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Preface





Welcome to "Applied Time Series Analysis and Forecasting with Python." In this book, we embark on an exploration of time series analysis, a foundational pillar of data science with far-reaching applications across industries. Whether you are a seasoned data scientist seeking to deepen your understanding of time series methods or a beginner eager to unlock the potential of Python for analyzing sequential data, this book is designed to be your comprehensive guide.


The field of time series analysis encompasses numerous methods, algorithms, and techniques tailored to uncover patterns, trends, and insights within sequential data. Through a hands-on, practical approach, we delve into the fundamental concepts of time series analysis, explore state-of-the-art methodologies, and provide step-by-step tutorials to implement these techniques using Python libraries such as pandas, NumPy, Matplotlib, Statsmodels, and more.


As you journey through the pages of this book, you will learn how to visualize time series data, extract meaningful features, build predictive models, and evaluate their performance. From classical methods like ARIMA and exponential smoothing to modern approaches like machine learning and deep learning, we cover a diverse array of techniques to suit various data scenarios and business requirements.


Each chapter is crafted to provide both theoretical foundations and practical applications, ensuring that you not only understand the underlying principles but also gain the skills to apply them effectively in real-world projects. Along the way, you will encounter Python code examples, illustrative plots, and hands-on exercises to reinforce your learning and deepen your understanding.


This book comprises 9 chapters, each a complete module in itself, serving as your comprehensive guide to mastering time series in Python. Whether you are analyzing financial data, forecasting sales, predicting demand, or studying sensor readings, the techniques presented in this book will equip you with the tools and knowledge to tackle a wide range of time series challenges. I invite you to embark on this journey with me and discover the fascinating world of time series analysis with Python. 


Chapter 1 Introduction to Time Series: In this chapter, we embark on a journey to explore the fundamental concepts of time series analysis and its applications across various domains. We begin by introducing the concept of time series data and its significance in analyzing sequential data. Through real-world examples, we demonstrate how time series analysis plays a crucial role in diverse industries such as finance, healthcare, manufacturing, and more. Whether you're a beginner or an experienced practitioner, this chapter serves as an essential primer for understanding the role of time series analysis in modern data science applications.


Chapter 2 Overview of Times Series Libraries in Python: In this chapter, readers will embark on an exploration of popular time series libraries in Python, gaining insights into their features and applications through practical examples and illustrations. Beginning with Pandas, the versatile library provides robust capabilities for handling time series data, followed by an examination of NumPy's role in numerical computing for time series analysis. The chapter further delves into Statsmodels, showcasing its capabilities for statistical modeling and forecasting. Additionally, readers will be introduced to other significant libraries such as Prophet and AutoTS, which offer advanced features for time series forecasting and modeling. Through this comprehensive exploration, readers will acquire the knowledge and tools necessary to harness Python's capabilities for effective time series analysis.


Chapter 3 Visualization of Time Series Data: In this chapter, readers will be introduced to a myriad of time series visualization techniques facilitated by Python libraries. Beginning with an overview of time series visualization libraries in Python, the chapter delves into basic plotting functionalities using matplotlib, providing a foundational understanding of visualizing time series data. Subsequently, readers will explore advanced visualization capabilities using seaborn, enabling them to analyze complex temporal patterns and relationships with ease. The chapter culminates with an exploration of interactive time series visualizations using plotly, empowering readers to create dynamic and interactive plots that facilitate deeper insights into time series data. Through practical examples and step-by-step guidance, readers will gain proficiency in leveraging Python's visualization tools for effective time series analysis and interpretation.


Chapter 4 Exploratory Analysis of Time Series Data: In this comprehensive chapter, readers will embark on a journey through the foundational aspects of time series data analysis. Beginning with the essential tasks of loading and inspecting time series data, readers will gain proficiency in navigating diverse datasets. Through an exploration of descriptive statistics, readers will uncover key insights into the characteristics and distributions of time series data, laying the groundwork for deeper analysis. The chapter further delves into advanced techniques such as time series decomposition, stationarity analysis, and autocorrelation analysis, equipping readers with the tools to discern underlying patterns and structures within time series data. Additionally, readers will explore the significance of rolling statistics in capturing temporal trends and variability, enabling them to extract meaningful insights from dynamic datasets. With practical examples and illustrative explanations, this chapter serves as an indispensable guide for mastering the fundamental principles of time series data analysis.


