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Abstract 

 

This work investigates causality in price returns and in return volatility for the beef 

and the pork supply chains in the US using monthly price data from 1990:1 to 2019:12. 

It appears that non-instantaneous causality is everywhere bidirectional and, in a 

number of cases, asymmetric where the information is transmitted with higher intensity 

downstream than upstream. Also, the instantaneous component of the relationship 

between price returns (or return volatility) tends to be stronger than the sum of the non-

instantaneous feedbacks for the pair of markets farm and wholesale whereas the 

opposite is true for the pair of markets wholesale and retail. 
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1. Introduction 

Causality is among the most important notions at the disposal of research economists to 

analyze dynamic relationships between time series. Generally speaking, the central issue in 

causality analysis is that of predictability (that means, the potential contribution of past values 

of one time series to predicting the current value of another time series). Following the seminal 

work of Granger (1969), who employed linear regression models and F-type statistics to test 

for the presence of causality and to determine the direction of causal order, a number of 

alternative approaches have been proposed in the relevant literature including parametric non-

linear and non-parametric ones (e.g. Hiemstra and Jones, 1994; Diks and Panchenko, 2006; 

Taamouti et al., 2014; Li et al., 2016). As noted by Geweke (1984), Dufour and Taamouti 

(2010), and Song and Taamouti (2018), however, the overwhelming majority of theoretical and 

empirical works on the topic tend to focus on the presence of causality and to ignore its degree 

(i.e. its contribution to forecast improvements). Geweke (1984) and Dufour and Taamouti 

(2010) proposed assessing the degree of causality through a loss function such as the mean 

square forecast error. Moreover, they offered a decomposition of the strength of the relationship 

between time series into non- instantaneous and instantaneous components. Song and Taamouti 

(2018) developed further the ideas of Geweke (1984) and Dufour and Taamouti (2010) by 

allowing for non-linear patterns of association. 

Against this background the objective of the present work is to investigate the presence 

and to assess the degrees of price and price volatility causality along the US beef and 

pork supply chains. Agricultural economists, stakeholders of the food sector, and policy 

mailto:fousekis@econ.auth.gr


2020 Vol 21, No 1                                                       29 

 

makers have long a keen interest in price relationships and price transmission in 

vertically related food markets. The efficient market hypothesis (EMH) (Fama, 1970) 

postulates that a price at any time reflects all available historical information and it 

cannot be predicted by analyzing past observations. A finding, therefore, of price or of 

price volatility causality from one market level to another is evidence against efficiency 

(e.g. McMillan and Speight, 2002; He et al. 2014). In case, however, that the price in 

one market level can be predicted from past values of a price in another market level, 

supply chain participants (e.g. primary producers, wholesalers, and retailers) may 

achieve reductions in risk exposure by utilizing the information about the direction and 

degree of causality. Policy makers wish to know the market levels at which prices are 

established and whether the information flows upstream or downstream. 

Price and price volatility causality in meat supply chains have been investigated in a 

large number of earlier empirical works in agricultural and food economics using a 

variety of conceptual and econometric tools including linear and non-linear causality 

tests, VAR,VECM, TVECM, GARCH, and BEKK models (e.g. Chang and Griffith, 

1998; Boyd and Brorsen, 1988; Goodwin and Holt, 1999; Natcher and Weaver, 1999; 

Goodwin and Harper, 2000; Abdulai, 2002; Jones, 2005; Vavra and Goodwin, 2005; 

Cechura and Sobrova, 2008; Rezitis, 2010). Their findings vary widely depending on 

the approach adopted, the market levels, the period, and the country considered. The 

majority of studies reported that the information transmission mechanism is asymmetric 

in the sense that the information flows always either from upstream to downstream 

market levels (e.g. Boyd and Brorsen, 1988; Goodwin and Harper, 2000, Jones, 2005) 

or from downstream to upstream ones (e.g. Abdulai, 2002; Cechura and Sobrova, 2008) 

while a few others (e.g. Natcher and Weaver, 1999) found that transmission of 

information is bidirectional. 

