A Service of

[ ) [ J
(] [ )
J ﬂ Leibniz-Informationszentrum
° Wirtschaft
o Leibniz Information Centre
h for Economics

Make Your Publications Visible.

Trejo-Garcia, José Carlos; Valencia-Romero, Ramoén; De Lourdes Soto-Rosales,
Maria; Venegas-Martinez, Francisco

Article
On the asymmetric relation between inflation and growth
in Mexico: A NARDL approach

Economies

Provided in Cooperation with:
MDPI - Multidisciplinary Digital Publishing Institute, Basel

Suggested Citation: Trejo-Garcia, José Carlos; Valencia-Romero, Ramoén; De Lourdes Soto-Rosales,
Maria; Venegas-Martinez, Francisco (2023) : On the asymmetric relation between inflation and
growth in Mexico: A NARDL approach, Economies, ISSN 2227-7099, MDPI, Basel, Vol. 12, Iss. 1, pp.
1-25,

https://doi.org/10.3390/economies12010021

This Version is available at:
https://hdl.handle.net/10419/328948

Standard-Nutzungsbedingungen: Terms of use:

Die Dokumente auf EconStor durfen zu eigenen wissenschaftlichen
Zwecken und zum Privatgebrauch gespeichert und kopiert werden.

Sie dirfen die Dokumente nicht fiir 6ffentliche oder kommerzielle
Zwecke vervielféltigen, 6ffentlich ausstellen, 6ffentlich zugénglich
machen, vertreiben oder anderweitig nutzen.

Sofern die Verfasser die Dokumente unter Open-Content-Lizenzen
(insbesondere CC-Lizenzen) zur Verfiigung gestellt haben sollten,
gelten abweichend von diesen Nutzungsbedingungen die in der dort
genannten Lizenz gewahrten Nutzungsrechte.

-. https://creativecommons.org/licenses/by/4.0/

WWW.ECONSTOR.EU

Documents in EconStor may be saved and copied for your personal
and scholarly purposes.

You are not to copy documents for public or commercial purposes, to
exhibit the documents publicly, to make them publicly available on the
internet, or to distribute or otherwise use the documents in public.

If the documents have been made available under an Open Content
Licence (especially Creative Commons Licences), you may exercise
further usage rights as specified in the indicated licence.

Mitglied der

Leibniz-Gemeinschaft ;


https://www.econstor.eu/
https://www.zbw.eu/
http://www.zbw.eu/
https://doi.org/10.3390/economies12010021%0A
https://hdl.handle.net/10419/328948
https://creativecommons.org/licenses/by/4.0/
https://www.econstor.eu/
https://www.leibniz-gemeinschaft.de/

¥ economies

Article

On the Asymmetric Relation between Inflation and Growth in
Mexico: A NARDL Approach

José Carlos Trejo-Garcia

, Ramon Valencia-Romero

, Maria De Lourdes Soto-Rosales and

Francisco Venegas-Martinez *

check for
updates

Citation: Trejo-Garcia, José Carlos,
Ramon Valencia-Romero, Maria De
Lourdes Soto-Rosales, and Francisco
Venegas-Martinez. 2024. On the
Asymmetric Relation between
Inflation and Growth in Mexico: A
NARDL Approach. Economies 12: 21.
https://doi.org/10.3390/
economies12010021

Academic Editor: Alessandro

Piergallini

Received: 18 December 2023
Revised: 10 January 2024
Accepted: 14 January 2024
Published: 17 January 2024

Copyright: © 2024 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /
4.0/).

Escuela Superior de Economia, Instituto Politécnico Nacional, Mexico City 11350, Mexico;
jtrejog@ipn.mx (J.C.T.-G.); rvalenciaro@ipn.mx (R.V.-R.); mlsotor@ipn.mx (M.D.L.S.-R.)
* Correspondence: fvenegasl111@yahoo.com.mx

Abstract: The effects of various geopolitical tensions, conflicts between countries and the global
post-pandemic COVID-19 have caused an acceleration in the price level in many countries around
the world. This research focuses on Mexico since its monetary policy has created intricate interactions
between inflation and growth in the short and long term, maintaining recently one of the highest
real interest rates in Latin America (on average 5.75% vs. the US 2.3%). This paper examines the
asymmetric link between the National Consumer Price Index and the Global Economic Activity Index
in Mexico during the period 1994-2023. To do this, a Nonlinear Autoregressive Distributed Delay
(NARDL) model is used with monthly data, which will allow the relationship between both variables
to be more adequately investigated. The main empirical finding is that upward or downward shocks
to the consumer price index have caused different effects in magnitude and sign on economic growth
over time. Finally, several reasonable, practical, and feasible recommendations are provided for the
design of the monetary policy considering non-linear effects.

Keywords: inflation dynamics; economic growth; non-linear asymmetric cointegration models

1. Introduction

There are many studies on how inflation negatively or positively affects economic
growth (Temple 2000; Barro 1995; Fischer 1993). One of the commonly asked questions
is whether inflation itself directly influences or is the uncertainty surrounding inflation
that hinders or stimulates economic growth. For instance, Okun (1971) and Friedman
(1977) suggest that higher inflation reduces economic growth. However, positive or nega-
tive changes do not always have the same effects and are often asymmetric (non-linear)
(Kahneman and Tversky 1979; Shiller 1998).

Following the global pandemic and the conflict between Russia and Ukraine, prices
rose in most economies. The causes can be on the side of supply or demand, with both
positive and negative effects. Therefore, the questions here are whether inflation has any
relationship with the pace of economic activity in the short and long term and whether this
relationship could reflect non-linear asymmetric behavior; that is if there is an inflationary
economic environment that makes the objective of monetary policy impossible and under-
mines confidence in the productive sector. In this sense, numerous studies have considered
the problems of asymmetry (non-linearity), as well as the difficulty they generate in making
robust inferences or forecasts (Kassi et al. 2019; Sowah et al. 2023; Allen and McAleer 2021).

Regarding the bibliographic gap on non-linearity, the relationship between economic
growth and inflation in Latin America has been a topic of research and debate. A key
literature gap revolves around the balance between these two variables. Traditionally, the
Phillips curve framework suggests an inverse relationship between inflation and unem-
ployment, implying that low unemployment (high economic growth) could be associated
with higher inflation and vice versa. However, the applicability of this framework to Latin
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American economies, which have experienced an intricate history of high inflation and
economic instability with asymmetric (non-linear) effects, has been widely questioned.
Particularly in the context of inflation and economic growth, this research is an innovative
approach to understand the complex dynamics of Mexico’s deep integration into the global
economy as one of the two largest economies in Latin America. In some cases, the results of
this type of analysis can be considered as an example with valuable insights for policymak-
ers, academics, and economic researchers, considering the possible relationship between
nonlinear models, high-frequency data, and the distinction between short- and long-term
effects with the consideration of the General Index of Economic Activity (monthly data) as
an alternative variable to the common Gross Domestic Product (quarterly or annual data).
Therefore, this provides a new perspective on economic policymaking in Mexico with
high-frequency granular data, which is especially valuable in rapidly changing economic
environments when crucial decisions must be accelerated and specific policy responses
are required.

On the other hand, inflation and economic growth are two crucial factors in an econ-
omy, and their interactions have been complex in the case of Mexico (Central Bank of
Mexico, from now on, briefly, Banxico 2022). The monetary policy applied by Banxico
has created intricate interactions between inflation and growth in the short and long term,
often characterized by asymmetric effects. A proper understanding of these relationships is
essential for policymakers to strike the right balance between maintaining price stability
and fostering sustainable economic growth.

On the other hand, it is worth mentioning that Mexico has one of the highest real
interest rates in Latin America. This shows that Mexico has a more restrictive position in
the region, despite having stopped its cycle of core rate increases; therefore, expectations
are that the performance of consumer prices will be able to slow down, attract capital flows,
and strengthen the national currency.

For the Mexican case, this research contributes to the relevant literature on asymmet-
ric effects in the inflation—growth nexus because very few studies have been carried out
that consider periods shorter than annual measurements, such as the growth of the gross
domestic product (GDP) and the inflation rate. For this, the Non-linear Autoregressive
Distributed Lag (NARDL) model will be applied. This approach allows the investigation
of asymmetric effects, capturing the differential impact of inflation on economic growth
during periods of rising inflation compared to periods of falling inflation. In this way,
a good combination of the benefits of high-frequency data analysis with the robustness
of NARDL is achieved, allowing a better understanding of the intricate interactions be-
tween these variables with the finer temporal resolution, which is especially valuable in
rapidly changing economic environments, where crucial decisions can speed up when
more targeted policy responses are required. The originality in the research of monthly
data with NARDL models is evident in the context of the Mexican case: (1) fine-tuned
short-term dynamics, (2) non-linear insights, (3) timely decision-making, (4) fine-tuned
policy implications, and (5) real-time monitoring.

