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ABSTRACT

In recent years in Canada. direct support provided by governments to the
agricultural sector has been decreasing due to international obligations under the General
Agreement on Tariff and Trade/World Trade Organization (GATT/WTO) and the North
American Free Trade Agreement (NAFTA). Consequently, governments and the
agriculture industry are exploring ways of generating and sustaining farmers’ revenue
from the marketplace. There is a renewed interest in the concept of “post-harvest value
adding™ by the federal and provincial governments and the agriculture industry, and
substantial investment has been made in value-added initiatives in the post-farm-gate
sector.

The purpose of this thesis is to assess the impacts of post-farm-gate value added
activities on western Canadian agriculture. Value adding activities in the form of research
and development projects in the post-farm-gate sector are assumed to result in increased
demand for primary commodities produced in western Canada. Thus, the thesis aims at
assessing the effects of value adding on the production of primary commodities, prices
and the welfare of farmers. Primary commodities that are considered here include wheat.
barley, canola, slaughter cattle and slaughter hogs.

The procedure adopted to achieve the objectives of the thesis is first, to establish
the type of relationships among the commodities considered in the study using a Leontief
function. Sccond, the nature of the market for these primuary commodities is assessed
using a Translog function. Finally. simulation experiments are conducted to provide

insights into the effects of the assumed increased demand for commodities resulting from
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post-harvest value adding activities. The effects assessed are changes in prices, quantities
and producer welfare in the form of profits.

The results indicate significant economic interrelationships among wheat, barley,
canola, slaughter cattle and slaughter hogs at the farm sector. Wheat production and
barley production appear as complements but canola production appears to be a substitute
for wheat production. Hog production is posiéively related to the prices of wheat, barley
and canola. Cattle production is positively related to the price of barley. The results
indicate jointness in the production of hogs and barley. On the issue of the existence of
market power held by processors, there is no evidence of non-competitive behaviour in
any of the commodity markets examined.

Results from the simulation exercises indicate that an increase in the price of one
commodity results in an increase in the production of that commodity and a fairly
constant or decline in the production of others. An implicit assumption underlying the
simulation model is that [and is fixed, so that there is competition for the land resource in
production. Farmers™ welfure is increased significantly with an increase in the price of
grains/oilseed. Experiments conducted by increasing the quantity of commodities
demanded on the domestic market revealed a very small effect on commodity prices. As
a result, the increase in farmers’ profits is also minimal. Changes in quantity variables did
not trigger changes in price variables. suggesting that in Canada, commodity prices are

exogenously determined, predominantly by situations in the international market.
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1. INTRODUCTION

1.1 Introduction

In recent years in Canada, domestic government policies are being undertaken to
reduce budget deficits. Direct support provided by governments to the agricultural sector
is being reduced due to international obligations under the General Agreement on Tariffs
and Trade/\World Trade Organization (GATT/WTO) and the North American Free Trade
Agreement (NAFTA). For example, in 1995, the Western Grain Transportation Subsidy
(WGTS) was eliminated, altering the economics of agricultural production and food
processing in western Canada. Faced now with higher grain transportation rates, farmers
in the Canadian Pruairies (the provinces of Manitoba, Saskatchewan and Alberta) have to
explore new ways for sustaining the farming business. The problem facing farmers is
further aggravated with the cyclical nature of agricultural markets and volatile
commodity prices. It agricultural production and productivity remain at constant levels
and long run declining trends in commodity prices continue, farmers’ revenues per unit of
production are likely to decline over time in the absence of any government support.
These developments confronting farmers are creating the necessity for governments and
the agriculture industry to explore ways of generating and sustaining producers’ revenue
from market sales and revenues. They also pose immediate challenges for adaptation and
adjustment through diversification. expansion and value-added processing activities
beyond the farm gate'.

On the demand side, consumer studies indicate that many consumers are tending

to consume more differentiated, higher quality products. Health concerns seem to be high
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among various factors guiding many consumers’ choice of food (Beggs et al. 1993; Capps
and Schmitz 1991; Quagrainie 1995). In addition, the Canadian population is undergoing a
change in ethnic and age mix. These developments in the demand for food in Canada
provide opportunities to develop value-added foods and non-traditional ethnic foods for

both the domestic markets and for export.

1.2 Government Initiatives on Value-Adding

The agricultural sector in the Canadian Prairies is characterized by the production
of grains, oil-seeds and livestock. A greater part of the farm products is shipped and
marketed as raw, bulky and unprocessed farm commodities. The value of processed food
and beverages is low relative to the value of unprocessed farm commodities (Table 1.1).
The ratio of the two values is less than one and it appears to be stable (Figure 1.1). These
values reflect the relatively lower level of value added to primary agricultural products in
the Prairies compared to Ontario. Consequently, the potential for increased value-added
processing has attracted much attention by both the federal and the Prairie governments.
The annual rate of growth in processed food and beverages in the prairies is less than 5%.
From 1988 to 1997, the average annual growth rate of processed food and beverages is
calculated as 4.9% for Alberta, 4.4% for Saskatchewan, and 2.9% for Manitoba.

In 1996, the Alberta government provided $35 million in seed money towards the
establishment of a new, not-for-profit Alberta institution, the Alberta Value Added
Corporation (AVAC). This corporation was created to foster research and development

into the commercialization of value-added products with a focus on the agriculture and

! In this study. the cancept of value adding refers to any activity that increases the value of raw agricultural
commodities through processing. It includes improvement in quality and the production of alternative

2
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food sector. Also in 1996, the Saskatchewan government instituted an Agri-Value
Program (AVP). The purpose of the program is to encourage the development of
agriculture-related, value-added industries in that province. In 1997, Manitoba
Agriculture and Agriculture and Agri-Food Canada introduced the Agri-Food Research
and Development Initiative (ARDI). This initiative is meant to encourage, promote, and
conduct innovative research and development projects that contribute to economic
development, sustained prosperity, and successful adaptation in the changing agricultural
trading environments. The objective of these value-added initiatives is to induce post-
harvest value-added growth in most sectors of the prairie agricultural economy. It is
hoped that this may have a broad and potentially huge economic impact at the farm level

as a result of increased demand for primary commodities produced in the Prairies.

1.3 Problem Statement

Development of post-harvest value-added activities should be viewed as part of a
continuous, complex economic development process within the food system. The
effectiveness of value-added initiatives on the farm sector demands an understanding of
the whole cconomic process. First, long-term growth in value-adding activities depends
primarily on growth in effective demand for value-added products and on production of
agricultural raw materials. Demand for food is a function of income, prices, taste and
demographic factors. Empirical evidence suggests that food is price inelastic, although
elasticity measures for various categories of food may differ. On the other hand, the
supply of raw agricultural commodities depends primarily on expected prices and

exogenous factors such as technology and weather.

products that meet consumer approval.

(93]
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Second, the food production process is a multi-stage production system. Figure
1.2 is a simplified chart illustrating product flow and the marketing system in Canada.
There are intra- and inter-relationships between the grains and livestock sectors. For
example, interrelationships exist between beef and pork, and between barley and
slaughter hog production. Thus, any value adding in cereals may have a significant
impact on the livestock industry and vice versa.

Third, any investments can change the structure of the production technology in
the processing sector. Figure 1.3 depicts two possible effects of value-added investments
assuming the prices of the inputs used are held constant. The curves are isoquants of a
farm commodity X1 and a marketing input X2, the inputs used by the processor. In one
scenario, an increase in processors’ output from Q" to Q' causes an increase in the use of
both inputs. i.e.. giving a parallel shift in the isoquants. In this case more output is
produced using more of the farm commodity and the marketing input. The same
proportion of the inputs is used in the production process (from point a to b).
Alternatively, as output increases from Q" to Q', the amount of X1 used increases but the
amount of X2 used declines. In this scenario. there is a change in the shape and position
of the isoquant. More of the farm commodity input is used relative to the marketing input
(from point ¢ to d).

Fourth, the value-adding policy initiatives involve publicly funded investments
and policy makers should have information about payoffs in order to assess alternative
uses for these public funds. There is a public interest issue also about the productivity of
tax dollars. Besides farmers. other identifiable groups in the marketing system are

processors, marketing input suppliers and consumers. Each of these agents may be

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



affected by policies on value adding. The size and distribution of any value-added based
benefits/costs can be expected to depend on market structure. Consequently, there is a
need to evaluate the size and distribution of benefits/costs of this policy among the
various groups. Clearly, there are several factors at play in the food production process

that need to be understood if the impact of post-harvest value adding is to be assessed

approprately.

1.4 Objectives of the Study

The primary objective of the thesis is to simulate the likely impact of value adding
on commodity prices. quantities, and welfare of farmers. However, given the complex
process within the food system. this study also examines the linkages among consumers,
processors and grain and livestock farmers in the prairie region using econometric
modelling methods. Three crops and two livestock commodities are considered in this
study, namely wheat, feed barley, canola. slaughter cattle and slaughter hogs. These are
major farm commodities produced in western Canada. Specifically, the objectives of the
study are:

I. to examine the interrelationships in commodity production at the farm level in the

Prairies,

2. to evaluate food supply and farm commodity demand relationships in the processing
sector in Canada.

3. to evaluate the existence of any oligopsony power in the domestic market for primary

farm commoditiecs because in Canada, there are relatively few primary food

processing establishments compared to the number of farm businesses suggesting
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there is the potential that these processing establishments will exert some market
power in the domestic market for farm commodities.

4. to investigate short run and long run demand for food in Canada, and

5. to simulate the likely impact of value adding on commodity prices, quantities, and
welfare of farmers.

To accomplish these objectives. models of the production of wheat, barley.
canola, slaughter cattle and slaughter hogs are estimated using a Generalized Leontief
function. Using Translog specifications, the supply functions for wheat flour, canola oil
and meat products and the demand functions for farm commodities are specified so that
the extent of any oligopsony power in the domestic market for primary farm commodities
can be determined. To investigate the short run and long run demand for food in Canada,
a dynamic lineur version of the almost ideal demand system (LAIDS) is used. The
functional forms used allow the evaluation of cross commodity effects. These supply and
demand relationships are then incorporated into a synthetic simulation model to
investigate the likely impact of increased value-added processing on commodity prices,

quantities. and wellare of pruiric furmers.

1.5 Relevance of the Study

The procedure applied here is expected to provide results that will give an insight
into the relationships among the five commodities considered (wheat, feed barley, canola,
slaughter cattle and slaughter hogs). An insight into the relationships at the farm level is
very important as farm managers are determining their best strategies for future profit and

farm growth. Results from the simulation analyses will assist governments in evaluating
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their policies for the agricultural sector and provide a framework for future policy
decisions, particularly in the allocation of public resources. In addition, the study will
provide insights into the short run and long run patterns of food consumption in Canada.
This is also important for policy planning purposes.

The thesis is presented as follows: In Chapter 2 there is an examination of the
production of wheat, feed barley, canola, slaughter cattle and slaughter hogs in the prairie
region. The production of crops and livestock is examined simultaneously. In Chapter 3,
the economic behaviour of the Canadian food-processing sector is examined to assess
whether or not oligopsony power applies in this sector. The rationale for this assessment
is that the distribution of economic benefits from investment in value-added activities
depends on market structure. In Canada. there are relatively few primary food processing
establishments compared to the larger number of farm businesses and production. Thus,
in the absence of more competition for turm commoditics from the export market,
concern huas been expressed that these processing establishments will exert some market
power in the domestic market for farm commodities. In Chapter 4 the demand for food in
Canada is investigated. The final chapter incorporates the estimated supply and demand
relationships in Chapters 2, 3 and 4 into a static synthetic simulation model. The model is

then used to simulate the likely impact of value adding on prices, quantities, resource

allocation and net benefits to western Canadian farmers, processors and consumers.
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Figure 1.1:  Ratio of the Value of Shipments of Processed Food to the Value of

Output of Unprocessed Farm Production
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Figure 1.2: A Simplified Diagram of Product Flow and the Marketing System for

Food in Canada
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Figure 1.3:  Alternative Possible Impacts of Value Added Investments on

Processors’ Input Use
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Table 1.1:  Nominal Values of Processed Food and Unprocessed IFarm Commaodities of some Selected Provinces

($hillion)"
Value of Processed Food & Beverage Value of Unprocessed Farm Commodities
($hillion) ($hillion)
Year | Alberta Sask. Manitoba Prairic Ontario Alberta Sask. Manitoba Prairie Ontario
1988 4.51 1.10 1.81 7.42 17.53 4.40 4,40 2.09 101 5.76
1989 4.04 1.20 1.73 1.57 18.07 4,59 4.49 2,10 1118 5.77
1990 4.89 [.16 1.04 7.069 17.87 4.28 4,02 1.98 10.28 5.06
1991 4.78 .11 1.57 7.46 17.80 4,23 4,12 2,00 10.35 5.55
1992 4.74 1.06 [.59 7.39 18.70 4,92 4.38 2,10 11.46 0.00
1993 5.29 1.O1 1.66 7.90 19.70) 5.00 4.55 2,38 11,93 5.92
1994 5.76 1.10 1.74 8.060 21,15 5.52 5.05 2.44. 13.01 6.07
1995 6.33 1.16 1.94 9.43 21.87 5.89 5.37 251 13,77 0.31
1990 0.84 1.35 2,15 10.34 2293 0.44 5.48 2.75 14.67 6.57
1997 7.25 1.70 242 11.37 23.72 0.34 5.90 3.03 15.27 6.77

[P - \ N . \ " - . " . . .
Source: Statistics Canada (CANSIM). In CANSIM, the terminology “value of shipment of food and beverage™ applies as the measure of the value of
processed food and beverage and the data on “farm receipts™ is applied as the measure of the value of output of unprocessed farm commoditics.
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2. SUPPLY RESPONSE OF WESTERN CANADIAN AGRICULTURE

2.1 Introduction

Long-term growth in post-harvest value-adding activities depends not only on
growth in effective retail demand, but also on the supply of agricultural raw materials.
The supply of agricultural products depends on expected price and other exogenous
factors including technology, weather and government policy. There are production
interrelationships in the farm sector. Some major livestock feed inputs like barley are
obtained from crop production so that production decisions in the crop sector are directly
associated with production decisions in the livestock sector. Moreover. major government
policy decisions may change the economic environment affecting the crop sector and this
may have an impact on the livestock sector. Even within the crops sector, changes in the
economic factors affecting one crop may have some impact on other crops. It is.
therefore, important to examine these interrelationships at the farm level to enable a
better prediction of furmers™ behaviour resulting from increased value-added activities in
the processing sector and any increased demand for farm output.

Chuanges in the economic environment affecting the agricultural sector can be
expected to aftect farm commodity prices. Often farmers’ responses to changes in the
agricultural economic environment are assessed in terms of the response of commodity
supply to changes in prices. However, in the short run, some factors of production may be
ireversibly committed to particular uses. An important example of this type of input is
farmland. It is important, then. to examine farmers’ ability to make long run structural
adjustments in response to any broad-based chunges that may confront the farm sector
from increased value-added activities in the processing sector.

13
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This component of the thesis is organized as follows. The section that follows
gives a brief review of studies on commodity supply in western Canada. Based on the
review, the objectives of the study are outlined. This section is followed by an outline of
a theoretical framework on which the models to be estimated are based. In this section,
the formulation for incorporating farmland allocation decisions and the formulation for
examining the total effect of a price change are developed. The formulations that are
developed involve alternative ways of specifying a system of supply response models:
these have not been applied in previous studies of western Canadian agriculture. Supply
functions are specified as being conditional on farmland allocations using a Generalized
Leontief profit function. Following this are sections dealing with the empirical
specification of the models, data description, estimation methods and presentation of

estimation results. Some conclusions are then drawn from the estimation results.

2.2 Literature Review of Western Canadian Agriculture

Various studies of western Canadian agriculture have examined different
modelling issues that include functional forms, the effects of government policy and
technological changes, and risks. For example, Bewley et al. (1987), Coyle (1993b).
Horbulyk (1990), Krakar and Paddock (1985), and Meilke and Weersink (1991)
examined different functional forms for supply response models. Given that there are
risks associated with the business of farming, Meilke and Weersink (1990, 1991),
Schoney (1990, 1995), and Weisenel et al. (1991) introduced producer risk into supply
response models for the prairie region. Other researchers have examined the effects of

price expectations on farmers’ supply functions (Clark and Klein 1992; Clark et al.
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1992). Carew et al. (1992) also investigated how technological changes brought about by
agricultural research have influenced Canadian agriculture.

Another important issue that has confronted prairie farme:rs during the past two
decades includes changes in government agricultural policy. Ag:ricultural policies that
have affected prairie agriculture include the Western Grains Stabilisation Program
(WGSP), the Western Grain Transportation Subsidy (WGTS), as ~well as crop insurance
and safety net programs. In 1990, the WGSP was abandoned in ffavour of an expanded
crop insurance program and in 1995, WGTS was eliminated. Studi es that have examined
the impact of government programs include Cameron and Spriggs (1991), Cluff et al.
(1990), Coyle and Brink (1990), Fulton (1987), Meilke (1976), Meilke and Weersink
(1990), and Miranda et al. (1994). Results from these studies have suggested that there is
little or no impact of the WGSP on acreage allocations.

This portion of the thesis builds on previous economic research on western
Canadian agriculture in a number of ways. First, the studies cited? above have analysed
crops and livestock sectors separately. implicitly assuming weuak separability between
these two sectors in western Canada®. This assumption is somewh.at restrictive and may
be inappropriate if results are to be used for policy analyses simce, as noted earlier,
interrelationships exist between the livestock sector and the croops sector in western
Canadian agriculture. This study examines supply response in thes livestock and crops

sectors simultaneously to enable a better prediction of farmers’ behaviour.

* The concept of weak separability involves aggregation to construct broad grorups of commodities (e.g..
crops and livestock) as well as separable decision making for each of the :group subproblems. This
assumption permits the specification and estimation of a subgroup of commoditiges in isolation from other
commodities.

)
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Second, Coyle (1993b) examined western Canadian farmers’ response
incorporating farmland allocation for a four-crop model of wheat, barley, canola and
“other” crops using data over the period 1961-1984. However, farmland is viewed as a
quasi-fixed agricultural input that is allocatable not only to the production of wheat,
barley, canola, oats, and ““other” crops, but also to the production of tame hay (seeded hay
as opposed to native grass) and for summer fallow. Hay is an important feed input for
livestock and tame hay is increasingly becoming a commercial crop in western Canada.
In 1960, [.83 million hectares of land was seeded to tame hay in western Canada
(Statistic Canada — CANSIM). [n 1998, 4.45 million hectares of farmland was seeded to
tame hay, an increase of ubout 143 percent. Despite decreases in this practice, summer-
fallow is still a primary rotation practice in arid cropping areas of western Canada (Clark
and Klein 1992). This study incorporates farmland allocation to the production of wheat,
barley. canola. and tame hay. as well as considering land allocation to summer-fallow.

Finally. the present study exumines farmers’ ability to make long run adjustments
by distinguishing between:

(a) a change in supply induced by a price change holding allocatable farmland constant
(viewed as partial effects of a price change) and

(b) a change in supply associated with reallocation of farmland. in response to the price
change (referved to as complete effects of the price change).

In summary, the models to be used in this component of the study include three
crops (wheat, barley and canola) and two livestock activities (cattle and hogs). The
models incorporate farmland allocation in the production of wheat, barley, canola and

tame hay as well as land allocation to summer-fallow. Results from this model will assist
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in providing a means of assessment and prediction of the effects of shifts in economic
conditions on crop and livestock production and on farmland allocation in western

Canada.

2.3 Theoretical Framework
This section outlines the economic theory of production and its application to the
western Canadian farm sector. The “total” effect of price changes on farm production,

based on interrelations between alternate farmland uses, is examined.

2.3.1 Basic Model Formulation

The approach of duality to production economics is applied in this study. The
essence of the dual approach is that technology constrains optimizing behaviour of
individuals. Thus, it is possible to use a representation of optimizing behaviour (e.g., cost
minimization, profit maximization) to study technology (Chambers 1988). In addition,
the dual approach avoids explicit specification of production functions and permits the
specification ol a system of output supply functions from the dual profit or cost function.
This procedure is appropriate when dealing with multiple commodities and/or products. It
permits the incorporation of contemporaneous covariances of disturbances across
equations in the estimation procedure and the specification of symmetry restrictions on
coefficients across equations that arc implied by theory. Consequently, a duality approach
is appropriate to examine interrelationships between the crop and livestock sectors to
enable an effective assessment of the effect of a price change on the production of other

commodities.
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Consider the farming business in western Canada as being a competitive industry
with the objective of a farmer operating a multi-output farm enterprise being
maximization of short run profit. A farmer’s decision problem is then described as:

[TGv,r,d,2) = max{wg—rx : g€ Q(x,d,2)} (2.0D
q.x

where ¢ = (q1,---, gm) is a vector of outputs for m enterprises; w = (Ww1,..., W) IS a vector
of output prices: x = (xj..... xy) 1s a vector of variable inputs: r = (ry...., rv) is a vector of
variable input prices: d = (d, ,... d,) is a vector of exogenous variables (e.g., weather and

interest rates): z is a fixed input that can be allocated among m enterprises (e.g., total

”n
farmland) with > z', where ' is farmland allocated to the i/ enterprise; and Q is the

=l
output set (i.e.. the set of feasible outputs given x, ¢ and z).

Equation (2.01) is an expression of the maximum level of variable profit (i.e.,
revenue minus variable cost) given the exogenous factors and the fixed input. Given
standard assumptions for the underlying technology’, the profit function is non-negative,
reflecting the property of monotonicity, as well as being convex and continuous in (v, r).
non-decreasing in w. non-increasing in ., and positively linearly homogenous in (w, r).
By Hotelling's lemma, optimal output supply (¢;) and input demand functions (y;) are
obtained respectively as:

ot G, rd, 2t .., 2"
q,0v,rod, 2. ") = ( ) i=12,..,.m (2.02)

dw,

R '_l m
Zmd ’\_I (\V, . ([. :I s :m) — _ a n (\1/. 7 ,a([, G ey ) j — 1’2"”’11 (2.03)
r

)

° The assumption is that the input requirement set is convex, closed and non-empty for all >0 (i.e., all
input combinations capable of producing output level ¢).
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All variables are as defined earlier. The output supply and input demand expressions are
functions of all output prices, all variable input prices, exogenous factors and the fixed
input.

An alternative expression of the farmer’s decision problem equation (2.01) is:

[MGv,r,d,z) = max{wg-c(r,q) : (q,d,zl,...,z"‘)e T} (2.04)
a

where c(r,¢) is the cost function of the farm enterprise and T is the technology set. Again,
assuming standard properties for T, the cost function is non-decreasing in r and ¢,
concave and continuous in r and linearly homogenous in r. If the underlying production
technology is assumed to be homothetic, the cost function can be written as™:

c(r.q) = c<c(r)gly) (2.05)
where g(¢) is a function that 1s non-decreasing in ¢; and ¢(r) is now the cost function
associated with a unit output, that is,

c(ry = minhwye(xl)e ). (2.06)
With this technology, the profit function, [T(w,c(r),d,z) is linearly homogenous in w and
c(r), and c(r) is linearly homogenous in r, that is,

[TGv.d,zr') = c()IT Gv,d,z/ e(r)) 2.07)

where r’=c(r) represents a single aggregate input price index; and IT is a function
homogenous of degree zero in the output price and the aggregate input price (Chambers
1988 p. 149). Thus. the profit function can be expressed as; (1) a linearly homogenous

function of output prices w, exogenous variables ¢, fixed allocatable input z, and a single

* The homothetic assumption permits researchers (o construct aggregate price and quantity indices to study
production decisions by analysing only a subgroup of all outputs and input (e.g.. Coyle 1993a; Lawrence
1989; Paris et al. 1990: Pope and Hallam 1988; Roberts 1989; Yuhn 1991).
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aggregate input price r’; and (b) a product of r* and [T" (Chambers 1988 p. 149; Coyle
1993a; Pope and Hallam 1988; Yuhn 1991). The aggregate input price may be defined as
the cost-minimizing way of producing ¢. The short run profit-maximzing output supply
functions are a system of equations represented by:

. 1
AT (v, r . d, 2. 2™)
dw,

_m

q,(w, rid. ..z ) i=12,....m (2.08)

where q(w,r,d.z’,....z") is the profit-maximizing output supply of the ™ farm

commodity. The above model expresses output supply as a function of all output prices, a
single aggregate input price, the exogenous factors and the fixed input. An expression for
the effect of a change in output price is:

d"IMQw,r .d.2) _ 0dq,0vr .d.2) (2.09)

a \Via H"I a H/'j

The above formulation expresses a change in output supply induced by a price change
(partial effect). ignoring the effect of the change in allocatable fixed input, z (indirect
effect). It assumes that allocation of a fixed input such as farmland is independent of
output prices which implies that the shadow price or marginal value of land is

independent of output prices.

2.3.2 Modelling Fixed Allocatable Input
Chambers and Just (1989) suggest that when there is a fixed allocatable input
such as farmland, an equivalent approach for obtaining the multi-output profit function is

to choose the fixed allocatable farmland to maximize the profit function, that is:

Mev,r’,d,z) = max {n(‘v,r',d,z',.-.,z"') : Z:i ’—“Z} (2.10)
20
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Equation (2.10) is the profit function associated with an optimal allocation of the fixed
allocatable input. Given the standard assumptions concerning technology, this function is
also convex and continuous in (v, r), non-decreasing in w, non-increasing in r, and
linearly homogenous in (v, r). If an interior solution (z' > 0) to (2.10) exists for all f, the

envelope theorem and Horelling's lemma give:

oIl (w,,r .d,z2)

q, v rd, 2t 2™)

dw,
= q,0v,r,d, 7. TT) 2.11)
_ ofGwr’d,Zh. 2"
dw,

where Z' is the optimal fixed input allocation’. The formulation above offers a
decomposition of output response to price changes that illustrates the importance of the
effects of output price changes on farmland values. Based on (2.10), the effect of output

price change may be specified as:

dq,(w.r ,d,z) dq,(w.r.d.Z) '2”23(1‘(‘;',1".(1.3)}85;

= 2.12
v, dw, =1 k=l dz; 18 W, (2.12)

where i=1....,m refers to supply and k=1,...,s refers to reallocated fixed input such as
farmland. Horbulyk (1990) and Chambers and Just (1989) refer to the expression on the
right side of (2.12) as the “‘total™ effect of a price change. The expression may also be
termed the “complete” effect of a price change. The first part expresses the change in
supply induced by the price change (partial effect) holding the allocatable fixed input
constant. The second part expresses the change in supply associated with reallocation of

fixed input in response to the price change (indirect effect). Chambers and Just (1989)

¥ The envelope theorem applied here makes use of the tact that the first order conditions of equations (2.04)
and (2.10) always hold with equality at the optimal values of ¢;.
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refer to the partial effect as the compensated effect (compensated for the induced fixed
input change). The term in brackets is obtained from the first-order conditions of (2.10)
with respect to z' since the profit function contains the optimal fixed input allocations.
Diewert (1974), and Khatri and Thirtle (1996) suggest that land is a short run
constraint on production. Therefore, in the long run, the effect of land is relaxed and the
shadow value of land is obtained by differentiating the profit function with respect to
land. Hence the shadow value of land is interpreted as the marginal change in profits for
an increment in land. or as the imputed rental value of an additional unit of land (Khatri
and Thirtle 1996). In equilibrium, the shadow prices of optimal allocated farmland are

equalized, that is:

AMGw,r".d,3) MG, ,d, )
P P (2.13)

= r.(vr,d,z) k=1,.,s
where r(.) i1s the equilibrium shadow price of farmland allocation. From the above

expression. the change in supply associated with reallocation of fixed input in response to

the price change can be obtained.

