
117

Economic Evaluation of Harvested Forage Demand in Beef Cattle
in the Prairie Provinces

Chris Beckman

A thesis
presented to the University of Manitoba

in partial fulfilnent of the
thesis requirement for the degree of

Masters of Science
in

Departrnent of Agricultural Economics and Farm Management

'Winnipeg, Manitoba

(c) Chris Beckman, 1996

May 1996

by

-1-



¡*l N,flonarLibrav

Acquisitions and
BibliograPhic Services Branch

395 Wellington Street
Otlawa, Ontar¡o
K1A ON4

The author has granted an
irrevocable non-exclus¡ve licence
allowing the National LibrarY of
Canada to reproduce, loan,
distribute or sell cop¡es of
his/her thesis by any means and
in any form or format, making
this thesis available to interested
persons.

the copyright in his/her thesis.
Neither the thesis nor substantial
extracts from it may be printed or
otherwise reproduced without
his/her permission.

ISBN 0-612- 12976-4

Bibliothèque nationale
du Canada

Direction des acquisitions et
des services bibliograPhiques

395, rue Well¡ngton
Ottawa (Ontario)
K1A ON4

Your l¡le volrc rélérence

Our l¡le Nolre télércnce

The author retains ownershiP of L'auteur conserve la propriété du
droit d'auteur qu¡ protège sa

L'auteur a accordé une licence
irrévocable et non exclusive
permettant à Ia Bibliothèque
nationale du Canada de
reproduire, prêter, distribuer ou
vendre des copies de sa thèse
de quelque manière et sous
quelque forme que ce soit Pour
mettre des exemplaires de cette
thèse à la disposition des
personnes intéressées.

thèse. Ni la thèse ni des extraits
substantiels de celle-ci ne

doivent être imprimés ou
autrement reproduits sans son
autorisation.

C¿nadä



ECONO}IIC EVALUATION OF EARVESIED FORAGE DEHAND IN

BEEF CAÏTLE IN l.HE PR.AIRIE PROVINCES

CER.IS BECKMAN

A Thesis submitted to the Faculty of Graduate Studies of the University of Manitoba
in partial fulfillment of the requirertents of the degree of

TIASIER OF SGIENCE

@ 1996

Persrission has been granted to the LIBRARY OF THE TINIVERSITY OF MANITOBA
to lend or sell copies of this thesis, to the NAIONAL LIBRARY OF CANADA to
microfilm this thesis and to lend or sell copies of the film, and LIBRARY
MICROEILMS to publish an abstract of this thesis.

The author reserves other publication rights, and neither the thesis nor. extensive
exkacts from it may be printed or other-wise reproduced without the author's written
permission.

BY



I hereby cleclare that I am the sole author of this thesis.

I authorize the University of Manitoba to lend this thesis to other institutions or
individuals for the purpose of scholarly research.

Chris Beckman

I further authorize the University of Manitoba to reproduce this thesis by photocopying
or by other means, in total or in part, at the request of other institutions or individuals for
the purpose of scholarly research.

Chris Beckman



The University of Manitoba requires the signatures of all persons using or photocopying
this thesis. Please sign below, and give address and date.

lll



Abstract

This thesis investigates the demand for harvested forage in beef cattle on the

Canaclian prairies. Currently, little information exists on demand for forage on the prairies

because of the lack of a central "open" market. However, most of the forage produced in

Manitoba, Saskatchewan and Alberta is consumed by beef cattle. This stucly investigates

two sources of change in forage demand in beef cattle, substitution within rations and

variation in livestock populations.

An aggregate forage dernand model is estimated, employing data generated from

two submodels. The first, a least-cost ration model, calculates the quantity of forage

consumed under different economic scenarios. The second, a livestock inventory model,

estimates livestock population based on a lagged livestock/barley price ratio and lagged

real interest rates. Aggregate forage demand is then estimated and tested for stability

under a number of different economic scenarios.

The results indicate that under typical economic scenarios the demand for

harvested forage is stable and ranges from 6 to 10 million tonnes per year. Forage

demand in beef cattle is prirnarily for low to medium quality forage, with high quality

forage being consumed in high forage priceÄow grain price scenarios. The forage price

elasticities are -.67, .54 and 1.0 for the forage price, grain price ancl population variables,

respectively. Any attempt to expand forage consumption in beef cattle should focus on

expanding livestock populations, rather than substituting forage for grain in the rations

of beef cattle.
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lntroduction

Chapter I

1.0 Background

This study investigates the quantity and quality of forage consumed by beef cattle

in the three Canadian prairie provinces. Forages are defined by Webster (1986) as the

vegetative food (hay or grain)t harvested for consumption by domestic animals. Forage

production is irnportant in the prairie region of Canada. In 1990, 15.3 million tonnes of

tame hay were harvested from 3.4 million hectares in Manitoba, Saskatchewan and

Alberra (Table 1.1).

Forages are the major ingredient and source of nutrients in domestic ruminant

rations on the prairies. The quantity of nutrients that they supply is largely determined by

their relative cost compared to nutrients available from sources such as grain, and by

metabolic constraints of the animal. Cattle must consume a minimum quantity of fiber to

maintain rumen action and to reduce the potential for acidosis. Cattle also require

minimum quantities of protein and energyz , to be used for body maintenance, growth,

parturition and lactation. The quantity of nuffients suppliecl by forages is a function of the

quantity of forage dry matter (clrn) consumed and the concentration and availability of

I Forages can be tame, native or straw. Tame forages consist of human cultivated legumes
(e.g., alfalfa, clover) and grasses (e.g., timothy, wheat grasses, brome). Native forages are
adapted to the local climate and grow without cultivation. Straw is the stem and leaf byproduct
of grain procluction.

zEnergy requirements (and content) may be defined using alternative measures such as
percent total digestible nutrients (TDN), or joules (or calories) of net energy (NE) or digestible
energy (DE).



Table 1.1 Harvested Area and Production of Field Crops by Province, 1990

Manitoba Saskatchewan Alberta Canada

Area ('000 hectare)

wheat
oals

barley
uune hay
improved
pasturel

unimproved
pasture'

2,r98
182
627
668

275

2,337

8,288
405
1,416
850

819

6,555

3,136
627

2,084
1,882

r,337

7,749

14,063
1,517
4,59r
n\a'

3,559

21,816

total farm a¡ea 7,740 26,599 20,655 67,826

Crop Production ('000 tonnes)

wheat
oats
barley
üune hay

5,8-s 1

432
1,931

3,084

t6,847
833

3,70t
2,722

6,614
1,517
6,096
9,525

31,009
3,546
t3,232
33,1,12

Source: Strtistics Canada 1990
t 1986 figures
2 includes unirnproved land
3 not available

nutrients in each unit of forage dry matter (i.e., forage quality).

Forage quality is measured by a number of subjective criteria. However, the main

indicators are protein, energy, and fiber content per unit of forage. Quatity varies among

and within the different forage classes with tame forages usually possessing higher protein

and energy, and lower fiber levels, as compared to native forages and straw. As a

nutrient source, forages are more variable in energy, protein, and fîber per unit than other

colntnon livestock feed ingreclients. Factors such as forage species, soil fertility, stage

of growth and management practices, all affect quality (Minson 1990). No widespread and

generally accepted standards for measuring unifonn quality in forages exist, despite

a



research that has attempted to establish grades based on observable factors (Tyrchniewicz

1993).

Most of the forage grown in western Canada is consumed by dairy and beef cattle.

Livestock production is an important sector in the prairie region. As shown in Table 1.2,

62 percent of all cattle in Canacla are located in Manitoba, Saskatchewan and Alberta.

Most of these are beef cattle, with the prairie region having 76 percent of all beef cows,

69 percent of all calves, 67 percent of all beef heifers, and 62 percent of all steers.

Conversely, only 17 percent of dairy cows in Canada are located in the prairie region.

Given relative numbers, beef cattle are obviously the major consumers of prairie-grown

forages within the three provinces. Dairy cattle consuffte a lower, but still significant,

quantity of forage.

The prairie horse population, while not considered in this study, consumes

approximately the same quantity of forage as the dairy industry. The horse population

includes horses used for recreational purposes, and animals used in the PMU industry.

The majority of the forage consumed by "recreational" horses is of high quatity. Horses

in the PMU industry consume low quality forage in winter months and high quality

forage in summer months.

Due to high lactation levels (average >22 kg/day) dairy cattle require a ration high

in protein and energy. The fiber content of dairy rations is usually limited because high

fiber feedstuffs tend to be low energy. A typical dairy cow ration contains >10 kg/day of

grain-basecl concenrates which is supplemented by forages. Forage consumption in dairy

çattle is bounded by the animal's gut size (i.e., upper limit) and by minimum fiber

-3-



Table 1.2 CatLle Population for the Prairie Region and Canada, July l, 1990

Type of Cattle Manitoba Saskatchewan Alberta Canada

Inventory ('000 head)

Prairie
Total as

Vo of
Canada

bulls
daìry cows
beef cows
dairy heifers
beef heifers
steers

22
&

390
28
105

83

383
t,075

50
52

845

t9
230
t70
794

2,160

92
123

1,500
52

s80
498

1,465
4,3t0

237
t,379
3,591
644

1,368
1,2t3
3,8r7
12,249

69Vo

l77o
767o

157o

67%
62Vo

697o

62To

calves
tot¿rl

Source: Statistics Canad¿ 1990.

requhements to avoid acidosis (i.e., lower limiÐ. Generally, producers attempting to

achieve maximum milk production per cow feed high quality forages. Increased milk

production per cow, combined with a stable consurner demand for dairy products, have

resulted in a declining dairy cattle population in the praide region. As a result, the dairy

sector provides a stable but declining demand for high "quality" forages.

Beef cattle can consume a wider variety of ingredients in their ration than can

dairy cattle. Due to a "lower" metabolism, caused by lower lactation levels, beef cattle

require lower levels of energy and protein in their ration. As a result, the quantity of

forage inclucled in least cost beef rations is driven by the forage-concentrate price ratio.

Forage demand in beef cattle is therefore more price elastic than for dairy cattle.

The quality and quantity of forage consumed by beef cattle is affected by the class

of livestock and its feeding regime. Beef cattle rnay be clivided into several classes;

breeding, finishing, feeder and calves. Each class has different metabolic levels, creating

different nufrient requirements ancl forage consumption.

-4-



Breeding cattle, such as cows and heifers, have cyclical nutrient requirements

because of their parturition and lactation functions. 'While both classes must produce

enough milk to raise their calves, heifers also require a higher plane of nutrition for

growth. Typically however, energy, protein and fiber requirements are low enough to

allow forages to form an important paft of diets for breeding beef cattle.

Suckling calves primarily consurne milk from their dam. Therefore, their forage

consumption is minimal. Consurnption is affected however as the calves increase the

nutrient requirements of the dam, who then consume more forage.

Finishing animals on a high rate of gain "finishing" ration (i.e., rate of growth>1.5

kg/day) require a high energy ration to sustain the desired growth rate. This reduces the

potential for forage consumption by these animals. Conversely, a low rate of gain ration

(i.e., stocker programs) allows steers and heifers to be fed a high fiber, low energy diet,

which increases potential forage consumption. Despite their different nutritional

requirements, all classes of beef cattle consume significant quantities of forage.

Historically, the beef cattle population in the Canadian prairie region has exhibited

a cyclical pattern (Gracey 1981). This cycle, caused by biological production lags in

response to price changes, results in a ten to fifteen year variation in cattle numbers.

Typically, it takes three to four years for a price change to create a similar change in

cattle supply. This leads to large price and supply variations, which in turn affects the

quantity of beef demanded. Consumers respond to changes in relative meat prices by

substituting among different types of rneat available to them, of which beef is one choice.

-5-



During this population cycle the number of steers marketed remains relatively

constant. However, large variations occur in cow and heifer populations. The regional

forage clemand is driven by ingredient substitution in cattle rations and the cyclical

population. As the major consumer of forage, as previously discussed, any change and/or

growth in forage dernand by cattle will undoubtably come from the beef sector.

1.1 Economic Problem

Interest in forage production in the prairie region has been fuelled by perceived

agronomic benefits, increased profitability and expanding markets. Prairie soil erosion has

concerned producers and scientists for decades. The low and sporadic prairie rainfall and

windy climate provide suitable conditions for increased soil erosion. Forages, grown in

rotation with other crops, are an agronomically effîcient method of preventing soil erosion

(Smith and Shaykewich 1990). Alfalfa, grown within crop rotations, is also effective at

breaking up disease, weed and insect problerns (Ward et al. 1990).

Some forages are also legumes (eg. alfalfa clover). Legumes provide benefits

through the fixing of N. The quantity of N "fixed" by legumes is affected by factors such

as species, harvest management and environment. (Badanuddin and Meyer 1989). Grain

yields are increased when preceded by a legurne crop; yields and crop quality are

stabilized in crops following legumes. Nitrate (NOr) pollution of groundwater from

agriculture systems can be reduced by legurne production (Peterson and Russelle 1991).

Alfalfa acts as a buffer in the N cycle by altering the quantity of N, fixed from the

atmosphere to cornpletnent available N from other sources. The risk of N, leaching is

reduced by alfalfa's use of wate¡ in the fall and early spring.

-6-



The majority of prairie farm income is generated through production of grain.

Overreliance on grain revenue and its cyclical boom and bust price cycle contributed to

the prairie agricultural crisis in the 1980's (Fulton et al 1989). High prices and optimism

of the 1970's created a buoyant land market which was fuelled by cheap credit. Falling

grain prices in the 1980's lowered fann income, and contributed to a build up of farm

debt and reductions in farrnland values by 50 percent between 1981 and 1987. These

events led to efforts to diversify farm incorne.

Alfalfa is one crop with the potential for diversifying agriculture income. The

majority of prairie producers who grew alfalfa for sale during this time (i.e., the 1980s)

netted more money from alfaffa than from grain production (Dolberg 1984). When they

didn't, the problern was usually traced to a lack of quality in the product.

These factors favour increased forage production. However, the ability of forage

to contribute agronomically and economically hinges on its profitability in the crop

rotation. This is neatly expressed by the following excerpt:

"These factors would increase forage production, what is needed is a
greater effort to expand forage markets, because low input farming is
likely to increase forage production, regardless of what happens to farm
programs ... part of the challenge in sustainable agriculture is the market
development aspect" (Hay and Forage, June issue, page 11 1990).

Demand for forages exists both within and outside of the prairie region. A

significant export market for high quality forages exists in the United States, Europe,

Asia, the Micldle East, South America and the Caribbean (Tyrchniewicz et al 1991).

Howevet, these rnarkets tend to be stable in size, difficult to peneffate, and relatively strict

with respect to quality requirements. Little information exists for the internal or regional
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(i.e., prairie) markets as most forage is either consumed on the farm where it is grown

or is traded locally, farm to farrn. A regional "open" market, where price and quantity

data are readily available to third parties, has not cleveloped to date3.

The annual supply of prairie forages is highly variable, as yields are closely

correlated to the fluctuating moisture conditions on the prairies. The low weight to value

ratio has historically limited the transport of forages to within a close radius of where it

is grown. This quite often results in neighbouring districts suffering from alternate forage

shortages and surpluses. Aclvances in forage ffansport technology (i.e., hay compaction)

has alleviated some of these problems. However, the technology is relatively expensive

and is not readily available across the prairies.

In addition, prairie forage markets are "thin" or price inelastic as small changes

in demand or supply create a volatile price reaction. The combination of fluctuating

yields, volatile prices and a lack of a cenffal market complicates the estimation and

prediction of the quantity and quality of forage consumed.

1.2 Research Objectives

This thesis develops a method of estirnating and predicting aggregate forage

demand in the beef sector for the Canadian prairie region. The prairies provide a

relatively homogeneous region with uniform climate and production technology. This

results in a situation where livestock producers across the region have access to the same

3 There is some infonnation concerning forage prices available in the prairie region. For
example, Manitoba Forage Council together with Manitoba Agriculture, publish forage prices lists
for Manitoba. However, these reports tencl to be based on lirnited survey data and do not include
volume of sales.
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ingredients for use in beef rations. The homogeneity of the production region is

incorporated, along with beef cattle's diverse nutrient requirements and variable ingredient

prices, in the estimation of aggregate forage demand.

