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1 Introduction

The announcement that Argentina and Brazil are in early talks to create a common currency has
dominated headlines. The aim of the plan is to establish a new currency unit that streamlines trade
between the two major economies in the region and decreases reliance on the US dollar. If the plan
materializes, the new currency —the SUR — would be the world's second-largest currency union after the
euro. While it has faced criticism, with economists like Olivier Blanchard and Paul Krugman expressing
scepticism (Harris et al., 2023), the actual proposal is less stringent than it appears. In a first moment, the
idea is the “creation of a synthetic currency for denominating bilateral trade and financial flows as an
alternative to the U.S. dollar” (Steinberg and Otero-Iglesias, 2023). Therefore, the Brazilian real and

Argentine peso would continue to exist with the new tender targeted narrowly at trade (Ayres, 2023).

This concept of a common currency in South America is not entirely new, as some regional leaders have
long advocated for greater unity to enhance economic stability and sustainable growth. As a matter of
fact, the idea of forming a monetary union in South America is not new. During the late 1980s, Brazil and
Argentina considered the possibility of creating a common currency named the “gaucho” to facilitate
trade between the two countries. However, this proposal was ultimately abandoned due to difficulties in
its implementation. More recently, in 2019, former Brazilian President Jair Bolsonaro promoted the idea
of a currency union, but this plan also failed to materialize. However, the path to achieving this goal is

complex.

According to the Optimal Currency Area (OCA) framework proposed by Mundell (1961) and subsequent
literature, effective currency unions require high levels of economic integration, synchronized and
symmetric business cycles, and substantial labour and capital mobility among participating countries.
Without meeting these criteria, adopting a common currency could induce severe economic challenges
rather than benefits. Therefore, the possible impacts should be deeply taken into account and reasons

for reasons leading to a high level of integration put into perspective.

Following a more practical fashion, Giambiagi (1998) argues that a South American currency union should
be the final step of an integration process that includes: i) the elimination of the edges that still mark the
formation of the free trade area; ii) the end of exception lists to the Common External Tariff (CET); iii)
harmonization of legislation in the labour, tax, and capital markets; iv) and the integration of financial
systems. Moreover, Eichengreen (1998) raises questions about the necessity of a common currency in
the Mercosur region, emphasizing that its success depends on the depth of integration that countries
aim to achieve. If the goal is to establish a genuinely unified regional market, beyond just a free trade

area or customs union, a monetary union might be essential to mitigate the adverse effects of exchange-
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rate fluctuations. However, if the objective is to maintain a free trade zone similar to NAFTA (North
American Free Trade Agreement), Brazil and Argentina could retain their individual national currencies

while pursuing deeper economic integration.

In line with Mundell's framework, this study examines whether Brazil and Argentina constitute an
optimum currency area in terms of the business cycle comovement criteria. The structure of the study is
as follows: Section 2 defines common currency areas and business cycles theoretically, reviewing existing
literature related to the Mercosur region. Section 3 assesses the current degree of economic integration
between Argentina and Brazil. Sections 4 and 5 present a description of methodology and data,
respectively. In Section 6, we provide some stylized facts on the comovement of business cycles, using
the Hodrick and Prescott filter to estimate correlations. Section 7 employs a Structural Vector
Autoregression model with long-run restrictions to identify the factors influencing comovement. Finally,

Section 8 offers concluding remarks.

2 Literature Review

2.1 Optimum Currency Area

The concept of OCA is a fundamental framework in the study of the formation of currency unions and
the transition from individual national currencies to a common one. Developed by seminal work by
economists Mundell (1961), McKinnon (1963), and Kenen (1969), OCA theory identifies the conditions
under a group of countries would find it beneficial to abandon their individual monetary policies and
adopt a common currency. The theory is embedded in the analysis of costs and benefits of renouncing

sovereignty over the monetary policy and the identification of prerequisites that can smooth these costs.

Some of the benefits associated with a common currency area might be an increase in intra-regional
trade due to the elimination of exchange rate risk, a reduction in transaction costs, and the
standardization of prices (Rose, 1999). Furthermore, greater financial integration can lead to improved
conditions for investment, production, and consumption, while the adoption of an international currency
could enhance credibility and price stability. Among the costs, the literature identifies the loss of
autonomy in monetary policy, the inability to finance fiscal deficits through seigniorage, the risk of
financial contagion during crises (Forbes, 2012), and the challenges of promoting fiscal integration,
including government spending and taxation, across participating countries (Goodhart, 1998).
Additionally, a union limit the ability of setting significantly different tax rates, limiting the ability of

running budget deficits (Bayoumi and Eichengreen, 1992).



According to the theory, a region may benefit from a common currency if the economic costs associated
with stabilization policies within the union are lower than those typically incurred by countries with
sovereign monetary authority (e.g., adjusting the exchange rate and interest rate). To determine whether
countries should pursue monetary integration, economists can identify the incidence of shock affecting
the economies, determine the underlying mechanism and analyse the responses generated in the
economy. If shocks affect economies symmetrically and at the same time, a common monetary and fiscal

policy is enough to adjust economies participating in the union.

Besides monetary and fiscal adjustment, there are other mechanisms through which a common currency
area can adapt to economic shocks. Frankel (1999) argues that highly integrated economies can cope
with adverse shocks through their level of openness. Openness refers to the degree to which an economy
is connected to the global economy, typically measured by the ratio of imports and exports to GDP. When
the marginal propensity to import is high the variability in output under a fixed exchange rate is relatively
low. This is because changes in external demand can help offset the effects of shocks on the domestic
economy. In other words, openness could act as an automatic stabilizer. Additionally, as proposed by
Mundell (1961), if labour can move freely between countries, then workers may be able to respond to a
local recession by moving across borders in search of work. This can act as another automatic stabilizer
for the economy. Frankel (1999) describes an additional stabilizer that can be established: a fiscal union.
When a federal fiscal system exists, it allows for the redistribution of funds between regions to address
regional disparities. Furthermore, stabilization could occur through capital mobility and adjustments in

wages and price levels.

Despite the different mechanisms, business cycles similarity is still a relevant criterion to define if a
monetary union is optimal. If the economies experience shocks of similar patterns and roots at the same
time, coordinated macro policies can become desirable and it will not impose additional costs.
Consequently, if countries experience idiosyncratic shocks or if shocks are asymmetric or asynchronous,

the cost of monetary integration might be too high Frankel (1999).

Despite the relevance of the comovement criteria for OCA theory, Frankel and Rose (1998) presents some
conflicting arguments. He finds that as trade intensity between countries increases, their business cycles
become more correlated. This endogeneity challenges the criteria imposed by the theory, suggesting that

a country is more likely to meet the entry criteria ex-post rather than ex-ante.

Before turning to the literature on optimum currency areas on the Mercosur region, it is important to

define the concept of business cycles and characterize their behaviour first properly.



2.2 Business Cycles

Business cycles are typically characterized as systematic and recurring fluctuations in a nation's aggregate
economic activity. These fluctuations occur simultaneously across various sectors of the economy and
follow a specific periodic pattern. A cycle consists of an aggregate economic expansion, followed by a
corresponding contraction, thus forming a complete cycle. This concept was put forward by Mitchell and
Burns (1935) and later coined the classical approach by Zarnowitz and Ozyildirim (2006). According to the
classical approach, the identification of business cycles revolves around recognizing specific turning
points, namely peaks and troughs. The duration of a business cycle is measured from one trough to the
next. Consequently, during an expansion phase of the business cycle, there is a noticeable increase in the
absolute level of the aggregate economic activity index until it reaches a peak, whereas recessions

correspond to a decline in this index to the trough.

An alternative approach, later referred to as the growth cycle approach, was first introduced by Mintz
(1974). As highlighted by Perrotti (2021), this approach is closely related to the literature on Real Business
Cycle (RBC) theory, pioneered by Lucas (1972) and Kydland and Prescott (1982). RBC theory primarily
explains economic fluctuations as a result of exogeneous shocks affecting technology and productivity.
In line with this class of models, the growth cycle approach offers a definition of business cycles based on
deviations from the long-term output trend. When an economy's actual output grows at a rate higher
than its potential output (the long-term trend), it enters a speedup phase characterized by a positive
output gap. Conversely, when the actual output growth falls below potential output growth, resulting in

a negative output gap, the economy experiences a slowdown phase.

The analysis of output deviations from its trend is a common focus in the literature, especially because
such episodes occur more frequently in developed countries like the OECD (Organization for Economic
Co-operation and Development) economies (Cotis and Coppel, 2005). Additionally, the growth approach
serves as the foundation for the International Economic Indicators (IEl) project initiated at the National

Bureau of Economic Research (NBER) in the early 1970s, as outlined by Klein and Moore (1985).

Whilst the classical approach is primarily descriptive, the growth cycle approach goes a step further and
allows to output series to be decomposed into components. An output series (y;) can be seen as follows:
Ye=9gcrtcetset e

where g; represents the long-run trend, c; is the cycles, s; the seasonal component and ¢; the
disturbances. Therefore, the growth approach allows for a more in-depth understanding of the

underlying dynamics of economic fluctuations. To decompose a macroeconomic series into these



components, the application of statistical tools is essential. In Section 4, we will delve into the

methodology behind one detrending technique proposed by Hodrick and Prescott (1997).

