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Abstract 
 

This study explores the connectedness of BRICS food markets. The food markets selected for the study are soybeans, wheat, rice, corn, 

and sugar. The selection of each food market is based on the product concentration of each country. The research focuses on analysing 

the connectedness between the prices of the BRICS food market during different periods. It employs the Granger causality approach to 

determine the direction of information flow. We use the TVP-VAR connection to examine the propagation of connectedness within the 

food market. The results revealed that the connectedness among BRICS food markets has increased during the period of crisis. Our re-

sults revealed that Russia and China are the largest senders of price shocks across the BRICS economy. To reduce food price shocks, 

BRICS officials should promote regional coordination, such as cooperative early warning systems, regional food reserves, and coordinat-

ed food policies. Promoting indigenous production and exploring alternative import partners is critical to food diversity. Agricultural 

research and development increase output, decrease prices, and improve food security. Furthermore, vulnerable populations require ef-

fective social safe-ty nets to protect them from price volatility. In addition, sustainable agriculture will protect the BRICS countries' food 

security from climate change and other shocks in the food markets. 

 
Keywords: Connectedness; Coherence Wavelet; Food Markets; Food Security. 

 

1. Introduction 

The COVID-19 epidemic has resulted in a substantial human catastrophe; the global economy experienced an unparalleled shock due to 

the quick and widespread transmission of the highly lethal COVID-19 virus. It has an impact on large-scale disruptions for both enter-

prises and the livelihoods of numerous individuals. The Covid-19 pandemic has resulted in significant levels of uncertainty, leading to 

notable effects on several sectors like travel and tourism, catering, distribution networks, purchasing, manufacturing processes, financial 

strain, and the cost of goods (Chang et al. 2020; Fan et al. 2023). The effect of the pandemic on the financial system is prominently re-

flected in the financial markets (Sharif et al. 2020; Behera et al. 2023; Zhu et al. 2024). Moreover, the epidemic has begun to exert its 

influence on the economy, precipitating a significant downturn in both equities and commodities markets. Predicting the magnitude of 

the economic ramifications of the COVID-19 problem poses a significant challenge. However, it is worth noting that the present body of 

literature already encompasses many approaches and methodologies that can be utilized to comprehend and measure the economic im-

pacts of the ongoing situation (Goodell 2021). This article aims to examine the connectedness among the major food markets in the 

emerging countries during different periods.  

All relevant stakeholders in the commodity market, known for its dynamic nature, always remain prepared for unforeseen developments. 

Transactions in the commodities market take place exclusively inside the main economic sector, rather than incorporating manufactured 

items. The participants in the commodity market encompass a wide range of individuals, including but not limited to investors, portfolio 

managers, brokers, and traders. During the period of uncertainty, those mentioned players preemptively hinder one another's actions, 

resulting in a market that exhibits volatility and excessive noise (Moews and Ibikunle 2020). Commodity markets have a high level of 

development, characterised by the presence of mechanisms that effectively reduce volatility and facilitate the transfer of risk. For exam-

ple, the globalisation of commodity markets enables individuals to gain access to financial derivatives (Samarakoon et al. 2023). This 

allows investors to move the risk associated with commodity exports to those who are seeking speculative opportunities. People widely 

recognize the ramifications of variations in agricultural commodity markets on the overall economy. The COVID-19 epidemic had a 

significant effect on both the demand and supply of agricultural products, potentially leading to crises in the global food chain. Neverthe-

less, there is a limited amount of literature available on the subject matter. The existing body of literature primarily focuses on examining 

the effects of the COVID-19 pandemic on commodity markets and commodity price returns (Iuga et al. 2024; Shah et al. 2023; Shruthi 

and Ramani 2020; Salisu et al. 2020). It has also been looked into how COVID-19 affects stock markets (Khan et al. 2024; He et al. 
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2020), how commodity futures and COVID-19 are related (Magalhães et al. 2022; Wang et al. 2020), and how the COVID-19 pandemic 

affects food security and the agricultural supply network around the world (Alabi and Ngwenyama 2022; Sridhar et al. 2022; Bakalis et 

al. 2020; Nchanji et al. 2020; Perdana et al. 2020; Shirsath et al. 2020; Udmale et al. 2020). 

Over the past two decades, countries across the globe have witnessed a notable spike in the level of price volatility within agricultural 

commodities markets. The phenomenon of pricing has garnered significant interest in the economic literature. Various studies (Lloyd 

2017; Assefa et al. 2015; Frey and Manera 2007; Meyer and Cramon-Taubadel 2004) have explored the interconnections of prices 

throughout different stages of agricultural markets. While there is a growing body of information on price transmission in agricultural 

commodities, there is insufficient investigation about examining the impact of price volatility in one market on other markets (Osei et al. 

2024; Boyd and Bellemare 2020). Researchers and policymakers are interested in volatility transmission because it can cause big risks 

and uncertainty for everyone in the market. The price-level transmission phenomenon in agricultural goods has been the focus of most 

research to date. This is the study of how predictable price factors are linked to each other (Zheng and Pan 2022; Fousekis et al. 2016; 

Shrinivas and Gomez 2016; Bakucs et al. 2014). The effect of fluctuations in prices in the food market on the state of food security has 

not been well investigated, which has sparked a renewed interest in research on this topic. Also, it's important to know that changes in 

food prices may have different effects depending on whether a market is a net sender or receiver of connectedness (Arndt et al. 2008; 

Barrett & Dorosh 1996). COVID-19 food price spikes increased risks for producers and consumers. 

Our research offers a novel approach, diverging from existing studies in the following significant ways. The primary objective of this 

research article is to expand upon the existing body of knowledge about the transmission of volatility across different markets, specifical-

ly focusing on food commodity prices in the BRICS economy. Even though there are studies that look at how price changes happen in 

the agricultural supply network (Abdallah et al. 2020; Chavas and Pan 2020; An et al. 2016; Serra, 2015; and Buguk et al. 2003), none of 

them look at how price changes happen between food markets in emerging nations. Second, our research strengthens the existing body of 

knowledge on price fluctuation volatility by extending the analysis to a higher frequency, daily dataset. While previous studies, such as 

those by Ferrer-Perez and Gracia-deRenteria (2020); Hassouneh et al. (2017); and Assefa et al. (2015), have primarily relied on monthly 

and weekly data due to availability constraints, our use of daily data allows for a more granular and dynamic examination of volatility 

transmission. Nevertheless, using these datasets might not accurately show how price changes work, since changes in the prices of agri-

cultural goods can happen in just a few days (Meyer and Cramon-Taubadel 2004; Boyd and Brorsen 1988). In contrast, the dataset uti-

lised in our research work comprises comprehensive daily price information from food markets. Third, our study aims to analyse the 

dimension of frequency co-movements among the selected commodities. To the best of our understanding, this research is the first look 

at empirical data regarding the transmission of price volatility, interconnectedness, and co-movements, utilizing the product concentra-

tion approach in the BRICS economy.  

Furthermore, this study makes a valuable contribution to the current body of knowledge regarding the transmission of volatility in agri-

cultural commodity prices within developing nations. Analyzing price connectedness in food markets is crucial for the BRICS economies 

for several reasons, such as food security, inflation management, and economic stability. If not addressed correctly, the phenomena of 

price connectedness have the potential to influence food accessibility, potentially leading to scarcity or even a food security crisis. Exam-

ining price fluctuations among BRICS nations is essential for formulating coordinated strategies that ensure food security for their citi-

zens. The influence of food prices on the total inflation rates is substantial. Price connectedness in food markets can have a big effect on 

inflationary trends, which is why central banks need to keep a close eye on things and act quickly by putting in place the right monetary 

policies. The presence of price volatility within food markets has the potential to induce destabilizing effects on the whole economy. 

Price spillovers have the potential to give rise to inequalities in income, social unrest, and economic instability, posing a significant chal-

lenge to the growth and advancement of BRICS economies.  

As one of the world’s leading agricultural producers, Brazil is renowned for its exports of soybeans, corn, and beef. It contributes signifi-

cantly to the global food supply, with its agricultural sector benefiting from advanced farming techniques and favorable climate condi-

tions (Hansberry 2024). Russia's pivotal role in the global food market has been underscored by its status as a top exporter of grains and 

fertilizers, particularly wheat. The ongoing geopolitical tensions, particularly due to the war in Ukraine, have further accentuated Russia's 

influence on global food prices. Moscow is also exploring initiatives to establish a BRICS grain exchange to control agricultural pricing, 

enhancing its strategic position in international trade (Farmonaut 2024). India stands as a major player in food production, particularly in 

rice and pulses, while also being the largest producer of milk. It contributes around 2.3% of global food exports and has been proactive in 

addressing global food security through various initiatives. India’s agriculture is vital not just for its population but also for the Global 

South, facing food insecurity challenges (ET 2024). China plays a dual role as a significant importer and producer of food. It is the lead-

ing buyer of various agricultural commodities, including soybeans and corn, which underlines its extensive food security measures 

amidst a growing population and increasing dietary demands (Food Export Association of the Midwest USA and Food Export USA–

Northeast 2024). South Africa plays a vital role within Africa, being a significant exporter of agricultural products, but also grappling 

with local food security issues. Its agricultural expertise positions it as a key collaborator in regional and global food security efforts.  