The variable temporal and spatial nature of demand for forages also must be

addressed. The prairie beef hercl expands ancl contracts cyclically over a ten to fîfteen year

span. As well, the major market for prairie-grown forage is regional, with most of the

forage consumed on-farm or marketed locally. This, in turn, leads to a shortage of price

and quantity data. These issues must be incorporated into any analysis within the thesis.

This study has three objectives. The first objective, is to develop a model to

examine the economic problern; that is, quantify forage demand for the prairie beef sector.

The second objective is to collect data necessary for estimation of forage demand and the

actual estimation of the model parameters. The third and final objective is to use these

results to assess forage demand in terms of size, stability, and potential for growth.

1.3 Thesis Outline and Scope of Study

The thesis is divided into six sections. Chapter 2 develops the economic theory

and reviews the literature dealing with forage demand, presenting a justification for the

method employed in this study. Chapter 3 develops the analytical forage demand model

and the ration and inventory submodels enrployed in the thesis. Data collection is

discussed in Chapter 4, while Chapter 5 presents the results from the forage demand

model. The demand for forage will be cliscussed under a number of scenarios. These

scenarios are created by changing explanatory variables and economic conditions. The

-9-



final chapter summarizes the thesis findings, presents the conclusions, discusses analytical

shortcomings and identifies areas for further research.
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Theoretical Foundations and Literature Review

Chapter II

2.0Introduction

This study focuses on the aggregate clemand for forages in the production of beef

cattle in the Canadian prairie region. This chapter outlines the theoretical approach

employed in estimating the forage demancl. In particular, the analysis is subdivided into

two subproblerns; forage clernand for individual units of product (i.e., forage consumed

per anilnal) and livestock production (i.e., supply of beef animals). These subproblems

may be solved using separate ration and livestock inventory models. This chapter also

provides a review of the relevant literature concerning analysis of livestock rations and

inventories.

2.1 Production Theory

Microeconomics is concerned with the behaviour and interaction of individual

economic units described as the household ancl the firm. The firm is often assumed to

maximize profits (or minimize costs) subject to constraints imposed by technical and/or

market forces (Varian 1984). The fir¡n's, industry's, or society's choice of what to

produce, the quantity to produce and optimal resource allocation is the foundation of

production economics (Beattie & Taylor 1985).

Multi-procluct procluction is the production of several products with the products

linked through resource constraints, non allocable factors of production and/or jointness

in production. Beef producers, in general, rnay be assumed to make production decisions

within a rnulti-product, multi-factor framework. Producers have several options; cattle
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can be raised and sold as calves, fed and sold as stockers or finished in a feedlot. Each

class of livestock represents a separate procluct. In some cases, these products are

"intermediate" in the sense that they are inputs for another product.

Given a behavioral assurnption of profit maximization, neoclassical theory suggests

that producers make clecisions concerning multiple outputs and inputs so as to maximize

net returns, subject to technical and marketing constants.4 For an n-product, m-factor

scenario, this may be represented mathematically as follows:

Maximize II = E pÌ¡ -Er,r,
ji

(2.r)

subject to:

yi = fJG'{,*1.,...,*!) vi = 1,2,---,ft (2'2)

*r= E r! Vú = 1 ,Z,...,ffi (2.3)
i

where II : profit

Pj : Price of ProductT

wt = price of factor i

l¡ = production of productT

)ci = total amount of factor i used in procluction

*! = arnount of factor j used in production of product j

o A discussion of the basic theoretical model (i.e., multi-product, multi-factor) may be found
in any standard production economics reference (e.g., Beattie and Taylor 1985).
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1lf = production function for output 7

This formulation assumes that all factors of production are allocable. Products and

factors are linked through the set of technology constraints (2.2) and the factor

aggregation constraints (2.3). Assurning that second order conditions are met (i.e.,

concavity of /''s), this problem may be solved as a consffained optimization problem

using the Lagrangean method. The first orcler conditions resulting from this formulation

are as follows:

AL

ô*

AL

ô*,

aL =o
a*!

=0

=0

V j = 1,2,...,r1

Vi = 1,2,...,n1

Vi = 1,2,...,tÌt Vj = 1,2,...,ft

Vi = 1,2,..,,m

VJ = 1,2,...,n

(2.4)

(2.s)

(2.6)

(2.7)

(2.8)

ô¿ =0
ôÀ,

ô¿ =0
6Fl

where L(y,x,Ip) is the Lagrangean function found from equation (2. r) - (2.3), À, is the

Langrangean multiplier for the ih input aggregation constraint (2.3),lt is the Lagrangean

multiplier for the jü technology constraint (2.2) and y,, x, and x,r are defined as before.

This set of 2(n+m) +nm equations may also be solved to obtain a system of output supply

and factor demand functions as follows:
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J

where \. ir the optimal (i.e., profit maximizing) supply of product j, xj. is the

optimal demand for input i in the procluction of product j, X,.is the aggregate factor

demand for input i, ancl p and w are vectors of output and input prices respectively.

This analytical model may be used as the basis for empirical estimation of aggregate

forage clemand. Given information about factor usage, as well as output and factor prices,

x" ,o*A1¡could be estirnated as a function of forage price, livestock prices and other factor

prices.

Limiting the empirical applicability of this approach is the lack of data concerning

forage utilization. This necessitates an alternate approach. Assuming linear homogeneity

in production, constant retums to scale and the unconditional demand for a factor; output

can be decomposed into two parts, as follows:

y.* = yj*(p,w) Vi = 1,2,...,n

lrt = ,!t(p,.) Vi = I,Z,...,m Vj = L,Z,...,n

,rt = rl(p,w) = E ir'(p,*) Vi = L,Z,...,m

4. @,w) = li" @,y¡ )
= lr'(w,l) x y; @¡,*)

(2.e)

(2.t0)

(2.t1)

(2.12)

where X/" is the demand for factor i in the production of output j, conditional on level

of output j ( i.e., the "least cost" amount of x/) with x/-, y¡ ,p and w being defined as

before.

In this way, optimal factor use may be calculated as the least cost factor use per

unit of product x,j" (w,1) rnultiplied by the optirnal level of production (y,.). In the case
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of forage, this would be equal to the amount of forage fed per animal muttiplied by the

number of animals being fed.

This is the analytical model used in the study. Forage demand per unit of

production is estimated through an assumption of cost minirnization, combined with

information concerning nutrient requirements and availability (i.e., æchnology). In

particular, an optimization problem is formulated and solved whereby total ration costs

for an indiviclual animal (i.e., cow, steer, heifer or bull) are minimized subject to nutrient

requirements for the animal being met by the ration.

The second part of equation 2.12 represents the optimal supply of product (i.e.,

Y¡ = production of beef cattle in class j). nn estimate of this supply is obtained by

modelling the relationship between the observed supply or inventory of cattle and

observed input and ouþut prices. This analytical model is discussed in more detail in the

next chapter.

2.2 Review of Related and Relevant Studies

Given the theoretical subdivision of aggregate forage demand into forage demand

per animal and optimal livestock supply, the literature review is also divided along these

lines. Studies related to the modelling of forage consumption by beef cattle are reviewed.

This is followed by a review of the relevant literature concerned with estimating livestock

inventories (i.e., supply). This review provides background and foundation for the

empirical moclel used in this study.

-15-



2.2.1 Ration Studies

Most anirnal level forage input demand analysis involves the use of linear

programming to identify least cost rations. The analysis typically involves explicit

solutions for a cost minirnization problem. Ration cost, either daily or annual cost, is

minimized subject to nutrient consffaints. These consÍaints ensure that sufficient nutrients

are fed to obtain the required or specified level of production.

There are many empirical examples of this type of analysis in the literature. These

include: Sonontag and Hironaka (1974), Brokken et 
^l 

(1976), Burt (1978), Melron er al

(1978), Epplin et al (1980), Apland (1985) and Freeze er al (1990).

Sonontag and Hironaka (1974) suggest a framework for use in ration formulation

analysis. They suggest that relevant factors in ration analysis include:

a) absolute and relative prices of alternative feedstuffs;

b) prices received for the sale of animals and related products;

c) interest rates;

d) carcass quality under different feeding regimes;

e) nutritional requirements and growth characteristics of the animal; and

Ð the length of feeding period.

Sonontag and Hironaka's study employs static analysis to mimic dynamics and

incorporates explicit cost minimization behaviour. Consequently all of the above factors

may not be relevant for all analyses. However, their study provides insights into the kinds

of consiclerations that may be relevant for the analysis of optirnal feeding strategies. Prices

are necessary in any such analysis and interest rates are important where dynarnic
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optimization is involved. The complexities of the nutritional relationships and their

primary importance in actual production decisions require that proper attention be given

to them in the conceptualization of the feecling problem.

A technical framework for estimating the voluntary feed consumption and

production performance for diets ranging widely in nutrients and energy concentration is

developed by Brokken et al (1976). The traditional production function framework is

limited in its ability to assess technical and economic efficiency in cattle feeding, due to

a lack of consideration for factors such as rate of gain, time, difference between animals,

specific beginning and ending weights and other complicating factors. A general

framework by Brokken et al specifies the voluntary intake and energy requirements for

three animals in order to estimate tot¿l feed requirements and growth from diets that vary

greatly ranging widely in roughage and grain content. An economic analysis of

grain/roughage substitution for various classes of livestock under different production

scenarios is conducted employing a dynamic profit function.

Epplin, et al (1980) investigate the beef gain roughage/concentrate ratio and

curvature of the roughage - concentrate isoquant. Previous studies had suggested that a

non-convex region may exist for this isoquant, extending over rations ranging from low

energy to low roughage. It has been suggested that the ability of roughage to compete

economically with concenftate diminishes as animal weight increases. This "tipping"

phenomenon, along with the existence of non-convex regions in the roughage-concentrate

isoquant, would explain the popularity of feeding high roughage rations to lightweight

anirnals, followed by a high concenftate ration at heavier weights.
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The study by Epplin et al. presents the results of an experiment involving two

farms and six rations, conductecl over a three year period. In each year twelve pens of

cattle are fed. Six pens are fed a constant quantity of metabolizable energy per day. The

other six pens are fed ad libitum. Beef gain roughage - concenfrate isoquants are directly

estimated from the results. The study results suggest that the overall beef gain roughage -

concenfrate isoquant may have a linear or concave region. Depending on relative prices

for roughage, concentrate and time (i,e.,interest rates), either a high concentrate ration or

a high roughage ration could be optirnal.

The implications of alternative producer objectives for feedlot steer rations are

adclressed by Melton et al (1978). Specification of the behavioral assumption receives

little attention in most agricultural production analyses. Despite agreement among

economists that producers are often influenced by factors other than simply profit or cost,

it is common to simply assume an objective of cost minimization. Melton et al (1978)

quantify some alternative objectives for groups of beef producers and assess the impact

of these objectives on beef production decisions. Five alternative objectives are defined

for the feeding of a corn silage and corn based concentrate ration to beef steers; maximize

the rate of gain, minimize the cost of ration ingredients, minimize the cost of the total

ration, maximize profit per day and minirnize total (feed plus fixed and variable) costs

per day.

The first of these objective is eliminated by Melton et al as being too cost

inefficient. However, srnall profit clifferences among the remaining objectives provide

some justification for the assumption of cost minilnization made in most ration analyses.
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For an analysis of aggregate beef supply or factor demand, however, the errors introduced

by such an assumption and their imputed costs can be sizable when multiplied over large

numbers of anirnals.

Dynamics are incorporated into beef production decisions by Apland (1985). Beef

cattle feeding is modelled as a multistage procluction process using mathematical

programming. Changes in nutrient requirements are incorporated by defining discrete

stagss of growth. Separable programming methods are used to linearize the true

underlying non-linear problem. Apland's study results suggest that increased interest rates

cause a shift in the composition of the optimal ration towards higher concentrate levels.

As new research in cattle nuffition is completed Apland argues that it would be

appropriate to evaluate alternative nutrition requirement estimates in a dynamic context.

The effects of carcass quality and the form of hay used in rations are incorporated

into ration analysis by Freeze and Hironaka (1990). Their analysis indicates that the

economically optimal cornbination of concentrate and forage required to achieve any

particular weight gain isoquant depends on the relative costs of concentrate and forage

as well as cost of tirne (i.e., interest rates) and carcass quality differences. Optimal rations

contain either high concentrate levels or high forage levels, depending on the

hay/concentrate price ratio. An experimental limitation is noted in their study, as the

experiments do not include a typical ration for beef cattle in a feedlot.

The two most irnportant nutrients in ruminant feeding are protein and energy.

Given the variability in conclitions uncler which beef procluction occurs there has been

concern about the specification of these nutrients in econornic models. Brokken (197I)
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develops a system whereby the specification of energy is mo¡e realistic with respect to

physical environments and physiological processes. Using the net energy system

proposed by Loftgreen and Garrett (1968), Brokken's formulations are thought to provide

a more accurate representation of the energy relations in feeding.

This in turn, allows analysts to observe changes in perforrnance resulting from

ration adjustments under conditions of environmental stress. Brokken further sffesses that

the increased ration cost due to the heat adjustment may be offset by the increase in

animal performance.

A 1981 National Research Council (NRC) study provides equations rhat

charactetize the changes in energy requirements and dry matter intake resulting from

shifts in the thermal environment. This allows a more precise analysis of ingredient

consumption under less than ideal environmental conditions. The relationship of animals

with their thermal environment can be dealt with in the context of the thermoneufral zone

(NRC 1981). The thermoneutral zone is a range of ambient temperatures within which

heat production by the body is at a normal level, body temperature is at a basal level and

there is a sensation of maximum comfort (Mount l9l4). The concept of a thermoneuffal

zone is shown in Figure 2.1. V/ithin a range of ambient temperatures in the thermoneutral

zone, there are optimal conditions for perforûlance and health. A cool and warm zone

exists outside the respective lower and higher temperature limits of the thermoneufral

zone. In these "subzones" postural adjustments and changes in energy consumption

required for body maintenance serve to maintain homeothenny. Changes in metabolic heat

production occur at the exÍeme ends of each of these subzones (i.e. the lower and upper
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Figure 2.1: Relationship of a Domestic Animal with Its Environment
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critical temperatures). This requires further changes in energy intake to facilitate

attainment of the animal's perfonnance neecls.

2.2.2 Livestock Inventory Studies

Livestock inventory is the quantity of livestock that the fum (i.e., producer)

possesses in order to supply beef. Discussion in the research literature has focussed on

whether or not proclucers are profit maximisers, the magnitude of price elasticity of

supply, the effects of risk on livestock supply, the effect of domestic policy on supply and

examination of non determination (i.e., chaos). Examples of studies that address these

issues include Reutlinger (1963), Freebairn and Rausser (1975), Rucker et al (1984),
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Gordon (1986), Ospina and Shurnway (1978), Babst and Davie (1987), Owen (1990) and

Chavas and Holt (1991).

Reutlinger (1963) examines theoretical and ernpirical evidence related to the short

run elasticity for beef. From a theoretical perspective, an increasing (decreasing) product

price will increase (decrease) the demand for all normal factors of production. An

increasing beef cattle:barley price ratio creates increased demand for beef çatt\e, but also

results in increased dernand for beef cattle inventory. The correlation between the beef

cattle:feed price ratio and market supplies of beef depends on the balance between the

increased supply of beef ancl demand for inventory build-up.

Disaggregating beef supply into separate components, (i.e., steers, cows and

heifers), Reutlinger estimates a sho¡t run supply function for steers, assuming perfect

competition, fixed technology and no uncertainty. A simple lagged linear model is

estimated with the expected signs of the coefficients being positive. Specification of

market supply equations for cows, heifers and bulls incorporates inventory demand.

Market supply is calculated as the difference between available suppty and inventory

demand. The ¡esulting estimations cannot satisfactorily explain numbers of heifer cattle

slaughtered. Totalling the estimated steer, heifer, and cow supply functions yields a small

and negative supply elasricity (-0.034).

Freebairn and Rausser (1975) study the effects of beef imports on relevant

variables. These variables include beef consumption, production and trade, retail and

farrn prices for fed beef ancl other beef, and beef inventory levels. A simult¿neous

equation model is used to describe the more irnportant causal relationships underlying the
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decision units in the beef sector. The results demonstrate that a price decrease places a

heavier burden on cattle breeders relative to cattle feeders. The authors argue that much

of the effect of lower cattle prices associated with increased imports is passed through to

land values for ranching real estate that is devoted to cattle breeding.

Rucker et al (1984) examine the issue of modelling beef cattle inventory change.