2.3.3 I[nput Non-jointness
The concept of input non-jointness is important in supply response models
because it enhances econometric simplicity by implying that either the cost function
c(r.q) or the profit function [M(w,..d.2) can be modelled by their single-enterprise
counterparts with no loss of generality (Chambers 1988, p. 293). This implies that both
the profit and cost functions of a multi-output enterprise are the sum of the n: enterprises,

that is:

19}
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[IGw,r.d,z) = max {‘vq—ZC‘(r,q,.) }
7 i=l

= Y max {wq, —c'(r.q,)} (2.14)
=t

”

= Z T (G, r,d,z)
=1

Input non-jointness derives from aggregation across farm enterprises. From (2.14), when

z is truly fixed, Ball (1988) and Moschini (1988) show that input non-jointness implies:

*T(w,r ,d,z) _ dq,0v,r,d,z)

= 0 2.15
dw,d W, awj ( )

Equation (2.15) can be used to test non-jointness in production. However, given (2.12),
the use of (2.15) to test non-jointness is inappropriate. Chambers and Just (1989) show
that where Z is an allocatable fixed input, the appropriate test for non-jointness in
production is:

dg,(w.r . d.2)

0 Lj=lLl...,m, 1(#]
aw]. / ’
rod.oz
aq,ol,,l d.z) -0 i j=leon; k=l..s (2.16)
dz;
IrGrrd.3) _, k=1
dz,

The hypothesis of non-jointness among various farm enterprises in western Canada can

be tested in a straightforward manner using (2.16).

2.4 Empirical Specification
The first step in formulating the empirical model is to choose an appropriate
functional form to parameterize the profit function of (2.04). Using the envelope theorem

as applied in (2.11). supply functions can be obtained. These supply functions are
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estimated together with the first order conditions for an optimal fixed input allocation
from equation (2.13). The inclusion of (2.13) in the estimation process suggests a long
run framework since the allocation of farmland is not fixed (Diewert 1974; Khatri and
Thirtle 1996)°. Such a formulation permits the examination of the long run production
structure of prairie agriculture and the extent of interrelationships among crop and
livestock enterprises. More importantly, the total effect of a price change including
reallocation of furmlund among farm enterprises can be examined.

As noted earlier, this study employs duality formulations as described above to
examine the production of wheat, barley, canola, slaughter cattle and hogs in western
Canada, 1.e.. in the provinces of Manitoba, Saskatchewan, Alberta and British Columbia.
The fixed allocatable input considered here is farmland, which is allocated to wheat,
barley, canola, summer fallow and tame hay. The tunctional form used in the study is the
Generalized Leontief profit function (Diewert 1974) which is a second-order Taylor
series expansion, linear in parameters and imposes few maintained hypotheses. The.
Generalized Leontief function has quantity as the dependent variable which allows easy
implementation and interpretation of results. especially when model specifications are to
be used for policy analyses (Martin and Alston 1994). The function is convenient for
examination of comparative statics and imposing and testing theoretical restrictions. The
Generalized Leontief function also allows explicit solutions of shadow values for the
allocatable farmland. Other functional forms that have the expenditure share as the

dependent variable (e.g., the translog function) do not allow this. An explicit solution of

¢ When farmland is truly fixed and not allocatable between crops or land uses (i.e., in the short run). only
the system of supply tunctions ot (2.08) is estimated.
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the shadow value for farmland is particularly important in this study because one of the
study objectives is to assess long run adjustments in farmland use.

In spite of these advantages, the Generalized Leontief functional form has some
limitations. It imposes assumptions with respect to quasi-homotheticity of the production
technology (Chambers 1988, p. 173-177: Lopez 1985)". A quasi-homothetic technology
has straight-line expansion paths such as a homothetic technology except that these
expansion paths do not emanate from the origin. The assumption of quasi-homotheticity
is necessary in permitting the construction of aggregate price and quantity indices to
study production decisions by analysing only a subgroup of outputs or input. In this
study, the primary focus is on farm output. Therefore, the demand for individual variable
farm inputs is not considered in the modelling procedure. The quasi-homotheticity
assumption allows the use of a single aggregate input price index as a numeraire in the
model. The numeraire price index is used to normalize the prices in the model, thereby
imposing homogeneity.

Following Shumway and Lim (1992), and Villezca-Becerra and Shumway (1992)
the Generalized Leontief profit function of the four-crop and two-livestock farm

enterprise with optimal farmland allocation is represented as follows:

5 5 3 5 S
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where [IT= profit for the farm enterprise divided by an input price index;
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w; = price of the output divided by an input price index, and indexed ij = 1,...,5
to represent the production of wheat, barley, canola, cattle and hogs respectively;

Z = allocated farmland, and indexed &,/ = [,...,5 to represent hectares of wheat,
barley, canola, tame hay and summer fallow respectively; and

d, = quasi-fixed/exogenous factors, and indexed t,u = I,...,3 to represent cattle
inventory, hog inventory and interest rate respectively. The rationale for including
livestock inventories is that managers of livestock farms make production decisions
involving livestock numbers, quality standards and weight produced per head. Therefore,
production is the result of previous resource commitments and biological factors
(Horbulyk 1990: Marsh 1999).

The first order conditions of equation (2.17) with respect to output prices give the

short run output supply functions:

3
I _ g, (v zd) = (h+a ¢2a 03+25,M + Y Ad, iEj  (218)
=l

"W
]

Based on (2.13), the first order condition of (2.17) with respect to z; gives the long run

equilibrium market price (shadow price) of allocated farmland which is expressed as:

Jrl B, ()"
— =r.(w.z.d) =(___)T:_Tﬂh Eﬂu OSTZO d, +Zo k#l (2.19)

~1 ~1 \-| u=l

Parameters from the models are obtained by estimating (2.18) and (2.19) together as a
system of seemingly unrelated regressions. As alluded to earlier, inclusion of (2.19) in the

estimation process suggests a long run framework since farmland is not fixed. The system

"This is a general limitation of flexible functional forms. Chambers (1988, p. 173-179) provides a thorough
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is made up of six equations that includes supply equations for wheat, barley, canola,
slaughter cattle, and hogs and one equation for optimal land allocation®.

Economic theory of the firm requires that the properties of the profit function be
satisfied. These are monotonicity, symmetry, and homogeneity and convexity in output
prices. Monotonicity implies producers do not accept negative profits, which requires that

the dependent variables fitted with the estimated coefficients be positive (g, 20). The
convexity property requires that all estimated own-price effects be positive (&, 20 ). The

properties of homogeneity and symmetry are imposed during estimation but the
properties of monotonicity and convexity are tested after the estimation. Two major
issues are examined in the study. The first is the evaluation of the partial effect of price
changes on producers’ response in terms of the production of wheat, barley, canola, cattle
and hogs and assuming farmland allocation is unchanged. The second is the evaluation of
the total effect of price changes on production of wheat, barley, canola, cattle and hogs

that includes the effect of price changes and reallocation of farmland.

W

. Data Requirements

Data required for estimating the models outlined above include production
quantities and prices of wheat. barley, canola, slaughter cattle and slaughter hogs; area
allocated to wheat, barley, canola, tame hay and summer-fallow; cattle and hog

inventories: and the Canadian commercial interest rate, a proxy for the price of capital. A

complete description of variables and data sources is provided in Table 2.1. The data

discussion concerning the limitations of tlexible functional forms.
s . A . S - .
From equation (2.13). the shadow prices of optimal allocated farmland are equalized thus, only one
- - - - . - g - q
equation is required which is specified for wheat because it is the dominant crop.
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series used in the study were scaled by their respective means because the data series
vary significantly from each other in terms of values. For example, annual data series on
commodity production and acreage allocations are expressed in millions, prices are
expressed in hundreds and tens, and interest rate is expressed in decimals. Scaling of the
data series by the respective means ensures uniformity in the data set (Coyle 1993b).

Statistics Canada provided most of the required data. This includes production
estimates of wheat, barley. and canola in western Canada. For livestock, Statistics Canada
provided estimates of national production, not regional production. However, Agriculture
Canada provided regional marketings of slaughter cattle and hogs. Production of
slaughter cattle and hogs in western Canada is obtained by converting total marketings in
heads into tonnes using an estimated national conversion rate. The rationale behind this
conversion is that carcass weight for slaughter cattle and hogs in Canada has changed
over the years, probably from improvements in animal genetics and feeding technology
(see Figures 2.1 and 2.2). In the U.S.. changes in animal genetics and feed nutrition have
resulted in heavier carcasses and higher carcass yields (Brester et al. 1997). This suggests
that beef und pork supplies are now more dependent upon livestock productivity.
Consequently, the average national carcass weight for Canada is calculated and applied to
total livestock marketings in western Canada from 1960 to 1997.

The value of farmland in Suaskatchewan is used as a proxy for the equilibrium
price (shadow price) of allocated farmland. There is high correlation between the value of
farmland in Saskatchewan and that in Manitoba and Alberta. The correlation coefficient
between farmland values in Saskatchewan and Manitoba is 0.95; between farmland

values in Saskatchewan and Alberta is 0.97; and between farmland values in Manitoba
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and Alberta the correlation coefficient is 0.99. A larger percentage of crop production
occurs in Saskatchewan than in any other western province.

Grain prices are specified to be the prices received by western Canadian farmers
for selected grain of specified grades (Table 2.1). Canola price series were obtained from
Statistics Canada and Canadian Grains Council with different time lengths. A procedure
using linear regression is applied to obtainh the series that is used in the study (see
Appendix 2a). For livestock, prices in Alberta are used because a larger percentage of
livestock production in western Canada occurs in that province. Cattle prices are assumed
to be represented by slaughter cattle price in Lethbridge and southern Alberta where there
ais relatively large concentration of cattle production. For hogs, the average price for
Alberta is used. Definitions and sources of other variables used in the study are provided

in Table 2.1.

2.6 Estimation Procedure

A common problem with estimating a system of equations for commodities is
multicollinearity among price variables. Researchers have often addressed this problem
by adopting extremely restrictive functional forms and arbitrarily omitting some price
variables (e.g., Burt and Worthington 1988; Shumway et al. 1987). This type of ad hoc
approach may ignore many cross-price effects. A better approach to minimize the
problem of multicollinearity among prices may be to adopt restrictions on coefficients
implied by behavioural theory, such as symmetry conditions. Alternatively, specifying
supply response models in terms of revenues per acre rather than prices may reduce the

problem (e.g., Bewley et al. 1987: Coyle 1993b). The reason for adopting this type of
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specification is that revenues per acre for different crops are often less correlated than are
crop output prices. Alternatively, one of the price variables could be used to scale the
other price variables to minimize multicollinearity (e.g., Coyle 1993b). This study uses
commodity prices and imposes restrictions on coefficients implied by the symmetry
conditions. Moreover, the Generalized Leontief function that is used for the model
specifications incorporates price ratios (scaled prices) which will minimize the problem
of multicollinearity.

The four-crop and two-livestock supply model (equations 2.18 and 2.19) for
western Canada is specified using annual data for the region from 1960 to 1997.
Dependent variables in equation (2.18) are annual production figures, in tonnes, for the
six commodities from 1960 to 1997°. In equation (2.19), the dependent variable is the
shadow price of farmland. Explanatory variables in the system are the price per tonne of
wheat, barley, canola. slaughter cattle. and slaughter hogs; acreage in hectares seeded to
wheat, barley, canola. and tame hay: area allocated to summer-fallow; cattle and hog
inventories: and interest rate from 1960 to 1997. The interest rate is used as a proxy for
the price of capital.

The empirical formulation outlined in section 2.4 is based on farmers’ expected
prices of commodities. However, Pope (1982) contends that under risk neutrality, all dual
properties of protit maximization that apply in the certainty case for ex anre choices also
apply to expected profit maximization in the uncertainty case, so that expected prices can

be substituted by presumed known prices. Thus, for wheat and barley, the average of

? While estimation of supply relationships has been conducted using acreage planted to crops and livestock
numbers as dependent variables. other studies have emphasized production (e.g.. Arzac and Wilkinson
1979: Chambers and Just 1989; Clark et al. 1992; Coyle 1993a; Hayenga and Hacklander 1970;
Kulshreshtha and Reimer 1975: Shumway et al. 1987).
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prices in the previous two years is used as a proxy for expected price. For canola, one-
year lagged price is used for expected price. Livestock prices are current prices.

The process of normalization maintains global homogeneity. That is, the profit
function and supply equations are homogenous of degree zero in all prices as each price
is divided by an aggregate input price index. A proportionate change in all prices thus has
no impact on optimal production quantities. The second partial derivatives of the profit
function are invariant to the order of differentiation so that the commodity supply
equations are symmetrical in normalized prices (i.e., ¢j=¢; for i#f). Symmetry conditions
are imposed during estimation. The disturbances in (2.18) and (2.19) are linearly
dependent because, from the empirical formulation, acreage allocation is not a
predetermined variable since it varies with price changes. Moreover, cattle and hog
inventories are considered as endogenous variables. All data used are from secondary
sources and may have some errors in the measurement. Thus, all the model specifications
are estimated as a system of equations using the iterative three-stage least square (3SLS)
regression techniques of the “SHAZAM™ software program (Judge et al. 1988 p. 650:
Kennedy 1992 p.161-162: White 1978). The Canada-U.S. exchange rate, U.S. comn and
U.S. soybean prices are used as instrumental variables in addition to the explanatory
variables in the system of cquations.

Non-jointness in production is tested using equation (2.16) to verify whether
production of commodities is independent of one another. Four tests are performed. First,
non-jointness in production of all enterprises is tested in each supply equation. Second,
non-jointness in production of the 3-crop enterprises is tested in each of the crop

equations. Third. non-jointness in production of the 2-livestock enterprises is tested in
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each of the livestock equations. Finally, non-jointness in production between barley and

hogs is tested in both the barley supply and hogs supply equations.

2.7 Results and Discussion
2.7.1 Model Diagnostics

A common econometric problem associated with the use of time series data in
applied econometric work is spurious regression resulting from trending vanables
(Dickey and Fuller 1979). For example, if two variables both trend upward, a regression
of one on the other is likely to find a “significant” relationship between them, even if the
only thing they have in common is the upward trend. In this case, the results of such
studies may be of limited use in conducting impact analysis. Therefore, a unit root test
(Augmented Dickey-Fuller test) was conducted for all the variables used in the
specifications. Results from the tests are reported in Table 2.2, which that the variables
have different structures. For example. the null hypothesis of unit root is rejected for the
variables hay production, land price, hog/wheat ratio, hog/barley ratic, hog/canola ratio,
canola/hog ratio and wheat acreage. These variables are said to be stationary in levels but
the others are not.

The presence of non-stationary variables raises the possibility of cointegrating or
long run relationships in the models estimated. In this study, the possibility of estimating
actual long run relationships is not verified because the common approach to estimation
of a system of equations involving cointegrated variables developed by Johansen (1988),
uses differenced variables in a vector autoregression (VAR). Some differenced variables

have negative signs and cannot be used in the Generalized Leontief model. Moreover,
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there are limitations to the use of VAR techniques regarding the number of variables to
include in the cointegration test. With more than one cointegrating relation, there is
ambiguity in the interpretation of the estimated cointegrating vectors (Johansen 1988).
Each of the estimated models in this study involves 13 variables. An alternative to
differencing the data is the use of price ratios to estimate a system of equations involving
cointegrated variables. The Generalized Leontief function used for the model
specifications incorporates price ratios.

The estimated coefficients, values of R-squared, variance of estimates and
Durbin-Watson statistics are presented in Table 2.3. To gain insight into the statistical
properties of the estimated models, scrutiny of the measure of R-squared values indicates
a reasonable fit. This R-squared is not the goodness-of-fit measure which is calculated as
one minus the ratio of the residual variance over the variance of the left-hand side
(unexplained portion of the total variance) '°. Rather, it is 2 measure between observed
and predicted dependent variables (White 1993 p.12). R-squared values range from a
high of 0.99 for the canola production equation to a low of 0.86 for the wheat production
equation. The Durbin-Watson statistics. which meuasure the presence of first-order
autocorrelation in the models. are also reasonable, suggesting autocorrelation is not a
problem in these models.

Homogeneity and symmetry were imposed during estimation, but monotonicity
and convexity in prices were not. Monotonicity requires that all dependent variables
fitted with the estimated coefficients be positive. All estimated models at every data point

satisfy monotonicity. This implies that producers do not accept negative profits and that

' In 3SLS estimation the goodness-of-fit measure of R-squared is not well defined (Berndt 1991, p. 468;
Judge et al. 1988 p. 650).

|98)
W

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



there is no negative supply. Positive own-price elasticities are necessary conditions for
satisfying the property of convexity. This condition is also satisfied in all the models and
is consistent with the fundamental property of supply that supply increases with an

increase in price.

2.7.2 Estimation Results

In interpreting the results it should be noted that data were scaled by the
respective means, so that, some coefficient estimates may be interpreted as partial
elasticity measures. evaluated at the respective means. This applies specifically to
acreage allocations. cattle numbers. hog numbers and the interest rate. The formulation
for calculating partial elasticity of supply with respect to changes in own-price is
presented in Appendix 2b. For ease of interpretation, estimated coefficients are reported
in Table 2.3 and estimates of the partial elasticities are reported in Table 2.4. Table 2.5
compares some partial elasticity estimates from this study to estimates from selected
studies of supply response for western Cunada. Total elasticity estimates based on the
expression in equation (2.12) are reported in Table 2.6.

As expected. the supply of each of the commodities has a positive relationship
with own price. From Table 2.3, the parameter estimate for wheat price in the wheat
equation is 0.037. the parameter estimate for barley price in the barley equation is 0.183,
and the parameter estimate for canola price in the canola equation is 0.212. For livestock,
the parameter estimate for staughter cattle price in the slaughter cattle equation is 0.320,
and the parameter estimate for slaughter hog price in the hog equation is 0.124. The

positive signs confirm the convexity property of the profit function from which the
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supply functions were derived. They also reaffirm the fundamental property of supply

that the commodity supply curves are upward sloping.

2.7.3 Partial Price Responsiveness

Table 2.4 reports the estimated partial elasticity measures for the economic
variables. All own-price elasticity measures l.mve a positive sign as expected. Estimated
own-price elasticities are 0.449, 0.49§, 0.064, 0.123 and 0.830 for wheat, barley, canola,
cattle and hog production respectively, and estimates for barley and hogs are
asymptotically significant at a 5% level. This implies that, in the long run, farmers
respond positively to changes in barley and hog prices by altering production accordingly
and that the supply functions for these commodities are positively sloped. Hog
production is the most price-elastic among the five commodities. This appears to be a
reasonable finding, since annual data are used and the hog cycle (from birth to market) is
about 12 to 18 months. Consequently. inventory of animals can be reduced readily with
high market prices within this time frume. Cattle production has a longer cycle, about 3 to
3% years and inventory reduction may not be readily accomplished as with hogs. Thus,
the estimated elasticity of cattle supply of 0.123 appears reasonable.

Cross-price effects among the commodities have signs that are reasonable and
reflect cropping patterns in western Canada but most estimales are not statistically
significant asymptotically. Hog production is positively related to wheat, barley and
canola prices. Estimated elasticities of hog production with respect to changes in wheat,
barley and canola prices are respectively, 0.294, 0.24 and 0.209 (Table 2.4). Estimates of

hog production with respect to wheat and barley prices are statistically significant. Since
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hog production is expressed as pigs marketed in western Canada, the positive relationship
suggest that as grain/oilseed prices increase, there is an increase in the number of pigs
marketed. Wheat is a minor component of livestock feed but barley and canola meal are
major feed components, so that increasing grain/oilseed prices can imply increasing feed
cost. Profit maximizing hog producers will probably reduce inventory by marketing more
animals if there are increasing costs of production. This argument may not be applicable
to cattle because of the relatively long cycle.

Wheat production and barley production appear as substitutes in production with
canola production. The estimated parameters on canola price in the wheat and barley
production equations are -0.054 and —0.151 respectively. Wheat (barley) production has a
positive relationship with barley (wheut) price, indicating complementarity in production.
Though the estimated cross-price elasticities for these crops are not statistically
significant. the signs on the estimates reflect the cropping pattern in western Canada. In
the 1970s, 1980s and 1990s, wheat production averaged [3.9, 19.7 and 22.3 million
tonnes respectively. Barley production in the same periods averaged 9.8, 11.1 and 1.8
million tonnes while canola production averaged 1.8, 2.5 and 4.1 million tonnes. From
these figures. wheat. barley and canola production increased, on the average, by about
60%, 20% and 128% respectively from the seventies to the nineties, reflecting the
increasing popularity of canola production among farmers during this period.
Comparison of the increase in production since the 1970s suggests increasing substitution
of wheat and barley production with canola production. Scrutiny of the elasticity

estimates of commodity production with respect to acreage allocations confirms this

36

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



trend of cropping. Supply elasticities with respect to acreage allocations are discussed in
a later section. |
Comparison of the partial supply elasticity measures with those from previous
studies is difficult because of different variable definitions, time periods and model
specifications. However, Table 2.5 provides both the partial price elasticity measures
estimated in this study and those obtained in selected studies of supply response of
western Canadian farmers. In terms of absolute values, own-price elasticity estimates
from previous studies are quite different from those estimated in this study. For wheat,
barley and canola, estimates from Meilke and Weersink (1991) are relatively larger than
estimates from this study. For livestock, estimates from this study and that from Coleman
and Meilke (1988) suggest cattle supply is price-inelastic while hog supply is relatively
price-elastic. In Table 2.5, cross-price elasticities for wheat and barley indicate a
complete contrast in results in terms of signs. Both Coyle (1993b) and Meilke and
Weersink (1991) find wheat and barley to be substitutes in production. In this study,
wheat and barley are found to be complementary in production. The difference might be
due to differences in time periods and model specifications. The dependent variable in the
specifications in Coyle (1993b) and Meilke and Weersink (1991) are seeded area rather
than production. as in this study. The data period also varies (Table 2.5). Nevertheless, all

three studies find wheat/barley and canola to be substitutes in production.
2.74 Partial Responsiveness to Non-Price Variables

From Table 2.4, the acreage allocation to wheat, barley and canola are positively

related to the production of wheat, barley and canola; 0.589, 1.17 and 0.842 respectively.
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The estimates for barley and canola are statistically significant asymptotically. These
findings are expected since crop production depends on acreage planted.

Regarding the effects of cross-acreage allocations, signs on the elasticity
estimates are mixed. For example, the estimate on acreage seeded to barley is positive
(0.271) in the wheat production equation but the estimate on land allocated to wheat in
the barley production equation is negative (-0.247). However, there is consistency in the
sign on estimates on cereal grain (wheat and barley) production with respect to acreage
ailocation to canola. The supply elasticity of wheat with respect to canola acreage
allocation is —0.231, and the supply elasticity of barley with respect to acreage allocation
to canola is -0.171. Both estimates are statistically significant, which reaffirms the
substitutability between grains and canola production indicated earlier. Farmland
allocated to summer-fallow is negatively related to the production of wheat, barley and
canola. The estimates are negative and statistically significant asymptotically with values
of -0.869, -0.684, and 0.8 respectively. This result probably reflects competition among
crop enterprises and the larming practice of summer-fallow for tarmland. Acreage
allocated to tame hay is positively related to the production of wheat, barley and canola.

For livestock, cattle production is positively related to cattle inventory with an
estimate of 0.658 and hog production is positively related to pig inventory with an
estimate of 0.148 (Table 2.4). The estimate of cattle inventory is statistically significant
asymptotically. Cattle production also appears positively related to acreage allocated to
tame hay acreage but negatively related to acreage allocated to wheat, barley, canola, and
summer-fallow. This result is expected since hay production is a major component of

cattle production enterprises in western Canada. The estimate of cattle production with
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respect to tame hay acreage is 0.347. Hog production appears positively related to area
allocated to barley and tame hay with estimates of 0.35 and 0.843 respectively (Table
2.4). The production of hogs is, however, negatively related to acreage allocated to
wheat, canola, and summer-fallow. The effect of interest rate (the price of capital) on
commodity production is quite low on all commodities with estimates ranging from —

0.009 to 0.011. All estimates are statistically insignificant asymptotically.

2.7.5 Total Price Responsiveness

The total elasticity measure expresses the change in supply induced by a price
change as well as the change in supply associated with reallocation of farmland in
response to the price change (see Appendix 2b). Total elasticity measures of price
changes on production are reported in Table 2.6. Out of the 25 estimated elasticity
measures, 9 are deemed asymptotically significant. All own-price elasticity measures
have signs that are consistent with the results reported in Table 2.4. These own-price
elasticity measures of production, shown on the diagonal of Table 2.6, have positive
signs. A positive total own-price elasticity implies that production increases in response
to increases in price, even when land allocations are allowed to change. The production
of wheat and hog production is price-elastic in terms of total effects. Hog production is
the most price elastic in production among the five commodities with a total own-price
elasticity measure of 1.204. Canola production is the least elastic in production with a
total own-price elasticity measure of 0.614. Canola production is also found to be the
least elastic among the partial own-price elasticity measures in Table 2.4. In terms of the

size of own-price estimates. total own-price elasticity measures are larger in size than are
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the partial own-price elasticity measures reported in Table 2.4. For example, the partial
and total own-price elasticity measures for wheat are 0.449 and 1.058 respectively:
barley, 0.498 and 0.741 respectively; canola, 0.064 and 0.411 respectively; cattle, 0.123
and 0.614 respectively and hogs, 0.830 and 1.204 respectively.

Regarding total cross-price elasticity measures, there are no prior expectations in
terms of signs (see formulations in Appendix 2b). As a theoretical and empirical issue,
elasticity measures can be positive or negative. In Table 2.6, most commodities appear as
complements in production. There are positive total cross-price elasticity measures,

except for wheat production with respect to canola price.