This study focuses on the BRICS nations, which account for 40% of the world's population and face considerable food security challeng-

es that necessitate coordination (Mielniczuk 2013). They represent 25% of global GDP, proving their economic and agricultural potential 

(Jana and Karmakar 2017). Their agricultural and technological dependency necessitates collaborative food security solutions 

(Mielniczuk 2013). This multifaceted problem contributes to an understanding of how market connections influence countries with vary-

ing agricultural growth and expertise. Furthermore, researching market linkages within the BRICS framework aids in explaining the 

worldwide consequences of food price volatility, as well as the dynamics of South-South cooperation in global growth. In contrast to 

previous studies that focused on specific subjects such as food security or market dynamics, this study uses a deep framework to investi-

gate BRICS countries' interconnections and their impact on global food security. Our findings demonstrate how market ties influence 

food policy and international cooperation to address issues such as unstable economies. This study is useful since it looks at the different 

social and economic conditions in the BRICS countries. This provides scholars and government officials with novel approaches to think 

about increasing the country's resilience. We investigated BRICS food market linkages using TVP VAR and Coherence Wavelet Analy-

sis. Both techniques demonstrate how market links shift over time in response to environmental and economic conditions in various 

ways. TVP VAR demonstrates how food markets adapt to changing conditions. The frequency-based link at different times can be dis-

covered using Coherence Wavelet Analysis. Basic approaches may disregard these findings. This research is significant due to its appli-

cation of advanced analytical techniques, drawing from fields such as econometrics and astrophysics, to generate novel insights. The 

findings can help emerging economies to share information and resources to stabilize prices and avoid shortages, thereby improving food 

security.  

Our literature study has expanded its emphasis to include the vital crossroads of accounting and the changes in food market pricing. Most 

studies on food price transmission are done from an economic standpoint; nonetheless, accounting techniques provide vital additional 
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insights for the application of BRICS food security policy (Magazzino et al., 2024). Effective risk management, inventory valuation, and 

the implementation of hedging strategies in response to the price shocks found by our research all require complex accounting systems 

(Y. Guo et al., 2024). By evaluating how price volatility affects financial statements, management accounting choices, and food security 

investments, our study of the interrelationship of BRICS markets directly guides full-cost accounting systems. Price volatility transfer 

from Russia and China calls for more sophisticated financial reporting techniques that correctly reflect market risks. Studies indicate that 

locations with all-inclusive accounting systems are more resilient to changes in food prices (Roosevelt et al., 2023). Improved resource 

management and openness help achieve this resilience. Accounting professionals who are creating reactive reporting systems under mar-

ket volatility could greatly benefit from the TVP-VAR approach, as it provides a crucial framework (Ari et al., 2025). BRICS countries 

need established metrics for natural capital evaluation, which affects the sustainability of agricultural output; therefore, addressing envi-

ronmental accounting challenges strengthens the study's relevance. This multidisciplinary approach shows how accounting openness 

improves market stability and enables more efficient resource allocation choices among BRICS countries facing similar food security 

issues. It also links accounting concepts, which are vital for efficient policy execution, with economic research. 

Furthermore, there have been previous empirical investigations of the dynamic relationship in agricultural markets for developing econ-

omies. However, it is important to note that there is currently a scarcity of academic literature specifically addressing price connectedness 

in food markets under the COVID-19 pandemic. This study addresses the existing gap in the academic literature by investigating the 

transmission, connectedness, and co-movements of emerging economies throughout the COVID-19-time horizon, especially in BRICS. 

The research indicates that complicated accounting systems are essential for effective risk management, inventory valuation, and the 

execution of hedging strategies in response to price shocks. Our study also tries to connect the full-cost accounting systems by measuring 

the impact of price volatility on financial statements, management accounting choices, and investments in food security. The TVP-VAR 

approach provides useful information, so accountants can greatly gain from it while creating reactive reporting systems under market 

volatility. This multidisciplinary approach emphasizes how accounting openness improves market stability, supports more efficient re-

source allocation choices, and aids in the implementation of strong food security measures throughout the BRICS countries. 

The next sections are structured in the following manner. Section 2 outlines the study's methodology. Section 3 presents a comprehensive 

analysis of the data. The results of the analysis are discussed in Section 4, whereas Section 5 covers the study's conclusion and potential 

avenues for future research. 

2. Methodology 

2.1. Granger causality 

The Granger Causality Test, developed by Granger in 1969, helps determine a causal connection among variables. This technique deter-

mines whether changes in one variable have an impact on changes in another series, thereby examining the direction of causality. The 

basic idea behind the test is to assess the extent to which historical data from one time series can be utilised to forecast future data points 

in another time series. It does not imply a causal relationship in the sense of one variable causing changes in another; rather, it tests the 

predictive power of one variable for another. 

The Granger causality equation is a statistical model used to analyze the causal relationship between two time series variables. It is repre-

sented by the equation: 

 

                                                                                                                                                                   (1) 

 

Where:  

•  represents the dependent variable at time t. α is the intercept term.  

•  is the lagged value of the dependent variable at time t-1.  

• is the lagged value of the independent variable at time t-1.  

•  and  are the coefficients representing the causal effect of the lagged values on the dependent variable.  

•  is the error term or residual? 

2.2. TVP VAR connectedness 

This method for finding connections, called Time-Varying Parameter Vector Autoregression (TVP-VAR), is very useful for studying 

how food prices in the BRICS countries change over time and affect each other. This method records how these interactions change over 

time so that it can help us understand how shocks spread and the chance of systemic risk. It achieves this by accounting for time-varying 

factors. Traditional VAR models assume that parameters stay the same over time, which might not accurately show how interdependen-

cies change in the fast-paced and unstable food markets. Therefore, we employed Granger causality tests within a time-varying parameter 

vector autoregression (TVP-VAR) framework. This approach allows for the estimation of time-varying coefficients, capturing the chang-

ing nature of causal relationships between variables over time (Antonakakis et al. 2020). This flexibility is crucial for understanding how 

market linkages evolve in response to various shocks, such as economic crises or policy interventions. 

Let's denote the multivariate time series as Yt, where t represents time, and it has N variables. The TVP VAR model can be expressed as 

follows: 

 

                                                                                                                                                                                  (2) 

 

Where: 

• Yt is an N×1 vector of variables at time t. 

• μt is an N×1 vector representing time-varying means. 

• At is an N×N matrix of time-varying coefficients. 

• εt is an N×1 vector of white noise residuals. 
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2.3. Coherence wavelet analysis 

Coherence wavelet analysis is used to examine the connectivity and co-movements of food markets in the BRICS countries. By applying 

this technique, researchers can gain insights into how these markets are interconnected and how they influence each other. This type of 

analysis is valuable for understanding the dynamics of market co-movements, which can have significant implications for food security. 

By identifying patterns of connectivity and co-movements, policymakers and stakeholders can better understand the potential impact of 

market fluctuations on food availability and affordability in the BRICS countries. Coherence wavelet analysis was employed to investi-

gate the time-frequency characteristics of the relationships between BRICS food markets. Unlike traditional frequency domain methods, 

wavelet analysis provides a time-localized perspective, allowing us to identify periods of strong and weak linkages across different fre-

quency bands. For instance, we can identify if specific market pairs exhibit high coherence at high frequencies (short-term fluctuations) 

during periods of crisis, indicating heightened short-term price transmission. Conventional methods may not capture the dynamic nature 

of market interactions, but this time-frequency resolution offers valuable insights. 

3. Data 

The study investigates the relationship between food commodities in the BRICS countries by evaluating the prices of the major food 

commodities in their bilateral trade: soybeans for Brazil, wheat for Russia, rice for India, corn for China, and sugar for South Africa. The 

dataset's observation period spans from April 1st, 2016, to September 10th, 2023, and the data was sourced from investing.com, a recog-

nized financial data provider. Before the study, we had to perform substantial preprocessing, including missing values and outlier checks, 

to ensure that the data was complete. To make our study more robust, we separated the data into three time periods: pre-COVID, during 

COVID, and post-COVID, based on the structural breaks identified using CUSUM and Bai-Perron tests. This strategy provides a more 

realistic picture of how global dynamics evolve in response to global events. Subsequently, the price series was transformed into loga-

rithmic returns. Specifically, soybeans, wheat, rice, corn, and sugar, our work focuses on internationally standardized, exchange-traded 

agricultural commodities with strong futures markets and efficient price discovery mechanisms, as these are the most often traded com-

modities. Though essential for food security, meat, milk, and dairy products were purposefully left off the BRICS countries' commodity 

lists because there were no uniform financial market tools. On the other hand, animal products show great variation in quality criteria, 

storage needs, and regional trade preferences. Such variation differs from the selected goods, which have sufficient market depth for 

meaningful pricing study, ongoing transaction data, and globally recognized contract criteria. Diets derived from animals include neces-

sary minerals, high-quality proteins, and micronutrients that are difficult to get just from plant-based diets. Consumption of these goods 

varies greatly throughout the BRICS countries since different cultural, economic, and nutritional habits influence their availability. Fu-

ture research should include these commodity markets to improve knowledge of the links between food security and other factors, partic-

ularly considering the BRICS countries' joint efforts addressing nutritional security concerns together with price stability concerns. 

4. Results 

We employed daily data for our analysis. To ensure reliable and meaningful econometric results, daily price data were transformed into 

log returns. The detailed results of summary statistics, Granger causality, and TVP VAR-based connection indices are explained in this 

section. 