Previous stuclies rely on first order difference equations, representing either adaptive

expectations or partial adjustrnent models, and typically assume a classical non

autocor¡elated error process. However, these previous modelling efforts are unsuccessful

in obtaining statistically precise estimates of an equation to quantify the complex

dynarnics of beef inventory changes.

Rucker et al present an alternative empirical model of beef cattle inventories

designed to provided irnproved cattle inventory estimates. Rather than employing "partial

adjustment" and/or "adaptive expectations" models to justify the introduction of lagged

dependent variables, their stucly uses a generalization of the Maddalo-Rao maximum

likelihood procedure for rational lag models. They conclude that this formulation is

promising for use in econometric rnodels of the cattle industry. The authors do caution,

however, that production shifts could bias the results. Their final cornments note that any

dynarnic regression equation fittecl to aggregate time series data is at best an

approximation to the true underlying structure.

Gordon (1986) estimates a multi-input multi-output aggregate profit function for

the cow calf industry in western Canada. A nurnber of measures are estimated and

assessed; output and input flexibility, short run output supply and input demand
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elasticities, and output and input substitution. Results indicate that producers respond

relatively more to current price changes than to expected future price changes. Short term

price fluctuations significantly influence the ouçut composition between cattle and crops

on cow-calf farms. This suggests that during periods of decreasing livestock prices, cow-

calf producers will shift away from cattie production and increase production of crops.

Ospina and Shumway (1978) investigate conceptual problems in model

specification for beef supply response, noting the difficulty of deriving meaningful supply

elasticities. In particular, they acldress the possibility of negative short run response of

slaughter beef supply to beef price movements. The study attempts to investigate

conflicting issues surfacing frorn earlier beef supply studies and focuses on model

specification. A model is specified that recognizes simultaneity between beef supply and

inventory formation decisions. From the resulting estimates, most supply and inventory

palameters possess the expected signs. Steer and heifer equations have positive own price

and negative alternative price (i.e., other outputs) coeffïcients. Corn prices are negatively

cor¡elated to choice beef supply and positively related to the supply of good beef.

Coefficients for the aggregate short run beef supply equations are contrary to the expected

results, however. Aggregate short run beef supply elasticity is positive with respect to

own price movements, consistent with the ernpirical hypothesis.

Babst and Davies (1987) explore linkages between beef cattle supply and crop

production in order to provicle insights into the cattle cycle. Previous to the early 1980s,

expansion phases for the US cattle cycle ranged from six to eight years. In 1982,

expansion in cattle numbers was cut short after only three years, and was followed by the
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liquidation phase. Whereas previous studies have analyzedfeed costs, Babst and Davies

incorporate deployrnent of resources by proclucers as an explanation for the cattle cycle.

Estimates generated in this study indicate that beef cow numbers decrease by 366

thousand head for each rnillion acre increase in productivity adjusted harvested cropland.

Specifying a cropland pasture/beef cow substitution relationship supplies critical extra

information that is critical in explaining inventory changes in livestock. These changes

are not explainable using analysis based solely on input costs and the current livestock

cycle.

Owen (1990) notes that Canadian beef production has increased while the herd

size has decreased. Beef production rose from 850,000 tonnes in the early 1970s to over

I million tonnes in 1990. At the sarne time, the national herd size decreased from 12

million to less than 11.5 rnillion animals. This trend can be arleastpartly explained by

changes in carcass weights. Average carcass weights have increased from 253 kgin 1970

to 291kglhead in 1989. Meanwhile, a larger proportion of cattle are going on feed at a

lighter weight. Studies intended to model livestock inventory should incorporate this

change in production practices.

Despite the extensive literature, livestock inventory estimation is difficult. Beef

supply estimation has suffered frorn repeated inability to correctly specify the anticipated

sign for certain coefficients. Results from early studies suggest that beef supply moves

inversely to changes in beef cattle prices. Disaggregation of the beef supply and

introducing tirne lags improves "perforrnance" for steer supply, but cannot adequately

explain heifer or cow supply. Incorporating inventory effects into beef supply estimation
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improves the estimation methods, with further improvements resulting from examining

resource reallocation from beef to crop production. Technical shifts in beef supply,

increased ouþut from a smaller herd, faster rates of gain, and improved reproduction all

result in supply shifts over time. This creates potential bias in any inventory/supply

estimation.

Chavas and Holt (1991) examine the hog cycle which, although shorrer than the

beef cycle, operates on the same bioeconomic founclations. As with beef, production

delays are imposed by biological lags to market price changes. The study employs a

Generalized AutoRegressive Heteroscedastic model and fincls evidence of chaos. Chaos

refers to "unpredictability" in the cornpletely deterministic clynamic systems.

The presence of chaos makes it somewhat dangerous to extrapolate results from

basic models, increasing the difficulty of economic forecasting. The results of Chavas

and Holt's estimations provicle an inclication of the complex nature of non-linear dynamics

in the pork market, which cannot be represented by a few state variables. Fundamental

asymmetries likely exist between the expansion and contraction phases of the pork cycle.

Sources of unpreclictability in the pork cycle remain unclear. Therefore, economic analysis

of pork supply should be treated cautiously. Accepting the argument that the

nondeterministic behaviour present in the pork cycle may also influence the beef cycle

implies that the nature of beef cattle inventory change is complex as well.
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Empirical Forage Demand Model

Chapter III

3.0 Introduction

The economic and ernpirical problem of quantifying aggregate forage demand was

introduced in the previous chapter. As noted in the cliscussion, aggregate forage demand

is difficult to quantify ernpirically because of the lack of data and the volatile and thin

nature of forage markets. A method of decomposing forage demand into two parts was

discussed, including necessary assumptions concerning producer behaviour and

technology. This provides a basis for an economic model that may be implemented

empirically in order to examine aggregate forage demand in the prairie region. This

chapter provides a discussion of the empirical moclel used in the study.

3.1 Outline of the Empirical Model

As discussed previously, the "standard" approach to estimating factor demand for

forage is not appropriate, due to lack of clata. As a result, the theoretical model developed

in Chapter 2 involves a decomposition of unconditional factor demand for forage, as

follows:

y',.rp,r) = ffl*,t¡ x yi @rw) (3.1)

where

xi'-(P,w)

x,r"(w,1)

unconditional (i.e., profit maximizing) factor demand for

input i in production of product j

conditional factor de¡nand for input i in production

of one unit of product j
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Y:.(P¡,w¡ optimal supply of product j

and p and w are vectors of output and input prices respectively.

Aggregate forage demancl is decomposed into two parts. The first part is the short

run demancl for forage, as measured by the unit conditional factor demand function. This

is then multiplied by the second part, the supply function or optimal production level, in

order to obtain aggregate demancl.

Three quantitative tools are used to estimate the aggregate forage demand model;

linear prograrnming, econorretrics and simulation. Linear programming models are used

to estimate least cost rations for various classes of beef cattle. The forage portion of these

rations represents the unit conditional demand for forage (i.e., +,"(w,l)).

The relationship between beef cattle inventory in the prairie region and relevant

economic parameters (i.e., input and outputprices) is estimated using econometric models.

These inventory equations represent the supply functions for beef cattle (i.e., yr.(p,,w)).

Aggregate forage demand is also estirnated econometrically, employing the output

from the linear prograrnrning and econometric models as input data. The level of

aggregate forage demancl obviously depends on the magnitude of the relevant explanatory

variables. Simulation techniques are employed to test the stability and sensitivity of forage

demand to changes in the levels of these variables. The remainder of this chapter is

devoted to a more cletailed discussion of the empirical analysis employed in this study.
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3.2 Least Cost Ration Model

3.2.1 Linear Programming

Linear programming is an apptied optirnization tool that has received widespread

use in agricultural economics research. It can be used in situations demanding repeated

decisions using the same base information and has descriptive, prescriptive and predictive

roles in agriculture (McCarl and Nuthall 1982). The general sfructure of a linear

programming problem is as follows:s

Maxilnize (or minimize): Z = çtxt+czxz+...cjxj+...cnxn

subject to:

(3.1)

(3.2)

(3.3)

at tx t+a nxz+... +auxj+... +arn'xo (X)b,

Aztx r+azzxz+... +aijxj+... +ar*xn (X)b,

ailxl+aizx2+...+aijxj+...+a,*xo (>()b.

where x, is the j'h decision variable or activity (e.g., quantity of output j produced

or resource j usecl) and c, is the contribution macle by the jh decision variable towards

the optimization objectiveZ. The weighted sum (i.e., Ð,c,x,) expressed in (3.1) is referred

to as the objective function. The restrictions within which optimization must occur are

s A more det¿iled discussion for the sfucture of linear programming problems is provided
by Lee et al (1985).
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represented by the set of linear constraints in (3.2). These typically represent maximum

limits or minimutn requirements for some resource. The upper or lower limit for the iü

constraint is represented by b,. The coefficients au in (3.2) represent the contribution made

by the j'h decision variable towarcls the ith consffaint limit. Specific interpretation of the

constraints varies with the problem under consideration. Finally, (3.3) constrains the

decision variable to non-nogative values.

Linear programrning optirnally allocates resources to satisfy a linear objective

function given a set of linear constraints. The snucture of a particular linear programming

model, and the interpretation of the results, depends on the specific nature of the system

or problem under consideration.

The use of linear programming rests on several assumptions. Hazell and Norton

(1986) provide a summary of these assumptions. The key assumptions for the purpose of

this analysis are as follows:

1. Optirnization. Linear programming requires that an appropriate objective function be

defined.

2. Determinism. All parameters (i.e., c,'s, au's, b,'s coefficients) are constant and known

with certainty.

Continuity. All resources can be used, and all ouþut produced, in fractional units.

Homogeneity. All units of a particular resource or product are considered to be

identical.

J.

4.
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5. Aclditivity. This assumption requires that there be no interaction between activities; that

is, the total contribution of resources or proclucts is the sum of the

individual activities.

6. Proportionality. Contribution of activities (c,'s) and resource requirements (au's) are

constant regardless of the magnitude of activity levels; that is, constant

retums to scale are assumed. The last two assumptions combine to

effectively require a linear model; that is, optirnization of a linear function

subject to a set of linear constraints.

The process of solving a linear prograrnming model may be canied out graphically

(for very simple problerns), algebraically or through the use of computer software. A

variety of readily available software packages are capable of solving linear program

problems. A complete solution for a linear programming model includes the optimal

objective function value and activity levels, as well as dual values or shadow values for

binding resource constraints. A detailed explanation of solution proceclures, as well as

interpretation of linear programming results, rnay be obtained from a number of sources

(e.g.,Hazell and Norton 1986, Lee, et al 1985).

3.2.2 Ration Models

One common application of linear programming is in the identification of optimal

(i.e., least cost) livestock rations.6 In general, these applications involve minimizing total

ration cost subject to meeting minirnum (ancl sometimes maximum) requirements for

6 Examples of this type of application are numerous and include Brollen et aI (1976) and
Frceze et al (1990).
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essential nufients (e.g., protein, energy, dry matter intake). The resulting solution

represents the cost minimizing combination of inputs (i.e., feedstuffs) required to generate

a given ievel of ouþut (e.g., rate of gain, level of milk production).

The characteristics of this livestock ration problem satisfy, moro or less, the

required assumptions of linear prograrnrning. Cost minimization is an appropriate

objective function (i.e., optimization) assuming it reflects the objectives of producers.

Feedstuffs typically utilized in livestock rations may be used in fractional units (i.e.,

continuity) Also, while not strictly linear in nâture, the contribution of and interaction

between nutrients in ration fonnulation may often be approximated by linear relationships

(i.e., additivity and proportionality). In addition, ration cosr (i.e., the objective function)

is a linear function. Finally, the parameters of the problerns (i.e., feed costs, nufrient

content of feedstuffs, nutrient requirements) are often known with some degree of

certainty by the decision maker (i.e., determinism).

There are two obvious lirnitations associated with the use of linea¡ programming

in least cost ration formulation. The first is with respect to uniformity of feed stuffs (i.e.,

hornogeneity). Feedstuffs do vary in nuffient composition, with time, place, date of

harvest, etc., all affecting the "quality" of the inputs. This is particularly true for forage,

with the variability in quality introducing uncertainty into the analysis. However, in

studies involving a large number of feedstuffs, the likelihood of obtaining perfect and

universal nutrient cornposition data is small. Typically, this variability is ignored in

empirical studies. Therefore, for this study, feedstuffs within a particular category are

assumed to be consistent in terms of quality.
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A second limitation results from the dynamic nature of growth in beef animals.

As the animal grows, its nuÍient requirements change, as does the potential rate of

growth. By their nature, (i.e., detenninism), linear programrning models tend to be static.

Trapp (1989) argues that dynamic theory is weli suited to any problem involving

accumulation of growth for an entity over time. The disadvantage associated with

dynarnic modelling is its complexity and the requirements of a high degree of skill.

Apland (1985) ernploys a grid linearization technique to partirion the dynamic

growth curve of the animal into discrete stages of growth (Figure 3.1). Linear

programming techniques can then be ernployed using the nutrient requirements of the

animal at each stage of growth, to calculate a series of least cost rations (i.e., one for each

stage of growth). The least cost rations calculated for each stage are then summed using

information conceming the length of feecling period for each stage, into an overall least

cost ration. This technique generates results approaching explicit dynamic programming

for accuracy, while avoiding much of the latter's complexity. The grid linearization

technique is employed in this study with each animal's maintenance level or growth curve

being subdivided into discrete stages based on NRC (1984) recommendations and nutrient

requirements for each stage.
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Figure 3.1
Curve

An Example of Grid Linearization for a Dynamic Livestock Growth

3.2.3 Model Specification

Given the above discussion, least-cost ration models are developed for several

classes of beef cattle. Each of these moclels follows a basic pattern with respect to

sffucture as follows:

Minimize Ct = EP,.Ãr* A = 1,...,n) (k = 1,...,r) (3.4)

subject to:

Ð E Av x,n (><) B*

Xr* s Uß

xnr' o

where:

Crk = Daily cost of the ration for one animal of the kú class of livestock in the

fh time period.
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P¡t

4"

4*

Aij

Bir

Price of one kilogram of the jth feed ingredient in the fl time period.

Quantity of j'h feed ingredient (clry rnatter basis) used in the daily ration for

each animal of the kü class of livestock in the fü time period.

Content of the jb feed ingredient with respect to the iú nutrient, expressed

as grams of nutrient per 100 grams (dry matter basis) of feed ingredient.

Limit (maximum or minirnum) for the ih nutrient in the daily ration per

animal of the kü class of livestock.

upper bound limiting the quantity of the jú feed ingredient in the daily

ration for each animal of the k6 class.

The general structure of these models, then includes an objective function (3.4) to be

minimized, a set of constraints ensuring that appropriate nutritional considerations are met

(3.5 and 3.6), and a set of constraints ensuring non-negativity for the activities.

As previously noted, the solution for these rnodels provides the optimal level of

forage to be fed per anirnal. This is equivalent to a point on the unit conditional factor

demand function for forage. By varying the relative prices of the feed ingredients (e.g.,

forages versus "concentrates"), an approxirnate conditional factor demand for forages may

be mapped out. This provicles inforrnation necessary to establish the nature of the

unconditional factor demand for forages, as discussed in the previous chapter.
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3.3 Livestock Inventory Model

3.3.L Econometrics

Econometrics is concerned with the statistical measurement of economic

relationships. V/hile it is a cornbination of economic theory, mathematical economics and

statistics, howevet, econometrics is completely different from each one of these three

branches of science (Koutsoyiannis 1988). Instead it may be considered to be the product

of integrating these three branches for the purpose of providing numerical values for the

parameters of economic relationships, and to verify economic theories.

Applied econometric research is concerned with measuring the parameters of

empirical economic relationships and with prediction (using these same parameters) tho

values of eçonomic variables. Demand and supply functions, cost functions and

production functions are examples of economic relationships that may be estimated and

tested, both for theoretical propositions and specific parameter values (Kmenta 1936).

Econometrics deals exclusively with stochastic relationships, the simplest form of

this relationship being between two variables X and Y in a simple linear regression

model.

This model may be described as follows:

Y¿--d*FX¡*e (3.8)

where

Yi

xi

e

the i'h value of the depenclent variable

the ith value of the explanatory indepenclent variable

the stochastic disturbance or error tenn
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ü,B unknown coefficients to be estimated

The values of variables Y and X are observable but those of e are not. The stochastic

nature of the regression model implies that for every value of X there is a range of

possible Y values, represented by a probability clistribution. This means that the values

of Y can never be forecasted with precision. The uncertainty arises because of the

presence of the stochastic disturbance e which imparts randomness to y.

