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Abstract: This research seeks to evaluate the effects of the preceding cyclical indicators and
macroeconomic variables on the performance of the Brazilian stock market. The objective is to
identify how these factors influence the behavior of the main index representing this market. In this
way, we analyze how shocks in the Composite Leading Indicator of the Economy, as well as the Basic
Interest Rate of the Economy, the Broad National Consumer Price Index, the Express Nominal
Exchange Rate and the Central Bank Economic Activity Index impact the performance of IBOVESPA
index. The results obtained indicated that the shocks to the Composite Leading Indicator of the
Economy, Exchange Rate and Inflation variables influenced the IBOVESPA in different and
statistically significant ways. However, shocks to the Economic Activity Index and the Rate of Interest
did not exert a statistically significant influence on the index.
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1. Introduction

The influence that macroeconomic variables have on the stock market has been a recurring
theme in academic research. The studies developed in the Brazilian literature focused on evaluating
the influence that the Interest Rate, Inflation, Exchange Rate and Gross Domestic Product (GDP) have
on the IBOVESPA index; however, there is a lack of studies that seek to analyze the impacts that the
leading indicators of economic activity, known as cyclical indicators, would have on the performance
of the main national stock market index. This topic has become increasingly relevant as studies have
been developed in the international literature, such as those by Zhu and Zhu (2014) and Celebi and
Honig (2019), which indicated that cyclical indicators have significant predictive capacity on the
performance of different stock indices. They demonstrated that this type of analysis is of great
importance for investors in general. In this sense, the present research seeks to fill this gap, adding to
the set of variables that can influence the performance of the stock market, the Composite Leading
Indicator of the Economy (IACE), which is used by the Economic Cycle Dating Committee
(CODACE) to determine the economic cycles in Brazil.

Thus, the hypothesis we tested is that the macroeconomic variables and the preceding cyclical
indicators, represented in this study by the IACE, influence the main national stock market index in
different ways. Our research analyzed monthly data for the period January 2011 to December 2022,
with the objective of comparing the impacts of IACE and macroeconomic variables on the
IBOVESPA. Therefore, since the selected index is used as a benchmark for the Brazilian stock market,
the aim was to find evidence that would help investors, and also companies, to make better decisions
when allocating their resources, thus reducing its risks in the face of positive and negative cyclical
variations in the Brazilian economy.

To achieve its objectives, this work was divided into six sections. In addition to this first
introductory section, Section 2 contains the theoretical framework of the research, presenting the
concept of leading economic indicators. Section 3 reviews the empirical literature developed on the
topic. Subsequently, Section 4 presents the data and the methodology used, based on the VAR model
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with error correction, known as VEC. Next, Section 5 analyzes the results obtained by generalized
impulse response functions and, finally, Section 6 presents the final considerations.

2. Theoretical Framework

The creation of cyclical leading indicators, or ‘financial barometers’ as they are also known, was
inspired by the research of Mitchel (1913). The first of these indicators was Harvard's ‘ABC’,
developed in the 1920s in the United States. However, this financial barometer was unable to
anticipate the beginning of the 1929 global crisis and, given its failure to detect it, the indicator was
discredited and a decade of stagnation in this area followed. Only with the beginning of a new phase
of revitalization of the North American economy in 1938 did new work, aimed at identifying
economic cycles, begin to be developed, especially by the National Bureau of Economic Research
(NBER), founded by Mitchell in 1920.

During this period, Burns and Mitchell (1946) developed the methodology for a system of
leading indicators. For the authors, economic cycles were a type of fluctuation found in the aggregate
economic activity of nations with economies based on private companies. These fluctuations were
composed of phases of simultaneous expansion in many economic activities and were followed by
similar phases of recession, contraction and recovery, which would consolidate with a new phase of
expansion in the next cycle. After the authors defined the reference series as the variable whose
cyclical movement they sought to anticipate, they constructed a system consisting of three sets of
indicators:

1. Leading Indicators: whose movements anticipate those of the target variable. Due to their
predictive power, they are the most important within the system, serving to signal the behavior
of this variable in advance.

2. Coincident Indicators: these are those indicators whose fluctuations center on the economic cycle
itself, following the movements of the reference variable. They inform movements in the
reference series that take time to be announced, more quickly.

3. Lagged Indicators: their movements occur later than those of the target variable. The occurrence
of movements in these indicators serves to confirm or rectify what is indicated in the reference
series.

