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RESUMO

Este trabalho contribui para a literatura empírica sobre os canais de transmissão do crescimento 

econômico e a decomposição de choques, com o objetivo de mensurar os efeitos de 

transbordamento da volatilidade do crescimento brasileiro decorrentes de choques em preços 

de commodities, bem como de variáveis macroeconômicas externas e domésticas. A 

metodologia adotada segue Gabauer e Gupta (2018), por meio da aplicação de um modelo 

Vetorial Autorregressivo com Parâmetros Variáveis no Tempo (TVP-VAR), com estruturas 

dinâmicas voltadas à modelagem da conectividade condicional. Essa abordagem permite 

estimar efeitos de transbordamento externos específicos no tempo, controlados por variáveis 

associadas às políticas fiscal, monetária, de crédito e de investimento. Com base no exercício 

empírico realizado entre abril de 2007 e setembro de 2024, estima-se o Índice Total de 

Conectividade (TCI), decomposto por grupos e frequências, identificando-se as variáveis que 

atuam como emissoras líquidas de choques ao crescimento. O estudo também oferece 

evidências sobre os canais internos de transmissão de volatilidade.

Palavras-chave: volatilidade do crescimento; choques externos; canais de transmissão; índices 

de commodities; integração comercial e financeira.



ABSTRACT

We contribute to the empirical literature on growth transmission channels and shock 

decomposition, aiming to measure the spillovers of Brazilian growth volatility from 

commodities, as well as open and domestic macroeconomic variables. We follow Gabauer and 

Gupta (2018) by using a Time-Varying Parameter Vector Autoregressive approach with 

dynamic structures to model the conditional connectedness. This technique enables us to 

measure time-specific external spillover effects that are controlled by variables associated with 

government fiscal, monetary, credit, and investment policies. Based on our empirical exercise 

from April 2007 to September 2024, we measure TCI decomposed by group and frequency, and 

identify which variables are net senders of shocks to growth. We also provide insights into the 

internal transmission channels.

Keywords: growth volatility spillover; external shocks; transmission channel; commodities 

indices; trade and financial integration.
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1 INTRODUCTION

Brazil is an emerging country with idiosyncratic and worrying characteristics that 

has usually appeared among the 10 largest economies in the world, according to the 

International Monetary Fund (IMF) ranking. This recent democracy experienced four periods 

of recession between 2007 and 2024, characterized by a fragile and unstable fiscal, monetary, 

and credit context. Regarding the fiscal side, there has been a history of growing primary 

deficits since 2014, except in 2022, in addition to a rise in net debt to GDP from 20% in 2014 

to almost 55% during the pandemic. In monetary terms, only in the last decade, inflation was 

outside the tolerance range in five years, including 2024. The most recent (May 2025) 

benchmark SELIC interest rate was 14.75%. Concluding the analysis of the macroeconomic 

tripod, the country has had a stock of household credit higher than enterprise credit since 2016, 

as the federal government has adopted encouraging household consumption through a higher 

level of indebtedness as a public policy, even under unfavorable credit conditions. The default 

rate on the household non-earmarked credit, in the form of special checks, has remained above 

11% since 2022.

These internal vulnerabilities, combined with external shocks such as commodity 

price volatility and global financial crises, help explain the fluctuations in Brazil’s global 

economic position. Despite these challenges, its large domestic market, abundant natural 

resources, and integration into international trade continue to sustain its relevance. Nonetheless, 

maintaining or improving its status among the world’s largest economies will require deep 

structural reforms, enhanced productivity, investment in human capital, and a commitment to 

consistent macroeconomic stability. The International Monetary Fund (2023), for instance, 

expresses concern over the implications of geopolitical tensions for macro-financial stability, 

particularly due to the financial fragmentation they may induce. In this context, Brazil's 

exposure to international capital flows, dependence on commodity exports, and structural fiscal 

fragilities may amplify the effects of such global disruptions, underscoring the urgency of 

advancing resilience-oriented economic policies.

Regarding economic growth, based on the variation in monthly real GDP per capita 

between April 2007 and September 2024, with 210 monthly observations, there was a negative 

variation in 105 months, exactly half of the observations. The average monthly real growth is 

positive, 0.18%. However, it is worrying to identify that the oscillation after the pandemic crisis 

has been greater than that recorded in the entire period analyzed and even higher than the 

volatility measured only during the four periods of crisis in that interstice. The weekly changes 



in the Central Bank's Focus report forecasts, as well as the forecast errors of several institutions, 

corroborate the recent uncertainty about Brazilian economic growth and macroeconomic 

fundamentals.

Considering this scenario, we propose an empirical exercise to contribute to the 

discussion on short-term economic activity in Brazil by addressing the sources of growth 

volatility spillover. We measure the role of specific domestic macro variables (debt, primary 

balance, inflation, interest rate, stock capital, household and enterprise credit), open macro 

variables (export, import, foreign exchange, and foreign direct investment), as well as leading 

commodities indices (energy, beverage, fertilizers, food, metals & minerals, precious metals, 

and raw materials) in explaining time-varying short-run growth variation, through a 

connectedness framework.

Observing the recent literature on growth drivers in Brazil, Matos et al. (2025a) 

analyze the short-term comovements between real per capita GDP and macroeconomic 

variables in Brazil from 2004Q1 to 2022Q4 using wavelet techniques. Their findings reveal 

that the primary surplus positively leads the growth cycle outside of recessions, while inflation 

and household credit act in opposition. Corporate credit contributes positively during 

recessionary periods, whereas interest rates exert an adverse effect. The authors conclude that 

short-term fiscal balance can be achieved through a controlled increase in domestic debt, 

supported by credible primary surpluses, low inflation, and reduced interest rates, without 

undermining economic growth.

Here, we take a step further in this discussion by analyzing the role of external 

sources in transmitting short-term growth shocks in the same emerging country, using a 

different technique.

First, let us motivate our paper. Although some of the first neoclassical models 

assume that economies are independent and have not interacted with each other over the last 60 

years, one of the traditional stylized facts about growth is that national growth rates depend on 

external determinants. Considering globalization, liberalization, and integration among all 

economies over the last decades, the closed economy assumption may be revised, and we need 

to study the sources and the role of external sources of growth spillover. According to the World 

Bank, to illustrate the strong momentum behind the growth in trade and financial globalization, 

the world's trade-to-GDP ratio has increased from 25.8% in 1970 to 62.5% in 2022. 