 
Table 1: Descriptive Statistics 

Pane1: Pre-Covid -19 period 

Sum. Statistics Soybeans Wheat Rice Corn Sugar 

Mean 0.000231 0.000132 0.000045 0.000138 -0.00029 

Maximum 0.057586 0.068503 0.0729 0.044731 0.10814 
Minimum -0.054411 -0.060343 -0.066939 -0.061181 -0.050789 

Stdev 0.012826 0.017735 0.014653 0.013551 0.019019 

Skewness 0.015886 0.346633 0.376472 -0.193829 0.298918 
Kurtosis 1.921039 1.294871 2.293368 1.385381 1.778184 

Probability 0.0000 0.0000 0.0000 0.0000 0.0000 
Observations 694 694 694 694 694 

ADF Test ‘0.00’ ‘0.00’ ‘0.00’ ‘0.00’ ‘0.00’ 

ARCH-LM test 0.0000 0.0000 0.0000 0.0000 0.0000 

 
Panel 2: During COVID-19 

Sum. Statistics Soybeans Wheat Rice Corn Sugar 

Mean 0.000301 0.000635 0.00049 0.000606 0.000611 
Maximum 0.076222 0.077611 0.098676 0.062084 0.077458 

Minimum -0.068603 -0.061187 -0.299703 -0.190997 -0.078285 

Stdev 0.011838 0.018466 0.018205 0.017868 0.017751 
Skewness 0.197111 0.301756 -5.193643 -1.546712 0.12794 

Kurtosis 5.403905 0.849184 82.63449 18.214294 1.415285 
Probability 0.0000 0.0000 0.0000 0.0000 0.0000 

Observations 757 757 757 757 757 

ADF Test ‘0.00’ ‘0.00’ ‘0.00’ ‘0.00’ ‘0.00’ 
ARCH-LM test 0.0000 0.0000 0.0000 0.0000 0.0000 

 
Panel 3: Post-Covid -19 period 

Sum. Statistics Soybeans Wheat Rice Corn Sugar 

Mean -0.000061 -0.000168 0.000733 -0.000546 0.000785 

Maximum 0.076222 0.073363 0.04919 0.076574 0.042576 

Minimum -0.068603 -0.08249 -0.05525 -0.183406 -0.070839 
Stdev 0.016603 0.024828 0.011765 0.02102 0.0153 

Skewness 0.013006 0.1263 0.270292 -2.222362 -0.26214 
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Kurtosis 2.13877 0.685304 2.07474 17.830337 1.220959 

Probability 0.0000 0.0000 0.0000 0.0000 0.0000 

Observations 423 423 423 423 423 

ADF Test ‘0.00’ ‘0.00’ ‘0.00’ ‘0.00’ ‘0.00’ 

ARCH-LM test 0.0000 0.0000 0.0000 0.0000 0.0000 

Source: Author’s computation 

 

 
Fig. 1: Stationarity (Returns) of Food Markets. 

 

Table 1 presents the summary statistics for the daily returns of food market indices within the BRICS economies, calculated across vari-

ous time horizons. The mean log returns of all markets except sugar are positive for the pre-COVID period. The returns of all markets are 

positive for the COVID period. This demonstrates that demand for food markets persists even during lockdowns. The food market expe-

rienced a growth rate of 3.4% in the fiscal year 2020-21, despite a fall of (-7.2%) in total economic growth during the corresponding time 

(Impact of Covid-19 on Agriculture 2021). Further, the returns for soybean, wheat, and corn are negative for the post-COVID period. 

The COVID-19 pandemic significantly increased volatility in agricultural markets, leading to price crashes for commodities like corn and 

wheat. Negative sentiment surrounding the pandemic has been shown to cause substantial fluctuations in agricultural prices, particularly 

affecting the lower and upper quantiles of price distributions (Iuga et al. 2024; Fox 2022). Investors' sentiment about supply stabilization 

and government intervention might be the reason for the trend. The standard deviation indicates high wheat volatility during the COVID 

period. All markets except corn are positively skewed for the pre-COVID period. During COVID, rice also became negatively skewed. 

In the post-COVID period, rice became positive, and sugar changed to a negative skew. The positively skewed markets indicate the 

probability of positive returns. The leptokurtic nature of the distribution is evident for all the markets, which indicates the food markets 

are highly volatile, which means the market can generate extreme returns. The Augmented Dickey-Fuller (ADF) test also showed that all 

the return series are stationary, which is crucial for the validity of the connectedness analysis. 

The connectedness of food markets across different countries exhibits significant complexity, influenced by various factors over distinct 

time horizons. Research reveals the interconnectedness of food commodities in both the short and long term, exhibiting dynamic fluctua-

tions during crises (Owusu et al. 2022). Additionally, the global food trade network has evolved to become more intricate and stable, 

reflecting a shift from unipolar to multipolar trade relations (Wang and Dai 2021). This interconnectedness is further complicated by 

geopolitical factors, public health crises, and climate change, which affect the resilience of food systems globally (Xu et al. 2024). The 

ADF results for all panels are significant, which indicates the log returns are stationary. We have examined the ARCH effect by applying 

the ARCH-LM test. According to Engle (1982), the rejection of the null hypothesis on the ARCH effect signifies the presence of condi-

tional heteroscedasticity. Figure 1 displays the return series for food markets within the BRICS nations. Stationary series can be forecast-

ed and generalized. 

 
Pre-Covid -19             During COVID-19                   Post-Covid -19 

 

   
Fig. 2: Correlation Matrix between Equity and Commodity Market 

 

Figure 2 shows that there is a positive correlation among the food markets of BRICS for the pre-COVID period. Among all, the price of 

corn is more correlated with wheat, followed by soybeans. The correlation between food markets decreased during COVID-19. However, 

the COVID-19 scenario continues the trend that corn, wheat, and soybeans demonstrated in the prior period. In the post-COVID period, 

the correlations between food markets reduced compared to the COVID period. The change in the consumption pattern in the post-

COVID period is a reason for the low correlation among food markets (Eftimov et al. 2020). The epidemic has wide-ranging impacts on 

diverse dimensions of life for humans, encompassing the domain of food intake as well. 
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Table 2: Granger Causality Among Food Markets 

Hypothesis Pre-Covid  During Covid Post-Covid  

H0 ‘F value’ ‘P value’ ‘F value’ ‘P value’ ‘F value’ ‘P value’ 

No Granger causality from Soybean to Wheat 2.074 0.1503 2.4631 0.06133 5.0418 0.025 * 

No Granger causality from Wheat to Soybean 2.6019 0.1072 0.3926 0.7584 8.8759 0.00305** 

No Granger causality from Soybean to Rice 0.2984 0.5851 0.3492 0.7897 0.013 0.9092 
No Granger causality from Rice to Soybean 0.305 0.581 0.7811 0.5047 0.1447 0.7038 

No Granger causality from Soybean to Corn 0.5374 0.4637 2.1096 0.09762 1.7849 0.1823 

No Granger causality from Corn to Soybean 0.3198 0.5719 1.9936 0.1135 0.0919 0.762 
No Granger causality from Soybean to Sugar 0.7235 0.3953 0.1097 0.9545 0.7015 0.4027 

No Granger causality from Sugar to Soybean 1.7254 0.1894 4.1598 0.00617 0.0151 0.9021 
No Granger causality from Wheat to Rice 8e-04 0.978 1.632 0.1805 0.33 0.566 

No Granger causality from Rice to Wheat 0.0273 0.8687 0.4284 0.7327 0.5854 0.4446 

No Granger causality from Wheat to Corn 0.7372 0.3909 0.8452 0.4694 3.0539 0.08128 
No Granger causality from Corn to Wheat 0.5962 0.4403 1.7907 0.1475 6.6044 0.0105* 

No Granger causality from Wheat to Sugar 0.46 0.4978 0.919 0.4312 0.9653 0.3264 

No Granger causality from Sugar to Wheat 0.0018 0.9662 0.3517 0.00119** 0.1077 0.7429 
No Granger causality from Rice to Corn 1e-04 0.9927 0.7806 0.505 0.054 0.8164 

No Granger causality from Corn to Rice 0.1807 0.6709 0.1434 0.9339 0.3278 0.5673 

No Granger causality from Rice to Sugar 3.3245 0.06869 0.7014 0.5514 1.4157 0.2348 

No Granger causality from Sugar to Rice 0.2896 0.5907 2.6632 0.047 * 1.1083 0.2931 

No Granger causality from Corn to Sugar 2.348 0.1259 0.9919 0.396 0.1647 0.685 

No granger causality from Sugar to Corn 1.2029 0.2731 6.9081 0.00013*** 0.1657 0.6842 

Notes: (i) *Denote significance at 10% significance level; **Denote significance at 5% significance level, and ***Denote significance at 1% significance 
level. 

 

Table 2 presents the results of the Granger causality test for the food markets in BRICS. It has been used to determine how one market 

influences another and how much influence one market has on another (Gupta and Guidi 2012; Huang et al. 2000). The significant values 

are indicating that the past values of the former contain information that can significantly enhance the prediction of latter’s future values, 

beyond what can be achieved using only past values of the latter. It is observed that there is no Granger causality existence at the pre-

COVID period. In the COVID period, it is noted that sugar Granger causes wheat, sugar Granger causes rice, and sugar Granger causes 

corn. It is revealing that sugar is affecting wheat, rice, and corn. It suggests that there may be some predictive power between the prices 

of these foods. In the post-COVID period, there is soybean and wheat, and corn and wheat. Granger causality wasn't present before 

COVID, but it was present during and after COVID. This could be because of changes in the market or shocks from outside the country. 

The COVID-19 pandemic introduced unprecedented volatility and interconnectedness among global markets, altering the relationships 

between economic indicators and stock indices (Marpaung and Pangestuti 2024). Global economic recovery, stimulus measures, supply 

chain disruptions, and investor risk perceptions are some of the reasons behind the absence of information flow (Farid et al. 2022). 