2.7.6 Tests of Non-jointness in Production

Various tests of non-jointness in production are performed using equation (2.16).
Non-jointness in production implies that both the cost and profit functions of the multi-
commodity enterprises are the sum of the single-commodity cost and profit functions
(Chambers 1988. p. 293). Hence, the test of non-jointness may be regarded as a test of
independence in production (null hypothesis). First, non-jointness is tested in the
production of all enterprises. Then, non-jointness in production of only the three-crop
enterprises is tested in each of the crop equations. The third test of non-jointness involves
production of only the two-livestock enterprises and the final test involves non-jointness
in production between barley and hogs. Formulations for the parametric tests of non-
jointness are presented in Appendix 2c. Results of these tests are reported in Table 2.7.
The second, third and fourth tests of non-jointness are more intuitive and are commented

on below.
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Consistent with Shumway et al. (1987), joint production of grains and oilseed is
evident from the second test. The hypothesis of non-jointness of production of wheat,
barley and canola is rejected at the 5% level in each of the crop equations (Table 2.7,
column 3). This implies that the production of individual grains/oilseed in western
Canada is not independent of one another. Jointness in production of the three crops
wheat, barley and canola may be due to technical interdependence and/or to the presence
of allocatable farmland or rotational limitations. All three crops are commonly planted on
the same farm in a given vear in western Canada. Thus, they often compete for the same
land, labour and managerial resources. Differences in the relative importance of technical
interdependence and allocatable inputs may result in the nature of the economic
interdependence between any pair of production activities being either complementary or
campetitive in production (Shumway et al. 1987).

The null hypothesis of non-jointness in the production of cattle and hogs is not
rejected at the 3% level in any of the livestock equations (Table 2.7, column 4). Non-
Jjointness in production of cattle and hogs may be due to technicul independence in the
production process. In western Canada, cattle production and hog production are
independent as each production process requires different husbandry and managerial
skills. The null hypothesis of non-jointness in the production of barley and hogs is
rejected at the 5% level suggesting that barley production is not independent of hog
production. That seems to suggest that the barley and hog industries are closely tied

together.
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2.8 Summary and Conclusions

The objective of this section of the study was to specify and estimate the supply
response of western Canadian agriculture. The study examined a model of three crop
(wheat, barley and canola) and two livestock activities (cattle and hogs) which
incorporated farmland allocation in the production of wheat, barley, canola and tame hay,
as well as land allocation to summer-fallow. Previous regional studies have ignored
farmland allocation to tame hay and summer-fallow in their analyses and have not
examined the crops and livestock sectors simultaneously. Supply functions derived from
the Generalized Leontief profit function were specified and estimated simultaneously for
the crops and livestock sectors using annual data from 1960 to 1997. The study assessed
the extent of substitution/complementarity in production among the five commodities and
the effects of price changes on production resulting directly from changes in price as well
as indirectly from farmland reallocation. The statistical and economic implications of the
models were assessed.

The results indicate signiticant economic interrelationships in the westemn
Canadian agricultural sector. The partial and total effects of price changes on production
are examined and these results show that the quantity supplied of each of the
commodities examined is positively related to its own price. Hog production is the most
price-elastic among the five commodities examined suggesting that inventory of animals
can be reduced readily for slaughter with high market prices. Canola production is the
least price-elastic. Wheat production and barley production appear as complements but
canola production appears to be a substitute to wheat production. Hog production is

positively related to the prices of wheat. barlev and canola. Cattle production is positively
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related to the price of barley. A chi-square test of non-jointness in production indicates
jointness in the production of grains and oilseeds, non-jointness in the production of
cattle and hogs and jointness in the production of hogs and barley. These findings of
complementarity and substitution provide insights into the potential effect of increased
value added activities in the processing sector on the farm sector. We also gain insights
into the potential effects that changes in the economic conditions of one commodity may
have on other commodities.

Future research on estimation of western Canadian commodity supply functions
may improve the present study in a number of ways. First, it may be desirable to expand
the number of commoadities for study. Though the five commodities examined in the
present study are considered to be mujor commodities, several other commodities are
increasingly becoming popular. particularly “speciality crops.” Second, the specification
and inclusion of input demand functions for agricultural inputs such as chemicals,

machinery, and labour may improve the specification and estimation of the models

overall.
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Figure 2.1:  Canadian Slaughter Cattle Numbers and

Average Carcass Weight (1960 to 1997)
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Figure 2.2:

Canadian Slaughter Hogs Numbers and

Average Carcass Weight (1960-1997)
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Table 2.1:

Farm Sector Variables: Definition and Sources of Data (1960-1997)!

Variable

Definition

Source

Wheat production

Product of yield per hectare and

area harvested in hectares.

CANSIM D216079 & D216083

Barley production

Product of yield per hectare and

area harvested in hectares.

CANSIM D216204 & D216208

Canola production

Product of yield per hectare and

area harvested in hectares.

CANSIM D216577 & D216581

Slaughter cattle

Cold dressed weight equivalent of

Livestock Market Review and

production® slaughter cattle. CANSIM D226062
Slaughter hogs Cold dressed weight equivalent of | Livestock Market Review and
production® slaughter hogs. CANSIM D226377

Farmland Price

Wheat acreuge

Farmland values

Area seeded in hectares.

Farm Credit Corporation. Regina

(Saskatchewan)

1 CANSIM D216055 & D216059

Barley acreage

Area harvested in hectares.

CANSIM D216183 & D216187

Canola acreage

Summer-Fallow

Tuame Hay

Area seeded in hectares.

CANSIM D216565 & D216569

Summer-fallow areas in the

prairie provinces.

CANSIM D216740

Area seeded in hectares.

CANSIM D216635 & D216639

Beef cattle inventory

Total beef cattle numbers from

annual livestock surveys.

D226005, D226008, D226014,
D226017, D226023, D226026,
D226032, D226035

Pig inventory

Total number of pigs from annual

livestock surveys.

D236796, D236782, D236810,
D236824

Wheat price

I CWRS Final realised price (S)

Canadian Grain Council

Barley price

I CW Final realised price (S)

Canadian Grain Council

Continued on next page
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Table 2.1 continued

Variable

Definition

Source

Canola price

Weighted average price (see

Appendix 2a)

CANSIM D216583 & Canadian

Grain Council

Slaughter cattle price’

Weighted average price

(Lethbridge /7 Southern Alberta)

Livestock Market Review

Slaughter hogs price’

Weighted average price

(Edmonton / Alberta)

Livestock Market Review

Farm input price index

Aggregate input price index for

western Canadian agriculture

CANSIM DG641800

[nterest rate

90-day commercial paper rate

Bank of Canada

Exchange rate

The equivalent of Canadian dollar

to one American dollar

Bridge Information Systems,
Chicago.

Corn price

Sovbeans

No. 2 Yellow. Cash Basis —
Chicago
‘No. | Yellow. Cash Basis —

Central Illinois

Bridge Information Systems,

Chicago.

Bridge Information Systems,

Chicago.

" The data series are presented in Appendix 2d.

* Total Canadian beet (pork) production divided by total Canadian slaughter cattle (hogs) gives the average
weight per animal. Beet (pork) production in Western Canada is obtained by multiplying the average

_ weight per animal by total slaughter cattie (hogs) in Western Canada.

* Slaughter cattle (hog) prices are quoted in S/cwt. (100 Ib. weight). This is converted into S/tonne.
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Table 2.2: Unit Root Tests

Variable Test Number Variable Test Number
statistic of lags statistic of lags
Wheat production -2.62 2 Canola/carttle price ratio 2011 5
Barley production -2.79 2 Hog/cattle price ratio -2.42 2
Canola production -1.26 5 Hog price -1.95 3
Cattle production -1.40 0 Wheavhog price ratio -3.05 4
Hog production -3.45° 0 Barley/hog price ratio -2.64 5
Land price -3.58° 1 Canola/hog price ratio -3.34° 2
Wheat price -1.71 2 Caule/hog price ratio -2.37 2
Barley/wheat price ratio -2.79 5 Wheat acreage -2.36 0
Canola/wheat price ratio -2.72 5 Barley acreage -2.71 0
Cattle/wheat price ratio -2.2] 2 Canola acreage -2.81 2
Hog/wheat price ratio -3.25° 2 Fallow -2.23 1
Barley price -1.98 3 Tame hay -2.40 0
Wheat/barley price ratio -2.87 5 Cattle inventory -2.36 1
Canola/barley price ratio -2.62 5 Hog inventory -2.84 2
Cattde/barley price ratio -2.22 5 Interest rate -1.68 0
Hog/barley price ratio 5410 2 Wheat price -2.36 4
Canola price -1.71 2 Barfey price -1.00 4
Wheat/canola price ratio -2.71 3 Cuanola price -2.00 2
Barley/canola price ratio -2.52 5 Cattle price -1.03 2
Cattle/canola price ratio -2.18 5 Hog price -0.86 3
Hog/canola price ratio -3.33° 2 Wheat acreage -3.38 0
Cattle price -1.93 0 Barley acre/wheat acre -2.33 0
Whealt/cattle price ratio -2.57 0 Canola acre/wheat acre -2.76 2
Barley/cattle price ratio -2.21 5 Fallow acre/wheat acre -2.87 1
Hay acre/wheat acre -3.36 0

Indicates the value is significant at the 10% level therefore, the null hypothesis of unit root is rejected.
Note: asymptotic critical value at 10% significance is —3.13.
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Table 2.3:  Estimated Coefficients of the Commodity Supply Response Models

i Dependent Variable
Wheat , Barley Canola Caule Hog Farmland
Production Production i Production Production Production Value
|

Intercept 0,238 0.097 | 1.075" 1.957" L 110 101
Wheat price 0037 0203 0.054 0.031 0.204" 0.419"
Barley price 0203 0.183 -0.151 0.023 0.240 0.005
Canola price 0054 0151 0.212" -0.152 0.209 -0.007
Cattle price -0.031 0.023 -0.152 0.320" -0.037 0.296"
Hog price 0204" 0240 0.209 -0.037 0.124 -0.062
Wheat acreage 0.589 0,247 -0.255 -0.609° -0.532 -1.753
Barley acreage 0270 L0 0099 0,241 0.350 0.581°
Canola acreage A0.231" ‘ 01471 ; ().842° -0.221% -0.055 0.221
Summer-Fallow 0869 0 0684 1 -0.800° -(),922" -0.712 1,139
Hay acreage 0.839" P 0.503" 0.051 (.347 (.843 L1140
Cattle inventory 0000 0,031 0.097 0.658" -0.982" 0.724"
Pig inventory 0.282" 1 -0.309° -0.185" -0.001 0.148 -().576"
Interest Rate 0010|0007 -0.005 0,010 -0.009 0.008
R-square 086 | 0.9 0.99 0.94 0.88 0.96
Variance of estimates | 0.010 | 0003 | 0005 0004 | 0019 | 0007
D-W statistic 9 | 2.3 22 | 19 s

* indicates asymptotic significance at the 5% level.
" indicates asymptotic significance at the 10% level.



Table 2.4: Estimated Measures of Partial Supply Elasticities'

Wheat Barley | Canola Cattle Hog
. Production ~ Production Production ' Production . Production

with respect to : ‘ ;

Wheat price 0449 0203 . -0054 003l 0294
Barley price 0203 0498° 0151 0023  0240°
Canola price -0.054 0.051  0.064 0152 0209
Cattle price -0.031 0023 -0.152 . 0.123 = -0.037
Hog price 0294"  0240° . 0.209 20.037  0.830°
Wheat acreage 0589 0247 0255  -0.609° = -0.532
Barley acreage 0271 1.170° 0099 -0.241* 0350
Canola acreage 0.231° 0171 0.842° 0.221° 0.055
Summer Fallow -0.869" -0.684" -0.800" -0.922° -0.712
Hay acreage 0.839" 0.563" 0.051 0.347 0.843
Cattle inventory -0.101 -0.031 0.097 . 0.658" -0.982*
Pig inventory -0.282" 0.309°  -0.185° -0.061 0.148
Interest Rate 0.011 0.007 , -0.005 -0.010 -0.009

: Partial elasticity measurces express the change in supply induced by a change in price holding allocatable land
constant.

“indicates asymptotic signiticance at the 3% level.

" indicates asymptotic significance at the 10% level.
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Table 2.5: Comparison of Partial Supply Elasticity Estimates with Those from

Selected Studies of Western Canadian Agriculture

; . Meilke &
This Study Coyle (1993b)|  Weersink Horbulyk  Coleman &
L (1991) (1990)  : Meilke (1988)
Sample period: 1960-1997 1961-1984 1972-1988 1983-1987° 1972-1982°
Commodity :
Wheat 0.449 0.159 0.617
Barley 0.498 0.273 0.788
Canola 0.064 0.448 1.546
Cattle 0.123 1.998 0.24
Hogs 0.830 1.36
Wheat / Barley price 0.203 -0.096 -0.196
Wheat / Canolu price -0.054 -0.006 -0.213
Barley / Wheat price 0.203 -0.062 -0.430
Barley / Canola price -0.151 -0.253 -0.209
* Data are cress sectional.
" Data are quarterly.
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Table 2.6: Estimated Measures of Total Supply Elasticities'

Wheat | Barley | Canola Caule | Hog
Production Production Production Production Production

With respect to

Wheat price 1058 0446 0293 0460 . 0.668"
Barley price 0210  0741* - 0.096 0514 0614
Canola price 0064 0092 041l 0372 0.583
Cautle price 0400 0266 0195 0614 = 0338
Hog price 0203 0483 | 0556 0488  1.204°

! Total elasticity measures express the change in supply induced by a change in price as well as a change in allocatable
land due to the price change. -

* indicates asymptotic signiticance at the 5% level.

" indicates asymptotic signiticance at the 10% level.

(9]
(18]
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Table 2.7: Chi-squared Test Results for Non-Jointness in Production

Test of non-jointness (independence in production) includes

) . Onlycrop | Only livestock a
all 5 enterprises” enterprises” . enterprises®  barley and hogs
Z,f/.ﬂ ystatistic ¥ o statistic . ¥ jfﬂ statistic X 4 =3 Statistic
Equation
Wheat Production 143.48 123.41
Barley Production 328.81 260.00 140.89
Canola Production 575.77 526.07
Cattle Production 105.45 2.56
Hog Production 50.65 2.11 11.70
Test Qutcome: Independencein Independence in Independence in - Independence in
production is production is production is not production is
rejected in cach rejected in each rejected in each rejected in each
equation cquation equation : equation
* the critical values at the 3% level of significance for ‘/_"‘,,,v:B =22.362
® the critical values at the 5% level of significance for ¥~y = 19.675

- .. - . - .- - 2 -

© the critical values at the 3% level of significance for ¥7.; = 7.813
.- - S - 2 -

¢ the critical values at the 5% level of significance for ¥ 4= =35.991.

9]
W)
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Appendix 2a: Canola Price Series

Statistics Canada (CANSIM) provided a weighted average price per tonne for the
period 1960 to 1984 (P.;) while the Canadian Grains Council (Canadian Grains Industry
Statistical Handbook) provided cash prices (Winnipeg) from 1972 to 1996 (P:2). The
overlapping period between the two series i's 1972 to 1984 (13 data points). Ordinary
Least Squares (OLS) regression of P.» on P through the origin produced the following

results:

P, = 1.1108P, R® = 09419
(0.01658)

Standard error of the estimate is reported in brackets.
The estimated coefficient is multiplied by the P series from 1960 to 1971 to
generate an estimated price series that is consistent with the P. series. The generated

series (1960 to 1971) and the P series (1972 to 1996) are used in the study.
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Appendix 2b: Elasticity Formulations

Due to the wide variation in the values of variables, all variables were divided by
their respective meun values. Consequently, the mean values of data 1960 to 1997 are

unity. Using equation (2.18), the partial own-price elasticity of supply is calculated as:

dqg. w. _ ]
e
awi q; i

The partial cross-price elasticity of supply is calculated as:

a( W —
_L_/. = =. = . i¢j

a\t', q;

The partial elasticity of supply with respect to reallocation of farmland is calculated as:

a[ll :_L ol = 5
a:‘ (/’ 1k tk

The partial elasticity of supply with respect to changes in quasi-fixed variables is

calculated as:

%i = E'I = /e
dd, q,

1xs {4

Using equations (2.12) and (2.19), the total elasticity of supply is calculated as:

dg,(w, 2,d) w, _ dg, W, N ZZ a([f e dz; Vi
a“'j q, dw; q, T Tz g awj et
. ) /
—_T —_ — 3
= = =, + = Y
if J : ik Bkl
Total Elasticity of Partial Price Partial Elasticity of Elasticity of
Supply = Elasticity of +  Supply with respect Acreage
Supply to Farmland Allocation with
Allocations respect to Price
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Appendix 2c: Formulations for Testing Non-jointness in Production'’.

L. Test for non-jointness in the production of all five commodities involves testing

the following in each supply equation (2.18);

&, =0, =B,=0 V i#j, k#I
2. Test for non-jointness in production of grains/oilseed involves testing the
following in equation (2.18) relating to the supply of wheat, barley and canola;
&, =(5ul =ﬁu =0
for @,j=123 kJM=L1..5 i#j, k=#l
3. Test for non-jointness in production of livestock involves testing the following in
equation (2.19) relating to the supply of cattle and hogs;
a, =0 for i,j=45 i#]
4. Test for non-jointness in production of barley and hogs involves testing the

following in equation (2.18) relating to the supply of barley and hogs;

«,=6,=B,=0 for i,j=25 ki=2 i#j

1 . . < . . :

The index i,j = I.....5 represents the production of wheat. barley. canola, cattle and hogs respectively; &,/
= l.....5 represents hectares of wheat. barley. canola, tame hay and summer fallow respectively; and t,u =
L,....3 represents cattle inventory, hog inventory and interest rate respectively.

6l

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Appendix 2d:

Data Series Used for the Farm Sector Model

. Wheut Wikt Barkey Buarkey Canrla Carnorla Cattie Hug Cattle Hog Summuner Taime hay
Yeur acTeaye production acrcuge productaon Surcage prosfuction nuttbers numbers  producton production fallow aTeuge
1960 9122300 13109300 2727500 4115600 308800 252200 2189 3571 320247 202179 10883 1838000
1961 9253300 6749500 2193700 2358500 287500 254500 2297 5011 373637 196728 11274 2003000
1962 92693800 13143200 2095300 3507500 150200 132900 2113 3898 335972 188124 11208 207C000
1963 10131200 17821000 2131600 4690600 193300 189500 2661 4108 330390 153988 11081 2072000
1961 11099600 14934800 2155700 3502200 320100 300000 2907 480+ 375894 187084 10748 2111000
1965 10963510 16331700 2384500 4513100 380716 512600 2999 4112 169095 191150 10794 2208000
1966 11423300 21285700 2397700  Gl1GRGOO 617100 585100 2949 497 483825 172043 10208 2305000
1967 11479900 151292 2148800 5177700 661700 363600 290! 5005 266316 209559 10501 2222000
1968 10783900 16006300 3439800 GG33N00 427300 111300 2795 4824 494215 217616 10789 2113000
1969 8658700 15578300 3630800 7669300 SIS200 760300 2913 5493 123239 199200 11655 2240000
1970 36146400 6354700 3835800 84137600 1643700 1646500 3219 7457 119001 258761 14933 2702000
1971 6766100 12316200 5466300 12571900 2161200 2165900 3524 11258 425335 338663 10612 2518000
1972 7184500 12031800 4876700 10813200 1342700 1317700 3835 13716 455377 307532 11737 2701000
1973 S4II500 14292600 1662800 9797600 1297100 1223700 3998 13481 443835 397048 10725 3785000
1971 576300 IHIHTH0 1600800 8391300 1278800 1163500 4200 11430 477138 290533 11250 2933000
1975 TTT2300 13833800 4284900 9049900 1829200 1839200 132 8435 555584 201185 11048 2913000
1976 9553 19652900 1168700 10087700 TI93(X) 836900 4349 8523 613370 167838 10764 3263000
1977 897310 1TITTIN 43585860 11380600 1352800 1973100 012 8919 629387 182879 10967 3211000
1978 37493 1T 0ik0 2197 00 YNISAUK) ARSI 9T HK ITEN Yl 33067 201348 [0239 SISty
1979 9OI6I00  1I3S0600 3532600 7399500 3207300 3201100 3591 11100 301291 231303 10300 3091000
1980 9333000 16192100 139290 10649900 U0 LK) 21433400 3629 12009 500259 290096 10481 2999000
1981 10333900 20379100 S50 12804400 120120 1348500 336!l 11701 532306 283752 9510 2910000
19382 1073660 22797500 1765100 12773300 1763300 2218100 3574 11334 571517 277070 9308 2931000
1983 L1790006)  22398X) 39580010 9236000 2307000 2586000 3355 12368 367096 294217 9045 3024000
1934 10921060 17604000 1196000 9173000 SOGORKY 3391000 3390 13924 3791402 347304 8317 3131000
1985 TTITSHK) 20282000 4301000 11045000 2761000 3253000 3316 13733 57797t 362235 8296 3160000
1980 11506310 25231000 4373000 13150600 239200) 3640200 3206 13756 572147 118544 8297 3250200
1987 10633100 20381000 45487G0 12330100 2598100 SGHXN0 3131 [5343 554387 373990 3620 3537000
1983 100931y 12373000 3773704 GI93300 3092300 1191100 3IR7 16951 623901 428396 38822 3702900
{989 LOG33 100 920100 2330200 10522200 29017 3184300 KD 16511 637632 W1663 8295 3638100
1990 LEIS3000 200206000 3153000 12229600 2309100 3222800 3308 15730 636572 219633 3134 3771700
1991 LIBTTSVS  20<30900) SEI7903 103748300 3113385 217838060 Joil 16733 613554 399313 7781 3747120
1992 12472300 23161200 3303360) 9GII2N 3221300 34290 3937 17336 717703 176097 7319 2350300
1993 FHI76300 22917500 1180204 11835500 3132100 5436300 4123 17109 725209 475205 7122 4316000
1991 8235300 16776'H0 3992300 10767300 5774800 7187100 1186 17720 764644 191623 799 1560800
1995 8761100 IS6TI900 4338100 12112000 5309600 6368400 515 19021 301818 192738 6779 4357600
19906 99117 23929800 1921000 13623300 3512800 5010900 756 18655 954172 518648 6192 4287800
1997 89435300 ISSI12300 4692300 12471300 4874300 6327700 1669 18885 930998 526393 5645 4251200

Continued on next page
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Appendix 2e: Data Series Used for the Farm Sector Model
Year C rop land w !lc;l( B::flcy C: u.nolu C ;fulc H'og Input CPI Us com s soy [nterest
prices prices prices prices prices prices Index price price nte
1960 11.33 57.69 36.74 79.98 117.04 456.42 21.05 18.5 115.79 215.75 1
1961 174 63.93 48.69 87.75 420.35 526.55 226 18.7 1134 268.37 3.37
1962 1255 60.99 43107 99.97 431.19 561.95 241 18.9 113.0t 249.88 4.38
1963 14.16 71.39 43.17 123.3 465.71 561.95 35 19.2 125.51 267.56 101
1964 16.19 68.01 50.43 134,41 428.1 505.53 249 19.6 125.41 267 42
1965 19.02 7224 5443 117.74 45584 -605.09 258 20 130.24 28217 5.02
1966 21.85 7205 55.07 121.08 493.36 710.18 272 208 136.96 312,77 6.27
1967 2549 65.66 55.43 94,42 52335 568.58 274 213 129.02 280.15 5.85
1968 26.71 60.99 6.3 89.97 523.23 586.28 28.3 214 113.88 266.17 6.82
1969 24.69 60.31 4155 1219 593.03 736.73 9.4 234 123.47 259.7 785
1970 2428 60.66 38.21 11431 620.58 628.32 29.6 2142 137.77 276.86 7.34
i971 2388 538.64 418 105.53 639.38 470.13 30.7 24, 138.99 310.87 4.51
1972 2428 79.15 37.2 160.5 630.78 1000 328 26.1 130.67 348.49 5.1
1973 873 168.21 119.06 279.76 877.21 110442 iR 28.1 219.72 703.69 745
1974 36.42 161.39 107.05 318.95 846.68 992,438 =2 KIS 32215 675.03 10.51
1975 47.35 146.27 104.06 2268 707.52 1437.51 50 34.5 291.27 542.37 794
1976 57.47 n7.1s 91.5 28213 675.22 1329.62 53.6 371 2712 78.61 9.17
1977 65.36 1203 83.39 19593 727.65 1265.77 35 40 22437 700.56 7.48
1978 S0.13 160.53 91.08 357 1089.6 1529.62 62.2 13.6 233.35 650.94 8.33
1979 97.53 196.43 107.47 209.02 1517.92 1329.81 72.9 7.6 265.12 700.29 12.07
1980 13236 22 116.53 32935 140213 1268.24 80.3 524 300.79 696.19 13.15
1931 15459 199.62 131.07 325.19 1330.31 1503.73 92.4 58.9 315.57 697.74 18.33
1932 167 13 192,33 1ta 306.99 126003 1814.15 95.6 65.3 255.88 585.82 14.15
1933 163.90 193.93 133.62 45544 1305.0 154288 95.7 69.1 326.28 689.99 9.45
1934 159.04 186.37 1513 336.04 1365.49 1517.5 98.1 721 327.51 695.83 119
1933 14237 Loty o 301 1261.5 1331.35 93.7 75 2068.5 546.35 9.56
1936 134.536 130 80 239.7 1319.03 1729.43 100 78.1 210.73 506.38 9.16
1937 120.60 13202 74.08 30335 1339.82 1695.03 98.7 8L.5 171.83 Si5.11 8.38
1983 11572 197.13 124.23 3374 1325.44 1270.56 101.7 34.8 236.79 738.33 9.67
1939 s=e 17211 (2438 0372 130772 1266.54 106.2 $9 259.11 664.08 12.21
1990 11493 135 90 287.72 [729.78 1543.27 103.6 233 25785 585.69 13.03
1991 107.23 13114 107 59 27485 1677 88 1366.38 106.3 98.5 25339 563.71 8.91
1992 105.20 156.82 102.26 32101 64833 1239.00 [0d9 100 22744 362.66 6.74
1993 1039 te2al 99 94 39138 I¥57.08 1458.02 9.8 018 22251 G13.16 197
1oud 109.67 193539 101.9< <1218 [RVT 1365.65 1139 02 257.96 612 5.66
1995 12100 25316 205.39 433 I833.85 1474.28 119.7 104.2 232.96 599 7.22
1996 27.07 208.2 150.97 11101 173296 1823.31 1239 105.8 396.19 74497 4.35
1997 128.29 1070 [2t02 21992 183841 1793.1 [20.2 107.6 32.66 735 .ot
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3. ANALYSIS OF DOMESTIC DEMAND FOR FARM OUTPUT

3.1 Introduction

Initiatives taken by the government on value adding activities are focussed at
encouraging and promoting projects that contribute to the economic development of the
agricultural industry. Government initiatives on value adding include funding programs
that encourage research and development into the commercialization of value-added
products. With such programs, it is hoped that the food-processing sector will undertake
structural adjustments that may eventually result in increased utilization of primary
agricultural commodities.

