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Analyzing data points collected sequentially over defined intervals is fundamental to modern

statistical inquiry. This methodology, known as Time series analysis, is an indispensable

component of data science, providing the necessary tools to model, forecast, and extract deep

temporal insights from sequential observations. Unlike cross-sectional data where observations are

independent, the inherent structure of time series data--where the sequence and timing of events

are critically important--requires specialized handling and strict adherence to temporal indexing.

The widely adopted R programming language provides robust, built-in capabilities for managing

this type of sequential data. The foundational mechanism for organizing raw observations into a

usable structure for analysis is the highly efficient ts() function. This function is essential because it

moves beyond a simple numerical list, transforming raw inputs into a standardized time series

object. This object automatically carries the necessary temporal metadata (start time, end time,

and frequency), which is prerequisite for advanced analytical procedures such as seasonal

decomposition, trend identification, and accurate forecasting models.

Mastering the ts() Function Syntax in R

The successful execution of any time series analysis in R begins with correctly structuring the data

using the ts() function. The design of this function prioritizes intuitive syntax while demanding

precise definition of temporal parameters. Accuracy here is non-negotiable, as the resulting

object's utility hinges on the correct specification of when the data began and how often it was

recorded. This explicit temporal definition enables R to automatically handle complex chronological

indexing, ensuring that subsequent analytical models treat the data correctly in terms of order and

periodicity.

The core structure of the function call is straightforward, requiring the raw data input followed by

arguments that define the chronological context. The canonical structure is defined by four primary

components, though not all are always mandatory:

ts(data, start, end, frequency)

A robust understanding of how each argument molds the raw numerical sequence into a structured

temporal object is vital for practitioners. These parameters transform an unstructured list of

numbers into a time-ordered sequence, which is the necessary input for all classical time series

methods.
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Essential Arguments for Defining Temporal Structure

The following required and optional arguments provide the necessary temporal context to the raw

measurements:

data: This is the primary and mandatory argument, containing the actual measured numerical

observations. The input must be provided as a standard R vector (for univariate series) or a matrix

(for multivariate series). These values represent the sequential measurements recorded over the

entire defined time frame.

start: This critical parameter specifies the exact beginning timestamp of the first observation in the

series. For yearly data, start is simply the year (e.g., 2000). However, for sub-annual data

(quarterly, monthly, etc.), it must be specified as a two-element vector using the format c(year,

cycle). Here, 'cycle' denotes the specific period within that year (e.g., if frequency is 12, cycle 10

means October).

end: This argument is optional and explicitly defines the timestamp of the final observation in the

series. If end is omitted, R automatically derives the termination point by calculating the total

duration based on the defined start time, the frequency setting, and the total length of the

supplied data.

frequency: Perhaps the most crucial setting for defining periodicity, frequency specifies the

number of observations that occur within a standard annual unit. Setting the frequency to 1

indicates annual data. A frequency of 4 denotes quarterly data (4 observations per year), while 12

signifies monthly data (12 observations per year). This parameter dictates R's internal handling of

seasonality.

The correct specification of these parameters is the foundation upon which all subsequent

analytical tasks are built. Once the object is correctly constructed using the ts() function, the

resulting structure ensures compatibility with R's vast ecosystem of time series packages. The

following examples demonstrate the practical application of this syntax for creating objects with

different periodicities, thereby ensuring accurate temporal representation and readiness for

modeling.

Example 1: Constructing a Time Series for Monthly Data

To demonstrate the construction of a seasonal, high-frequency time series, let us consider a typical

business scenario involving monthly sales tracking. We have gathered 20 consecutive monthly

sales observations from a retail business, with the data collection commencing in October 2023.

https://www.stat.berkeley.edu/~s133/vectors.html
https://en.wikipedia.org/wiki/Matrix_(mathematics)
https://www.stat.berkeley.edu/~s133/vectors.html
https://en.wikipedia.org/wiki/Frequency_(statistics)
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These raw, sequential observations must first be stored in an R vector before conversion.

# Create a vector containing 20 monthly sales values

data <- c(6, 7, 7, 7, 8, 5, 8, 9, 4, 9, 12, 14, 14, 15, 18, 24, 20, 15, 24, 26)

The crucial step is applying the ts() function with the correct temporal arguments to convert this

raw vector into a fully functional time series object. Since the data is recorded every month, the

periodicity is set using frequency=12. Defining the starting point requires specifying both the year

and the month. October 2023 is the 10th month, leading to the argument structure start=c(2023,

10). This precise definition ensures R correctly interpolates the data across year boundaries and

aligns each sales figure with its exact chronological position.

# Create a time series object from the vector

ts_data <- ts(data, start=c(2023, 10), frequency=12)

# View the created time series object to see its structure

ts_data

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

2023 6 7 7

2024 7 8 5 8 9 4 9 12 14 14 15 18

2025 24 20 15 24 26

The resulting output confirms that R has successfully transposed the linear array of sales figures

into a clean, calendar-aligned matrix format, spanning from October 2023 through May 2025. This

automatic, structured representation is indispensable for subsequent tasks, particularly those

involving seasonal decomposition, seasonality testing, and building robust forecasting models that

account for monthly variations.