 
Table 3: TVP VAR Connectedness Index 

Panel 1: Pre-COVID-19 period 
 Soybeans Wheat Rice Corn Sugar FROM 

Soybeans 66.53 9.54 2.55 18.77 2.6 33.47 

Wheat 8.89 64.07 1.8 21.67 3.57 35.93 

Rice 2.69 2.51 88.69 4.09 2.02 11.31 
Corn 16.55 20.19 3.31 58.01 1.93 41.99 

Sugar 3.58 4.39 2.84 3.27 85.92 14.08 

TO 31.7 36.63 10.5 47.81 10.12 136.77 
NET -1.76 0.7 -0.81 5.83 -3.95 TCI: 27.35 

 
Panel 2: During the COVID-19 period 
 Soybeans Wheat Rice Corn Sugar FROM 

Soybeans 65.3 11.25 3.29 18.19 1.97 34.7 

Wheat 9.95 63.01 5.92 19.63 1.49 36.99 
Rice 1.91 2.67 90.58 2.95 1.89 9.42 

Corn 16.19 18.24 4.84 59.28 1.45 40.72 

Sugar 5.33 5.01 5.35 5.19 79.11 20.89 
TO 33.38 37.17 19.41 45.97 6.8 142.73 

NET -1.32 0.18 9.99 5.24 -14.09 TCI: 28.55 

 
Panel 3: Post-COVID-19 period 

  Soybeans Wheat Rice Corn Sugar FROM 

Soybeans 89.59 1.65 2.28 2.65 3.82 10.41 
Wheat 2.14 67.73 2.01 20.04 8.08 32.27 

Rice 1.57 1.47 87.71 3.99 5.26 12.29 

Corn 0.96 19.73 3.78 71.03 4.5 28.97 
Sugar 1.28 7.29 3.67 2.18 85.58 14.42 

TO 5.95 30.15 11.74 28.87 21.65 98.36 

NET -4.45 -2.12 -0.56 -0.1 7.23 TCI: 19.67 

 

Table 3 shows the results of the TVP-VAR connectedness index. To provide a more comprehensive examination, we undertake a time-

varying analysis of the connectedness effects on volatility. The length period of the moving rolling window is not required by this model 

(Zhang and Hamori, 2021; Liu et al., 2022). Furthermore, the model exhibits insensitivity toward outliers. We determine the appropriate 

lag order of the TVP-VAR model by applying the Bayesian information criterion. All variables exhibited a lag order of one. The data 

reveals that the total connectivity index increased from 27.35% in the pre-COVID period to 28.55% in the COVID period and again sta-

bilized in the post-COVID period. The food market was affected by COVID-19. The positive values are indicators of information send-

ers, and the negative values are indicators of information receivers. Soybeans, rice, and sugar are the receivers of information for the pre-
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Covid period. Wheat and corn are the senders of information in the pre-COVID period. Corn is the largest sender of spillover, followed 

by wheat and soybeans for the pre-COVID period, while rice is the weakest sender of spillover. During COVID period, wheat, rice and 

corn are the senders of spillover, whereas the remaining markets are the recipients of volatility spillover. We observe that markets with 

negative net spillovers, such as soybeans and sugar, exhibit lower resilience compared to rice and corn. These resilient markets display a 

robust capacity to absorb shocks originating from other markets, while transmitting minimal shocks themselves. In net spillover transmit-

ter markets, the value of wheat is comparatively lower than that of rice and corn. This suggests that investors engaged in rice and corn are 

subject to a higher level of risk compared to those who have invested in wheat. In the post-COVID period, the scenario of the Indian 

market changed. All the markets except sugar shift to become the receivers of spillover. Figure 3 shows the total connectedness of mar-

kets. The total connectedness index of all markets is fluctuating between 20% to 50% except during the time of Covid-19. At the time of 

COVID-19 the connectedness reached above 75 %. The overall connection index experienced a modest fall as the outbreak progressed, 

but thereafter exhibited a gradual recovery. As anticipated, the dynamic total connectedness index exhibits sequential variability. During 

periods of market stress, including the early phases of the COVID-19 epidemic, the worth of dynamic total connectedness experiences a 

corresponding increase. The lower price volatility observed in the post-COVID era can be attributed to the emergence of the COVID-19 

pandemic, which has had a significant influence on the growth prospects of almost two-thirds of developing economies that heavily rely 

on commodity exports (World Bank Group, 2023). The conclusions drawn in our study align closely with the findings reported by Balci-

lar et al. (2021). The connectedness between equity and commodity markets is more complex.  

We must acknowledge the common use of average outcomes to synthesize the underlying connections. These findings do not apply to 

the examination of a single incident or significant disruption, such as the global COVID-19 epidemic. Therefore, it is imperative to uti-

lise the dynamic or time-varying concept of complete connectivity to assess market dynamics and the evolution of roles over time. The 

exploration of changing the roles of net transmitter and net recipient is a compelling scenario that demonstrates the practicality of this 

paradigm. Figure 3 illustrates the intertemporal rise of the TCI. 

 

 
Fig. 3: Total Connectedness Index. 

 

The TCI fluctuates across the observed period. TCI values increased significantly between 2018 and the first quarter of 2019, eventually 

hitting their peak. The TCI values then showed a declining trend toward the end of 2019. However, in the first quarter of 2020, the TCI 

spiked in reaction to the COVID-19 pandemic. Following that, there was a short period of decline. The observed increase in the TCI's 

worth can be attributed to intermarket spillovers. The observed increase in TCI value at the beginning of 2020 is consistent with previous 

research findings (Balcilar et al. 2021; Zhang and Broadstock 2020). 

 
Pre-Covid -19             During COVID-19                   Post-Covid -19 

   
 

 
Fig. 4: Connection Network Among Food Markets 

 

Figure 4 shows the strength of connectedness among the food markets of BRICS in different time horizons. We find a strong connection 

between soybeans and corn during the pre-COVID period. However, this strength is absent in the COVID period. The connection among 

other markets becomes stronger. BRICS countries' agriculture markets were very connected during the COVID-19 pandemic because 

they play big roles in global agriculture, trade with each other, worry about food security, respond to policy changes, have complemen-

tary growing seasons, depend on each other economically, and take part in international forums (Mehta et al. 2021). In the post-COVID 

scenario, the connectedness among the markets has diminished. The level of connectedness among agricultural markets in BRICS coun-

tries may have weakened in the post-COVID period due to geopolitical factors and economic ties (Workie et al. 2020). 
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Fig. 5: Co-movements of Food Markets. 

 

We presented the wavelet analysis as a contour plot with three dimensions and various colors for easy visualization. The wavelet coher-

ence plot illustrates the period from 2016 to 2023 along the horizontal axis. In the analysis of various time and frequency bands, the in-

tensity of co-movement (whether strong or weak) is depicted through color gradation. Conversely, arrow directions illustrate the causa-

tion aspect, distinguishing between leading and lagging relationships, as well as the nature of the relationship (positive or negative). The 

wavelet coherence in the time-frequency domain between the Indian equity and commodity markets is shown in these pictures, which 

look like heat maps. Each plot serves as a heat map, offering insights into the level of co-movement within the time-frequency domain of 

a specific market and its correlation with other markets. 

The heat maps employ a color spectrum from light/blue to dark/red, symbolizing varying degrees of power ranging from low to high. 

The color codes in these heat maps show how much movement there is in the time-frequency domain of one stock market with other 

stock markets in different areas. The color codes also show that the wavelet squared coherency value is going up, which means that more 

co-movements range from weak to strong correlations. It can be highly visualized in soybean and wheat, soybean and corn, wheat and 

rice, wheat and corn, and rice and corn. But the direction of these co-movements plays an important role. In the following analysis, we 

focused on the direction of these co-movements. 

In the analysis of association and causality, the direction of the arrow serves as a key indicator. This arrow signifies whether a variable is 

leading or lagging about another. Specifically, a right-pointing arrow signifies a positive association, indicating that the variables are in 

phase. Moreover, a right-pointing arrow pointing upwards suggests a positive association with the first variable leading, while a right-

pointing arrow pointing downwards implies a positive association with the first variable lagging. Conversely, a left-pointing arrow indi-

cates a negative association, signifying that the variables are out of phase. If the left arrow is pointing upwards, it denotes a negative 
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association with the first leading variable, whereas a left arrow pointing downwards indicates a negative association with the first lagging 

variable. This directional analysis provides valuable insights into the relationship and temporal sequence of the variables under consider-

ation. 

Figure 5 confirms the co-movements of food markets of the BRICS economy. The markets are moving similar way at the time of Covid-

19. Especially between soybeans and wheat, soybeans and corn, wheat and rice, and wheat and corn. The co-movements between soy-

beans and rice, soybeans and sugar, wheat and sugar, rice and corn, and corn and sugar are very less. High co-movements between the 

volatility of two commodities indicate a stronger correlation in their price movements. This suggests that the two commodities are more 

likely to move in the same direction and experience similar levels of volatility. This can be an important consideration for investors and 

traders who are looking to diversify their portfolios, as high co-movements between two commodities may reduce the effectiveness of 

diversification in mitigating risk. On the other hand, lower co-movements between the volatility of two commodities indicate a weaker 

correlation in their price movements. This suggests that the two commodities are less likely to move in the same direction and may expe-

rience different levels of volatility. Lower co-movements can be beneficial for diversification purposes, as it may allow investors to 

spread risk more effectively across different assets. 