Therefore, this research aims to examine the existence of asymmetry between economic
growth rates of the monthly index of economic activity (IGAE, Spanish acronym for
Indice Global de Actividad Econémica) and the monthly price index (INPC, Spanish
acronym for Indice Nacional de Precios al Consumidor). Monthly data for Mexico are
obtained from the Mexican National Institute of Statistics and Geography, during the period
1994-2023, which will be used in a NARDL model with the consideration of short- and
long-term asymmetries. Therefore, this work stands as a significant contribution to the
field, highlighting its methodological rigor, extensive data analysis, and valuable policy
implications, all of which collectively elevate its relevance and importance in the literature
on the subject.

The rest of the investigation is organized by first analyzing the periods of economic
recession due to geopolitical reasons and the global health emergency of the COVID-19
pandemic, as well as the periods of rising prices in Mexico, mentioning the facts that
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influenced their behavior in the face of the reactivation of consumption and economic
production. Subsequently, a NARDL model will be used with the confirmation of the
required econometric tests. Finally, the discussion of the empirical results and conclusions
with recommendations are provided.

2. A Brief Literature Review

In recent years, many studies have delved into the complexities of NARDL models,
shedding light on their ability to capture the non-linear relationship between inflation
and economic growth. In this sense, Hossain et al. (2021) found asymmetry in this
relationship and suggested that positive changes in inflation have a substantial short-
term positive influence on growth, while negative changes are less impactful. These
authors found several implications for policy implementation in Bangladesh, suggesting
that moderate inflation could be beneficial for economic growth. Likewise, Chen et al.
(2020) investigated the impact of financial development and prices on economic growth in
Kenya using a NARDL model, finding an asymmetric relationship. Moreover, Al Khatib
(2023) studied the relationship between financial development (FD) and economic growth
(EG) in Syria from 1980 to 2018; this asymmetry suggests that the impact of FD on EG
is complex and varies with the levels of FD, offering insights for policymaking in Syria
and emphasizing the importance of creating conditions that foster positive FD shocks for
long-term economic growth. Also, Ismail and Masih (2019) examined the relationship
between inflation and economic growth in South Africa using the NARDL approach,
showing the existence of a long-run equilibrium relationship between the two variables,
providing insights into the complex dynamics of inflation’s impact on economic growth,
and contributing to the broader understanding of macroeconomic stability and policy
development. On the other hand, Torun (2023) examined the relationship between oil
prices and economic growth in Turkey from 1976 to 2021, utilizing a NARDL model
the author found that both positive and negative oil price shocks asymmetrically affect
Turkey’s economic growth. This dynamic is crucial for effective economic policymaking,
especially considering its dependence on oil imports and the impact of global oil price
volatility on its economy. Furthermore, Ekpeyong (2023) analyzes the impact of inflation,
unemployment, and economic growth on poverty in Nigeria using the NARDL approach
from 1980 to 2021. The author provided insights into the relationships between these
variables. Similarly, Khalili et al. (2023) investigated the impact of inflation on Iran’s
economic growth using a NARDL model, highlighting that negative changes in inflation
have a significant adverse effect on economic growth, while positive changes in inflation
have no significant impact. Nene et al. (2022) explored the impact of inflation targeting
policies on inflation uncertainty and economic growth; the study assessed the effects in
selected African and European countries, finding that inflation targeting policy significantly
reduces inflation uncertainty in European countries and has a positive impact on their
economic growth. Olamide et al. (2022) examined the effects of exchange rate volatility
and inflation on economic growth within the Southern African Development Community
(SADC) region from 2000 to 2018, showing that both exchange rate instability and inflation
negatively impact economic growth in the region. Rehman et al. (2022) applied the NARDL
technique to uncover both short-run and long-run dynamics, revealing that inflation and
poverty have adverse linkages to economic growth in Pakistan. As noticed, these models
have attracted considerable attention in the literature due to their ability to reveal complex
or intricate relationships that traditional econometric models can miss. Additionally, Hsu
and Chien (2023) used a NARDL model to analyze the relationship between economic
growth, inflation, and technological advancement. The authors highlighted the impact of
these factors on energy production in the context of China’s rapidly evolving economy.
Likewise, Wen et al. (2022) evaluated the impact of political uncertainty on inflation and
economic growth in Pakistan by utilizing a NARDL model, and the authors provided
empirical evidence of the relationship between these two variables, indicating a complex
and nuanced interaction that has significant implications for Pakistan’s economic policy
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and growth strategies. Moreover, Chang and Fang (2023) assess the impact of consumer
prices on economic growth in China considering its economic structure and policy in the
context of the current global challenges. Also, Anda et al. (2023) carried out a NARDL
analysis to explore the relationship between FDI, trade, inflation, consumption, exports, and
imports on Romanian economic growth, considering the economic structure and granular
temporality. Also, Pollin and Andong (2006) investigated the relationship between inflation
and economic growth across different countries. Their study offered a comprehensive
analysis of this relationship, particularly focusing on its non-linear aspects in various
economic contexts, including both middle-income and low-income countries. Finally,
Thanh (2015) explored the non-linear relationship between inflation and economic growth
in ASEAN-5 countries. The author uses a Panel Smooth Transition Regression (PSTR)
approach to identify inflation thresholds and their impact on economic growth, providing
valuable insights into the economic dynamics of the ASEAN region.

Developing research on inflation and economic growth for Mexico in light of the above
literature review involves exploring the complex non-linear interactions between these
variables. The present research focuses on how different levels and changes in inflation
affect Mexico’s economic growth, considering its specific economic structure as a blend of
strong domestic consumption, government spending, nearshoring, and foreign investment,
set against a backdrop of inflationary challenges and global economic interdependencies,
as well as external influences like oil prices and global market trends.

By adopting a similar approach to the studies above, the research will provide vital
insights to get effective economic policymaking in Mexico, especially in balancing inflation
with sustainable growth. The key is to recognize and analyze the intricate and often
non-linear relationships that exist between inflation and economic growth within the
Mexican context.

3. Price Level and Economic Activity in Mexico from 1993 to 2023

Article 28 of the Political Constitution of the Mexican United States addresses the
conduct of monetary policy by the Central Bank of Mexico (Banxico), which aims to ensure
the stability of the purchasing power of the Mexican peso, striving to achieve the lowest
possible cost for Mexicans in terms of economic activity. In the past 13 years, there have
been three periods of inflation exceeding 6%, which is twice the inflation target (3%, with a
fluctuation range of +1%).

The sample period of the study (1993-2023) includes the Mexican crisis of 1994,
the subprime crisis (2008-2009), the COVID-19 pandemic (2020-2022), and the ongoing
Russia—Ukraine conflict. These crises have in common a combination of supply-side and
demand-side forces contracting economic growth. However, their causes (and several
consequences thereof) are inherently different.

The first period that stands out is 1994-1995. Here, the Mexican peso crisis was largely
caused by increasing political uncertainty. During the 1994 presidential election, the incum-
bent administration (PRI, Partido Revolucionario Institucional) engaged in expansionary
fiscal and monetary policy. However, the assassination of the PRI presidential candidate
substantially increased political risk and widened the risk premium of Mexican securities.
The crisis had important implications for Mexican securities and international spillovers
to some American economies (Bailey and Chung 1995; Bailey et al. 2000). The crux of
the matter is that the Mexican peso crisis was a currency crisis largely driven by political
uncertainty, so it is possible that the non-linearities observed for the period are due to
the real effects of uncertainty in capital and labor investments (Bloom 2009; Gulen and
Ion 2016; Campello et al. 2022). The increase in political uncertainty had profound im-
plications for the effectiveness of monetary policy and the relationship between inflation
and growth, as was evident during the Mexican crisis in 1995. Some of the events that
caused this social and political crisis were the assassination of presidential candidate Luis
Donaldo Colosio and the EZLN (Ejercito Zapatista de Liberacién Nacional) uprising, the
effectiveness of monetary policy (loss of investor confidence, exchange rate pressure), loss
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of transparency about the country economic and fiscal situation, and economic contraction
as a result of monetary policy response to stabilize the Mexican peso (high inflation and
high-interest rates).