As a critical verification step before proceeding with analysis, we confirm the object's formal type

using the class() function. This guarantees that the new object possesses the specialized

attributes and methods required by R's dedicated time series packages, confirming its readiness

for advanced statistical manipulation.

# Display the class of the ts_data object

class(ts_data)

"ts"

https://www.stat.berkeley.edu/~s133/vectors.html
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The returned "ts" classification signifies that ts_data is now a genuine R time series object, fully

compatible with the extensive array of specialized statistical functions available within the R

ecosystem for temporal data processing.

Example 2: Constructing a Time Series for Yearly Data

Annual data collection is common for long-term economic indicators, demographic studies, and

large-scale macroeconomic datasets. When dealing with annual periodicity, the definition process

within the ts() function is significantly simplified. For this example, we assume we have a vector

containing 20 consecutive annual observations of total business sales, starting exactly in the year

2000.

# Create a vector containing 20 annual sales values

data <- c(6, 7, 7, 7, 8, 5, 8, 9, 4, 9, 12, 14, 14, 15, 18, 24, 20, 15, 24, 26)

To correctly define this low-frequency series, we utilize the versatile ts() function once more.

Because there is only one observation per year, we set the frequency parameter to 1. Unlike the

monthly example, the start parameter only requires the integer representing the initial year of

observation, which is 2000. This minimal parameter set is sufficient for R to accurately index the

entire 20-year sequence.

# Create a time series object from the vector, starting in 2000

ts_data <- ts(data, start=2000, frequency=1)

# View the created time series object

ts_data

Time Series:

Start = 2000

End = 2019

Frequency = 1

6 7 7 7 8 5 8 9 4 9 12 14 14 15 18 24 20 15 24 26

The resulting output confirms that the raw data vector has been successfully indexed and

structured by year. The summary clearly indicates the temporal bounds, spanning from 2000 to

2019 with an annual frequency. This structured format is essential for any statistical modeling,

ensuring that trends and long-term dependencies are analyzed in the correct chronological context.

We conclude this construction phase by running the class() function one last time. This simple yet

https://www.stat.berkeley.edu/~s133/vectors.html
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crucial step confirms the object's identity, guaranteeing full compatibility with R's specialized

functions designed specifically for handling temporal data structures and avoiding unexpected

errors in downstream analysis.

# Display the class of the ts_data object

class(ts_data)

"ts"

The confirmation of the "ts" classification assures the analyst that the object is recognized as a

time series by R, making it possible to apply advanced analytical techniques without data integrity

issues.

Visualizing Time Series Data with the plot() Function

Once the raw data has been successfully organized into a structured time series object, the

immediate next step in the analytical workflow is graphical exploration. Visualization is

indispensable for preliminary analysis, as it allows analysts to instantly identify key characteristics

such as long-term trends, cyclical patterns (seasonality), and potential anomalies or structural

breaks within the data.

R's default plotting mechanism is highly adaptive. When the generic plot() function is called on a

ts object, it automatically generates a high-quality line plot suitable for temporal data. This

automation correctly configures the plot axes: the x-axis (horizontal) automatically represents the

time index (years, quarters, or months), while the y-axis (vertical) displays the observed values.

# Create a default line plot of the time series data

plot(ts_data)

https://en.wikipedia.org/wiki/Time_series
https://stat.ethz.ch/R-manual/R-devel/library/graphics/html/plot.html
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While the default graph provides an immediate summary, analytical reports often require enhanced

graphical clarity. The plot() function supports extensive customization through various graphical

parameters. Users can easily adjust aesthetic elements to improve interpretability and meet

professional reporting standards by setting parameters like the main title, descriptive axis labels

(xlab and ylab), line color (col), and line width (lwd).

# Create a customized line plot with specific x-axis, y-axis labels, a main title, line color, and

line width

plot(ts_data, xlab='Year', ylab='Sales', main='Sales by Year', col='blue', lwd=3)

https://stat.ethz.ch/R-manual/R-devel/library/graphics/html/plot.html
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Conclusion and Further Resources for R Programming

The ability to correctly initialize and structure sequential data using the ts() function is the

fundamental prerequisite for advanced time series analysis in R. By precisely defining the starting

time and observation frequency, analysts ensure that subsequent modeling steps--from

decomposition to forecasting--are built on a chronologically robust foundation. Mastering this initial

data preparation step paves the way for sophisticated statistical exploration and reliable predictive

modeling.

For data scientists and statisticians aiming to expand their proficiency in the R programming

language and delve into more complex data manipulation and advanced statistical techniques,

continuous learning is essential. The following resources offer guidance on common tasks and

exploration of powerful methods available within this versatile environment.
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