Chapter 5 Feature Engineering on Time Series: In this illuminating chapter, readers will delve into the intricate realm of feature engineering for time series data. Beginning with the exploration of univariate feature engineering techniques, readers will learn how to create lag-based features, compute rolling statistics, derive expanding window statistics, and calculate exponential moving averages. Through practical examples and step-by-step explanations, readers will gain a profound understanding of each technique's application and significance in uncovering temporal patterns and relationships within univariate time series data. The chapter further advances into the realm of multivariate feature engineering, where readers will discover how to craft lag-based multivariate features, generate interaction terms-based features, and derive aggregated features. By mastering these techniques, readers will acquire the expertise to extract valuable insights and enhance the predictive power of their time series models, propelling their data science endeavors to new heights.


Chapter 6 Time Series Forecasting – ML Approach Part 1: In this enlightening chapter, readers will embark on a captivating journey through a myriad of time series forecasting techniques and models. Commencing with a deep dive into the intricacies of Autoregressive Integrated Moving Average (ARIMA), readers will unravel the essence of this foundational model and its application in capturing temporal patterns and trends. Subsequently, the chapter illuminates the process of Seasonal Decomposition of Time Series (STL), providing insights into dissecting time series data into its constituent components of trend, seasonality, and noise. Moving forward, readers will delve into the realm of Exponential Smoothing Models, exploring their efficacy in capturing underlying patterns and making accurate predictions. Furthermore, the chapter unveils the prowess of Facebook Prophet, shedding light on its intuitive interface and robust forecasting capabilities. Lastly, readers will be introduced to Support Vector Machines (SVM), a powerful machine learning algorithm adept at handling non-linear relationships and making accurate predictions in time series data. Through practical examples and insightful explanations, readers will emerge equipped with the knowledge and skills to navigate the intricate landscape of time series forecasting, empowering them to unlock valuable insights and drive informed decision-making in their data-driven endeavors.


Chapter 7 Time Series Forecasting – ML Approach Part 2: In this interesting chapter, readers will embark on a captivating exploration of diverse machine learning algorithms tailored for time series forecasting. Beginning with a comprehensive overview of Hidden Markov Models (HMM), readers will uncover the intricacies of this probabilistic framework and its application in capturing latent states and transitions within time series data. Subsequently, the chapter delves into the realm of Gaussian Processes, revealing their inherent flexibility and ability to model complex relationships in time series data. Moreover, readers will discover the art of developing machine learning-based approaches for time series forecasting, harnessing the predictive power of algorithms such as Support Vector Machine (SVM), K-Nearest Neighbour (KNN), Random Forest, and Gradient Boosting. Through practical examples and insightful discussions, readers will gain invaluable insights into the diverse array of machine learning techniques available for time series analysis, empowering them to make informed decisions and extract actionable insights from their data.


Chapter 8 Time Series Forecasting - DL Approach: In this captivating chapter, readers will embark on an enlightening journey into the realm of deep learning for time series forecasting. The exploration begins with a deep dive into Long Short-Term Memory (LSTM) networks, unraveling the inner workings of these powerful recurrent neural networks designed to capture long-term dependencies in sequential data. Through practical examples and insightful discussions, readers will gain a comprehensive understanding of how LSTM networks can be effectively applied to time series forecasting tasks. Additionally, the chapter explores the application of Gated Recurrent Units (GRUs), another variant of recurrent neural networks known for their efficiency in modeling sequential data. Furthermore, readers will delve into the realm of Convolutional Neural Networks (CNNs), uncovering how these versatile architectures can be adapted to extract meaningful features from time series data for forecasting purposes. Armed with this knowledge, readers will be equipped to leverage the full potential of deep learning techniques for tackling a myriad of time series forecasting challenges with confidence and proficiency.