5. Discussion 

The interdependence of BRICS food markets stems from the global supply chain's dynamics. Recognized for their considerable contribu-

tions to the world's food supply, the BRICS countries play an important role in the international agricultural market. Consider Russia's 

status as a leading wheat supplier and Brazil's significance as a soybean and corn exporter. The BRICS countries are all exposed to the 

fluctuations in food commodity prices induced by factors such as global weather patterns, trade policies, and geopolitical tensions. If the 

Russian ruble's price rises sharply, the South African rand and other nations that rely on wheat imports may face price increases. The 

interwoven nature of the BRICS economy highlights how changes in one area can have far-reaching consequences for the others. Market 

dynamics have also shifted because of the COVID-19 epidemic, underlining the vulnerability and interdependence of food systems. 

Changes in customer behavior, transit delays, and labor shortages significantly impacted supply chains during the epidemic. Price volatil-

ity increased as nations retreated domestically. Food price changes highlighted the need for BRICS countries to collaborate; as a result, 

soybeans, wheat, and maize became increasingly central sites of information flow and causality. Food supply volatility can be driven by 

both local and international issues, thus, policymakers in the BRICS countries must grasp this. Thus, ensuring food security is a collabo-

rative effort that necessitates coordinated methods. The observed interconnectivity of food prices is also strongly influenced by market 

structure. The oligopolistic structure of agricultural markets contributes to price synchronization, particularly when a small number of 

nations control a major amount of the supply of a specific product. Market prices in networked economies are unintentionally influenced 

by key actors' pricing practices or trade agreements. The extent of trade ties, both bilateral and multinational, serves to strengthen this 

bond. For example, BRICS nations that use Brazilian products are likely to suffer price rises if agricultural exports to China rise, putting 

upward pressure on Brazilian prices. As a result, geopolitical issues, trade agreements, and regional cooperation all have a direct impact 

on food pricing in the BRICS countries. 

The massive impact on food security is a significant issue that arises as a result of this interconnectedness. Because the BRICS countries 

account for over 46% of the world's population, their agricultural policies have far-reaching repercussions that go beyond economics. For 

already poor groups, price increases can be disastrous, exacerbating food insecurity. Food insecurity in one of the BRICS countries may 

have an impact on the others due to their intertwined economies. For example, if a drought significantly reduces China's maize supply, 

the resulting price hikes may limit access for populations across the BRICS region. The implementation of price stability mechanisms 

and the establishment of strategic food stockpiles are two examples of proper risk management approaches that are urgently required, 

considering this interconnected threat. 

Nonetheless, the limitations of previous studies must be addressed. Although Granger causality tests reveal interdependence, they do not 

account for fundamental economic factors such as currency fluctuations or shifting trade routes, which could significantly alter these 

relationships. Future studies should thoroughly evaluate the data utilizing various frameworks, such as neural networks or coherence 

wavelet analysis, to identify complex non-linear connections that conventional econometric models may miss. The bigger contexts that 

may influence future patterns should also be carefully considered. Unpredictable developments are expected in agricultural markets due 

to global issues such as climate change, trade tensions, and the ongoing consequences of the COVID-19 pandemic. To create resilience 

against future shocks, BRICS policymakers must support agricultural diversity and innovation while remaining agile and sensitive to 

global trends. During the COVID-19 pandemic, the role of sugar in influencing other commodities became particularly significant due to 

a variety of underlying factors. Policy changes, such as lockdowns and restrictions on movement, disrupted the supply chains, affecting 

the production and distribution of sugar and related commodities. Sugar's effect on wheat, rice, and corn during COVID-19 shows the 

complicated interaction between supply and demand. Consumer hoarding habits brought on by the epidemic caused simultaneous stock-

piling of staple items, with sugar serving as a main signal. This was one element on the demand side. Supply-side elements were the 

different impacts of COVID-19 on labor-intensive sugar production, which caused favorable substitution effects. Furthermore, the in-

creased connection between sugar and oil prices during the epidemic gave rise to additional transmission mechanisms affecting other 

agricultural products using biofuel routes and input costs. Traders' use of sugar futures as a replacement investment during market vola-

tility intensified these links through financial speculation. These multidirectional causal pathways, which go beyond simple statistical 

association by explaining, clarifying the predictive usefulness of sugar. Trade disruptions, including border closures and shipping delays, 

further exacerbated these challenges, leading to fluctuations in sugar prices and availability. Additionally, shifts in consumer behavior, 

with increased demand for processed and comfort foods, impacted the demand for sugar, thereby influencing its market dynamics.  

BRICS countries could use several strategies to successfully reduce food price volatility. First and foremost, agricultural productivity 

must be increased by investment in technology and infrastructure. This involves implementing precision farming techniques, upgrading 

irrigation infrastructure, and investing in R&D to create more hardy crop varieties. Second, creating strategic food reserves can help sta-

bilize prices during supply shocks by providing a buffer stock to draw on in times of scarcity. Furthermore, promoting regional trade 

agreements among BRICS countries can lower trade barriers, allowing for more efficient cross-border food trading and lowering reliance 

on foreign markets. Implementing these steps, however, presents its own set of obstacles. Trade restrictions, such as tariffs and quotas, 

can impede the free flow of goods, making it harder to keep food prices steady. Political concerns also play an important role, as gov-

ernments may emphasize national interests above regional collaboration, resulting in protectionist policies that heighten volatility. Fur-

thermore, harmonizing the different agricultural policies and economic priorities of the BRICS countries necessitates tremendous diplo-

matic effort and cooperation. Addressing these difficulties requires a collaborative strategy in which BRICS countries collaborate to align 
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policies, share best practices, and strengthen confidence. By promoting a cooperative atmosphere, these countries may effectively im-

plement methods to reduce food price volatility and assure food security for their citizens. 

Our study of the interconnection of the food markets of the BRICS nations reveals direct effects on important accounting techniques and 

more general economic theory. Managing food reserves, pricing hedging options, and accounting for supply chain costs call for advanced 

accounting techniques, given the recognized volatility transmission patterns. Our results are relevant to inflation modeling since they 

show the transmission of food price shocks across countries, influencing the monetary policy frameworks used by central banks and the 

evaluation of utility losses. Full-cost accounting's effects are important because price fluctuation influences financial statement prepara-

tion, inventory valuation techniques, and strategic budgeting choices for food security investments. Our study provides accounting pro-

fessionals with empirically based tools for evaluating food security concerns and creating appropriate disclosure systems inside the 

linked BRICS countries, therefore improving the multidisciplinary contribution to accounting literature outside traditional economic 

analysis. Measuring the correlations among these factors helps one accomplish this. 

6. Conclusion and policy implications 

The article offers a comprehensive examination of the realised price volatility relationships between food markets in the BRICS economy. 

This research study provides valuable insights into the expanding literature on the impacts of the COVID-19 pandemic on the intercon-

nectedness of different asset categories. Initially, we use the Granger causality test to determine how information spreads within the food 

market. From the results of the Granger causality test, it is found that soybean, wheat, and corn have information flow in the post-

COVID-19 scenario (present period). It means that the food prices of Brazil, Russia, and China have some causal links. By analysing the 

links, policymakers can take proactive measures to address issues such as food price spikes or supply disruptions before they escalate 

into full-blown food security crises. From the perspective of investors, the presence of Granger causality between two food mar-

kets suggests that there may be a relationship between the fluctuations in their prices. This information can be used by investors to diver-

sify their holdings. Investors can diversify their risk and lessen the effect of price volatility in one commodity on their entire portfolio by 

holding both commodities. Additionally, we utilize the TVP VAR index to assess the connectedness in the food markets. The TVP-VAR 

connectivity approach is employed to evaluate the extent of connectedness between different market segments; hence, it examines the 

interdependencies among markets and illustrates the effects of the COVID-19 pandemic. The findings suggested that wheat (food market 

of Russia) is the largest sender of spillover, followed by corn (food market of China). It tends to experience price movements or funda-

mental changes before other commodities in the same market. Its price movements or supply and demand volatility can affect the agricul-

tural sector in these nations. The observed parallel movements in markets during the COVID-19 period, particularly between soybeans 

and wheat, soybeans and corn, wheat and rice, and wheat and corn, suggest a strong interdependence among these commodities. But the 

small amounts of movement that happen together between soybeans and rice, soybeans and sugar, wheat and sugar, rice and corn, and 

corn and sugar show that these pairs have some independence or different responses. Policymakers in BRICS countries may need to con-

sider the impact of policies related to the leading senders on overall food stability. For instance, trade policies, subsidies, or regulations 

affecting these markets can have far-reaching consequences for food security and economic stability in these nations. Also, we found that 

Russia and China are the largest senders of spillover in food markets. Significant geopolitical and structural elements guide our classifi-

cation of Russia and China as the main transmitters of volatility within the BRICS food market framework. Russia's key role as a major 

global grain exporter, which significantly affects the world's wheat exports, highlights the relevance of its ranking. The conflict between 

Russia and Ukraine intensified this impact through the utilization of blockaded ports, disrupted supply lines, and food shipments to ac-

quire geopolitical leverage. China's prominence comes from its position as the world's largest grain importer. China's policy choices are 

now significantly affecting world prices since it is experiencing structural domestic supply shortages, particularly in corn. The contextual 

factors explain why price shocks coming from these countries spread widely through linked food markets. The evidence suggests that the 

BRICS economies show systematic patterns of volatility transmission rather than serendipitous ones.  

Our research advances beyond practical policy recommendations by integrating theoretical frameworks for modeling price transmission 

mechanisms across interconnected markets. We propose expanding econometric volatility modeling to incorporate time-varying parame-

ters that capture structural breaks during crisis periods, enhancing predictive capacity for policymakers. The TVP-VAR framework 

should be refined to incorporate threshold effects that reflect non-linear relationships between food commodities during extreme market 

conditions. Additionally, we recommend developing hybrid theoretical models that integrate wavelet coherence analysis with traditional 

price transmission approaches, allowing for simultaneous examination of frequency-domain relationships and time-domain dynamics. 