The symmetry or the asymmetry of price and volatility transmission may, in addition, 

have implications for market power abuses and for the performance of meat supply 

chains. The meat sector in the US experienced a structural change in the mid- to-late 

1990s through mergers, acquisitions, and increased vertical coordination. The CR4 for 

steer and heifer slaughter and for hog slaughter were, in 2012, 85 and 64 percent, 

respectively (Saitone and Sexton, 2017). The CR4 ratio for food retailing in the US 

metropolitan areas was, in 2014, 63 percent (Volpe et al., 2017). These developments 

have been areas of concern for consumers, small producers, and regulatory authorities. 

The common characteristic of earlier empirical works on price and price volatility 

causality in vertically related food markets is that they focused on establishing, through 

statistical/econometric tools, the presence of causality and its direction but they failed 

to investigate its degree as well as the relative importance of instantaneous and non-

instantaneous components for the intensity of price and of price volatility links at the 

different levels of the relevant chains. By investigating causality through loss functions 

this work fills an important gap in the literature. In what follows section 2 presents the 

analytical framework and section 3, the data, the empirical models, and the results. 

Section 4 offers conclusions and suggestions for future research. 
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2. Analytical framework 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

For the empirical implementation of non-linear causality measures, the conditional 

variances of the two processes are replaced with their respective mean squared forecast 

errors from flexible (i.e. non-linear) regression models. To this end, 
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3. The data, the empirical models, and the empirical results 

3.1The data 

The data for the empirical analysis are monthly prices of beef and pork at the farm, 

the wholesale, and the retail level. They have been obtained from the ERS- USDA 

database (https://www.ers.usda.gov/data-products/meat-price-spreads.aspx) and they 

http://www.ers.usda.gov/data-products/meat-price-spreads.aspx)
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refer to the period 1990:1 to 2019:12. Figures 1 and 2 present the evolution of the 

relevant prices (in natural logs). For the beef supply chain, the prices at all market levels 

exhibit upwards trends and two price spreads (farm-wholesale and wholesale-retail) 

remain fairly constant over time. For the pork supply chain, the price at the farm level 

fluctuates around its historical average without any clear tendency for an increase or 

for a decrease; the prices at the wholesale and at the retail levels exhibit upwards trends. 

The two price spreads tend to increase, especially during the most recent years. 
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refers to linkages between mean returns whereas transmission of return volatility refers 

to linkages between variances (e.g. Natcher and Weaver, 1999). 

Tables A.1 and A.2 in the Appendix present summary statistics and tests on the 

distributions of the price returns and the return volatility for the beef and for the pork 

supply chain, respectively. For the beef chain and at the 5 % level of significance, farm 

level returns are symmetric, mesokurtic, and normal; wholesale level returns are 

symmetric, leptokurtic, and non-normal; and retail level returns are positively skewed, 

leptokurtic, and non-normal. For the pork supply chain and at the same level of 

significance, farm and wholesale level returns are symmetric, and non- normal while 

retail level returns are symmetric, mesokurtic, and normal. For both supply chains, the 

return volatility series at all market levels are positively skewed, leptokurtic, and non-

normal. 

3.2 The empirical models and the empirical results 

Price shocks and volatility originating from the farm (retail) level are transmitted to 

the retail (farm) level only indirectly; that means, through the wholesale level. In 

contrast, the transmission of price shocks and of volatility for the pairs of markets farm 

and wholesale and wholesale and retail is a direct one. Given the presence of indirect 

links of this type in the three-level meat supply chains it makes absolute sense to 

distinguish and focus on market systems that involve direct links only; namely, the 

market system that consists of the farm and the wholesale level and the market system 

that consists of the wholesale and the retail level1. Therefore, the estimation of the mean 

square causality measures is conducted here for the market pairs farm-wholesale and 

wholesale-retail, separately. 

As mentioned in Section 2, the unknown smooth mean functions involved in the 

unrestricted and in the restricted regression models are flexible (non-linear) ones. 