Agricultural and food-processing industries in Canada and the United States have
become increasingly concentrated, often resulting from mergers and acquisitions (Green
1985). The trend toward fewer and larger firms has continued since the 1960s, which
could raise concerns about potential market power and its exploitation. In particular, if
increasing concentration allows firms to exploit the domestic market for farm
commodities, then farmers will be affected if the food processing firms are able to use
their power to hold commodity prices at artificially low levels. However, the efficiency
of increasingly large plants in the food-processing industries when plant size is
determined by production structure characteristics such as cost economies and technical
change have been pointed out (Hazeldine 1991; Goodwin and Brester 1995; Holloway
and Goddard [98S: Paul 199b). In these circumstances increased import and export
competition may modify market power. In Canada, a significant proportion of primary

agricultural products particularly grains and oilseeds is exported, suggesting that, with
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export competition, food-processing firms may not be able to exercise any market power
in the domestic market for farm outputs.

This portion of the thesis examines aggregate demand of the processing sector for
wheat, barley, canola, slaughter cattle and hogs to assess potential market power
exploitation. An alternative index for measuring industry-wide market power is
developed. The procedure used here differs from previous studies in that conjectural
marginal input cost is explicitly incorporated into a profit function allowing a system of
factor demand and output supply equations to be estimated. With this procedure and
sufficient data, policy analyses can be conducted by assessing the conduct of the industry
over time in response to certain changes. This framework is applied to four Standard
Industrial Classification (SIC) food-processing industries in Canada including the meat
and meat products (excluding poultry) industry, the cereal grain flour industry, the
livestock feed industry and the vegctuble oil (excluding corn oil) industry. These are the
major food processing industries for Western Canadian agricultural outputs.

The following section reviews some of the approaches that have been utilized in
previous studies to assess market power in the market for fuarm output. This is followed
by an outline of the theoretical foundation of the model used here to measure the degree
of oligopsony power. Duality theory is applied with the incorporation of a profit function
that explicitly incorporates a price “mark-down” factor to assess possible non-
competitive behaviour in the market for farm outputs. The models are applied to
aggregate annual data from four Canadian food industries for the period 1974 to 1996.

The results and a discussion of these are then presented and some conclusions are drawn
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from this component of the study. The final section summarizes the findings of the study

and discusses limitations of the study.

3.2 Review of Past Derived Demand Studies

A common approach adopted in studies that examine derived demand
relationships and market power involves the application of the theory of the firm. A
behavioural assumption involving maximization of short run profits or minimization of
costs is made for the processing firm. From the solution of the first-order conditions for
the maximization or minimization problem, output supply and input demand schedules
for the marketing firm are obtained. This approach has been applied in many studies to
examine demand relationships under different market structures. Most of these studies
analyse a firm’s conduct through the estimation of conjectural elasticities. These are
measures of the firm’s expectation of the percentage change in industry output (input) in
response to its own output (input) change. Unfortunately, panel data on firm level input
and output are frequently unavailable due to confidentiality concerns. This limitation has
led analysts to assume that conjectural elasticity measures are identical across firms. This
particular assumption allows the application of conjectural elasticity measures to the
industry level in the form of indices of market power in output and input markets
(Appelbaum 1982: Azzam and Pagoulatos 1990). However, changing consumer
preferences, corporate mergers, strategic alliances of ﬁrms and acquisitions of firms have
changed the structure of the food industry and consequently, the aggregate values of the

conjectural elasticities can be expected to have changed.
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Appelbaum (1979, 1982) used the theory of the firm to provide a general
framework to examine non-competitive behaviour in a processors’ output market. The
framework developed by Appelbaum has been extended to the processors’ input market
(e.g., Azzam and Pagoulatos 1990; Chen and Lent 1992; Durham and Sexton [992;
Huang and Sexton 1996; Schroeter and Azzam (1991); Sexton 1990; Wann and Sexton
1992).

In a pertectly competitive market structure, processing firms are assumed to be
price takers in the market for farm commodities and have no influence in setting purchase
prices. The assumption of a perfectly competitive market structure has sometimes been
applied in welfare analyses of the impacts of agricultural policies. Studies of derived
demand that have assumed perfectly competitive farm commodity markets include Dunn
and Heien (1983): Martin and Alston (1994): Mullen et al. (1988): Kinnucan et al.
(1996); and Wahl et al. (1992).

If agricultural markets are not perfectly competitive, the welfare implications may
differ from the perfectly competitive structure. Consequently, some studies have
examined derived demand relationships under an assumption of imperfect competition in
the processors’ input markets (e.g.. Chen and Lent 1992; Durham and Sexton 1992;
Huang and Sexton 1996; Hyde and Perloff 1994; Just and Chern 1980; Sexton 1990).
Further extensions of this general modelling framework are found in the literature. For
example, Azzam and Pagoulatos (1990), Dryburgh and Doyle (1995), Schroeter (1988),
Schroeter and Azzam (1991). and Wann and Sexton (1992) have investigated non-

competitive behaviour in both the output and input markets.
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Some of tlthe studies cited above focus on investigating comparative statics in
imperfect competi tive market situations, while others investigate the implications for
market equilibriurm of exogenous shocks in supply and demand. Issues that have been
examined in the c ontext of non-competitive markets include the impact of agricultural
policy, governmen:t programs, research, advertising and promotion. The implications of
policy or exogenouws factors are not the focus of this part of the study. However, results
obtained from the mmodels will be used to simulate the likely impact on the farm sector of

value adding initiaives in the processing sector.

3.3 Theoretica.l Framework
3.3.1 Preliminary Outline

It is postul ated that the behaviour of a firm is determined by its production
technology and by the economic environment in which it operates, both of which act as
constraints on the ffirm’s decision making. Assuming profit maximization for a primary
processing industry that is producing a retail good v, using a homogenous technology
g(.), the production function for the industry may be expressed as:

x = glq.v.2) G.oD

where x=5\, is thie sum of all outputs produced by the j firms in the industry; ¢ is a
vector of furm comemodity inputs; v is a vector of marketing inputs; and z is a vector of
quasi-fixed factors.

For simplicdty, assume there is only one farm commodity and one marketing
input. The short rum variable cost ¢, for the j “ firm is expressed as:

¢/ = wq’l +m’ (3.02)
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where ¢/ and v are the farm commodity and marketing input used by the j * firm in the

production process and w and m are the respective prices. If p is the price of the industry
output faced by all firms in the market, then in the short run (when : is fixed), the profit
function for the /™ firm is:

I_I’(p, wom,z') = max[px’ — wqi —mv! —r'z7; gj(([j,vj,zj)] (3.03)
where r is the price of the quasi-fixed input. Equation (3.03) is an expression of the
maximum level of profit (i.e., revenue minus cost) given the exogenous factors and the
fixed input. Given standard assumptions for the underlying technology, the profit
function of equation (3.03) has the properties of being positive (monotonicity), non-
decreasing in p. non-increasing in w. convex and continuous in p and w2, Consequently,
the first-order conditions (Horelling's lemma) for (3.03) provide a system of short run

output supply and factor demand equations for the firm expressed as:

O (p.ow.m.z’)

= 3.04
2 (3.04)
7 B -7
g = _81'1 (p,w,m,z7) (3.05)
Jdw
7 . -7
o AT (powm 2 (3.06)

dm

where &/ is output supply function for firm j: ¢/ is farm commodity input demand function
for firm j; and v/ is marketing input demand function for firm j. An assumption in the
above formulation is that firms in the industry are price takers in the output and input

markets. The properties of the profit function of equation (3.03) imply that:

' The assumption is that the input requirement set is convex, closed and non-empty for all x>0 (i.e., all
input combinations capable of producing output level x).
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dx’ _ aq’ < av’

=0; <0; d < 3.07
dp dw 0 an dm 0 07
dx’ dq’ dx’ v’ dq’ av!

__94’. ox’ __9v . d - 3.08
dw dp om dp o am  dw (3.08)

The expressions in (3.07) are the direct consequences of the convexity of the profit
function and the expressions in (3.08) are reciprocity or symmetry relationships. These
expressions represent a set of conditions on smoothly differentiable supply and factor
demand functions that ensure these functions can be “integrated” to capture the
technology underlying the profit function that generated them (Chambers 1988, p. 131).

These expressions or conditions are useful for validating estimation models.

3.3.2 Modelling Non-Competitiveness

Non-competitive behaviour is characterized by firms possessing some control in
determining their input and/or output prices. For example, firms having oligopsony
power are able to influence their input prices. The extent of influence depends on the
conjectures of other firms in the industry. In modelling oligopsony power, these
conjectures are taken into consideration.

Consider the situation of the processing firm that has some influence (i.e., market
power) over prices for farm commodities but is a price taker in the markets for its own
output and other non-farm inputs. The objective function (3.03) becomes:

M (p.w,m, 2%y = max[px! —w(q)g! —mv’ —r'z!) (3.09)
The first order condition for profit maximization with respect to the farm commodity

input is:
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, dx’ ey ow(q) d¢q
- = 13% _—
dq’ " 73 3¢’

(3-10)

The expression on the left side of (3.10) is the value of marginal product (VMP) for farm
commodity input. The term on the right side is the effective marginal cost (EMC) to the
firm (an oligopsonist). Using algebraic manipulation (see Appendix 3a), the EMC term

can be expressed in elasticities as follows:

ox’ 6’
- = 1+ — 3.11
37 w(l+ 8) ( )

p

where 87 is the firm’s conjectural elasticity in the farm commodity market; and € is the
price elasticity of the farm commodity supply. 87 shows the j firm’s perception of the
percent change in the purchases by all firms in the industry in reaction to a one percent
change in its own purchases. Thus, 67 with values in the [0,1] interval can be interpreted
as an index of market power in the affected farm commodity. This parameter is
comparable to Appelbaum’s (1982) conjectural elasticity term for the output market.
Chen and Lent (1992) reter to the right side of (3.11) as the processor’s conjectural
marginal input cost (CMIC) and suggest that this is useful for testing the degree of
monopsony/oligopsony power held by the processor. Azzam and Pagoulatos (1990)
suggest that in equilibrium 67 is invariant across firms, that is:
8'=0"=...=0" =0 (3.12)
Azzam and Pagoulatos (1990) also suggest that the ratio 87/&, is an industry—wide
index of oligopsony power in the farm commodity market. The index represents the
degree to which processing firms can set input price below the marginal product i.e.,

price “mark-down”. With observations for the farm commodity price w, the conjectural
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marginal input cost can be estimated with knowledge of the market elasticity & From
equation (3.11) if the index equals zero, a perfectly competitive market exists for the
affected farm commodity. If the index does not equal zero, the farrn commodity market is
not perfectly competitive. By rearranging the expression in (3.11), Hyde and Perloff

1994) sugeest that the price “mark-down” can be expressed as:
gg p p

dx’ 6’ o
u, = %3(/’ = A+ (3.13)

where 1, is the price “mark-down.” If =1, the industry-wide index equals zero and the
value of marginal product of the processor’s farm commodity input equals the farm
commodity price. If 11, the index is not zero. The expression for price “mark-down”

(3.13) can be expressed alternatively as (see Appendix 3b):

u = (3.14)

Ell_;ﬁ‘

Q

where &, is the firm’s elasticity of output with respect to the farm commodity input, and
@, 1s the cost of the furm commodity input relative to value of supply (i.e., farm
commodities input cost share of value of supply). From (3.13) the conjectural marginal
input cost of the farm commodity input equals wi,.

Appelbaum (1979) suggests ways that non-competitive behaviour may be
incorporated into (3.03). Following Appelbaum, and substituting for CMIC, (=wL,) the
profit function for the oligopsonist has the form:

n’ = IV([p.w,u,,mz’ (3.15)
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The first-order conditions for profit maximization from (3.15) give the short run output

supply, farm commodity input demand and marketing input demand functions
respectively as:

oI’ [p.w,u,,m, 2]

X’ = 37 (3.16)
ot/ [p,w, 1t ,m,z?
g = -oItp E;‘i" ! (.17)

. oIt  [p,w, e ,m.z?
and vio= = [pat”'l" ] (3.18)

The output supply and factor demand functions (3.16) to (3.18) are homogenous of
degree zero in p and w, i.e., only relative price changes affect supply or demand. The
second-order conditions of (3.15) are similar to (3.07) and (3.08) and are useful for
validating (3.16) to (3.18).

Based on the development of these expressions, specification of a functional form
for (3.15) allows us to derive estimable supply and demand functions to test for the
significance of ;. the price “mark-down”. Thus, we can test for non-competitive

behaviour in the market for farm commodities.

3.3.3 Aggregation Issues
The model outlined above is a firm-level model. As is often the case in empirical
work, firm-level data for prices and quantities are not available because of confidentiality
restrictions. To apply the firm-level formulations to the industry, the common assumption
that is applied in empirical work is linear aggregation of output and profits for the firms
in the industry, that is:
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x = S (3.19)

and 1 = EI’I’[p,w,uq,m,zj (3.20)

J=t
where x is the industry output and IT is the industry profit. Any functional form capable
of incorporating (3.19) and (3.20) is a candidate for an industry profit function

(Chambers 1988 p. 183). The first-order condition of (3.20) with respect to output price

D, is:
" ] " J
_E)_I'I_ = Z E)I'I. aij = of since BI'IV =1 (3.21)
dp < JIl’ dp = dp aIr’
Thus, gﬂ_ = y QEI— A4 Jj (3.22)
a p 7=l a P

The assumption of linear aggregation of output and profits across firms allows the firm-
level formulation to apply to the industry. The problem with the aggregation assumption
is that from the aggregate perspective, it is irrelevant which firm produces which units of
output. Equation (3.22) implies that the sum of euch firm’s level of output equal

aggregate output.

3.4 Application and Empirical Specifications

The formulation to assess imperfect competition outlined above is applied to each
of the four food processing industries of meat and meat products (excluding poultry)
industry, the cereal grain flour industry, the livestock feed industry and the vegetable oil
(excluding corn oil) industry. The procedure outlined above differs from the cited

previous studies in two major ways. First, the conjectural marginal input costs of farm
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comimodity inputs are explicitly incorporated into the oligopsonist’s profit function and a
system of factor demand and output supply equations is estimated. None of the cited
studlies have estimated factor demand and output supply functions of the form (3.16) to
(3.1 8). Most studies investigating market power use a variant of (3.10) and specify this as
a bezhavioural function. For example, (3.10) may be specified as a factor demand function
(e.g-, Azzam and Pagoulatos 1990). A sirﬁilar derivation for an oligopolist may be
speciified as a supply function (e.g., Schroeter 1988; Wann and Sexton 1992).

A second distinction of the approach discussed here is that the functions
incoerporate the oligopsonist’s conjectural marginal input costs of farm commodity inputs
into the profit function. This permits the evaluation of the direct effect of farm
com modity input prices as well as the effect of any price “mark-down.” This approach is
partizcularly important because the existence of a price “mark-down’ represents a
depression of the price that furmers receive and this may result in resources being
dive:rted away from the production of the affected farm commodity.

Now consider a firm producing any of the industrial products being considered,
i.e., meat and products (excluding poultry), cereal grain flour, livestock feed, or vegetable
oil (excluding corn oil). It is assumed that, for farm commodity input. the meat products
industry uses cattle; the wheat flour industry uses wheat; the livestock feed industry uses
barlesy; and the vegetable oil industry uses canola. In addition to farm commodity input,
all farms are assumed to use labour, capital, and energy as other inputs. The profit
funcgion of the firm may be specified as a Translog profit function (Christensen et al.

1973:) expressed as:
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InlT=by+b, Inp+b,In w+b; Ing, +b,Inm+0.55, (In p)? +b.,Inplnw

+b,,.Inp

Ing, +b,, Inplnm +O.5bqq(ln w) + b, In wlin i, (3.23)

+b, Inwlnm+05b,. .(Inu, )? +b,. Ing Inm+0.5b, Inmlnm

where p is retail

price output; w is price of the farm commodity; K, is the price “mark-

down” of the farm commodity: m is labour wage; and the bs are parameters to be

estimated.

The translog function is one of the flexible functional forms that permit

examination of comparative statics without imposing arbitrary cross-equation restrictions.

From Hotelling's lemma. and substituting for u,=&,/@,, the share equations of short run

output supply, farm commodity input demand and labour input demand are obtained from

(3.23) respectively as:

and
X
where s, S
[1
wg
T
ny
S, =—
[T

All variables are

dIn I

==y =b +b, Inp+b_Inw+b_.In 23 +b_Inm (3.24)
dinp : . ol *a @, :
dinTl ¢ -
ETPETR el b,+b,Inp+b, Inw+b_.In w—” +b, Inm| (3.25)

q

dIn Tl

ey =-b +b_ Inp+h Inwtb _.In 2L |+bh _Inm| (3.26)
dinm ‘ g 1 o

q

is the value of shipment of output to total profit,

is the cost of the farm commodity input to total profit and

is the cost of labour input to total profit.

defined us previously.
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Assuming standard properties for the processing technology, equation (3.23)
satisfies the following conditions: monotonicity and convexity in prices; symmetry; and
homogeneity. Appropriate restrictions on the parameters can be imposed on (3.24) to
(3.26) during estimation so that the profit function satisfies the properties of symmetry
and linear homogeneity in prices.

Monotonicity and convexity are not general properties of the translog function.
These properties cannot be conveniently imposed with linear restrictions on parameters in
(3.24) to (3.26) (Holloway and Goddard 1988: Fulginiti and Perrin 1993; Lau 1978).
Instead, the consistency of the estimated share equations with these properties must be
evaluated after estimation. To satisfy the monotonicity condition, the shares fitted from
the estimated parameters must be positive. The implication is that processors do not
accept negative profits if all inputs are perfectly variable. To be convex in prices, the
Hessian implied by the estimated price parameters must be positive semi-definite
(Chambers 1988: Fulginiti and Perrin 1993). The implication is that for outputs, all own-
price effects are positive and for inputs. all own-price effects are negative, as expressed
by (3.07). The hypotheses of monotonicity and convexity in prices of the estimated
functional forms are tested in this study. In addition, non-competitive behaviour in the
domestic market for farm commodities is tested through estimation of the price “mark-

down” as discussed above.

3.4.1 Responsiveness and Llasticity Measures
The dependent variables in (3.24) to (3.26) are shares that do not allow easy

interpretation of the effects of prices on quantities supplied. In this case processors’
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responsiveness to price changes may be appropriately measured by elasticities. The
elasticity measures of interest in this study are own-price elasticities of supply and
demand as well as the elasticity of demand for farm commodity inputs with respect to
own-price “mark-down”. The elasticity formulations specified below are derived from

Fulginiti and Perrin (1993). The formulation for own-price elasticity of output supply is:

b +s. -5,
E = £ L (3.27)

Ey - Sx
From (3.07) it is expected that output supply will respond positively to output price
changes, i.e., that output supply will increase with an increase in output price (Ex 2 0).
This will be an affirmation of the basic economic theory relating to supply in that supply
curves are expected to be upward sloping.

Own-price elasticity of demand for farm commodity input is:

b +s> —
E, = Zaq T3¢ " Sq. (3.28)
S’l

From (3.07) it is also expected that own-price elasticity of demand will be negative, i.e.,
£,,<0 reflecting a negatively sloped demand curve for farm commodities. A similar sign

is expected for own-price elasticity of demand for labour, which may be expressed as:

E. = DutS =S (3.29)
R)

Appropriate signs for all own-price effects are a confirmation of the convex nature of the
profit function from which the functions were derived.

Following Fulginiti and Perrin (1993) the existence of substitution and/or
complementarity between a farm commodity and labour in the production process is

assessed using the cross-price elasticity formulation:
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E = Z—7 L j=q,v; (#] (3.30)

The sign of Ej; depicts the technical relationship between a farm commodity input and
labour in production. A positive sign implies that labour and farm commodities are
substitutes while a negative sign implies that these are complements. Intuitively, we
expect that the two inputs will be complementary in the food production process.
Expressions similar to (3.30) are used to calculate the elasticity of supply with
respect to factor prices and the elasticity of factor demand with respect to output price.
There are no prior expectations about the sign of these elasticities because economic
theory does not suggest a particular sign for supply response to changes in factor prices w
and m, and factor demand response to changes in output price p. From equation (3.08)
supply response to changes in w, and factor demand response to changes in p are

expressed respectively as:

dx’ _ a_\"(p,_(/’ y{1dqg’ G31)
dw dq’ dw

and dq’ = aql(w"“"”\.j‘) dx! (3.32)
ap dx’ op

where “*” indicates optimal levels. The direction of change in the expressions in the
second set of brackets of (3.31) and (3.32) can be predicted using (3.07). However,
economic theory does not suggest a particular direction of change in the expressions in
the first set of brackets of (3.31) and (3.32). The expressions in the first set of brackets
represent a change in output (input) to changes in input (output). For example, in the

production process, increasing output may require an adjustment of the input mix but the
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extent to which individual inputs adjusts is determined by how input demand in turn
responds to changes in output (Chambers 1988, p.133).

Regarding the effect of the price “mark-down,” the parameter &, in (3.24) to
(3.20) is a local measure that measures what happens to output in a small neighbourhood
of farm commodity input space. The sum of all elasticity measures of output with respect
to variable inputs &s, is termed the elasticity of scale, i.e., 2;& = & (Chambers 1988).
Decreasing (constant) returns to scale implies that each & is less than (less than or equal
to) unity since their sum must be less than (equal to) unity. The elasticity measure of
output with respect to each input is unknown. However, assuming that the profit function
satisfies the aggregation property of (3.19). the production technology implied in the
production process is quasi-homothetic and therefore a constant-returns technology
(Chambers 1988. p. 184)"%. With this assumption, it implies the parameter & equals unity.
For the purposes of this study, the parameter &, (elasticity of supply with respect to farm
commodity input) is set at 0.5. Assuming that the parameter &, is constant over the

sample period, equation (3.14) implies that:

wo= 0522 - 35l (3.33)

o wq s
Any variations in the price “mark-down” 1, will be attributed to the ratio of the optimal
shares of the value of output and the value of farm commodity. From the above
expression, ds, /du, <0 and ds /du, >0. This implies that a higher price “mark-

down” results in a lower share of farm commodity and a higher share of the value of

output. Empirically therefore, two conditions suggest non-competitive behaviour in the
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farm commodity market. These are; (1) a statistically significant and positive estimate of
the coefficient on L, in the output equation and (2) a statistically significant and negative
estimate of the coefficient on g, in the farm commodity equation. Regarding the signs of
the associated elasticity measures, the elasticity of demand for a farm commodity with
respect to a price “mark-down” is expected to be positive because a high price “mark-
down” depresses commodity price, resulting %n increased quantity demanded for the farm

commodity. This is expressed as:

E = = (3.34)

Similarly, the elasticity measure of supply with respect to farm commodity price “mark-
down” is expected to be positive because with more farm commodity input, more output

will be produced. This is also expressed as:

E, = 2 (3.35)

Aq

3.5 Data and Estimation Procedure

Data used are annual time series for the period 1974 through 1996. The
definitions and sources of the data series are summarized in Table 3.1. Four food
processing industries are considered in the study; the meat and meat products (excluding
poultry) industry, the cereal grain flour industry, the livestock feed industry and the

vegetable oil (excluding comn oil) industry. These industries constitute part of the

1 . . - - . . . .
* Quasi-homothetic production functions have expansion paths that are straight lines that do not
necessarily emanate trom the origin.

Sl
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Canadian 1980 Standard Industrial Classification (SIC) and are identified respectiwely as
SIC 1011, SIC 1051, SIC 1053 and SIC 1061 "%,

Variables involved in the estimation process include the price index of imdustry
output, the price of farm-commodity, the price of labour (wage), the price of esnergy,
capital, and the generated commodity price “mark-down” variable (equation 3.33». Data
on capital could not be obtained for the specified industry subdivisions. Consequently,
following Bradley et al. (1993) and Holloway and Goddard (1988), operating surplus of
the industry is used as a proxy for capital. Input prices and all nominal variabl es are
deflated by the consumer price index. This implicitly imposes the homogeneity property
in the supply and demand functions. With the data used, the disturbances in equations
(3.24) to (3.26) are assumed to be linearly dependent because of the endogeneity of the
price “mark-down™ term and inaccurate measurement of capital. The system of equ ations
is therefore estimated for each industry using the three-stage least squares (3SLS)
procedure of the “SHAZAM” software program (White 1978). The consumer price index
and the interest rate are used as additional predetermined variables in the estimeation.
Symmetry conditions (3.08) are imposed during the estimation procedure.

Preliminary results indicated the existence of multicollinearity. Therefore, all
right-hand side variables used in the estimation were divided by the price of erergy.
Since the price of energy is not explicitly included as an explanatory variable, the
equation for energy is not included in the system. For each industry, the system has three

equations; output supply, farm commodity demand and labour demand. The depemdent

'* SIC 1011 refers to establishments primarily engaged in abattoir operations and/or in meat packing
operations. SIC 1051 refers to establishments primarily engaged in milling flour from wheat, corn,
buckwheat, rye and other cereal grains. SIC 1033 refers to establishments primarily engaged in
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variables are the output and input shares. The full model for each industry comprising
output supply, farm commodity demand and labour demand has 23 observations and 15
estimated parameters.

While the properties of homogeneity and symmetry are imposed, monotonicity is
tested using the estimated parameters to predict shares at each data point. The
monotonicity property is satisfied when predicted shares are positive at each data point.
For convexity in prices, all own-price elasticities should have the expected signs, i.e..
being positive for output supply and negative for input demand (Chambers 1988).
Convexity in prices can also be checked using the sign definiteness of the Hessian of the
sub-matrix of price coefficients (Holloway and Goddard 1988; Fulginiti and Perrin 1993).

The sub-matrix of price coefficients should be positive semi-definite.

3.6 Results and Discussion
3.6.1 Model Diagnostics
Estimates of parameters. values of R-squared, Durbin-Watson (D-W) statistic, and
variance of the estimates (c-squared) for the various industry models are presented in
Table 3.2. The R-squared statistic reported here is the square of the correlation coefficient
between the observed and predicted dependent variable'. Generally, there is a reasonable
level of fit for the individual equations given the values of the R-squared statistic. The

values range from 0.54 for the labour demand equation in the livestock feed industry

manutacturing balanced feeds and pre-mixes or feed concentrates. SIC 1061 refers to mill establishments
primarily engaged in crushing. expressing. oxidizing. dehydrating or otherwise processing oil seeds.