Theoretically, the concept of spillover has been studied primarily within the 

framework of endogenous growth models, as illustrated in Aghion and Howitt (1992) and 

Howitt (2000). Empirically, one of the most developed strands of literature usually employs an 



extended version of a neoclassical model, with an interest in one or more channels through 

which growth fluctuations in one country or external variables are transmitted to other 

countries. This route of discussion proposes an integrated theoretical and empirical framework 

to gauge the effect of the main channels of transmission of growth spillovers, including 

technological interactions, industrial structure, specialization of production, financial 

integration, trade agreements, geopolitical relationships, currency unions, and even the distance 

between countries. For instance, Klenow and Rodriguez-Clare (2005) present stylized facts 

reflecting worldwide interdependence and the role of cross-country externalities. Considering 

this broad set of possible channels, we examine the role played by trade and financial integration 

as sources of external spillover by modeling the impact of exports, imports, foreign exchange, 

foreign direct investment, and commodities. We follow Ho et al. (2013), who extend the Solow 

growth model with a spatial autoregressive term and a time lag term. Based on an estimation of 

this model using a sample of 26 OECD countries over the period 1971–2005, they find that 

bilateral export and import flows are key drivers in transmitting growth across countries. 

Regarding the other channel, Kose et al. (2003) find that financially open developing economies 

have synchronized cycles with the G7 countries, while Imbs (2006) finds that more financially 

integrated countries are more synchronous.

Concerning the methodology, we employ the conditional connectedness approach 

outlined by Gabauer and Gupta (2018), extending the Diebold and Yilmaz model (2009, 2012, 

2014, 2015). This approach incorporates a Time-Varying Parameter Vector Autoregressive 

(TVP-VAR) model with dynamic structures to accommodate pattern changes and minimize the 

influence of outliers across periods. This technique highlights both quantitative (levels) and 

qualitative (roles and directions) time-specific changes in connectedness due to commodities, 

domestic and open macro variables, and their unusual behavior through static and dynamic 

analyses of connectedness indices. In this connectedness-based debate on transmission 

channels, Costa et al. (2021) provide insights into the pass-through of sectoral index volatility 

in the U.S. before and after the pandemic. Regarding discussions based on this approach, we 

highlight Karkowska and Urjasz (2021) and Pham and Sala (2021). The former examines the 

connectedness structures of sovereign bond markets in Central and Eastern Europe. The latter 

explores this concept in the context of monthly inflation and unemployment, focusing on the 

G7 economies, as well as Spain. More recently, Wang et al. (2024) utilize connectedness to 

analyze quantile spillovers between the U.S. yield curve spread, the U.S. dollar, and the gold 

price, while Matos et al. (2025b) employ the same framework to measure growth spillovers 

from G-10 countries to the U.S.



The paper proceeds as follows. In Section 2, we provide an explanation of economic 

modeling. In Section 3, we describe the methodology, while the related literature is addressed 

in Section 4. We analyze data in Section 5. In Section 6, we report the results. In Section 7, we 

offer concluding remarks.



2 ECONOMIC THEORY AND RELATED EMPIRICAL FINDINGS: THE 
SPECIFICATION OF THE MODEL

We employ a conditional connectedness framework to conduct an empirical 

exercise examining the macroeconomic transmission channels of growth shock decomposition 

in Brazil. However, we do not follow a specific theoretical framework that has already been 

developed. Instead, this paper's thesis follows the purpose of Hodrick and Prescott (1997) by 

assuming that studying the co-movements of aggregate economic variables using an efficient 

and replicable technique can provide insights into the features of the economy that an 

equilibrium theory should incorporate. From a normative perspective, the relationship proposed 

between economic activity and external sources, filtered by a relevant and parsimonious set of 

domestic variables, can be useful for modeling and better understanding the dynamics of growth 

volatility spillover.

This section serves as a survey, featuring theoretical and empirical papers on the 

role of the variables used in this study. First, domestic macro variables. In the following 

subsections, we discuss the choice of external sources of spillover, specifically open macro 

variables and commodities. In subsection 2.5, we describe the complete set of variables.

2.2 Domestic source of spillover





–

–

Brazil has undergone significant transformations over the past few decades. In the 

1990s, the implementation of the Washington Consensus introduced market-oriented policies 

aimed at fostering economic development. While various policy shifts have taken place since 

then, Ban and Blyth (2013) argue that the dominant economic framework still reflects key 

principles of the liberal model, particularly those associated with the Post-Washington 

Consensus. The role of foreign direct investment (FDI) in the Brazilian economy has undergone 

significant evolution over time. Before World War II, FDI was primarily concentrated on public 

utilities, such as transportation, as well as in the export-oriented primary goods sector and 

banking, with only a small share directed toward manufacturing. Following a pattern similar to 



that of Argentina, post-war FDI shifted toward the manufacturing sector as part of an import 

substitution industrialization strategy. However, in the 1990s, the role of FDI underwent a 

substantial change. Brazil implemented a series of institutional and macroeconomic reforms to 

attract greater FDI inflows (Treviño and Mixon Jr., 2004).

The 1999 depreciation of the Brazilian Real led to only a modest trade balance 

adjustment, US$6 billion between 1998 and 2000, despite a 30% decline in the real effective 

exchange rate and stable growth relative to trade partners. This limited response fueled concerns 

over structural rigidities and reinforced perceptions of low trade elasticity, suggesting that 

greater depreciation might be required to sustain external balance under adverse conditions 

(Paiva, 2003).

Bulmer-Thomas (1999) analyzes the repercussions of the 1997 Asian crisis as it 

extended to Latin America in the subsequent year. The Brazilian currency devaluation of 

January 1999 highlighted the susceptibility of Latin America's largest economy to external 

shocks and the underlying issues of fiscal imbalance. This article examines the factors 

contributing to devaluation and identifies the conditions under which it could potentially 

improve economic performance. It further assesses the repercussions of the devaluation on 

Brazil's MERCOSUR partners, with particular emphasis on Argentina. Additionally, the study 

examines the broader implications of the Brazilian case for reforming the global financial 

architecture, particularly in the context of capital flow volatility in emerging markets. He 

concludes that the primary effects of the devaluation will manifest within Brazil itself and that 

achieving a positive outcome will necessitate comprehensive economic and political reforms 

beyond those implemented by the Cardoso administration.

