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Abstract:

The purpose of this report is to describe and statistically evaluate a retail demand (Rd) shift variable and a marketing cost (Mc) index for the fish supply chain in Canada. The Rd shift variable is a deterministic aggregator function that includes personal expenditure, population trends, and price of substitute goods that influence the retail demand structure for fish in Canada. The Mc index is a measure of the cost of marketing fish through the supply chain. This aggregate index accounts for the cost of labour, energy, transportation and packaging used in the supply process. Both the Rd shift variable and Mc index are important factors in the specification of the fish price transmission equation.     
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1. Introduction

The economic welfare of fishermen depends on the price received in the first-hand market for fish. Of course, supply side factors in the harvesting process are important but if we focus on the demand side of the market we observe that prices in the first-hand market are influenced in a major way by factors in the final markets for fish. Final markets for fish may be domestic retail sales (15-20%) or export sales (80-85%). What this means is that demand in the first-hand sale of fish is a derived demand based on factors impacting the final price of fish in the supply chain. 
It is of some interest to describe and statistically measure the price transmission links in the fish supply chain. Certainly in the fresh market one might expect very strong price links throughout the chain, whereas, for processed product inventory possibilities may weaken the price links in the chain. In addition, retail and export markets are often characterized by elements of non-competitive price behaviour that not only impact formation of prices but also the magnitude and transmission of price shocks through the supply chain. 

Empirical attempts to model the fish price transmission equation should account for exogenous shocks at the retail level and the cost of marketing the fish. For the former these shocks can be measured as changes in personal income, population trends, and price of substitute commodities. A retail demand (Rd) shift variable is a deterministic aggregator function of these variables. The Rd shift variable is deterministic in that premeasured elasticity estimates for each variable are used in a linear combination of the variables to predict the shift factor. For the latter we want to measure the marketing costs (Mc) involved in processing and moving fish through the supply chain. The Mc index will account for the cost of labour, energy, transportation and packaging used in the supply process. The purpose of this report is to describe and statistically evaluate a retail demand shift variable and a marketing cost index for the fish supply chain in Canada. 
 The Price Transmission Equation

Consider the following price transmission equation describing the stochastic behaviour of fish prices. 
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 is the log transform of retail price of fish, [image: image6.png]


 is the log of the fist-hand market for fish, Ex is the Canada-US exchange rate, Rd is the retail demand shift variable, Mc is the marketing cost index and [image: image8.png]


 is a stochastic error term. The parameters [image: image10.png]a, B, 6;, ,n,and 6



 are recovered from the estimation. Past lagged values of both retail and first-hand price are included to account for autocorrelation in the error structure and lagged price shocks to the current retail price. Our focus here is on the Rd and Mc indices. 
2. Retail Demand Shift Variable
The Rd shift variable is defined as the linear combination:
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 is the price of a substitute food or non-food commodity s, I is personal income, Pop is population and [image: image16.png]


 (for [image: image18.png]= 5,1 and pop)



are premeasured elasticities obtained from published research.  

Why is it that we require premeasured elasticities? It would seem reasonable to insert equation (2) into equation (1) and estimate elasticities directly from the data on fish price variation. The problem with this procedure is that the parameters in such a combined equation are not statistically identified and are inconsistent
. Inconsistent parameter estimates are caused by a right-hand-side variable correlated with the stochastic error term. The advantage of using elasticity results from the literature is that such estimates are recovered from a system of equations that take account of statistical identification and accuracy in parameter estimation. 
The Rd index in equation (2) is deterministic and it might be an advantage to introduce a stochastic error term into the equation to account for unobserved randomness in the shift variable. This requires only a slight modification to equation (2) as;
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 is an iid random generated error term normally distributed with mean zero and variance one. The modified index defined by equation (3) will not cause econometric problems in the price transmission estimation as long as [image: image24.png]
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 are not correlated. For estimation of the price transmission equation we will carry forward both [image: image28.png]InRd,
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 and test robustness of the empirical work. 
In specifying the substitute variables in the Rd index we define two food prices (beef and chicken) and one non-food price index.
 All indices are transformed to real 2002 dollars. Table 1 reports estimates of elasticities used in calculating the Rd shift variable. We graph out the Rd shift index after a more detailed look at each of the variables included in the index.

	Table 1: Estimated Elasticities a)



	
	Price of Sirloin/kg
	Price of chicken/kg
	Price of Non-Food
	Income
	Population 

	Estimated Elasticity
	0.25
	0.15
	0.09
	0.81
	1.0

	a) Hassan and Johnson (1977) and Hassan et al. (1977)


Figure 1 shows the graph of the real price (2002 dollars) of beef (one kg of sirloin steak) and chicken (one kg of chicken) over the period January 1981 to March 2010. For both commodities, there is a general declining trend in real prices in the early period up to mid 1999, after which real prices increase throughout the remaining period. Note the very sharp drop in price of beef in June 2003 associated with the ‘mad cow’ disease in Canada. 