Another important characterization regarding our study is to define the concepts regarding the similarity
of business cycles. In the literature, the concepts of symmetry and synchronicity are many times used
interchangeably, or the term co-movement is also brought to light®. This study defines cycles symmetry
as the similarity in the amplitude of business cycles between countries, while synchronization specifically
refers to the timing of business cycles phases. Synchronous cycles means that countries go through cycles
simultaneously. On the other hand, cycle comovement is a broader term that encompasses both
symmetry and synchrony. It refers to the degree to which business cycles in different countries are

correlated with each other.

2.3 Previous Research on Business Cycle in South America

Despite the importance and the relevance of business cycle analysis, studies for the South American
countries have been notably limited, primarily due to data constraints stemming from the region's
economic volatility and frequent adjustments in time series data due to hyperinflation episodes (Aiolfi et
al., 2011). This research gap is striking considering the region’s unique context, such as trade agreements,

a shared historical past, considerable stability, and some well-developed nations.

Existing studies have often focused on shorter time periods or in general analysis, leaving a significant
lack of comprehensive empirical research on business cycles in South America. This study provides a
chronological overview of the most recent studies on business cycle comovement in the region and on

evidence regarding the optimality of a common currency area.

Jacobo and Marengo (2002) conducted a study examining the behaviour of GDP fluctuations from 1970
to 1997 among Mercosur countries. The aim was to explore the degree of economic homogeneity and
investigate the mechanisms driving business fluctuations, particularly the size and correlation of shocks,
using VAR analysis. Brazil displayed a positive correlation with Argentina and Paraguay. Analysing supply
shocks, the study found similarities in size among the shocks for Argentina, Brazil, and Uruguay, though
they were not correlated. Regarding demand shocks, those in Argentina, Brazil, and Uruguay exhibited

correlation, but their sizes were not uniform.

Gonzalez-Rozada and Fanelli (2004) used SVAR and BQ methodology following Eichengreen and Bayoumi
(1992) to analyse Argentina, Brazil, and Uruguay from 1980 to 2002. They found strong correlations

between supply shocks in Argentina and Brazil (0,13) but lack of comovement between demand shocks

5 For a discussion see Belke et al. (2017).



(-0,06). Country-specific cycles explained over 84% of output variance. Gonzalez-Rozada and Fanelli
suggested that countries should consider diversifying idiosyncratic risks associated with country-specific

cycles through mechanisms such as reserve funds or fiscal instruments.

Hallwood et al. (2006) implemented a SVAR analysis, following the BQ decomposition, for all Mercosur
countries during the period from 1990 to 2002. They used GDP and CPI as variables. Their findings
indicated no common pattern of shocks emerging from any of the countries under analysis. Brazil and
Argentina exhibited vaguely correlated permanent shocks (supply shocks) with a correlation of 0.22, and
s temporary shocks (demand shocks) with a correlation of -0.14. As a result, the authors rejected the

proposition of creating a monetary union in the region.

Neves et al. (2007) utilized data from 1973 to 2006 from Mercosur countries to conduct a cointegration
analysis. Their initial findings suggested that the null hypothesis of non-cointegration could not be
rejected for Mercosur. However, they cautioned against jumping to the conclusion that it constitutes an

optimum currency area, as most cointegration parameters were non-significant.

Carrasco-Gutierrez and Reis Gomes (2007) conducted an analysis of business cycles in countries
belonging to Mercosur and Chile. They aimed to identify evidence of a common economic cycle among
these nations and studied the cyclical behaviour of real GDP per capita from 1951 to 2000. Their findings
showed synchronization between Brazil and Uruguay, as well as between Chile and Argentina. In contrast,
relationships among other countries appeared to be asymmetric, possibly due to differences in their

economic and political structures.

In the case of Jacobo and Marengo (2020), the paper explores the macroeconomic behaviour of Argentina
and Brazil during the period 1995-2018. It investigates whether their economic fluctuations exhibited
similar patterns in terms of duration, intensity, and timing. While some features align, the findings
indicate that Argentina's business fluctuations are more pronounced and longer lasting than those of
Brazil. When analysed together, the highest degree of coincidence is observed in GDP fluctuations, with

72% of the observations lying on the same side of the zero line.

Moreover, Basnet and Padhan (2017) uncovered that between 2001 and 2012 Mercosur countries exhibit
common trends in various macroeconomic variables, including real output through a VAR analysis. The
authors underscore that the strong interdependence among Mercosur economies prevents their trends
from drifting away from long-run equilibrium for extended periods. The correlation between Brazil and
Argentina trend is 0,99. In addition to common trends, they discovered compelling evidence of
macroeconomic variables in Mercosur countries sharing common short-term cycles as well — correlation

of 0,93 between Brazil and Argentina.



More recently, Padilla and Garcia-Brazales (2021) employed a SVAR model to determine the prevailing
type of shock — whether global, regional, or country-specific — in South American economies. Their
variance decomposition results demonstrated that the output trajectory of countries was primarily
explained by country-specific shocks, suggesting that South America as a whole may not be considered
an optimal monetary area. However, they identified a group of countries, Chile, Peru, Ecuador, Brazil,

and Argentina, for which the costs of a hypothetical monetary union would be relatively lower.

3 Economic Integration and Composition

Brazil and Argentina, as two major South American economies, have been at the forefront of regional
economic integration efforts within Mercosur. This regional trade bloc, formed in 1991, includes
Argentina, Brazil, Paraguay, Uruguay, and Venezuela (currently suspended) as its full members. Over the
years, Mercosur has played a pivotal role in fostering economic cooperation and reducing trade barriers
between these countries. Economic integration between Brazil and Argentina has been critical for the

overall success of the trade bloc, given that 95% of the bloc’s GDP come from these countries (CFR, 2023).

The bilateral trade relationship between Argentina and Brazil is robust, with Argentina ranking as Brazil's
third-largest trading partner (MDIC, 2023). Conversely, Brazil holds the position of Argentina's top trading
partner (INDEC, 2023).Despite the substantial significance of this bilateral trade, Table 3.1 reveals a
declining trend in trade intensity statistics. Table 3.1 provides data on imports and exports between
countries as a percentage of total imports and exports with the world, respectively. This downward trend
has become increasingly prominent since 2010, with the level of exports between the two countries

dropping to its lowest point in 2020 and few variations in the two years following.

Table 3.1. Bilateral Trade between Argentina and Brazil

Exports Imports

Argentina to Brazil  Brazil to Argentina  Argentina from Brazil  Brazil from Argentina

(in terms of total (in terms of total (in terms of total (in terms of total
Year ARG exports) BRA exports) ARG imports) BRA imports)
2005 16% 8% 37% 8%
2010 21% 9% 32% 8%
2015 18% 7% 22% 6%
2020 14% 4% 21% 5%
2022 14% 5% 20% 5%

Source: International Trade Centre - Trade Map.



The core of the trade transactions lies on the automobile sector between both countries. According to
2022 institutional data, 35% of Brazil's imports from Argentina consisted of vehicles, parts, and
accessories, followed by cereals, primarily wheat, which accounted for another 15% of the trade.
Vehicles, parts, and accessories represented 26% of Argentina's imports from Brazil, followed by
machinery and mechanical appliances (11%), and iron/steel (6%). Regarding exports to the world,
Argentina's main products were cereals, which accounted for 16,4% of the country's total exports in 2022,
followed by general commodities (14,8%) and animal food (11%). In Brazil's case, the most exported
product in 2022 was mineral fuels and oils, representing 17% of the total export value to the world,
followed by oilseeds and oleaginous fruits (14%), primarily dominated by soybeans. In third place were

mineral commaodities (9,7%).

In terms of GDP, Argentina and Brazil share a similar annual growth pattern, both averaging around 2,5%
and 2,1% annual growth, respectively. Figure 3.1 displays the series. While their economic growth
trajectories align closely, there is a substantial disparity in the size of their GDP. In 2022, Brazil's GDP
reached approximately 1,92 trillion US dollars, representing 72% of Mercosur’s GDP, whereas Argentina's

GDP stood at 632,77 billion US dollars in the same year (World Bank, 2022).

Figure 3.1. Real GDP Annual Growth Rate (%)
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To enhance our understanding of GDP, Table 3.2 provides a breakdown of the domestic product into
three economic categories: agriculture, industry, and services. An examination of the table reveals
striking similarities in the composition of GDP between the two countries. The services sector holds the
most prominent position, followed by industry, which is more significant in Argentina than in Brazil. The
agriculture sector ranks third in both countries. These similarities in domestic production structures

suggest potential advantages in terms of establishing an optimal currency area. As pointed out by

8



Mongelli (2022), the homogeneity in the production structure reduces the likelihood of countries to be

subject to asymmetric disturbances.

Table 3.2. GDP Composition

Agriculture Industry Services
Year Argentina Brazil Argentina Brazil Argentina Brazil
2004 10% 6,7% 34% 28,6% 56% 64,7%
2014 7% 5,1% 29% 23,8% 64% 71,2%
2022 8% 7,9% 29% 23,9% 63% 68,2%

Source: National Institute of Statistics and Censuses (INDEC) and Brazilian Institute of Geography and Statistics (IBGE).