Rocha et al. (2022) employ a structural vector autoregression (SVAR) model to 

assess the influence of external factors, namely commodity prices and U.S. GDP, on the 

dynamics of credit and key domestic variables in Brazil (GDP, inflation, interest rate, and 

exchange rate). The findings suggest that interest rate shocks have a significant impact on credit, 

while commodity price shocks gain relevance over longer time horizons. A positive interest rate 

shock reduces GDP, whereas a credit shock produces a short-lived increase in GDP. In the long 

run, commodity price shocks explain a substantial portion of the variance in domestic variables, 

particularly GDP (67%) and credit (47%), underscoring their importance in Brazil's 

macroeconomic dynamics. 

Lasco-Pereira et al. (2024) empirically examine the impact of the real exchange rate 

(RER) on investment across 81 manufacturing sectors in Brazil from 2007 to 2018. Using a 

highly disaggregated dataset, the study identifies two opposing channels through which a 



competitive RER affects investment: positively via export growth and negatively through 

higher input costs. The RER effect is more pronounced in low-markup sectors, where export 

revenues help offset limited internal financing. Additionally, evidence supports an import 

substitution channel, whereby a competitive RER boosts investment as domestic goods replace 

imports.

In addition to its role in foreign exchange, trade is also a significant driver of 

growth. In the 1980s, Feder (1983) contributed to this debate by finding a positive relationship 

between exports and GDP growth, while Barro (1991) proposed assessing the roles of 

government spending and human capital stock on countries' economic development. These 

studies find that both variables are statistically significant, even using different proxy variables 

for human capital. Levine and Renelt (1992) try to shed light on this discussion by incorporating 

investment, trade, fiscal, and monetary variables into the model. Using Extreme Bounds 

Analysis, they find a positive impact of investment on GDP, human capital, and the trade-to-

GDP ratio. Matos and Albuquerque (2020) contribute to the literature on financial systems and 

development by proposing an empirical exercise to understand better the channels through 

which credit drivers can promote economic growth. They estimate an extended version of 

Barro-style growth panel regression in difference, considering the role of household credit, 

enterprise credit, and government credit, as well as exports, imports, years of schooling, 

government capital, and current expenditures. They find that exports and imports play a 

significant and divergent role.

Although exporter survival rates in Brazil remained relatively high between 2003 

and 2009, this outcome primarily reflects a low and declining rate of firm entry into export 

markets. Brazil already exhibited a limited entry rate compared to peer economies, which has 

further deteriorated in recent years. Favorable geographic and sectoral composition effects 

largely supported export performance during this period. However, once these factors are 

controlled for, the underlying, or "pure," export performance remains positive but appears 

considerably weaker, particularly in comparison to other major emerging economies. 

Additionally, there has been a marked decline in export sophistication, 

characterized by an increasing concentration of primary and resource-based goods and a 

significant reduction in the share of high-technology products. This trend suggests 

underperformance in technologically intensive sectors, rather than being solely attributable to 

expanding commodity exports (Canuto et al., 2013).



2.4 External source of spillover: commodity-driven economic cycles in Brazil

Between 2004 and 2008, Brazil's economic performance emerged as the most 

remarkable within the period spanning from 1960 to 2016, underpinned by a favorable 

international environment, most notably through the appreciation of commodities. This interval 

was characterized by fiscal and current account surpluses, robust real GDP per capita growth, 

an expansion in international trade, a reduction in public external debt, the accumulation of 

global reserves, and the consolidation of an inflation-targeting framework.  

Observing the last decades, the Brazilian economic growth model of the 2000s, 

heavily reliant on commodity exports, domestic consumption expansion, an overvalued 

exchange rate, and high interest rates, imposed significant constraints on national development 

and Brazil’s consolidation as a regional power. The so-called neo-developmental model, 

supported by state-led incentives aimed at promoting natural resource exports and attracting 

foreign investment, revealed internal contradictions by simultaneously endorsing policies in 

support of family farming while also advancing the interests of large agribusiness 

conglomerates and Brazilian multinationals across the continent. This ambiguity is reflected in 

the tension between the rhetoric of a national development project and the reality of 

deindustrialization and dependence on commodity-based surpluses. Drawing on aggregate data 

and secondary sources, the article examines these contradictions and the limitations of Brazil’s 

strategy for asserting itself as a regional power during the Lula (2003–2010) and Rousseff 

(2011–2016) administrations (Sauer et al., 2017). 

Céspedes and Velasco (2014) argue that, in recent decades, the fiscal policy of 

commodity-exporting countries has become progressively less procyclical in response to 

fluctuations in commodity prices. The authors observe that during the commodity boom in the 

1970s, fiscal policy was predominantly anticyclical or procyclical, i.e., it tended to follow the 

economic expansion driven by high prices. However, during the price upcycle between 2003 

and 2008, a shift occurred toward a more countercyclical stance. This transition reflects greater 

institutional maturity and a growing recognition of the need to mitigate the impact of external 

shocks on domestic economic conditions.

Regarding the macroeconomic effects of oil price shocks in the United States and 

Brazil, Cavalcanti and Jalles (2013) find that such shocks account for only a modest share of 

Brazil’s output growth volatility. In contrast, in the United States, not only has growth volatility 



declined over time, but the influence of oil shocks on that volatility has also become less 

pronounced. This contrast highlights the Brazilian economy's greater structural vulnerability to 

fluctuations in international commodity prices, despite its status as a net oil exporter. Although 

Brazil has been a net oil-exporting economy since 2008, its long-term growth performance has 

remained below its potential. 

Arbache and Sarquis (2018) argue that this underwhelming performance is mainly 

attributable to the high volatility of economic growth, which undermines both the predictability 

and sustainability of development. Despite the strategic importance of oil to the Brazilian 

economy, the country has struggled to transform this resource into a consistent driver of 

economic growth. According to them, increases in international oil prices, rather than yielding 

lasting benefits, have been associated with episodes of macroeconomic instability. They also 

emphasize that such price increases contribute to the outbreak of external debt crises, which are 

often accompanied by severe fiscal crises that curtail the public sector’s investment capacity. 

This scenario illustrates how commodity dependence can exacerbate structural vulnerabilities, 

rather than fostering balanced and sustainable economic growth. 