Flexibility can be achieved either through non-parametric (e.g. kernel or loess) 

regressions or through parametric regressions with appropriately selected functional 

forms. Song and Taamouti (2018) opted for kernel regressions. Non-parametric 

regression analysis, however, is plagued by the “curse of dimensionality”; that means, 

determination of bandwidths becomes extremely difficult in the presence of more than 

one control variables (e.g. Fox and Weisberg, 2018)2. Flexible functional forms are 

those that provide Taylor series approximation of degree 2 (or of higher) to an 

underlying unknown smooth function. They have been used for non-linear Granger 

causality analysis by Benhmad (2012) and Chu et al. (2015), among others. Here, 

considering the number of observations available (360) and the fact that flexible forms 

involve a large number of cross-products that significantly reduce the degrees of 

freedom when the order and the lag length increases, the estimations rely on quadratic 

functional forms (i.e. on second order approximations) with 3 lags3.With reference to 

(let us say) Xt   process (in this work price returns or return 

volatility at a given level of a meat supply chain) the quadratic approximation of the 
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X 

 

unknown smooth function ΦU 
is 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

Table 1 (parts (a) and (b)) presents the results of mean square causality analysis of price 

returns for the two market pairs in the beef supply chain. Starting with the pair farm-

wholesale, both non-instantaneous feedback measures are statistically significant at any 

reasonable level and the same is true for the instantaneous feedback, and the intensity 

of dependence. The null hypothesis that both non-instantaneous feedback effects are 

zero is strongly rejected and so is the null hypothesis that they are equal to each other. 

Indeed, the non-instantaneous feedback from the farm to the wholesale level is two 

times that of the wholesale to the farm level. From the information in part (a) follows 

that there is a two-way (bidirectional) and asymmetric non-instantaneous causality for 

price returns in the system consisting of the farm and of the wholesale beef markets. 

The sum of the two non-instantaneous feedback measures is much smaller than the 

instantaneous feedback measure (the instantaneous feedback accounts for 64 % of the 

intensity of dependence of the price shocks between these two markets). The results for 

pair wholesale-retail are, to a large extent, similar to those for the pair farm-wholesale. 

There is again bidirectional asymmetric non-instantaneous feedback where the 

feedback upstream dominates by far the feedback downstream. Quality wise, the most 

important difference between the two market systems concerns the relative strength of 

the instantaneous and the non- instantaneous feedback. For the pair wholesale-retail the 

instantaneous feedback is small and accounts for 20 % of the intensity of dependence 
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only. 
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Table 2 (parts (a) and (b)) presents the results of mean square causality analysis of price 

returns for the two market pairs in the pork supply chain. Starting with the pair farm-

wholesale all feedback measures are strongly statistically significant with the 

instantaneous feedback being by far the most important accounting for 87 % of the 

intensity of dependence. The null hypothesis that the non- instantaneous feedback 

upstream and downstream are equal appears to be consistent with the data. The findings 

for the system of market consisting of the wholesale and of the retail level are in many 

respects in line with those for its counterpart in the beef supply chain with the non-

instantaneous feedback upstream dominating that downstream and the instantaneous 

feedback being very small; indeed, the null that the instantaneous feedback for this pair 

of markets is zero cannot be rejected at the conventional levels of significance. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



2020 Vol 21, No 1                                                       37 

 

 

 
 

 

 

 

 

 



38 AGRICULTURAL ECONOMICS REVIEW 

 

Table 3 (parts (a) and (b)) presents the results of mean square causality analysis of 

return volatility for the two market pairs of the beef supply chain. For the system farm 

and wholesale, there is symmetry with respect to the non-instantaneous feedbacks 

upstream and downstream while the instantaneous feedback is not statistically different 

from the sum of the two non-instantaneous feedbacks. For the system wholesale and 

retail there is again symmetry in the non-instantaneous feedbacks and a negligible 

instantaneous feedback. Table 4 (parts (a) and (b)) presents the results of mean square 

causality analysis of return volatility for the two market pairs of the pork supply chain. 

For the pair farm-wholesale there is symmetry in non- instantaneous feedbacks and a 

very strong influence of the instantaneous feedback on the intensity of dependence. 

