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Introduction to ARDL Models and Nonstationary
Variables

Understanding the nature of time series data is fundamental in econometrics and statistical
modeling. Variables in economic and financial data often exhibit nonstationarity, meaning their
statistical properties such as mean and variance change over time. When modeling relationships
among such variables, selecting the appropriate techniques is crucial for obtaining reliable insights.
Among the popular methods are the Autoregressive Distributed Lag (ARDL) models, which can
handle variables with different orders of integration. This article explores the specific question:
when an ARDL model includes nonstationary variables, what is the nature of the resulting model? Is
it an Error Correction Model, a Vector Error Correction Model, a Variance, or a Vector
Autoregression? We will analyze each option, clarify their differences, and explain the correct
answer within the context of econometric modeling.

Understanding Stationarity and Nonstationarity in
Time Series Data

What Is Stationarity?

- A stationary time series has constant statistical properties over time.
- Its mean, variance, and autocorrelation structure do not change.
- Stationarity is important because many classical econometric models assume it for valid inference.

What Is Nonstationarity?

- A nonstationary series exhibits trends, changing variance, or other evolving properties.
- Common in macroeconomic data like GDP, inflation, or exchange rates.
- Nonstationarity can lead to spurious regression results if not properly addressed.

Order of Integration (I1(0), I(1), etc.)

- I(0): stationary variables.
- I(1): variables that become stationary after first differencing.
- ARDL models are flexible because they can incorporate variables of different integration orders,



typically I(0) and I(1).

Overview of ARDL Models

What Is an ARDL Model?

- Autoregressive Distributed Lag (ARDL) models relate a dependent variable to its own past values
and to current and past values of independent variables.

- They are suitable for mixed integration orders (I(0) and I(1)).

- They are used for short-term and long-term relationship analysis.

Advantages of ARDL Models

- Flexibility in handling variables of different integration orders.
- Suitable for small sample sizes.
- Can be extended to test for cointegration.

Cointegration and Error Correction Models

What Is Cointegration?

- When nonstationary variables move together over time, their linear combination can be stationary.
- Indicates a long-run equilibrium relationship.

From ARDL to Error Correction Models (ECMs)

- If variables are cointegrated, an Error Correction Model can be derived.
- ECM captures both short-term dynamics and long-term equilibrium.

Vector Error Correction Model (VECM)

What Is a VECM?

- A multivariate extension of ECM.
- Models multiple cointegrated time series simultaneously.
- Incorporates multiple long-run relationships.

Relation Between ARDL, ECM, and VECM

- ARDL can be used to test for cointegration.
- If cointegration exists, an ECM or VECM provides a more detailed representation.
- The VECM explicitly models long-term relationships among multiple variables.



Analyzing the Question: What Is an ARDL with
Nonstationary Variables?

Key Considerations

- ARDL models can include nonstationary variables, but their interpretation depends on
cointegration.

- When variables are nonstationary but cointegrated, the ARDL bounds testing approach facilitates
detection of long-run relationships.

- The ARDL model itself, in this context, is not the long-term relationship but a framework to analyze
dynamics and test for cointegration.

Implications of Nonstationary Variables in ARDL Models

- Presence of nonstationary variables suggests potential cointegration.

- The ARDL model can be used to identify whether a long-term equilibrium exists.

- If cointegration is confirmed, the ARDL framework can be transformed into an Error Correction
Model.

The Correct Answer: Is an ARDL with Nonstationary
Variables an ECM, a VEC, a VAR, or a Variance?

Option A: An Error Correction Model

- When nonstationary variables are cointegrated, the ARDL model can be reparameterized into an
ECM.

- ECM explicitly models the adjustment back to long-term equilibrium after short-term shocks.

- Therefore, an ARDL with nonstationary (but cointegrated) variables is equivalent to an Error
Correction Model.

Option B: A VEC

- A VEC (Vector Error Correction Model) is a multivariate extension of ECM.

- It models multiple cointegrated variables simultaneously.

- If the ARDL model involves multiple variables and cointegration is established, the VEC is the
multivariate counterpart.

- However, the ARDL itself, especially in univariate form, is not a VEC but can be used to develop
one.

Option C: A VAR

- Vector Autoregression (VAR) models are typically used with stationary variables or in levels,
regardless of cointegration.
- When variables are nonstationary and cointegrated, the VAR in levels is not appropriate without



adjustments.
- ARDL models are not the same as VARs.

Option D: A Variance

- Variance refers to the measure of dispersion in data.
- This option is unrelated to the model classification.
- Hence, this is not correct.

Conclusion: The Correct Choice

- When an ARDL model includes nonstationary variables that are cointegrated, it can be transformed
into an Error Correction Model.

- Therefore, the correct answer to the question is A. An Error Correction Model.

- This transformation allows for modeling both short-term dynamics and long-term equilibrium
relationships, which is essential in analyzing economic data with nonstationary variables.