Complementarily, Cavalcanti et al. (2019) analyze the effects of natural resource 

extraction on Brazil’s economic growth and observed that, although oil discoveries generated 

positive impacts on local output, economic development, and urbanization in specific areas, 

these effects did not translate into aggregate benefits for the country as a whole. At the national 

level, the impacts were adverse, possibly due to displacement effects, resource misallocation, 

or the so-called “natural resource curse,” which can undermine institutional and 

macroeconomic efficiency over the long term.

Mohaddes and Raissi (2017) investigate the impact of volatility in commodity terms 

of trade (CToT) on long-term economic growth in 69 commodity-dependent countries from 

1981 to 2014. Using the CS-ARDL estimation method, they find that CToT volatility has a 

negative impact on growth, reducing physical capital accumulation and total factor productivity 

(TFP). However, the adverse effects are significantly mitigated in countries with Sovereign 

Wealth Funds (SWFs) and higher institutional quality, contributing to more stable government 

spending. Additionally, improving the functioning of financial markets is a crucial step, as it 

enables firms and households to hedge against shocks, reduce uncertainty, and mitigate the 

adverse effects of volatility on investment and economic growth. 

The study by Kang et al. (2017) demonstrates that the Global Financial Crisis 

significantly altered the risk spillover dynamics between different commodity markets. 

Specifically, the crisis episode intensified the interdependency between assets such as gold, 



silver, crude oil, rice, and wheat, revealing that shocks in one market began to have a more 

pronounced influence on others.

Fernández et al. (2018) investigate the hypothesis that fluctuations in commodity 

prices play a central role in driving business cycles in small emerging market economies 

(EMEs). The authors provide empirical evidence of strong comovements between commodity 

prices and key macroeconomic variables throughout the business cycles of these economies, 

identifying a common factor that explains a significant portion of the time-series behavior of 

commodity prices. Based on these stylized facts, they incorporate a commodity sector into a 

dynamic, stochastic, multi-country business cycle model, in which exogenous shocks to 

commodity prices coexist with other macroeconomic disturbances. In this framework, 

commodity prices follow a standard dynamic factor structure. When estimated using EME data, 

the model attributes a substantial share, over one-third of the variance in real output across 

countries, to shocks in commodity prices, particularly those linked to the common factor. The 

model also effectively captures other empirical features of business cycles. Furthermore, it 

highlights an amplification mechanism through which commodity price shocks influence 

interest rates. Notably, in certain instances, positive commodity price shocks have mitigated the 

impact of adverse domestic shocks, such as during the rapid post-crisis recovery following the 

global financial crisis.

Global commodity markets are profoundly impacted by disruptive factors, 

including the COVID-19 pandemic, the war in Ukraine, and climate change, resulting in a 

structural reconfiguration with potential long-lasting implications for developing economies. 

These events impact trade flows, supply and demand, and alter prices and value chains, 

particularly in countries that rely heavily on natural resource exports. As a result, adaptation 

policies are required to address the emerging challenges in the global landscape. 

Moreover, according to Baffes and Nagle (2022), commodity price shocks affect 

exporting countries in a heterogeneous manner, requiring public policies tailored to national 

specificities. The study highlights three main areas of action: i) strengthening fiscal, monetary, 

and regulatory frameworks through the accumulation of reserves during periods of prosperity, 

flexible exchange rate regimes, and the prevention of risks such as external debt; ii) adopting 

more efficient instruments to smooth economic cycles, preferring market-based mechanisms 

over subsidies and trade barriers, which tend to be costly and ineffective; and iii) promoting 

economic diversification, with a focus on reducing dependence on fossil fuels or agricultural 

products, through reforms aimed at strengthening human capital, competitiveness, and 

institutions.



Flechtner and Middelanis (2024) analyze the effects of the 2003–2013 commodity 

price boom on public social spending in 16 Latin American countries from 1990 to 2019 using 

structural VARs and local projections. Their findings reveal significant heterogeneity in country 

responses: only Argentina and Ecuador experienced sustained increases in social spending, 

while Brazil and Mexico saw temporary rises, Chile displayed mixed dynamics, and countries 

like Bolivia, Colombia, and Peru showed no significant response. The study finds no consistent 

pattern across countries or spending categories and concludes that the commodity boom was 

neither a necessary nor sufficient condition for social policy expansion. Explanatory factors 

such as political orientation, fiscal frameworks, sovereign wealth funds, and economic 

diversification help explain individual cases but do not establish generalizable trends. The 

authors emphasize the need for country-specific analyses and better longitudinal data to 

advance development research.

2.5 Specification of the model

Remember what we said at the beginning of this section. The empirical literature 

on growth drivers has evolved by proposing extensions of a specific theoretical model already 

developed, including other sources of cross-country variation, such as variables associated with 

government policies. Moreover, the empirical discussion on growth transmission channels and 

shock decomposition also seems to follow this same strategy.

Considering the availability of Brazilian monthly data and our purpose of modeling 

short-run spillovers, we have chosen to limit our analysis to government decisions. In addition 

to the domestic and open macro variables, we also explore the role of commodity indices. 

Thus, upon reviewing the literature survey mentioned in this section, we are 

convinced of the relevance of the variables reported in most of these papers, which motivates 

us to measure the role of the specific set of variables (Table 1) used here in explaining time-

varying short-run growth variation. We also report the source of each variable, along with its 

abbreviation.





We aim to measure the short-run spillover between growth, domestic, and open 

macroeconomic variables. Theoretically, we address this spillover by extending a classic 

economic framework guided by extensive literature on growth transmission channels and shock 

decomposition. In practice, we intend to model internal and external transmission of shocks 

across macroeconomic variables and growth from April 2007 to September 2024. Considering 

the short-run behavior of growth, fiscal, credit, monetary, capital, commodity, trade, and other 

open macroeconomic variables over almost 17 years, we believe it is essential to determine 

whether these spillover relationships remain stable over time. Methodologically, Diebold and 

Yılmaz (2012) can be seen as significant work for examining dynamic network spillovers. This 

technique enables us to fulfill our primary purpose—to highlight both quantitative (levels) and 

qualitative (roles and directions) changes in growth connectedness that occurred, as well as any 

unusual behavior of specific countries, using static and dynamic analyses of the proper 

connectedness indices. 