This theoretical enhancement would significantly strengthen early warning systems for food market instability and improve the precision 

of intervention timing for regional food reserves and coordinated trade policies. Policies should be in place to control the risks associated 

with price volatility in the major sender commodity. Risk management measures can include developing strategic food reserves, adopting 

price stabilization mechanisms, and providing help to vulnerable groups during price surges. Encouraging variety in agriculture can less-

en the reliance on a particular commodity. Policies that encourage agricultural diversity and support the production of alternative crops 

can boost food security and reduce vulnerability to commodity-specific shocks. It's vital to understand that the policy actions will rely on 

the type of the greatest sender commodity, its position in the domestic and international markets, and the distinctive economic and social 

situations inside each BRICS country. Fluctuations in food prices in Brazil, Russia, and China are interlinked due to various economic 

and policy factors, which often stem from global events and local market conditions. One primary driver is the interconnectedness of 

global supply chains, where disruptions, such as those caused by the COVID-19 pandemic and geopolitical tensions like the Russian 

invasion of Ukraine, have significantly impacted food production and distribution networks. These disruptions resulted in a surge in food 

prices, underscoring the reliance of national markets on international trade routes and supply chains for essential commodities such as 

grains, fertilizers, and other food products. In Brazil, the rise in food prices can be attributed to increased production costs driven by 

higher demand for fertilizers and raw materials, alongside a growing export market that skews local availability and prices. Conversely, 

Russia's export restrictions on agricultural products and fertilizers have aggravated the situation further, squeezing international supply 

and driving prices upward globally. China's policies, marked by significant governmental interventions to control domestic food prices, 

also exert influence over global markets through its massive import requirements. Moreover, domestic policies, including subsidies, tar-

iffs, and export bans, compounded the effects of global supply shocks, creating waves of inflation that ripple through both national and 

international markets. Global events, such as climate change leading to extreme weather, also affect crop yields and availability, thereby 

influencing prices. These complex interactions create a feedback loop where local policies ripple across borders, affecting food security 

and prices in an increasingly globalized economy. As such, the causal links between these countries' food prices highlight the intricate 

web of dependencies in the global agricultural market. To protect food security and lower the risks that come with price changes, a multi-
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faceted approach should be used. Policymakers should think about putting in place coherent food policies that not only respond to chang-

es in the market but also plan for possible crises. This includes enhancing intra-BRICS trade to ensure food availability, investing in ag-

ricultural research and development to promote innovation, and fostering cooperation on food systems at regional and global levels. Fu-

ture studies should investigate how climate change could modify the connection patterns revealed in our work. Examining theories about 

the spread of volatility during extreme weather events can help clarify this. This paper seeks to investigate whether climate-induced sup-

ply shocks change or strengthen the directional flow of price volatility in BRICS food markets. We will evaluate whether Russia and 

China's positions as main transmitters of instability are strengthened under climate change. Researchers must assess how yield variations 

among BRICS countries could be affected by one- to three-degree Celsius temperature rises, thereby creating new volatility transmission 

paths within the price interconnectivity system. A major question is whether diversity in food systems reduces volatility spillovers during 

climatic shocks. Several studies must be conducted to evaluate the effect of sustainable farming practices on the persistence of volatility 

in linked markets and to investigate how accounting rules might evolve to include climate risk calculation in agricultural financial report-

ing. Under different warming paths, researchers might create integrated climate-economic models combining TVP-VAR techniques with 

climate projection data to forecast food security situations. This will allow the application of proactive policy measures to maintain sta-

bility in the BRICS food systems. 

Authors’ contributions 

This article is the result of significant work by all the authors. Muthumeenakshi M took the lead in writing the initial draft, introduction, 

and literature review, and also played a key role in revising 

the entire manuscript. Yedhu Harikumar handled the data collection and analysis and wrote the discussion section. Finally, Manoharan M 

contributed to the econometric methodology and data section. 

Disclosure statement 

The authors have no competing financial, professional, or personal interests. 

Funding 

No funding was received 

Data availability 

The datasets used during the current study are available from the corresponding author on reasonable request. 

References 

[1] Abdallah, M. B., Fekete-Farkas, M., and Lakner, Z. (2020). Analysis of meat price volatility and volatility spillovers in Finland. Zemědělská 

Ekonomika, 66(2), 84–91. https://doi.org/10.17221/158/2019-AGRICECON. 
[2] Alabi, M. O., and Ngwenyama, O. (2022). Food security and disruptions of the global food supply chains during COVID-19: building smarter food 

supply chains for post-Covid -19 era. British Food Journal, 125(1), 167–185. https://doi.org/10.1108/BFJ-03-2021-0333. 

[3] An, H., Qiu, F., and Zheng, Y. (2016). How do export controls affect price transmission and volatility spillovers in the Ukrainian wheat and flour 
markets? Food Policy, 62, 142–150. https://doi.org/10.1016/j.foodpol.2016.06.002. 

[4] Antonakakis, N., Chatziantoniou, I., & Gabauer, D. (2020). Refined Measures of Dynamic Connectedness based on Time-Varying Parameter Vec-

tor Autoregressions. Journal of Risk and Financial Management, 13(4), 84. https://doi.org/10.3390/jrfm13040084. 
[5] Ari, Y., Kurt, H., & Uçak, H. (2025). Volatility Spillovers Among EAGLE Economies: Insights from Frequency-Based TVP-VAR Connectedness. 

Mathematics, 13(8), 1256. https://doi.org/10.3390/math13081256. 

[6] Arndt, C., Benfica, R., Maximiano, N., Nucifora, A., and Thurlow, J. (2008). Higher fuel and food prices: impacts and responses for Mozambique. 
Agricultural Economics, 39, 497–511. https://doi.org/10.1111/j.1574-0862.2008.00355.x. 

[7] Assefa, T. T., Meuwissen, M. P., and Oude Lansink, A. G. (2015). Price volatility transmission in food supply chains: A literature review. Agri-

business, 31(1), 3–13. https://doi.org/10.1002/agr.21380. 
[8] Bakalis, S., Valdramidis, V., Argyropoulos, D., Ahrné, L., Chen, J., Cullen, P. J., Cummins, E., Datta, A. K., Emmanouilidis, C., Foster, T., Fryer, 

P., Gouseti, O., Hospido, A., Knoerzer, K., Le-Bail, A., Marangoni, A. G., Rao, P., Schlüter, O., Taoukis, P., . . . Van Impe, J. (2020). Perspectives 

from CO+RE: How COVID-19 changed our food systems and food security paradigms. Current Research in Food Science, 3, 166–172. 
https://doi.org/10.1016/j.crfs.2020.05.003. 

[9] Bakucs, Z., Fałkowski, J., and Ferto, I. ( } 2014). Does market structure influence price transmission in the agro-food sector? A meta-analysis per-
spective. Journal of Agricultural Economics, 65(1), 1–25. https://doi.org/10.1111/1477-9552.12042. 

[10] Balcilar, M., Gabauer, D., Umar, Z., 2021. Crude Oil futures contracts and commodity markets: new evidence from a TVP-VAR extended joint 

connectedness approach. Resour. Pol. 73, 102219. https://doi.org/10.1016/j.resourpol.2021.102219. 
[11] Balcilar, M., Sertoglu, K., and Agan, B. (2022). The COVID-19 effects on agricultural commodity markets. Agrekon, 61(3), 239–265. 

https://doi.org/10.1080/03031853.2022.2078381. 

[12] Balwinder-Singh, Shirsath, P. B., Jat, M., McDonald, A. J., Srivastava, A. K., Craufurd, P., Rana, D., Singh, A., Chaudhari, S. K., Sharma, P. C., 
Singh, R., Jat, H., Sidhu, H., Gérard, B., and Braun, H. J. (2020). Agricultural labor, COVID-19, and potential implications for food security and 

air quality in the breadbasket of India. Agricultural Systems, 185, 102954. https://doi.org/10.1016/j.agsy.2020.102954. 

[13] Barrett, C., and Dorosh, P. A. (1996). Farmers’ Welfare and Changing Food Prices: Nonparametric Evidence from Rice in Madagascar. American 
Journal of Agricultural Economics, 78(3), 656–669. https://doi.org/10.2307/1243283. 

[14] Behera, H., Gunadi, I., and Rath, B. N. (2023). COVID-19 uncertainty, financial markets and monetary policy effects in case of two emerging 

Asian countries. Economic Analysis and Policy, 78, 173–189. https://doi.org/10.1016/j.eap.2023.03.001. 

[15] Boyd, M. S., and Brorsen, B. W. (1988). Price asymmetry in the US pork marketing channel. North Central Journal of Agricultural Economics, 

10(1), 103–109. https://doi.org/10.2307/1349239. 

[16] Buguk, C., Hudson, D., and Hanson, T. (2003). Price volatility spillover in agricultural markets: An examination of US catfish markets. Journal of 
Agricultural and Resource Economics, 28(1), 86–99. 

https://doi.org/10.17221/158/2019-AGRICECON
https://doi.org/10.1108/BFJ-03-2021-0333
https://doi.org/10.1016/j.foodpol.2016.06.002
https://doi.org/10.3390/jrfm13040084
https://doi.org/10.3390/math13081256
https://doi.org/10.1111/j.1574-0862.2008.00355.x
https://doi.org/10.1002/agr.21380
https://doi.org/10.1016/j.crfs.2020.05.003
https://doi.org/10.1111/1477-9552.12042
https://doi.org/10.1016/j.resourpol.2021.102219
https://doi.org/10.1080/03031853.2022.2078381
https://doi.org/10.1016/j.agsy.2020.102954
https://doi.org/10.2307/1243283
https://doi.org/10.1016/j.eap.2023.03.001
https://doi.org/10.2307/1349239


70 International Journal of Accounting and Economics Studies 

 
[17] Cate Hansberry. (2024). Brazil 2050: A vision for global food security. Atlantic Council. https://www.atlanticcouncil.org/in-depth-research-

reports/issue-brief/brazil-2050-a-vision-for-global-food-security/. 