The linear regression model, employed in econometrics is based on certain

assumptions. These assumptions concern the distribution of e and they allow the use of

the method of "least squares" to the stochastic nature of economic phenomena. These

assumptions are as follows:

1.

)

4.

5. Non stochastic X

number.

The first two assumptions cornbine to

disributed around zero. The third assumption

Normality The error term, e, is normally distributed

Zero mean The expected value of eis zero

Homoscedasticity The variance associated with e is constant (o',2).

Non autocorrelation Individual error tenns are stâtistically independent;

cov(e,,e¡)=0(iÉj).

X is a nonstochastic variable with values fixed in repeated

samples such that for any sample size n, the limit value of

Ð tX, - Ð2 as n appïoaches infinity, is a finite
i=1

1
n

require that the er¡or term is normally

concerning homoscedasticity states that
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every disturbance has the same variance 6ez, whose value is unknown. The fourth

assumption requires that individual disturbances be uncorrelated. The final assumption,

which defines the explanatory variable as nonstochastic, confines researchers to

considering those situations in which the values of X are either conrollable or predictable.

Data may be collected over time, (i.e., time series) or it can be observed over

inclivicluals, groups of inclividuals, objects or geographic areas, (i.e., cross section). Thus

the subscript i may ¡efer to the i'h point or period of time. Typically, aggregate

relationships such as consumption functions, market demand relations or aggregate

production functions are estimated from time series data.

The main criteria for a "good" estimator obtained from a small statistical sample

are as follows:

1. Unbiased Estimator Bias for an estimator is defined as the difference between

its expected value and the true parameter. An estimator is

unbiasecl if its bias is zero.

2. Best Estimator An estimate is best when it has the smallest variance,

relative to any other estimate obtained from alternative

econornetric rnethods.

3. Efficient Estimator An estimator is efficienr when it is both unbiased and has

the minimum variance (i.e., is best).

An estimator is linear is it is determined through the use of

a linear combination of the sample data.

4. Linear Estilnator
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5. Sufficient Estimator A sufficient estimator utilizes all the information about the

true parameter contained within a sample. No other estimator

can adcl any further information.

Using these criteria, an estimator is consiclered to be a "BLIJ" estimator if it is the best

(B), is linear (L) and is unbiased (U).

Due to the stochastic nature of estimated parameters in econometrics, statistical

tests are employed to test the reliability of the generated coefficients in an estimated

equation.T The specific tests or methods of evaluation used in this study to assess the

estimated equations and parameters include R2 value, t tests and the Durbin'Watson test.

The value of R2, also referred to as the coefficient of determination , measures the

"goodness of fit" for the estimated equation. It is calculated as follows:

R2 = 1 - SSE

ssr
(3.e)

where SSE is the sum of squared errors, or the unexplained variation in Y, while, SST

is the total sum of squares, or the total variation in Y. Greater values for R2 represent a

better "fit" for the econometrically estirnated equation.

In econometrics, t tests are often used to test for the statistical significance of

explanatory variables. The test statistic is calculated as follows:

t A full discussion of these tests is provicled
1986).

in standard econometric references (e.g., Kmenta
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-P, - Pi
sE

(3.r0)

where Þ, is the estimated parameter for variable X,, Þ,* is hypothesized value of the

parameter (often assumed to be zero) and SE, is the standard er¡or for the B,

The hypothesis being tested in this case is that B, = Bi* where B, is the "ffue"

value of the parameter. The t statistic is compared to some critical value, which is

dependent on the level of significance and number of observations. If the t statistic lies

"outside" this critical value, the mull hypothesis is rejected. If the null hypothesis is that

Bi = O, and it is not rejected, the variable is judged to be statistically insignificant and

does not impart relevant information to the equation.

The Durbin-Vy'atson statistic is used to test for autocorrelation in the sample data;

that is, the situation where these is correlation between individual observations. This

violates one of the basic assumptions of the linear regression rnodel discussed earlier. The

effect of autocorrelation is to cause the basic ordinary least squares (OLS) estimated

coefficients to be inefficient (unbiased but not "best"). Autocorrelation is a cornmon

problem in time series data, but can also occur in cross-sectional data.

The Durbin Watson test statistic is calculated as follows:
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the dependent variable

the explanatory variable

coefficients to be estimated

n

E (e, - e,-¡)z

d- (3.11)

(3.12)

i,:
t=l

where e, is the actual residual (i.e., error) for the estimated equation calculated using the

tft observation. The value of d is interpreted using a "rule of thumb" approach given the

complicated nature of d's distribution. Upper and lower critical values (du and dr,

respectively) are calculated and compared to d. If d < dr, the null hypothesis of no

autocorrelation is rejected. If d > du, the null hypothesis is not rejected. If dL < d <du, the

test is inconclusive.

If autocorrelation is detected, the empirical model may still be estimated using

alternative estimation procedures. Numerous software packages are available that are

capable of estirnating linear econornetric models, with or without autocorrelation (e.g.,

SAS, Shazam, TSP).

3.3.2 Distributed Lag Model

In situations where time series data are use to model economeffic relationships,

current and past exogenous variables are often used as explanatory variables. An example

of this type of model, callecl a disributed lag model, may be written as follows:

Y, = d * þrXr_r + F2Xr_2 + e,

where

Y

X

u, and p
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the error term

ith time period

This model is called a distributed lag model because the effect of the explanarory

variables on the expected value of Y, is distributed over a number of lagged values of X.

The assurnption is made that the sum of the B,'s is a finite number in order to eliminate

the possibility of explosive values for Y,.

Several alternative forms of clistributed lag estimation have been developed for

use. The polynomial lag model (or Ahnan moclel) is employed in this study. Briefly, since

the true length and nature of the lag is often unknown, the Alman model imposes

arbritary starting and endpoints for the lag. It also imposes the degree of polynomial

desired, (e.g., quaclratic, geometric). This model provides for the opportunity to investigate

the impact of different sized lags on the model. It also allows a flexible estimation for the

lag, rather than irnposing predetermined assumptions.

One concern associated with the Alman model centers around the uncertainty over

the correct specification of the degree of the polynomial and the length of the lag. If the

length of the lag is known, sequential testing proceclures can be employed, comparing

resficted and unrestricted sums of squares. If the lag length is unknown a sequential

series of tests could be employed using unrestricted estimates until a rejection is

encountered. A stanclard F test coulcl be used for this pu{pose.

3.3.3 Livestock Inventories

Econometric techniques have often been used in the estimation of livestock

inventories (e.g., Ospina and Shurnway (1928), Freebairn and Rausser(1975)). Livestock

-42-



inventories are typically estimated as a function of own prices, (e.g., market prices) and

input prices (e.g., forage, grain, and real interest rates). Historically, estimation of

livestock inventories has been troubled by apparent misspecifïcations of the livestock

supply response. For example, a market price increase would often result in a decrease

in the supply of beef, contradicting apriori preclictions. Freeze (1990) suggests that rhe

solution for the difficulty in correctly modelling the supply response lies in understanding

the dual role of livestock inventories as both source of income and storage of wealth. The

key factors is the degree to which producers expect the price change to be permanent. If

they believe that the price change is perrnanent, producers would likely choose to retain

ownership of their heifers, placing them in the breeding herd, rather than marketing them.

Conversely, if an increase in prices is perceived as only being temporary, producers

would liquidate their herds to capture the price gain.

These dual and opposing roles of the breeding herd should be incorporated into

an estimation of livestock inventories. However, this is difficult to do in empirical studies.

In this study, it is implicitly assumed that current prices serve as a proxy for future prices

as well, in terms of proclucer expectations. Thus, any price change is assumed to be

permanent in nature.

Economic theory would suggest that livestock inventory levels are determined by

relative output and input prices. In this stucly, the market price of the animal or its

offspring is used to represent the oulput price, while barley price is used as a proxy for

input prices. In cattle production, and as the major feedgrain, barley price proxies

feedgrain prices in western Canada. In estimating livestock inventory equations, then the
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ratio of beef price (Po,) to barley price (Po,r) is used as a major explanatory variable.

Given the biological lag in production response to changes in price, this price ratio is

lagged in the empirical model.

As a store of wealth, livestock inventories are influenced by the real interest rate

(R',,), defined as the difference between the nominal rate of interest (i.e., Bank of Canacla

rate) and the rate of inflation (i.e., the percentage change in the Consumer price

Index)(Canadian Economic Observer 1989). An increase in the real rate of interest

increases the cost of rnaintaining wealth in the form of cattle. Thus inventory liquidation

would be expected to occur, all other factors remaining constant. Conversely, a decline

in the real interest rate lowers the cost of storing wealth as cattle and livestock inventories

would be expected to increase in size. Inventory estimation in this study includes the

lagged real interest rate as an explanatory variable to account for these partial

adjustrnents.

It is not appropriate to rnodel the inventory levels for all types of cattle as a single

equation, as they respond to clifferent sets of prices. For the purpose of this study beef

cattle are subdivided into five subclasses; cows (i.e., females with at least one calf),

calves (i.e., animals < 250 kg), steers (i.e., males animals between 250 kg and 550 kg),

heifers (i.e., female animals between 250 kg and 550 kg), and bulls (i.e., mature breeding

males), National Research Council (1984).

Inventory levels of each subclass respond to different prices and conshaints as

discussed in Chapter 2. Cow inventories are a function of calf and cow prices, as cows
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serve both as a store of wealth and as source of income. Calf inventories are also affected

by calf prices and tend to fluctuate in harmony with cow inventories.

Steer inventories responcl to the price for finished steers. Inventory and supply

levels tend to remain constant as steers marketed in any time period are the result of

breeding decisions made two years previously. However, spatial location is influenced by

comparative prices, as higher prices elsewhere can result in the anirnal being finished and

marketed outside of the Canadian prairies.

Heifer inventories fluctuate highly and historically have proven to be very difficult

to model accurately (Reutlinger (1963), Rucker, Burt and LaFrance(1984). Heifers form

the direct link between wealth and income in beef cattle. An increase in cattle prices leads

producers to consider two conflicting options; sell the anirnals to create income or retain

them to increase the livestock inventory (i.e., create wealth). Heifer supply is the most

variable for beef cattle during times of increasing prices, as they are diverted from

slaughter and entered into the breeding herd. During periods of low prices they are

liquidated, boosting supplies during an already depressed market or shifted to lower

energy diets (i.e., more forages ancl pasture use).

Bulls, although a minor sub-class for beef inventories, form a separate class of

beef cattle. Tied to the inventory of cows in the approximate ratio of 1:25, bull

invento¡ies tend to rise and fall as a function of calf prices. Higher cattle prices cause an

increase in the size of the breeding herd, which requires more bulls for breeding pu{poses.
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3.3.4 Empirical Livestock Inventory Model

Given the discussion in the previous section, beef cattle inventories are modelled

in this study using the following set of equations.

P. _.. (t-i\ ñ (3.13)
Livlnvn = dJ * pa (ffi) * þo &c_o * ,r

where

t - time period

j = sub-class of beef animals (e.g., cows, steers)

i = nurnber of lagged periods for explanatory variables

Livlnv¡t = inventory for the j'h subclass of animals in period t

Pbrij, (t-i) = output price for jft subclass of animal, in period (t-i)

Pr,r, (ri) = price of barley in period (t-i)

R",, (t-Ð = real interest rate in period (ri)

€j, = error term for the inventory equation for the jth subclass of animals,

in period t

oj, Fr¡, Br¡, = coefficients to be estimated

The discussion in this section has detailed some of the complex dynamics

underlying the cyclical and lagged nature of livestock inventories. The objective of this

study is not to fully explain the nature of the cattle cycle, but to develop a relatively

simple and straightforward model for beef inventories. To this end, a simple linear

regression is sufficiently robust to explain changes in inventory levels. This approach has

several disadvantages. The first is the inability to forecast the turning points in the cycle,

which occur approxirnately every fïve to seven years (Gracey 1981). However, the
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inability of other techniques to accuately predict the turning points, coupled with

infrequent occurrence of this event (i.e., two years out of every fifteen), mitigates

shortcomings of this techniques.

3.4 Aggregate Forage Demand

As discussed earlier, the unconditional aggregate forage demand is defined in this

study as the product of the conditional demand for ration ingredients and the optimal

livestock inventory. Data for this demand model a.re generated using a set of least cost

ration models and a set of livestock inventory equations. The results from these two

moclels can be combined and summarized into an a11regate forage demand equation using

econometric methods, as follows:

ln AgRrgr, = dj * þrluif_o,r,, * þzlrff,e¡ + þrlnlivlnvj, * "j,

the

the

(3.14)

where:

t

j

AgFrg,,

time period

sub-class of beef animal (e.g., cows, steers)

aggregate quantity of forage consumed by the jü sub-class of

animal, in period t

Pur,, = price of forages in period t

c[¡, Br, Þr, Ê, = parameters to be estimated

and all other variables are clefined previously.

The logarithmic fansformation irnposed on the model offers advantages in terms

of interpreting the results, while preserving accuracy. One result of this transformation is

the linearization of the estimated function. The underlying function is assumed to be
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curvilinear. However the log-log transformation linearizes it allowing the use of ordinary

least squares estimation for the equation parameters. The parameters in (3.14) may also

be interpreted directly as short-run elasticities.

In estimation (3.14), some variables are observed directly (i.e., prices). The

livestock inventory variable (Livlnv) is obtained from the estimated results for the beef

inventory equation. Aggregate forage demand (AgFrg) is obtained by multiplying levels

of forage consumption per animal by the numbers of animals to be fed (i.e., inventory

level), for a given cornbination of forage and barley prices.

3.4.1 Simulation

Numerous methods called sirnulation have been developed to investigate the world,

to plan and to predict the outcome of different decisions. The word simulation has various

meanings. In economics the rapid development of mathematics and computers in

economics has led to simulation being defined as a stucly carried out on numerical models

of economic systems (Csaki 1985).

Simulation can be conducted using mathematical programming and/or economefric

techniques. On econometric models, the dependent variable y can be simulated by altering

the values of the explanatory variable x in orcler to explore the impact on y. In this sense,

sirnulation is closely related to forecasting.

Simulation is not so much a technique as it is a process, ancl the simulation

process consists of several clistinct stages (Lee, et al 1985). The initial process involves

identifying and formulating the portion of the system under analysis. Once its components

have been identifiecl, the model is developed into a fonn that can be analyzed, by
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computer. It must then be valiclated to determine if it realistically represents the

underlying system being analyzed ancl to assess if the results are likely to be reliable.

Once this is complete, the experiment to be conducted on the simulation model

must be designed. Following these preparatory steps the system under consideration is

simulated and the results obtained (e.g., the effect on aggregate forage demand from a

change in grain price).

Once the experimental objectives are determined, the values of x to be tested are

then selected. Various methods may be used to select these values. The most rigorous of

these use statistical criteria and variable randomness implemented through the use of a

random number generator. However, selection can also be done through the use of an ad-

hoc specification of the various parameters (e.g., historical or predetermined values of x).

A common concern associated with simulation models is the potential for

explosive errors in the dependent or estimatecl variable y. These errors may be created

by an unstable model or by using a model to exffapolate beyond the limits of the

underlying observations. The stability of the underlying model can be assessed through

sensitivity testing, by systernatically altering the input vaiues. If no obvious errors occur

as the variables are altered, then the analyst may have greater confidence in the

explanatory value of the model.

Another method of preventing explosive errors is to impose statistical confidence

intervals in the selection of the levels for the explanatory variables. This limits the range

of the variables being tested and also leads to increased confidence in the results.

Confidence intervals can be const¡ucted by using the observed value of x, the observed
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standard error associated with x, and selecting a desired level of confidence. The

"experiment" is then be performed and the effects on y analyzed. The results should

satisfy pre-determined criteria before they are accepted.

This process systematically tests the moclel's explanatory powers and the impact

on output by systernically altering the value of the explanatory variables. As the degree

of rigour in the design and execution of the experiment increases so does the confidence

in the results.

3.4 Simulating Aggregate Forage Demand

Five explanatory factors affecting aggregate forage demand have been previously

identified; a1gregate demand is a function of grain prices, forage prices and livestock

inventory. fn turn, inventory is a function of lagged beef/barley price ratios and real

interest rates. A thorough silnulation of aggregate forage demand in beef cattle should

incorporate these five factors.