"> This R-squared is not the goodness-of-fit measure which is calculated as one minus the ratio of the
residual variance over the variance of the left-hand side (unexplained portion of the total variance). In 3SLS
estimation, the goodness-of-fit measure ot R-squared is not well detined (Berndt 1991, p. 468; Judge et al.
1988. p. 650)

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



model, to 0.96 for the meat supply equation in the meat and meats products industry
model. The D-W statistic values are measures of first-order serial correlation in the
estimated models. The D-W statistic values obtained suggest that serial correlation does
not appear to be a problem in the models. The variance of the estimates, which is a
measure of the difference between observed variation and predicted variation in shares, is
also used to validate the models. Variance estimates are generally low ranging from
0.000 in the labour demand equation in the vegetable oil industry model, to 0.099 in the
flour demand equation in the cereal-flour industry model. Low variance estimates are

indications of good predictive abilities of estimated models.

3.6.2 Model Validation

In addition to model diagnostics, a more general approach to ascertaining the
validity of the estimated model is to check whether the model satisfies the theoretical
properties of the function from which it is derived. Homogeneity and symmetry are
imposed in the estimation process but monotonicity and convexity are not. All fitted
shares are positive implying that the translog profit function satisfies the property of
monotonicity. In an economic sense, this implies there are no negative profits for
processors when inputs are perfectly variable. The property of convexity in prices is
ascertained using the eigen value test of sign definiteness. Convexity requires that all
eigen values of the sub-matrix of estimated price coefficients should be non-negative and
at least one should be zero for positive semi-definiteness. Eigen values obtained are:
0.341, -0.025, 0.100 for the meat products industry model; 0.426, 0.059, -0.583 for the

cereal-flour industry model; -0.328, 0.018, -0.240 for the livestock feed industry model;
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and 0.105, -0.024, 0.495 for the vegetable oil industry model. Eigen values from the meat
industry and vegetable oil industry models appear to satisfy the condition for positive
semi-definiteness. A convex profit function implies that processors can always keep

output and cost constant but still increase profit with an increase in output price.

3.6.3 Test of Nou-Competitive Belhaviour

As illustrated in section 3.4.2, if there is non-competitive behaviour in the farm
commodity market, the price “mark-down” is expected to be positive in the supply
equation but negative in the farm commodity demand equation. From Table 3.2, these
sign conditions are satisfied in the livestock feed industry and vegetable oil industry
models. The two estimated parameters for supply and commodity demand are
respectively, 5.67 and -2.431 in the feed industry model, and 3.416 and —1.036 in the
vegetable oil industry model. However, the estimated parameters are not statistically
significant asymptotically. Statistical significance of the parameters would have
suggested the presence of non-competitive behaviour (market power) in the market for
barley and canola. Nevertheless. the signs on the parameters appear to suggest that there
1s a limited ability or potential for the two industries to exert some market power in the
market for the two commodities. In the meat products industry and cereal flour industry
models, the sign conditions for the estimated parameters on the price “mark-down” are
not satisfied. In both models, estimated parameters are positive in the supply and farm
commodity equations. This suggests the absence of market power and absence of the

potential to exert some power by these particular industries.
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The finding of absence of market power in commodity markets may be attributed
to a number of factors. First, the markets for feed barley and canola are unregulated and
may be considered as reasonably competitive. For wheat, the Canadian Wheat Board
(CWB) controls international and domestic sale of the commodity and it appears that
prices are negotiated between the board and the grain milling industry. For slaughter
cattle, animals are marketed through auction or private treaty, particularly in western
Canada. Such market structures do not facilitate non-competitive behaviour.

Second. a substantial proportion of cereal grains and canola is exported and barley
is used as a major feed ingredient in livestock production. Thus competition in the
primary commodity market probably limits the ability of processors of these commodities
to exert market power. Competition in the output market of the food-processing sector
may also be relevant. Obligations to the General Agreement on Tariffs and Trade
(GATT) have resulted in reduced tariffs on food products of the food processing
industries assessed in the study. Increased cross-border trade of processor outputs also
limits processors’ market power.

Third, it has been speculated that firm concentration does not necessarily lead to
market power, particularly when scale economies, technical change and trade factors are
taken into account. For example, the US food industry has experienced increasing
consolidation yet some researchers find limited or no indications of market power when
cost economies, technical change, and competitiveness are considered (e.g., Azzam 1997;
Azzam and Schroeter 1995; Durham and Sexton 1992: Paul 1999a, 1999b). Martin, Ball

and Alexiou (1998) report that the costs of hog processing in Canada have been affected
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by scale and quality of plant and equipment, number of shifts, wage costs, capacity

utilization and size of animals.

3.6.4 Elasticity Measures of Price Change

The effects of price on output supply and input demand are evaluated using
elasticity measures. From an inspection ofﬁthe elasticity formulation for the translog
model in section 3.4.2, it is apparent that the elasticity measures will change depending
on the evaluation point (i.e., as the value of shares change). It is, therefore of interest to
look at the elasticity measures implied by the estimated models at points other than the
mean point. The elasticity estimates evaluated at the mean of the sample period 1974-
1996 are reported in Table 3.3 and the estimates evaluated at the mean of the period
1991-1996 are reported in Table 3.4. To estimate the asymptotic significance of elasticity
estimates, share values are treated as constants, so that the asymptotic normal statistic can
be formed (Holloway and Goddard 1988: Fulginiti and Perrin 1993).

It is expected that the sign on output supply elasticity measures will be positive.
This is satisfied in all the industry models. From Table 3.3, own-price elasticity measures
of output supply evaluated at the sample mean values for the meat, flour, feed and oil
industries are respectively, 0.586, 0.625, 0.588, and 0.385. All estimates are statistically
significant asymptotically, at the 5% level. From Table 3.4, own-price elasticity measures
output supply evaluated at the 1990s mean values for the four industries are respectively,
1.223, 1.436, 1.256, and 1.116. This indicates that the supply curve for each food industry

is upward sloping. The supply function in the 1990s for the various industry products of
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meat, flour, feed and oil all appear to be relatively price elastic. The industry is
apparently able to respond to changes in consumers’ demand.

Regarding factor demand elasticity estimates, a priori expectation of the sign on
the own-price elasticity measures of input demand is that these are negative. All 8 of the
estimated own-price elasticity measures of factor demand have the appropriate negative
sign except in one instance, the elasticity of wheat demand, evaluated at the sample
mean. The exception is an estimate of 0.193 (Table 3.3). In the meat products industry
model, own-price elasticity measure of cattle demand is =0.172 and own-price elasticity
for labour demand is —0.922. In the cereal flour industry model, the own-price elasticity
measure of the input demand for labour —1.166. In the livestock feed industry model,
own-price elasticity measure of barley input demand is —0.117 and the own-price
elasticity measure of labour input demand is —1.629. Own-price elasticity measures of
factor demand in the vegetable oil industry model are also negative. The corresponding
own-price elasticity measures of factor demand. evaluated at the mean values for the
1990s, are all negative (Table 3.4). A negatively sloped input demand function implies
that processors demand less of the factor inputs as factor price increases. This also
implies that the implicit cost underlying the profit function is concave and continuous in
input prices (Chambers 1988, p. 138). It appears that own-price factor demand elasticity
measures tend to become larger in absolute value when evaluated at the 1990s share
values than at the sample means. The translog functional form applied in the study
permits the measurement of elasticity for different sample periods. Therefore it is not
entirely clear whether the elasticity measures evaluated at the mean of the 1990s are more

useful for policy analysis than are elasticity measures evaluated at the sample mean.
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The findings of positive elasticity measures of supply and negative elasticity
measures of factor demand satisfy the conditions in equation (3.07). This finding is
consistent with results from the convexity property of the profit function and confirms the
findings from the eigen values obtained earlier.

Regarding cross-price effects, Table 3.3, which gives elasticities evaluated at
sample mean, suggests a particular relationship between farm commodities and labour
used in agri-food processing. In all the farm commodity equations, the elasticity measures
for demand of a farm commodity with respect to wage are negative, being -0.124 for
cattle demand, -0.097 for wheat demand, -0.055 for barley demand, and -0.044 for
canola demand (Table 3.3). All estimates are statistically significant, asymptotically. The
implication is that labour and farm commodities are complements in food processing.
However, in contrast, the efasticity estimates of demand for labour input with respect to
farm commodity prices, while nonsignificant, are positive. The estimates of labour
demand are 0.032 with respect to cattle price, 0.238 with respect to wheat price, 0.809
with respect to barley price and 0.644 with respect to canola price (Table 3.3). The
positive signs are counter-intuitive in suggesting substitution between labour and farm
commodities, but these estimates are mainly statistically insignificant, asymptotically.

From Table 3.4 (elasticity measures evaluated at 1990s mean) all estimates of
cross-price effects are negative and mainly statistically significant, asymptotically.
Labour and farm commodities appear as complements to each other in the respective
demand equations. For example, the elasticity measures of labour demand with respect to
the prices of farm commodities are —1.741 for cattle price, -1.174 for wheat price, -1.43

for barley price and -2.017 for canola price (Table 3.4). Similarly, the elasticity measures
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of demand for farm commodities with respect to wage are -0.186 for cattle demand,
-0.171 for wheat demand, -0.107 for barley demand and —0.05 for canola demand (Table
3.4). These findings appear to be reasonable because, intuitively, we can expect labour
and farm commodities to be complementary in the food production process.

The finding of complementarity between farm commodities and labour leads to
expectations about the effect of commodity price “mark-down” on labour demand. With
complementarity between labour and farm commodities, we would expect a positive
relationship between labour demand and farm commodity price “mark-down”. A higher
price “mark-down” reflects a depressed commodity price and processors may
consequently purchase more of the affected farm commodity. With a depressed farm
commodity price and increased quantity demanded, we should expect that the demand for
labour would increase as well since the two inputs are complements. From Tables 3.3 and
3.4, there is a positive relationship between labour and farm commodity price “mark-
down” in all industries except for the livestock feed industry where this relationship is
negative. In Tuable 3.3, the elasticity estimates of labour demand with respect to cattle,
wheat and canola price “mark-downs™ are 0.925, 0.888 and 3.321 respectively. The same
elasticity measures evaluated at the mean of the 1990s’ series of the data are 0.599, 0.596
and 2.745 respectively (Table 3.4).

Regarding the effect of input prices on output supply and the effect of output price
on factor demand, there are no prior expectations, as pointed out in section 3.4.2. From
equations (3.31) and (3.32) the effect in either case is determined by technology and by
the extent to which input adjusts as output changes and vice versa. All that can be said

about these elasticity measures is that from equation (3.08), the direction of the effect of a
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change in factor price on supply should be opposite to the direction of the effect of output
price on factor demand. This condition is satisfied in all the models. In Table 3.3 for
example, the elasticity measure of meat supply with respect to cattle price is 1.195 and
the elasticity measure of cattle demand with respect to the price of meat products is —
1.496. The elasticity measure of meat supply with respect to wage is -0.002 and the
elasticity measure of demand for labour with respect to meat product price is 0.032. In
each of the industry models in Tables 3.3 and 3.4, the direction of the effect of a change
in factor price on supply is opposite to the direction of the effect of output price on factor
demand.

In summary, the results from the estimated models generally appear to be
consistent with theoretical expectations as well as economic intuition. The translog
functional form applied in the study is used to approximate the profit function of food
processors. The elasticity measures are the results that are probably of most interest for
policy analysis but. as pointed out earlier, it is not clear which of the elasticity measures
are more useful for policy analysis given the variation in absolute value from Tables 3.3

and 3.4.

3.7  Summary and Conclusions

The purpose of this component of the thesis was to examine the processing
sector’s demand for farm commodities and the potential presence of non-competitive
behaviour (market power) in the domestic market for farm commodities. Four food
industries were examined: the meat and meats products industry (excluding poultry).

cereal grain flour industry. livestock feed industry and vegetable oil (excluding corn oil)
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industry. The profit function for each industry was specified as a translog functional form
and one output supply and two factor demand models were estimated for each industry.

The results suggest that the supply curves for meat and meat products, cereal
grain flour, livestock feed and vegetable oil are upward sloping. The results also indicate
that the demand curves for slaughter cattle, wheat, feed barley, canola and labour are
downward sloping. Own-price elasticity measures evaluated at the mean of the period
1991-1996 are larger in absolute value than estimates that are based on the sample mean
which covers the period from 1974-1996. The results portray labour and farm
commodities as complements in the food production process. The elasticity measures
have signs that make economic sense and may be of interest for policy analysis.
Regarding the issue of the existence of market power held by processors, there is no
evidence of non-competitive behaviour in any of the commodity markets examined. The
absence of non-competitive behaviour may be attributed to the structure of the
commodity markets as well as other factors such as the increased competition from world
trade that has accompanied technical change, and increased scale of food processing
operations. [n conclusion, it should be pointed out that the approach employed in the
study may be useful in other empirical evaluations of potential imperfections and
distortions in the domestic market for farm commodities.

Future research concerning the operations of the Canadian food processing
industry may improve the present study in a number of ways. First, the sample period
used in the study may not be long enough to evaluate any significant changes in the
operations of the Canadian food processing industry. It is always preferred to have more

and better data in empirical work. Second, it may be desirable to enhance the database of
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the processing sector, especially as this reiates to the disaggregation of farm commodities
and the inputs used and output produced by these industries. The database as it now exists
and used here is highly aggregated. With a relatively less aggregated data, estimation of
output supply and factor demand functions could be accomplished in order to examine

non-competitive behaviour in both output and input markets.
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Table 3.1:

Processing Sector Variables: Definition and Sources of Data'

Variable

Definition

Source

Value of output

SIC 1011
SiC 1051
SIC 1053
SIC 1061

Value of manufactured goods

CANSIM D907976 & D662312
CANSIM D910352 & D662389
CANSIM D910703 & D662411
CANSIM D912836 & D662422

Cost of farm commodity
All industries

Cost of manufacturing materials

Statistics Canada cat # 31-203

Cost of labour

All industries

Production workers wages

Statistics Canada cat # 31-203

Cost of energy

SIC 1011
SIC 1051
SIC 1053
SIC 1061

Cost of fuel & electricity

CANSIM D907974 & D662314
CANSIM D910350 & D662391
CANSIM D910701 & D662413
CANSIM D912834 & D662424

Industry Product [;'_IC(.

SIC 1011
SIC 1051
SIC 1053
SIC 1061

SIC 1051 (wheat)
SIC 1053 (barley)
SIC 106! (canola)

Wage

Farm commaodity price

SIC 1011 (slaughter cattle)

SIC 1011
SIC 1051
SIC 1053
SIC 1061

Industry Product Prices Indexes

CANSIM P1608
CANSIM P1611
CANSIM P1612
CANSIM P1606

Calgary/Southern Alberta price.
1 CWRS™ Final realized price?
“1 CW" Final realized price’

*1 Canada™ price

Agriculture Canada)
Canadian Grain Council
Canadian Grain Council

Canadian Grain Council

Average production workers wage

Statistics Canada cat # 31-203

¥Encrgy price
All industries

Consumer price index for energy

CANSIM P100288

' The data series are presented in Appendix 3c.
- CWRS is an abbreviation for Canada West Red Spring
> CW is an abbreviation for Canada West.
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Table 3.2:

Estimated Cocfficients for the Processing Sector Models'.

Meat & Meat Products
Industry Model

Cereal Grain Flour
Industry Model

Livestock Feed
Industry Maodel

Vegetable Oil
Industry Model

Meat Caule ! Labour
Supply ¢+ Demand - Demand

Flour | Wheat | Labour
Supply | Demand ' Demand

Feed Barley | Labour
Supply | Demand | Demand

Oil Canola
Supply

Labour
Demand | Demand

Intereept
Wage
Capital

Meat price
Caule price
Flour price
Wheat price
Feed price
Barley price
Oil price
Canola price
Cattle-PMD?
Wheat-PMD
Barley PMD
Canola PMD

2,036" 11,55 1 3,778

0183 0009+ -0.210"
038" | -0.953" , -0.329"
0.075 | 0050 | 0.183"

-0.050 0.008 -0.009

2.054" | 0.019 | 0.108

2207 132710 1 1061
0256 1 0037 1 0270

0316 1 0402 ;0149

0017 1 0348 10,250

-0.348" | 0.251* | 0037

3505 | 0379 0118

22,149 1 2,904 0.567
0190 0.030 | -0.203

0441 | -0405" | -0.110

0.023 | 0134 | 0,190
0034 | 020" | 0.030

5.070" | -2431 | -0.230

2,196 | -0.90l 0.009
-0.079 | -0.010 | -0.047

0.112 -0.113 1 -0.013

-0.228" | 0.200" | 0.079
-0.260" | 0.232" | -0.010

3416 | -1.036 | 0.121

R-squared
o-squared
D-W statistic

0.96 0.94 0.74
0.012 0.009 0.001
2.9 2.8 29

0.17 0.54 0.65
0.099 0.048 0.001
(e} 1.4 1.7

0.82 0.78 0.54

0.008 0.040 0.001
22 2.2 22

0.94 0.93 0.84
0.018 0.013 0.000
2.1 2.1 1.4

"“a* indicates asymptotic significance at the 5% level and *b” indicates asymptotic significance at the 10% level.
bl g . “
= PMD refers to price “mark-down”,
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Table 3.3:

Estimated Elasticity Measures for the Processing Sector Evaluated at 1974-1996 Mean'.

Meat & Meat Products Cereal Grain Flour Livestock Feed Vegetable Qil
Industry Model Industry Model Industry Model Industry Model

Meat | Cadle | Labour | Flour @ Wheat | Labour { Feed | Barley | Labour | Oil Canola | Labour
4 Supply (Demand { Demand  Supply { Demand | Demand | Supply [ Demand | Demand | Supply | Demand | Demand
Meat price | 0.586" | -1.496" | 0.032 |
Caule price | 1.195% | -0.172" | -1.309" |
Flour price | 0.025" 1 -1.362° 0.238"
Wheat price | 0.841° | 0.193" | -0.767"
Feed price 1 (0.588 | -1.463" | ().809
Barley price | | LA3E | -0.117 | -0.841"
Oil price | 0.385" | -1.334" | 0.044
Canola price | L130" | -0.120" | -1.583"
Caule-PMD* | 1.336" | 0.015 | 0925
Wheat-PMD 2.068" | 0.362 | 0.888
Barley PMD 3.604" | -2.000 | -2.883
Canola PMD 2227 | -0.875 | 3.321
Wage -0.002 | -0.124" 1 -0.922 | -0.019 | -0.097" | -1.166 | -0.041 | -0.055" | -1.629 | -0.015 | -0.044" | -0.318

2t indicates asymptotic significance at the 5% Jevel and *b* indicates asymptotic significance at the 10% level,
2 PMD refers to price "mark-down”.
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Table 3.4:

Estimated Elasticity Measures for the Processing Sector Evaluated at 1991-1996 Mean'.

Mecat & Meat Products
Industry Maodel

Cereal Grain Flour
Industry Maodel

Livestock Feed
Industry Model

Vegetable Oil
Industry Maodel

Meat price
Cattle price
Flour price
Wheat price
Feed price
Barley price
Oil price
Canola price
Cattle-PMD*
Wheat-PMD
Barley PMD
Barley PMD
Wage

Meat | Cattle ’iLulmur

Supply_ Demand Demand
1223 | 22,159 | -1 174°
1.665" | -0.648" | -1.741"

i
|

0.928" | 0.011 | 0.599

0.096" | -0.186" | -0.348

Flour | Wheat

Supply__ Denand

1436"  -2.007"

{,222 ’ -).178"

1.412" | -0.279

0.095 | A 1717

Labour | Feed | Barley | Labour Oil Canola | Labour
Demand | Supply - Demand | Demand § Supply | Demand | Demand
SRV
-1 174
1256 | -2.165" | -0.727
1.609" | -0.597" | -1.430
LG | -2,072Y | 0419
1O6S" | -0.652" | -2.017"
0.596
2.525" | -1.457 | -1.837
1.540 | -0.637 | 2.745
0.502 1 0.041 | -0.107" | -0.749 | 0.008 | -0.050" | -0.103

9t indicates asymptotic significance at the 59 level and *b” indicates asympltotic significance at the 10% level.
3 - . I "
 PMD refers to price "mark-down™.
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Appendix 3a: Converting Effective Marginal Cost into Elasticity Measures

The first order condition of the profit function (3.09) with respect to ¢ is expressed as:

a I_I 4 . - A b a
= [) a v - —_ W+ q/ M_i = O
dq’ 2q’ doq dgq’
Multiplying the expression in parenthesis by 24 and rearranging, we obtain:
wq

dx’ dwgq \( dq q’
)2 = w+| W ——| ———
dq’ dgw || dq’ ¢q

In elasticity form the above expression becomes:

j ’
where 8/ = dq a4 and g:ﬂi
q’ q dw ¢
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Appendix 3b: Expression for the Oligopsonistic Price “Mark-Down.”

Following Hyde and Perloff (1994), the expression for the oligopsonist’s price “mark-
down” factor (3.13) is:
u, = £ ox

q

wdq

e . . . X g . .
Multiplying the expression on the right hand side by — 2 and rearranging, we obtain:
X q

_ [pr)(drg
= ()5

In elasticity form the above expression becomes:

v .
where & =224 and T, =+9
dq x 7
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Appendix 3c: Data Series Used for the Processing Sector Model
Meuts Flhour fFeed Otls Mears Fhour Feed Oils Meats: Flour: Feud Qs Meuts  Fhour Foed [¢]138
Year shipient shipient shipient shipiment naterials oamtenals amterls naterials labour aost lahour ant labour cost labeur st wage wage  wage  wage
1974 3578951 4738612 [221630 295628 2919992 350613 [011966 266693 231702 32331 16169 5232 458 4176 39 432
1975 3828825 56853 1256696 2388978 3097743 399614 1020942 250739 278193 37023 55729 5650 5.4t 538 437 524
1976 3989997 GOZI00 1292509 312405 3175541 424613 1037623 274189 318457 43166 59014 7903 6.04 616 508 595
1977 1258368 617450 1366746 437857 3400472 427331 1089169 393368 344641 47801 62867 10471 6.58 6.54 556 649
1978 5515356 G37058 1532794 493256 4573548 4530118 1213912 428861 367791 50742 72900 12433 6.94 7.1 603 679
1979 63587318 798591 18935822 595540 5492498 573189 1534616 540809 399014 56958 80962 13815 7.56 7.58 6.58 7.76
1930 6829435 923117 2230731 738829 5719259 669106 1811283 640896 158464 60771 92528 17713 8.29 845 7.23 897
1931 7574855 1216549 2524205 829029 6301529 803693 2058321 721911 518858 76104 101098 21856 9.32 955 8.12 10.14
1982 7919953 1206749 2117329 722455 6630576 739604 1910956 651789 S53513 84175 105966 23390 10.35 10.66 8.78 11.57
1983 78536066 1182264 2505183 834176 6314043 749198 1972869 776491 572554 91382 110913 23418 11.38 12.09 9.4 1222
1984 8277238 1223243 2060167 963225 6759604 810582 2107257 858737 559652 98810 116408 23852 [1.46 1273 9.83% 1354
1985 8248452 13035392 2623730 937059 6803941 840987 2002631 866981 3569461 108164 124101 23824 11.6 1297 10.25 144
1936 8530573 [393355 2536736 732119 6925099 899359 1908457 636456 591572 114287 126999 21589 1195 1414 10.66 148
1987 9128650 1457673 2490325 771883 7697472 1213879 2186501 707225 638901 120616 132759 23461 1234 14.62 11.08 1497
1988 8743910 [483682 2913482 967986 6827500 926800 2250200 792100 662947 122534 153287 23592 1273 IS.11 1151 1514
1989 8722771 1526345 3091085 834412 6962200 902X 2103500 717000 701173 126274 164607 23094 13.04 1577 119 1507
1990 8962603 I427486 2773491 303906 7087100 803800 2043600 658400 702200 123733 158700 21379 1315 16.77 12.79 16.27
1991 8486684 1313990 2612861 827967 63309(X) (92400 1922300 632200 692013 117516 155868 19012 13.74 17.64 13.13 16.99
1992 8521200 1411899 2717800 974311 6387800 732800 1982700 759000 739361 124348 164753 21361 13.68 17.58 13.6 16.26
1993 9215512 1303196 2830791 005671 7238100 806200 2i20000 883600 740300 138263 173499 23056 13.6 18.62 139 1821
1992 9530425 1705381 3170025 1412581 7269700 968300 2338200 1071700 770156 130867 178803 26911 14.08 18.27 1396 17.79
1995 9637489 [809362 3436721 (781331 7435000 021500 2621500 1414200 805216 129390 179802 31533 1445 18.28 1435 18.28
1996 10202373 1987474 2022453 1909663 7805300 [I6OGHM) 3035300 1602100 815332 129855 1860306 29398 1414 17.84 141 18.84

continued on next page
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Appendix 3d: Data Series Used for the Processing Sector Model
Year  Meats Flour Feed Oils Meats  Flour Feed Oils price Wheat  Barley Canola Caule  CPI Energy Interest
energy  energy  energy  energy price  price price price price price price Ccp1 Rate
cost cost cost cost
1974 20006 3339 11679 2508 513 414 622 1078 16439 107.05 31895 3846.68 31.1 228 10.51
1975 24897 4212 11981 3245 553 417 o614 95.8 146.27 103.06 226.8 707.52 345 259 794
1976 30393 5430 14586 4654 544 1.8 629 93.6 117.15 91.5 28213 675.22 371 299 9.17
1977 33772 6610 17246 6266 55 426 66.3 108.9 120.3 88.39 29594 727.65 40 335 7.48
1978 37389 7636 20037 7590 70 451 63 104 16053  91.08 30477 1089.6 436 36.6 8.83
1979 43873 8626 23502 8746 815 619 793 113 19643 107.47  309.04 151792 476 402 1207
1980 53342 9708 28587 10835 81.6 713 871 [10.1 22212 146.55 329.35 140243 524 466 13.15
1981 65387 11962 35105 13953 85.8 839 95.1 {11.6  199.62 131.07 325.19 133031 589 606 18.33
1982 76931 14179 47063 17199 91.2 3814 91 1044 19234 110 30699 12604 653 726 1415
1983 81063 15164 51675 19188 89.2 81 96.2 113.2 19398 13802 455434 130509 69.1 783 9.45
1984 80478 16181 53672 17393 937 8731 999 1344 18637 131.3  386.04 136549 721 826 tL.19
Iv85 82873 17259 35980 19336 93 DA 118.2 160 (§14} Jtd 12615 75 872 9.56
1986 S0851 18879 31603 16932 97.4 i 919 102.4 120 S0 2397 131903 8.1 31 9.16
1937 82803 19078 31175 17659 101.5 1007 90.4 93 13402 7408 303.35 133982 815 831 838
1988 83778 19175 57089 16977 99.8 1036 1034 115.2 19714 12423 337.4 132541 848 836 9.67
19389 86905 19967 55258 16173 93.9 1057 1073 110.2 17211 124.33  303.72 1307.74 89 86.5 12.21
1990 90233 19515 52860 16356 103.2 993 1035 103.1 135 90 287.72 1749.78 933 951 13.03
1991 923106 200615 33999 16324 100.6 928 995 98.5 13314 10759 27485 167788 985 99.7 891
1992 97600 22678 52700 17053 (00 1045 100 100 156.82 1024 321.61 1633.45 100 100 6.74
1993 103502 25733 36630 19323 {102 113 1026 1119 16301 9994 391.38 185798 1018 101.2 197
1994 113520 30025 63739 230672 1123 1209 107 1288 19559 101.94 2123 1901.99 102 1018 5.66
1995 108543 2720t 62019 27563 ddr 1308 1122 [27.8 25116 205.49 479.8 1853385 104.2 103.2 7.22
1996 109166 27919 63109 23371 121.7 1427 1297 136.} 208.2 15097 4411 173496 1058 106.2 435
106
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4. CANADIAN RETAIL DEMAND FOR FOOD

4.1 Introduction

Value-added policies by the various levels of government in Canada are directed
toward stimulating or changing the demand for farm commodities. Long-term growth in
value-adding activities depends primarily on growth in effective demand for value-added
products. Therefore, in the long-term, consumer response to changes in food prices and
income is paramount if the objectives of value-added policy are to be achieved.