Figure 3.2. GDP Deflator Annual Growth Rate (%)
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While, from a trade and GDP perspective, the initial signs of monetary integration may not seem
unfavourable, another critical indicator warrants closer examination: inflation. The South American
region has a history characterized by prolonged episodes of hyperinflation. Brazil, in particular, has
effectively stabilized its inflation rates following the implementation of the Plano Real in 1994 and
introduction of inflation targeting in 1999 (Barbosa-Filho, 2008). Conversely, Argentina implemented
several approaches, including pegged currencies, dollarization, and currency board arrangements, all

aimed at taming inflation.

Figure 3.2 clearly illustrates a profound absence of similarity in the annual GDP deflator growth rates
between these two nations. Consequently, the prospect of a monetary union with Argentina raises

concerns about the potential contamination of inflation expectations to Brazil.



However, it is worth noting that the endogenous optimal currency area hypothesis, as proposed by
Frankel and Rose (1998), suggests that deeper integration could yield benefits for these countries,
particularly through fiscal policy convergence. With this perspective in mind, the following sections of
this study present the methodology and data that will be employed to assess whether a new project for

a common currency is desirable, considering the criteria of business cycle comovement.

4 Methodology

4.1 Stylized Facts Methodology

This study applies the Hodrick-Prescott Filter (HP Filter) to decompose the GDP in natural log of Argentina
and Brazil into two components: cyclical (c;) and trend (g;). The HP Filter decomposition works by
minimizing the sum of squared deviations of the original time series from its growth rate (trend) and the
changes in estimated growth rate from one period to the next. A smoothing parameter, often denoted
as A, balances the trade-off between preserving the original data's fluctuations (the cyclical component)

and smoothing the estimated trend component (Hodrick and Prescott, 1997).

Next, we use the decomposed GDP cycles to characterization of the business cycles is presented along

three dimensions: synchronicity, persistence, and volatility.

To explore the comovement dimension a few procedures involving correlations are computed. Firstly, we
proceeded to calculate contemporaneous correlations between the domestic cycles. The key
understanding, we aim to derive here is the degree of business cycle synchronization between Argentina
and Brazil. This approach was implemented following the methodology proposed by Frankel and Rose
(1998). The rationale behind this analysis is that a high correlation indicates a high degree of business
cycle synchronization, suggesting the presence of common sources of shocks and/or similar responses to
these shocks. Conversely, a low correlation may result from different perturbations and distinct

responses to shocks, indicating low synchronization.

Building upon the insights of Gonzalez-Rozada and Fanelli (2004), this study delves deeper to explore
another critical dimension of business cycle co-movement: the timing of the relation between two cycles.
To assess this aspect, we employ cross-correlations as a means of quantifying the degree to which the
timing of fluctuations aligns between two countries over the course of their respective business cycles. A
cross-correlation function (CCF) measures how two variables, x (Brazil output cycle) and y (Argentina

output cycle), relate over time t and t + k, where k is a positive integer. It considers lags and leads: if k
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is negative, it assesses x current value against y future value, and if k is positive, it compares x current

value with y past value.

Furthermore, we analyse rolling correlations between the cyclical components. This approach captures
time-varying relationships between countries' business cycles due to factors like economic policies, global
shocks, and trade dynamics. According to Zivot and Wang (2003), the assumption that parameters of a
time series remain constant over time, which is a critical assumption for statistical models, can be tested
using rolling correlations. If the parameters remain constant throughout the entire sample, the estimates
over the rolling windows should demonstrate stability. Conversely, any changes in the parameters at
some point during the sample will be detected by the rolling estimates, revealing temporal variability.

We have selected two window sizes, four and eight quarters, to analyse the evolution of business cycles.

Another dimension of cycles covered in this study is the persistence of the cyclical component,
represented by the autocorrelation between the cyclical component at time t and t + 1. High
autocorrelation indicates high cyclical persistence, and vice versa. Finally, we also assess cycle volatility,

measured by the standard deviation.

4.2 Empirical Methodology

4.2.1 Theory

To formally explore the relationship between business cycles in Argentina and Brazil, we adopt a
Structural Vector Autoregression (SVAR) framework, as initially proposed by Blanchard and Quah (1988)
and extended by subsequent researchers (Bayoumi and Eichengreen, 1992). This empirical approach
allows us to evaluate the impact of transitory and permanent shocks on the economies through the
imposition of restrictions on the cumulative effects of shock on the model. Whilst the HP Filter enabled
us to decompose the data into the systematic components c¢; and g;, the SVAR allow us to retrieve
residuals (g;) as well. We analyse how the endogenous variables, output and price, respond to the

unexpected and non-systemic impulses these shocks create over the system.

Following the notation in Bjgrnland (2006), we begin by defining the bivariate SVAR model we wish to

estimate for each country:

GDPt] “1 1/)12] [ADEFt] 3 [¢11 ¢12] [AGDPt‘i] + [El't] (1)

DEFL- az l/)21 AGDPL- i=1 ¢21 ¢22 ADEFt_L 52,t

where we assume that both GDP; and DEF; are stationary series; & ; and &, are the structural

innovations, which can be characterized as white noise with constant variance and orthogonal (zero
. . . . . . . (2} 0

covariance), leading to the following variance-covariance matrix of the residuals, Y. € ~ 0 ol the
2
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intercept for each equation is a; and a,; Y. ¢ is the matrix of autoregressive coefficients fori = 1, ..., p;

and the contemporaneous effects are described by Y1, and Y¥,;.

It is important to note that in this model, changes in GDP; have contemporaneous effect on DEF;,
therefore, we also allow for an indirect effect of &; ; on DEF;, ifY,; # 0. The same holds true for changes
in DEF, affecting GDP; if 1, # 0. This feature distinguishes the SVAR model from the VAR model, where
shocks to one variable can only impact another variable through lags. The advantage is that there is no
specific shock that only affects one variable at time. Shocks are intertwined, since that they are ultimately

described by economic forces that affect the whole economy — structural shocks.

While the feedback effects from contemporaneous variables are an advantage of the SVAR model, they
make it impossible to estimate the model through Ordinary Least Squares (OLS) due to endogeneity.
Consequently, we resort to estimating a reduced-form VAR and impose specific identification restrictions

to recover the structural shocks.

To derive the reduced form, we can simply rewrite Equation (1) in a simplified matrix notation, shifting
the contemporaneous coefficients to the right-hand side as shown in Equation (2). Subsequently, we can

multiply all terms by W~ and rename parameters for clarity, as in Equation (4).
Yy, =a+0y,_; +¢& (2)
— -1 -1 -1
Ve =¥ a+¥ 0y, +¥P g (3)

Ve =p+ Ay +e (4)

-1

Thus, the relationship between the reduced-form and structural shocks can be defined as: e, = W™ &;.

Expanding this relationship to both variables, we find that:

el,t _ 1 1/)12 -1 gl,t
[ez,t] - I:lp21 1 ] [Ez,t] (5)
Which can be rewritten to:

e1e = (1,e = Y1282,6) /(1 — Y121P21)

€2t = (&2 — Y2181,6)/ (1 — Y12¥21)
Given that the structural errors are white noise processes, the reduce-form residuals shown in Equation
5 must have constant mean and variance. However, these residuals are not orthogonal as the structural
shocks, meaning that the covariance between e, ; and e, ; is not zero. Thus, we find that the variance-

011 012

J. However, the VAR is still under-
021 022

covariance matrix of the reduced-form residuals is: ) e ~l
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identified, making it impossible to retrieve the structural shocks. The reason for this under-identification

is due to the covariance between residuals: cov[el,t, ez,t] = 0yy = 0yq.

Without imposing some restrictions, it's impossible to retrieve the SVAR parameters. When considering
a bivariate SVAR(1) and VAR(1), there would be ten structural parameters to estimate (eight coefficients
and two variance elements), but only nine reduced-form parameters (six coefficients and three variance-
covariance elements). Following the approach proposed by Blanchard and Quah (1988), we employ long-

run restrictions, known as the BQ decomposition, to properly identify the structural parameters.

To understand how a long-run restriction works, we first need to describe how shocks accumulate over
time in a structural model. Based on Equation (4), it follows that in the reduced form, the value of variable

Y is the accumulation of effects from all past shocks:
Ve = U+ Ayeq o+ Apyep + e (6)
Applying a lag polynomial operator A(L) = (1 — A; — A,L? — --- — A3L3?) to Equation (6), we find that:

AlL)y: =u+te, (7)

Equation (7) represents the system as a moving average. To isolate y;, we can multiply all terms by
A(L)™! = B(L). Moreover, considering that e, = W~ 1g,, we derive an equation that describes the

variables in terms of past structural shocks:
ye=v+ BL)Y e =v+ 0(L)g (8)

Now that we have the parameters ready for estimation, we discuss the method used to identify the
orthogonal shocks (&;).