Summary of Key Points

e ARDL models are flexible in handling variables with different orders of integration.
e Nonstationary variables that are cointegrated imply a long-term relationship.

e The ARDL model can be reparameterized into an ECM to model short-term deviations from
long-term equilibrium.

e The VECM is a multivariate extension suitable when multiple cointegrated variables are
involved.

¢ In the context of nonstationary variables within a univariate ARDL framework, the resulting
model is an Error Correction Model.

Final Remarks

Understanding the relationship between ARDL models and ECMs is vital for econometric analysis
involving nonstationary data. Recognizing when a model is an ECM helps in interpreting both short-
term dynamics and long-term equilibria, providing a comprehensive view of economic relationships.
When dealing with multiple variables, if cointegration is present, the VECM becomes relevant.
However, for a univariate ARDL with nonstationary variables that are cointegrated, the resulting
structure aligns with an Error Correction Model, making option A the correct answer.

In essence, an ARDL model with nonstationary variables that are cointegrated is fundamentally an
Error Correction Model.



Frequently Asked Questions

What is an ARDL model with nonstationary variables typically
classified as?

It is classified as an Error Correction Model (ECM).

Can an ARDL model with nonstationary variables be used to
test for cointegration?

Yes, when an ARDL model includes nonstationary variables, it can be employed to test for
cointegration among them.

Why is an ARDL model with nonstationary variables
considered an Error Correction Model?

Because it incorporates both short-term dynamics and long-term equilibrium relationships,
characteristic of error correction models.

Is a VEC (Vector Error Correction) model equivalent to an
ARDL with nonstationary variables?

A VEC model is a multivariate extension that explicitly models cointegration, whereas an ARDL can
be used to test for cointegration but is not necessarily equivalent.

Does an ARDL model with nonstationary variables qualify as a
VAR (Vector Autoregression)?

No, an ARDL model is not a VAR; while both are used for multivariate time series analysis, ARDL
models are designed to handle variables with different integration orders.

What is the main advantage of using an ARDL model with
nonstationary variables?

It allows for modeling relationships between variables regardless of whether they are stationary or
nonstationary, and can be used to identify long-run relationships through cointegration testing.

Additional Resources

An ARDL Model With Nonstationary Variables Is A. An Error Correction Model B. A VEC C. A VAR D.
A Variance



Introduction

In econometrics and time series analysis, understanding the nature of the variables
involved—particularly whether they are stationary or nonstationary—is crucial for selecting
appropriate modeling techniques. One common challenge faced by analysts is modeling
relationships among variables that exhibit trends or unit roots, which often renders traditional
regression approaches invalid or biased. The Autoregressive Distributed Lag (ARDL) model has
gained prominence due to its flexibility in handling a mixture of stationary and nonstationary
variables, providing robust insights into long- and short-term dynamics.

This review aims to clarify the fundamental question: "An ARDL model with nonstationary variables
is a" and explore the associated options—A. Error Correction Model, B. VEC, C. VAR, D.
Variance—by dissecting each choice and elucidating their relationships with the ARDL framework.

Understanding the ARDL Model

The ARDL model, introduced by Pesaran and colleagues, is a versatile time series modeling
approach that captures autoregressive and distributed lag effects within the same framework. Its
core features include:

- Flexibility with variable integration orders: It can incorporate variables that are I(0) (stationary) or
I(1) (nonstationary) without requiring pre-testing for cointegration, making it especially practical
when the integration properties of variables are mixed or uncertain.

- Focus on both short- and long-term dynamics: The model estimates short-term coefficients while
simultaneously testing for long-term relationships via bounds testing procedures.

- Ease of estimation: Unlike traditional cointegration methods that necessitate prior differencing,
ARDL can be estimated directly in levels, preserving information on both short- and long-term
behavior.

The Core Question: When Variables Are Nonstationary
Nonstationary variables are characterized by properties such as trending means or variances that
change over time. This trait complicates modeling because standard regression assumptions—like

constant mean and variance—are violated, leading to spurious regressions. The question arises:
What does an ARDL model with nonstationary variables represent?

Option A: An Error Correction Model (ECM)
What is an Error Correction Model?

An Error Correction Model captures the short-term dynamics of variables while explicitly modeling
their long-term equilibrium relationships. The general form of an ECM is:

\[
\Delta y t = \alpha + \beta \Delta x t + \gamma (y {t-1} - \theta x {t-1} ) + \varepsilon t



\]
Where:

-\(\Delta\) denotes first differences.

- The term \( (y _{t-1} - \theta x {t-1} )\) is the error correction term, indicating deviations from the
long-run equilibrium.

- The coefficient \(\gamma\) measures the speed of adjustment back toward equilibrium.

How ARDL Relates to ECM

The ARDL bounds testing approach, developed by Pesaran et al., is inherently linked to the ECM
framework:

- Long-Run Relationship: ARDL models can be used to test for the existence of a long-term
equilibrium relationship among variables, akin to cointegration.

- Error Correction Representation: Once a long-run relationship is established, the ARDL can be
reparameterized into an ECM form, explicitly modeling short-term deviations and their correction
over time.