Figure 2 shows the real price index of non-food items for the period January 1981 to March 2010. This graph shows a rise in the real price of non-food items up to the early 90s but relatively stable overall prices through the mid 2000s. Note the real fall in prices near the end of the period. An interesting point is that the real CPI of all but food follows a different trend path over our time period compared to the real price of food items. 
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Figure 1: Real Price of Sirloin Beef and Chicken Jan-81 to Mar-10  
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Figure 2: Real CPI All But Food (2002=100), Jan. 1981 to Mar. 2010
For completeness we show in Figure 3 a graph of real per-capita income in Canada for the period January 1981 to March 2010. Both population and real income in Canada have been increasing over the period of study and per-capita real income reflects this trend. The data are unadjusted quarterly estimates of both income and population and this causes the jagged appearance in the graph. 
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Figure 3: Real Per-Capita Income (dollars) Jan-1981 to Mar-2010

Each of the variables that make up the Rd index will have a positive impact on the demand for fish products and therefore the overall effect of the index in the fish transmission equation must be positive.

The graph of the Rd index and the random Rdv index are shown in Figure 4. For graphing purposes the random error term introduced to the Rd equation was given a mean of one to separate the two realizations in the graph. Both Rd and Rdv  follow similar trends because of the dominating effect of population and per-capita income. As expected the variance of Rdv is substantially more pronounced than the variation in the deterministic index. 
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Figure 4: Retail Demand shift variable January 1981 to March 2010

The scale of the variation in each of the Rd indices can be better observed by graphing out first differences of each of the series (d.Rv and d.Rvv). These graphs are reported in Figure 5. The top graph in Figure 5 is first differences of the deterministic index with a standard error of 0.037 compared to the stochastic index (bottom graph) with a standard error of 0.147. 
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Figure 5: First-Differences of the Retail Demand Shift Variable: Deterministic and Stochastic 
3. Marketing Cost Index

The Mc index is a weighted price index of the cost of inputs used in moving fish product through the supply chain. We have identified four major inputs in fish processing; labour, electricity, transportation and packaging. The weights in the index reflect the cost share of the input in the total cost of processing. The weights of course will depend on the type of processing (dried, salted, smoked, frozen etc.) carried out and the weights used here should be considered average approximations.
 Table 2 reports the weights used in our Mc index.  

	Table 2: Cost Share Major Inputs Fish Processing



	
	Price of 

Labour
	Price of 

Electricity
	Price of Transportation
	Price of Packaging

	Cost Share
	0.51
	0.18
	0.16
	0.15





Based on the share weights in Table 2 the Mc index is written as:
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Notice that we do not include an intercept in equation (4) implying that the Mc index reflects the variable costs in fish processing. 
To get a better understanding of the Mc index we will graph out each of the price series used in the index. Figure 6 reflects the cost of labour in seafood processing. It was necessary to splice together three indices
 to cover the period January 1981 to March 2010. The figure shows that over the period the real price of labour in seafood processing plants has been flat with a slight increase in real wages near the end of the period.


Figure 7 shows the trend in the real price of industrial electricity
 over the period January 1981 to March 2010. We see very stable electricity prices over the early period up to the end of 1991 and then we observer some fluctuations in price prior to the period of deregulation of electricity prices in Canada. Over the most recent periods the graph shows considerable variation in electricity prices. 
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Figure 6: Real Price of Labour January 1981 to March 2010
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Figure 7: Real Price Index Industrial Electricity  


We are interested in the cost of transportation related to moving seafood through the supply chain. However, this index is only available monthly for the period 1997 to 2010 and far too short for our purposes here. We proxy transportation costs using a real price index of fuel
 and fuel products. This index is pictured in Figure 8 for the period January 1981 to March 2010. Real fuel prices are relatively stable in the early period up to end of the 1990s but shows significant upward trend in the later years of the data set. 
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Figure 8: Real Price Index Fuel
 Finally, we are interested in obtaining a price index that reflects the cost of packaging in seafood processing. For the period of interest in this study we are able to collect price index data relating to the cost of plastic food containers
 and we present these vales in real terms in Figure 9. This series has somewhat of a different trend compared to the other price indices used in the Mc index. Here we observe a general downward trend in the real price of packaging over the period of study. 
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Figure 9: Real Price Index Plastic Food Containers 

Combining the real price indices with the cost shares we are able to predict the marketing cost index for seafood processing. This index is reported in figure 10. The Mc index is relatively flat up to the mid nineties but shows considerable price increases in the cost of processing seafood products. 
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Figure 10: Marketing Cost Index Fish Processing Canada, January 1981 to March 2010

4. Final Words

The purpose of this report was two-fold; first, to present the basic procedure for building and measuring the marketing cost index and retail demand shift variable used in structural modelling of price links in the fish supply chain and second, to provide actual estimates of the two variables for the Canadian fish supply chain. For the former, the aim is to offer assistance to other research groups working on the FAO supply chain study that will allow them to introduce structural variables accounting for both cost and demand shifters to augment standard estimation efforts. For the latter, this research represents the first efforts at empirically building the two structural indices for the Canadian fish supply chain.
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� Inconsistent parameter estimates violate a fundamental requirement in econometrics i.e. � QUOTE � ���.


� Beef, chicken and non-food price indices are taken from CANSIM series numbers v41690978, v41690982 and v41691232, respectively.


� See, Government of Canada and Georgianna and Hogan (1986)


� CANSIM series v75366, v1558694 and v250550.


� CANSIM series v3834002.


� CASIM series v41691066.


� CASIM series v53385442.
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