[18] Chang, C., McAleer, M., and Wong, W. (2020). Risk and financial management of COVID-19 in Business, Economics and finance. Journal of 

Risk and Financial Management, 13(5), 102. https://doi.org/10.3390/jrfm13050102. 

[19] Chavas, J. P., and Pan, F. (2020). The dynamics and volatility of prices in a vertical sector. American Journal of Agricultural Economics, 102(1), 
353–369. https://doi.org/10.1093/ajae/aaz038. 

[20] China - Food Export Association of the Midwest USA and Food Export USA–Northeast. (2024). Food Export Association of the Midwest USA 

and Food Export USA–Northeast. https://www.foodexport.org/export-insights/market-country-profiles/china/. 
[21] Diaz-Bonilla, E. (2016). Volatile volatility: conceptual and measurement issues related to price trends and volatility. In Springer eBooks (pp. 35–

57). https://doi.org/10.1007/978-3-319-28201-5_2. 
[22] Eftimov, T., Popovski, G., Petković, M., Seljak, B. K., and Kocev, D. (2020). COVID-19 pandemic changes the food consumption patterns. Trends 

in Food Science and Technology, 104, 268–272. https://doi.org/10.1016/j.tifs.2020.08.017. 

[23] Engle, R. (1982). “Autoregressive Conditional Heteroskedasticity with Estimates of the Variance of U.K. Inflation.” Econometrica, 50, 987-1008. 
https://doi.org/10.2307/1912773. 

[24] ET Online. (2024). India is a food surplus country; we are working on solutions for global food security: PM Modi, Economic Times.  

[25] https://economictimes.indiatimes.com/news/economy/agriculture/india-is-a-food-surplus-country-we-are-working-on-solutions-for-global-food-
security-pm modi/articleshow/112239114.cms.  

[26] Fan, X., Lu, J., Qiu, M., and Xiao, X. (2023). Changes in travel behaviors and intentions during the COVID-19 pandemic and recovery period: A 

case study of China. Journal of Outdoor Recreation and Tourism, 41, 100522. https://doi.org/10.1016/j.jort.2022.100522. 
[27] Farmonaut. (2024). Unleashing BRICS Power: Russia’s Bold Move to Dominate Global Grain Prices and Transform Food Security. farmo-

naut.com. https://farmonaut.com/news/unleashing-brics-power-russias-bold-move-to-dominate-global-grain-prices-and-transform-food-security/. 

[28] Ferrer-Perez, H., and Gracia-de-Renterıa, P. (2020). Asymmetric price volatility transmission in the Spanish fresh wild fish supply chain. Marine 
Resource Economics, 35(1), 65–81. https://doi.org/10.1086/707786. 

[29] Fousekis, P., and Trachanas, E. (2016). Price transmission in the international skim milk powder markets. Applied Economics, 48(54), 5233–5245. 

https://doi.org/10.1080/00036846.2016.1173183. 

[30] Frey, G., and Manera, M. (2007). ECONOMETRIC MODELS OF ASYMMETRIC PRICE TRANSMISSION. Journal of Economic Sur-

veys, 21(2), 349–415. https://doi.org/10.1080/00036846.2016.1173183. 

[31] Goodell, J. W., and Goutte, S. (2021). Co-movement of COVID-19 and Bitcoin: Evidence from wavelet coherence analysis. Finance Research Let-

ters, 38, 101625. https://doi.org/10.1016/j.frl.2020.101625. 
[32] Guo, Y., Liu, F., Song, J., & Wang, S. (2024). Supply Chain Resilience: A Review from the Inventory Management Perspective. Fundamental Re-

search. https://doi.org/10.1016/j.fmre.2024.08.002. 

[33] Hassouneh, I., Serra, T., Bojnec, S., and Gil, J. M. (2017). Modelling price transmission and volatility spillover in the Slovenian wheat market. Ap-
plied Economics, 49(41), 4116–4126. https://doi.org/10.1080/00036846.2016.1276273. 

[34] He, Q., Liu, J., Wang, S., and Yu, J. (2020). The impact of COVID-19 on stock markets. Econ. Political Stud. 8, 275–288. 

https://doi.org/10.1080/20954816.2020.1757570. 
[35] Huang, B., Yang, C., & Hu, J. W. (2000). Causality and cointegration of stock markets among the United States, Japan and the South China 

Growth Triangle. International Review of Financial Analysis, 9(3), 281–297. https://doi.org/10.1016/S1057-5219(00)00031-4. 

[36] Impact of Covid-19 on Agriculture. (2021). PIB.  

[37] https://pib.gov.in/Pressreleaseshare.aspx?PRID=1697512#:~:text=However%2C%20no%20income%20assessment%20report,7.2%25%20during%

20the%20same%20period. 

[38] Iuga, I. C., Mudakkar, S. R., and Dragolea, L. L. (2024). Agricultural commodities market reaction to COVID-19. Research in International Busi-
ness and Finance, 69, 102287. https://doi.org/10.1016/j.ribaf.2024.102287. 

[39] Iuga, I. C., Mudakkar, S. R., and Dragolea, L. L. (2024). Agricultural commodities market reaction to COVID-19. Research in International Busi-

ness and Finance, 69, 102287. https://doi.org/10.1016/j.ribaf.2024.102287. 
[40] Jana, S. K., and Karmakar, A. K. (2015). Globalization, governance, and food security. In Advances in finance, accounting, and economics book 

series (pp. 275–294). https://doi.org/10.4018/978-1-4666-8274-0.ch014. 

[41] Kalkuhl, M., Von Braun, J., and Torero, M. (2016). Volatile and Extreme Food Prices, Food Security, and Policy: An Overview. In Springer 
eBooks (pp. 3–31). https://doi.org/10.1007/978-3-319-28201-5_1. 

[42] Khan, M. N., Fifield, S. G. M., and Power, D. M. (2024). The impact of the COVID-19 pandemic on stock market volatility: evidence from a selec-

tion of developed and emerging stock markets. SN Business and Economics, 4(6). https://doi.org/10.1007/s43546-024-00659-w. 
[43] Lloyd, T. A. (2016). Forty years of price transmission research in the food industry: Insights, challenges and Prospects. Journal of Agricultural 

Economics, 68(1), 3–21. https://doi.org/10.1111/1477-9552.12205. 

[44] Magalhães, L. A., Silva, T. C., and Tabak, B. M. (2022). Hedging commodities in times of distress: The case of COVID‐19. Journal of Futures 
Markets, 42(10), 1941–1959. https://doi.org/10.1002/fut.22365. 

[45] Magazzino, C., Gattone, T., Usman, M., & Valente, D. (2024). Unleashing the power of innovation and sustainability: Transforming cereal produc-

tion in the BRICS countries. Ecological Indicators, 167, 112618. https://doi.org/10.1016/j.ecolind.2024.112618. 
[46] Marpaung, N. N., and Pangestuti, I. R. D. (2024). Macroeconomic Factors and Jakarta Stock Exchange: A Comparative analysis pre- and until the 

COVID-19 pandemic. SAGE Open, 14(2). https://doi.org/10.1177/21582440241247894. 

[47] Mehta, A., Ratre, Y. K., Sharma, K. K., Soni, V. K., Tiwari, A., Singh, R., Dwivedi, M., Chandra, V., Prajapati, S. K., Shukla, D., and Vishvakar-
ma, N. K. (2021). Interplay of Nutrition and Psychoneuroendocrineimmune Modulation: Relevance for COVID-19 in BRICS nations. Frontiers in 

Microbiology, 12. https://doi.org/10.3389/fmicb.2021.769884. 
[48] Meyer, J., and Cramon-Taubadel, S. (2004). Asymmetric price transmission: A survey. Journal of Agricultural Economics, 55(3), 581–611. 

https://doi.org/10.3389/fmicb.2021.769884. 

[49] Mielniczuk, F. (2013). Food security, biotechnology, and the BRICS: a necessary relationship. International Affairs Forum, 4(1), 65–69. 
https://doi.org/10.1080/23258020.2013.824251. 

[50] Moews, B., and Ibikunle, G. (2020). Predictive intraday correlations in stable and volatile market environments: Evidence from deep learning. 

Physica D: Nonlinear Phenomena, 547, 124392. https://doi.org/10.1016/j.physa.2020.124392. 
[51] Nchanji, E. B., Lutomia, C. K., Chirwa, R., Templer, N., Rubyogo, J. C., and Onyango, P. (2021). Immediate impacts of COVID-19 pandemic on 

bean value chain in selected countries in sub-Saharan Africa. Agricultural Systems, 188, 103034. https://doi.org/10.1016/j.agsy.2020.103034. 

[52] Osei, A. A., Etuah, S., Nimoh, F., Asante, B. O., Abunyuwah, I., and Mensah, N. O. (2024). DOES FUEL PRICE VOLATILITY INDUCE PRICE 
INSTABILITY IN THE AGRICULTURAL COMMODITY SUPPLY CHAIN? EMPIRICAL EVIDENCE FROM GHANA. Journal of Agricul-

ture and Food Research, 17, 101216. https://doi.org/10.1016/j.jafr.2024.101216. 