Chapter 9 Multivariate Time Series, Metrics, and Validation: In this comprehensive chapter, readers will embark on a comprehensive journey through the fundamental concepts and techniques essential for understanding and analyzing time series data. Beginning with the crucial step of loading and inspecting time series data, readers will learn how to effectively explore the structure and characteristics of their datasets. Subsequently, the chapter delves into the realm of descriptive statistics, providing readers with valuable insights into summarizing and understanding the statistical properties of time series data. The exploration continues with an in-depth examination of time series decomposition techniques, enabling readers to disentangle the underlying components such as trend, seasonality, and noise within their data. Furthermore, readers will learn how to perform stationarity analysis to assess the stability of time series data over time, followed by a thorough review of autocorrelation and partial autocorrelation functions to identify temporal dependencies. Finally, the chapter concludes with an exploration of rolling statistics, empowering readers with the ability to analyze trends and patterns in their time series data using moving averages and other rolling window techniques. Through practical examples and step-by-step explanations, readers will gain a solid foundation in time series analysis, equipping them with the knowledge and skills needed to navigate the complexities of real-world time series datasets with confidence and precision.


This book presents a comprehensive and accessible guide to mastering the intricacies of time series data analysis. Through a comprehensive coverage of theoretical concepts, practical examples, and hands-on Python code, this book equips readers with the knowledge and skills needed to navigate the complexities of time series data across diverse domains such as finance, healthcare, manufacturing, and beyond. From the foundational principles of time series analysis to advanced forecasting models and techniques, each chapter offers invaluable insights and actionable strategies for harnessing the power of time series data to derive meaningful insights and drive informed decision-making.
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CHAPTER 1


Introduction to Time Series



Time is the most important dimension of our lives and all the changes happen around the world constantly because of the impact of time. As human beings with access to enormous technology, we collect a lot of data over time with or without realizing it. Understanding the data that we collected over time and utilizing the information we derived from it to make things better helps in human evolution and the evolution of technology for the betterment of this world. The concept of time series comes in handy to perform this analysis.

Whether you are a data scientist, data analyst, data engineer, or Python programmer who works on data that deals with time, you will benefit from the content of this book. Let us together explore the value of time series data and learn how to derive more insights throughout this learning journey.

We will begin this chapter by introducing time series, then examine its applications in various domains across the industry such as finance, healthcare, manufacturing, and more. Finally, we will conclude this chapter by discussing methods for preparing time series data.

Structure

In this chapter, the following topics will be covered:


	Overview of Time Series

	Time Series Usage in Different Domains

	Preparation of Time Series Data




Overview of Time Series


Data collected over regular intervals of time is termed time series data. This can be data collected every second on your mobile phone, data collected throughout the day on your smartwatch, or even data collected manually by someone every hour of the day for a continuous period of one month, among other examples. All of this data, collected for specific purposes, can be used to understand patterns and derive insights for one or more use cases. As time goes on, more data gets collected, and the repository of such large data becomes a rich source of information that can be explored and analyzed to make informed decisions.

Time series data also helps in identifying hidden patterns in the data collected over time. It can provide information on trends, such as the upward and downward movements of the price of oil in the market, as well as seasonality, such as the right time to sell gift items in your shop.

The analysis of time series data can be performed by applying various powerful techniques using programming languages such as Python, R, and many more. You can understand the data simply by exploring it and examining its statistical information, such as measures of central tendency. Alternatively, you can apply machine learning and deep learning to the data to identify hidden insights or to predict and forecast the future. This book covers a wide range of these concepts and provides examples of where they can be applied.

Applications of Time Series Across Industries

Time series data is of extensive use in various industry domains. To understand the examples of time series data in various domains, we will be using the UCI machine learning repository’s datasets widely throughout this book. You can find these datasets at https://archive.ics.uci.edu/ml/datasets. Let us explore some of the industry domains here.

Usage in Finance and Economics

Finance and Economics are an integral part of the world’s economy. Large amounts of data are accumulated in these domains across the industry. The study of the patterns in this data is very crucial for effective financial decision-making in a constantly changing economic landscape. Some of the applications of time series data in finance and economics will be explored in this section.


Stock Market Analysis


Stock markets are an excellent source of time series data. Trades in stock markets happen during business hours every weekday on several investment products across multiple industry sectors. Using the stock market data, we can analyze market conditions, predict future stock prices, make trading decisions, and manage individual investor interests.