4.2.2 Long Run Identification

The identification restriction in this context is that demand shocks should not have long-term effects on
GDP. Bayoumi and Eichengreen (1992) explain this restriction using a conventional aggregate demand
(AD) and aggregate supply (AS) diagram in the price-output plane (Figure 4.1). In the diagram we have
that AD is a downward curve, which means that as prices rise, the total quantity demanded by consumers,
businesses, and the government decreases. The AS curve, on the other hand, can have two slopes: an
upward slope representing the short-run (SRAS) and vertical slope for the long-run (LRAS). The upward
slope reflects the fact that in the short run firms can adjust their production levels in response to changes
in demand, because prices and wages are sticky. In contrast, the long run AS curve is vertical, which
represents the economy's potential output when all resources are fully utilized. In the long run, changes

in the price level do not affect the overall level of output.
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Figure 4.1. Supply and Demand Diagram
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In this diagram the curves intersect each other in the optimum (point A) and shocks, to both sides, lead
to changes in the equilibrium. For instance, a technological shock, which increases the output potential
is a supply shock that moves both SRAS and LRAS to the right (point C to B) by the same amount. A new
technology decreases the production costs and increases efficiency. Therefore, supply shocks increase
output and decreases prices in the short run, and this effect becomes even stronger as the aggregate

supply curve becomes vertical (LRAS).

In the case of a positive permanent demand shock, the AD curve would move outwards (point A to B),
leading to both higher output and higher prices in the short run. This is because, in response to increased
demand, firms increase production and raise prices. However, in the long run, the vertical LRAS curve
implies that the economy will return to its potential output, but changes in the price level will be

permanent.

To summarize, the idea behind the long-run neutrality of demand shocks on output restriction is that
nominal variables, such as inflation, cannot have a long-term effect on real variables, as GDP. The effect

must converge to zero in the long run.

In terms of Equation (8), we can now expand the matrix notation to the GDP; and DEF; scenario and
impose the restriction:

[GDPt] - [:;] + [911(0) 912(0)] [Es't] + [911(1) 012(1) [‘SS,t

DEF, 0,1(0) 6, (0)] Llene] T16,,(1) 6,,(D) SD,t]J’"‘ (9)

Given that there are only two variables under analysis, the SVAR requires the imposition of a single
restriction to identify the orthogonal structural shocks. The BQ identification restriction will be expressed
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as a lower triangle on the coefficient matrix: },;2, 01, (i) = 0. Each coefficient 8 present in this matrix

represent the time path of the effects of the demand and supply shocks on output and prices.

Besides the identifying restriction, the model has built-in over-identifying assumptions that will be proven
important to analyse whether our results are in line with the model predictions. Namely, we must have
that a positive demand shock should be associated with increase in prices while supply shocks should be
associated with falling prices. In the next section, the data necessary to the implement the stylized facts

and empirical methodology is described.

5 Data Description

The choice of variables is rooted in the methodology formulated by Bayoumi and Eichengreen (1992) to
analyse comovement within European countries. This approach entails the identification of aggregate
shocks within a bivariate SVAR, established across two key indicators: output and price level. Specifically,
the study employs real GDP as a proxy for output and the GDP deflator as a representative of the price
level. While some researchers opt for Consumer Price Index (CPI) data in cases where GDP deflator is
unavailable, we fortunately possess GDP deflator series for both countries, leading us to prioritize this

variable, since it reflects price variation driven by both demand and supply factors.

Our analysis spans from the first quarter of 2004 to the first quarter of 2023. The data timeframe is
confined by Argentina's available series, which only starts in 2004. Prior to this year, Argentina's economy
was significantly impacted by successive financial and debt crises. Moreover, from 1991 to 2002, the
Argentinian Currency Board executed a Convertibility Plan, pegging the Argentinian peso to the U.S.
dollar, with the aim of reducing hyperinflation and stimulating economic growth. The year 2002 marked

the restoration of the peso's status as a floating exchange.

The series for GDP and the GDP deflator were sourced from the International Monetary Fund's
International Financial Statistics (IFS) and are presented at quarterly frequency. The data available was
already seasonally adjusted, therefore it was not necessary to pursue any additional methodology to
clean the series from the seasonal component s;. Detailed information on the selected time series can

be found in Table 5.1.
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Table 5.1. Data

Panel A
Real GDP
Country Period Base Year Currency Seasonally Adjusted
Argentina 2004Q1 -2023Q1 2004 Peso Yes
Brazil 1996Q1 -2023Q1 1995 Real Yes
Panel B
GDP Deflator
Country Period Base Year Seasonally Adjusted
Argentina 2004Q1 -2023Q1 2010 Yes
Brazil 1996Q1 -2023Q1 2010 Yes

5.1 Data Preparation

Before we turn our attention to the analysis, it is essential to begin with a discussion of the data. This is
a crucial step to guarantee the reliability and robustness of the subsequent model. Given the intricate
nature of macroeconomic time series data, certain data manipulations are required to maintain the
accuracy of our analysis. Among the primary concerns when dealing with time series is the critical
condition of stationarity. Consequently, we will direct our attention toward specific techniques and

methods that are in order in this context.

5.1.1 Base Year Adjustment

Firstly, to estimate an accurate model, we need to set the base year of all the time series to the same
period. In the dataset provided by the IMF, the GDP deflator series is established at a base year of 2010.
However, the base years for Argentina's real GDP and Brazil's real GDP differ: 2004 and 1995,

respectively. This discrepancy requires attention.

Aside from the real GDP series, the IMF also supplies the nominal GDP series. By utilizing the nominal
GDP and the GDP deflator, it becomes possible to derive the real GDP series with a common base year of

2010 for both countries.

5.1.2  Stationarity
Since the influential research by Nelson and Plosser in 1982, a significant shift has occurred in the way
economists perceive most macroeconomic time series when observed in their original levels. They

became commonly regarded as unit root processes, frequently falling into the I(1) category. This
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recognition of non-stationarity presents a substantial challenge for researchers because unit root series
can lead to spurious regression results. In fact, an important requirement to apply the BQ decomposition,
is to ensure stationarity. A time series is considered stationary when its key statistical properties—such
as mean, variance, and autocorrelation—remain constant over time. This implies that the series follows

a deterministic path towards a stable long-term equilibrium.

However, unit root processes differ in a crucial way. They exhibit a level of persistence, where current
shocks have enduring impacts on the series, shaping its trajectory over an extended period, and imposing
structural breaks on the trend. This means that these time series lack the tendency to revert to a fixed

equilibrium and can exhibit more prolonged and complex dynamics.

To test whether the variables included in the model are stationary, we will conduct an Augmented Dickey-
Fuller (ADF) test. In the ADF, the null hypothesis assumes the presence of a unit root, implying non-

stationarity. If we can reject the null, then the test suggests that the series is stationary.

Firstly, we will conduct ADF tests for the variables in log. Tests are estimated with different specifications,
including with drift, drift, and trend, and without either. The lag length selection is based on the Akaike
Information Criterion (AIC). The ADF statistic obtained in these tests is then compared with critical values
(see Appendix). If the ADF statistic is lower than the critical value at a 5% significance level, we reject the
null hypothesis, indicating that there is no unit root, and the series is stationary. However, if we do not
reject the null hypothesis, we proceed to take the first differences of the series and repeat the ADF test

to ascertain the order of integration.

The results (see Appendix) indicate that all variables are non-stationary when considered in levels, with
one exception: Argentinian GDP exhibits stationarity when a drift is included in the specification. Given
the non-stationary of the other series as 1(0), it becomes necessary to difference the variables and

conduct new ADF tests on the transformed data.

In the ADF test conducted on the first differences of the log series, the null hypothesis of a unit root was
rejected for all the variables examined (see Appendix). We can reject the null hypothesis at a 1%
significance level when considering a specification with both a trend and drift. This rejection was
supported by their ADF statistics, which were lower than -4,04 (the critical value). Furthermore, apart
from the Argentinian GDP deflator, the other three series exhibited stationarity at 1% significance
threshold in alternative model specifications, namely those with a drift component or neither a trend nor

drift.
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5.1.3 Detrending

The fact that the Argentinian GDP deflator exhibits stationarity only when both a drift and a trend are
considered is expected. The Argentinian economy has been dealing with recurrent inflationary crisis in
the past decade. Figure 5.1 plots the first differenced log GDP deflator for Argentina. Clearly, we can see

in Panel A that the variable presents an upward trend.

Figure 5.1. Argentina First Differenced Log GDP Deflator
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To simplify our future analyses and avoid adding an extra parameter for this trend, we detrend the GDP
deflator. Detrending involves a straightforward process: a regression using a simple time trend variable

as the independent variable, effectively purging the deterministic trend component (Panel B).

6 Stylized Fact of Business Cycles

In Section 3, we initiated an analysis of the behaviour of GDP and GDP deflator in two Mercosur countries
spanning from 2004 to 2023. Figure 3.1 illustrates a notable observation: while there is a general
similarity between the quarterly growth rates of Brazil and Argentina, the latter exhibits a higher degree
of volatility in the rate of change. This heightened volatility in Argentina's GDP persists, even when we
exclude the exceptional year 2020, a period marked by a significant economic downturn. These findings
suggest an enduring economic instability in Argentina, a topic explored further in Section 7 through
empirical evidence. While this preliminary analysis provides initial insights into the co-movements of
output series between these nations, further investigation is necessary to ascertain whether the
observed similar behaviour is correlated, potentially indicating symmetry and synchronicity between the

time series, and if they are, whether it stems primarily from co-movements in cycles or trends.
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Additionally, it is also imperative to understand if business cycles in the Mercosur region are persistent

and ascertain their degree of volatility.