However, according to Oliveira (1991), during a period of rapid economic growth in the 1960s,
cyclical analysis received little attention because cycles in the United States’ economy were very
smooth or non-existent. Only with the broad recession of 1969-70, was the topic revitalized and
studies intensified with the advent of the energy crisis. In the early 1970s, researchers at the Center
for International Business Cycle Research began an international project to disseminate the NBER
methodology to member nations of the Organization for Economic Cooperation and Development
(OECD), and to some other countries. Thus, from 1981 onwards, leading and coinciding economic
indicators from OECD member countries began to be published regularly in the Economic Indicators
Bulletin, seeking to monitor and predict cyclical fluctuations.

In 1995, The Conference Board (TCB), a North American business organization which uses the
NBER methodology and measures various time series related to economic activity, was chosen by
the US Department of Commerce to produce and distribute a series of leading and coinciding
economic indicators that had the capacity to signal the peaks and valleys of American economic
cycles. In this way, The Conference Board Leading Economic Index (TCB-LEI) and The Conference
Board Coincident Economic Index (TCB-CEI) were created as indicators and began to be published
monthly, from February 1996, according to the information contained on the website from TCB itself
(2022).

Therefore, there are two major, globally recognized methods that use the methodology of
leading indicators to monitor and anticipate fluctuations in advanced economies: the NBER method
(originally developed by Burns and Mitchell in 1920 and currently implemented by the TCB) and the
OECD method. The NBER makes efforts to establish a chronology of the peaks and valleys of the
economy of the US and 14 other countries associated with the TCB. The OECD method has been used
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systematically since the end of the 1980s, producing indicators for the economic activity of its member
countries.

In the NBER method, the forecast objects are the reversal points, from growth in economic
activity to recession and from recession to resumption of growth. Therefore, only the cyclical reversal
is anticipated and not the inflection points at which moments of greater or lesser expansion are
observed. In this way, the system is built to signal only certain moments of the economic cycle, not
its entire trajectory. Any accelerations or decelerations in growth are not captured by the leading
indicator, since there is no change in the sign of the reference variable. In the method used by the
OECD, the aim is to monitor and predict the cycle as a whole. In this way, even if there are no reversal
points or inflection points, the intensification of periods of economic heating or slowdown are
captured. Due to this more comprehensive objective, the OECD system is more demanding, in terms
of the forecasting capacity of the indicators constructed, which makes it more sensitive to the
characteristic errors of leading indicators.

Another important difference between the two systems stands out with respect to the definition
of the cycle itself. The NBER method operates with the concept of a cycle in terms of variations in the
absolute level of product, with a recession being defined by the continued fall in the level of GDP,
visible in industrial production, employment, real income, sales and final consumption. The OECD
uses the notion of a growth cycle. This approach is based on the principle that the economy exhibits
a positive growth pattern over time; i.e., an economy tends to grow in the long term. Due to this
tendency, periods of economic contraction may not manifest themselves through an absolute
contraction but only imply a slowdown in growth to a level below the trend. Thus, a boom period
would be identified as one in which the observed growth rate is higher than the trend, while a
recession is defined as a period in which the economy grows at a rate lower than its potential; the
latter being defined by the long-term growth rate. For this reason, the OECD method also requires a
statistical calculation of the economy's growth trend, which constitutes the reference point for
identifying a situation of expansion, contraction or recession.

However, despite the divergences between the NBER and OECD methodologies, some
requirements are considered to be common. The chosen reference series must be relevant and reliable
with respect to the economic cycle. The coinciding series must follow the movements of the target
series with a minimum of precision, be subject to little statistical data review, and be available in a
timely manner.

In Brazil, the Brazilian Institute of Economics (IBRE) of the Getulio Vargas Foundation, after
establishing a partnership with the TCB, created the Economic Cycle Dating Committee (CODACE)
in 2009, with the objective of establishing a chronology for past Brazilian economic cycles and futures.
In this way, it implemented the NBER methodology. On a monthly basis, CODACE adopts the
definition of transition or inflection points in Brazilian business cycles according to classic concepts
of expansion and recession but adapted to the characteristics of the Brazilian economy. To this end,
the committee developed two cyclical indicators: the Composite Leading Indicator of the Economy
(IACE) and the Composite Coincident Indicator of the Economy (ICCE), according to information
contained in the Announcement on the Creation of CODACE and Dating of Brazilian Quarterly
Cycles, released in May 2009.
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Graph 1. Comparison between the Economic Activity Index (IBC-Br) and the Composite Leading Indicator of

the Economy (IACE) from January 2011 to December 2022. Source: Prepared by the authors. Data available
in https://ciclo-economico-ibre.fgv.br/.