The second period occurred at the end of January 2009 with an annual inflation
rate of 6.28%. This was due to an international financial and economic crisis stemming
from the subprime crisis. Inflation increased due to higher prices of primary products
compared to the levels seen on average during 2008, joined with a significant depreciation
of the exchange rate, resulting in negative effects on production costs (Banxico 2009). The
subprime crisis has its epicenter in the US mortgage market but had major international
spillovers to the entire world. Given the interrelationship between the US and Mexican
economies, there can be several channels by which economic growth is negatively affected
in Mexico by the crisis in the US. For example, several large US banks had international
subsidiaries in Mexico (e.g., Bank of America affiliated with Santander Bank, and Citibank
known as Banamex in Mexico). While these banks were largely affected by the subprime
crisis, they also benefitted from rounds of quantitative easing by the Fed (Hattori et al.
2016; Rodnyansky and Darmouni 2017) and by the Troubled Asset Relief Program (TARP)
program. The subprime crisis led to an increase in political uncertainty, which, in turn,
had a significant impact on (1) the effectiveness of monetary policy (external shocks,
currency fluctuations, and volatile capital flows), (2) the relationship between inflation
and growth in Mexico (slowdown in global economic activity, inflation concerns due to
rising commodity prices, and fiscal policy with austerity programs), and (3) the presence
of external shocks (dependency on the US economy, and actions of Banxico to cut interest
rates and intervention to provide liquidity).

The third relevant period occurred at the end of December 2017 with an annual
inflation rate of 6.77%. The main effects were due to the Mexican peso depreciation caused
by uncertainty surrounding Mexico’s relationship with the incoming administration of the
US at that time. This led to increases in energy prices (gasoline and petroleum liquid gas),
resulting in higher public transportation fares and product prices (Banxico 2017).

The fourth event is the COVID-19 pandemic, which is inherently different from other
crises due to its public health etiology. In the Mexican context—specifically regarding the
relationship between inflation and growth—it is critically important to note that Banxico
announced unconventional monetary policies (21 April 2020) in response to the pandemic
(Cortes et al. 2022). As such, Mexican securities benefitted not only from domestic monetary
policy but also from the (largely positive) international spillovers from the US Fed Quanti-
tative Easing (QE) (Cortes et al. 2022). During 2020, with these actions used to maintain an
average annual inflation rate of 3.40%, Mexico contained the impact of the annual economic
deceleration of —7.72% observed in the Global Economic Activity Index.

At the end of the entire analyzed period, in January 2023, the annual inflation rate
reached 8.7%, the highest in the last 22 years. This was caused by an imbalance between
supply and demand, primarily in the food and energy sectors. Inflationary pressures
have been a consequence of the global pandemic, geopolitical tensions, and the ongoing
Russia—Ukraine conflict. These factors led to increased pressures on agricultural and energy
prices due to a slowdown in global economic activity and disruptions in supply chains.
Mexico’s basic basket of goods of the past year had an increase of more than 10%, as well as
services and goods influenced by external conditions with an increase of 6% (Banxico 2022).
Figure 1 shows the transformation of the consumer price index into natural logarithms,
aiming to decline potential heteroscedasticity, as well as to improve precision and ease
comparison and understanding. This variable is shown at level I(0), and it will be analyzed
later to obtain the stationary series (at level or first difference).
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Figure 1. Behavior of the National Consumer Price Index in Mexico, in terms of natural logarithms,
from January 1993 to January 2023 (INEGI 2013).

According to Elizondo (2012), the IGAE is a monthly economic variable and commonly
used as an approximation of GDP, showing the temporal behavior of Mexico’s productive
activity approximately 60 days after the end of the observed month. Its compilation is
based on the national accounting method that follows the quarterly GDP, deciding the
physical volume at a national level with primary, secondary, and tertiary activities, and
with an approximation of 94.7% about the value added relative to the base year 2013 = 100
(INEGI 2013). Therefore, the IGAE can be a reliable benchmark for the monthly economic
growth trend in Mexico. Figure 2 shows the economic activity index transformed into
natural logarithms. This variable is shown at level I(0) and will be analyzed to obtain the
stationary series (at level or first difference).
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Figure 2. Behavior of the Global Economic Activity Index in Mexico, in terms of natural logarithms
from January 1993 to January 2023 (INEGI 2013).

The use of natural logarithms in both indices, consumer prices and global economic
activity, is useful to help stabilize variance and improve interpretability. Furthermore, this
logarithmic transformation is useful when autoregressive models are used, facilitating the
interpretation of the results as approximations in percentage changes.

As shown in Figure 2, in 1995, Mexico experienced a crisis triggered by a decrease
in foreign capital inflows into the country, along with the devaluation of the Mexican
peso and excessive borrowing due to a weak financial system (Banxico 2017). Over the
past 14 years, two main periods of lower economic activity have been found. The first
occurred at the end of February 2009 showing a low level of IGAE. This was due to
Mexico’s commercial and economic dependence on the United States of America, as well
as the weakening relationship with the financial sector. Globally, there was a significant
contraction in manufacturing sectors, low stock market activity, and a decrease in energy,
food, and commodity prices, reflecting a liquidity crisis in advanced economies. This
affected emerging economies through reduced global demand, decreased trade volume,
export restrictions, limited external financing, and an increase in unemployment levels
(Banxico 2017).
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All of the above events provide clarity on the need to consider that non-linearities in
the relationship between inflation and growth can arise from a range of forces, including
political uncertainty (Bloom 2009; Campello et al. 2022), domestic monetary policy (Hattori
et al. 2016), and international monetary policy (Cortes et al. 2022). As a first experiment
consider a simple reduced-form model as follows to shed some light on each channel:

InIGAE; = Bo + B1InINPC; + I;InINPC;y x MacroFactors; + e; 1)

where InIGAE; represents the natural logarithm of the General Index of Economic Activ-
ity at time t; [nINPC; stands for the natural logarithm of the National Consumer Price
Index at time t; MacroFactors; are various macroeconomic factors at time f, which can be
represented by:

- US Fed’s balance sheet (WALCL) as a proxy for the US unconventional monetary
policy and its spillovers (Cortes et al. 2022), which considers changes in the size
of the Federal Reserve’s balance sheet and liquidity provided can have significant
implications for global financial markets, including Mexico (liquidity, interest rates,
exchange rates, and investment flows);

- Shadow rates (SR) (Wu and Xia 2016), as indicative of the monetary policy stance
in economies practicing near-zero or negative interest rates. In this case, possible
impacts are (1) monetary policy transmission (unconventional monetary policies of
central banks), (2) risk appetite (lower shadow rates in major economies, increased
risk appetite of investors flowing capitals into emerging markets), and (3) currency
valuation (weakened currency in a major economy can make exports more competitive
in emerging markets).

- Global Policy Uncertainty Index (GPUI) (Davis 2016; Coronado et al. 2020) that mea-
sures the uncertainty related to economic policy globally, which can affect economic
decision-making and outcomes, such as investment decisions (uncertain about future
policies, more risk, and investment reduction), consumer behavior (economic growth
reduction, inflation, job losses), trade flows (global economic conditions impact on
exports and imports), and inflation expectations (adjustment of monetary policy in
response to).

According to Table 1, B suggests that there is a positive relationship between the
consumer price index and economic activity, whereas the interaction terms of vector I;
represent the combined effect of the consumer price index and the respective macroeco-
nomic factor (i) on Mexican economic activity. The negative and significant coefficients
for WALCL indicate less liquidity and increases in interest rates and exchange rates in
Mexico. Shadow rates (tightening of monetary policy, making borrowing more expensive)
imply that the impact of the consumer price index on economic activity is moderated or
reduced as these macroeconomic factors increase. Notice that GPUI's coefficient is close to
zero but still negative, suggesting a negligible moderating effect from political instability,
unpredictable economic policies, trade tensions, and financial market volatility. Therefore,
the nature of these impacts depends on a variety of factors, including Banxico’s policy
responses, global economic conditions, and the interaction of macroeconomic factors.

Table 1. Macroeconomic aggregates (impact channels on IGAE). Simple reduced-form model.