A hypothesis concerning the irnpact of the impact of each factor on aggregate

forage demand can be consffucted and tested. The null hypothesis (H") in each case, is

that a change in the particular explanatory factor has no effect on aggregate forage

demand. The alternative hypothesis (H") is that a change in the factor will affect aggregate

forage consurnption. This may be illustrated as follows:

Hot Altering x results in no change to AgFrg

H"l Aitering x results in a change in the value of AgFrg

where x refers to the specific factor (e.g., barley price, forage price). Twenty hypothesises

(i.e., five explanatory factors for four iivestock sub-classes) are constructed and tested.
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Explosive predictions (or errors) are lirnited by imposin g 90Vo confidence intervals on the

value of the explanatory factors.

Three measures will be ernployed to evaluate each hypothesis. The first is the

quantitative change in forage demancled by each subgroup of livestock in response to a

change in one of the explanatory variables (e.g., the rosponse in the quantity of forage

dernanded by beef cattle to a change in forage prices). The second method of assessment

involves a comparison of the forage demand among the sub-classes, (e.g., the relative

change in forage dernand for cows compared to steers). The final means of assessing the

hypotheses is to investigate forage dernand under plausible scenarios based on historical

patterns. These include a scenario of high cattle prices and low grain prices (i.e., early

1990's) and a scenario of low cattle prices and high real interest rates (i.e., early 1980's).

Through this analysis, sensitivity of a,g1re1ate forage demand to market conditions will

be assessed.
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Data

Chapter IV

4.0 Infroduction

The theoretical foundation for quantifying aggregate forage demand is outlined in

Chapter 2. Chapter 3 develops the system of three models (i.e., ration, inventory, and

agçregate dernand) that are used in estimating a1gregate forage demand in the Canadian

prairies. Aggregate forage demand is estimated through the use of a conditional demand

model. Ration and inventory models are estimated, and their equations are simulated with

a series of observations, to provide a set of inventories and least cost rations. These sets

are then entered as data into the aggregate forage demand model.

The data for the ration models, inventory models and the a.ggregate forage demand

model are presented in this chapter. The discussion focuses on the data sources and

establishing relevance of the data to the study.

4.1 Ration Models

This section provides a discussion of the information used in constructing ration

models. Classes of livestock, choice of ingredients, ingredient prices, and some special

considerations in ration moclel formulation and rations models are examined in the

following sub-sections.

4.1.1 Beef Cattle Classes

This section develops the nutrient requirements of beef cattle and how these

requirements are entered as right hand side (RHS) constraints in the linear progrâm ration

models. These constraints forrn the basis for calculating least cost rations and forage
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consumption by individual anirnals. Beef cattle can be subdivided into various classes;

cows, bulls, steers and heifers. This study ernploys the classes specified by the National

Research Council (ltIRC 1984), in their presentation of nutrient requirements for beef

cattle. These livestock classes are identified and defined in the following paragraphs.

Beef cows, weighing 500 kg in thei¡ second and thi¡d ffimester of gestation and

first three months of lactation are selected to model the cow's demand for harvested

forage. The length of tirne chosen for consumption of harvested forage is somewhat

arbitrary, as the need for harvested forage varies frorn region to region. For example,

cows in the south-west region of Alberta graze for extended periods of the year. Cows

in the northern fringe of the prairie region, on the other hand, spend a much longer time

consuming harvested feed.

Twenty percent of the breeding cow herd consists of first calf heifers (Statistics

Canada 1990). To reflect the forage requirements of first calf heifers, the nutrient

requirements of these heifers in the eighth and ninth month of gestation and first three

months of lactation are calculated. Aggregate forage consumption for breeding cattle then

is then calculated using a weighted average; that is, the requirements for a breeding cow

are equal to (0.8 x nutrientrequirements for a cow) + (0.2 x nutrientrequirements for a

heifer).

Bulls are a minor, but vital class of livestock. They are typically found in a I:25

ratio to beef cows, Canada Yearbook (Statistics Canada 1990). The bull population is

typically composed of fifty percent mature bulls and fifty per cent yearlings. Mature bulls

only require nuffients for body maintenance while yearling bulls require extra nutrients
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for growth. Forage consumption for bulls is therefore based on a weighted average of

requirements for the individual bull sub-class, calculated in a similar manner as for cows.

To standardize the results, the assumption is made that bulls are fed a ration that includes

harvested forage for the same length of time as cows.

Least cost rations for steers and heifers are calculated based on NRC subclasses

where steer and heifer growth is divided into 50 kg weight increments. A starting weight

of 250 kg and a market weight of 550 kg are selected as the starting and ending points.

This results in seven 50 kg increments to be modelled. As the animal's weight increases

its nutrient requirements change, which in turn affect the demand for forage quantity and

quality. Dividing growth into seven discrete stages results in improved modelling of

forage consumption (i.e., as suggested by Apland 1985). This inc¡eased accuracy is

captured by estimating seven least cost rations and summing them into one total least cost

ration for the finished animal as follows:

7

Ð t* of days in stage i ) x ( daily least cost ration fed in stage ¡ (a.1)
i=l

The same approach is used for heifers. Following NRC guidelines heifer growth

is modellecl from 250 kg to 550 kg, at which tirne they are assumed to be ready either for

slaughter, or to become first calf heifers. While heifers are usually slower gaining than

steers, this study assutnes the same daily rate of gain and the same 50 kg increments for

ease of computation. The result is slightly higher daily nutrient requirements for heifers

than steers, because of the additional nutrients required for growth and operation of the

reproductive tract. For the purposos of this study, heifers are assumed to enter the
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replacement heifer class when they are 400 kilograms of weight. They will then grow to

a weight of 450 kilograms.

4.1.2 Nutrient Requirements

For each class of livestock and associated growth stage, a least cost ration model

is estirnated. The constraints for each model are formed by identifying and quantifying

nut¡ient requirements for the cattle. These nutrient requirements are chosen based on NRC

(1984) guiclelines and are divided into four categories, energy, protein, minerals and fiber.

Net Energy for maintenance (NE.) and growth (Mr) are used as the measures

of energy required by each animal. Depending on the animal's nutrient requirements for

maintenance of body structure or for growth, one unit of feed can effectively provide

different levels of energy. Typically, if used for growth, one unit of feed provides less

energy for the anirnal(i.e., NEr) than if it is used for body maintenance (i.e., NE-). To

account for the animal's competing demands for energy, both NE- and NE, are included

in the constraints.

Livestock also require crude protein in their diet for repair of muscle tissue and/or

for growth. Unlike energy, the protein provided by a feed stuff is metabolized equally by

an anirnal for both maintenance and growth. A crude protein constraint is included in each

moclel to reflect these protein requirernents.

Minerals play a small but important role in diets. Minute quantities of calcium and

phosphorus are required in the diet. Severe metabolic diso¡ders result if these minerals

are not provided in sufficient quantities. Given the srnall quantities required, their

relatively cheap price, and the large cost associated with a shortage, the normal practice
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is for producers to feed these ingredients "free choice" in the ration and to exceed the

minimum requirements of beef cattle. Calcium and phosphorus constraints are included

in the ration model, along with a large selection of commercially-available minerals, to

ensure that the estir¡ated ieast cost rations are not deficient in this vital ingredient.

The fourth nutrient consideration is fiber. A minimum quantity of fiber is required

in ruminant rations to avoid acidosis (NRC 1984). Often this requirement is expressed in

terlns of minirnum percentage of dry matter fed to the animal; that is, the minimum

amount of fiber required by the animal varies directly with the total dry matter in the

ration. For the purposes of this study, fïber is represented by the crude fîber content of

the feed ingredients. Also, the minimum fiber constraint is assumed to be twenty percent

of total daily dry matter intake. For heifers and steers growing at 1.0 kilograms a day, this

constraint was adjusted downward to account for the increased energy required in the

ration to "fuel" the increased rate of growth.

Besides these minimum nufient requirernents, a maximurn limit is imposed on the

quantity of dry matter that can be consumed by each animal. This constraint is included

because there is a limit, irnposed by gut size, on how much feed an animals can consume

in a day. This "requirement" is typically expressed in terms of a maximum percentage of

body weight; the larger the animal, the more it can consurte. For each class of animal and

stage of growth, the maximurn clry matter intake from the NRC nutrient requirement

tables are incorporated as a constraint.

Besides these nutrient considerations, other nutrient factors are also incorporated

into the set of rnodel constraints. Following guidelines and recommendations on toxicity,
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upper limits are placed on the quantity of urea (1 per cent of the total ration), and wheat

(30 per cent of the total ration) that can be consumed by animals.

4.1.3 Ration Ingredienfs

4.I.3.1 Choice of Ingredients

Feed ingredients can be aggregated into different subclasses, based on their

nufient composition. Individual ingredients typically contain a high proportion of a

particular type of nutrient (e.g., energy, protein, fibre and/or minerals). These nutrients

tend to be offsetting. For example, a feedstuff high in energy tends to be low in fiber.

High energy feeclstuffs tend to be grain based. Crops such as barley, wheat, oats

and corn are usually considered as potential sources of energy in livestock rations.

Byproducts such as beetpulp and molasses are also relatively high in TDN and are

consiclered to be "high" energy feed sources. These feedstuffs are grouped together as

potential energy sources in the rations.

Potential sources of protein include oilseed byproducts and urea. Canola meal,

soybean meal and sunflower meal are the byproducts of crushing, where the oil is

removed, leaving a high protein powder-like product. Urea, also a source of nitrogen or

crude protein, differs from oilseed by-products in that it is manufactured and not a

byproduct of crushing. It is included in rations as a cheap source of nitrogen, used by

microbes in the rutnen to produce protein. Urea is toxic if too much is consumed and is

therefore restricted in rations. These products are grouped together as potential "protein"

feeds in the ration models.

-57-



Fiber is provided in the ruminant ration from a number of sources. Feed

ingreclients high in fibre include legumes, grasses and straws. All are highly variable in

terms of nunient content. For example, alfalfa can range from 14 per cent to 45 per cent

fiber, depending on maturity when harvested. As the fiber level in the alfalfa increases,

the protein content drops, from over 20 per cent to under 10 per cent.

Due to climatic differences in the prairies, the source of fiber in a ration is highly

variable. For exarnple, while livestock in the northern Interlake region of Manitobamay

be fed a legurne-grass forage, livestock in southern Albert¿ are fed a grass ration.

Livestock raised on or close to grain farms may consume staw as a fiber source.

To simplify calculations for this study, the fiber sources are aggregated into three

sources, high, medium and low quality forage, based on the level of protein in the

particular forage. Alfalfa is subdivided into five groups, Alfalfa 1, Alfalfa 2, Alfalfa 3,

Alfalfa 4 and Alfalfa 5, based on corresponding protein levels of 20 per cent, 18 psr cent,

16.3 per cent L4 per cent and 12.9 per cent respectively. The high quality forage class

contains Alfalfa 1, Alfalfa Grass Hay, Corn Silage and Grass/Legume Silage. Medium

quality forage class consists of Afalfa 2, Allalfa 3, Brome Hay and Sweet Clover Hay.

The last class, low quality, contains Alfalfa 4, Alfalfa 5, Barley Straw and Native Hay.

These forage classes reflect the diversity of fiber sources available to producers and

provides a broad range of choices of feed ingredients for the ruminant ration.

The overall choice of feedstuffs available to the beef cattle is based on Canada

Grain Council (1978) recornmendations for beef cattle. These feedstuff ingredients are

representative of the choices available to prairie beef producers. The nutrient content of
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the feedstuffs are obtained from National Research Council feed composition tables for

common feedstuffs used in beef procluction (NRC 1984)- These are presented in Table 4.1

4.1.3.2 In gred ient Prices

High nutrient ingredients tend to be highly price elastic with other ingredients

possessing a high level of the same nutrient. For example, barley, oats and wheat are all

good sources of energy for rurninant rations and are readily substitut¿ble. As a result they

tend to be highly price elastic. Ingredients containing large quantities of contrasting

nutrients, in contrast, tend to be less price elastic. For example, grains, which are high in

energy, are far less substitutable for forages, which are high in fiber, in ruminant rations.

As a result grains and forages have a lower price elasticity. Thus feed grain and forage

prices tend to be highly correlated with themselves, but the correlation between the two

is much lower.

Feedgrain prices are greatly influenced (i.e., determined) by corn prices. Corn is

the rnajor feeclgrain in North America, both in teflns of seeded acres and quantity of

production. In turn, corn prices are determinecl by the quantity of corn, the quantity of

cornpeting feedgrains and global demand for feedgrains.

High protein feedstuffs, such as soybean meal, canola meal and sunflower meal,

are highly substitutable within livestock rations (and for other uses). Their prices are

therefore also highly cor¡elated. Soybeans are the dominant protein crop in North

America, and prices for all other protein sources tend to "follow" soybean prices. Factors

that affect soybean prices inclucle; the size of the North American and Brazilian crops,

the amount of cornpeting production and the world demand for oil and protein. Indirectly,
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Table ¿1.1 Ingredients and Nutrient Composition of Feedstuffs used in Ration
Models (per kg of dry matter)

Ingredients" Net Energy Net Energy Crude
Maintenance Growth Protein
(rncal/kg) lrncaVkg) 7o

Calcium Phosphorus

Vo Vo

Crudeb

Fiber
7o

Barley
Oats
ïVheat
Corn
Beetpulp
Molasses
Soybean
Soybean 2
Canola Meal
Urea
Sunflower Meal
Alfalfa 1

Allúfa2
Alfalfa 3

Alfalfa 4
Alfalfa 5

Brome
Badey Straw
Native Hay
Alfalfa/Grass
Corn Silage
Sweet Clover
Grassfeg silage
Salt
Lilnestone
Phosphorous
Biphosphorous
Dicalciu¡nate
Deflour-phosphate

2.06
1.85

2.2r
2.24
1.76

1.91

2.09
1.93

1.82
0.0
1.47

1.41

1.3 1

1.24

1.01

0.97
1.3 1

0.6
1

t.32
1.38

1.11

L.t3
0.0
0.0
0.0
0.0
0.0
0.0

1.4

1.22
r.52
1.55

t.r4
1.27

1.43

r.29
r.19
0.0

0.88
0.83
0.14
0.68
0.49
0.42
0.14
0.08
0.45
0.7t
0.8

0.55
0.4r
0.0
0.0
0.0
0.0
0.0
0.0

0.135
0.133
0.r72
0.101
0.097
0.085
0.477
0.515
0.387
2.81,

0.503
0.20
0.18

0.163
0.r4

0.129
0.118
0.043
0.0s8
0.196
0.084
0.t57
0.176

0.0
0.0
0.0
0.0
0.0
0.0

0.0005
0.0007
0.0004
0.0035
0.0069
0.0017
0.0033
0.0036
0.0067

0.0
0.0044
0.0219
0.0i41
0.0141
0.0143
0.0113
0.0032
0.003

0.0043
0.0152
0.0034
0.0127
0.0152

0
0.34
0.16
0.16
0.22
032

0.0038
0.0038
0.0043
0.0029
0.001

0.0003
0.0071
0.0075
0.0104

0.0
0.0114
0.0033
0.0022
0.0024
0.0025
0.0018
0.0037
0.0007
0.0015
0.0037
0.0019
0.0025
0.003

0
0.02
0.16
0.2r

0.193
0.18

0.07
0.16
0.13
0.03
0.33
0.0
0.1

0.1

0.16
0

0.t4
0.29
0.31
0.35
0.39
0.43
0.3s
0.49
0.41,

0.31
0.35
0.42
0.38
0.0
0
0

0.0
0.0
0.0

" Alfalfa is divided into five classes, based on protein content which proxies quatity. Alfalfa I is 20To
protein, Alfalfa 2 is 187o, Alfalfa 3 16.3Vo, Alfalfa 4 l4Vo and Alfalfa 5 l2.9Vo. Soybean meal is assumed
to contain 47.7Vo protein, while soybean 2 meal is 57.5Vo protein. Differences in protein level for the
soybean meals result from different processing techniques used while crushing (NRC 1984).
b used to calculate ¡ninimum fiber int¿rke by the beef animal

these factors affect the price of all protein supplements in a ration.

Forages, which supply the majority of the fiber in the ration, are also price

correlated. As forage acres tend to remain relatively constant from year to year, variable

weather conditions determine forage supply. Forage growth is highly correlated with
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moisture conditions, as a dry year will restrict output and a wet yeil will increase forage

volume.