Graph 1 shows that the Composite Economic Leading Indicator (in orange) showed significant
predictive capacity in relation to the behavior of the Economic Activity Index (in black), indicating
both the contraction that the Brazilian economy suffered from March 2014 to December 2016 and the
expansion that occurred from January 2017 to December 2021 in advance.

3. Empirical Literature Review

Studies which are aimed at analyzing the relationships between cyclical indicators of economic
activity and the stock market have been concentrated in the international literature. It was observed
that most of these studies focused on antecedent and coincident economic indicators developed by
the OECD; however, it is possible to find works that opted for the cyclical indicators prepared by the
TCB.

Among the research that used OECD indicators, the work of Zhu and Zhu (2014) stands out, in
which the authors identified the significant predictive capacity of a cyclical indicator preceding the
OECD, the European Leading Economic Indicator (OECD-ELEI), in relative to stock returns in 12
European countries. Using a multiple regression model, the authors analyzed the returns of these
countries' indices during the period 1980 to 2013 and found that the predictive capacity of the OECD-
ELEL in relation to stock returns, was much higher than that of the national leading indicator from
the OECD, the Country Leading Economic Indicator (OECD-CLEI).

In this sense, Celebi and Honig (2019) evaluated the impact of cyclical and macroeconomic
indicators in Germany, such as the OECD Composite Leading Indicator (OECD-CLI), The Business
Confidence Index (BCI), The Consumer Confidence Index (CCI) and the Yield of German
Government Bonds, on the performance of the country's main stock index (the DAX30), during the
period 1991 to 2018. The authors divided the study period into pre-crisis, crisis and post-crisis periods
and carried out different regressions; they identified that, among all the indicators analyzed, the
OECD-CLI was the one that presented the greatest explanatory power for the behavior of the DAX30,
according to the Ir-test and the R-square. Therefore, they concluded that, in periods of crisis, asset

managers and investors in general should pay more attention to trends in classic macroeconomic
variables, especially leading economic indicators such as the OECD-CLIL.

d0i:10.20944/preprints202504.1128.v1
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In relation to studies aimed at measuring the effects of macroeconomic variables on stock
markets, there is a large amount of work with this focus at an international level. One of the
pioneering works was by Chen et al. (1986), who investigated the effect of several variables on stock
returns. Using the monthly returns of North American stocks over the period 1958-1984, the authors
employed the Arbitrage Pricing Theory (APT) structure and observed that a positive variation in
industrial production, the risk premium and the term structure of the interest rate, had a positive
impact on stock returns, while a rise in the expected inflation rate or unexpected inflation had a
negative relationship with stock returns, due to its impact on future dividends and the discount rate.

Another work which focused on the American stock market was prepared by Lee (1992). The
author analyzed the causal relationship and dynamic interactions between the stock returns of the
New York Stock Exchange Index (NYSE), the Real Interest Rate (IRE), the Industrial Production Level
(IPG) and the Inflation Rate (INF ) in the post-war period, between January 1947 and December 1987.
To do this, he used the VAR approach and examined the validity of the model that explained the
negative relationship between the increase in the inflation rate and stock returns. The results found
were compatible with those found in the study by Fama e French (1996).

Expanding the analysis of the effects of macroeconomic variables on other American stock
market indices, Lin et al. (2022) investigated the effects of the Gross Domestic Product (GPD),
Consumer Price Index (CPI), Price Index to the Producer (PPI), Unemployment Rate (UNRATE), Oil
Prices (OIL) and Effective Funds Rate (EFFR) on the Dow Jones, S&P 500 and NASDAQ indices,
between January 2011 and December 2021. The authors carried out a regression between each of the
stock indices and the selected variables, and found that the unemployment rate and the effective
funds rate were the two variables that had the greatest influence on the indices. The results also
revealed that the CPI had a negative impact on the three indices, while the GDP did not demonstrate
a relative effect on the analyzed indices.

In the national literature, the work of Gréppo (2005) stands out as the first in Brazilian literature
to discuss the causal relationship between macroeconomic variables and the IBOVESPA through the
VAR model. The author analyzed the causal relationship between macroeconomic variables, short-
term interest rate (Selic), real exchange rate (PTAX), price of a barrel of oil on the international market
(PET) and the industrial production index (PROD) on the IBOVESPA. The results obtained
demonstrated that the Brazilian stock index has a high sensitivity to interest rates. Furthermore, the
study identified that increases in short-term interest rates and exchange rates negatively affect the
index, as do unexpected shocks in the price of oil.