Macrofactors
Coefficients
WALCL Shadow Rates GPUI
Bo 2.087563 * 3.323633 * 2.791119 *
B1 0.726056 * 0.287285 * 0.413641 *
I; —0.010568 * —0.001492 * —2.68 x 1075 *

The authors” own elaboration using Eviews 12 (*) suggests significance with a confidence level of less than 1%.
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4. Methodology and Justification of the Nonlinear Autoregressive Distributed Lag
(NARDL) Model

4.1. Limitations of Other Specifications

Before discussing the possibility of using a NARDL to identify the existence of a
short- and long-term relationship (Pesaran and Shin 1995; Pesaran et al. 2001), it is worth
reviewing some limitations of other common specifications. The Vector Autoregressive
(VAR) model and the Vector Error Correction Model (VECM) introduced by Sargan (1964)
and later used by Engle and Granger (1987), as a widespread testing technique, assume
that variables have the same order of integration and stationarity. However, in many cases,
not all variables have constant variance in the same order of integration; commonly at
the first level or I(1), it can also be at I(0) but never equal to or greater than I(2). This also
leads to addressing problems of autocorrelated errors when generating ARDL models. In
this context, the limitations of symmetric long-term relationships will be quickly reviewed.
Consider first a simple linear regression:

Yt = ao T a1Xt + €4, )

where «; represents the long-run parameters to be fitted, ¢; is with noise term, y; is the
dependent or objective variable, which is InIGAE;, and x; is the explicative or independent
variable, which is InINPC;. Subsequently, an Error Correction Model (ECM) is considered
as given by:

Ayr=PBo+Y b Ay + Y 1 5iAx;_i+ 9MCE, | + py, )

where Ay;_; is the difference in InIGAE; or monthly economic growth, Ax;_; is the differ-
ence in InINPC; or monthly inflation, By, A;, and é; are the short-term coefficients, MCE;_
is the error correction term, and ¢ is the speed of adjustment (Majeed et al. 2020). Here,

MCE;_1 = uy—1 = Yi—1 — ( Bo + ¢1x¢-1). 4)

In this way, Engle and Granger’s (1987) model requires two steps, which may complicate
the estimation process. Another disadvantage is that it only requires variables of integration
order I(1). Both disadvantages are not present in ARDL models, which only require one
estimation step and consider variables of order I(1) or original level I(0). Therefore, the
long-term estimation of the relationship between variables using the basic ARDL(p, q)
model is as follows:

Ay =PBo+ Y b Ay + Y 1 GiAx_i + @11 + @2ax1 + . ®)

The short-run terms (Zf:1 Ay + 2?21 6;Ax;_;) and long-run terms (¢1y;—1 + @2x;_1)
are used to find the long-term relationship using the Bound Test (Pesaran and Shin 1995),
with the null hypothesis stating that there is no long-term relationship. This is rejected
when the F-Statistic value is greater than the Upper Critical Bound indicator. Considering
the mentioned variables to be studied, y;_; as the lagged target variable at time t (where
i is the number of lags), x;_; as the lagged explanatory independent variable at time ¢, A
refers to the difference operator, and y; represents independent and identically distributed
error terms with y; ~N(0,02). Meanwhile, the short-term coefficients are given by A; and J;,
and the long-term coefficient is ¢ useful for the validation of cointegration existence. The
hypotheses to evaluate the presence of a long-term cointegration relationship among the
proposed variables are as follows: Hy = ¢1 = ¢, = 0y Hy # ¢1 # ¢, # 0. That is, the null
hypothesis tests for no cointegration versus the existence of a valid relationship between
the InIGAE; and the set of explanatory regressors. The optimal lags (t—i) in the ARDL
model can be determined by the Akaike Information Criterion (AIC) and the Schwartz
Criterion (SC).
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Finally, Allen and McAleer (2021) mentioned that ARDL models are widely used
for estimating processes over time. However, as these models become more granular
(high frequency), with dynamic specifications involving lags in I(0) and/or differences, it
becomes challenging to obtain the necessary significances in the coefficients.

4.2. Setting Up the NARDL

Hossain et al. (2021) and Shin et al. (2014) argued that non-linearity is a widely
observed situation in social sciences. An example is in developed and self-sufficient
economies, a negative change in economic growth might be more surprising than a positive
change. This situation is common as their economic activity is characterized by its resilience.
Thus, positive or negative changes do not have the same impact capacity, making them
asymmetrical or different (Bahmani-Oskooee et al. 2019), which is a category of non-
linearity. Therefore, NARDL models can help in further understanding of asymmetries
with the common assumption that the cointegration relationship involves a combination of
stationary variables (Sargan 1964), and the first step is to analyze if this condition is accepted
with the variables to use such as inflation and economic growth in Mexico. In general,
the long-term relationship (cointegration) can be subject to asymmetries or non-linearities

_ I+ =
y=flx" ).

As mentioned in the literature, the effect of basic product and service prices on
economic activity growth could be asymmetric. Therefore, to analyze the asymmetric effect
of the level of prices, InINPC;, on the economic activity growth, InIGAE;, the NARDL
model is chosen in the present investigation extending the linear approach of ARDL bounds
testing.

After considering the asymmetry in (2), the following equation is obtained:

vi=ao+a Tl +ax +er, (6)

where a1+ and a, are long-term parameters to be estimated, while x; is a k x 1 vector of
decomposed regressors as follows:

xt:X0+xt++xf, (7)

where x;” and x; are partial sums in the processes of positive and negative changes in x;:

t
xt = ijl Ax;, (8)

_ t _
X =) i ij. 9)

Now, according to Pesaran and Shin (1995) and Pesaran et al. (2001), the NARDL model
can be defined as follows:

! Y
Yo =200 Y+ Y (0 X 07 k) +e, (10)

l ! -1 -1 ! _/ _
Ay =yt + 6 5+ 0+ Y @by Y (A A ). (11)

Allen and McAleer (2021) explained Equation (11); p and g are the lag orders, 9]-+ and

;" are the asymmetric and autoregressive distributed lag parameters, and ¢; represents

independent and identically distributed error terms with zero mean and constant variance
(¢?). In Equation (5), there is a potential hidden cointegration problem because it is
not possible to give a correct interpretation of the estimated asymmetrical coefficient. To
address this situation, a restriction is considered on the coefficients of Equation (6), such that
af =—6;"/panda, = —6," /p are the mentioned long-term increasing and decreasing

impacts of x; on y;; while } =0 7'[]4Jr measures the influences of short-term increases of x; on
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y¢. On the other hand, Z?:O 71]7 measures the influences of short-term decreases of x; on y;.
Considering this, it follows

-1
Axy = 27:1 AjAx;_j+ v, (12)

and
g =wvr+ep=w (Axt — 27:_11 A]‘Axt,]‘) + ey, (13)

Thus, Equation (11) estimates the asymmetric impact of both short- and long-term effects
of ll’lINPCt (Xt) on lnIGAEt (yt)

As mentioned before, the correction error ((2)) is the speed of adjustment, in which
a negative and meaningful relationship is expected with the dependent variable (Majeed
et al. 2020). Therefore, the relationship is obtained from an Error Correction Model (ECM)
within the NARDL as follows:

-1 -1 / -/ —
Ay, = QECT 1 + Y0 iy, i+ Y (0 A 477 'A% ) +er, (14)

ECTi 1=yt —artx) —ap x;, (15)

where ¢; is the short-term coefficient of the dependent variable, while Tj+ and T; represent
the short-term asymmetry adjustment of the independent variable. On the other hand, 2;
refers to the coefficient of the nonlinear error correction term (NECT), which includes the
long-term equilibrium considering asymmetry. Hence, the steps to be followed involve
applying first-unit root tests to confirm whether the variables are integrated at order O or 1,
or both. With this, using ordinary least squares, Equation (11) is enhanced to formulate the
final form of the general NARDL model.

5. Empirical Results: Identification of Unit Root Test and the ARDL Model as
First Step

This section is aimed at analyzing unit root tests of the variables under study and
validating an ARDL model in order to comprehend the necessity of analyzing asymmetry
and subsequently, implementing a NARDL model.

5.1. Unit Root Test

Table 2 presents the unit root tests for each variable, finding stationarity. For the iden-
tification of unit roots and integration of the variables, the Augmented Dickey—Fuller test
(Dickey and Fuller 1981) and Phillips—Perron test (Phillips and Perron 1988) are applied. The
stationarity of the variables is important to rule out the possibility of erroneous estimations.