The fourth category of ration ingredients consists of mineral supplements. Minerals

are commercially processed and retailed through marketing channels such as feed

companies, feed stores and dealers. As such, their prices are less variable than prices for

other feed ingredient and reflect processing, distribution and marketing costs.

Four categories of feed ingredients are specified for the ration models. Each

category responds to different price signals; feedgrains to livestock feed requirements,

protein to world oil demand, forages to annual precipitation while mineral prices are

relatively less variable. Prices of these four categories can and do fluctuate relative to

each other.

As discussed in the previous chapter, three distinct prices are defined for

feedgrains and forages; these are "high", "medium" and "low" prices. These prices are

used in defining the various scenarios for the aggregate forage demand analysis. Protein

and mineral prices are held constant for the purpose of this study. The various scenarios

used in the aggregate analysis are defined in Table 4.2.

Prices for feeclgrains are obtained from the Canada Grain Council's Statistical

Handbook (1990). Historical maximum ancl minimum prices are used for the high and low

price scenarios, respectively. A median price is used to represent the "medium" price. For

barley, the historical high and low price is $146 and 542 a tonne. The median of these

two prices, $94 per tonne, is selected as the medium price for barley. The same method,

based on historical price highs ancl lows, is used to select the "medium" pdce for the
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Table 4.2 Definition of Price Scenarios Used in
Analysis^

Aggregate Forage Demand

Scena¡io Grain Price Forage Price

T

2

3

4
5

6
7

8

9

High
Medium
Low
High
Mediurn
Low
High
Medium
Low

High
High
High
Medium
Medium
Medium
Low
Low
Low

" Specifìc prices for each scena¡io defined in the following tables

feedgrains. These values are included in the price series for this study. The resulting

feedgrain prìces are presented in Table 4.3.

Forage prices are obtained from the Manitoba Agriculture Yearbook (Manitoba

Agriculture 1990). This publication provides estimates of annual prices. There are two

drawbacks with these data. The first problern is that the information represents an estimate

of forage prices, not an observation of actual prices. The second problem is that

qualitative differences are not observed; that is, differences in the hay quality and prices

are subsumecl within the average prices. Discussion with George Bonnefoy (Forage

Table 4.3 High, Medium and Low Grain Prices Used in Ration Models to
Estimate Least Cost Rations per Livestock Class (cents per kg)

FeedGrain

Barley
Oats
Wheat
Corn
Beetpulp
Molasses

High Medium Low

0.146
0.142

0.2
0.2t6
0.141
0.13

0.094
0.093
0.118
0.r47
0.089
0.11

0.M2
0.042
0.035
0.t2

0.037
0.09
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Specialist, Manitoba Agriculture) suggests a $10 per tonne price differential between

succeeding forage classes (as outlined by the National Research Council) is appropriate

to account for quality differences.

For this study, the Manitoba Yearbook prices are assumed to represent the price

of Alfalfa 3 (i.e., alfalfa at 16Vo protein). Two forage classes each will appeil "above"

and "below" this value. Here prices are determined using the $10 per tonne differential;

the price of Alfalfa 3 is $60 per tonne, the price of Alfalfa 1 is $80 per tonne, ALfalfa 2

is $70 per tonne, Alfalfa 4 is $50 per tonne and Alfalfa 5 is $40 per tonne. A minimum

price is imposed on all forage classes, assuming that some residual value will always

remain. The forage prices used in this study are presented in Table 4.4.

Protein and mineral prices are obtained from Bruce Mollison (Nutritionist, Feed

Rite, personal communications). Sources of protein in livestock rations are typically

Table 4.4 High, Medium and Low Forage Prices used in Ration Moders to
Estimate Least Cost Rations per Livestock Classes ($/fg¡

Forage"

Alfalfa 1

Alf¿úfa2
Alfalfa 3

Alfalfa 4
Alfalfa 5
Brome Hay
Barley Straw
Native Hay
Alfalfa Grass Hay
Corn Silage
Sweetclover Hay
Grass/Legume Silage

High Mediu¡n Low

0.09
0.08
0.07
0.06
0.05
0.08
0.05
0.0s
0.09
0.09
0.06
0.09

0.06
0.0s
0.04
0.03
0.02
0.0s
0.02
0.02
0.06
0.06
0.03
0.06

0.03
0.02r
0.01

0.005
0.005
0.021
0.005
0.00s
0.03
0.03

0.00s
0.03

" AIfaIfa 1 is defined as containing 2070 protein, Alfalfa 2 contains lSVo protein, Alfalfa 3 cantnns l.6.3Vo
protein, Alfalfa 4 coníains l47o protein and Alfatfa 5 contains r2.9vo proÍein.
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products of oilseed processing, and as such they are a residual product. Their price is

cletennined by private freaty between buyer and seller. As a result, historic prices are

unavailable in published form. The difference in prices between various protein sources

is based on the protein content of the feedstuffs. For example, soymeal (447o) prices are

always high than canola (367o). Protein and mineral prices employed in the study are

presented in Table 4.5.

4.1.4 Special Considerations in Ration Model Formulation

Three factors cornplicate the estirnation of forage consumption in beef cattle;

frame size of the anirnals, rate of gain in the feedlot and climate.

4,1.4.1Frame Size

Beef cattle on the prairies are generally divided into large and medium

("Continental" versus "British") framed cattle. Large framed cattle generally gain weight

at a faster rate in a feedlot and finish out at a higher weight than medium framed cattle.

Medium framed cattle, on the other hand, are valued for their lower nufrient requirements.

This is especially valuable for grazing cows on short-grass pastures in dry prairie

locations. They are typically slower growing and finish out at a lighter weight. While

large frarned cattle have higher NE. requirements, their NE, needs are the same as for

medium framed cattle.

Any attempt at analyzing rations must consicler the issue of frame size. While the

nutrient requirements for the different frame sizes are listed in the NRC (1934) nutrient

requirement tables, the difficulty arises in estimating the percentage of large framed

versus mediurn framed cattle in the prairie herd.
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Table 4.5 Protein and Mineral Prices Used in Ration Models to Estimate Least
Cost Rations per Livestock Class, (cents per kg)

Protein Price Minerals Price

Soybean
Soybean 2
Canola Meal
Urea
Sunflower Meal

0.4t20
0.4300
0.3225
0.3400
0.4300

Salt
Lilnestone
Phosphorus
Biphosphorus
DiCalciumate
Deflour-phosphate

0.2532
0.1280
0.6676
0.3800
0.6280
0.6312

The genotype of a beef anirnal greatly influences frame size, with one half of a

calf crop's genetics coming from the herd sire. The number of large and medium framed

animals can be estimated from the number of large and medium framed bulls sold from

bull test stations in the previous year.t Table 4.6 shows the number of bulls sold from the

Table 4.6 Average Rate of Gain of Bulls Sold From Manitoba Bull Test
Stations, 1991

Breed Number of Head Sold Average Rate of Gain kg/day

Hereford
Saler
Tarentase
\ffelsh Black
Belted Devon
Simmental
Red Angus
Charlaois
Limousine
Maine Anjou
Black Angus
Gelveigh
Shorthorn
Pinzgaur
Median Rate of Gain

458
507
JJ
4l
183

585
347
819
223
r28
362
70
148

t9
2149

1,.3r

1.40
r.34
t.29
1.36
1.55

1,.44

1.50
t.47
1.56
1.28

L4t
r.32
1.57
1.45

Source: Manitoba Bull Test Station Report 1991 Manitoba Agriculture

8 Suggested by Dr. Crowe Department of Animal Science, University of Manitoba.
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Manitoba Bull Test Station in 1990. Using the median rate of gain one half of bulls sold

were large frarned and one half were medium framed (i.e., 1:1 ratio). The number of

animals to be fed will be assumed to follow this ratio for the purposes of analyzing forage

demand.

4.1.4.2 Rate of Gain

Typically, steers and other animals placed on finishing rations are fed one of two

possible types of rations. The alternatives are a high energy, high rate of gain ration, or

a high fiber, lower rate of gain ration. The decision to place animals on either one of

these rations is macle based on economics and, to a lesser degree, frame size. High energy

rations are usually more costly on a per kilogram of ration basis. However, the cost per

kilogram of gain for these rations is usually cheaper. Factors such as market forces or

animal size may cornpel producers to feed the lower cost (per kilogram of feed), slower

gaining, forage based rations. One example of this is the practice of feeding animals a

high forage ration until they reach a certain weight, at which point they are put on

finishing rations.

Referring to the NRC (1984) recommendations fo¡ beef cattle, these rates of gain

can be represented as 1.0 kilogram of gain per day, based on the high energy ration, or

0.6 kilogram of gain per day for the high forage ration. These ¡ates of gain reflect the

high energy or high forage diets fed to animals in a feedlot.
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Aggregating feeder steers and heifers into high and low rates of gain can be

accomplished by referring to direct to packer salese. The majority of prairie livestock are

slaughtered in Alberta, so Alberta clata are collected and used for this pu{pose. Assuming

a three month calving "window" f¡om March until May, a high energy diet with a daily

weight gain of 1.0 kilograms, would result in have livestock reaching slaughter weight

at sixteen months of age, or from July to Septernber of the following year. Animals

placed on a low energy feeding regirne would reach slaughter weight at approximately

twenty-two tnonths of age or between November and March. Allowing for equal

dispersion around these dates, the data in Table 4.7 shows relatively equal numbers for

these two slaughter periods. It is therefore assumed that one half of animals on feed are

on a high energy high-rate of gain diet. The other half are fed a high forage, low-rate of

gain diet for at least part of their finishing period.

4.1.4.3 Climatic Adjustment

The NRC (1984) nutrient requirements for beef cattle are based on thermoneufral

conditions where weather is assumed to have no effect on an animals maintenance needs

or nutrient requiretnents. The prairies, however, provicle an often inhospitable climate

where an animal's NE,n requirements must include energy for heat generation to protect

itself against the cold. As a result, the ration and forage requirements must be adjusted

accordingly. For every degree over or under 20 degrees Celsius an animal's NE- is

increased, as follows (NRC 1984):

Climate adjusted NE,n = X * NE* + NE* (4.2)

e Suggested by Dr. Crowe, Departrnent of Animal
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Table 4.7 Alberta Direct to Packer Sales, 1990, # of Animals

Live Sales

Janua¡y
February
March
April
May
June
July
August
September
October
November
December
Annual Total

Steers

26,696
19,5s3
19,285
26,812
36,070
3t,218
29,4r0
25,884
40,484
25,349
30,960
4t,214
359,393

Heifers

TT,34I
tt,235
10,366
11,129
16,942
10,807
8,670
8,416
15,055

8,715
t4,063
t9,027

148,303

Source: Agriculture Canada 1991.

where X- I 20"C - Temperature I x 0.0091

This study incorporates the climatic effect on the NE, for each class of animal and the

corresponding impacts on forage consumption. Mean daily temperatures (Celsius) are

collected frorn the Winnipeg Airport Weather Office (Table 4.8). This data set is

incorporated into equation (4.2) to adjust the NE^ for all classes of livestock.

4.1.5 Final Ration Models

In summary nutrient requirements for eleven classes of cattle are estimated. The

first class, cows, is composed of three stages; 2nd and 3rd trimester of gestation, and the

first 3 months of lactation. These are indicated as stages I, 2 and 3 respectively. The

second class consists of lactating heifers who are divided into two stages (1 and 2) based

on nutrient requirements for a lactating 450 kg heifer. Class 3, bulls, consists of 2

subcategories of Inature and growing bulls which are stages 1 and 2, respectively.
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January
February
Ma¡ch
April
May
June
July
August
Septernber
October
November
Decernber

.35763

.32396

.25662

.15 106

.07917

.02912

.00364

.0t541

.06916

.12.c/9

.22295
.3094

Table 4.8 Climate Adjusting Factors used to Adjust the Net Energy
Maintenance Requirements in the Study

Mean daily ternperature("C)
(Winnipeg Airport)

Cold temperature
adjustment for NE-"

-19.3
-15.6
-8.2

3.4
11.3

16.8

19.6

18.3

12.4

6.r
-4.5
-14.0

" This factor, obtained by rnultiplyingl20'C - Temperarurel Uy O.OOO1 is used to
calculate the climate adjusted NE-, shown in equation 4.2.

Four classes of steers are defined, based on the cornbination of frame size

(medium and large) and rate of gain ( 1.0 kg per day, 0.6 kg per day). Each class is

divided into seven stages (1 through 7) of 50 kg weight increments where stage 1

represents the target weight 250-300 kg, and stage 7 represents the target range 500-550

kg. Sirnilarly, heifer rations are calculated using four classes based on frame size (medium

and large) and rate of gain (1.0 kgs per day & 0.6 kg per day). Each heifer class is also

divided into seven discrete stages (1 through 7) of 50 kg weight increments, similar to

those for steers. The resulting nutrient requirement values are entered as the right hand

side consffaints in the ration model and represent the nutrient requirements of various

classes of beef animals on the prairies. Specific climate adjusted nutrient requirements for

all classes and stages are provided in Table 4.9.

-69-



Table 4.9 Climatic Adjusted Nutrient Requirements of Specified Beef Classes for
the Prairie Region

Cows" lactating heifersb Bulls"

Class
NE. (mcal/day)
NE, (rncaVday)

Protein ftg)
Calciurn (kg)
Phosphorus (kg)
Minimum fiber (kg)
Maxirnum intake (kg)

Weight Class (kg)
NE- (rncaVday)

NE, (rncaVday)

Protein ftg)
Calcium (kg)
Phosphorus (kg)
Minirnurn fiber (kg)
Maxirnum inake (kg)

Weight Class (kg)
NE- (mcal/day)
NE, (mcaVday)

Protein (kg)
Calcium (kg)
Phosphorus (kg)
Minimum fiber (kg)
Maximum intake (kg)

Weight Class (kg)
NE- (rncal/day)
NE, (rncaVday)

hotein (kg)
Calcium (kg)
Phosphorus (kg)
Mini¡num fiber (kg)
Maxirnum intake (kg)

Weight Class (kg)
NE- (rncal/day)
NE, (mcaVday)

Protein ftg)
Calcium (kg)
Phosphorus (kg)
Minimum fiber (kg)
Maxirnum inurke (kg)

Medium-frame steers gaining 1.0 kg/day

I
10.3

0
0.45

0.0014
0.00i4

r.54
7.7

2
13.67

0
0.746
0.025
0.02
r.82
9.r

J
13.8

0
0.957
0.028
0.022

2.2
11

T2
rt.97 12.15

0.9 0.98
0.72t 0.765
0.0025 0.0023
0.0018 0.0019
r.94 2.02
9.7 10.1

t2
10.85 11

5.3 0
r.027 1.08

0.0028 0.0023
0.0022 0.0023
2.46 2.58
12.3 t2.9

250
5.r7
3.5

0.72
0.0029
0.00i6

t.2
6

300
6.25
4.02
0.755

0.0029
0.0016

r.62
8.1

350
7.63
4.5t

0.789
0.0028
0.0017

r.6
8

400 450
9.02 10.21

4.98 5.44
0.821 0.852
0.0027 0.0026
0.0018 0.0019
r.88 2.06
9.4 10.3

500 ssO
10.77 10.995
5.89 6.23
0.882 0.911
0.0025 0.0025
0.002 0.0021
2.1 2.t
t2.6 t2.6

Large-frame steers gaining 1.0 kg/day

250
5.r7
3.1

0.762
0.0031
0.0016

1.16
5.8

300
6.25
3.55

0.804
0.0031
0.0017

1.63

8.14

350
7.63
3.99

0.843
0.003

0.0018
1.63

8.14

400 450
9.02 t0.21
4.41 4.8t
0.881 0.918
0.003 0.0029
0.0018 0.002
1,.6 2.06
8 10.3

500 550
t0.77 10.99
5.21, 5.6
0.953 0.988
0.0029 0.0029
0.0021 0.0022
z.t 2.1

10.5 t2.6

Medium-frame steers gaining 0.6 ke/day

250
5.t7

2
0.601

0.0021
0.0013

0.6
6

300
6.25
2.29
0.646

0.0022
0.0014

0.81

8.1

350
7.63
2.57

0.688
0.0022
0.0015

0.8
I

400
9.02
2.84
0.728

0.0022
0.0018

1.03

10.3

450
r0.21
3.11

0.767
0.0022
0.0018

1.03

10.3

500 550
10.77 10.995
3.36 3.6r
0.805 0.842
0.0023 0.0023
0.0019 0.002
1.05 1.05

12.6 12.6

Large-frame steers gaining 0.6 kglday

250
5.t]
1.77

0.628
0.0023
0.0013

0.58
6.96

400
9.02
2.52

0.766
0.0024
0.0017

0.94
tt.28

450
10.2t
2.75

0.809
0.0024
0.0018

1.03

12.36

300 350
6.25 7.63
2.03 2.28
0.676 0.722
0.0023 0.0023
0.0015 0.0018
0.814 0.8
9.768 -70- 8

