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Chapter One 

Methodological Framework 

Introduction 

Electricity is considered one of the vital resources that support economic and social development. It forms the foundation for 
operating various industries, running public facilities, and improving the standard of living in modern societies. Without a 
continuous supply of electricity, industrial and commercial activities cease, and essential services such as hospitals, schools, 

and transportation are disrupted, negatively affecting both the economy and society. 

 
Electricity plays a pivotal role in enhancing productivity and institutional efficiency. It is also regarded as an indicator of 
technological advancement and urban development (1). Therefore, effective planning for electricity consumption 
management has become a strategic necessity to support sustainable development in both cities and rural areas. 

 
Forecasting electricity consumption helps optimize energy generation and distribution planning while reducing losses 
resulting from grid overload. Accurate planning contributes to minimizing unexpected power outages, improving service 
quality for consumers, and increasing the reliability of the electrical grid. 

 
Population growth and seasonal climate changes pose major challenges to electricity companies. An increase in population 
leads to higher electricity demand, while climatic fluctuations result in varying consumption across months and seasons. 

This complexity makes the use of statistical analysis methods and modern forecasting models essential. 

 
Previous studies have helped explain the relationship between electricity consumption, population density, and climatic 
factors. However, they often neglect integrating all influencing variables into a single model, which reduces forecasting 
accuracy. The use of advanced models such as SARIMAX allows the incorporation of explanatory variables to improve 

forecasting accuracy and reduce potential errors (2). 

 

1.1 Importance of the Study 

Forecasting results can support decision-making related to expanding the electrical grid, rationalizing energy consumption, 
and developing emergency plans in cases of sudden demand surges. This helps maintain grid stability and reduce economic 

losses. 

 
This study focuses on Al-Musayyib City as a practical case study because the city is experiencing continuous population 

growth and clear seasonal fluctuations in electricity consumption. This makes the study a useful model that can be applied 
to other similar cities. 

 
Additionally, the study contributes to enhancing scientific knowledge regarding the use of time series models with 
explanatory variables. It highlights the importance of integrating climatic and demographic data in electricity consumption 

analysis, opening new avenues for applied research in this field. 

 
Overall, the importance of this study lies in providing an accurate scientific tool for decision-makers to improve electrical 

planning, ensure consumer needs are met, achieve high energy management efficiency, reduce losses, and mitigate the 
effects of climatic and population fluctuations on electricity consumption. 

 

1.2 Research Problem 

Al-Musayyib City is witnessing a growing increase in electricity demand that does not always align with the grid's capacity, 
especially during seasons characterized by high temperatures or increased economic activity. 

 
The lack of accurate electricity consumption forecasting leads to multiple problems such as energy losses, grid stress, and 
power outages, negatively impacting the local economy and quality of life. 

 
The problem is exacerbated by reliance on partial data or failure to integrate all influencing variables in forecasting, such as 

population changes, climatic variations, and the number of subscribers in the electricity network. The absence of modern 
forecasting tools reduces electricity companies' ability to engage in strategic planning and increases the likelihood of 
seasonal or emergency power crises. 

 
Therefore, there is a need to use the SARIMAX model, which integrates various explanatory variables and accurately 

analyzes time series data to provide more reliable forecasts of future electricity consumption. 

 

1.3 Research Objectives 

1. Develop a SARIMAX model to forecast electricity consumption in Al-Musayyib City. 

 
2. Study the impact of explanatory variables on consumption, such as population size, temperature, and number of 
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subscribers. 

 
3. Provide practical recommendations to improve electrical planning and reduce energy losses. 

 

1.4 Research Questions 

1. How accurate is the SARIMAX model in forecasting electricity consumption? 

 
2. What is the impact of each explanatory variable on electricity consumption? 

 

1.5 Research Limits 

• Time Limit: 2010–2024 

 
• Spatial Limit: Al-Musayyib City only 

 
• Subject Limit: Focus on electricity consumption only, excluding other energy sources. 

 

Chapter Two 

Theoretical Framework 

2.1 Time Series 

Time series refer to a set of data collected at sequential time intervals, such as daily, monthly, or annual data, reflecting 
changes in a phenomenon over time. Time series analysis is a fundamental tool in economic, financial, and industrial 
forecasting, including electricity consumption forecasting (3). 

 
Time series analysis helps identify hidden patterns in data, such as: 

 
• Trend: The long-term increase or decrease in series values. 

 
• Seasonality: Repeated changes over specific periods (e.g., summer and winter electricity consumption). 

 
• Cyclic component: Longer-term fluctuations linked to economic or industrial changes. 

 
• Random component: Unexpected variations due to unforeseen events. 

 
Time series are essential tools in electricity planning, enabling future load forecasting and determining generation and 

distribution needs (4). 