The question of the long-term relationship will be evaluated using critical values
determined for cases where the variables are stationary at level I(0) (levels) or I(1) (with
first difference) but not greater than or equal to I(2). Therefore, for the variables of interest
in this research, it was confirmed with unit root tests that the natural logarithm of the
National Consumer Price Index at time ¢ (InINPC;) is stationary at its normal level (without
difference), while the natural logarithm of the Global Economic Activity Index at time ¢
(InIGAE;) is stationary in its first difference. The significance level of the probabilities of
the variables shows that they are significant (less than 0.01), thus accepting the alternative
hypothesis (existence of stationarity). Although the series are stationary at the level and first
difference, the Kapetanios—Shin-Snell unit root test was conducted (Kapetanios et al. 2003).
Therefore, the KSS test identifies that the statistic is greater than the levels of significance,
leading to the conclusion that the series are stationary. With respect to the BDS test (Brock
et al. 1996), the p-values of both series are lower than a given level of significance (such as
0.05 in this case). Hence, it is necessary to reject the null hypothesis, suggesting evidence of
nonlinearity in the time series.
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Table 2. Stationarity analysis, order of integration, and nonlinearity.

InINPC; InIGAE;
Hypothesis Null: Unit Root (Prob > 0.05) t-Stat. Prob. Level (0,1) t-Stat. Prob. Level (0,1)
Augmented Dickey—Fuller (ADF test statistic)
* (Intercept) —3.6701 0.0049 ©) —5.9783 0.0000 )
Phillips—Perron (PP test statistic) —4.7711 0.0001 —5.3803 0.0000
** (Intercept)
1% —3.4484 —3.4490
5% —2.8693 —2.8697
10% —2.5710 —2.5711
KSS test
(Intercept) ™ 6.1700 2.4884
1% 0.2160 0.2160
5% 0.1460 0.1460
10% 0.1190 0.1190
BDS test ****
Significance (alpha) 0.0500 0.0500
p-value 0.0000 0.0000
* Using Eviews 12 with data from Banxico, with an intercept and automatic selection of Schwarz Information
Criterion (SIC), ** Newey-West Bandwidth, *** Matlab Kapetanios-Shin-Snell (KSS), **** R Brock-Dechert—
Scheinkman-LeBaron test (BDSL test; or BDS test).
5.2. Validation and Application of the ARDL Model
For the application of the bounds test, the unrestricted error correction model is used
(Seker et al. 2015). The formulation of the econometric model of Equation (5) provides an
ARDL(12,9) model as follows (in long-run ARDL form):
P q
Aye = Bo+ Y Ay + ) 5idX i+ orye1 + Paxr 1 +
i=1 i=1
Considering InIGAE; and InINPC; in long-run ARDL form, it follows that
P q
AlnlGAE; = Bo + Z AiAnIGAE;_; + Z O;AInINPC,_; + (plli’llGAEt_l + gDleZINPCt_l + Ut (16)

i=1 i=1

Therefore, the Error Correction Model of the ARDL model is
AlnIGAE; = o+ Y 7 MAInIGAE;_;+ Y 1 | §;AInINPC;_; + ¢MCE,_; + . (17)

The econometric breakdown of the ARDL for Error Correction Model satisfies the following;:

AlnIGAE;= —0.37AInIGAE;_1 — 0.35AInIGAE;_» — 0.27AInIGAE;_3 — 0.32AInIGAE;_4 + 0.01AInIGAE;_s,
—0.12AInIGAE;_g — 0.04AInIGAE;_7, — 0.18AlnIGAE;_g — 0.17AInIGAE;_q
—0.29AInIGAE;_19 — 0.28AInIGAE;_1; — 0.36AlnINPCy, — 0.69AInINPC;_; (18)
+0.43AInINPC;_5, — 0.84AInINPC;_5 + 1.69IAInINPC;_4 — 1.23AInINPC;_5
—0.07AInINPC;_g. — 0.46AIRINPC; 7, + 1.23AInINPC;_g — 0.05CointEq, ;.

In this case (*) represents variables outside significance level 5% and 10%, and Table 3
illustrates the p-value or Prob. according to Eviews 12. In the next section, with the results
of the stationarity analysis and the application of the Ramsey test, it will be possible to
identify the existence of an asymmetric relationship in the short and long term for InIGAE;
and InINPC;.
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Table 3. Estimation results of the ARDL model.

Variable Coefficient Prob.
A(InIGAE_q) —0.367488 0.0000
A(InIGAE_») —0.347604 0.0000
AN(InIGAE_3) —0.266695 0.0000
A(InIGAE_y) —0.316163 0.0000

A(InIGAE _5) * 0.014178 0.8032
AN(InIGAE_g) —0.122633 0.0309
A(InIGAE_7)* —0.044106 0.4396
A(InIGAE _g) —0.180673 0.0011
AN(InIGAE_9) —0.172622 0.0016
A(InIGAE_qp) —0.289257 0.0000
A(InIGAE_17) —0.277666 0.0000
A(InINPC) * —0.355367 0.2788
A(InINPC_q)* —0.685871 0.1114
A(InINPC_5) * 0.436611 0.3101
A(InINPC_3) —0.842715 0.0490
A(InINPC_y) 1.690112 0.0001
A(InINPC _s) —1.232793 0.0046
A(InINPC_g) * —0.071487 0.8696
A(InINPC_7) * —0.459121 0.2931
A(InINPC _g) 1.228597 0.0003
CointEq(_1y —0.046964 0.0006
R-squared 0.456934
Adjusted R-squared 0.423719
Durbin—-Watson stat 1.779343

The authors” own elaboration with the use of Eviews 12. (*) means that lagged variables are outside the 5% and
10% significance levels.

6. Empirical Results of the Asymmetric Relationship and Identification of the Optimal
NARDL Model

Arize et al. (2017) suggested that the variables with a varied order of integration do
not show a long-term relationship in the traditional sense, so an econometric analysis of
the long-term relationship should be varied. In this sense, hidden cointegration between
variables, also called long-term nonlinear association, cannot be assessed using the con-
ventional ARDL approach. In this sense, considering the specification proposed (Brock
et al. 1996), a Regression Equation Specification Error Test (RESET) will be conducted since
there are specification errors due to lack of information indicating the necessary reactions
to show the long-term relationship, see Table 4.

Table 4. Analysis of asymmetry (Ramsey test) *.

Value df Probability
t-statistic 2.196770 324 0.0287
F-statistic 4.825797 (1, 324) 0.0287
Likelihood ratio 4.145042 1 0.0233

* Own elaboration with the use of Eviews 12 through the diagnosis of residuals with the ARDL model.

According to Table 4, it was found that the probability of the t-statistic and the
F-statistic is less than 5%, so the null hypothesis is rejected, suggesting the existence of
asymmetry or non-linearity between the price level and global economic activity in Mexico.

6.1. Optimal Lags for NARDL

Once the stationarity has been stated and the asymmetry of the studied variables
has been shown, the next step is to select the parsimony of the NARDL model by the
optimal lag and thereby estimate the cointegration relationship. Figure 3 shows the optimal
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selection of lags and the estimation of the cointegration relationship between them using
the specific optimal lag Akaike Information Criterion (AIC).
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Figure 3. Summary of the 20 best models with Akaike Information Criterion (AIC, NARDL 12,9,10),
with the application of the Eviews 12 package.

Among the various criteria available, the Akaike Information Criterion (AIC) holds
merit over others in certain scenarios due to its theoretical foundation and practical benefits.
When dealing with a monthly NARDL model, the AIC might be preferred over other
criteria. The AIC considers both the goodness of fit and the complexity of the model
and helps to prevent over-fitting. In a monthly NARDL model, it is possible to have
different lag lengths for different variables. It is also important to have a balance between
capturing the dynamics of the process and avoiding overly complex models. Also, the
AIC aims to select a model that not only fits the observed data well but also generalizes
well to new data. Moreover, the AIC encourages parsimony, meaning that it is preferred
to have models with fewer parameters. This can lead to more interpretable models that
are easier to explain. In the context of a monthly NARDL model, various lag lengths can
be considered. With no prescribed distribution, the AIC does not rely on distributional
assumptions about the data, making it applicable across a wide range of models, including
nonlinear models like NARDL. Finally, the choice of lag length criteria can also depend
on the specific characteristics of data, the underlying economic theory, and the goals of
the analysis.