Carvalho and Sekunda (2020) analyzed whether the interest rate and GDP had a long-term
relationship with the return of the Brazilian stock market. Using a VEC model, the authors carried
out a co-integration and causality test between the IBOVESPA and IBRX-100 index series, with the
D], Selic and PIB series, from January 1997 to December 2018. The results obtained demonstrated the
existence of co-integration vectors between the variables, as well as the statistically significant
influence of the DI short-term interest rate on the return of the indices, just as Groéppo (2005) had
found in his study. However, the Selic and GDP variables were not statistically significant for the
IBOVESPA and IBRX-100 series in the long term; nor did the Granger test indicate that any of these
variables presented a causal relationship with the stock index series.

Vartanian et al. (2022) evaluated the influence of inflation, the exchange rate, the Industrial
Production Index, the interest rate and the price of international oil on the IBOVESPA. The authors
used the VEC methodology and, using impulse response functions, simulated how shocks to these
variables influenced the behavior of the index. The results indicated that IBOVESPA has a significant
negative relationship with the exchange rate and interest rate but a positive relationship with
economic activity, especially with the growth of industrial production.

4. Data and Methodology

The present work sought to include a cyclical indicator that precedes the literature that evaluates
the factors that influence the stock market in Brazil. In this sense, the Composite Leading Indicator
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of the Economy (IACE) was selected due to its significant ability to anticipate cyclical fluctuations

occurring in Brazilian economic activity, according to information contained on the website of the

Economic Cycle Dating Committee (CODACE, 2022). Regarding the selection of macroeconomic

variables used, it was based on a review of national literature, where it was identified that the factors

most used in works developed on the subject were Inflation, Interest Rate, Exchange Rate and GDP.
Therefore, the variables incorporated into the econometric model proposed in this study used
monthly series and were obtained from the following databases:

4. Leading Cyclical Indicator: The Composite Leading Indicator of the Economy (IACE) was
represented in the model by the variable (EA) and its monthly series were extracted from the
database of the Brazilian Institute of Economics FGV-IBRE (2009).

5. Interest Rate: The Economic Basic Interest Rate (SELIC) was adopted in the model as a variable
(IR) and its monthly series were extracted from the database of the Central Bank of Brazil.

6. Inflation: The Broad National Consumer Price Index (IPCA) was represented by the variable
(INF) and its monthly series obtained from the Economatica platform.

7. Taxa de Exchange Rate: The Express Nominal Exchange Rate R$/US$ was used as the variable
(ER) and its monthly series extracted from the Central Bank of Brazil.

8.  Gross Domestic Product: The Central Bank Economic Activity Index (IBC-Br) represented the
variable (GDP) in the model and its monthly series were extracted from the Central Bank of
Brazil (IBC-Br - with seasonal adjustment (2002=100)).

9. IBOVESPA: The Brazilian Stock Index (IBOVESPA) was represented in the model by the variable
(IBOVESPA) and its series were extracted from the Economadtica platform.

Table 1 presents the main descriptive statistics of the survey, bringing together the IBOVESPA
index, the cyclical indicator and the selected macroeconomic variables.

Table 1. Descriptive statistics of the variables between January 2011 and December 2022.

IBOVESPA EA ER GDP INF IR
Average 75378.95 101.47 3.44 139.82 0.49 0.72
Median 65811.00 100.81 3.27 139.16 0.47 0.76
Maximum 126801.70 123.00 5.65 148.70 1.62 1.22
Minimal 40405.00 82.51 1.56 118.31 -0.68 0.13
Standard 24409.23 9.34 1.26 4.93 0.37 0.28
Asymmetry 0.52 0.08 0.25 -0.84 0.09 -0.28
Kurtosis 1.83 2.68 1.86 5.48 3.53 211

Source: Prepared by the authors based on the econometric package E-views 12.

It was observed that the IBOVESPA showed a large fluctuation during the analyzed period, with
a minimum price of 40,405 points and a maximum score of 126,801; therefore, an average of 75,378
points. Figure 1 presents graphs showing the evolution of the variables analyzed over the period
considered by the study.
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Figure 1. Evolution of variables from January 2011 to December 2022. Source: Prepared by the authors based on

the econometric package E-views 12.

Regarding the econometric model, it was initially intended to use a Vector Autoregressive (VAR)
model, pioneered by Sims (1980), which appears to be an alternative to multi-equational models, as
it eliminates the need to impose a priori restrictions, with possible harm to the analysis of
information, as demonstrated by Sims (1986). According to the author, the VAR model would enable
the analysis of the variables listed above simultaneously, in order to avoid the problems of identifying
parameters in multi-equational models.