To delve deeper into the business cycles analysis, we first need to isolate the trend component from the
cyclical component of output. To achieve this, we apply the HP Filter to the GDP quarterly time series in
log. Figure 6.1 highlights the extracted trend for both countries alongside the original time series. In Panel

A, we present the trend and log real GDP for Argentina, while Panel B displays the same data for Brazil.

Figure 6.1. Real GDP (in log) and Trend
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The Figure indicates that, despite clear disparities in the log GDP of the two countries, Argentina and
Brazil share an exceptionally similar trend. This visual similarity is further corroborated by a substantial
correlation coefficient of 0,98 between their respective long-run trends. Consequently, we can posit that
the GDP series are expected to move together in the long run. This long-run convergence finding is also
supported by empirical evidence concerning economic integration within Mercosur, as noted by Engle

and Issler (1993), Camarero et al. (2006), and Basnet and Padhan (2017).

To assess the degree of comovement between the cyclical components of Argentina's and Brazil's output,
this study relies on the correlation between their domestic business cycles. Figure 6.2 visually presents
the cyclical components of GDP, represented as residuals from the HP Filter after removing the trend, for

both Argentina and Brazil.
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Figure 6.2. GDP Cyclical Component from the Hodrick Prescott Filter
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Argentina's economic cycles appear to have higher volatility compared to those of Brazil. Furthermore,
from 2012 to 2016, the cycles exhibit clear asymmetry: the Argentinian economy experienced a downturn
and eventual recovery in 2014, while the Brazilian economy remained expansionary until 2014, when it
began to slow down. Despite these points of asymmetry, it is also apparent that the past two
international crises, the 2007-2008 financial crisis and the Covid-19 crisis, had a relatively synchronous
initial impact on both economies. These ever-changing periods of higher similarity followed by
asynchronous period may explain why previous literature is not so clear on the cycles comovement.
Basnet and Padhan (2017) found a correlation coefficient of 0,93 while studying the 2001 to 2012 period,
while correlation coefficients from Carrasco-Gutierrez and Reis Gomes (2007), analysing the period from

1950 to 2003, to range from 0,64 to 0,26 depending on the decomposition specification.

Our computation of contemporaneous correlation coefficient between the cyclical components of GDP
across countries stands at approximately 0,65. This finding suggests that there is a degree of symmetry
and synchronicity in business cycles between the two Mercosur countries. To put this level of correlation
into perspective, we compare it to the correlation coefficients between regions in the United States, a
well-established currency union. According to evidence presented in Kouparitsas (2002), the minimum
value of the interregional correlation coefficient among U.S. states is 0,51, while the median is 0,77, and
the mean is 0,75. Therefore, in light of the U.S. benchmark, it is reasonable to argue that the degree of
co-movement between Argentina and Brazil is relevant, and further integration could be beneficial.
Additionally, a high correlation between these countries indicates that they might share common sources

of shocks and/or respond similarly to these shocks. To gain a better understanding of whether business
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cycles are symmetric, we take a step further and measure the synchronicity and stability of the cyclical

component.

Building upon the insights of Gonzalez-Rozada and Fanelli (2004), this study delves deeper to explore
another critical dimension of business cycles: synchronization. This aspect is assessed by analysing the
leads or lags between domestic business cycles. To perform this analysis, we utilize a cross-correlation
function (CCF) as a means of quantifying the extent to which the timing of fluctuations aligns between
two countries throughout their respective business cycles. The CCF is a statistical tool that measures the
relationship between two time series by calculating their correlation at various time lags. In the context
of our study, it helps us understand whether economic expansions, contractions, or turning points in one
country coincide with or lead/lag those in another country. A positive CCF value at a specific lag suggests
that one country's economic cycle tends to lead or lag the others by that amount of time. Conversely, a

negative CCF value at a lag indicates an opposite phase relationship.

Figure 6.3. Cross-Correlation Brazil and Argentina GDP Cyclical Components for k = 4.
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Figure 6.3 illustrates the cross-correlation between the quarterly GDP cycles of Brazil and Argentina,
considering up to four lags®. To assess the statistical significance of the cross-correlation for a specific lag,

we examine whether the CCF falls outside the range of 2 standard deviations from the mean. A commonly

2
used rule of thumb for this purpose is to check if the CCF exceeds ———, where n represents the number
PATP Jr- T P

of observations (n = 77), and k is the lag (Minitab 20. Support, n.d.). Based on this rule, a confidence

interval is constructed, and when the CCF falls within this interval, there is no significant evidence to

6 To test the sensitivity to the choice of lags, the CCF was also calculated for k = 3, 5, and 6, but no different results
were found.
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reject the null hypothesis of zero cross-correlation. In the region where k is negative, it indicates that the
Brazilian cycle leads the Argentinean cycle, while in the positive k region, it signifies the opposite, with

the Brazilian cycle lagging behind the Argentinean cycle.

The CCF plot shows that k = 0 is the most likely scenario, suggesting that the Brazilian (Argentinian)
cycles do not significantly lead the Argentinian (Brazilian) cycles during the years 2004-2023.
Consequently, we can conclude that the variables display the highest degree of synchronization in with

no country leading nor lagging the other.

Another logical step in understanding the behaviour of domestic business cycles in terms of co-
movement is to analyse the timely relationship between variables. As suggested by Zivot and Wang
(2003), rolling correlations serve as a tool to assess model stability over time by detecting changes in
model parameters, meaning the dynamic economic environment. This approach offers insights into how
the relationship between cycles evolves by calculating correlation coefficients over rolling windows of
data. In this paper, we employ two rolling window sizes: four and eight quarters, with the results

presented in Figure 6.4.

Figure 6.4. Rolling Correlation Brazil and Argentina GDP Cyclical Components
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The decision to apply two rolling windows is rooted in Zivot's observation (2021) that correlation
coefficients are highly sensitive to the chosen window width. Smaller windows yield volatile estimates
due to their limited data points, making the coefficients prone to short-term fluctuations and thereby
resulting in increased estimation errors. This characteristic becomes evident when we examine Panel A,
which calculates rolling correlations using a four-quarter rolling window. In this case, we observe
frequent shifts in the relationship between the countries' economic cycles. Conversely, employing a
larger window width yields smoother estimates with reduced estimation errors, as it effectively filters
out short-term fluctuations and emphasizes longer-term data trends. Panel B presents rolling correlations

computed with an eight-quarter rolling window, revealing a more intriguing pattern for discussion.
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At the beginning of the sample period, the correlation between the cyclical components of both nations
was notably low and asynchronous at -0,28. During this phase, Argentina was in the midst of an economic
recovery following the 2002-2003 Argentinian financial crisis, characterized by a partial deposit freeze, a
partial default on public debt, and the abandonment of the hard peg exchange rate, all of which
contributed to a significant economic downturn (IMF, 2003). In contrast, the Brazilian economy was
undergoing a period of relative stability. As we observe the rolling window progressing, the correlation
coefficient steadily increased from late 2005, reaching a local maximum of 0,98 in early 2007. This
increase was a consequence of expansionary processes in both countries, and the correlation fluctuated
between this level and 0,73 until 2010. This extended period of stable correlation occurred during the
global financial crisis, when both countries experienced a substantial economic downturn at the same
time. Following the aftermath of the 2008 financial crisis, correlation coefficients between the cycles
gradually decreased again as the Brazilian economy enjoyed a prolonged period of growth until 2015,
until an internal crisis, caused by political turmoil and declining commodity prices, lead the Brazilian
economy into a recession. In contrast, the Argentinian economy faced various economic imbalances
between 2010 and 2015, driven by soaring inflation and internal fiscal crises. From 2015 to 2017, the
correlation between the cycles rebounded, reaching a local maximum of 0,97 in early 2017 before
declining to fairly low coefficients when the Argentinian economy underwent a severe crisis that
persisted until 2019. This crisis included a new debt default and currency devaluation. The correlation
coefficients only returned to exhibit a synchronous and symmetric pattern in late 2019 and early 2020,
coinciding with the negative impact of the Covid-19 pandemic on the global economy. During this period,
both countries experienced a sharp decrease in GDP that initially had an effect of similar magnitude on
the cyclical component of both countries. However, after this last crisis, the synchronicity of the business
cycles between countries has been on a downward trend, as the Argentinian economy makes its way into
a new default crisis accompanied by hyperinflation. In summary, we can state the correlation of domestic
business cycles experienced a particular pattern between 2007 and 2010 but in general prevails

compelling evidence that the correlation is not constant over time.

In the stylized facts final step, we examine another two dimensions of business cycles: persistence and
volatility. After decomposing GDP into its components, we noted that Argentinian cycles appeared to be
more volatile, an observation consistent with findings in prior literature (Jacobo and Marengo, 2020). The
statistics presented in Table 6.1 confirm this perception. The volatility of cycles in Argentina, computed
as the standard deviation of the time series, is indeed higher than that in Brazil. This indicates that the

cycles in Argentina exhibit more significant deviations from the mean and reach more extreme values,
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encompassing both expansions and recessions. This heightened variability in Argentinean cycles further

underscores the lack of symmetry between the two countries.