6.2. Estimation and Optimization of Asymmetry

Considering the Granger causality test (Granger 1969), the objective is to figure out if
the lagged values of a variable are correlated with the current values of another variable.
Table 5 presents a unidirectional relationship from the independent variable InINPC; with
two lags and a confidence level of 95% toward the dependent variable [nIGAE;. This test
is based on the Vector Autoregressive Model (VAR). Another option to prove causality
was that of Toda and Yamamoto (1995), which shows a causality from [nINPC; toward
InIGAE;. The probability values, in Table 4, show that there is not enough evidence

to reject the alternative hypothesis for the independent variable, thus [nINPC; Granger
causes InIGAE;.
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Table 5. Estimation results of the NARDL model *.

Dependent Variable (NARDL):

Restricted Constant and No
Trend, Dependent Variables

Dependent Variable in Error Correction Model and

InIGAE; with Long-Run Form: ]z(();l IllgzeEs;:
A(InIGAEy) t
R-squared 0.9836 Asymmet}"l'c long—run F-Bound test:
coefficients:
Adjusted 0.9819 InINPC; 0.1382 F-static value * 44224
R-squared t
F-statistic 570.3971 (0.0063) Significance 10% I(1) Uppe; ;50““01'
(0.0000) InINPC; —2.1238 Significance 5% I(1) Uppe; ;’;’“nd'
Granger test.
Inl 11\111 ?gfg:fses ( 09.69020%26») (0.00012) Significance 2.5% I(1) Uppei ;’g’“nd'
F-Statistic
CET&Y test (**). Serial correlation
InINPC, causes 40.2252 C 4.30 Lagrange multiplier, (0.0002)
InIGAE;: (0.0001) LM tost ** (prob):
Wald-Statistic proby:
Heteroskedasticity test
(0.0000) (prob.): (0.0000)
Variable C(ﬁgﬁgzts Variable Coef. Long-Run Variable Coef. Error Correction
Form Model
(12,9,10)
InIGAE_; 0.5338 InIGAE_; —0.1138 CointEq(_1) —0.1138
(0.0000) (0.0091) (0.0000)
InIGAE_, 0.1172 InINPC™, 0.0157 A(InIGAE_;) —0.3534
(0.0580) (0.0903) (0.0000)
InNIGAE _3 0.0196 InINPC—, —0.2417 A(InIGAE_,) —0.2352
(0.7555) (0.0347) (0.0000)
InNIGAE_4 —0.1232 A(InIGAE_;) —0.3524 A(InIGAE_3) —0.2156
(0.0507) (0.0000) (0.0001)
InIGAE _s 0.3799 A(InIGAE_,) —0.2352 A(InIGAE_y) —0.3369
(0.0000) (0.0001) (0.0000)
InNIGAE _g —0.0396 A(InIGAE_3) —0.2156 A(InIGAE_s) 0.0430
(0.5421) (0.0004) (0.4528)
InIGAE_, —0.0005 A(InIGAE_y) —0.3369 A(InIGAE_g) 0.0034
(0.9994) (0.0000) (0.9535)
InIGAE _g —0.1706 A(InIGAE_s) 0.0430 A(InIGAE_y) —0.0034
(0.0058) (0.4900) (0.9535)
InIGAE _g 0.0536 A(InIGAE_g) 0.0034 A(InIGAE_g) —0.1672
(0.3898) (0.9565) (0.0024)
InNIGAE_q —0.0941 A(InIGAE_y) —0.0034 A(InIGAE_q) —0.1136
(0.1275) (0.9556) (0.0375)
InNIGAE_1, —0.0506 A(InIGAE_g) —0.1672 A(InIGAE_qg) —0.2078
(0.4094) (0.0044) (0.0001)
InIGAE_1, 0.2584 A(InIGAE_g) —0.1136 A(InIGAE_17) —0.2584
(0.0000) (0.0494) (0.0000)
InINPC* —0.6648 A(InIGAE_qp) —0.2078 A(InINPC™) —0.6648
(0.0543) (0.0002) (0.0457)
InINPC*, —0.2182 A(nIGAE_q7) —0.2584 A(InINPCT)) —0.8988
(0.7587) (0.0000) (0.0414)
InINPCT, 1.6302 A(nINPC") —0.6648 A(InINPC™,) 0.7315
(0.0346) (0.0543) (0.0986)
IInINPC*, —1.5519 A(InINPC™)) —0.8988 A(InINPC?;) —0.8204
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Table 5. Cont.

Restricted Constant and No Dependent Variable in Error Correction Model and

Dependent Variable (NARDL): Trend, Dependent Variables Bound Test:
InIGAE; with Long-Run Form: AnIG AEt).
A(nIGAE;)
(0.0441) (0.0424) (0.0614)
InINPC™, 2.0586 A(InINPC™,) 0.7315 A(InINPC?)) 1.2382
(0.0069) (0.1002) (0.0045)
InINPC™ —2.3017 A(InINPC™;) —0.8204 A(InINPC™;) —1.0634
(0.0025) (0.0629) (0.0147)
InINPC*, 1.3860 A(InINPC™ ) 1.2382 A(InINPC™y) 0.3226
(0.0692) (0.0047) (0.4602)
InINPC™, —0.6907 A(InINPC™;) —1.0634 A(InINPC*,) —0.3681
(0.3658) (0.0152) (0.3996)
InINPCt 1.0615 A(InINPC™ ) 0.3223 A(InINPC™y) 0.6934
(0.1350) (0.4625) (0.0446)
InINPCY, —0.6934 A(InINPC?.) —0.3681 A(InINPC™) 5.4293
(0.0462) (0.4020) (0.0001)
InINPC™ 5.4293 A(InINPC™y) 0.6936 A(InINPC~,) 1.1119
(0.0001) (0.0462) (0.4267)
InINPC—, —4.5591 A(InINPC™) 5.4293 A(InINPC—,) —~1.3701
(0.0285) (0.0001) (0.3224)
InINPC—, —2.4820 A(InINPC~,) 1.11196 A(InINPC,) —0.5182
(0.2333) (0.4405) (0.7081)
InINPC—, 1.8519 A(InINPC—,) —1.3701 A(InINPC— ) 3.7905
(0.6813) (0.3329) (0.0065)
InINPC—, 4.3087 A(InINPCZ,) —0.5182 A(InINPC—;) —3.0522
(0.0383) (0.7137) (0.0304)
InINPC_4 —6.4827 A(InINPC~ ) 3.7905 A(InINPC) —3.6844
(0.0012) (0.0084) (0.0087)
InINPC— —0.6322 A(InINPC—;) —3.0522 A(InINPC—,) —0.8176
(0.7666) (0.0363) (0.5633)
InINPC—, 2.8668 A(InINPC) —3.6844 A(InINPC—) 5.2600
(0.1776) (0.0107) (0.0002)
InINPC—¢ 6.0776 A(InINPC—,) —0.8176 A(InINPC—,) 1.9680
(0.0041) (0.5746) (0.1551)
InINPC”, —3.2920 A(InINPC—) 5.2600
(0.1241) (0.0003)
InINPC—,, —1.9680 A(InINPC—,) 1.9680
(0.1720) (0.1720)
C 0.4900 C 0.4900
(0.0071) (0.0071)
Fisher-Type Test statistics (B-H Coint. test) *** )
Model Specification 5% 5% Cqu}t.
EG EG-J-BG-Bo Decision

critical value critical value

Inigae = f (Ininpc)

23.835781 11.229 55.131965 21.931 Cointegrated

* Own elaboration with the use of Eviews 12. The values in parentheses are the p-values of the NARDL econometric
model. * The value is compatible with the t-Bounds distribution. ** Breush Godfrey test. *** Bayer-Hanck test,
with the use of Stata. *** Cumulative Fourier Toda and Yamamoto Causality test, with the use of R.

Now the NARDL model developed by Shin et al. (2014) was considered to cover the
deficiencies of the classical ARDL by including long-term non-linear associations. The
econometric Equation (11) is used to conduct the optimization of the data, as shown
in Table 5.

The vector fitted is corroborated with a diagnostic test with an ordinary R? of 98.36%,
showing that the goodness of fit is high (see Table 5) (Adeleye et al. 2023; Wang et al. 2020).
The asymmetric long-run coefficients are also given in Table 5 and reveal the asymmetric
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cointegration equation in which for each unit of change in the level of the price index,
whether positive or negative, the monthly economic activity has an impact of 0.138% and
2.12%, respectively, with significant levels (p-values less than 0.01 or 1%). With respect to
the Bayer and Hanck test cointegration (Bayer and Hanck 2013), it shows test statistic values
of Engle and Granger (1987), EG-J or Johansen (1991), Boswijk (1995), and EG-J-BG-BO or
Banerjee (1998), with 23.84 and 55.14 are higher than 5% of critical value, 11.23 and 21.93,
respectively. So, the null hypothesis of no cointegration was rejected. This supports the
NARDL cointegration test, which also revealed the presence of a long-run relationship
with two variables.