Therefore, the Impulse Response Function (FIR) was used as a comparative analysis instrument,
since this function allows the simulation of specific shocks in each of the model's variables. As these
shocks dissipate through the other variables through the structure of the VAR model itself, it is
possible to estimate the impact on the variables and predict how this impact will be felt in the future.
Based on these estimates, it was possible to visualize the dynamic behavior of the IBOVESPA in the
face of any change in the cyclical indicator and in the macroeconomic variables used in this study,
thus capturing the change in the behavior of the index at the time when another variable or the
analyzed index itself suffers a shock at time t, by replicating this impulse into the future (in periods
t+1, t+2, and so on). The mathematical formula of the VAR model, according to Gujarati and Porter
(2011), is represented in Eq. (1):

Ve = Ayeato oot Ayyen +Bxe + & (1)
where:

y: = Endogenous variable vector

x; = Exogenous variable vector

A;+...+ Ay e B = matrices of coefficients to be estimated

.= Self-correlated innovation vector

The VAR model's main characteristic is the explanation of variables by the past of the variable
itself, as well as by the past of the other variables in the model. Therefore, the main objective of this
research was to evaluate how the performance of IBOVESPA responded to impulses (positive shocks)
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on the leading cyclical indicator IACE and on the macroeconomic variables Interest Rate, Inflation,
Exchange Rate and Economic Activity Index. The generalized impulse response function was used
because of its ability to simulate the impacts necessary to generate the desired results in the general
objective of the work.

According to Hill (2011), the VAR model requires stationary variables. The term ‘stationary’ is
understood to mean a series whose statistical mean and variance are the same over time and the
covariance between two values in the series only depends on the time that separates them, with no
restriction on the correlation between the variables, i.e., they may or may not be correlated with each
other. That said, according to Granger and Newbold (1974), when the series do not present
stationarity, a VEC model must be estimated, since non-stationary macroeconomic series can cause
the problem of spurious regression. For this reason, Maysami and Koh (2000) suggested the
application of an error correction term, so that the behaviors of short-term variables are adjusted in
line with long-term behaviors.

The combination of the VAR model with an error correction term makes it possible to apply a
vector autoregressive model with error correction (VEC), through the formation of linear
combinations of stationary integrated variables (co-integrated). In this case, the co-integration of two
series (e.g., Xt and Yt) leads to an equal or common stochastic trend, by eliminating the difference Yt
— OXt. In this way, the co-integration of these two series makes it possible to model the respective first
differences using VAR, with the addition of an additional regressor, the error correction term, which
is Ye1— OXe. Therefore, it becomes possible to estimate predictions of future values of AYt and AXt,
based on past values of Yt - OXt.

In this sense, before applying the VEC model, it was necessary to identify possible co-integration
vectors between the series used. To this end, Johansen's (1988) co-integration test was performed to
estimate the presence and quantity of these vectors. In the present research, the results obtained in
the co-integration test, presented in Table 3, justify the use of the VEC model, just as Mukherjee and
Naka (1995) did in their research. The authors applied the VEC model to a system of seven equations,
with the objective of evaluating the co-integration between the Japanese stock market and six
macroeconomic variables. Based on the results obtained, Mukherjee and Naka (1995) concluded that
the VEC model consistently outperforms the VAR model, in terms of predictive capacity.

Furthermore, according to Gujarati and Porter (2011), the application of the VEC model has the
advantage of not requiring a priori assumptions, which normally occur if the model's regressors are
correlated with the error, generating endogeneity problems. Therefore, in mathematical terms, a
hypothetical system of two variables and a co-integration equation presents the following algebraic
formula:

Y2 = By 2)

The resulting VEC model has the following equations:

Ay = 31(}’2,4:—1 - BJ’1,t—1) +e (3
Aye = a3(Vae-1 — Byre—1) +€ae 4

Equations (3) and (4) present the error correction term, which is equivalent to zero in the long-
term equilibrium, although, in the short term, the variables may be suitable for the long-term
equilibrium according to the speed of adjustment of endogenous variables, expressed by the
coefficients and y1, y2, a1, a.

In this sense, given the presence of originally non-stationary series that can be co-integrated, it
is necessary to estimate the VEC model with the detection of the co-integration equation and with the
appropriate number of lags. Thus, to find the best information criterion, simulations were carried
out, considering the number of co-integration equations found with different lags, in order to select
the most parsimonious model according to the criteria of Akaike (1974) and Schwarz (1978). Table 1
shows the results found for each of the lags applied:
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Table 2. Information Criteria of Akaike (1974) and Schwarz (1978) for the model.
Akaike Criterion Schwarz' criterion
1lag and 1 co-integration equation -20.03 -18.91
2 lags and 1 co-integration equation -19.99* -18.08
3 lags and 1 co-integration equation -19.85 -17.21
4 lags and 1 co-integration equation -19.69 -16.29

Source: Author’s own elaborations on econometric data.