Table 6.1. Characteristics of GDP Cyclical Component

Country
Statistic Argentina Brazil
Persistence®

t-1 0,71 0,64

t-2 0,39 0,31

t-3 0,11 0,15

t-4 -0,07 0,03
Volatility® 0,038 0,021

Note: (a) Autocorrelation, (b) Standard deviations.

To calculate persistence, we computed the autocorrelation between the cyclical time series of each
country and itself at various time lags (up to four lags). According to Table 6.1, the autocorrelation is
positive and follows a similar pattern in both countries. A positive autocorrelation signifies that past
values are positively correlated with future values, and this enduring relationship gradually diminishes
over four lags. The highest level of persistence is observed at lag 1, indicating a robust positive connection
between consecutive quarters. As we delve further into the past (lags 2 and 3), the autocorrelation
declines, suggesting a diminishing impact of preceding quarters on the current one. By lag 4, the

relationship becomes frail for both countries.

While correlations provide an initial understanding of the relationship between economic cycles, they
operate within a limited framework. As highlighted by Kouparitsas (2002) and Gonzalez-Rozada and
Fanelli (2004), these procedures offer only a simplified overview of the nature of the cycle’s relationship
and do not allow for a thorough comprehension of the sources of disturbances or responses across
regions. Blonigen et al. (2014) emphasize that business cycles aren't the sole drivers of output growth
fluctuations; shocks to the trend component, which have permanent effects on output levels, are also
crucial. In fact, the authors find that shocks to the trend account for over half of the variance in quarterly

real GDP growth for the majority of the twenty-one developed countries under review.

To overcome these limitations and achieve a more profound insight into the sources of shocks and their
impact on output, researchers frequently turn to advanced techniques, such as structural econometric
models. In this study, we aim to address this gap by empirically identifying shocks to output and prices

using the SVAR framework, specifically applying the BQ decomposition.
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7 Supply and Demands Shocks

In our approach to identify the types of disturbances (transitory and permanent shocks), we follow a
standard methodology, which involves estimating a SVAR model and then applying the Blanchard-Quah
(BQ) decomposition technique. As mentioned by Cerro and Pineda (2002), the methodology holds two
advantages when identifying the causes of comovement: first, it avoids imposing restrictions on short-
run dynamics, and second, it mitigates the “endpoint” problem’ often encountered in techniques like the
HP Filter. However, as pointed out by Padilla and Garcia-Brazales (2021), one limitation of this analysis is

that it does not permit the differentiation of country-specific, regional, and global shocks.

This study focuses on Argentina and Brazil, examining the relationships between GDP and the GDP
deflator. As discussed in Section 4.1.2, a crucial requirement for implementing econometric analysis on
time series is ensuring that they are stochastic processes, meaning that the unconditional joint
probability distribution of the data does not change when shifted in time. A property which guarantees
that variance and mean are constant. Since the time series under analysis are not stationary in levels, we

resort to working with first difference log data.

We begin our study by selecting the appropriate lag length for the reduced-form VAR. Various tests were
considered for this purpose, including the Akaike Information Criterion (AIC), the Final Prediction Error
(FPE), Schwartz Information Criterion (SC), and Hannan-Quinn Information Criterion (HQ) tests. These
tests help us determine the optimal number of lags to include in the VAR model. For example, the AIC
assesses the model's goodness of fit while penalizing for complexity, whereas the HQ test does the same
but with a different penalty factor. The FPE measures the prediction error of the model, and the SC
criterion balances goodness of fit and model complexity. For Argentina, all four tests indicate that a model
with one lag is the optimal choice. However, for Brazil, the AIC and FPE suggest three lags, while the SC

and HQ point to one lag (see Appendix).

Bayoumi and Eichengreen (1992) discuss the importance of selecting a uniform lag length to preserve the
comparability of the models across countries. Given the divergence between tests for Brazil and the
divergence between countries, we opted to select the number of lags in a way that would achieve a
consistent specification—specifically, a reduced-form VAR with no autocorrelation of residuals.
Autocorrelated residuals means that there is a pattern in the errors left unexplained by the model, which

can undermine the reliability of the results. Simultaneously, we aimed for this VAR model to be stable,

7 Given the smoothing technique employed by the HP Filter, which considers a window of data points around the
point to be estimated, its accuracy might be sub-optimal at the endpoints (Baxter and King, 1999).

25



with characteristic polynomial roots (eigenvalues) inside the unit circle. This stability allows us to express

the VAR as a VMA.

Following this approach, we begin by testing autocorrelation and stability for VAR models ranging from
VAR(3) to VAR(1). In the case of autocorrelation, we employ a Portmanteau test and find that the errors
from our model do not exhibit any systematic patterns over time (see Appendix). Thus, it confirms that
the residuals from our VAR model behave like white noise, further supporting the validity of our
modelling approach. To assess the stability in the residuals, we calculated eigenvalues of each model. For
both countries, the eigenvalues of the VAR(3) model indicate the stability of the systems (see Appendix),
indicating converge of the system to an equilibrium. After analysing the statistics for different orders, we
eventually settled on a VAR(3) model. This choice was driven by the specification proving to be both
stable and consistent. Additionally, a lag length of three is also more in line with previous literature

(Gonzalez-Rozada and Fanelli, 2004; Hallwood et al., 2006).

Having specified the model, we proceed by estimating the reduced-form VAR. The results are displayed
in the Appendix. The subsequent step involves deriving structural shocks from the VMA applying the long-
term constraints outlined previously. It is important to note that four observations were lost in this
process — three during VAR estimation, due to the lags, and an additional one during the transformation

of the series into first difference.

The matrix of structural coefficients for the moving average representation of each country is presented
in Table 7.1. Parameters 0, and 8,; capture the cumulative long-run effects of supply shocks on GDP
and GDP deflator, respectively, while parameter 6,, represents the cumulative long-run effects of
demand shocks on GDP deflator. As indicated in Panel A, all shocks exhibit statistically significant
cumulative long-run effects in Argentina. In Brazil, all cumulative shocks are significant, apart from the
cumulative long-run supply shock on the GDP deflator. Moreover, the over-identifying assumption that
demand shocks lead to higher prices is supported by positive 6,,; however, the assumption that supply
shocks lead to lower prices, is not reflected in Argentina (6,; > 0) and is not statistically significant in

Brazil.

Table 7.1. Structural Vector Autoregression Estimates
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Panel A— Argentina Panel B — Brazil

O(L) Parameter Coefficient O(L) Parameter Coefficient
[1,1] 0,0298%** [1,1] 0,0175***
(0,00246) (0,00145)
[2,1] 0,00577* [2,1] -0,000934
(0,00342) (0,000994)
[1,2] 0 [1,2] 0
(0) (0)
[2,2] 0,0289*** [2,2] 0,00846%**
(0,00239) (0,000701)
Observations 73 Observations 73
Standard errors in parentheses Standard errors in parentheses
**% p<0.01, ** p<0.05, * p<0.1 *#% p<0.01, ** p<0.05, * p<0.1

Figure 7.1 shows the Impulse Response Functions (IRF) to a one standard deviation shock in Argentina
and Brazil. The impulses into consideration are supply shock, driven by change in GDP, and demand,
driven by a change in GDP deflator. The responses are the dynamics caused by these shocks on each
variable under analysis (GDP and GDP deflator). The graphs below show how a one standard deviation

change affects output and prices in twelve quarters ahead with a 95% confidence interval®.

From Figure 7.1 Panel A, we can see that response of the Argentinian GDP to a one standard deviation
supply shock is positive, but this effect dies out after only two quarters. The GDP deflator response to a
one standard deviation supply shock, on the other hand, is not statistically significant at any point in time
(Panel C). In terms of responses to a one standard deviation demand shock, GDP is not statistically
significant affected by the impulse (Panel E). Finally, GDP deflator has a significant response to a one
standard deviation demand shock in the first two quarters, rising on impact and slowly returning to zero

(Panel G).

The results are quite similar for the Brazilian economy. Figure 7.1 Panel B shows that the response of the
Brazilian GDP to a one standard deviation supply shock is positive on impact. GDP rises and progressively
returns to the steady state in the following two quarters after the shock. The positive response is
statistically significant. Once again, one standard deviation supply shock does not generate a statistically
significant response on GDP deflator (Panel D), neither does a one standard deviation demand shock on
GDP (Panel F). In Panel H, we see that GDP deflator is positively affected on impact and the impacts of

the shock die out after two quarters.

8 The 95% confidence intervals of the IRFs were computed through a bootstrapping technique performed with 100
runs.
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Figure 7.1. Impulse Response Functions

Panel A — Argentina One S.D. Supply Shock to GDP Panel B — Brazil One S.D. Supply Shock to GDP
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Figure 7.2. Cumulative Structural Impulse Response Functions

Panel A — Argentina Supply Shocks to GDP
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Apart from classical IRF, another important result from the SVAR is the Cumulative Structural Impulse
Response Function (CSIRF). As described by the name, the CSIRFs reveal the cumulative impact of a shock
over time, rather than showing the isolated impact of a one SD over time. This provides insight into the
long-run consequences of the shock on the variables. Figure 7.2 presents the CSIRF for Brazil and

Argentina.