Taking into account the coefficients obtained a; = 0.13 and a; = —2.1, and consid-
ering the coefficients of Equation (6) with their values shown in Table 5, the impacts are
identified with increases and reductions in the long term of x; (InINPC;) on y; (InIGAE;).
This is because the results reveal that the consumer price index has an asymmetric impact
on the levels of monthly economic activity, in addition to greater actions to reduce the price
index InINPC; , which causes costs to the economic activity, while the increase in prices
InINPC; leads to a slight increase in economic activity. In this sense, Atil et al. (2014)
argued that a factor of non-linear asymmetric behavior of the vectors or macroeconomic
variables occurs in times of economic crisis, as is the case for Mexico as a result of the global
pandemic COVID-19 2020-2022.

The existence of a relationship according to Equation (11) is proven through the F-
Bounds test statistic to assess the importance of the lagged levels of the variables in an ECM
and confirm the long-term significance (Narayan 2004). Hence, as shown in Table 5, after
using an Ordinary Least Squares (OLS) regression, the results for the long term are that
the coefficient in the lagged error correction term is significant (0.0000) with the expected
negative sign, which confirms the result of the limits test for cointegration. Therefore,
the CointEq(—1) shows a value of —0.1138, which implies the slow rate of adjustment to
equilibrium of 11.38% after a shock. Hence, the causality runs interactively through the
error correction term.

In the same Table 5, the asymmetric ECM satisfies the rule with a NARDL model
(Shin et al. 2014), since the value of the F-Bound statistic (4.42) is greater than the highest
critical value of the selected significance levels of I(1), which leads to the acceptance of the
alternative hypothesis regarding the existence of a non-linear cointegration relationship
between the level of consumer prices (InINPC;) and the variation in global economic
activity (InIGAE;_;).

6.3. Long-Run Form (LRF) Asymmetric Test and Wald Test Validation

An important result of the NARDL, stated in Table 5, is the long-run form (LRF).
Therefore, it is needed to confirm the optimal long-term cointegration behavior with
the stepwise regression validation by selecting the unidirectional Fowards method, in
addition to the p-value 0.05, which shows the nonlinear parsimony (asymmetry) of the
ECM, obtaining the following results as shown in Table 6.

The long-term variables are above the dotted horizontal line in Table 6, while the
short-term ones are below it. Note all insignificant short-term variables are excluded,
although all long-term ones are kept, whether they are or not significant. Different lags in
Table 6 confirm that they are not always significant in NARDL models, but that they can be
preserved as having larger lags significant. These kinds of models are complex by nature
due to the inclusion of lagged variables and nonlinear terms, but stepwise regression helps
in constructing a parsimonious model by selecting only those variables that contribute
significantly to explaining the variation in the dependent variable. With the results of the
estimation of errors in Table 6, the Wald test was applied to justify the asymmetry of the
cointegration in the long-term coefficients (—c(3)/c(2) = —c(4)/c(2)) and short term (c(5) to
¢(13)), see Table 7.
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Table 6. Optimization of the long-run form (AlnIGAE;) * with stepwise regression.

Variable Coefficient Prob.

C 0.5422 = c(1) 0.0008
InIGAE_, —0.1273 = ¢(2) 0.0011
InINPC*, 0.0184 = c(3) 0.0411
InINPC—, —0.2661 = c(4) 0.0109
A(nIGAE_5) 0.1135 = ¢(5) 0.0220
A(nIGAE_y) 0.0950 = c(6) 0.0423
A(nIGAE_g) —4.7372 = ¢(7) 0.0005
A(InINPC™) —1.1511 = ¢(8) 0.0000
A(InINPC—) 2.6416 = ¢(9) 0.0560
A(InINPC—y) 3.4768 = ¢(10) 0.0113
A(nIGAE_q7) —0.2466 = c(11) 0.0000
A(nIGAE_q) —0.3624 = c(12) 0.0000
A(InIGAE_q) —0.1821 = ¢(13) 0.0001
A(nIGAE_y) —0.2539 = c(14) 0.0000
A(nIGAE_y) —0.2810 = ¢(15) 0.0000
A(nIGAE_s) —3.7702 = c(16) 0.0051
A(nIGAE_3) —0.2264 = ¢(17) 0.0001
A(InINPC™) 43162 = c(12) 0.0018
A(InINPC™y) 0.4792 = ¢(13) 0.0339

* Own elaboration with the use of Eviews 12.

Table 7. Wald test to estimate errors with stepwise regression *.

Equation: Long Run: Short Run:

STEP_UNIDI c(3) and c(4) c(5) to c(13)

Test Statistic Value df Probab. Value df Probab.
t-statistic 4.0728 329 0.0001 3.8472 329 0.0001
F-statistic 16.5881 (1,329) 0.0001  14.8008 (1, 329) 0.0001

Chi-square 16.5881 1 0.0001  14.8008 1 0.0001

* Own elaboration with the use of Eviews 12.

According to the stepwise regression, there is evidence of asymmetry in the relation-
ship of InIGAE; and InINPC; (Kassi et al. 2019; Sowah et al. 2023; Allen and McAleer 2021).
Considering the results of Table 7 with a Chi-square p-value less than 0.05, the existence of
asymmetry in the period is confirmed.

Also note that the results shown in Table 6 also indicate that when an upward move-
ment of positive inflation A(InINPC™) is statistically significant, it has a negative impact
on the increase in the global indicator of economic activity in the short term (Okun 1971;
Friedman 1977; Phelps 1969). This impact is greater on the growth of the global indicator of
economic activity when there are actions that cause a decrease in inflation A(lnINPC™). Itis
worth mentioning that the consumer price index decreases, without good monetary policy
control, which is also undesirable because consumers delay purchases, and this translates
into less economic activity, less income generated by producers, and less economic growth
(Siaens 1969). While, in the long term, the increase in the consumer price index has a slight
and better effect on economic activity, supporting the ideas mentioned by Azariadis and
Smith (1996) with the Mundell-Tobin effects.

In summary and confirming various investigations (Atkeson and Kehoe 2004; Borio
and Filardo 2004; Bordo and Redish 2004), the benefits could be positive in the global
economic activity if the monetary policy of Banxico continues in the direction of controlling
the level of the consumer prices index through applicable actions, such is the case of the
reference interest rate, but taking care of the impact on economic activity as a result of the
increase in demand.

In the research of Tinoco-Zermeno et al. (2014), although the necessary tests were
carried out to validate that there is no serial autocorrelation (Lagrange Multiplier test) nor
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heteroskedasticity by Breusch-Pagan—-Godfrey test, the information in Table 5 suggests the
presence of autocorrelation and homoscedasticity with significant levels at 5%, which is
related to the nonlinearity of the variables used in the present research. The absence of
normal residuals could also lead to the application of quantile models in future studies
(Brooks 2019; Cho et al. 2015). In this case, the results obtained with stepwise regression
(Chen et al. 2021; Gao et al. 2022) are shown in Table 6, providing a Durbin Watson value
of 1.80, which does not reflect a concern of autocorrelation. In this way, validating that
both behaviors are similar between the long- and short-term coefficients obtained with the
NARDL Long-Run Form model and optimization through stepwise regression. Figure 4
shows the simulation of the behavior of InIGAE; in the function of InINPC; using the
NARDL (12,9,10) model.
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Figure 4. Behavior of the Global Economic Activity Index estimated by NARDL (12,9,10), with
natural logarithms, 1994-2023 with the use of Eviews 12.

With the behavior shown in Figure 4, the vector fitted is corroborated with good
behavior versus the current one.

6.4. Asymmetric Dynamic Multipliers

In order to explore whether the estimated coefficients are stable in the short and long
term (Pan et al. 2022; Das et al. 2023), the Cumulative Sum of Error Forecast (CUSUM) test
is applied to verify stability (Pesaran et al. 2001). The results are shown in Figure 5 with
a 5% confidence band, and all the values in the sample are identified even considering
the subprime crisis of 2009 and the effects of the COVID-19 health emergency between
the years 2020 and 2022. Figure 5 indicates that CUSUM values are within the band and
implies that the optimal NARDL (12,9,10) model adequately captures the nonlinear effects
of consumer price levels on the indicator of economic activity in Mexico.