Johansen's (1988) co-integration test has the null hypothesis of the absence of co-integration
vectors, while the alternative hypothesis indicates that there is at least one co-integration vector.
Given the fact that, with the exception of the INF variable series, all other series proved to be non-
stationary, co-integration tests were carried out, with a constant trend, in order to find the number of
co-integration equations present. Therefore, according to the results presented in Table 3, the
Johansen test applied ensured the use of the VEC model with two lags and one co-integration
equation, refuting the null hypothesis and ensuring the best adequacy of the VEC model to the
selected variables.

Table 3. Results of the Johansen Co-integration Test with 2 lags.

Hypothetical
Critical Max. Eigenvalue Critical
cointegration Eigenvalue Trace Statistics
Value 5% Statistics Value 5%
equations
None* 0.329533 124.47710 95.75 57.16870 40.07
At most 1 0.184131 67.30837 69.81 29.10075 33.87
At most 2 0.131741 38.20762 47.85 20.20093 27.58
At most 3 0.098047 3.250032 29.79 14.75666 21.13

Source: Author’s own elaborations on econometric data.

Maysami and Koh (2000) highlighted the need to analyze the stability of the models through the
inverse roots of the characteristic autoregressive polynomial. In this sense, Figure 2 shows that the
estimated model demonstrated stability because all of its roots lie within the unit circle.

1.5

1.0

0.5

-1 0 1

Figure 2. Inverse roots of AR Polynomial Feature. Source: Author’s own elaborations on econometric data.
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To check the presence of autocorrelation, the Portmanteau autocorrelation test was performed,
in which the null hypothesis is the absence of autocorrelation. It is highlighted that the test is only
valid for lags greater than the model's lag order.

Table 4. Portmanteau test for the IBOVESPA model.

Degrees of
Lags Q-Stat Probability = Adjusted Q-Stat  Probability Freedom
1 4.31 NA* 4.34 NA* NA*
2 14.51 NA* 14.69 NA* NA*
3 55.41 0.64 56.47 0.60 60
4 97.57 0.43 99.85 0.37 96
5 123.52 0.68 126.75 0.61 132
6 163.66 0.58 168.65 0.47 168
7 200.72 0.55 207.64 0.41 204
8 235.32 0.57 244.30 0.41 240
9 268.21 0.62 279.42 0.43 276
10 306.05 0.58 320.13 0.36 312
11 332.67 0.71 348.98 0.47 348
12 375.09 0.61 395.23 0.33 384

Source: Prepared by the authors. Note. *The test is only valid for lags greater than the VAR/VEC lag order.

Another of the tests carried out was residual heteroskedasticity test without crossed terms, just
levels and squares, with 155 observations between January 2011 and December 2022, as shown in
Table 5. It is worth highlighting that the model estimated in this research used financial series.
Therefore, the presence of heteroscedasticity is common, which was confirmed by the test results,
both in terms of individual components and the joint test case.

Table 5. — Residual Heteroscedasticity Test of the IBOVESPA Model.

Individual components Joint Testing
Dependent R- F (28.113) Prob. Chi-(28) Prob. Chi-quad Grauslib. Prob.
resl*resl 0.19 1.05 0.40 27.33 0.39 693.80 546 0.00
res2*res2 0.79 17.31 0.00 113.10 0.00
res3*res3 0.19 1.05 0.41 27.26 0.39
resd*resd 0.63 7.63 0.00 89.89 0.00
res5*res5 0.24 1.46 0.08 35.26 0.10
res6*res6 0.09 0.49 0.98 14.16 0.97
res2*resl 0.28 1.76 0.02 40.45 0.03
res3*resl 0.19 1.05 0.40 27.33 0.39
res3*res2 0.20 1.17 0.27 29.72 0.27
resd*resl 0.19 1.04 0.41 27.22 0.39
resd*res2 0.78 16.03 0.00 111.3 0.00
res4*res3 0.19 1.10 0.35 28.33 0.34
res5*resl 0.18 0.97 0.50 25.60 0.48
resb*res2 0.32 2.15 0.00 46.50 0.00
res5*res3 0.23 1.34 0.14 33.15 0.15
resb*resd 0.30 1.93 0.00 43.27 0.01
res6*resl 0.19 1.10 0.34 28.35 0.34

res6*res2 0.15 0.78 0.75 21.40 0.72
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res6*res3 0.19 1.06 0.39 27.52 0.38
res6*res4 0.29 1.84 0.01 41.76 0.02
res6*resb 0.25 1.55 0.06 36.86 0.07

Source: Prepared by the authors according to econometric data.