More specifically, Diebold and Yilmaz (2009) formulate and examine precise and 

separate measures of return and volatility spillovers. This facilitates the study of non-crisis and 

crisis episodes, including trends and spillover bursts. Diebold and Yilmaz (2012) use a 

generalized vector autoregressive framework in which forecast-error variance decompositions 

are invariant to the variable ordering, and they propose measures of both the total and 

directional volatility spillovers. According to Corbet et al. (2020), this model has some 

advantages, such as allowing bilateral spillovers. It also allows displaying the strength of 

spillovers and enables proper comparisons among alternative model configurations and variable 

sets. This methodology is more suitable than concurrent correlation-based methods, such as 

Wavelet analysis and the multivariate GARCH models, since it can clearly and compactly infer 

the direction of spillovers for many simultaneously interacting variables. Due to the 

connectedness approach's popularity, numerous extensions address different issues, such as 

asymmetry, frequency, and time-varying parameters, among others.  We follow the framework 

developed by Gabauer and Gupta (2018), which introduces the segmentation of connectedness 

measures at both the sectoral and country level. To our context, we adapt this approach to 



distinguish spillovers effects between domestic variables versus open macroeconomic variables 

and commodities within a TVP-VAR model. This adaptation enables us to provide a detailed 

analysis of the spillover dynamics between internal and external factors in the Brazilian 

economy.

Gabauer and Gupta (2018) introduce a significant methodological advancement by 

developing sector- and country-specific measures of connectedness. This approach facilitates 

the design of a large-scale unified network encompassing multiple markets, such as the energy 

and agricultural commodity markets. A key advantage of this method lies in its ability to 

disentangle intra-sector contagion effects (i.e., within the energy market or the agricultural 

market) from inter-sector contagion effects occurring across distinct markets. Consequently, 

this methodology supports a more granular and precise analysis of systemic interdependencies.

In parallel, Demirer et al. (2018) employ a LASSO-VAR (Least Absolute Shrinkage 

and Selection Operator Vector Autoregression) model to perform dimensionality reduction, 

variable selection, and network estimation in high-dimensional settings. This approach 

mitigates the challenges associated with high-dimensional data by applying penalization 

techniques that remove negligible connections, thereby emphasizing the most relevant 

interactions within the network. The LASSO-VAR model, in this context, is regarded as a 

specific case of the elastic net approach subsequently proposed by Gabauer et al. (2024), which 

combines both LASSO- and Ridge-type penalties. Depending on the tuning of its parameters, 

the elastic net constraint may produce estimators that are equivalent to either the LASSO or the 

Ridge regression formulations.

Antonakakis et al. (2019) propose the application of a time-varying parameter 

factor-augmented VAR (TVP-FAVAR) model as a solution to the "curse of dimensionality" 

frequently encountered in empirical studies involving large sets of variables. The central idea 

is to synthesize information from a large set of variables through latent factors, which form the 

basis for modeling the dynamic interconnections among system components. This enables the 

monitoring of evolving interdependencies across markets, even within highly complex 

networks. Antonakakis et al. (2020) enhance the analysis of market interdependence by 

developing a TVP-VAR model that overcomes the limitations of traditional methods, providing 

greater flexibility and robustness in measuring dynamic connectedness. Chatziantoniou and 



Gabauer (2021), in turn, apply this model to the context of Eurozone sovereign bonds, 

demonstrating its utility in identifying financial fragmentation and systemic risks over time. 

Baruník and Krehlík (2018) introduce an innovative framework for quantifying connectedness 

among financial variables based on the spectral decomposition of variance decompositions. 

This methodology captures dynamic interactions across multiple time horizons, short, medium, 

and long term, thereby enabling the analysis of how shocks propagate through markets at 

different frequencies and allowing for the distinction between transitory disturbances and 

persistent structural effects.

This framework was later integrated into the dynamic TVP-VAR approach, as 

applied by Chatziantoniou and Gabauer (2021), thereby enabling the decomposition of market 

connectedness in both temporal and persistence dimensions. This allows for the identification, 

for instance, of whether systemic risk within a monetary union arises from transient 

disturbances or structural shocks, thus broadening the analytical capacity of the original model. 

Adekoya et al. (2022) explicitly demonstrate the impact of return asymmetry on the 

connectedness between oil prices and Islamic sectoral stock prices. To this end, the authors 

employ an extension of the TVP-VAR model that estimates dynamic connectedness 

asymmetrically, distinguishing between the effects induced by positive and negative market 

shocks.

Wan et al. (2024) highlight those traditional approaches to dynamic connectedness 

analysis, such as those proposed by Diebold and Yılmaz (DY) and Baruník and Krehlík (BK), 

typically rely on rolling-window VAR models, which lead to the loss of initial observations. 

Given these limitations, recent literature has increasingly adopted the time-varying parameter 

vector autoregressive (TVP-VAR) model as a more robust methodological alternative. Among 

the primary advantages of the TVP-VAR model lies in its ability to eliminate the use of 

arbitrarily defined rolling windows, thereby preserving the entirety of the sample observations. 

Furthermore, this methodology demonstrates reduced sensitivity to outliers and greater 

accuracy in identifying structural changes in model parameters over time, as documented by 

Antonakakis et al. (2020) and Chatziantoniou et al. (2023). These authors further emphasize 

that, taken together, these methodologies represent significant advances in the measurement 

and understanding of connectedness in large-scale financial and economic systems. They not 

only enable effective statistical handling of dense and dynamic networks but also expand 

analytical capacity by incorporating distinctions across sectors, countries, and temporal effects. 

Such tools are essential for identifying sources of systemic risk and for formulating more 

effective macroprudential policies in response to global or regional shocks.



In this subsection, we describe the network topology based on the dynamic 

connectedness framework grounded in the time-varying parameter vector autoregressive model 

(TVP-VAR, hereafter), as developed by Antonakakis and Gabauer (2017). This methodology 

constitutes an extension of the framework originally proposed by Diebold and Yilmaz (2009, 

2012, 2014), enabling the modeling of interdependencies among time series in relation to 

variance spillovers without the need for arbitrarily defined rolling windows. This feature 

provides enhanced flexibility and accuracy in analyzing connectedness over time.