[53] Owusu, P., Junior, Agyei, S. K., Adam, A. M., and Bossman, A. (2022). Time-frequency connectedness between food commodities: New implica-
tions for portfolio diversification. Environmental Challenges, 9, 100623. https://doi.org/10.1016/j.envc.2022.100623. 

[54] Perdana, T., Chaerani, D., Achmad, A. L. H., and Hermiatin, F. R. (2020). Scenarios for handling the impact of COVID-19 based on food supply 

network through regional food hubs under uncertainty. Heliyon, 6(10), e05128. https://doi.org/10.1016/j.heliyon.2020.e05128. 
[55] Roosevelt, M., Raile, E. D., & Anderson, J. R. (2023). Resilience in Food Systems: Concepts and measurement options in an expanding research 

agenda. Agronomy, 13(2), 444. https://doi.org/10.3390/agronomy13020444. 

[56] S, N. A., and M, N. M. (2024). Exploratory Bibliometric Analysis on Geopolitical Risk. International Research Journal of Multidisciplinary Scope, 
05(04), 1180–1197. https://doi.org/10.47857/irjms.2024.v05i04.01652. 

https://www.atlanticcouncil.org/in-depth-research-reports/issue-brief/brazil-2050-a-vision-for-global-food-security/
https://www.atlanticcouncil.org/in-depth-research-reports/issue-brief/brazil-2050-a-vision-for-global-food-security/
https://doi.org/10.3390/jrfm13050102
https://doi.org/10.1093/ajae/aaz038
https://www.foodexport.org/export-insights/market-country-profiles/china/
https://doi.org/10.1007/978-3-319-28201-5_2
https://doi.org/10.1016/j.tifs.2020.08.017
https://doi.org/10.2307/1912773
https://economictimes.indiatimes.com/news/economy/agriculture/india-is-a-food-surplus-country-we-are-working-on-solutions-for-global-food-security-pm%20modi/articleshow/112239114.cms.
https://economictimes.indiatimes.com/news/economy/agriculture/india-is-a-food-surplus-country-we-are-working-on-solutions-for-global-food-security-pm%20modi/articleshow/112239114.cms.
https://doi.org/10.1016/j.jort.2022.100522
https://farmonaut.com/news/unleashing-brics-power-russias-bold-move-to-dominate-global-grain-prices-and-transform-food-security/
https://doi.org/10.1086/707786
https://doi.org/10.1080/00036846.2016.1173183
https://doi.org/10.1080/00036846.2016.1173183
https://doi.org/10.1016/j.frl.2020.101625
https://doi.org/10.1016/j.fmre.2024.08.002
https://doi.org/10.1080/00036846.2016.1276273
https://doi.org/10.1080/20954816.2020.1757570
https://doi.org/10.1016/S1057-5219(00)00031-4
https://pib.gov.in/Pressreleaseshare.aspx?PRID=1697512#:~:text=However%2C%20no%20income%20assessment%20report,7.2%25%20during%20the%20same%20period
https://pib.gov.in/Pressreleaseshare.aspx?PRID=1697512#:~:text=However%2C%20no%20income%20assessment%20report,7.2%25%20during%20the%20same%20period
https://doi.org/10.1016/j.ribaf.2024.102287
https://doi.org/10.1016/j.ribaf.2024.102287
https://doi.org/10.4018/978-1-4666-8274-0.ch014
https://doi.org/10.1007/978-3-319-28201-5_1
https://doi.org/10.1007/s43546-024-00659-w
https://doi.org/10.1111/1477-9552.12205
https://doi.org/10.1002/fut.22365
https://doi.org/10.1016/j.ecolind.2024.112618
https://doi.org/10.1177/21582440241247894
https://doi.org/10.3389/fmicb.2021.769884
https://doi.org/10.3389/fmicb.2021.769884
https://doi.org/10.1080/23258020.2013.824251
https://doi.org/10.1016/j.physa.2020.124392
https://doi.org/10.1016/j.agsy.2020.103034
https://doi.org/10.1016/j.jafr.2024.101216
https://doi.org/10.1016/j.envc.2022.100623
https://doi.org/10.1016/j.heliyon.2020.e05128
https://doi.org/10.3390/agronomy13020444
https://doi.org/10.47857/irjms.2024.v05i04.01652


International Journal of Accounting and Economics Studies 71 

 
[57] Salisu, A. A., Akanni, L. O., and Raheem, I. D. (2020). The COVID-19 global fear index and the predictability of commodity price returns. Journal 

of Behavioral and Experimental Finance, 27, 100383. https://doi.org/10.1016/j.jbef.2020.100383 

[58] Samarakoon, S., Pradhan, R. P., Maradana, R. P., and Sahoo, P. (2023). What determines the success of equity derivatives markets? A global per-

spective. Borsa Istanbul Review. https://doi.org/10.1016/j.bir.2023.10.008. 

[59] Serra, T. (2011). Food scare crises and price volatility: The case of the BSE in Spain. Food Policy, 36(2), 179–185. 

https://doi.org/10.1016/j.foodpol.2010.11.006. 

[60] Shah, Y., Liu, Y., Shah, F., Shah, F., Satti, M. I., Asenso, E., Shabaz, M., and Irshad, A. (2023). COVID-19 and commodity effects monitoring us-

ing financial and machine learning models. Scientific African, 21, e01856. https://doi.org/10.1016/j.sciaf.2023.e01856. 
[61] Sharif, A., Aloui, C., and Yarovaya, L. (2020). COVID-19 pandemic, oil prices, stock market, geopolitical risk and policy uncertainty nexus in the 

US economy: Fresh evidence from the wavelet-based approach. International Review of Financial Analysis, 70, 101496. 

https://doi.org/10.1016/j.irfa.2020.101496. 
[62] Shrinivas, A., and Gómez, M. I. (2016). Price transmission, asymmetric adjustment and threshold effects in the cotton supply chain: a case study 

for Vidarbha, India. Agricultural Economics, 47(4), 435–444. https://doi.org/10.1111/agec.12242. 

[63] Shruthi, and Ramani, D. (2021). Statistical analysis of impact of COVID-19 on India commodity markets. Materials Today: Proceedings, 37, 
2306–2311. https://doi.org/10.1016/j.matpr.2020.07.729. 

[64] Sridhar, A., Balakrishnan, A., Jacob, M. M., Sillanpää, M., and Dayanandan, N. (2022). Global impact of COVID-19 on agriculture: role of sus-

tainable agriculture and digital farming. Environmental Science and Pollution Research, 30(15), 42509–42525. https://doi.org/10.1007/s11356-022-
19358-w. 

[65] Udmale, P., Pal, I., Szabo, S., Pramanik, M., and Large, A. (2020). Global food security in the context of COVID-19: A scenario-based exploratory 

analysis. Progress in Disaster Science, 7, 100120. https://doi.org/10.1016/j.pdisas.2020.100120. 

[66] Valdés, A. (2019). Food Security for Developing Countries. In Routledge eBooks. https://doi.org/10.4324/9780429048289. 

[67] Wang, J., and Dai, C. (2021). Evolution of global food trade patterns and its implications for food security based on complex network analysis. 

Foods, 10(11), 2657. https://doi.org/10.3390/foods10112657. 
[68] Workie, E., Mackolil, J., Nyika, J., and Sendhil, R. (2020). Deciphering the impact of COVID-19 pandemic on food security, agriculture, and live-

lihoods: A review of the evidence from developing countries. Current Research in Environmental Sustainability, 2, 100014. 

https://doi.org/10.1016/j.crsust.2020.100014. 
[69] Xu, H., Niu, N., Li, D., and Wang, C. (2024). A dynamic evolutionary analysis of the vulnerability of global food trade networks. Sustainability, 

16(10), 3998. https://doi.org/10.3390/su16103998. 

[70] Zhang, D., and Broadstock, D. C. (2020). Global financial crisis and rising connectedness in the international commodity markets. International 

Review of Financial Analysis, 68, 101239. https://doi.org/10.1016/j.irfa.2018.08.003. 

[71] Zheng, X., and Pan, Z. (2022). Responding to import surges: Price transmission from international to local soybean markets. International Review 

of Economics and Finance, 82, 584–597. https://doi.org/10.1016/j.iref.2022.07.001. 

[72] Zhu, X., Li, S., Srinivasan, K., and Lash, M. T. (2024). Impact of the COVID-19 pandemic on the stock market and investor online word of mouth. 
Decision Support Systems, 176, 114074. https://doi.org/10.1016/j.dss.2023.114074. 

https://doi.org/10.1016/j.jbef.2020.100383
https://doi.org/10.1016/j.bir.2023.10.008
https://doi.org/10.1016/j.foodpol.2010.11.006
https://doi.org/10.1016/j.sciaf.2023.e01856
https://doi.org/10.1016/j.irfa.2020.101496
https://doi.org/10.1111/agec.12242
https://doi.org/10.1016/j.matpr.2020.07.729
https://doi.org/10.1007/s11356-022-19358-w
https://doi.org/10.1007/s11356-022-19358-w
https://doi.org/10.1016/j.pdisas.2020.100120
https://doi.org/10.4324/9780429048289
https://doi.org/10.3390/foods10112657
https://doi.org/10.1016/j.crsust.2020.100014
https://doi.org/10.3390/su16103998
https://doi.org/10.1016/j.irfa.2018.08.003
https://doi.org/10.1016/j.iref.2022.07.001
https://doi.org/10.1016/j.dss.2023.114074