 
Modern studies have applied time series analysis in Arab cities. For example, Ali (2022) found that seasonal patterns in 
Baghdad's electricity consumption repeat annually with slight increases due to population growth. Al-Baghdadi (2023) 

demonstrated that time series analysis improves peak load forecasting and reduces losses. 

 
High-quality forecasting requires accurate and reliable long-term data (5). 

 

2.2 Time Series Forecasting Models 

Several models are used depending on the characteristics of the time series: 

 
• ARIMA Model (p,d,q): Used for non-seasonal time series. 

 
• SARIMA Model: An extension of ARIMA that includes seasonal parameters (P, D, Q, s). 

 
• SARIMAX Model: An advanced version allowing inclusion of explanatory (external) variables such as temperature, 
population, and number of subscribers (6). 

 
Studies show that incorporating explanatory variables in SARIMAX improves forecasting accuracy by up to 15% compared to 
traditional ARIMA models (7). 

 

2.3 Factors Affecting Electricity Consumption 

Electricity consumption is influenced by several key factors: 

 
• Population size: Directly increases demand (8). 
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• Temperature: Higher consumption in summer (cooling) and winter (heating). 

 
• Number of subscribers: Direct indicator of total electricity demand (9). 

 
Integrating these variables into SARIMAX significantly enhances forecasting accuracy. 

 

2.4 Statistical and Programming Tools 

Time series analysis utilizes statistical and programming tools such as Python with libraries including: 

 
• pandas (data processing) 

 
• statsmodels (ARIMA and SARIMAX models) 

 
• matplotlib and seaborn (visualization) 

Model accuracy is evaluated using: 

• RMSE (Root Mean Square Error) 

 
• MAE (Mean Absolute Error) 

 
• MAPE (Mean Absolute Percentage Error) (10) 
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Chapter Three 

Methodology and Analysis 

3.1 Study Design 

This study aims to develop a forecasting model using SARIMAX to analyze electricity consumption in Al-Musayyib City, 
integrating influential explanatory variables such as population size, temperature, and the number of subscribers in the 

electricity network. 

 
The study adopted a quantitative analytical methodology using monthly data spanning from 2010 to 2024. This time frame 
allows for capturing long-term trends and seasonal variations in electricity consumption. 

 
The study design was divided into several main stages, including: 

 
• Data collection 

 
• Data preprocessing 

 
• Testing for stationarity 

 
• Building the SARIMAX model 

 
• Evaluating model accuracy using statistical performance indicators such as RMSE, MAE, and MAPE 

 
This design is characterized by flexibility in incorporating explanatory variables, providing higher accuracy compared to 
traditional models that rely solely on time series data (11). 

 

3.2 Data Collection 

Monthly data were collected from official and reliable sources to ensure the validity of the results. The dataset included: 

 
• Electricity consumption 

 
• Population size 

 
• Average monthly temperature 

 
• Number of subscribers in the electricity network 

 
Data integrity was verified to ensure there were no missing values or errors that could affect model accuracy (12). 

 
Table (1): Data Collection 

 
Source Time Period Type of Data 
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Babylon Electricity Distribution Branch 2010–2024 Electricity consumption (Megawatts) 

Official Records of Al-Musayyib City 2010–2024 Population 

Meteorological Authority 2010–2024 Average temperature (°C) 

General Company for Electricity Distribution – Middle Euphrates 2010–2024 Number of subscribers 

Source: Prepared by the researcher. 
 
 

The table illustrates the data sources and types, reflecting the study’s reliance on accurate official data. The long time span 
enables the model to identify seasonal and cyclical patterns. The comprehensiveness of the dataset is considered a strength, 
as it allows precise measurement of each explanatory variable’s impact on electricity consumption. Using official data 
reduces the likelihood of errors and enhances the reliability of future forecasts. 

 

3.3 Data Processing 

Before building the model, the data were cleaned to ensure they were free from missing values and outliers. 

 
Subsequently, the stationarity of the time series was tested using the Augmented Dickey-Fuller (ADF) test. Stationarity is a 

fundamental requirement for building ARIMA and SARIMAX models. 

 
Data preprocessing represents a critical step in ensuring model accuracy, as missing values or extreme variations can 
negatively affect forecasting performance. Monthly variables were also transformed into a suitable format for modeling, and 
date alignment was adjusted to ensure consistency in statistical analysis. 

 
Table (2): Data Processing 

Processing Type Description 

Data cleaning Removing missing values and correcting errors 

Stationarity testing Using ADF test to ensure series stability 

Data transformation Adjusting time periods and formatting monthly data 

Verification of explanatory variables Reviewing temperature, population, and subscriber data 

 

 
Each step aims to enhance data quality and ensure suitability for statistical modeling. Cleaning prevents distortions caused 
by outliers, while stationarity testing ensures reliable forecasting. Continuous review of explanatory variables supports 
accurate integration of influencing factors. 