Studies of food demand in Canada as in some other nations have revealed that the
relative importance of some major food groups is changing. The relative importance of
meats, especially red meats. has declined and poultry and other food groups, especially
complex carbohydrates, fresh vegetables and fruits, are becoming more important
(Agriculture and Agri-Food Cuanada 1990). For red meats, there seems to be a consensus
among researchers that there has been a change in demand (Reynolds and Goddard 1991;
Xu and Veeman 1996:) although the precise cause of this continues to be debated. Some
studies suggest that the trend in food consumption over the past two decades may be due
to the effects of changing relative prices, convenience and rising popularity of fast-food
restaurants (Alston and Chaifant 1991; Brester et al. 1997; Eales 1996). Other studies
have attributed the changes in food consumption patterns to rising incomes, health
consciousness, demographic trends, and rising popularity of ethnic meals (Agriculture
and Agri-Food Canada 1994: Beggs et al. 1993; Quagrainie 1995; Ward and Moon 1996).
The nature of changes in the demand for food and their underlying causes are of interest

to the food industry and policy makers.
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Much research on food demand appeals to the framework of short run constrained
utility maximization, where consumers are assumed to fully adjust to price and income
changes instantaneously. However, Anderson and Blundell (1983) suggest that
consumers are unlikely to have adjusted to equilibrium in every time period. Habit
persistence, adjustment costs, incorrect expectations and misinterpreted real price
changes are among many possible reasons for such short run behaviour. Studies have
reported improvement in the performance of demand models when habit persistence is
incorporated (e.g.. Chen and Veeman 1991: McGuirk et al. 1995). It has been suggested
that appropriate modelling of the dynamic adjustment of consumers’ expenditure is
important (Deaton and Muellbauer 1980b, p. 373-377; Pollack and Wales 1981).

This component of the thesis contributes to the literature on consumer demand in
two major ways. First, unlike many previous studies, this study investigates both short
run and long run demand patterns tor food in Canada. Consumer response is partitioned
into both short run and long run for a better prediction of consumer response to changes
in economic factors. Second, this study constructs and estimates a complete system of
consumer demands for food, placing emphasis on meats. Many studies have estimated
partial demand systems focussing on subsets of food groups that are viewed as being
separable. With such demand specitications, the potential growth in effective demand for
food may be better predicted. This can be useful for policy purposes.

This portion of the thesis is organized as follows; the following section outlines
the theoretical framework for the models that are used. In this section an outline of the
Almost Ideul Demand System (AIDS) model of Deaton and Muelbauer (1980a) is given.

Following this the data and estimation procedure used in the study are outlined. Results
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are then presented and compared with results from some previous studies. Finally, some
conclusions are drawn concerning the use of the static demand models versus dynamic

modelling, and the implications of the results for policy.

4.2 Theoretical Framework

The fundamental theory of consumer demand and properties of consumer demand
functions and their applications are outlined in standard microeconomics textbooks.
Examples are Varian (1992) and Deaton and Muellbauer (1980b). In this section
however, some theoretical assumptions are highlighted and the estimation models are

presented.

4.2.1 Separability Assumption

The theoretical framework that is employed makes use of the separability
assumption in applied demand analysis. The separability assumption may be applied in
two ways. First. it allows individuals to determine optimal expenditures on food based on
a two-stage budgeting procedure. In this study, individuals are assumed first to allocate
their disposable income to expenditure on food consumed at home, food consumed away
from home and non-food goods. Consumers then allocate total consumption expenditure
on food consumed at home between expenditure on major food groups, i.e., meats, dairy
foods, cereal and bakery products, and other foods (Figure 4.1). Thus, the separabilty
assumption permits a specification and estimation of a complete demand model, which

accounts for the first stage of income allocation.
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Second, where aggregation across commodities or two-stage budgeting is not
possible, the separability assumption also permits the specification and estimation of a
subgroup of goods in isolation from other goods, e.g., empirical analysis of the demand
for meats. Most of the studies of the demand for food have been conducted under this
form of separability assumption. The problem with this approach is that the first stage
income allocation is not specified. Thus. the resulting elasticity estimates from the
demand functions are not appropriate for policy purposes.

[n this study, the full demand model involving the specitications of the first and
second stages of income allocation is estimated. The empirical specifications apply the
general dynamic model developed by Anderson and Blundell (1983). This permits the
investigation of the short run and long run demand patterns of food in Canada. This
general dynamic model conforms to orthodox demand theory and allows partitioning of
the dynamic model into long run and short run components. The dynamic model is

applied to the linear version of the almost ideal demand system (LAIDS).

4.2.2 The Almmost Ideal Demand System (AIDS)
The almost ideal demand system belongs to the family of flexible demand
systems and is derived from a specific class of preferences, known as the price-
independent generalized logarithmic (PIGLOG) class. The cost function from this class

of preferences is written as:

Inc(p.u) = «,+ Zai Inp, -i-O.SZZaU Inp,Inp, +uf, I1p? (4.01)

J
where c(p,u1) is the minimum expenditure necessary to attain a given level of consumer

utility «, at given prices p. The cost function of (4.01) is invertible, by which a closed

110

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



form expression can be derived for the utility function, 1. The orthodox almost ideal

demand system specification, obtained from (4.01), is of the form:

13

¢, = o+ a,lnp, +pBIn (%) (4.02)
J

where ¢; is the share of good / in consumer expenditure (pix; /M), and x; is the retail
quantity of commodity ¢; p; is the price of good j; M is the total expenditure on food; and

P 1s a price index defined as:

InP = a+ Yo lnp, +05> Yo, Inp,lnp, (4.03)
4 i J

The almost ideal demand system specification of (4.02) is non-linear because of the price
index P. A linear version of ;he almost ideal demand system specification (LAIDS)
involves the use of Stone’s price index. [In P" = Z; ¢; log(p)], instead of the price index of
(4.03). The LAIDS is applied in this study because it is known to approximate the non-
linear AIDS model quite well (Asche and Wessels 1997; Deaton and Muellbauer 1980a:

Wellman 1992). The theoretical properties of (4.02) require the following restrictions on

the parameters:

dYa,=l.  Ya,=0, and > B,=0 (4.04)
Substitution of (4.03) and (4.04) into (4.02) and rearranging gives:

n n—|
¢ =(a -Ba)+Y (@, -Ba)np, +B,InM-B,05) a,(np;~Inp})
J=I J=l

n-l1 n (405)
- .B.:O-SZ Z(ajL o )Inp;np, —In Px)
7=l k=g+1
In a more compact form expressed as a vector, (4.05) becomes:
c=T1(0)X (4.06)

Il
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where IT is the function; X is a matrix containing an intercept, log price, the income term
and the transformed log price terms: and © is a vector of parameters. The vector of
parameters can be derived from non-linear restrictions on the function I1. The
formulation in (4.05) and/or (4.06) corresponds to long run preferences and there are
nested restrictions that can be tested on the long run parameters. The general long run
formulations, nested restrictions, and their implications for demand elasticities are
described in Anderson and Blundell (1982, 1983). The formulations in Anderson and
Blundell (1982, 1983) as applied to the linear version of the almost ideal demand system

model are presented below.

4.2.3 The Flexible Dynamic LAIDS Model
Given a time series of T observations on budget shares, price and per capita
income, a general first-order dynamic model of (4.06) may be written as'%:

Ac, = A*AX, —B¥(c,_, —TI(O)X, ) + €, 4.07)
where A represents the first difference operator; A* and B* are appropriately dimensioned
matrices of coefticients: and & is a vector of disturbances assumed to be singular.
independent and identically distributed over time. Anderson and Blundell (1982, 1983)
show that an estimable form of (4.07) may be written as:

AC, = f\ARI - B(Cl—l - n(@)x,-l ) + E, (4.08)

'S Applied economists commonly use the first ditference of the LAIDS model in demand analyses. This
first difference was developed by Deaton and Muellbauer (1980a) and has subsequently been used in
numerous studies (e.g.. Alston and Chaltant 199 1: Moschini and Moro 1993; Reynolds and Goddard 1991).
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where A and B are n x (11-1) dimensional matrices of coefficients and X, is X, with the

constant term excluded. Parametric restrictions on A and B and identification issues are

outlined in Anderson and Blundell (1982, 1983).

The formulation in (4.08) is a general first-order dynamic model applicable to a

demand system that distinguishes short run and long run responses to changes in market

conditions. Following Anderson and Blundell (1983), Burton and Young (1992, 1996),

and Asche et. al (1997) a dynamic linear version of the almost ideal demand system

model of the form (4.08) may be expressed as:

Cl! —Cll—l = A(al + 2 alj ln pﬂ-l + aio ln A/Il—l - Ci!—l)
7

p it A‘T -1
+ 2 ﬁj] In(—=—) + B, ]n(w—.-
J I ¢

)jl—l -1

) ,j=1..n

(4.09)

where M is total expenditure deflated by Stone’s price index; A is a coefficient that

measures the speed of adjustment: the parameters &s are long run responses; and the

parameters s are short run responses. The model cun be estimated to impose theoretical

properties of demand functions. i.e., adding-up, homogeneity and symmetry, that is:

Adding up: ZC(, =1 ZC(” =0 Za,n =0: ZB,(, =0

Homogeneity: Yea, =0 Y B, =0
i i
Symmetry: a, =a,;; B, = B,,.-

4.10)

4.11)

4.12)

In cquation (4.09) current changes in budget shares depend on current changes in

prices and expenditures as well as on the extent of consumer disequilibrium in the

previous period.

113

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



4.3 Empirical Models

As mentioned earlier, a two-stage budgeting procedure is assumed in the analysis.
Individuals are assumed first to allocate their disposable income to expenditure on food
consumed away from home, food consumed at home, and non-food goods. Total
consumption expenditure on food consumed at home is then allocated to expenditure on
beef, pork, chicken, dairy foods, cereal and bakery products, and other food groups (see
figure 4.1). The separability structure in Figure 4.1 postulates three major groups of
goods namely food consumed away from home, food consumed at home and non-food
goods. Within the food consumed at home group, beef, pork, chicken, dairy products,
bakery products and other foods are identified'’.

Specifically. the first stage income allocation is specified for food consumed away

from home (FA), food consumed at home (FH), and non-food goods (INF) as:

c,—coy = Ala, + E a,Inp,  +a,InM_ —c,)
7
) (4.13)
—~ 2 74 — V[ e - .
+2a,j In( P )+a,(,ln(:/ —) i,j=FA,FH,NF
j P - M-t

where c; is the expenditure share of commodity group / in period #; p; is the price index of
commodity group j: M is total expenditure deflated by Stone’s price index [In P" = Z; ¢;
log(pj)].; » is an adjustment coefficient; the parameters as are long run responses; and the
parameters s are short run responses.

The second stage income allocation is specified for beef (B), pork (P), chicken

(C), dairy products (D), bakery products (K) and other foods (O) as:

7 - . - o . . .
"7 For policy purposes, it may have been appropriate to specity and estimate a more disaggregated form ot
commodity categories. e.g.. housing. clothing. transportation. beef, pork. chicken, milk, cheese, etc. in the
second stage. Estimation of such complete disaggregated specifications would involve many equations and
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Cho =Ctm = Aluy, + Z wy Inp + i InF —cpy)
[
. 4.14)
~ pk! ~ HF 4 (
+ > i, ln + 1, In(——— k,l=B,P,C,D,K,O
EI: “ (Pk:-l) « (HF "‘)

where ¢y, is the expenditure share of good 4 in period ¢; p; is the price (or price index) of
good k; HF is expenditure on food consumed at home deflated by Stone’s price index [In
P = % ¢ log(pe)]s & is an adjustment coefficient; the parameters us are long run
responses; and the parameters s are short run responses. The adjustment coefficient A, is
the same in each equation and in a steady state, (4.13) and (4.14) reduce to functions
similar to (4.02). Thus, one of the hypotheses to be tested in this study is whether A
equals one. Non-rejection of the null hypothesis implies that consumers adjust to
equilibrium instantaneously from a disequilibrium due to price and income changes.

The flexible dynamic linear version of the almost ideal demand system specified
in equations (4.13) and (4.14) are estimated jointly and simultaneously using the non-
linear version of the iterative seemingly unrelated system regression procedure of
SHAZAM (version 7.0). To avoid singularity of the variance-covariance matrix, the
equation for “other foods” is deleted in the estimation process. The properties of
homogeneity and symmetry are maintained for both stages. A total of 58 parameters are
estimated with 7 equations (2 equations for the first stage and 5 equations for the second
stage). The estimated coefficients include an adjustment coefficient, 12 parameters for

the first stage and 57 parameters for the second stage.

a problem with degrees of freedom. For practical necessity and interest in the livestock sector, this study
considers only the meats category in the disaggregated form.
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4.4 Data Requirements

Annual data from 1961 to 1997 are used for the study. The definition of variables
and the sources of data are reported in Table 4.1. Most of the data used are obtained from
the Statistics Canada database, CANSIM. Annual expenditures from the system of
national accounts of Statistics Canada provided data on consumer expenditure in both
current and constant dollars (1992 prices). Because the constant price expenditures are
essentially fixed-weights or Laspeyers quantity indices, the implicit price for a category
is obtained by dividing current by constant price expenditures (Moschini and Moro
1993). Statistics Canada is also the source of quarterly expenditures on broad aggregates
of consumer goods and services and consumer price indices (CPI) for the aggregates as
well as for specific food categories. Expenditure data on the non-food group is calculated
as the total personal expenditure on goods and services minus total personal expenditure
on food consumed at home and food consumed in restaurants and hotels. The calculation
is done in both current dollars and constant dollars. The ratio of the two generated series
provides an implicit price index for the non-food group.

Although the data obtained from Statistics Canada provided much of the
information required for the structure assumed in Figure 4.1, no expenditure data are
available on specitic food categories such as beef, pork and chicken. To separate
expenditure on meat products provided by Statistics Canada into expenditures on beef,
pork and chicken, the procedure proposcd by Moschini and Moro (1993) and Moschini

and Vissa (1993) is followed. This procedure is explained below.
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4.4.1 Disaggregating Meat Expenditures

The procedure proposed and adopted by Moschini and Moro (1993) and Moschini
and Vissa (1993) uses data from the Food Expenditure survey (Statistics Canada, Family
Food Expenditure in Canada). This survey provides periodic detailed average weekly
data on quantities purchased and expenditures on food by Canadian families. The
nominal price for a food item is calculated L;S the ratio of expenditures to the quantities
consumed per household. Data are available for specific commodities for the years 1969,
1974, 1976, 1978, 1982, 1984, 1986, 1990 and 1992. For beef, pork and chicken, the
average prices calculated by Veeman and Peng (1997, p. 11) are used. Regressing annual
nominal prices through the origin on the corresponding annual consumer price index for

the years produced the following results:

P, = 0.068 CPI,, R* =0.93
(0.0018)

P« = 0054CPI,, R*=0.98
(0.0005)

cineken = 0‘04 l CPI:'hu ken R : = 0'9 l
(0.0013)

Standard errors are reported in brackets. Multiplying these estimated coefficients by the
whole series of consumer price indices for the period of interest yields estimated series
for retail prices of beef, pork and chicken.

The period defined for this study is from 1961 to 1997, but consumer price index
data for beef and pork obtained from Statistics Canada begins at 1971 and 1978
respectively. Price indices for earlier years were unavailable from Statistics Canada.

However, Chen (1991) reports retail price series for beef and pork developed from an
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earlier consumer price series (1960 to 1987). The procedure outlined above was followed
to develop consumer price indices for beef and pork for the earlier years that data are not
available. Regressing the available annual consumer price index through the origin on the

corresponding annual retail prices from Chen (1991) produced the following results:

CPl,., = 12772P,, R* =1.00
(0.002)

CPI,, = 1345P,, R* =1.00
(0.066)

Standard errors are reported in brackets. Multiplying these estimated coefficients by the
complete retail price series reported by Chen (1991) yields estimates of consumer price
indices for beef (1961 to 1970) and pork (1961 to 1977). These consumer price indices
are then multiplied by the parameters from the earlier regression to obtain retail prices for
beef (1961 10 1970) and pork (1961 to 1977).

The procedure employed above is not without problems. There is a potential for
bias due to errors in measurement of the generated variables (Kennedy 1992).
Nevertheless, in view of the low standard errors and high R-squared values obtained, the
potential bias may not be a major issue.

Multiplving the generated retail prices for beef, pork and chicken by the
corresponding quantity disappearances (retail weight), gives estimated expenditures for
each of the three meat types. The share of each meat category is then calculated from the
estimated expenditures as a ratio of estimated expenditure for each meat type to total
meat expenditure. The calculated shares (percentages) are used to allocate the total
expenditure on meats reported by Statistics Canada to expenditures on beef, pork and
chicken.
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4.5 Results and Discussion

The dependent variables are first differences of shares, but right-hand side
variables are varied. Right-hand side variables applicable to the long run are one-year
lags of prices, expenditures and shares while variables applicable to the short run are first
differences of prices and expenditures.

The estimated coefficients for the separable structure and their t-ratios are
presented in Table 4.2. The estimate on the adjustment coefficient (A) is 0.435 and is
statistically significant. The null hypothesis of a steady state, i.e., that consumers fully
adjust to price and income changes instantaneously (A=1), is tested. The null hypothesis
is rejected using a Wald test at the 5% level of significance. The implication is that
consumers do not fully adjust to price and income changes instantaneously, as is assumed
in static models. Static demand models assume a steady state where consumers adjust to
equilibrium in every time period. This finding suggests that specifying and estimating
demand models in a static framework may not be appropriate. As Anderson and Blundell
(1983) point out, there are adjustment costs, expectations and varied interpretations of
real price changes so that consumers are unlikely to adjust to equilibrium in every time
period. The nature of the adjustment process is, however, an empirical question.

The sign on the estimated coefficients for expenditures from the model allows
goods/commodities to be classified as “luxuries” or “necessities.” Luxuries are
commodities whose expenditure shares increase with income («>0; @>0; 10>0; and
fi;p>0) and necessities are commodities for which expenditure shares decrease with

income (a;y<0; d;0<0; 140<0; and ;9<0). In the short run, food consumed away from home
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and the non-food group appear to be luxuries (40 and dnp respectively in Table 4.2). The
respective estimated parameters are 0.019 and 0.063; both estimates are statistically
significant. Dairy products appear to be necessities in the short run (iipg in Table 4.2). In
the long run, bakery and beef products appear to be luxuries (ig>0 and x>0 in Table

4.2).

4.5.1 Elasticity Estimates for First-Stage Income Allocation

Short run and long run elasticity formulations from (4.13) and (4.14) are
presented in Appendix 4a. Uncompensated and compensated price elasticity measures as
well as expenditure elasticity measures are calculated at the means of the sample period
(1961-1997) and the 1990s (1991-1997) for each category. This is done for comparison
purposes. Uncompensated and compensated elasticity estimates for the first-stage income
allocation are reported in Tables 4.4 and 4.5 respectively. All of the discussion and
references to elasticity estimates given below apply to the estimated uncompensated
elasticity measures at the means.

All own-price elasticity measures have the expected signs in the leng run and the
short run; each is relatively price-inelastic and all are significant at the 5% level. A test of
the difference between the short run and the long run own-price estimates indicate that
there is no statistically significant (3% level) difference between the two estimates. From
Table 4.3, the measures of short run own-price elasticity of demand at sample mean for
food consumed away from home and the non-food group are -0.692 and -0.976
respectively. It appears that demand for non-food is relatively price elastic compared to

food consumed away from home in both the short run and long run. This suggests that as
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prices increase, there is a tendency for consumers to be more responsive to changes in the
price of non-food items than to changes in prices of food at restaurants and hotels. The
short run own-price estimates are comparable to those reported by Moschini and Moro on
data from 1962 to 1988 (see Table 4.5). The studies by Moschini and Moro (1993) and
Veeman and Peng (1997) reported in Table 4.5 have been conducted in a short run
framework.

The negative signs on the cross-price elasticity estimates reported in Table 4.3
indicate that food consumed away from home and non-food items are gross
complements. The expenditure elasticity measures for food consumed away from home
and non-food are all positive and statistically significant at the 5% level. In the short run
and in the long run, results suggest that both categories of goods are expenditure elastic
(greater than unity). i.e., as income increases, demand for these goods increase far more
than the increase in income.

Table 4.4 reports the compensated price elasticity measures for the first-stage
income allocation. All own-price compensated elasticity measures have the appropriate
negative sign and are statistically significant at the 5% level. Thus, an increase in price
with utility held constant must cause demand for a good to fall. This finding confirms the
“law of demand.” that compensated demand functions slope downwards. From appendix
(4a), the Slutsky relationship may be written as [E;™™ =E"™ —1,c,] so that the
uncompensated own-price elasticity is decomposed into own-price substitution effect
(E;™™) and income effect (-17,c,) of a change in own-price. From this formulation, it
can be seen that the own-price compensated response is reinforced by the income effect

thus, all the goods are deemed normal goods. Regarding cross-price effects, the signs on
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the compensated cross-price elasticity estimates suggest that food consumed away from
home and non-food are substitutes.

In summary, the results obtained in this component of the study indicate that food
consumed away from home and non-food goods are normal goods and that the demand
curves for these goods are negatively sloped. All estimated own-price elasticity measures
are negative and statistically significant at the 5% level. Food consumed away from home
and non-food goods appear to be expenditure elastic. Regarding cross-price effects,
uncompensated elasticity estimates suggest that food consumed away from home and
non-food items are complements but the compensated elasticity estimates suggest they

are substitutes. Moschini and Moro (1993) report the same findings.

4.5.2 Elasticity Estimates for Second-Stage Income Allocation

Uncompensated price elasticity estimates and expenditure elasticity estimates for
the second-stage income allocation are presented in Table 4.6. The categories are beef,
pork, chicken, dairy products and bakery products. Compensated price elasticity
measures are presented in Table 4.7. For comparison purposes, the elasticity estimates for
each category of food commodity are calculated at the means of the sample (1961-1997)
and of the 1990s (1991-1997). However, in the discussion on elasticity estimates that
follows, the focus is on elasticity measures evaluated at the sample means.

All own-price elasticity measures have the expected negative sign and all
expenditure elasticity estimates have the expected positive sign. Measures of
uncompensated own-price elasticity in the long run appear to be larger in size compared

to measures in the short run (Table 4.6). A test of the difference between the short run
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and the long run own-price estimates indicate that there is no statistically significant (5%
level) difference between the two estimates except the own-price estimates of beef. In the
short run, measures of own-price elasticity of demand for beef, pork, chicken, dairy
products and bakery products are —0.558, -0.430, -0.309, -0.535 and -0.546 respectively.
In the long run, the corresponding elasticity measures are -1.255, -0.453, -0.214, -0.888
and —0.654 (Table 4.6). The elastic nature of beef demand in the long run suggests an
increasing possibility of consumers substituting other meats for beef in the long run. The
demand for chicken and pork does not show any appreciable change in elasticity
measures between the short run and the long run. The demand for chicken is the least
price-responsive among the food categories. This may be associated with the feature that
Canadian consumers are increasingly substituting the consumption of chicken for other
meats. A variety of reasons has been given for this feature including the convenience of
cooking chicken and that it contains less saturated fat (Eales 1996; Reynolds and
Goddard 1991: Quagrainie 1995; and Xu and Veeman 1996).

Substitute relationships are found between beef and pork, beef and chicken, and
pork and chicken. The relationships between beef and chicken, and pork and chicken are
strong; all elasticity estimates in the short run and long run are statistically significant at
the 5% level (Table 4.6). Results suggest complementary relationships between beef and
bakery products, pork and dairy preducts, and chicken and dairy products although the
estimates are not statistically significant.

All the expenditure elasticity measures are statistically significant at the 5% level.
In the short run, the demand for chicken, dairy products and bakery products are

expenditure inelastic but demand for the three food products are expenditure elastic in the
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long run. For beef, there is not much change in the responsiveness of demand to income
but demand for pork is expenditure elastic in the short run and expenditure inelastic in the
long run. The implication is that with an increase in expenditure allocation for food
consumed at home, consumers will tend to spend more on chicken, dairy products and
bakery products but not on beef and pork in the long run.

Comparison of results from this study with those from some other studies can be
made from Table 4.5. Since previous studies were conducted in the short run framework,
short run elasticity estimates are compared. The estimates of short run own-price
elasticities from this study tend to be somewhat lower for chicken and pork. While this
study reports own-price elasticity estimates for the demand for pork and chicken of -0.43
and —0.31 respectively, Moschini and Moro report —0.62 and -0.72 for pork and chicken
respectively. Veeman and Peng report —-0.75 and -0.69 for pork and chicken respectively.
For beef, the own-price elasticity meuasure from this study compares well with that
reported by Moschini and Moro. and for dairy. the own-price elasticity measure from this
study compares well with that reported by Veeman and Peng. Expenditure elasticity
estimates for the food groups also compare well with the two cited studies except for
pork and dairy. For these two items, expenditure elasticity estimates from this study are
somewhat higher than in the two noted previous studies.