Once again, the only Cumulative Structural Impulse-Response Functions statistically significant are those
of supply shocks on GDP and of demand shocks on GDP deflator. The pattern created by the accumulated
shocks over the variables are in accordance with the AS-AD diagram detailed in Section 4.2.2. According
to the theory, supply shocks have a permanent effect on GDP while a positive demand shock should drive
prices up permanently. In Argentina, supply shocks are associated with positive change in GDP on impact.
The GDP peaks after three quarters and after that the variable progressively levels off though remaining
above zero (Panel A). The GDP Deflator response to a demand shock follows the same hump shape
observed for supply shocks on GDP, it peaks after three quarters and the remains positive through the
next twelve quarters (Panel G).

The CSIRFs for the Brazilian economy presents the same patterns as the Argentinian economy, although
the magnitude of the effects is even smaller here. Shocks under analysis have a very conservative effect
long-run effect on the variables and only GDP responses to supply shocks (Panel B) and GDP deflator
responses to demand shocks have statistically significant results (Panel H). Those are also in line with the
AS-AD diagram. In a study applying the same workhorse, Gonzalez-Rozada and Fanelli (2004) found that
the BQ decomposition was not capable of meeting the over-identifying assumptions for the Mercosur
countries. According to the authors, there might be some “unobserved” factors in more volatile

economies that weaken the ability of the BQ decomposition to properly identify shocks.

The empirical methodology employed in this study allows for the recovery of demand and supply shocks
from the residuals of the estimated VAR model. Demand shocks are represented by the residuals from
the GDP deflator estimation, while supply shocks are captured by the residuals from the VAR estimation
of GDP coefficients. Figure 7.3 visually presents these disturbances categorized by type for both Argentina
and Brazil. Furthermore Table 7.2 provides insight into the correlation between pairs of shocks and their

respective magnitudes.
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Figure 7.3. VAR Residuals —Supply and Demand Shocks
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Figure 7.3 effectively portrays the impact of disturbances in the South American countries under analysis
over the past two decades. Supply shocks have consistently followed a remarkably similar pattern
throughout this period. This observation is supported by the statistics in Table 7.2, which indicate a strong
correlation of 0,79 between supply shocks. To put into perspective, Fidrmuc and Korhonen (2003) did not
find this level of correlation between any single EU country and the Euro area. In terms of size of shocks,
Argentina’s tend to be more pronounced than Brazilian, which indicates that countries might find it costly
to maintain a fixed exchange rate. While this study does not distinguish between idiosyncratic, regional,

and international shocks, it is possible to offer explanations for the occurrences of supply shocks and
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identify factors contributing to specific periods of asymmetry. Panel A shows that one prominent supply
shock is the 2008 global financial crisis, which had a discernibly negative impact on both economies. The
magnitude of this shock was slightly higher in Argentina, and its effects persisted for a more extended
period. In the subsequent years, Argentina experienced some sporadic positive supply shocks, potentially
linked to an upsurge in Foreign Direct Investment (CEPAL, 2011) and the discovery of a significant natural
gas deposit. Moreover, the post-global financial crisis period saw a weather-related supply disruption
caused by drought and wildfires in Russia, Ukraine, and Kazakhstan, followed by floods in Asia (IMF,
2012). These events led to a surge in commodity prices, especially for grains, fostering momentary

economic growth due to both countries' heavy reliance on agriculture-based exports.

Table 7.2. Statistics of Demand and Supply Shocks

Statistic Supply Shock Demand Shock

Std. Deviation

Argentina 0,029 0,024
Brazil 0,018 0,01
Correlation 0,79 0,10

Note: all variables are measured in first difference log, so 0,029 indicates a SD of approximately 2,9%.

Continuing the analysis of asymmetries in supply shocks, the events experienced by the countries
between 2009 and the Covid-19 pandemic, appear to be primarily driven by institutional and expectation
breaks. In Argentina, from 2009 to 2012, the economy was marked by expansionary fiscal and monetary
policy regime, which ended with rising inflation and the adoption of severe fiscal austerity policies in
2012, including currency controls and the nationalization of the leading oil company YPF, which prompted
a deep negative shock in 2011-2012 (CEPAL, 2014). Moreover, the negative supply shock impacting
Argentina in 2014 is another point of asymmetry. This shock can be explained by the default on its
international debt originated in a battle against holdout creditors (Thomas and Cachanosky, 2016). In
contrast, Brazil grappled with a negative supply disturbance between 2015 and 2016. This period was
marked by the impeachment of the Brazilian president due to fiscal instability, political turmoil, and social
unrest. Additionally, in 2018, Argentina faced another crisis due to a historical drought that led to reduced
exports earnings and tax collection (Castillo-Ponce and Lai, 2020). Furthermore, the country's heavy
reliance on short-term foreign borrowing, coupled with shifts in global financial markets, including U.S.
interest rate hikes in 2018, further exacerbated Argentina's vulnerabilities, leading to a new debt default
in 2020. Besides the specific critical scenario in Argentina, the supply shocks posed by the Covid-19 crisis

was synchronized and symmetric, although the impacts in Argentina had a higher amplitude.
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Analysing demand shocks, Panel B reveals a distinct pattern of demand shocks across countries, marked
by clear asymmetries that persists to the present day and have grown more pronounced over the years.
Notably, disturbances in Argentina have become more volatile, especially after 2014, whilst the Brazilian
economy has experienced comparably mild demand disturbances, apart from the 2015 recession that

had long-lasting effects on the economy.

Between 2011 and 2012, the Brazilian government implemented an interventionist program known as
the "New Economic Matrix." This program included a series of measures aimed at expanding state
intervention in the economy, increasing government spending, devaluing the currency, and lowering
interest rates. As pointed by Barbosa Filho (2017), these policies encompassed the expansion of the
BNDES (Brazilian Development Bank) balance sheet to promote "national champions" and strategic
sectors, including automotive and naval industries, along with heightened protectionism and subsidies.
Furthermore, government investments in the national oil company reached 10% of the total country's
investments with a focus on pre-salt exploration and price controls in the oil and energy sector were
introduced. The intention of these policies was to enhance the country's productivity and, consequently,
its potential output. However, the sequence of fiscal and monetary policies, combined with failed
“national champions” and external factors such as falling commaodity prices, resulted in mounting fiscal
deficit and creeping inflation, ultimately resulting in the 2015-2016 recession (Vartanian and Garbe,
2019). Panel B illustrates a prolonged demand disturbance during this period, characterized by significant
declines in consumption and investment, with investment decreasing by 13,9% in 2015 and 10,6% in

2016, and consumption dropping by 3,9% and 4,5%, respectively (Barbosa Filho, 2017).

In contrast to the Brazilian economy, which has largely succeeded in controlling inflation since the
introduction of the Plano Real in 1995, Argentina's persistent volatility, as illustrated in Panel B, has
historical roots, making it challenging to identify specific reasons for demand disturbances, as they seem
to be rooted in structural and ongoing mechanisms. Nevertheless, this study provides a broad overview

of the drivers of volatility in the country.

The once rich and flourishing Argentina economy has been dealing with skyrocketing deficit and inflation
for decades. The country has long been ruled by political forces that goes back to President Perdn, a
populist figure who has implemented an extensive welfare system in the country combined if intensive
economic protectionism and strong state intervention. Despite some policy changes over the years,
Argentina’s economy is still heavily influenced by the state (CFR, 2023). One of the country’s policy to
improve welfare is the system of federal subsidies to public services, including electricity, gas, water and

transport. The energy and gas subsidies, for example, accounted for 1,4% of GDP in 2019, having reached
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as high as 3,5% in 2014 (Giuliano et al., 2020). These subsidies have led to economic distortions, causing
imbalances between supply and demand, as evidenced by a study indicating that electricity bills in

Argentina reflected less than 10% of production costs in 2015 (Bidegaray, 2015).

The government’s revenues have not been sufficient to fund the extensive spending, driving the country
into a deficit spiral, with the government budget deficit reaching 6% of the country's GDP by 2017 (INDEC,
2023). To sustain expenditure, the government has heavily relied on both monetary and external
financing. These instruments, however, have imposed significant costs: seigniorage has contributed to
heightened inflation, whereas financing the budget through borrowing has left the country susceptible
to changes in the cost and availability of financing. Argentina currently holds the title of the IMF's largest
debtor (IMF, 2023), with a substantial portion of its international sovereign debt denominated in dollars,
linking the debt's sustainability directly to the value of the Argentine peso. Nevertheless, the prevailing
uncertainty and negative economic expectations have prompted investment flight and further

devaluation of the peso, rendering inflation harder to control and increasing the real value of the debt.

In the current inflationary environment, with real wages continuously decreasing, individuals have
implemented strategies to cope with rising living costs. One such strategy is to hoard reserves in dollars
outside the local financial system, which undermines the economy and constrains the effectiveness of
monetary policy. Moreover, as a means to protect financial assets from inflation, many individuals
purchase goods and services instead of saving, a practice that can further contribute to the inflationary
trend. Therefore, the Argentine economy has long been susceptible to vulnerabilities, where various

internal or external events can trigger significant disturbances.