However, in Figure 5, as of 2020, a departure from the average is noted due to the
international situation, as well as the effects of internal economic activity, which implies
that the effects of economic instability will continue to be present in the short term for the
Mexican case as shown by the Breusch-Pagan—Godfrey test displayed in Table 5.

On the other hand, to explain the movement of economic activity and its quick re-
sponse to cyclic increases and decreases in consumer price levels, we employed the model-
ing proposal from Shin et al. (2014), and after a shock in the consumer prices index, there
are both positive and negative effects on economic activity, with dynamic adjustments
over time.
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Figure 5. Stability diagnosis and CUSUM test with the NARDL model (12,9,10).

As shown in Figure 6, with the dynamic multipliers for Mexico, greater dynamism
in the business cycle occurs when there is a contractionary shock in consumer prices
(multiplier for InINPC™). This arises through measures aimed at controlling and reducing
prices, which is a good message for agents. Additionally, the equilibrium error tends to
correct itself over time.

1 3 5 7 9 11 13 15

Multiplier for LNINPC(+)
= — Multiplier for LNINPC(-)
==== Asymmetry Plot (with C.I.)

Figure 6. Shocks of asymmetric dynamic multipliers of InINPC; on InIGAE;, using multiplier and
the asymmetry identified with the NARDL model (12,9,10).

7. Discussion of the Empirical Results

Many empirical works that have been conducted conclude that there are both in-
ternal and external variables that can influence economic growth measured by quarterly
(Cerezo-Garcia et al. 2019) or annual GDP (Tinoco-Zermerio et al. 2014). However, this
paper raises the possibility of showing the dynamism of economic activity in a monthly
period to examine the effects of asymmetric movements of the National Consumer Price
Index in Mexico. First, the Mexican results of the unit root test are related to Hossain et al.
(2021) and Tinoco-Zermefio et al. (2014), where the condition is accepted with levels I(0) or
first differences I(1).

Therefore, the NARDL (12,9,10) model conducted in this research is useful for ver-
ifying the existence of a monthly cointegration relationship in Mexico between global
economic activity and the level of consumer prices. Specifically, the NARDL model covers
the ARDL deficiency helping to show the analysis of long-term nonlinear associations
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(Tinoco-Zermeftio et al. 2014; Olugbenga and Dada 2020; Karahan and Colak 2020; Cerezo-
Garcia et al. 2019). The NARDL model was used considering the results in Table 2 for
stationarity analysis, order of integration, and non-linearity, where it was identified that
InIGAE is stationary at level I(0) and InINPC at first level I(1), which meets the requirement
for possible consideration in NARDL models. The second requirement was with the re-
sults of the asymmetry analysis from the Ramsey test, which indicates a more appropriate
application of the NARLD models. The verifications of the econometric tests not only
confirm the relationship of the variables with the proposed model but also show an area of
structural instability with respect to the average in the period from 2008 (Cerezo-Garcia
et al. 2019) and 2019 to 2023, as can be seen in the CUSUM test.

In relation to the Phillips Curve, there are many analyses not only in emerging markets
but also in developed economies (Hazell et al. 2022). The results of this research provide
empirical support to this concept, at least in the context of the relationship between inflation
and economic activity. In short term, higher positive inflation A(InINPC") is correlated
with a decrease in economic growth (AlnIGAE;), and higher negative inflation A(InINPC™)
is correlated with an increase in economic growth (AlnIGAE;). It is important to note,
however, that these results do not directly measure unemployment, which is the other key
variable in the Phillips Curve. Additionally, the long-term relationship is captured with
a lag in this context, suggesting that past inflation influences current economic activity,
which is a dynamic aspect worth considering in policy analysis and economic forecasting.

7.1. Short-Term Implications

Regarding costs for decision makers and policymakers, with the results in Tables 5 and 6,
there is a considerable increase in the economic activity of Mexico A(InIGAE;) when opting
for contractive monetary measures to reduce consumer price levels A(InINPC™). The
present research is significant in the same direction as observed in studies for Bangladesh
(Hossain et al. 2021) and Turkey (Karahan and Colak 2020).

On the other hand, when there is no intervention of monetary policy and prices
rise A(InINPC™), the economic growth is affected negatively as observed in studies by
Cerezo-Garcia et al. (2019), while Hossain et al. (2021) and Karahan and Colak (2020)
present contrasting perspectives.

7.2. Long-Term Implications

Notable results in Tables 5 and 6 show that the growth of the economic activity
index A(InIGAE;) would be insignificant if there is an increase in consumer price levels
InINPC*,. While if there were greater control of prices or a decrease in the level of the
consumer prices index [nINPC”,, then the economic activity decreases.

Under the above context, the results obtained coincide with that of Okun (1971),
Friedman (1977), and Phelps (1969), an increase in prices will reduce economic growth;
while Azariadis and Smith (1996), Atkeson and Kehoe (2004), Borio and Filardo (2004),
Bordo and Redish (2004) obtain an inverse relationship between inflation and economic growth.

The positive and negative shocks in consumer prices can be caused by multiplier effects
(Olugbenga and Dada 2020; Alharbi 2022), mainly when there is a downward movement,
there is a greater impact on the global economic activity. This particularly illustrates the
asymmetric trends of the InINPC; multiplier, incorporating significant shocks both positive
and negative. In the case of InINPC;", the effect is positive, but the negative impact of
InINPC; is higher on A(InIGAE;) as identified by Cerezo-Garcia et al. (2019) and Karahan
and Colak (2020). However, in studies on Bangladesh, the consumer price shocks are
identified to have no contrary effects, as both are positive at the same level (Hossain et al.
2021), while in studies on Turkey, the effects on economic growth are negative in both
directions of the price shock (Karahan and Colak 2020).
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8. Conclusions

The trajectory of inflation in recent periods in Mexico has been affected by international
events, so their accumulated effects have risen to significant levels of inflation. These levels
above the objective set by Banxico have brought the effectiveness of monetary policy into
question and that is why it has managed it with the determination to raise the interest rate
in recent times and has been expectant about the variables that may influence it.

Under the proposed NARDL (12,9,10) model, the nature of the asymmetry and coin-
tegration connection between the variables was demonstrated both in the long and short
term. Over the last almost 30 years, the results effectively show that there is evidence of
nonlinearity in different negative and positive effects on monthly economic growth in both
the short and long term for the Mexican economy. In general, it was found that in the
short term, a decrease in consumer prices is beneficial for economic growth in Mexico with
available monthly information (Okun 1971; Friedman 1977; Phelps 1969), while in the long
term, there is less impact on economic activity when there is more control with monetary
policy actions (Azariadis and Smith 1996). Therefore, monetary policy strategies are needed
to optimally address these events and give a strategic boost to global economic activity in
Mexico, considering the short- and long-term costs—benefits found in this research using
the NARDL model.

As mentioned before, for policymakers, understanding threshold effects and non-
linearity becomes crucial to reformulating effective economic policies. Considering the
importance of high-frequency data in this kind of models allows interactions between these
variables at a finer temporal resolution considering the fast-moving economic environments
(Sanchez-Vargas and Lopez-Herrera 2020; Saucedo and Gonzalez 2021). Keeping stable
inflation rates below the identified threshold can promote sustainable economic growth by
avoiding the possible negative impacts that high inflation can have on the economy. High
inflation rates can erode purchasing power, create uncertainty in economic planning, and
discourage long-term investment.

For academic researchers, economic agents, and policymakers, understanding the
nonlinear relationship between inflation and economic growth opens up new avenues for
future investigation and analysis. This encourages the exploration of additional factors that
may influence the relationship and identification of other threshold levels. Additionally,
these findings underscore the importance of using more sophisticated and appropriate
models, such as NARDL models. This modeling can better capture the complexities
of real-world economic dynamics and produce more reliable policy recommendations.
Recognition of non-linearity and threshold effects allows for more targeted and effective
policy interventions to ensure sustainable economic growth while mitigating the risks
associated with high inflation rates.

This paper urges future research to verify the degree of impact of the acceleration of
prices and the slow growth of economic activity in Mexico, as well as the consideration of
fiscal policy for the strengthening of the tax structure, which could give greater adjustment
and inflationary containment, both on the supply and demand sides. This could be achieved
by adopting better strategies to subsidize some foods, containing price increases with the
producing sector and supply chains, as well as agricultural and industrial policies to reduce
external dependence.
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