500 550
10.77 10.99

2.98 3.2
0.85 0.89

0.0024 0.0025
0.002 0.0021
1.05 1.05

10.5 10.5



Mediurn Framed Heifers gaining 1.0 kg/day

Weight Class (kg)
NE. (rncal/day)
NE, (rncaVday)

Protein (kg)
Calcium (kg)
Phosphorus (kg)
Minimurn fiber (kg)
Maxirnurn intake (kg)

Weight Class (kg)
NE- (rnca/day)
NE, (mcaVday)

Protein (kg)
Calcium (kg)
Phosphorus (kg)
Minirnum fiber (kg)
Maximum inUke (kg)

Weight Class (kg)
NE- (mcal/day)
NE, (mcaVday)

Protein (kg)
Calcium (kg)
Phosphorus (kg)
Minimum fiber (kg)
Maximurn intake (kg)

Weight Class (kg)
NE- (rnca/day)
NE, (rncaVday)

Protein (kg)
Calciurn (kg)
Phosphorus (kg)
Minimu¡n fiber (kg)
Maximum intake (kg)

s00 s50
10.17 10.99

7.25 7.79
0.685 0.7
0.0026 0.0025
0.002 0.0021
1.68 1.68

11.76 tt.76

250
5.17
4.31
0.603

0.0029
0.0016

t.25
7.5

300
6.25
4.94
0.62t

0.0029
0.0016

1.43

8.s8

3s0
7.63
5.55

0.638
0.0028
0.0017

t.64
9.84

400
9.02
6.14
0.6s4

0.0027
0.0018

L67
10.02

450
t0.2r
6.7

0.67
0.0026
0.0019

1.68

tt.76

Large Framed Heifers gaining 1.0 kg/day

250
5.17
3.82

0.703
0.0028
0.0015

r.2
6

300
6.25
4.38
0.735

0.0027
0.0016

1.56

1.8

350
7.63
4.92

0.167
0.0026
0.0017

t.6
9.6

400
9.02
5.44

0.797
0.0025
0.0018

1.88

r1.28

450
IO.2T

5.94
0.826

0.0024
0.0019

2.06
t2.36

s00 550
1,0.77 10.99
6.43 6.9r
0.854 0.881
0.0023 0.0023
0.0019 0.002
2.1 2.r4
12.6 12.84

Medium framed Heifers gaining 0.6 kglday

250
5.17
2.44

0.563
0.0019
0.0012
0.625
6.25

300
6.25
2.79

0.602
0.0019
0.0013
0.715
7.15

3s0
7.63
3.13

0.638
0.0019
0.0016

0.82
8.2

400
9.02
3.46

0.674
0.0019
0.0017
0.835
8.35

450
10.21

3.78
0.708

0.0019
0.0017

0.84
8.4

500 ssO

10.77 10.99

4.r 4.4
0.741 0.773
0.0019 0.0019
0.0018 0.0019
0.84 0.84
8.4 8.4

Large frarne Heifers gaining 0.6 kglday

250
5.17
2.16

0.596
0.0021
0.00r3

0.6
7.2

300
6.25
2.47

0.639
0.0021
0.0014

0.78
7.8

3s0
7.63
2.78

0.681
0.0021
0.0015

0.8
8

400
9.02
3.07
0.72t

0.0021
0.0016

0.94
9.4

450
r0.2r
3.3s

0.759
0.0021
0.0017

1.03

10.3

500 550
10.77 10.99

3.63 3.9
0.796 0.832
0.0021 0.0022
0.0019 0.002
1.05 1.07

10.5 r0.7

" Definition for the classes of beef animals and stages of growth/reproductive cycle are provided in the text.
b Heifers nursing calves - First 3 rnonths postpafum, To 5.0 kg milVday.
' Young growing bulls and maintenance of mature bulls.
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Each inclividual livestock model is solved for all foragelgrain price scenarios (as

in Table 4.4). A total of 567 models are solved ( 63 least cost rations per stage of

production x nine foragelgrain price scenarios), resulting in 567 unique, least cost rations.

These rations are summed to arrive at nine annual least cost rations for each class of

livestock (i.e., cows, lactating heifers, medium frame heifers gaining 1.0 kg per day,

medium frame heifers gaining 0.6 kg per day etc.)

4.2 Liv estock Inventory

This section outlines the data sources for the second set of models; the livestock

inventory models. Previous discussion in Chapter 3 outlines the variables that affect

livestock inventory; specifically, lagged livestock prices, lagged grain prices and real

interest rates. The following paragraphs discusses the data sources for these variables.

Annual livestock populations, spanning thfuty-five years from 1955 to 1989 for the

provinces of Manitoba, Saskatchewan and Alberta, are obtained from the publication,

Livestock Ma¡ket Review (Statistics Canada 1955 to 1989). Data for four livestock classes

(cows, calves, heifers and steers) are obtained. These classes are suffrmed over the three

prairie provinces to create the total prairie population for each class. The regional totals

are suÍtmed over all the classes to obtain a total cattle population figure. These five

prairie class totals serve as the population variables (i.e., Livlnvl).

Prices for the four livestock classes over the period from 1955 to 1989 are also

obtainecl frorn the Livestock Market Review. Cattle price discovery is decentralized within

the prairie region. Terminal livestock markets exist in Winnipeg, Saskatoon and

Edmonton, with smaller regional markets surrounding them in each province. However,
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prairie livestock prices are highly correlated. A weighted average of Winnipeg, Saskatoon

and Edrnonton prices is used for the lagged price variable (P0., i=1...5) in the livestock

inventory equations. V/eights are based on the proportion of regional cattle numbers in

each province,

Lagged (five year) barley prices (Po,r, i = 1 ....5) are another explanatory variable

in the livestock inventory equations. Annual prices, basis Thunder Bay, spanning thirty

five years from 1955 to 1989, are obtained from the Statistical Handbook (Canada Grain

Council 1960 to 1990). Thunder Bay is chosen as the pricing point because historical

prices are quoted basis Thunder Bay. These prices approximate local street barley prices.

Local sfeet and Thunder Bay prices are related through the basis; ttrat is, the difference

in prices between the two points. This study employees the explicit assumption of a

normal variation in the basis.

As previously discussed in Chapter 3, the lagged livestock and barley prices are

used to form a price ratio (Po.Æon i = 1...5) in the empirical inventory equations. One

practical effect of using this ratio is to implicitly deflate the commodity prices. The

nominal livestock and barley prices are effectively converted to real values as the inflation

components of both prices cancel each other out.

The third explanatory va¡iable in the livestock equation is the real interest Íate,

lagged five years (R,,,ui =1...5). Historic nominal interest rates (1955-19S9) are obtained

from the Canadian Economic Observer (Bank of Canada 1955-1989). These values are

converted to real rates by factoring out (i.e., subtracting) inflation. The rate of inflation

is proxied by the change in the consumer price index which are obtained from the
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Table 4.10 Prices Used in the Simulation of Livestock Inventories"

Price Scena¡ios

Cows
Calves
Heifers
Steers

Tot¿rlb

Barley
Interest Ptarc (qo)

.5909

.5909

.4000

.4091

.409r

.1 150

.08

.s000

.5000

.3545

.3636

.3636

.1000
.M

.409t

.4091,

.3091

.3t82

.31,82

.8500
0

' All prices a¡e in $ per kg, except real interest rates which are expressed in percentage terms
b Total is weighted avemge of cow, calf, heifer and steer prices.

Canaclian Economic Observer (Bank of Canada 1955-1989).

Using these three explanatory variables inventories for five classes of livestock in

the prairie region are estimated with the model discussed in Chapter 3. As the goal of this

study is to fully explore the nature of aggregate forage demand, the results of the

livestock inventory equations are used to "simulate" prairie livestock inventories for

specific scenarios. High, mediurn and low values are selected for each of the explanatory

variable, resuiting in 27 distinct scenarios. These values are selected using the range in

historical prices (i.e., 1955-1989) as a guide. Table 4.10 presenrs the values used to define

the sirnulation scenarios. To prevent explosive estimates, median values are selected,with

a slight variation in higher and lower prices, to estimate livestock inventories under a

number of scena¡ios. The barley prices used here are a five year average of Thunder Bay

prices. As previously mentioned, Thunder Bay is a pricing point for grain and a historic

price series exists. This differs from the barley prices used in the ration model which are

assumed to be annual and range from historic low to historic high prices.
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4.3 Aggregate Forage Demand

This section specifies the data sources for the conditional aggregate forage demand

moclel. Data for this moclel are obtainecl from the results generated by the ration and

inventory models. The ration model analysis provides nine least cost rations per livestock

class based on the combination of three sets of forage prices and three sets of grain

prices. These nine rations are used in the aggregate forage demand model.

Twenty seven livestock inventories for five classes of livestock are simulated in

the analysis. As the goal of this study is to fully explore the nature of forage demand in

beef cattle, the nine rations are multiplied by the twenty seven inventories to provide a

matrix of 243 (i.e., 9 x 21) unique levels of forage demand. These forage demands are

summarized econometrically into an aggregate forage demand equation per class of

livestock. As five classes of cattle are investigated, five equations are estimated in the

analysis.

As generated data are employed in this model, standard statistical tests are not

applicable to evaluate the accuracy and stability of the estimated values. An alternative

method is ernployed. The aggregate forage demand model is simulated using a range of

forage prices, barley prices and livestock inventories. In turn, the livestock inventories

result from simulation with lagged livestock prices, lagged barley prices and real interest

rates (Table 4.11). The result will be five simulated aggregate forage demands.

This simulation serves a number of puqposes. It tests the stability of the aggregate

forage demand model. Secondly, it tests inclividual impacts for each of the five

explanatory variables on aggregate forage demand. The variables being tested do not vary

-75-



Table 4.11 Values used to Simulate Aggregate Harvested Forage Demand for
Beef Cattle on the Prairies

Grain
Price

$/tonne

Forage
Price

$/tonne

Tot¿rl"

Livestock
Price
$ikc

LaggeÅ
Barley
Price

$/tonne

Real
Interest

Rate
Vo

150
140
130

120
110

100

90

r00
90
80
70
60
50
40
30
20
10

.68

,&
.59

.55

.50

.45

.4t

.36

.32
,,1

.23

150

140
130

r20
110

r00
90

8

7

6
5

4
J
2
L

0
80
70
60
50

80
70
60
50

" As previously defined, total livestock price is the weighted average of cow, calf, heifer and steer prices,
based on each class's per cent makeup of the total livestock population on the Canadian prairies.

randomly, however. A number of forces are at work to cause prices, inventories and real

interest rates to lnove in a cyclical and somewhat predictable manner. One rule of thumb

suggests that grain and livestock prices are countercyclical; that is, one set ofprices trends

up while the other trends down. The biological lag in livestock inventories also causes

inventories to peak several years after prices have peaked. Real interest rates are a

function of inflation ancl government rnonetary policy, which can be predicted.

Three scenarios are selected. Based loosely on historic periods, (i.e., early to mid

1980's, early 1990's and rnid 1990's), these scenarios test demand for forage under

alternative economic conditions. This tests the demand for forage on the prairies under

"typical" prairie conditions. The data set is presented in Table 4.12. Testing for the

scenarios is based on the stability and variation in and among scenarios I, 2 and 3 for

quantity of forage demancled. The results will be used to evaluate the accuracy and power
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Table 4.12 Simulation Scenarios Used to Test Aggregate Harvested Forage
Demand for Beef Cattle in the Prairie Region

Scenario Grain
Price

Forage
Price

$/tonne

Tota]"
Livestock

Price
$/ks

Lagged
Barley
Price

$/tonne

Real
Interest

Rate
lo$/tonne

1

2
J

50
150

50

vary
Vary
Va¡y

.4t

.32

.41

100

150

70

8

8

0

" Total livestock price, as previously defined, is the weighted average price of the cow, calf, heifer and steer
sub classes.

of the a1gregate forage dernand model.

In summary, the conditional aggregate forage demand model employs data

generated from the ration and inventory models. Evaluation of the results includes testing

the five variables and three scenarios, to test for stability, variability and acçuraçy.

-71-



Results

Chapter V

5.0 Introduction

This chapter presents the results of the ration, inventory and aggregate forage

demand models. The first section provides a discussion of the quantity, quality and

variability for forage consumed in the least cost ¡ations. Section 5.2 presents the inventory

equation results and a discussion of the different livestock inventory scenarios. Section

5.3 presents and interprets the results from the a11regate forage demand models. Section

5.4 verifies the reliability and stability of these results by simulating the five model

parameters. Finally, the st¿bility of aggregate forage demand in beef cattle under three

economic scenarios is discussed in Section 5.5.

5.1 Ration Model

Aggregate rations are clevelopecl for the nine grainforage price scenarios that were

outlined in Chapter 4. The rations are constructed by calculating a weighted average of

each least cost ration for each livestock class. Aggregate least cost rations are calculated

for the cow, bull, heifer and steer livestock classes based on the individual rations. A

weighted average of the individual rations is taken to arrive at a class average. For

example the aggregate steer ration consists of one quaÍer of the ration for large frame

steers gaining 1.0 kilogralrìs per day(lg 1.0), one quarter of the ration for large frame

steers gaining 0.6 kilograrns (lg 0.6), one quarter of the ration for medium frame gaining

1.0 kilogram per day (med 1.0) and one quarter of the ration for medium frame steers

gaining 0.6 kilograms per day (med 0.6). Consequently the aggregate ration for steers
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consists of 0.25 (lg 1.0 + lg 0.6 + med 1.0 + med 0.6) of the rations for each class.

Aggregate rations for cow, heifer and bull rations are similarly constructed.

Based on their proportion of the livestock inventory, an aggregate ration is created

for beef cattle on the prairies (i.e., least cost ration for each class of animal x number of

animals in that class/total livestock inventory on the prairies). Cows make up 70 per cent

of the beef cattle inventory on the prairies (Table 1.2). The weight used for the cow

tation, therefore is 70 percent. Similarly, the aggregate ration weights for bulls, heifers

and steers are 3 percent, 17 percent and 11 per cent respectively. Aggregate rations for

each livestock class are presented in Appendix A. The nine a1gtegate least cost rations

are presented in Table 5.1.

As demonstrated by the nine least cost rations, forage consumption in beef cattle

is highly variable. Depending on the relative price of the various feed ingredients, forage

consumption varies by over 500 per cent per animal, varying from 428 kilograms annually

for a low grain price, high forage price scenario, to 2,198 kilograms per year with high

grain and low forage prices. Alternatively, the kilograrns of total ration fed and annual

ration cost, are much less variable.

Forages, as a percent of the total ration, vary from a low of 20 per cent to a high

of 87 per cent. The lowest forage consurnption, not surprisingly, occurs for the low grain,

high forage price scenario. One result of this price combination, is that the shadow price

for the fibre is relatively high in the individual models (Appendix A). In rhese rations (i.e,

high forage prices, low grain prices) oats replaces barley as the primary energy source

because of its higher fiber content. In the other eight rations, whe¡e energy is the limiting
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Table 5.1 Ingredients and Costs of Least Cost Rations for Total Livestock
Inventory for Nine Price Scenarios (kg/year)"

Grain Price High Medium Low
Forage Price High Medium Low

High Medium Low High Medium Low
Low High Medium Medium Low High

wheat 5 8
com 18 18
beetpulp 0 0
molasses 44 0
soybeanb 3 3

soybean2 0 0
canlneal 0 0
urea 0 0
sunmeal 0 0

barley
oals

Alfalfa I
Alfafia2
Alfatfa 3

385 945
54

00
00

1930 0

0
27

459
T4

106

0
0
0
t9
0
0
0
0
0
0

1578

0
0
0
0
0
0
19

320
0
0
0
0
0
0
0

$43

298
0
6
18

0
0
J

0
0
0
0

1296
0

790
0
0
0
0
0
0

40
66
6
0
0
0
0
0
0

$9e

1281 840 314 547 136
22210014L6
8 111 6 10 1,1.6

17618180
01000
00000
3193328
00000
00000
00000
00000
0090000
00000
0 0 967 1843 0
00000
t47 Lrz 25 0 41,4

00000
00000
648 t254 43 0 0
00000
201640310
17806614
3021 40
00000
00000
00000
00000
00000
00000

$169 $e7 $162 $7s $93

Alfatfa 4 0 0
Alfatfa 5 27 34
brome 0 0
Barleysfaw 0 0
Nativehay L73 1384
Alf/Grass 0
CornSlge 32
swrclvf 7 gg

haylage 3 3
NaCld 0 0
Li¡nestone 0 0
Phosphorus 0 0
BiPhosphorus 0 0
DiCaliumate 0 0
Deflphos" 0 0
Rarion Cosd Sz24 $126

" Ration is weighted by subclass (Total Ration = .70x cow ration + .03 x bull ration + .17 x heifer ration + .ll
x steer ration)
b Soybean is 47.7V0 protein, Soybean2 is 5l.5Vo protein
'Sweetclover
o Salt lsodium Chloricle)
" DeFlour-phosphate
r Ratjon Cost is per anirnal per year
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nuffient, barley is the rnajor energy ingredient.

