components obtained
from the singular spectrum analysis. The first component represents the trend component, which follows
the same fluctuation of the original time series. It is clear that this component, i.e. trend component, has
the greatest portion of the variance of the original time series.

The data of trend then categorised into training set (70%, 101 data points) and testing set (30%, 43 data
points). The AR approach fitness criteria, i.e., R, MAE, MSE, and RMSE are shown in Table 1 for the
training and testing stages. The table presents the model fitness at order 10 for both the prediction of the
training sample and forecasting the testing sample. The comparison shows that the use of the combined
technique outperforms the use of AR alone for both the prediction and forecasting processes. This can be
clearly seen from the reduction in the MAE, MSE, and RMSE values when the SSA-AR is used.
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Figure 2. The normalised and the first three signals of maximum temperature time series.

Table 1: Model fitness for AR and SSA-AR methods
Training sample Testing sample
R? MAE MSE RMSE R? MAE MSE RMSE
AR 0.92 7.67 1.03 1 0.94 2.92 0.3 0.55
SSA-AR  0.98 3.16 0.17 0.41 0.94 2.36 0.19 0.44

Additionally, Figure 3 represents the visual comparison between the measured and forecasted values of
the testing sample. As it was mentioned earlier that the testing sample includes 44 recordings. It is clearly

seen how precise the model forecasting is.
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Figure 3. The comparison between measured and forecasted maximum temperature time series.

Moreover, Figure 4 illustrates the model forecasting error histogram. It can be seen that the absolute error
value is 0.15 as a maximum while the majority of the errors range in between [-0.1 +0.1].
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Figure 4. The error histogram of the suggested prediction model.

Based on the above statistical tests, the suggested methodology has the ability for simulating efficiently
the monthly maximum temperature considering the pervious data.

5. Conclusions

Maximum temperature estimate is an important component in dynamic modern city planning and
management because it helps to find suitable tools that utilised in building and industrials. In this research,
the combined model includes the SSA and AR techniques employed for forecasting the monthly time
series of temperature in Baghdad City over twelve years. The SSA used to denoise the time series of
maximum temperature. The AR technique used to simulate the time series of maximum temperature. The
outcomes reveal that the SSA is a suitable technique for noise removal. Also, the suggested methodology
is effective to forecast the maximum temperature data in the testing stage (i.e., it is yield coefficient of
determination 0.98 and 0.94 for training and testing stage, respectively). These results can be considered
as an initial base of combined techniques for additional research in future.
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