The connectedness measure means the variance decomposition of the H-step ahead 

forecast. One can view the Connectedness from a variable 𝑗 to another variable ݅ as the share 

that shocks in 𝑗 have on the complete variance of ݅, or when measuring the influence that ݅ has 

on ݇, analyzing which share of the variance of ݇ that ݅ is responsible for. In this paper, we use 

an extension of the original work of Diebold and Yilmaz (2009, 2012, 2014, 2015), devised by 

Gabauer and Gupta (2018), which considers a Time-Varying Parameter Vector Autoregression 

(TVP-VAR) with a lag length of one as suggested by the Akaike Criteria (AIC), which is defined 

as:

࢚ࢠ = ૚−࢚ࢠ࢚࡮ + ,૙)ࡺ ~ ௧−1ࡲ|࢚࢛                                                    ࢚࢛ (࢚ࡿ
(࢚࡮)ܿ݁ݒ = (௧−1࡮)ܿ݁ݒ + ,૙)ࡺ ~ ௧−1ࡲ|࢚࢜                                   ࢚࢜ ࢚ࢠ(࢚ࡾ 1 ݔ ݇ ૚−࢚ࢠ ݐ ݐ − ࢚࡮1 ࢚ࡿ1 ݔ ݇ ࢚࢛ ݇ ݔ ݇ ࢚࢜ (࢚࡮)ܿ݁ݒ ݇ ݔ ݇ ࢚ࡾ 1 ݔ2݇ 2݇ ݔ 2݇
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Given Brazil’s position as an emerging economy and the role 



4 LITERATURE ON CONNECTEDNESS, OPEN MACRO VARIABLES, AND 
COMMODITIES

Let us present the most recent empirical papers that utilize connectedness to 

examine the role of some of the open macro variables and commodities discussed here. 

Chen et al. (2021) examine the interdependence structure among commodity sectors 

in China by employing daily data from August 2004 to April 2019 and a dynamic connectedness 

approach. The findings indicate that a substantial portion of the variation in commodity prices 

can be attributed to sectoral connectedness, which intensifies during periods of instability. Net 

connectedness indices suggest that sectors dynamically alternate between net transmitters and 

shock receivers. Furthermore, the study provides evidence of a contemporaneous causal 

structure among sectors, with important implications for portfolio diversification strategies and 

economic policy formulation.

Balcilar et al. (2021) employ an extended joint connectedness approach based on 

the TVP-VAR model to examine the dynamic interdependence between crude oil futures and 

11 agricultural commodities from July 2005 to May 2020. The results reveal that systemic 

connectedness among these markets fluctuates over time and intensifies during major economic 

events such as the Global Financial Crisis, the European Debt Crisis, and the COVID-19 

pandemic. Crude oil, alongside commodities such as grains, sugar, soybean oil, and livestock, 

is a key transmitter of shocks, while corn, lean hogs, soybeans, cattle, and wheat are primary 

receivers. The analysis highlights the strong interconnectedness of oil with other markets, both 

as a source and a recipient of innovations. The study also highlights the methodological 

importance of model normalization, with practical implications for investors in portfolio 

strategy formulation, risk management, and hedging.

The study by Mishra and Kumar (2021) explores the dynamic connectivity and 

volatility spillovers among five agricultural commodities (cotton, corn, wheat, barley, and 

soybeans) from 2005 to 2019, using both VAR and TVP-VAR models. The results show that, 

before the implementation of India’s pan-national electronic trading platform (eNAM), 

commodity prices were less susceptible to volatility shocks, with cotton displaying immunity 

to spillovers. Following the introduction of eNAM, volatility spillovers increased, particularly 

in commodity prices; however, overall connectedness among commodities declined. Network 

analysis reveals stronger price associations within individual markets, indicating that volatility 

is primarily concentrated within specific markets, with minimal spillovers between distinct 

markets.



The study by Mishra and Ghate (2022) analyzes the dynamic return and volatility 

connectedness among base metal markets in India, utilizing the TVP-VAR and DCC-GARCH 

models from March 1, 2011, to March 20, 2020. The results indicate that zinc, lead, and nickel 

are the main transmitters of return shocks across metals, whereas copper and tin act as primary 

recipients. Regarding volatility, tin, aluminum, and zinc emerge as the dominant shock 

transmitters, with nickel and lead as the main recipients. The analysis demonstrates strong 

interconnectedness in the base metals market, suggesting that portfolio diversification involving 

these metals may offer limited benefits due to heightened systemic risk. The findings provide 

meaningful guidance for policymakers and risk managers in emerging markets.

Gong and Xu (2022) investigate the spillover effects among five categories of 

commodity markets (energy, precious metals, industrial metals, agricultural products, and 

livestock) from 2008 to 2020. Their findings indicate that the energy, precious metals, and 

industrial metals markets act primarily as net transmitters of shocks. In contrast, the agricultural 

and livestock markets predominantly serve as net receivers of such effects. 

Alam et al. (2022) assess the impact of Russia's invasion of Ukraine on the dynamic 

connectedness among five commodities and the stock markets of the G7 and BRIC countries 

from September 1, 2021, to March 24, 2022. The authors use Bloomberg daily data and the 

TVP-VAR model to identify strong interconnectedness among the analyzed assets. The findings 

indicate that gold, silver, and the stock markets of the United States, Canada, China, and Brazil 

predominantly acted as receivers of financial shocks during the conflict, highlighting the high 

degree of interdependence between commodities and global markets in times of crisis.

Guo and Tanaka (2022) examine the effects of biofuel production and financial 

speculation on food prices in Africa between January 2001 and July 2021, using monthly 

FAOSTAT data and the TVP-VAR model with extended joint connectedness. The results 

indicate that external factors such as U.S. biofuel production and the volume of food commodity 

futures contracts (wheat, rice, corn, and soybeans) significantly influence African food prices, 

particularly during global shock periods such as the 2008 commodity boom and the COVID-

19 pandemic. Speculation and arbitrage transactions impacted prices from 2001 to 2012, while 

the influence of biofuels persisted throughout the study period. The study highlights the 

structural vulnerability of African food markets to external shocks and advocates for 

implementing policy measures designed to mitigate exposure to these risks.

Agyei and Bossman (2023) investigate, through the TVP-VAR model, the dynamic 

connectedness between 12 commodity classes and African stock markets using daily data from 

February 2010 to February 2022. The results reveal low average spillover transmission, 



primarily driven by idiosyncratic shocks, yet highlight significant contagion episodes during 

periods of financial stress. The study concludes that these markets are not immune to global 

shocks, underscoring the importance of volatility management and the implementation of 

dynamic risk mitigation strategies.