An example of daily stock market time series data for Lenevo Group Limited, sourced from https://finance.yahoo.com/, is represented in the following table (see Figure 1.1):
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Figure 1.1: Time series data of stock prices

The trend line for the preceding stock market prices can be reviewed in the following chart (see Figure 1.2):
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Figure 1.2: Time series trend of stock prices

Figure 1.2 demonstrates the behavior of the daily high prices of LNVGY stock over 23 days. A simple analysis of the trend of the stock can explain when the prices were high and when the prices were low during these 23 days.

Market Risk Analysis

Market risk analysis is another type of analysis that can be performed in financial markets to understand the factors that can adversely impact market performance. Time series data is an important factor or input that is used to analyze market risk. Value-at-risk is one of the statistical measures that is majorly used to analyze market risk. Historical market data, such as market prices, spreads, volatilities, interest rates, and more, are used in the analysis. The volatility index, denoted by VIX, is an example of market risk analysis input data. VIX is a volatility index measure calculated based on exchange-specific index option prices, denoting the expectation of volatility for a stock market.

An example of India VIX time series data for NIFTY index option prices is sourced from https://www1.nseindia.com/products/content/equities/indices/historical_vix.htm and is represented in the following table (see Figure 1.3):
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Figure 1.3: Time series data of India VIX

India VIX is based on the NIFTY index option prices. The trend lines for the preceding India VIX can be reviewed in the following chart (see Figure 1.4):
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Figure 1.4: Trend lines of India VIX

The preceding figure represents the trends of multiple variables of India VIX over 23 days. A trend analysis of each of these variables can help us understand how each variable has performed by itself, as well as with respect to other variables.

Credit Risk Analysis

In finance, lending or loans is a major financial product for many banks and financial institutions. Lending is a process that always poses a threat of credit risks. Credit risk analysis is performed by financial institutions before entering into any lending contract either with customers who are individuals/retailers or with counterparty firms. Credit risk analysis involves various calculations and scorings using historical time series data with multiple variables related to the credit behavior of counterparties. The statistical measures such as the probability of default, loss given default, and exposure at default are derived from the time series data to understand the creditworthiness of a customer or counterparty.

An example of a credit risk dataset generated specifically for this chapter can be seen in Figure 1.5:
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Figure 1.5: Loan repayment time series data

The trend line for the preceding loan repayment ledger can be reviewed in the following chart:
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Figure 1.6: Trend line for loan repayment

The trend line in Figure 1.6 shows the credit behavior of a customer. During the month of January 2023, no repayment was made, and the repayment happened during February 2023 along with a penalty of $20. The credit behavior of a customer becomes an input for the bank while calculating the credit score, thus influencing the lending decision of banks for future loans.

Analysis of Economic Conditions

Time series data can be used to analyze economic indicators such as inflation rates, interest rates, and GDP of a nation, and forecast future values for informed decision-making.

Inflation rate, in general, indicates the percentage increase in the price of goods over time. Similarly, interest rate, in general, denotes the percentage increase of interest on loans borrowed by customers of a financial institution. GDP, or Gross Domestic Product, is a measure with a time dimension that indicates the market value of finished products within a country.

An example of GDP time series data for the United States is sourced from https://data.worldbank.org/indicator/NY.GDP.MKTP.CD and is represented in the following table (see Figure 1.7):
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Figure 1.7: GDP data of the United States

The preceding data in Figure 1.7 shows the GDP values of the United States, starting from the year 2011 to 2021. Forecasting the GDP for subsequent years through time series forecasting techniques is one of the use cases of time series data in economics.
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Figure 1.8: Trend of the GDP of a country

The year-on-year view of GDP along with a trend of movement can be observed from the preceding chart in Figure 1.8. From the chart, it is evident that there is a constant upward trend in GDP, except for the year 2020.

These are some of the applications of time series data in finance. However, there are many more applications, such as investment portfolio management, algorithmic trading, pricing strategies, macroeconomic analysis, and more. With this understanding, let us further explore the usage of time series data in sales and marketing.

Usage in Sales and Marketing

Sales and marketing are domains that are related to each other, as the growth in one drives the growth in the other. There are numerous uses of time series data in these two domains. Some of the applications will be explored in this section.