Table 4.7 reports compensated price elasticity estimates for the second-stage
income allocation. All the own-price elasticity estimates for the five categories of food
are price inelastic. Estimated own-price compensated elasticities are statistically
significant at the 5% level except for chicken. The demand for chicken exhibits the least

own-price elasticity, which is consistent with the estimated uncompensated elasticities. In
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the long run, the demand for beef is own-price elastic with an estimated elasticity
measure of —1.161. As alluded to earlier, the elastic nature of beef in the long run reflects
the increased possibility of substitution in demand with other meat products. This
possibility is enhanced by the apparent cross price relationships between beef and other
meats. The elasticity measures reported in Table 4.7, suggest strong substitution
relationships between beef and pork, and between beef and chicken. The apparent
consumer attitudes towards beef, suggested by the demand parameters noted above
should be of concern to the beef industry. Many other surveys and studies suggest that
consumers may have health concerns about beef and are willing to compromise on taste
in exchange for products perceived as healthy (Eales 1991; Quagrainie 1995). Thus, the
beef industry must continue to improve the safety and perceptions of its products and
pursue product development and consumer education initiatives concerning health and
safety issues. The apparent elasticity of beef demand in the long run also suggests the
need for the beef industry to make beef products more price-competitive, through
efficient production, processing and marketing of beef products.

Other substitution relationships in demand shown in Table 4.7 include beef and
dairy products. beef and bakery products. and pork and chicken in the short run and in the
long run. All the compensated elasticity estimates of the demand for beef with respect to
the price of other products are statistically significant, except for the price of bakery
products. The compensated cross-price elasticity estimate of the demand for pork with
respect to the price of chicken is statistically significant. This finding also reflects a
challenge to the pork industry: in addition to the strong substitution relationship of pork

with chicken, the expenditure elasticity of demand for pork in the long run is inelastic.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Substitution relationships are also found for chicken and bakery products, and
dairy and bakery products, although these estimates are not statistically significant.
Complementary relationships appear to apply to pork and dairy, pork and bakery
products, and chicken and dairy. Similar to uncompensated elasticity estimates (Table
4.6), long run estimates of own-price and cross-price compensated elasticities are
generally higher than short run estimates. This implies that generally the demand for food

is more price responsive in the long term than in the short term.

4.6 Summary and Conclusions

The purpose of this component of the thesis was to apply a flexible dynamic
model of demand to derive a set of estimates of demand for major meat products and
major food categories in Canada. The hypothesis that consumers fully adjust to price and
income changes instantaneously in every time period is tested. The resulits reported here
reject this hypothesis, indicating that the basic assumption of a steady state underlying the
specification of static demand models may be wrong. Consumers do not make complete
instantaneous adjustments but appear to be more responsive to changes in relative price
and income in the long run than in the short run. It appears that static models may
understate the adjustment in consumers’ budget shares as real prices and income change
over time.

The results reported here have some implications for modelling and predicting
consumer behaviour. Specifying short run demand models and incorporating simple habit
persistence may not be appropriate. Estimated relative price and income responses may

be biased and predictions of consumer behaviour based on such estimates may be
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inaccurate. A more general dynamic specification may be required to better predict
consumer behaviour. This may be particularly important for policy analyses.

The results from the general dynamic specification employed in the study suggest
that food consumed away-from-home and non-food goods are expenditure elastic, both in
the short run and in the long run. The demand for chicken, dairy products and bakery
products changes from being expenditure inelastic in the short run, to becoming
expenditure elastic in the long run. For beef, expenditure elasticity in the long run is not
different from the short run, suggesting that there is a tendency for consumers to spend
more on goods/commodities other than beef as income increases. The demand for beef is
also found to be own-price elastic in the long run but not in the shorter run. Moreover, a
strong substitution relationship appears to exist between beef and pork, and beef and
chicken. These findings pose potentially serious challenges to the beef industry.
Developing products that have increased value to consumers at competitive prices, and
responding positively to health, nutrition, and food safety concerns, will be steps in the
right direction. For pork, expenditure elasticity declines in the long run and there appears
to be a strong substitution relationship between pork and chicken. This finding should
also be of concern to the pork industry if it wants to maintain and/or increase its market

share in the long run.

4.7 Suggestions for Further Research
Practical necessity and data availability restricted the estimation of demand for
disaggregated food commodities. The commodity specifications used in the study were

extrernely aggregated and may be viewed as overly restrictive. Patterns of consumption
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of individual foods or food groups vary appreciably. Agriculture and Agri-Food Canada
(1990) reports that the relative importance of some major food groups is changing.
Consumption of red meats has declined and consumption of poultry, fresh vegetables and
fruits, are becoming more important in Canadian diet. Thus, it is important to estimate

demand using data series on disaggregated commodities when these are available.
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Figure 4.1:  Postulated Separability Tree for Canadian Consumers
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Table 4.1:  Retail Sector Variables: Definitions and Source.
Variable Definition Source
Expenditure on food Annual personal expenditure on food &
. . CANSIM D16096
consumed at home non-alcoholic beverages in current mS.
Expenditure on food Annual personal expenditure on
CANSIM D16137

consumed away from

home

restaurants & hotels in current mS.

Expenditure on non-
food

Total personal expenditure on goods &
services less expenditure on food &

restaurants & hotels in current mS.

CANSIM D16141
minus D16096 &
D16137

Price index of food
consumed away from

home

Price index of non-

Ratio of restaurant & hotel exp. (current
mS) and restaurant & hotel exp. (constant
mS - 1992 price)

CANSIM D16137/
D16195

"Ratio of non-food exp.w(currcnt mS) and

. Calculated
food non-food exp. (constant mS - 1992 price) Heuta
Expendituremc'm beef Calculated using estimated prices and per

. Calculated
products capita disappearance
Expenditure on pork Calculated using estimated prices and per
L Calculated
products capita disappearance
—E,{-pendi_ttrc on B Calculated usiﬁg estimated prices and per
Calculated

chicken products

Expenditure b;l_iluir)'-
products

" Expenditure on bakery
products

" Beef products price

capita disappearance

" Final Demand (current mS)

CANSIM 1383506

Final Demand (current m$) for wheat flour
& starches; Breakfast cereal & bakery food
snacks

"CPI for beef

CANSIM [383906
and 1384006

| CANSIM P100005

and Chen (1991)

Pork products price CPI for pork CANSIM P100006
and Chen (1991)

Chicken products price | CPI for chicken CANSIM P100009

Dairy products price CPI for dairy products CANSIM P100020

_Bakery produc[s_price e r‘b?é?ﬁér’_\? and other cereal 'CANSIM P100027

130

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Table 4.2: Estimated Coefficients of the Flexible Dynamic LAIDS Model of

Retail Demand for Food®.

Parameter Estimate t-ratio Parameter Estimate t-ratio
A 0.435 14.183 lipp -0.002 -0.136
a, -0.003 -1.315 Upy -0.013 -1.629

g 0.024 3.944 lpg -0.001 -0.313
ayy -0.024 -2.904 lipp 0.035 4.404
Qap 0.010 1.271 lipc 0.010 3.192
s 0.023 2.124 i1pp -0.008 -1.759
Ay -0.029 -2.626 lpx -0.010 -3.042
do 0.019 2.883 lipy 0.028 [.615
ay 0.010 0.923 e 0.001 0.255
ayy 0.033 2.198 Uce 0.022 2.038
Ay 0.011 0.439 licp 0.010 0.751
dyy 0.069 4.327 Ucy 0.014 1.457
dvy 0.063 3.737 Ucy 0.000+4 0.234
g 0.002 0.350 lice 0.019 3.847
g -0.022 -1.495 licp -0.005 -0.878
ligp 0.023 1.668 fex 0.006 [.149
Uge 0.013 2.008 lico -0.0004 -0.062
lUgp 0.004 0.548 lp 0.004 0.711
lgg -0.005 -0.783 Upp 0.015 0.345
g 0.004 1.879 Upk 0.030 2.009
i1z 0.040 6.501 Upg 0.005 1.667
itgp 0.004 0.801 lipp 0.053 4.419
ligc 0.006 2.223 lpx -0.010 -1.230
ligp -0.002 -0.489 {ipo -0.034 -3.120
g -0.004 -1.252 g 0.010 2415
I1gy 0.009 0.575 LUKk 0.029 1.798
tp -0.003 -0.306 Hyo 0.004 1.951
tpp 0.032 1.736 figw 0.037 3.073
lUpc 0.029 3.537 ligo -0.007 -0.854

! the subscripts denote O=expenditure: A=food consumed away-from-home; N=nonfood group; B=beef:
4=Pork: 5=Chicken; 6=Dairy products: and K=Bakery products.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Table4.3:  Estimated Uncompensated Elasticity Measures for First-stage Income

Allocation of Retail Demand for Food®.

Short run Elasticities

Long run Elasticities

prices prices

FA NF EXP FA NF EXP
Evaluated at [961-1997
Food-Away (FA) -0.692° -0.057* 1.270° -0.680" -0.041* 1.145
Non-Food (NF) 0477 -0.976 1.079* -0.354* -0.969* 1.014%
Evaluated at 1991-1997
Food-Away (FA) -0.686* -0.055" 1.275* -0.674* -0.040* 1.147¢
Non-Food (NF) -0.484* -0.979* 1.076" -0.360" -0.971* 1.013*

* indicates statistical significance at the 5% level.
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Table 4.4: Estimated Compensated Price Elasticity Measures for First-stage

Income Allocation of Retail Demand for Food®.

Short run Elasticities | Long run Elasticities
----- prices-——--- —---prices-----
FA NF FA NF
Evaluated at 1961-1997
Food-Away (FA) -0.601" 0.034* -0.598* 0.040°
Non-Food (NF) 0.375* -0.123" 0.447* -0.168"
Evaluated at 1991-1997
Food-Away (FA) -0.597* 0.034" -0.593* 0.040"
Non-Food (NF) 0.405" -0.090* 0.478" -0.133*

* indicates statistical significance at the 3% level.
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Table 4.5: Comparison of Estimated Uncompensated Short-run Demand
Elasticity Measures with those from Other Studies.

This study Moschini Veeman
& Moro & Peng
(1961-97) (1962-88) (1979-93)
Stage 1:
Food awav
Own-price -0.692 -0.52
Expenditure 1.27 1.05
Non-food
Own-price -0.976 -0.96
Expenditure 1.079 [.13
Stage 2: -
Beef
Own-price -0.558 -0.50 -0.874
Expenditure 1.099 0.93 0.975
Pork
Own-price -0.430 -0.62 -0.752
Expenditure 1.485 1.00 1.013
Chicken
Own-price -0.309 -0.72 -0.691
Expenditure 0.984 I.51 0.933
Own-price -0.535 -0.36" -0.593°
Expenditure 0.725 0.47 0.055
Bakery
Own-price -0.546 -0.435
Expenditure 0919 0.88

* The clasticity estimate is that of milk. In that study. cheese. other dairy and butter are included in the
system ol cquations as separate commaodities.
The elasticity estimate is that of whole milk. In that study, low-fat milk and concentrated milk are
specitied separately as part ot the system of equations.
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Table 4.6:  Estimated Uncompensated Elasticity Measures for Food Consumed at Home™”,

Shortrun Elasticities Longrun Elasticities
--------------------------- PUICCN==memmemameneenc e nenes mesmmemasesscsanasesanene ) en e et an

Beefl Pork  Chicken  Dairy  Bakery — Exp. Beel Pork — Chicken  Dairy  Bakery Exp.

[at 1961-1997]

Beef 4.558"  0.0065 0.216° <0025 0,053 1.099% } -1.255"  0.387 (0.452" (.032 -0.066 1.050"
Pork 0.020  -0.430"  0.342"  -0.092"  -0.150"  1.485" (0.257 -0.453 1033 -0.012 <0152 0.984"
Chicken — 0.071" 0178 -0.309"  -0.042 0.067 0.984" | 0.143" 0494 -0.214 0.076 0.163 1.016"
Dairy 0.012 .03 -0.055 0535 0,087 0.725" (.045 0,032 0337 -0.888"  0.300" 1.042°

Bakery -.034  -0.167"  (.205 -0.074 -0.540  0.919" -0.062 -(.224 ().483 0.240"  -0.654" 1,053"

[at 1991-1997)

Beefl -0.298"  0.097 082" -0.027  -0.053 L1S6" | -1.399" 0555 0.384° 0.036 -0.006 1,079
Pork (.048 073 0.286" 0101 <0050 1L695' | 0.404" 0217 0.879" 0013 0152 0.978"
Chicken  O.111"  0.254"  -0.413"  -0.047 0.067 0.986" | 0.225"  0.708"  -0.331 0.086 0.163 1.014*
Dairy Q000 0162 <0127 -0480" 0087  0.689" 0.075 0.044 0286  -0.873"  0.300" 1.047°

Bakery 0.058  -0.242" 0175 0.085  -0.546°  0.919" | -0.095  -0.318 0.410 0.272"  -0.654" 1.053"

* indicates statistical significance at the 5% level,
® indicates statistical significance at the 10% level.
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Table4.7:  Estimated Compensated Price Elasticity Measures for Food Consumed at Home™",
Short-run Elasticity Measures Long-run Elasticity Measures
------------------------ PUICCS = mmemmmenamececanancan Lt LT e e LRy T4 [ (A LR L e L L L e PP e
Beef Pork  Chicken  Dairy  Bakery Beel Pork  Chicken  Dairy  Bakery
fat 1961-1997]
Beef 04610 0063 0314 0.073" 0.045 SLI6EY 0480 0.5450  0.125" 0.027
Pork 0.100" 0344 0.428° -.006 -0.0064 0.314° -0.396 1,090 0.045 0,095
Chicken 0.098"  0.205"  -0.282 -0.015 (L094 0071 0523 0,185 0,105 0.191"
Dairy 0.102" 0013 0065 -0445"  0.003 0.175" 0.097 0466 -0.759"  0.490°
Bakery (0.042 -0.091 0.002 -0.470" 0.025 -0.136 0.570" 0.328"  -0.506"
[al 1991-1997)
Beef 0.233" 0,162 0.038 0013 | -£338"  0.016" 0444 0097 -0.005
Pork 0.117 -0.104 0.032 <0081 | 0444 0178 0918 0.020 0113
Chicken — 0.144*  0.286" L0015 0.099" | 0258 0.741" 0298 0019 0.196"
Dairy 0.075 -0.080 0797 -0.011 0.190 0.071 0.401 -0.758" 0476
Bakery 0.019  -0.1066" 0008 -0.470° | <0008 0231 0497 0359 -0.566°

" indicates statistical significance at the 5% fevel.
® indicates statistical significance at the 10% level.
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Appendix 4a: Elasticity Formulation for the Flexible Dynamic LAIDS Model.

Following Burton and Young (1992), elasticity measures are calculated as:

Short run Uncompensated Elasticity Measures:

i .. . b,
Expenditure elasticity measure for the first stage: n** = —2+1
Ci
. . - - SR Vio
Expenditure elasticity measure for the second stage: n;° = ——+1
Cx
b, —c.c,(’ =1
Price elasticity measures for the first stage: Ef = 1 ——— -6,
¢
SR
v,, —c,c,(n." =1
. - - - kil k>t k
Price elasticity measures for the second stage: EX = -6,

o
where ¢; and ¢, are the expenditure shares of product / and good A respectively; and 6;
and 6; are unity if /=j: k=/ and zero otherwise.

Long run Uncompensated Elasticitv Measures:

. .. a
Expenditure elasticity measure for the first stage: n™* = —Z+1
Cl
. .. . IR ITO
Expenditure elasticity measure for the second stage: n; = —+1
Ce
LR
. . . . a, —c,c,(n,” =1
Price elasticity measures for the first stage: Ef = L ——2— -6,
c

Price elasticity measures for the second stage: EX

Compensated Llasticity Measures:

Compensated elasticity measures are calculated using the Slutsky relationship:
First stage compensated measures: E;X™ =E ™ +n.c,

Second stage compensated measures: EL™ =E; ™ +n.c,
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5. SIMULATION: THE IMPACT OF VALUE-ADDING ON THE FARM
SECTOR

5.1 Introduction

Most of Canada’s grains/oilseeds production and much of the livestock output is
produced in the Prairie provinces of Alberta, Saskatchewan and Manitoba. Much of the
grains/oilseeds and pork products is destined for the export market. Domestic demand for
agricultural and food products is relatively stable. Thus, apart from influences from
weather and technological factors, variations in farm prices and farm incomes are
predominantly determined by situations in the international market. Such situations have
caused a renewed interest in the concept of “post-farm-gate value adding” by the federal
and provincial governments and by the agriculture industry. Consequently, substantial
investment has been made in value-added initiatives in the post-farm-gate sector.

Agricultural economists have expended much effort toward evaluating the
economic benefits from cost-reducing research in agriculture. Some economic research
has generally been carried out by assessing a multi-stage production system in a partial-
equilibrium framework. Studies have focused on the distribution of economic benefits
from government policy such as investment in research and development (Dryburgh and
Doyle 1995; Holloway 1991: Huang and Sexton 1996; Mullen et al. 1989; Voon and
Edwards 1991:). Other studies have examined the benefits from investments in
commodity promotion and advertising (Cranfield et al. 1995; Kinnucan et al. 1996:
Wohlgenant 1993). The literature provides important insights into the effects of different
types of exogenous factors on commodity prices and quantities as well as the effects on

welfare of particular groups in the food production system. The effects of promotion
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and/or advertising are evaluated under the assumption that promotion and/or advertising
shift the retail demand curve and for research, the effects are evaluated under the
assumption that research shifts the farm input supply curves. While this multi-stage
approach is equally applicable to estimating the effects of value adding investment, no
attention as yet has been given to economic research on this particular issue. This
component of the thesis extends the literature on distribution of gains in a multi-stage
production system to include gains/losses from investment in value adding in the post-
farm-gate sector.

This portion of the study follows and adapts the work of Martin and Alston (1994)
who measure the impact of a technological change that shifts the supply curve of farm
commodities. This study is concerned with the impact of investment in value added
processing that may shift the derived demand curve for farm commodities. Five
commodities are examined, namely wheat, feed barley, canola, slaughter cattle and
slaughter hogs. Functional equations representing the supply and demand for the
commodities arc applied in experiments bused on the assumption of increased demand for
the commodities. Results from the experiments should provide insights into the effects of
investment in value adding on prices, quantities and farmers’ welfare.

The following section of the study illustrates a conceptual model of the likely
impact of value added investments in the processing sector. Following this, sections
dealing with the empirical specification of the models, parameterization of the models,
solution algorithm of the models, validation of the models, and measurement of changes
in farmers’™ welfare are presented. Simulated results and discussion of these are then

presented and some conclusions are drawn from the simulated results.
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5.2 Conceptual Model

Figure 5.1 is a simplified diagram illustrating the impact of value-added
investment on western Canadian farmers. It is assumed that value-adding activities would
increase quantities of farm commodities demanded for domestic processing. From Figure
5.1, the world market determines the domestic price of the commodity q. Assuming that
government investments in value adding acts as a subsidy that applies to purchasers of
the commodity, the effective domestic market demand for ¢ moves from D to D' by a
vertical distance equal to the subsidy. This is because more of the q is demanded at each
market price. One of the effects of this increase in domestic market demand is to shift the
excess supply function inwards, from ES to ES'. The horizontal distance of this latter

- shift at each price is the same as the horizontal movement from D to D'.

The effect of these shifts in domeestic market demand and the excess supply
function on western Canadian farmers depends on the nature of the excess demand
function ED as perceived by Canada. I panel [A], the excess demand function is
downward sloping but near infinitely elastic, indicating that Canada has a fairly small
amount of power on the world market to i ntluence the price of ¢. Thus, with a shift in
the domestic market demand for q and the consequent contraction in the excess supply,
the domestic price of q increases from Wwy to wy. In terms of welfare, the gain by
producers from the price increase is the shaded area.

In panel [B], the excess demand frinction that Canada faces is infinitely elastic
(horizontal), indicating that Canada has vexy minimal or no power to influence the price

of q on world market. The price of q is exogenous to Canada. The contraction in the
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supply of q on the world market does not translate into any change in the price of q.

Consequently, there is no welfare gain by producers from the shift of the domestic market

demand from D 1o D'.

53 Empirical Model

The modelling procedure employed in the study to evaluate the effects of value-
added investment lends itself directly to applications of full general equilibrium models
but attention focuses on only a few commodity sub-sectors. All the functional
relationships specified previously in Chapters 2 to 5 are put together in a partial
equilibrium framework and used for simulating the effects of changes in domestic
demand for commodities.

The production functions for the farm commodities were derived from a
Generalized Leontief profit function (see Chapter 2). From section 2.1 (Chapter 2), the

supply functions are represented as:

< .5
«, = w, .. .. - <
q,(w) = —s o, + zaij o5 ! #j & i1,j=1..5 (5.1)

j=2 vi

v
where ¢; 1s the quantity of commodity / supplied: and w; is the price. The subscripts i are
indexed l=wheat, 2=canola, 3=slaughter cattle, 4=slaughter hogs and 5= feed barley.
Equation (5.1) differs from equation (2.18) in that the constant term «;, in (5.1) subsumes
the effects of the fixed and quasi-fixed factors. Similarly, the demand functions for the
farm commodities were derived from a Translog profit function (see Chapter 3, section
3.4). The demand functions are represented as:

.
= Wi = —(b, +b.In Py +0, Inw,) ‘

Si l"“’4 (5-2)
[1

i
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where s; is the cost of the commodity to total profit; IT is the processor profit; g/ is the

quantity of the commodity demanded domestically; and pi is the price of the output k
produced from commodity i.

It is assumed that feed barley is used mainly as livestock feed. Consequently, the
demand function for barley (i=5) is specified as a linear function of the price of slaughter

cattle, slaughter hogs and barley:

qf = o+ 0,w, j=3,..5 (5.3)
J

where gj is the quantity of barley demanded and the o5 are parameters.

Regarding output from the processors, the following correspondence is made
between commodities and output: Wheat is used to produce wheat flour, canola is used to
produce canola oil, and slaughter cattle and slaughter hogs are used to produce meat
products'®. Thus. from the processor profit function, the supply functions for processor

output are represented by:

5, = ”‘F‘I"“ = b, +b.np, +b, Inw,  k=L1..3 (5.4)

where the subscript & is indexed as I=wheat flour, 2= canola oil, and 3=meat'’. Equations
(3.2) and (5.4) differ from equation (3.24) and (3.25) in that the intercept terms b; and by
subsume other intermediate and marketing inputs such as labour and energy. Other

variables are defined as earlier.

'S Data on the meat processing industry output obtained from Statistics Canada are aggregated and include
abattoir operations and meat packing operations.

9 - - . - -

'” The equation tor meat products includes the price of both slaughter cattle and slaughter hogs.
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The demand for processors’ output is represented by the linear version of the
almost ideal demand system (chapter 4, section 4.2.2). The share equations for the

products are expressed as:

M .
c, = o+ a,lnp +p, ln(F) kI=1,.,4 (5.5)
{

where ¢ is the share of product % in consumer expenditure (p.x{/M); x{ is the
quantity of product & demanded on the domestic market: M is total expenditure; and P~ is
Stone’s price index. In equation (5.5) the subscripts & and / are indexed l=wheat flour,
2=canola oil, 3=beef, and 4=pork. The &s and [ are parameters. The following
relationship is used to link the output of meat products and the retail products of beef and
pork:

ex

X = 0 + x5 o+ xy o+ x5+ xg (5.6)

“Tmenr J

where x;' is the quantity of beef and pork exported: and 8 is a parameter that captures

other livestock products besides beet and pork such as veal and mutton. Similarly, the

price of meat products is linked to the price of beef and pork as:
4
pnu’nl = 77:() + an pk (5°7)
k=3

where the 71s are parameters.

To complete the model some market closing identities (market equilibrium
conditions) and other price linkages need to be established. The commodity market
closing identities are represented as:

4. = q' + q i=1...5 (5-8)
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where ¢ is rexport of commodity i. For feed barley, ¢;is denoted by a parameter that
accounts for stocks. The product market closing identities are represented as:

x{ = A+ AxD o+ xf k=1,...,4 (5.9)
where x{ is the retail demand for product k; x; is the quantity of product exported; and

the As are parameters. The parameter Ag subsumes stocks of the product k& and A; is a
conversion factor. For example, beef and pork are converted from carcass weight to retail
weight usingz A,=0.73 and 24=0.76 for beef and pork respectively (Veeman and Peng
1997). The market closing identities of equations (5.8) and (5.9) ensure that total supply
equals total d-emand.

For w heat, canola. slaughter cattle and slaughter hogs, export supply functions are
specified as functions of own price, that is,

q’ = ¢, + ow, i=1...4 (5.10)

where the ¢s are parameters.

Other price linkage equations involve relationships between processor output
price and farmrm commodity price. These are specified as:

P = 0, + Ow, ik=1,..,4 (53.11)

i
where the ds are parameters.

The complete model consisted of 34 varnables and 36 equations and the solution
method follovwed to solve the model was to treat the model as a collection of linear and
non-linear algzebraic equations. The system of equations was then solved using software,
GAMS (Genesral Algebraic Modeling System) and the CONOPT solver (Brooke et al.

1996). The process involved the following steps:
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I. Solve the system of equations to obtain optimal solutions for the variables (base

case).

18]

Validate the model by introducing a shock of a 50% increase in grain/oilseed prices
and resolve the system of equations to obtain new solutions for prices and quantities.
3. Conduct other shock experiments by increasing domestic demand of each commodity
by 20% and resolve the system to obtz;in new solutions for prices and quantities
besides the fixed demand levels.
4. For each solution, calculate the changes in quantity, price and farmers’ welfare.
Unfortunately, the solution for the system of equations contained some
infeasibilities and required reparametrization. Moreover, the complete model failed a
validation test (see section 5.5 below). Therefore, the supply and demand functions for
processor output were eliminated from the system. The resulting model used in the study

consisted of 22 variables and 22 equations (see Appendix 5).

5.4 Model Parameterization

With the model specification as above, the next step is to determine the values of
the model parumeters that appear in the equations. In the literature, two procedures are
used to obtain the parametric values: by stochastic procedure and/or by a deterministic
procedure. With the stochastic procedure, the equations of the system are estimated
simultaneously by econometric techniques using time series data (e.g., Kinnucan et al.
1996; Wahl et al. 1992; Weerahewa 1996). This procedure has the advantage of allowing
statistical tests on the estimated parameters. In addition, the parameters are calculated on

the basis of average relationships exhibited between the dependent and independent
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variables over a period of time. Thus, out of sample projections could be more accurate.
In spite of the advantages of the stochastic procedure, a major problem is infeasibility
because of problems with degrees of freedom. Moreover, in such multi-stage models
where market-clearing conditions are included, the likelihood function of the system of
equations will not be well defined since there are restrictions on parameters (Rodriguez
1974).