Cagli et al. (2023), using daily data from August 11, 2005, to November 4, 2022, 

and the extended joint connectedness methodology based on the TVP-VAR model, analyze 

volatility interdependence between the stock prices of the ten largest agribusiness companies in 

the United States and various agricultural commodities—including wheat, corn, soybeans, 

coffee, sugar, cocoa, cotton, and live cattle. The findings suggest that agribusiness companies 

function as net transmitters of volatility, while commodities predominantly act as receivers. 

These results provide valuable insights for investors and policymakers interested in risk 

dynamics and price formation in the agri-food sector.

Furuoka et al. (2023) examine the short- and long-term connectedness between 

agricultural and energy commodities by employing the Frequency TVP-VAR model, an 

extension of the standard TVP-VAR framework incorporating frequency decomposition. The 

study uses daily data from August 2017 to August 2022 to explore the dynamic interrelations 

between oil and natural gas prices, as proxies for energy commodities, and the prices of corn, 

wheat, oats, flour, and rice. The findings reveal that risk transmission from energy to 

agricultural markets is relatively limited, amounting to 32.52% for oil and 31.38% for gas. 

Notably, the degree of connectedness declined during the COVID-19 pandemic but rose 

markedly amid the Russia–Ukraine conflict. The analysis identifies corn, wheat, and flour as 

net transmitters of risk, with a powerful linkage between wheat and flour, and it also uncovers 

asymmetries in these interconnections. Portfolio simulations further indicate that minimal 

allocation to energy assets is sufficient to enhance returns and mitigate risk in agricultural and 

energy commodities portfolios.

The study by Mishra et al. (2023) investigates the dynamic connectivity among 

commodity futures contracts in India during the COVID-19 pandemic using the extended joint 

connectedness TVP-VAR framework. Drawing on daily data from January 1, 2018, to 

December 31, 2021, the results reveal that systemic connectivity fluctuated over time, peaking 

during the global health crisis. Crude oil and zinc were identified as the main net transmitters 

of shocks, while gold and silver served as net recipients. Aluminum exhibited variation in its 

role, alternating between transmitter and recipient of shocks. Pairwise analysis highlights that 

zinc, copper, nickel, and crude oil significantly influenced gold price movements, while silver 

also substantially impacted gold. The study further notes that, compared to natural gas, gold 



showed lower sensitivity to market shocks, offering insights for risk mitigation strategies in 

volatile markets.

Polat et al. (2023) investigate the dynamic connectivity between agricultural 

commodities and geopolitical risk using the TVP-VAR model and data from 2020 to 2023. Time 

and frequency domain analyses reveal that the interconnectedness between these markets 

strengthens during periods of geopolitical tension, particularly following Russia’s invasion of 

Ukraine in 2022. Wheat and the Geopolitical Risk Index (GPRD) emerge as key transmitters of 

volatility shocks with persistent and widespread effects. These findings underscore the 

importance of monitoring geopolitical risks for portfolio management and agricultural market 

policymaking.

Aliu et al. (2024) investigate the impact of the Russia–Ukraine conflict and the 

COVID-19 pandemic on the interconnectedness between European currencies and energy and 

agricultural commodities from January 1, 2022, to September 1, 2023. Employing the TVP-

VAR model and daily data from the Bank for International Settlements, the study finds that 

geopolitical factors, particularly Europe’s dependence on Russian gas, had a pronounced 

influence on exchange rate dynamics. Although fluctuations in commodity prices exerted a 

moderate direct effect, policy decisions concerning the Russian ruble and broader energy 

security considerations played a pivotal role. The findings underscore the complexity of the 

effects of non-economic shocks on currency markets and highlight the importance of 

incorporating global geopolitical and public health risks into analyses of volatility and 

interdependence between currencies and commodities.

The study by Karkowska and Urjasz (2024) examines the volatility structure among 

biofuel, crude oil, and grain markets from 2013 to 2023, employing the Frequency Decomposed 

TVP-VAR model. The findings suggest that the increasing interdependence between biofuels, 

such as ethanol, and agricultural commodities, including corn, soybeans, wheat, rapeseed, and 

palm oil, amplifies market vulnerability to external shocks, with the Russia–Ukraine conflict 

exerting a particularly pronounced and enduring influence. The study reveals that shocks 

originating in the agricultural sector have a significant influence on energy markets, particularly 

during periods of geopolitical tension. Based on these results, the authors propose strategies to 

mitigate volatility transmission between the energy and food sectors, aiming to enhance 

stability for investors and policymakers.

Ozcelebi and Kang (2024) examine extreme connectivity between the S&P 500 

index and commodity futures markets across different market regimes (bearish, standard, and 

bullish) using TVP-VAR and Quantile VAR models. The findings reveal asymmetric and 



heightened connectedness during crises, with the S&P 500 acting as a net shock transmitter, 

particularly during the COVID-19 pandemic. Total connectedness intensifies under extreme 

conditions, limiting the effectiveness of portfolio diversification. The VIX index is identified 

as the most effective hedging instrument against S&P 500-related risks.

Vo and Tran (2024) examine the impact of uncertainty related to the Russia–Ukraine 

war on volatility spillovers between energy markets, specifically gasoline, natural gas, and oil, 

and agricultural markets, including corn, wheat, soybeans, sugar, cotton, and coffee. The 

analysis employs the TVP-VAR model, with Google Trends data as a proxy for geopolitical 

uncertainty. The study finds that cross-sector volatility rose significantly during the conflict, 

especially in response to events like G7/EU sanctions. However, the widespread dissemination 

of information regarding geopolitical risks helped to partially attenuate these effects, suggesting 

an important moderating role of informational transparency.

Vuba and Qabhobho (2024) examine risk connectedness among exchange rates, 

energy commodities, and agricultural commodities across SADC countries from 2007 to 2022 

using the TVP-VAR model. The study identifies energy commodities (oil and heating oil) and 

the South African rand as primary net transmitters of shocks. In contrast, currencies such as the 

Malawian kwacha (MWK), Mozambican metical (MZN), natural gas, and corn emerge as 

primary recipients. Connectivity varied substantially during crises such as the 2008 financial 

crash and the COVID-19 pandemic, with strong evidence that energy shocks directly affect 

agricultural and currency prices in the region, particularly impacting the most vulnerable 

economies.