In summary, this study reveals that whereas supply shocks exhibit higher correlation and similarity
between Argentina and Brazil, demand shocks display greater dissimilarity. Consequently, the cost of
stabilization required to adjust the economy in response to demand shocks would likely be higher within
a common currency framework, especially for Brazil. The increased volatility and frequency of
disturbances in Argentina in recent years further accentuates the challenge. The establishment of a
monetary union would necessitate Brazil to adopt a more hawkish monetary policy, including higher

interest rates, to induce a contraction in Argentina and curb their rising inflation.

While our study points that the large dissimilarity between temporary shocks is the nail on the coffin of
any possibility of common currency between the countries, it's worth noting that within established
currency areas, asymmetries between supply shocks tend to more problematic, often necessitating more
painful adjustments (Bayoumi and Eichengreen, 1992). The reason is that if demand shocks primarily

originate domestically, a monetary union should lead to some extent to more convergent shocks as
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monetary policy becomes one (Fidrmuc and Korhonen, 2003). Brazil and Argentina, sharing similarities in
economic structure and experiencing a high correlation of supply shocks, could potentially consider
relinquishing monetary sovereignty without incurring substantial welfare losses. However, it's essential
to acknowledge the persistence of temporary shocks at the present and the restriction it imposes in

talking about unifying the currencies.

8 Conclusion

In conclusion, this study has analysed the scenario of a potential monetary integration between Argentina
and Brazil in terms of the Optimum Currency Area. More specially, we analysed if business cycles and
shocks presents a similar pattern between countries. For this end we have decomposed GDP series using
HP Filter to study cycles and implemented a Structural Vector Autoregressive Model to identify the supply

and demand shocks permeating the economies.

The results on business cycles analysis show a striking convergence in the long-term trends of GDP
between these two nations, implying a degree of economic integration. This convergence is supported
by a substantial correlation coefficient, indicative of their propensity to move together in the long run.
These findings are in line with empirical evidence and historical data that suggest a common economic
trajectory within Mercosur. Moreover, a closer examination of business cycles underscores both
similarities and differences between Argentina and Brazil. While the quarterly growth rates exhibit
general similarity, Argentina displays a higher degree of volatility in its GDP, raising concerns about its
persistent economic instability, although a notable degree of synchronization in business cycles is

observed, indicating a potential for closer economic cooperation.

On the other hand, the analysis of supply and demand shocks reveals distinct patterns. Supply shocks are
remarkably correlated between the two countries, potentially due to internal factors, as the similar
domestic production structures. In contrast, demand shocks have become less correlated over, especially

after 2014, reflecting differences in domestic economic policies and challenges.

The study suggests that while there might have been potential for a common currency in the past, the
window of opportunity for deeper integration seems be closed for now. The persistent differences in
temporary shocks pose significant obstacles and costly adjustment policies. As monetary policy is useful
for facilitating adjustment to disturbances, the notably different size and asymmetry between demand
shocks would result in Brazil facing stricter monetary adjustment, given the inflationary scenario in

Argentina. Despite countries not satisfying the shock symmetry for forming an union currency, the OCA
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theory suggests that countries can compensate for dissimilar shocks through mechanisms like factor
mobility. Future research could explore the capacity of Argentina and Brazil to offset divergent demand

disturbances through these mechanisms.

In essence, while the concept of a common currency within Mercosur holds promise for regional
economicintegration, this study highlights the necessity of addressing fundamental economic differences
between Argentina and Brazil first. These include the restructuring of the Argentinian economy,
particularly addressing its international debt, hyperinflation and fiscal imbalance, and the maintenance

of stability in Brazil.
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Appendix

Appendix Table 1 — Augmented Dickey-Fuller Unit Root Tests for 1(0) Series

Country Variable Series with ADF (tau) Sig. Level Indication
Trend and Drift -2,91 - NS
ARG Drift -3,20 ok Sw/D
None 1,44 - NS
GDP -
Trend and Drift -1,93 - NS
BRA Drift -2,06 - NS
None 2,20 - NS
Trend and Drift 1,35 - NS
ARG Drift 5,46 - NS
None 5,28 - NS
GDP Deflator -
Trend and Drift -1,74 - NS
BRA Drift -0,69 - NS
None 7,18 - NS

Note: ***, ** * indicates 1%, 5% and 10% statistically significance levels.

Appendix Table 2 — Augmented Dickey-Fuller Unit Root Tests for I(1) Series

Country Variable Series with ADF (tau) Sig. Level Indication
Trend and Drift -5,93 *kok S*
ARG Drift -5,77 Hokk Sw/D
None -5,60 *kk S
GDP -
Trend and Drift -6,90 Hokk S*
BRA Drift -6,73 *kx Sw/D
None -6,07 *kk S
Trend and Drift -4,68 *kk S*
ARG Drift -2,35 - NS
None -0,22 - NS
GDP Deflator -
Trend and Drift -6,90 *kk S*
BRA Drift -6,73 Hokk Sw/D
None -6,07 *kk S

Note: *¥**, ** * indicates 1%, 5% and 10% statistically significance levels.

Appendix Table 3 — Critical Values for ADF Unit Root Tests at Significance Level

Critical Values

Level 1% 5% 10%
Trend and Drift -4,04 -3,45 -3,15
Drift -3,51 -2,89 -2,58
None -2,6 -1,95 -1,61
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Appendix Table 4 — Lag Length Selection Criteria

Argentina
Lag AIC HQ SC FPE
1 -1,415e+01" -1,407e+01" -1,395e+01" 7,090e-07"
2 -1,407 e+01 -1,394e+01 -1,374e+01 7,689e-07
3 -1,398 e+01 -1,379e+01 -1,351e+01 8,469e-07
4 -1,387 e+01 -1,363e+01 -1,326e+01 9,452e-07
Brazil
Lag AIC HQ SC FPE
1 -1,677e+01 -1,669e+01" -1,657e+01" 5,195e-08
2 -1,674 e+01 -1,661e+01 -1,641e+01 5,322e-08
3 -1,682 e+01" -1,664e+01 -1,635e+01 4,933e-08"
4 -1,672 e+01 -1,648e+01 -1,611e+01 5,465e-08

Note: * Indicates lag order selected by the criterion.

AIC: Akaike information criterion

HQ: Hannan—Quinn information criterion

SC: Schwarz information criterion

FPE: Final Prediction Error criterion

Appendix Table 5 — Portmanteau Test for Serially Correlated Errors in a VAR(3)

Portmanteau Test (Asymptotic)

Country Chi-squared df p-value
Argentina -1,415e+01" -1,407e+01" -1,395e+01"
Brazil -1,387 e+01 -1,363e+01 -1,326e+01
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Appendix Figure 1 — Unit Circles for a VAR(3)
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Appendix Table 6 — Vector Autoregression Estimates

Endogenous variables: GDP, GDP Deflator

Deterministic variables: Constant

Sample size: 73

Log Likelihood: 325,715

Argentina
Variable GDP GDP Deflator
0,11 0,147
(0,125) (0,103)
GDP(-1) (0,889) (1,437)
0,036 0,046
(0,123) (0,101)
GDP(-2) (0,294) (0,456)
-0,03 0,036
(0,123) (0,101)
GDP(-3) (-0,278) (0,358)
-0,12 0,311
(0,149) (0,123)
Deflator(-1) (-0,782) (2,525)*
-0,22 0,020
(0,156) (0,129)
Deflator(-2) (-1,437) (0,158)
0,09 -0,15
(0,145) (0,120)
Deflator(-3) (0,601) (-1,255)
0,004 ‘(2'(?02)1
(0,004) (-ol 432)
Constant (1,108) ,
Multiple R2 0,074 0,185
Adjusted R? -0,01 0,11
F-statistic 0,874 2,495

Note: Standard errors and t-test in parentheses.

Signif. codes: 0 “***' 0,001 **’ 0,01 *’ 0,05 .’
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Endogenous variables: GDP, GDP Deflator

Deterministic variables: Constant

Sample size: 73

Log Likelihood: 428,143

Brazil
Variable GDP GDP Deflator
0,079 0,124
(0,122) (0,064)
GDP(-1) (0,644) (0,06).
-0,139 0,166
(0,125) (0,066)
GDP(-2) (-1,108) (0,015)*
0,041 -0,224
(0,129) (0,068)
GDP(-3) (0,319) (0,358)
-0,180 -0,031
(0,220) (0,116)
Deflator(-1) (-0,817) (-0,268)
0,087 0,027
(0,214) (0,113)
Deflator(-2) (0,408) (0,236)
-0,241 -0,07
(0,207) (0,109)
Deflator(-3) (-1,167) (-3,294)**
0,011 ‘8'{?01;)3
(0,007) (4'77)***
Constant (1,506) ,
Multiple R2 0,074 0,275
Adjusted R? -0,01 0,209
F-statistic 0,874 4,161

Note: Standard errors and t-test in parentheses.

Signif. codes: 0 “*** 0,001 ‘** 0,01 *' 0,05