One way to minimize the heteroscedasticity identified was the logarithmic transformation of the
variables, which mitigated its effects but did not completely eliminate it, as can be seen from the
results in Table 5. However, as the objective of the present work was to analyze the functions of
impulse response, it is worth highlighting that heteroscedasticity changes the standard deviations of
the variables but not the estimated coefficients. Therefore, its presence in the residues did not harm
the estimates and the consequent analysis of the impulse response functions.

5. Results and Discussion

Using the econometric package in the E-views 12 software, impulse response functions were
generated to simulate a hypothetical shock of one standard deviation in the leading cyclical indicator
(EA_L), the Exchange Rate (ER_L), the Economic Activity (GDP_L), Inflation (INF) and Selic Rate
(IR), to see if they could influence the behavior of IBOVESPA within a 6-month horizon. It is
important to highlight that, in order to reduce possible differences in the results resulting from the
ordering of the variables, the present research used generalized impulse response functions to the
detriment of ordering, based on the Cholesky method.

Figure 3 shows the impulse response functions on the IBOVESPA. It is observed that the index
responded in a similar way to shocks in the cyclical indicator (EA_L) and in the Economic Activity
Index (GDP_L); however, as the horizontal axis lies within the 95% confidence interval, it was not
possible to conclude whether the responses to the two factors were really similar. However, it is
worth highlighting that, if the confidence interval is not considered, IBOVESPA's response to a shock
in (EA_L) remained positive throughout the period, while the index's response to the shock in the
Economic Activity Index (GDP_L) was initially positive but became negative. Therefore, it was not
possible to define what effect this variable had on the index.
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Response to Generalized One S.D. Innovations
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Figure 3. Generalized impulse-response functions with one-standard deviation shocks. Source: Prepared by
the authors based on the econometric package E-views 12.

Regarding the index's response to an exchange rate shock (ER_L), it was found that the
IBOVESPA presented a negative response for the entire period considered; therefore, this was the
variable that had the greatest influence on the index among all the variables considered in the study.
This negative response of IBOVESPA to an exchange rate shock corroborates the results found in the
research by Groppo (2005). As for the response of the index to inflation (INF), it was found that it was
negative throughout the analyzed period. Regarding the response of the index to the interest rate
(IR), it was found that this variable did not exert a statistically significant influence on the IBOVESPA,
which diverged from the results obtained by Groppo (2005) but converged with the findings in
Carvalho and Sekunda (2020).

Table 6 presents a summary of the responses presented by IBOVESPA, given the shocks in the
cyclical indicator and macroeconomic variables.

Table 6. IBOVESPA responses to shocks in variables.

IACE (EA) IBC-Br (GPD) Cambio (ER) IPCA (INF) Selic (IR)
Decreasing Growing negative  Decreasing Not
IBOV  positive from Indefinite from start to negative statistically
start to finish finish from start to finish ~ significant

Prepared by the authors.
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Based on the results presented in Table 4, it can be seen that, when faced with a shock in the
leading cyclical indicator (IACE), the IBOVESPA's response in the Exchange Rate and in Inflation
(IPCA) were very different from each other. Regarding the shock in the Economic Activity Index
(IBC-Br), it can be seen that the response proved to be undefined, i.e., it was not possible to conclude
whether the IBC-Br exerts a positive or negative influence on the index. Regarding the shock to the
Interest Rate (Selic), it was found that a shock to this variable did not have an influence on the index.

Therefore, the initial research hypothesis can be partially confirmed, since the Leading Cyclical
Indicator, Exchange Rate and Inflation influenced the IBOVESPA in different ways. However, the
influence exerted by the Economic Activity Index on the stock index cannot be defined and the
influence of the Interest Rate was shown to not be statistically significant. Therefore, this work
identified three variables that have a significant influence on the performance of the index used as a
benchmark for national stock markets: the Composite Leading Indicator of the Economy (IACE), the
Nominal Exchange Rate (R$/US$) and the Broad Consumer Price Index (IPCA).