Handling Nonstationary Variables

- When variables are I(1), traditional regression can be misleading.

- The ARDL bounds test allows for testing the existence of cointegration without pre-testing for unit
roots.

- If cointegration exists, the ARDL model can be reformulated into an ECM, which corrects for
nonstationarity by modeling deviations from the long-term equilibrium.

Summary
An ARDL model with nonstationary variables can be viewed as an Error Correction Model because:
- It facilitates testing for cointegration.

- It captures both short-term dynamics and long-term equilibrium.
- When cointegration is present, the ARDL approach is equivalent to an ECM.

Option B: A Vector Error Correction (VEC)
What is a VEC Model?

A Vector Error Correction (VEC) model extends the ECM framework to a multivariate setting. It
models multiple interrelated variables, each potentially I(1), while capturing their long-term co-
movement and short-term dynamics.

The typical VEC representation:

\[
\Delta \mathbf{Y} t = \Pi\mathbf{Y} {t-1} + \sum {i=1}"{k-1} \Gamma i\Delta \mathbf{Y} {t-i}
+ \varepsilon_t



\]
Where:

-\(\mathbf{Y} t\) is a vector of variables.

-\(\Pi\) contains information about the long-term relationships.
-\(\Gamma i\) capture short-term effects.

- The rank of \(\Pi\) indicates the number of cointegrating relationships.

Relationship with ARDL

- When dealing with multiple variables, if all are I(1) and cointegrated, the VEC model is the natural
extension of the ECM.

- The ARDL framework, however, is primarily univariate or a set of independent regressions that can
be used to detect cointegration, but it does not inherently model the vector relationships as VEC
does.

- Crucially: The VEC is not the same as an ARDL with nonstationary variables. While both address
cointegration, the VEC explicitly models multivariate interactions.

When is an ARDL equivalent to a VEC?

- If the variables are all I(1) and cointegrated, the ARDL bounds test can identify the cointegrating
relationship.

- The long-term parameters estimated via ARDL are consistent with those in a VEC, and the ARDL
model can be reformulated into a VEC model.

- However, the ARDL model itself remains a univariate or partial multivariate framework, not a true
VEC.

Therefore, an ARDL with nonstationary variables is not inherently a VEC; rather, it can be used as a
preliminary step to detect cointegration, after which a VEC model may be specified for multivariate
analysis.

Option C: A VAR (Vector Autoregression)
What is a VAR?

A Vector Autoregression (VAR) model treats all variables symmetrically, modeling their dynamics as
functions of past values of all variables:

\[
\mathbf{Y} t=A 0 + A 1 \mathbf{Y} {t-1} + \dots + A p \mathbf{Y} {t-p} + \varepsilon t
\]

- VARs are suitable for stationary series or variables transformed to stationarity.
- When variables are nonstationary, applying VAR in levels can lead to spurious results, unless
cointegration is accounted for.

Relationship with ARDL



- ARDL models are not the same as VARs, but they can be related:

- An ARDL model is essentially a single-equation approach, capturing the dynamics of a dependent
variable with its lags and the lags of independent variables.

- A VAR models multiple variables simultaneously, capturing their joint dynamics.

- When variables are nonstationary but cointegrated, the appropriate modeling approach is often a
VEC or a VAR in differences with error correction terms.

Can an ARDL be viewed as a VAR?

- Not directly. The ARDL model is not a multivariate system like a VAR.

- However, in some cases, an ARDL model can be embedded within a VAR framework when modeling
multiple variables with lags, especially if the model is extended to include the lags of all relevant
variables.

In conclusion:

- An ARDL model with nonstationary variables is not a VAR.

- It is better understood as a univariate or semi-bivariate approach, capable of identifying long-term
relationships but not modeling the entire system's joint dynamics as a VAR.

Option D: A Variance
What is a Variance?

Variance refers to the statistical measure of dispersion in a dataset. It is not a modeling framework
but a descriptive statistic.

Why is this option irrelevant?
- The question pertains to the nature of the model when variables are nonstationary.

- Variance does not describe a model type or framework.
- Hence, this option is not applicable.

Summarizing the Correct Choice

Based on the detailed analysis:

- An ARDL model with nonstationary variables is best viewed as an Error Correction Model (ECM).
This is because:

- The ARDL bounds testing approach inherently involves testing for cointegration among variables
that may be nonstationary.

- When a long-run relationship exists, the ARDL model can be reparameterized into an ECM,
capturing both short-term dynamics and the adjustment toward long-term equilibrium.

- The flexibility of ARDL to handle variables of mixed integration orders makes it distinct from
traditional cointegration approaches that require all variables to be I(1).



Final Remarks

The recognition that an ARDL model with nonstationary variables functions as an ECM is central to
applied econometrics. It emphasizes the importance of understanding the underlying properties of
data and the appropriate modeling strategies to avoid spurious results. By leveraging the ARDL
bounds testing procedure, researchers can effectively identify long-term relationships in the
presence of nonstationarity, making the ECM framework a natural and coherent interpretation of
the ARDL approach
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