Xiang and Borjigin (2024) explore volatility spillovers between the U.S. Economic 

Policy Uncertainty (EPU) index and commodity futures markets, employing an extended joint 

connectedness TVP-VAR model. Using data from 2001 to 2023, the study constructs separate 

networks for high- and low-volatility regimes, showing that spillovers are more intense during 

high-volatility periods; in contrast, the low-volatility network demonstrates more efficient and 

predictive risk transmission. The EPU index functions as a transmitter and recipient of shocks, 

highlighting its central role in shaping interactions with commodity markets.



5 DATA 

In Table 1, we have already described every variable used in this empirical exercise, 

as well as the respective abbreviation and source. Considering our purpose to study short-term 

shocks and the availability of monthly data, we employ the conditional TVP-VAR-based 

connectedness approach to time series from April 2007 to September 2024. According to the 

OECD,  there have been four recessions during this period. 

The first crisis lasted 11 months and is associated with the subprime mortgage crisis 

in the United States. The second crisis between 2011 and 2012 lasted 9 months, while the third 

recession was the longest, lasting 31 months. This recession occurred from 2014 to 2016 and 

resulted from internal fiscal imbalances. The most recent crisis lasted 4 months in the first half 

of 2020, and although it was the shortest, it was the one that generated the most significant drop 

in GDP per capita. The monthly real GDP per capita variation in February 2020 was 10.4%. It 

is also important to highlight the accumulated drop in the 31 months of the fiscal recession that 

began in 2014 of almost 9.2%. These extreme negative variations can be seen in Fig. 1, in which 

we report the time series of real GDP per capita and other domestic macro variables at the level 

used in this paper. In all graphics, the shaded areas correspond to OECD recession periods (56 

monthly observations). As expected, considering all these observations, the average growth is 

-0.06%. During non-recession periods (154 monthly observations), we find expected growth of 

0.26%. The volatility in both periods is quite similar, close to 3.8%. 

In Fig. 1, we show the evolution of credit, fiscal, and monetary variables, and capital 

stock. The growth trajectory of household credit throughout the period is noteworthy, except 

for the fiscal crisis from 2014 to 2016. This profile differs from enterprise credit, which fell 

sharply after the same crisis and only recovered as a public policy instrument to combat the 

pandemic. Since 2016, the stock of household credit has exceeded the stock of enterprise credit.

In the fiscal scenario, net debt to GDP remained below 30% until the 2014 crisis, 

but it grew worryingly until it surpassed the 50% level during the pandemic. The most recent 

ratio exceeded 55%, equivalent to a net debt of almost R$6.7 trillion. Unlike the behavior 

observed in the first two crises, in the fiscal crisis of 2014 to 2016, net debt to GDP grew from 

20.7% to 33.4%, while during the pandemic, it went from 47.2% to 50.6%. 

We complement the fiscal analysis by seeing the behavior of the primary result in 

the context of current fiscal rules. Brazil set a primary surplus target in 1999 – a critical 

 Organization for Economic Co-operation and Development based recession monthly and binary indicator for 
Brazil, available in the database of Federal Reserve Economic Data (FRED/FED).



condition for repairing the damage to public accounts in the first years of the Real Plan. The 

healthy trajectory of public accounts was reinforced the following year with the Fiscal 

Responsibility Law that imposed some rules on the federal, state, and municipal governments. 

Observing the period between 2004 and 2013, there was a negative primary result in only three 

quarters: 2008q4, 2009q3, and 2013q3. In 2013, the federal government again recorded a 

primary surplus but did not reach the planned primary surplus target this time. 

At the end of 2013, the National Congress approved a project that exempts the 

federal government from offsetting primary surplus targets not achieved by states, the Federal 

District, and municipalities. In practice, the proposal reduces the federal government's primary 

surplus target from R$155.8 billion to R$108 billion because the federal government would no 

longer be obliged to cover the part of the economy of states and municipalities. In 2016, via 

Constitutional Amendment, the country began to adopt a new fiscal rule, “the spending upper 

bound,” aiming to limit the growth of primary expenditure to the variation in inflation registered 

in the previous year. As a result of this new fiscal rule, a succession of primary deficits has 

occurred, with a record deficit of 23.57% in Q2 2020 (the height of the pandemic). After nine 

years, in 2022, Brazil reported a positive annual primary result: R$54 billion. 

Regarding the evolution of the primary deficit in the quarter before and after each 

recession, the Brazilian government adopted the same fiscal policy characterized by financing 

via debt increases and reduction (increase) of primary surplus (deficit). More precisely, 

observing the average primary result in a 12-month moving window, in the month preceding 

the entry into the recession and the last month of recession, we observe the following variations, 

respectively, in the four recessions: i) from 2.7% to 1.0%, ii) from 2.7% to 2.2%, iii) from 1.2% 

to -2.2%, and iv) from -2.6% to -8.9%.





 SELIC is the rate used as a benchmark for interest in the Brazilian economy. It sets the boundaries of the reserve 
exchanges between financial institutions and is considered by the market to be the main indicator of the 
government’s monetary policy. This rate safeguards all the bonds issued by the Central Bank of Brazil, the National 
Treasury, and various states and municipalities, as well as inter-financial deposits held by many banks.









certain macro variables, as well as most of the commodities’ indices, becomes even more 











6 RESULTS
6.1 Total Connectedness Index 

We measure the aggregate time-varying spillover using the Total Connectedness 

Index (TCI). This metric captures the interconnectedness among the entire set of variables by 

representing the average shock spillover from one series to all others. In other words, TCI 

aggregates each variable's contribution to all others, similar to the average contribution all other 

variables have to one variable. If the TCI is low (high), there is low (high) network 

interconnectedness and then low (high) growth spillover. The aggregated connectedness 

approach is then employed to investigate the spillovers between growth in Brazil and 

commodities, as well as domestic and open macro variables, capturing the relationship among 

all these variables. 
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Fig. 8. Dynamic net effects on growth: conditional directional connectedness (W = 210 and H 

= 12). 





 The relationship between capital stock and other variables is being analyzed by Matos and da Silva (2025).





—



—

























such as China’s role in global manufacturing or Brazil’s 

in determining a country’s position as a net transmitter or 
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Our findings reveal that Brazil’s economic growth acts predominantly as a net 

attributable to external sources and their crossover effects, underscoring Brazil’s structural 

capital flows may enhance Brazil’s resilience against external 
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