The Composite Leading Indicator of the Economy (IACE) is made up of eight economic
indicators that have their values changed before a trough or a peak in economic activity; therefore,
each of them has a significant predictive capacity to anticipate an expansion or contraction in the
GDP. By comparing the response of the IBOVESPA to a shock in this variable, with the responses of
the index to the other variables, it appears that the IACE was the only one that influenced the
IBOVESPA in a positive way. The positive response was immediate and it then decreased within
months, which highlights the high sensitivity of the index, given the economic expectations that a
cyclical indicator aims to anticipate. Therefore, as Celebi and Honig (2019) concluded, in periods of
crisis, asset managers and investors in general should pay more attention to trends in classic
macroeconomic variables, especially in leading economic indicators.

The Nominal Exchange Rate (R$/US$) expresses the value relationship between the Brazilian
Real and the American Dollar; this rate is determined by several factors, such as exchange rate policy,
trade balance, foreign investments and tourism. Therefore, the behavior of this variable presents a
characteristic of great unpredictability, which increases its power of influence over different sectors
of the economy. This characteristic is evident in the results obtained in this study, since the exchange
rate was the variable that exerted the greatest negative influence on the IBOVESPA. It was observed
that the index showed greater sensitivity to an exchange rate shock and the response was of greater
intensity compared to the index's responses to shocks in other variables. This result differed from
those obtained by Groppo (2005), who identified the interest rate as the variable that exerts the
greatest negative influence on the index.

The Broad Consumer Price Index (IPCA) is one of the main inflation indices in Brazil, calculated
by the Brazilian Institute of Geography and Statistics (IBGE), and is also known as the index that
measures official inflation in the country. Regarding this variable, the results found in this research
demonstrated that the IPCA also exerted a negative influence on the IBOVESPA but with a lower
intensity when compared to the Exchange Rate. The negative response of the index to a shock in the
IPCA became increasingly negative over the months but with a smaller amplitude, in relation to the
exchange rate shock. This result differed from that found by Vartanian et al. (2022), as the authors
identified a negative response from the IBOVESPA in the first three months, which then became
positive between the fourth and sixth months and, finally, returned to being negative in the
remainder of the period.
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6. Conclusions

This article sought to analyze how the antecedent cyclical indicator (IACE) and the
macroeconomic variables (Interest Rate, Inflation, Exchange Rate and the Economic Activity Index
(IBC-Br)) influenced the performance of Brazilian stock markets during the period January 2011 to
December 2022. To achieve this objective, the research used the IBOVESPA quotation series, Brazil's
main stock index, and employed the vector autoregressive model (VAR) with error correction, known
as the VEC model, due to the identification of non-stationary series.

After carrying out all the tests indicated by the applied methodology, a VEC model was
estimated and so we proceeded with the elaboration of the impulse-response functions, in which
shocks were carried out on the IACE indicator and the macroeconomic variables, with the objective
of analyzing the influence of these shocks on the stock index. The results obtained demonstrated that
the shocks to the leading cyclical indicator, the exchange rate and inflation influenced the indexes in
different ways, while the shocks to the IBC-Br and the interest rate did not exert a defined and
significant influence on the IBOVESPA. Therefore, the research hypothesis that the stock market is
influenced in different ways by cyclical and economic factors has been partially confirmed, since
three of the five factors considered influenced the IBOVESPA in different ways, while two did not
exert a statistically significant influence.

It is important to highlight the fact that, of the five variables analyzed, the exchange rate (ER_L)
was the one that exerted the greatest influence on the index, a result that converges with the findings
in Vartanian et al. (2012). Furthermore, the elasticity presented by the index in the face of an exchange
rate shock was double, when compared to the elasticity presented by the index in the face of an
inflation shock.

Therefore, as the index presented different responses to most of the simulated shocks, the main
contribution of this research is to expand the analytical capacity of investors who seek to diversify
and protect their investment portfolios, in the face of uncertainties and constant changes in the
Brazilian macroeconomic scenario. Another contribution that deserves to be highlighted is the
inclusion of the Composite Economic Leading Indicator (IACE) as one of the factors that can influence
the performance of stock markets. In this sense, based on the results presented, investors and
companies will be able to identify how the cyclical indicators that make up the IACE can affect the
main national stock index.

As for the limitations of this research, it is important to highlight the number of observations of
the series used. As the VEC models estimated in this work have many parameters, it is recommended
to use time series with the largest number of observations possible, so that the explanatory capacity
of the model is reliable. From this perspective, the number of observations was limited by the IFIX
and IACE series, since both began in January 2011. Another limiting factor that deserves to be
mentioned is the lack of research investigating the influence of the leading indicator on the financial
indexes in Brazil; the existing work in this area is concentrated in the international literature.

In relation to future research, we suggest that the reasons why the interest rate (IR_L) did not
have a statistically significant influence on the IBOVESPA should be investigated because this result
diverged from those found by Groppo (2005).
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