Finally, the results for the pair wholesale-retail are very similar to those for its 

counterpart in the beef supply change. 
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Tables 5 and 6 show the percentage reduction in forecast variances due to the presence 

of non-instantaneous feedbacks or equivalently the percentage reduction in forecast 

variances in a given market level resulting from the inclusion of lagged values (price 

returns or return volatility) from upstream or from downstream market levels. The 

calculations are based on relation (8) in section 2. The arrow denotes the shock 

direction. As expected, the results (in terms of magnitudes and statistical significance) 

are in line with what is replotted in Tables 1 to 4. As far as the price returns are 

concerned, in the beef supply chain the highest reductions in forecast variance are 

attained from including past wholesale returns and past farm returns in the regression 

models for the retail and the wholesale level, respectively; in the pork supply chain, the 

lowest reductions in forecast variable occur when retail and wholesale level returns are 

employed for the prediction of wholesale and farm level returns, respectively. As far as 

the return volatilities are concerned, in the beef supply chain the highest reductions in 

forecast variance are achieved when using wholesale and farm volatility to forecast 

retail and wholesale volatility, respectively; in the pork supply chain the lowest 

reductions occur for the pair of markets wholesale and retail. 
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Conclusions and suggestions for future research 

The objective of the present work has been to assess causality for price returns and 

return volatility in the US beef and pork supply chains. To this end, it relies on flexible 

functional forms and monthly data on prices at the farm, the wholesale, and the retail 

level over 1990 to 2019. The empirical findings suggest: 

 (a)There is strong and statistically significant non-instantaneous 

feedback in all market pairs considered both for price returns as well as for return 

volatility. This is certainly an indication of market inefficiency. At the same time, 

however, it implies that reductions in the forecast variances (that means, reductions in 

price and volatility risk) can be attained by employing past values of returns or of 

volatility from a given market level to estimate returns or volatility, respectively, at 

another market level. For certain market pairs the variance reductions are substantial 

(over 25%). 

 (b) For price returns and for the beef supply chain, the non-

instantaneous feedback is asymmetric in the sense that the information flow is stronger 

downstream than upstream; for the pork supply chain, asymmetry of the same type 

exists for the pair of markets wholesale and retail only. A possible distributional 

implication of this pattern of asymmetry is that while final consumers are very likely to 

bear the negative consequences of price increases upstream, primary producers are less 

likely to benefit from price increases downstream. It is certainly tempting to attribute 

this particular relationship between prices changes along a food supply chain to the 

presence of market power. Nevertheless, asymmetric transmission of price shocks may 

occur in perfectly competitive food markets as well (e.g. Gardner, 1975). Also, as noted 

by Saitone and Sexton (2017) consolidation (through the exploitation of economies of 

scale) and vertical coordination (through innovation, design/quality of the products) 

may increase the profitability of a chain as a whole. Such gains may outweigh the 

distributional consequences of modest market power. 

For return volatility, the pattern of transmission is for all market pairs considered a 

symmetric one. Given that return volatility is a measure of price risk, one may conclude 

that the level of the supply chain from which price risk emanates has no influence 

whatsoever to its intensity of transmission. 

 (c)For both price returns and return volatility the instantaneous 

feedback is the most important component of the intensity of dependence in the pair of 

markets farm and wholesale. For both price returns and return volatility the non-

instantaneous feedback is by far the most important driver of the strength of the link 

between prices at the wholesale and at the retail level. 

There are two avenues for future research. One may involve the assessment of mean 

square causality in horizontally (spatially) interrelated markets such as regional markets 

for a given food commodity. The other may enhance the information provided from 

mean square causality models by taking into account not only the origin but the nature 

of shocks as well. For example, one may investigate whether positive and negative 

shocks have symmetric non-instantaneous and instantaneous effects. In any case, 

further research on this elaborate topic is certainly warranted. 
 

Notes 
1 Emmanouilides and Fousekis (2015) and Bumpass et al. (2019) also worked with 

market systems involving direct links only in their analyses of the US pork and the US 

gasoline supply chains, respectively. 
2 Being aware of this problem, Song and Taamouti (2018) assumed that their 
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stochastic processes were Markov of order one. This assumption, however, is 

potentially very restricting for the empirical analysis of feedback in meat supply chains. 

Both beef and pork production are subject to biological constraints and, thus, price or 

volatility shocks in a given level may affect other levels for more than one time periods. 
3 More parsimonious second order models with 2 lags are also estimated. Their results 

(which are available upon request) turned out to be qualitatively similar to those with 

the 3 lags. 
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