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	Paper Title: Vertical and spatial analysis of the Uruguayan beef chain: Asymmetry in price transmission, and Risk of Spillover
	Abstract: This study investigates the asymmetric price transmission and spillover risk in Uruguay's beef sector compared to the global market from January 2000 to December 2020. It analyzes spatial and vertical dimensions using US Steer prices and the FAO Bovine Price Index to represent the international context, and compares them with Uruguayan farmer and industrial level prices, including data from Canadian and Brazilian fat steer markets for context. Employing cointegration and VAR model-based connectedness analysis, the research highlights an 85% average dynamic connectedness within Uruguay's domestic market, suggesting high volatility and spillover potential. "Standing Steer UY" and "Steer Half carcass" industrial prices are identified as key influencers. Nonlinear, predominantly symmetrical price transmission is revealed through TAR model analysis after accounting for structural breaks. In contrast, MTAR models expose asymmetry between Uruguayan and international markets, with local prices reacting more sharply to global price rises. The Brazilian and Canadian markets demonstrate a higher cointegration level with no evident asymmetry, implying market differences, potentially due to Uruguay's unique market challenges, such as tariffs and quotas.
	Keywords: Price Transmission; Asymmetric Price Transmission; Connectedness Index;  Risk of Spillover; MTAR; TAR
	JEL Code: Q0
	Introduction: The Uruguayan beef industry is a pivotal component of the nation's economy, engaging over 44,000 farms and stretching across 13 million hectares, as reported in the 2022 DIEA Yearbook. With exports exceeding USD 3.2 billion in 2022 and constituting 3% of the global meat trade, the sector's international reach is significant. However, recent market changes, including the acquisition of three Marfrig facilities by Brazil's Minerva Foods, have triggered concerns about market concentration. This move leaves Minerva Foods with a 42% market share of Uruguay's slaughtering capacity, prompting discussions about market competitiveness.

Price transmission analysis is essential in understanding these dynamics, shedding light on competition and its price effects. Prices, as they move horizontally across geographical markets and vertically through the supply chain, affect business decisions, allocation of resources, and market dynamics. Observing how price changes propagate across regions and their timing is crucial to evaluating market efficiency.

In ideal conditions, local prices would reflect international benchmarks as stipulated by the Law of One Price. However, this theoretical state is often disrupted by factors including transport costs, trade barriers, currency fluctuations, and seasonality, alongside potential market power abuses and non-competitive practices, leading to asymmetric price transmission. Such discrepancies undermine market efficiency and economic welfare.

The use of threshold autoregressive models (TAR) and momentum-threshold autoregressive models (MTAR) has been instrumental in uncovering the complexities of price transmission. As shown in significant economic studies, price reactions to increases or decreases can vary in intensity and duration, revealing the asymmetric nature of these processes. This asymmetry, along with market integration issues, can explain why prices don't always adjust uniformly, highlighting the influence of imperfect market structures on economic policies and interventions.
	Methodology: Building on this framework, the current study examines potential asymmetries in price transmission using Threshold Autoregressive (TAR) and Momentum Threshold Autoregressive (MTAR) models. This approach, validated by the initial research, enables the identification of non-linear adjustments in price transmission.

The study harnesses secondary data from various sources including INAC, IPCV, and the FAO, focusing on retail and wholesale beef prices in Uruguay, Brazil, and Canada, as well as international cattle prices and the FAO's beef price index. A logarithmic transformation and first-difference processing refine the data for TAR and MTAR analysis, incorporating structural breaks as dummy variables.

The TAR model detects asymmetries by differentiating behavioral regimes according to a threshold value, pivotal for understanding market reactions to varying price changes. The MTAR extends this, modeling adjustments toward long-term equilibrium based on the deviation’s direction. These nonlinear models capture market adjustments not apparent in linear models, critical for economic policy and market stability.

To supplement the TAR and MTAR models, Diebold and Yilmaz's (2012) Connectedness Index evaluates risk spillover, providing insights into the interplay between market variables. This study's findings will enrich our understanding of price dynamics and market interconnectedness in Uruguay's beef industry.
	Results: The analysis of Threshold Autoregressive (TAR) models revealed symmetrical, albeit nonlinear, transmission mechanisms in price adjustments, with no evidence of asymmetry. Cointegration issues prompted the use of dummy variables to correct Uruguayan series, signifying their unique requirement for significant cointegration when juxtaposed with international prices. However, the use of dummies doesn't inherently suggest asymmetry, merely adjustments in the series impacting cointegration analyses.
In contrast, Momentum Threshold Autoregressive (MTAR) models displayed a distinct asymmetry in price adjustments, especially when additional exogenous variables, like a Structural Break in 2010, were considered, pointing to the context-specific relevance of these variables. The significant F-joint values confirm cointegration, with a pronounced disparity in Model 2 indicating a more robust cointegrated relationship and clear asymmetry. Yet, the potential risk of multicollinearity from numerous dummy variables and the hazard of overfitting with too many variables remain considerations.
Specifically, the "Steer on the Hook / FAO Index" failed to establish cointegration, while "Standing Steer Canada / US. Steer" and "Fat Steer Brazil / US Steer" pairs displayed strong cointegration and symmetrical price transmission, as per F-joint values and non-significance of F-equal values.
The connectedness or risk of spillover analysis revealed the significant volatility spillover among domestic cattle categories, indicating a strong interdependency that suggests market participants should consider systemic risk assessment approaches. The primary volatility transmitters were identified, highlighting the potential for market shocks to propagate through the interconnected network, underscoring the necessity for a comprehensive view in risk management within the cattle sector.

	Discussion and Conclusion: The connectedness index of the Uruguayan domestic market reaches 85%, suggesting a high interconnection and potential for domino effects on prices. The MTAR and TAR models were applied to identify possible asymmetries, for Uruguay as well as for Canada and Brazil, and the possible asymmetry between the industry price and the producer price. In the Canadian and Brazilian markets, perfect cointegration with the international market was evident, showing non-linear adjustments but without asymmetry in price transmission. In contrast, for models representing Uruguayan and international prices, it was necessary to correct for structural breaks to observe significant cointegration. In most cases, adjustments were non-linear, and in a specific case, an asymmetry in price transmission was detected, showing quicker adjustments to drops in international prices than to increases. The MTAR/TAR model for the domestic price pair showed significant cointegration without the need to include exogenous variables, with non-linear but symmetrical adjustments. The policy recommendations inferred from this research advocate for the deregulation of livestock exports as a means to improve market efficiency, integration and boost the competitiveness of the meatpacking industry. Grasping these processes and their interplay is critical for strategic decision-making within the industry, particularly given the incessant interlinkages of markets in today's globalized economy. The insights and analytical tools provided by this study are of substantial value to executives, investors, and policy architects in the Uruguayan meat industry. The key challenge moving forward is to apply these insights effectively to enhance market functioning and strengthen Uruguay's competitive stance globally.