Forecasting of Retail Sales

Time series data can be used to study the pattern of sales of various products in a supermarket daily and forecast sales for the near future. This helps the management to plan their production and inventory. Sales forecasting can be performed using multiple time series analysis techniques, which will be further studied in subsequent chapters of this book, along with case studies.

Let us now look at an example of time series data that can become an input to sales forecasting. The sample data for this example is downloaded from https://archive.ics.uci.edu/ml/datasets/Sales_Transactions_Dataset_Weekly. This data, as shown in Figure 1.9, lists products in rows, the time in weeks in the columns, and the values being weekly sales numbers.
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Figure 1.9: Weekly purchase quantity of products

Forecasting the purchase quantity for each product is one of the use cases of time series data in sales. Let us look at the weekly purchase trend of each product in Figure 1.10.
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Figure 1.10: Purchase trend of products

The purchase quantity of each product in Figure 1.10 follows a specific pattern. For instance, product P1 has an upward purchase trend over time. This observation can help management to produce or stock more of Product 1 to handle the upcoming demand.

Seasonality Analysis and Planning

Seasonality can be considered as the repetition of a particular behavior at a specific point in time, which is observed as a continuous trend in sales patterns. For example, the sales of air conditioners go up every summer, and the sales of gift articles go up during every festival season such as Christmas to the new year. These are known patterns, but there may also be a lot of unknown seasonal patterns in the sales of products that are not visible evidently by looking at the data. Such patterns can be analyzed by performing a seasonal analysis of the time series data.

An example of time series data depicting the trends of sales quantity of consumer products, which can be used to analyze seasonality is downloaded from https://archive.ics.uci.edu/ml/datasets/online%20retail. A sample of the dataset is presented in Figure 1.11:
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Figure 1.11: Retail dataset

The sales quantity in the dataset can be further analyzed to identify seasonal patterns, as represented in Figure 1.12:
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Figure 1.12: Sales quantity from 2010 to 2011

The spikes in the data in Figure 1.12 can be further analyzed in detail for seasonal sales and the reason behind them. Such analysis can help in managing the inventory of the product to handle the spikes in demand.

Inventory Management

Sales forecasting through time series analysis will, in turn, help in managing the stocks in the inventory for specific products that are in demand. Managing inventory efficiently also helps in avoiding excess inventory stocking and the storage costs that will be incurred. Stocking excess inventory in cases of perishable goods such as FMCG (fast-moving consumer goods) like milk, vegetables, baked food, and more, can increase the losses for a retail business.

To explain the benefit of inventory management, let us look at an FMCG inventory and sales dataset generated specifically for this chapter, as shown in Figure 1.13. This dataset was generated between 1st January 2023 and 31st January 2023 for four FMCG products: milk, bread, tomatoes, and mangoes. The data is divided into inventory quantity and sales quantity for each day. The inventory quantity denotes the inventory stocked at the beginning of the day, while the sales quantity denotes the sales that happened by the end of the same day.
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Figure 1.13: Sales and Inventory of FMCG

A study of each individual product inventory stock vs. sales is depicted in Figure 1.14:
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Figure 1.14: Inventory vs. Sales trend of FMCG products

Let us look at the trend of one example product from Figure 1.14. The inventory quantity of milk for all 31 days of January 2023 has been continuously 100, whereas the actual sales have changed each day, with very low sales on 2nd and 12th January compared to high sales on 4th and 18th January. This analysis gives an idea to decide on what should be the appropriate daily inventory stocking of milk based on the expected demand.

Marketing Campaign Analysis

While marketing new or existing products or services, campaigns are conducted to increase their reach through various channels. For instance, a new broadband service of a telecom provider might conduct a campaign by printing advertisements and delivering them to prospective customers inside a mall or by doing a door-to-door delivery of the advertisement brochures in a particular prospective locality. The other way they might conduct a campaign is by reaching out to prospects through social media platforms or by posting advertisements on websites. The reach of these campaigns can be analyzed through various analytical methods and tools. The types of data that get collected through these campaigns are time series in nature and help in analyzing various customer behavioral aspects that can help in generating leads through prospects.
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