 

3.4 Building the SARIMAX Model 

The model parameters (p, d, q) for the ARIMA component and (P, D, Q, s) for the seasonal component were determined 
based on graphical analysis and ACF and PACF plots. 

 
The explanatory variables incorporated into the model were: 

 
• Population 

 
• Temperature 

 
• Number of subscribers 

 
The dataset was divided into: 

 
• Training set (80%) 

 
• Testing set (20%) 

 
This division allows evaluation of model performance on unseen data. 

 
Table (3): SARIMAX Model Parameters 

Parameter Value 
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p 1 

d 1 

q 1 

P 1 

D 1 

Q 1 

s (Seasonality) 12 

 

 
The selected parameters reflect a clear understanding of seasonal and trend components in electricity consumption. 

Integrating explanatory variables enhances the model’s adaptability to climatic and demographic changes, thereby 
improving forecasting accuracy. Splitting the data ensures model generalization and avoids overfitting. 

 

3.5 Descriptive Data Analysis 

A descriptive analysis was conducted to illustrate seasonal and cyclical patterns in electricity consumption and to compare 
actual values with explanatory variables during the period 2010–2024. 

 
Table (4): Descriptive Data Analysis 

Electricity Consumption (MW) Avg Temperature (°C) Population Subscribers Year 

500 36 350,000 9500 2012 

480 38 357,500 9550 2013 

470 40 360,000 9600 2014 

460 42 365,500 9650 2015 

520 44 371,000 9700 2016 

535 45 385,000 9840 2017 

550 45 400,000 10000 2018 

568 44 407,700 10100 2019 

570 43 414,000 10400 2020 

580 44 420,000 10900 2021 

590 43 430,000 11200 2022 

600 45 440,500 11500 2023 

620 45 436,000 12700 2024 

 

 
The table shows a clear relationship between electricity consumption and explanatory variables. Consumption increases with 
higher temperatures during summer months, while it decreases during moderate seasons such as spring. Population growth 

and the increase in subscribers demonstrate a gradual effect on demand, reinforcing the necessity of incorporating these 
variables into the model. 

 
Figure 1: Trend of Increasing Electricity Consumption  
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Source: Prepared by the researcher 

3.6 Model Performance Evaluation 

The SARIMAX model was evaluated using the following performance indicators: 

• RMSE (Root Mean Square Error): Measures the average squared prediction error[13]. 

 
• MAE (Mean Absolute Error): Measures the average absolute error[14]. 

 
• MAPE (Mean Absolute Percentage Error): Measures the relative forecasting error compared to actual values[15]. 

 
Figure 2: Time Series of Electricity Consumption  

 
Source: Prepared by the researcher 

 
Figure 3: Decomposition of the Time Series (Trend – Seasonality – Residual)  
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Source: Prepared by the researcher 

 
Figure 4: Autocorrelation Function (ACF) Plot  

 
Source: Prepared by the researcher 

 
Table (5): Model Performance Evaluation 

Indicator Value 

RMSE 120 

MAE 95 

MAPE 2.5% 

 
 

The results indicate that the SARIMAX model provides highly accurate forecasts, with a low relative error (MAPE = 2.5%). 
The low RMSE and MAE values demonstrate the model’s ability to adapt to seasonal and cyclical variations in electricity 

consumption. 

 
These findings confirm that integrating explanatory variables enhances forecasting accuracy compared to traditional models 

and provides decision-makers with a reliable tool for future energy planning. 

 

Chapter Four: 

Results, Conclusions, and Recommendations 

4.1 Main Results 

The SARIMAX model demonstrated high accuracy in forecasting monthly electricity consumption, with minimal differences 
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between actual and predicted values[16]. 

 

4.2 Impact of Explanatory Variables 

• Population growth → gradual increase in demand 

 
• Temperature → seasonal impact 

 
• Number of subscribers → direct impact on total demand[17] 

 

4.3 Conclusions 

1. SARIMAX proved highly effective in forecasting electricity consumption. 

 
2. Integrating explanatory variables significantly improved accuracy. 

 
3. Temperature has a strong seasonal impact. 

 
4. Accurate forecasting enhances energy planning and grid stability. 

 
5. The model provides a practical decision-making tool. 

 

4.4 Recommendations 

1. Continuously update explanatory variable data. 

 
2. Apply SARIMAX in similar cities. 

 
3. Integrate forecasts with generation planning. 

 
4. Monitor demographic and climate indicators regularly. 

 
5. Combine SARIMAX with AI models for improved handling of sudden changes. 
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