The alternative deterministic procedure is followed in this study. It involves
calibrating the equations to a base period using elasticity estimates from the literature and
occasionally by econometric estimation to fix the values of certain parameters (e.g.,
Adilu 1998; Dryburgh and Doyle 1995; Holloway 1991; Martin and Alston 1994;
Wohlgenant 1993). For the present study, elasticity estimates from chapters 2, 3 and 4 are
used to calibrate the supply and demand relationships of equations (5.1) to (5.5)%.
Econometric estimates are used to calibrate the relationships in equations (5.7), (5.10)
and (5.11). One implication of calibration is that the model cannot be statistically tested
since the parameters are chosen in a deterministic way. In addition, a fundamental
assumption in calibration is that the market is in equilibrium in the base period. Hence,

the model can be used to perform ditferent comparative static analyses from changes in

exogenous variables.

5.5 Model Validation
Model validation is important in empirical analysis particularly, for predictive
analysis. Validation refers to exercises that determine whether the model behaviour is

close enough to real world behaviour (McCarl and Spreen 1984). Where stochastic
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procedures are used to parameterize the model, the commonly used validation statistics
are Correlation coefficient, Root Mean Square Error, and statistics obtained by regressing
actual on predicted values. The purpose of examining the statistics is to ascertain how
well the simulated values predict the actual data.

Where deterministic procedures are applied to parameterize the model as in this
study, models are frequently validated using historical events. Models are constructed
and validated or justified in one of several ways:

The right procedures are followed where the modelling approach is consistent with

P—
.

industry, previous research and/or theory and that data are specified using reasonable
scientific estimation and accounting procedures (e.g., Cranfield et al. 1995: Martin
and Alston 1994).

2. Trial results indicate the mode!l is behaving satisfactorily and does not contradict
perceptions of reality (e.g., Kinnucan, Xiao and Hsia 1996: Wahl, Hayes and Johnson
1992).

The duta arc set up in a manner so that the real world outcome is replicated (e.g..

L)

Adilu [998S: Benirschka et al. 1990).

A review of the various model validation procedures reveals that the process of
validation is fundamentally subjective (McCarl and Spreen 1984). Modellers choose the
validity tests, the criteria for passing those tests, what model outputs to validate, what
setting to test in, what duata to use, etc. Nonetheless, validation exercises improve model
performance and provide insights into the issues being examined. In this study, two

procedures of validation by model construction are followed:

0 Elasticity estimates from chapter 4 that are used for the calibration are uncompensated estimates.
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l. The modelling approach in this study utilizes functional relationships that are derived
from duality approaches in economic theory rather than the ad hoc linear
relationships specified in the literature (e.g., Cranfield et al. 1995; Wahl, Hayes and
Johnson 1992). The modelling approach is also consistent with industry structure and

previous research (e.g., Martin and Alston 1994).

19

Trial results from this study indicate the model behaves satisfactorily and does not
contradict perceptions of reality. This 1s accomplished using the behaviour of
commodity prices, which are known to move together (Bewley et al. 1987; Burt and
Worthington 1988; Coyle 1993: Shumway et al. 1987). A sharp increase in the price
of one commodity results in corresponding increases in the price of other

commodities.

5.6 Welfare Measures

The economic weltare measure depicted in Figure 5.1 apply to linear demand and
supply relattons involving a single commodity. The system of equations derived and
applied in the present study involves more than one commodity. Thus, changes in the
quantity demanded of one commodity result in changes in the price of other commodities.
Just et al. (1982, p. 337-343) provide procedures for evaluating welfare of a multiple
price change. In the farm commodity market, this procedure involves evaluating producer
(processor) surplus by integrating with respect to commodity prices above (below) the
commodity supply (demand) curve. This approuach amounts first, to differentiating the
profit functions with respect to price(s) and then integrating with respect to the same

price(s). The profit function must be expressed as the integral over all of the supply
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functions with respect to prices, with integration undertaken one price at a time (Just et
al. 1982, p. 340). This need for integration with respect to all prices makes the calculation
of economic surplus difficult to undertake. Consequently, producer welfare is evaluated

in this study using changes in producer profit. Producer profit (I¥) is calculated as:

s 5 5 i
[ = 22 «, w:"’ + ZZC(UWP'DW?'S i j=1..5 (5.12)
1=l

=l j=I
All variables are defined as previously. The &s identified in equation (5.1) are used to

parameterize equation 5.12.

5.7 Results and Discussion

The analysis of the effects of value adding investment follow the nature of the
model. The base solution represents the initial market equilibrium conditions. Exogenous
shocks to the system affect the initial equilibrium causing imbalances in the market. The
variables then adjust to establish a new market equilibrium. From economic theory, it is
assumed that changes in the price variables trigger chunges in quantity variables and/or
vice versa. Thus the model solution illustrates price and quantity responses and cross-
commodity substitutions. The changes that occur in the variables contain both direct and
indirect effects of the introduced shocks but it is difficult to distinguish between the two
effects. However. it may be assumed that the direct effects are relatively larger than the

indirect effects. This ensures the stability of the system.

3.7.1 Lffects of Increases in Commodity Prices
Table 5.1 reports the effects of a 50% increase in the price of commodities. The

values reported in the table are percentage changes from the base solution. The purpose
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of these experiments is to verify whether prices of commodities move together. It is a
means of validating or justifying the performance of the model for predictive policy
scenarios. Since commodity prices are known to move together, it is expected that with a
shock in one commodity price, other prices will move along in the same direction. For
example in 1973, a sudden increase in demand for wheat on the world market resulted in
sharp increases in commodity prices, particularly for wheat, and a significant increase in
the export of wheat from Canada. Consequently, assessing the effect of a 50% increase in
the price of wheat can be used to validate the model used in this study as the model

solution is compared to the real world results.

5.7.1.1 Effects of a 530% Increase in Wheat Price

This experiment is conducted by introducing a 50% increase in the price of wheat.
The model solution is presented in Table 5.1. All commodity prices increased from the
base solution except the price of hogs, which declined by 4.35%. The price of barley
increased by 28.65%, the price of canola by 117.73% and the price of slaughter cattle by
3.98% (Table 5.1). The rise in the price of wheat triggered a response in supply with
wheat production increasing by 12.55%. Production of barley and canola did not respond
to the rise in the prices. Canola production declined by 5.57%. These effects may be
attributed to substitution effects in production from increased wheat production.

The increase in grain/oilseed prices resulted in a decline in domestic demand for
the commodities. Domestic demand for wheat decreased by 86.1% while canola demand
decreased by 77.12%. Regarding exports, there are significant increases in wheat and

canola exports. Exports of wheat and canola increased by 40.8% and 438% respectively.
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In the livestock sector, with a 50% increase im the price of wheat, the price of
hogs decreased by 4.35% nonetheless, production inc reased by 179.17% and domestic
demand also increased by 145.14%. With a relativelyr high domestic demand for hogs
compared to production, exports of live hogs decreased by 39.02%. Cattle price increased
by 3.98%, probably causing the observed decline in domestic demand (13.3%).
Production also declined by 8.29%. With a low domestic demand for cattle, exports
increased by 123.53%. In terms of farmers’ welfare, total profits increased by 327.77%

making farmers better off than from the base solution.

5.7.1.2 Effects of a 50% Increase in Barleyv Price

A second experiment is conducted where the price of barley is increased by 50%
to observe the effects on prices and quantities. Resalts from that scenario are also
presented in Table 5.1. All commodity prices increased except the price of hogs, which
decreased by 4.53%. The price of wheat, canola, and cawtle increased by 45.2%, 100.45%
and 3.98% respectively. With a rise in the price of barley, there was a consequent
increase in production by 11.3%. The production of wheat remained fairly constant while
canola production declined by 5.57%. These effects maw also be attributed to substitution
in production between the commoditics since it is implicit in the functional specifications
that land allocation is fixed. The increase in wheat and canola price resulted in a decrease
in domestic demand for the commodities. Domestic demzand for wheat declined by 86.1%
and domestic demand for canola fell by 72.45%. Whe at exports increased by 40.73%,

and canola exports by 362%.
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Regarding the effects on livestock, the price of hogs declined by 4.53% and yet
production increased by 187.5%. Domestic demand for hogs also increase by 152.57%
probably resulting in the observed decline in hog exports. In the cattle industry, there was
a rise in price but production and domestic demand declined. However cattle exports
increased. In terms of welfare, farmers are better off with total profit increasing by

407.82%.

5.7.1.3 Effects of a 509 Increase in Canola Price

This experiment involved introducing a 50% increase in the price of canola. The
model solution is also presented in Tables 5.1. All commodity prices increased from the
base solution except the price of hogs. The price of wheat increased by 29.38%, the price
of barley by 14.89% und the price of slaughter cattle by 2.18% (Table 5.1). The rise in
the price of canola triggered a response in supply with canola production increasing by
30.31%. Production of wheat and barley did not respond significantly to the rise in the
prices. These effects may also be attributed to substitution effects in production.

The increase in commodity prices resulted in a decline in domestic demand for
the commodities. Domestic demand for wheut decreased by 65.07% while canola demand
decreased by 50.05%. Regarding exports, there are significant increases in wheat and
canola exports. Exports of wheat and canola increased by 40.57% and 140% respectively.

In the livestock sector, the price of hogs decreased by 4.35% but that of cattle
increased by a modest 2.18%. The production of hogs increased by 95.83% and domestic
demand also increased by 185.71%. With a relatively high domestic demand for hogs

compared to production, exports of live hogs decreased by 21.14%. Domestic demand for
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cattle declined by 6.82%. Production also declined and with the low domestic demand,
cattle exports increased by 67.65%. In terms of farmers’ welfare, total profits increased

by 180.44% making farmers better off.

In summary, it can be observed that an increase in the price of one of the grains/oilseed
commodities caused a significant increase in the price of other grains/oilseed and not the
price of livestock. An increase in the price of a grains/oilseed commodity resulted in an
increase in production and a fairly constant or declines in the production of others. This
effect may be attributed to substitution between commodities in production. An implicit
assumption underlying the models is that land is fixed hence, there is competition for the
land resource in production. Thus, the model solution illustrates price and quantity
response and cross-commodity substitutions. In line with economic theory, changes in
price variables triggered changes in quantity variables.

High prices also caused domestic demand to fall and increased exports,
particularly for wheat and canola. Farmers’ welfare increased significantly with an

increase in the price of grains/oilseed.

5.7.2 Lffects of an Increase in Domestic Demand for Commodities
Table 3.2 reports the effects of a 20% increase in domestic demand for
grain/oilsced and livestock. The values reported in the tuble are percentage changes from
the base solution. These experiments were conducted to verify the effects of government
projections of domestic demand for commodities through increased value adding

activities in the processing sector.
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5.7.2.1 Effects of a 20% Increase in Domestic Demand for Wheat

With an increase in domestic wheat demand, the price of wheat declined by 9.04% and
barley by 2.81%. There is however an increase in canola price. With the decline in prices,
wheat and barley production experienced some decline in production. Canola production
declined as well. The decline in barley price did not result in an increase in domestic
demand for this grain. The increase in the price of canola caused the domestic demand for
this oilseed to fall by 4.19%. Canola export increased by 60%, which probably explains
the increase in canola price. Wheat exports also increased by 10.78%. This volume of
export was not enough to result in a rise in wheat price. The changes in wheat and canola
exports appear to be more pronounced than the changes in production of the
commodities. The effects on barley were quite minimal. Though the price of barley
declined by 2.81%, domestic demand declined and production does not increase. This
solution may appear counter-intuitive but considering the fact that barley is used as feed
for the livestock industry. we observe that the production of cattle and hogs did not
increase (Table 5.2). Therefore, this result may not necessarily be counter-intuitive.
Changes in the hog industry were modest and it appears that the cattle industry was not
affected by the increase in domestic wheat demand.

In terms of welfare, producer profits declined by 5.77%, which may be attributed
to the unrealized increase in farm prices, particularly for the grains. Wheat and barley
production is very significant in western Canada. The findings from this scenario, given

in Table 5.1 underscore the fact that variation in farm prices (particularly in the price of
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grain and oilseed) and variation in farm incomes are predominantly determined by

situations in the international market.

5.7.2.2 Effects of a 20% Increase in Domestic Demand for Canola

From Table 3.2, a 20% increase in the domestic demand for canola caused an
increase in the price of canola by 5.45% but a decline in the price of wheat and barley.
With an increase in price, canola production increased by 21.06%. The production of
wheat and barley declined which may be attributed to the decline in price and to
substitution effects in production with canola. Exports of canola increased by 50%. The
decline in wheuat price however, caused an increase in domestic demand for wheat by
21.69%. In view of the results given in section 5.7.1 above, it is hard to explain why
wheat exports in this scenario increased by 49.61% and yet the price of wheat fell. The
effect on barley was not that pronounced. Unlike wheat, a significant amount of canola is
processed locally. Thus, the finding of an increase in canola price and production with an
increase in domestic demand may be in order.

An increase in the domestic demand for canola resulted in an increase in hog price
but a decrease in cattle price. Nonetheless, the production of both cattle and hogs
decreased by 0.32 and 11.11 respectively. The domestic demand for the two commodities
also declined and for exports, hogs exported increased by 3.25% while export of cattle

decreased by 5.88%.
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5.7.2.3 Effects of a 20% Increase in Domestic Demand for Cattle

Table 5.2 also reports the effects of a 20% increase in domestic demand for
slaughter cattle and hogs. With a 20% increase in domestic cattle demand, the price of
cattle declines by 1.14% instead of increasing. The price decline appears contrary to
expectation, nevertheless there is an increase in cattle production by 16.9% suggesting a
positive net effect for the cattle industry. Export of cattle decreased by 64.71%. The price
of hogs fell by 0.18% but hog production increased by 4.86%. However, the decrease in
hog price resulted in an increase in the domestic demand for hogs by 42.86%. Export of
hogs decreased by 1.63%.

Changes in the prices and production of the crops were modest but significant in
the quantities exported. The price of barley was unchanged yet production and domestic
demand decreased. This solution appears counter-intuitive to the increased production of
cattle and hog production. It was expected that an increase in the production of cattle and
hogs would result in an increase in domestic demand for barley.

In terms of producer welfure. total profits increased by 5.09%. The significant
increase in the production of cattle und hogs coupled with the relatively stable livestock
prices, may have contributed to the increuse in farmers’ welfare. This solution may
suggest that farmers will be better off with increased investments and capacity-

expansions in the domestic cattle slaughtering industry.

5.7.2.4 Effects of a 20% Increase in Domestic Demand for Hogs

Generally, a 20% increase in domestic demand for slaughter hogs resuited in price

increase for all the five commodities ranging from 0.09% to 1.13% (Table 5.3). The price
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rise did not cause much change in commodity supply except in hog production. The
production of hogs increased by 2.78%. There was no change in hog exports. With a
price increase, the domestic demand for wheat, canola and cattle decreased. The quantity
of canola and cattle exported increased by 20 and 2.94% respectively. The effects on
barley were minimal.

In terms of producer welfare, total broﬁts increased by 4.72%, which may be
auributed to the resulting increases in commodity prices. This solution is consistent with
the solution from the cattle scenario above, in which farmers may be better off with

capacity expansions in the domestic meat processing industry.

In summary. an increase in the domestic demuand of commodities resulted in a very small
effect on commodity prices. As a result, the increase in farmers’ profits is also minimal.
Changes in quantity variables did not trigger changes in price variables suggesting that in
Canada, commodity prices and are exogenously determined and predominantly by
situations in the intermnational market. Consequently, farmers’ incomes are also
determined predominantly by situations in the international market. This suggests that the
belief that increasing domestic demand for commodities due to value adding investments
would boost commodity prices and farmers’ incomes may not be necessarily realized in

the short term.
5.8 Summary and Conclusions

This portion of the thesis attempted to evaluate the impact of value-added

investment in the post-farm-gate sector on prices, quantities and welfare of western

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Canadian farmers. The model used in these analyses consisted of a system of commodity
supply and demand relationships, market equilibrium conditions and price linkage
relationships. The system of equations was first solved for initial equilibrium conditions.
Then shocks were introduced to destabilize the system and the system resolved to obtain
new equilibrium conditions.

Research investment in value added processing is assumed to enhance demand for
primary commodities through improvement in product quality and production of new and
alternative products causing an outward shift in the demand curve for farm commodities.
The resulting effects would include price and quantity responses as well as cross-
commodity substitution in production. Overall, the various simulation results allude to
the expectations that farmers will be better off with increased prices of grains/oilseed.
However, the results indicate that increases in commodity prices cannot be realized in the
short term from increased domestic demand for commodities. Currently, commodity
prices appcar to be exogenously dectermined. Nonetheless, results suggest that, to a
smaller extent, increased domestic demand for cattle and hogs may increase farmers’
welfare. Value-added investment in the livestock and canola processing industries
appears to provide some short-term returns in contrast to value-added investment in the

wheat milling industry.
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Figure 5.1:

Hypothesised Effects of Value Added Investments
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Table 5.1 Effects of 50 % Increase in Commodity Price

Percentage change (%) from base solution

350% increase in 50% increase in 50% increase in

Variable wheat price barley price canola price
Wheat production 12.55 1.78 4.06
Barley production 0.54 11.30 0.27
Canola production -5.57 -5.57 30.31
Cattle production -8.29 -6.57 -4.09
Hog production 179.17 187.50 95.83
Wheat price 50.54 45.20 29.38
Barley price 28.65 50.69 14.89
Canala price 117.73 100.45 50.00
Cattle price 3.98 3.98 2.18
Hog price -4.35 -4.53 -2.36
Flour price 29.76 2546 16.69
Oil price 130.22 L11.51 55.40
Meat price -0.21 -0.31 -0.10
Wheat demand -86.10 -86.10 -65.07
Barley demand 1.12 2.06 0.57
Canola demand -77.12 -72.45 -50.05
Cattle demand -13.30 -11.51 -6.82
Hogs demand [45.14 152.57 185.71
Wheatexport  40.80 4073 4057
Cattle export 123.53 123.53 67.65
Hogs export -39.02 -10.65 -21.14
Canola export 438.00 362.00 140.00
Producer protfit 327.77 407.82 180.44
165
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Table 5.2 Effects of 20% Increase in Domestic Demand for Commodities

Percentage change (%) from base solution

20% increase in 207 increase in  20% increase in  20% increase in
domestic demand domestic demand domestic demand domestic demand

Variable for wheat for canola for cattle for hogs
Wheat production -4.09 -3.12 0.68 -1.80
Barley production -0.06 -0.02 -0.19 0.01
Canola production -3.59 21.06 -1.89 -1.04
Cattle production 0.00 -0.32 16.90 -0.11
Hog production -0.69 -I1.11 4.86 2.78
Wheat price - 9.04 -6.21 2.26 1.13
Barley price -2.81 -1.40 0.00 0.28
Canola price 273 545 1.36 091
Cattle price 0.00 -0.19 -1.14 0.09
Hog price 0.09 0.36 -0.18 0.18
Flourpricc 540 371 1.18 0.51
Oil price 2.88 6.12 .44 0.72
Meat price 0.00 0.00 -0.84 0.00
Wheat demand 19.99 2169 -6.34 -2.61
Barley demand -0.12 -0.04 -0.40 0.01
Canola demand -1.19 20.11 -2.19 -1.24
Cattle demand 0.00 -0.11 20.00 -0.22
Hogs demand -9.52 -95.24 42.86 19.05
Wheatexport 10.78 4961 49.70 0.01
Cattle export 0.00 -5.88 -64.71 294
Hogs export 0.81 3.25 -1.63 0.00
Canola export 60.00 50.00 30.00 20.00
Producer protfit -3.77 -1.42 5.09 +.72
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Appendix 3a: Empirical Model
Structure Equation Commodity
o 5 WS Wheat, Canola,
Farm Supply q.(v) = ) ’0'5 +o, +).a; ~ i#j & i,j=L..5 | Barley, Cattle
it = W and Hogs
Processor wqt ) Wheat, Canola,
Demand s = = = W Fb.lnp b Inw)  i=l..4 | Cattle and Hogs
d - =
a5 = O+ D,0,w, J=3..3 Barley
i
Processor o PrXe . Wheat flour,
Output S T T by +b.Inp, +by Inw, k=L..3 1 canola oil, and
meat
Farm Market g, = ¢ ’,, + qf i=1,..5 Wheat. Canola,
Closing Barley. Cattle
[dentities and Hogs
Expor-t gf = ¢, + Ow i=1,..4 Wheat, Canola.
Function Cattle and Hogs

* The subscripts i/ are indexed I=wheat. 2=canola. 3=slaughter cattle. 4=slaughter hogs and 3= feed barley: and the
subscript £ is indexed as I=wheat tlour. 2= cunola oil. and 3=meat
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6. GENERAL DISCUSSION AND CONCLUSIONS

6.1 Introduction

The purpose of the thesis is to assess the impacts of post-farm-gate value added
activities on western Canadian agriculture. Value adding activities in the form of research
and development projects in the post-farm-gate sector are assumed to result in increased
demand for primary commodities produced in western Canada. The hope is that value-
adding activities will contribute to economic development, sustained prosperity, and
adaptation in the changing agricultural environment. Thus, the thesis aims at assessing
the effects of value adding on the production of primary commodities, prices and the
welfare of farmers. Primary commodities that are considered in the thesis include wheat,
barley, canola. slaughter cattle and slaughter hogs.

The procedure adapted to achieve the objectives of the thesis was first, to
establish the tvpe of relationships among the commodities considered in the study.
Sccond, the nature of the market for these primary commodities was assessed and finally,
experiments were conducted to provide insights into the effects of the assumed increased
demand for commodities resulting from post-farm-gate value adding activities. The
effects assessed are changes in prices, quantities and producer welfare in the form of

profits.

6.2 Results

The results indicate significant economic interrelationships among wheat, barley,
canola, slaughter cattle and slaughter hogs at the farm sector. The supply of each of the
commodities is positively related to its own price. Wheat production and barley
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production appear as complements but canola production appears to be a substitute to
wheat production. The results also indicate jointness in the production of grains and
oilseeds. Hog production is positively related to the prices of wheat, barley and canola.
Cattle production is positively related to the price of barley. The results indicate non-
jointness in the production of cattle and hogs and jointness in the production of hogs and
barley.

The results from the assessment of the market for farm commodities indicate that
the demand curves for slaughter cattle. wheat, feed barley, canola and labour are
downward sloping. Labour and the five farm commodities are found to be complements
in the food production process. On the issue of the existence of market power held by
processors, there is no evidence of non-competitive behaviour in any of the commodity
markets examined. The ubsence of non-competitive behaviour may be attributed to
factors such as the structure of the commodity markets, increased competition from world
trade, technical change, and cost economies of food processing operations.

Results from the simulation exercises corroborate the earlier finding that
production of commaodities is positively related to the price, and that substitution and
complementary relationships exist among the commodities. The results indicate that an
increase in the price of one commodity results in an increase in the production of the
commodity and a fairly constant or decline in the production of others. An implicit
assumption underlying the simulation model is that land is fixed. Hence, there is
competition for the land resource in production. Thus, the model solution illustrates price

and quantity response and cross-commodity substitutions. High prices of commodities
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cause domestic demand to fall and exports to increase, particularly for wheat and canola.
Farmers’ welfare increased significantly with an increase in the price of grains/oilseed.
Experiments conducted by increasing the quantity of commodities demanded on
the domestic market resulted in a very small effect on commodity prices. As a result, the
increase in farmers” profits is also minimal. Changes in quantity variables did not trigger
changes in price variables suggesting that in Canada, commodity prices are exogenously
determined and predominantly by situations in the international market. Consequently,
farmers’ incomes are also determined predominantly by situations in the international
market. The belief that increasing domestic demand for commodities (through increased
value adding) would boost commodity prices and farmers’ incomes may not be realized
in the short term. Thus, there are no immediate benefits to farmers from the funding that
governments have spent on value added investments. Any anticipated benefits to farmers
would require signitficant marketing strategies, policy shifts in the agricultural sector

and/or structural changes in the agricultural industry.

6.3 Recommendations

It is clear from the results that the volume of Canadian agricultural commodities
traded on the world market is too small to permit Canada to influence world price*'. On
an individual commodity basis however, Canada may be able to influence the price that
farmers receive. As Figure 5.1 illustrates, shifts in the domestic demand of a commodity
can result in a price increase provided the excess demand function that Canada faces on

the world market is upward sloping. Figure 5.1 and the results from the simulation

*! The total Canadian agricultural products exports averaged about 3% of total world agricultural products
exports for the period 1992 to 1997 (Food and Agriculture Oreganization -FAQ 1999)
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exercises indicate that farmers’ welfare is increased with increased commodity price.
Prices are determined by the market therefore, there is the need for strategies directed at
specific markets to enhance a rise in price. On the foreign market, strategies must be
directed at increasing market share. Some strategies could include entrepreneurial spirit
and ingenuity in establishing new markets, and positioning commodities in existing
markets. Canada’s average market shares in the world market for wheat and barley from
1988 to 1997 are about 18% and 19% respectively (Canadian Wheat Board 1999; Food
and Agriculture Organization 1999; International Grains Council 1999). Canada’s share
of the world market for canola is about 48%. Even without a focus on enhancing a rise in
commodity prices, farmers’ revenues per unit of production could be increased and
sustained with increased exports of commodities if the world price of commodities
remain constant.

Canada’s potential to influence prices on the world market depends critically on
the world demand for commodities, which is erratic. Consequently, domestic value-added
processing has been seen as an opportunity for guaranteed markets that would facilitate
high prices of commodities. Adding value to enhance the price of commodities will be
effective when an appreciable proportion of domestic production is processed
domestically and a smaller proportion of the commodity is exported. The current
development of new value-added processing opportunities on the Prairies (e.g., canola
crushing plants and livestock slaughter fucilities) will provide some economic activity in
the Prairies. However, these activities will not enhance the price of commodities at the

farm gate, which will continue to be set by the world price, less transportation cost. The
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loss of direct support from the government means that farmers will continue to face the
full impact of downturns in agricultural commodity prices.

Although farmer involvement in processing can take many forms, the formation
of new structures of co-operation and vertical co-ordination in the food chain must be
given special attention. New management structures are required to meet the challenges
of the new agricultural economy. The “New Generation Co-operatives” (NGCs) initiated
in the US in North Dakota and Minnesota provide a potential model to follow. New
Generation Co-operatives integrate farmers into domestic processing activities, with
focus on vertical integration between these levels. Such arrangements provide farmers
with a set price for their primary commodities as well as earnings from the processing
and value adding activities. Thus, NGCs may have the potential with respect to first, their
inherent ability to compete in value-added products market and second, providing ways

of generating and sustaining producers’ revenues from the marketplace.

175

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



References

Canadian Wheat Board (CWB), Statistical Tables, 1997-1998 Crop Year, 1999

Food and Agricultural Organization (FAO), Commodity Market Review, 1998-1999

» Yearbook: Trade Commerce, Vol. 51, 1997

International Grains Council, World Grain Statistics, 1997/1998

176

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