Forage consumption exceeds 1500 kilograms per animal per year in six out of the

nine aggregate rations. Most of the forage consumed is of low or medium quality (e.g.,

native hay or alfalfa 3). When forage consurnption clrops below this level, the reason is

a combination of low or medium grain prices with medium to high forage prices. Grain

consumption in the least cost rations varies by over 518 per cent, from a low of 403

kilograms to a high of 1,668 kilograms annually. V/heat consumption is minimal, with

the exception of three rations. This is at least partly a result of the nuffitional limits

imposed in the ration models which restrict the use of wheat. Recent advances in

ruminant nutrition suggest that these nutritional restrictions may be unnecessary, resulting

in the possibility of more wheat being consumed as part of the animal's ration. This is

particularly true for heifers and steers on finishing rations.

Total ration costs vary by 521 per cent, frorn a high of $224 per year to a low of

$43. The variability in ration costs is not caused as much by changes in the quantity of

various ingredients consutned, as it is by changes in the price of those ingredients.

However, in six out of the nine aggregate rations, cost per animal is less than $150. Only

when both grain and forage prices are high do rations become extremely expensive.

To summarize, the results obtained from the nine least cost ration scenarios

suggest that the quantity of forage and grain consurned does vary significantly in response

to changes in relative prices. However, the quality of forage consumed remains relatively

consistent. Likewise, while the ration costs are highly variable, only a combination of
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high grain ancl forage prices result in the cost of the fed ration being significantly above

the average.

These results also hold true for the individual classes of animals, as shown in the

Appendix table. For example, for beef cows annual forage consumption per animal varies

from 518 kilograms to 2138 kilograms for the nine price scenarios. Not surprisingly, the

greatest quantity of forage is consumed under a scenario of high grain prices and medium

forage prices. The minimum quantity of forage is consumed when grain prices are low

and forage prices are high.

The quality of forage consumecl by the beef cows is uniformly of low to medium

quality, except when grain prices are high. In these scenarios, approximately half of the

forage consumed is high quality alfalfa hay. The annual cost of cow rations ranges from

$30 per year, with low grain and forage prices, to $172 per year, with high grain and

forage prices.

Heifers consume between 116 kilograms and 2200 kilograms annually of mostly

low to medium quality forage for the nine price scenarios. Like the cow ration models,

the heifer rations contain a minimum amount of forage when grain prices are low and

forage prices are high. The maximurn quantity of forage is consumed when grain prices

are high and forages low. In two of the high grain price scenarios, the model suggests

substantial consumption of high quality forage. The cost of the annual rations range from

$84 to $355 per year for the heifers.

The quantity of forage consumed by steers ranges from 2,891 kilograms to 234

kilograrns per year. Like the two previous classes, forage consumption is greatest for the
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high grain price/low forage price scenario. Also like the two previous classes the

minimum quantity of forage is consumed in the low grain price/high forage price

scenario. The steer ration moclel, as with the two previous classes, also suggests

substantial consumption of high quality forage during times of high grain prices and low

or medium forage prices. The cost of feeding a steer varies from $61 per year to $328 per

year. The lowest cost ¡ation occurs during the period of low grain and forage prices,

while the highest cost occurs in the high price scenario.

For bulls, forage consumption ranges from 675 kilograms to 2,648 kilograms a

year. Like the other rnodels the majority of forage is consumed in the high grainÄow

forge price scenario. The least forage is consumed in the low grain/high forage price

scenario. Again, maintaining consistency with the previous models, the majority of forage

consumed is low to medium quality with only high quality aLfalfa hay consumed in the

high grain price, low or medium forage price scenarios.

All livestock classes consume large quantities of forage in their least cost rations

for this rnodel. Forage consumption is highest during periods of low forage prices that

occur beside high grain prices. Alternatively, forage consumption is minirnum when

forage prices are high and grain prices low. Large quantities of forage is consumed by

heifers and steers in the finishing prograrn. However, this reflects the large quantity of

forage consumed during backgrounding and somewhat less forage being consumed when

anirnals are on a high-rate-of-gain finishing diet.

In conclusion, forage consurnption by individual animals varies greatly. Aggregate

forage consumption, which incorporates changes in livestock inventories, ffi¡y be more
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variable. Another conclusion is that the demand for high quatity forage in beef cattle is

lirnited. The majority of individual rations contain low and medium quality forages, along

with barley, despite the fact that a large number of easily substitutable ingredients are

available. Least cost rations for cows contain significant quantities of barley, much more

in fact than is conunonly fed to over winter cows. This suggests that barley could play

a bigger role in cow rations than is currently the case.
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5.2 Livestock Inventory Model

The results of the livestock inventory equation are presented in Table 5.2. Alt

equations possess a R2 value greater than 0.88, with the total livestock inventory equation

possessing the largest R2 value aT.0.94. The livestock/barley price ratio and real interest

rate variables are significant and explain most of the variation in livestock inventories.

The t-ratios for all variables are significanÍ. at the 99Vo level of significance, with the

exception of the steer livestock/barley price ratio which is insignificant. All variables

possess the appropriate sign as suggested by economic theory.

To test the degree of stability for livestock inventories, the estimated equations are

simulated under different livestock price, barley price and real interest late scenarios

(Table 5.3). Because each equation is simulated independently, inventories are free to vary

Table 5.2 Estimated Livestock rnventory Equations for Five Beef Classes, on the
Canadian Prairie Region

Cows Calves Heifers Steers Total

Constant
Suurda¡d Error
T R.1tio

Livestock hice
/Barley Price
Standard Enor
T Ratio

Real Interest Rate
Sumda¡d Enor
T R.ltio

R2

2,1t3,t00 1,411,100
214,980

9.83.

1,3s0,900
364,730

3.7'

-205,760
33,320
-6.17'

0.92

3r3,750
4.5"

1,005,100
418,740

2.4'

-87,166
42,309
-2.06'

0.91

303,340
L02,320
2.97.

5&,540
207,720

2.72.

-38,903
I 1,8 i0
-3.29.

0.88

501,910
70,963
7.07.

20,6t7
r34,250

0.15

-31,548

7,t64
4.4.

0.88

4,534,500
697,000

6.5-

3,997,700
1,510,300

2.65'

-305,640
8r,026
-3.t7.

0.94

- 
Significant at997o level of confïdence
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Table 5.3 Simulated Prairie Livestock
Barley Price and Livestock

Inventories Under Different Interest Rate,
Price Scenarios"

870 Interest

$15O/tonne
Barley Price
$ 1O0/tonne $5O/tonne

Livestock Prices Livestock Prices Livestock Prices

High
cows I,7 59,185
calves 1,675,112
heifers 424,112
steers 265,309
total 5,218,015

Medium
1,,641,716
1,581,772
375,021
263,555

4,870,389

Low
1,524,246
1,500,372
325,931
261,802

4,522,763

Hìgh
1,953,0i0
1,8r9,382
488,911
261,676

5,687,310

Medium
t,817,920
1,,118,872
432,457
265,660

5,287,540

Low
1,682,830
r,618,362
376,003
263,643

4.887.770

High
2,215,244
2,014,490
576,s8r
270,879

6,322,239

Medium
2,056,314
1,896,243
5t0,t64
268,507

5,85r,92r

Low
1,897,385
L,777,996
443,748
266,134

5,381,604

4Vo Interest

$ I 5O/tonne
Barley Price
$100/tonne $50/tonne

Livestock Prices Livestock Frices Livestock Prices

High
cows 2,582,225
calves 2,023,836
heifers 579,7U
steers 391,501
total 6,440,575

Medium
2,464,756
t,936,436
530,633
389,747

6,092,949

Low
2,347,286
1,849,036
481,543
387,994

5,745,323

High
2,776,050
2,169,046
644,523
393,868

6,909,870

Medium
2,640,960
2,067,536
588,069
39r,852

6,510,100

Low
2,505,810
L,967,026
531,615
389,83s

6,110,330

High
3,038,284
2,363,I54
732,193
397,01t

7,544,799

Medium
2,879,354
2,244,907
665,776
394,699

7,074,481

Low
2,720,425
2,t26,660
599,360
392,326

6,6M,T&

ÙVo Intercst

$ 15O/tonne
Barley Price
$1O0/tonne $50/tonne

Livestock Prices Livestock Prices Livestock Prices

High
cows 3,405,265
calves 2,372,500
heifers 735,336
steers 517,693
totâl 7,663,t35

Mediu¡n
3,287,796
2,285,100
686,245
515,939

7,315,509

Low
3,170,326
2,197,700
637,155
514,186

6,967,883

High
3,860,270
2,117,730
800,135
520,060

8,132,430

Medium
3,599,090
2,516,710
743,68r
5t8,M4

7,732,660

Low
3,328,910
2,315,690
687,221
516,027

7,332,890

High
3,86r,324
2,7\1,818
887,805
523,263

8,767,359

Medium
3,702,394
2,593,57r
821,388
520,891

8,297,04r

Low
3,s43A65
2,475,3U
754,972
518,518

7,826.724
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with respect to each other. This is most noticeable in the calf inventories when the

population varies with respect to the cow inventory equation. This is a limitation of

sitnulation, which nevertheless provides an insight into behaviour of livestock inventories

under different economic scenarios.

Livestock inventories vary by a factor of ahnost 100 per cent, from a low of 4.5

million to a high of 8.7 million, over the different scenarios. Assuming the real interest

rates to be constant at 47o with low barley prices, prairie livestock inventories increase

by I4Vo as livestock prices increase from low to high ($50/cwt to $150/cwÐ. With the

same interest rate and high barley prices, the total beef inventory on the prairies increases

by l2.3Vo with the similar increase in livestock prices, from 5.7 million to over 6.4

million animals.

The same analysis maybe done assuming variability in barley prices. Livestock

inventories increase by l7Vo, 76Vo and l5Vo for high, medium and low livestock prices

respectively, when barley prices decrease from $150 to $50 per tonne (assuming a real

interest rate of 47o). Livestock inventories increase by 7 per cent when livestock prices

increase while barley prices are "low". At high barley prices, livestock inventories

increase 6 percent for the same increase in livestock prices. In summary, increasing

lagged barley prices decreases the livestock inventory, but doesn't affect the degree of

change (i.e., the relative change in numbers).

Livestock inventories are also simulated by changing the lagged livestock price

variable for different interest rates, while holding lagged barley prices constant. The

results, as livestock prices move frorn low to high, are an increase in total inventory of
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16 per cent, 13 per cent, and 1 I per cent, respectively, for real interest rates of \Vo, 4Vo,

and 07o. If livestock prices were low, moving from a \Vo to a 47o real interest rate

decreases livestock inventory by 17 per cent, while increasing real interest rates from 4Vo

to \Vo decreases inventories by another 20 per cent. With high livestock prices, increasing

real interest rates from }Vo to 4Vo reduces livestock invento¡ies by 15 per cent. Further

increasing the interest rate from 4Vo to 87o, lowers the livestock inventory by another 18

per cent.

Stable and consistent changes in all inventory classes occur when the livestock

inventory equations are simulated. In all cases, adjusting one parameter, (i.e., livestock

price, barley price or real interest rates), changes livestock inventory by a factor of 1.1

to 1.17. As livestock prices increase, the volatility of the change in livestock inventories

also increases, from 80 per cent to 117 per cent.

While the livestock inventory results are more stable than those for the ration

models, they still inject a great deal of volatility into potential aggregate forage demand.

The next section provides an estimate of the effects of combining the ration model results

and livestock inventory model results, in terms of the level and volatility for the demand

for forage by beef cattle.
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5.3 Results of Aggregate Forage Demand Model

Results of the aggregate forage dernand model are presented in Table 5.4. Given

that logged values are used in estirnating the equations, the resulting parameter estimates

may be directly interpreted as elasticities. For example, the coefficient for grain prices in

the "total" livestock forage demand equation is estimated as 0.54. This may be interpreted

to mean that a 1 percent increase in grain price results in a 0.54 percent increase in total

aggregate forage demand.

The four estimated equations have R2 values that range from 0.62 to 0.73; that is,

the generated equations explained between 62 and 73 per cent of the variation in

a1gregate forage demand. The R2 value for aggregate forage demand in total beef cattle

is just under 0.68, while the value for cows is slightly higher at 0.73. One interpretarion

for the lower R2 value for heifers and steers may be the greater choice available to

producers concerning these animals. For example, heifers and steers can be alternated

between high and low forage rations, depending on relative prices of the ration

ingredients. Cows typically are fed a ration that contains consistent quantities of forages

irrespective of relative prices.

Without exception, the estimated constants ate not statistically significant at the

90 percent level of confidence. This is likely due to the presence of the livestock

population variable, i.e., if population equals 0, aggregate forage demand = 0. Due to the

generated nature of the data, these values suggest that a large amount of variation exists

around the mean value for the constant term. All other estimated coefficients are

statistically significant at a 99Vo level of confidence. Thus all variables are significant in
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Table 5.4 Log-Log Estimation of Aggregate Forage Demand in the Three Prairie
Provinces, by Livestock Class

Cows Heifers Steers Total

Constant
Standard Enor
T Statistic

Grain Prices
St¿rnda¡d Enor
T Statistic

Forage Prices
Standa¡d Enor
T Statistic

Livestock Population
Standa¡d Enor
T Slatistic

R2

0.44
(0.e7)
0.45

0.49
(0.03)
t4.t4

-0.56
(0.03)
-14.27

1.00
(0.06)
1,5.&

0.13

0.75
(1.83)
0.4r

0.86
(0.07)
11.91

-1.10
(0.08)
-13.41

1.00
(0.13)
7.49

0.62

1.93
(1.se)
1.22

0.63
(0.64)
9.90

-1.07
(0.07)
-r4.75

1.00
(0.12)
8.37

0.62

0.67
(1.6e)
0.40

0.54
(0.M)
13.78

-0.67

(0.04)
-15.13

1.00
(0.11)
9.37

0.68

explaining aggregate forage dernand in beef cattle on the prairies.

The forage price coefficients all possess the expected negative sign and range from

-0.56 to -1.10. Own-price elasticity for forage demand by cows is inelastic, while sreer

and heifer forage demand is slightly elastic. For both, a one per cent increase in forage

prices will decrease aggregate forage consumption by approximately -1.1 per cent. This

reflects the higher substitutability of ingredients in a ration, as animals can be

backgrounded or placed on a high grain ration to be finished. For the total livestock

population variable, a one per cent increase in forage prices will decrease aggregate

consumption by 0.67 per cenl Thus, overall forage demand is relatively inelastic.

The cross price elasticities for grain price are also inelastic. A one per cent change

in grain prices for the livestock classes can alter forage demand from 0.49 per cent to

0.86 per cent. Again the cross price elasticity is lowest for cows and highest for heifers.
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For the total livestock population on the prairies, a one per cent increase in grain prices

will increase aggregate forage consumption by 0.54 per cent.

The elasticity for the livestock inventory variable is unity. This is due in large part

due to the process used to generate the data. Each livestock inventory was entered into

the model with nine least cost rations that were generated under varying price conditions.

However, as the livestock population cycles, so too does livestock's demand for forage,

irrespective of grain and forage prices. While this may be intuitively obvious, it creates

a method where the irnpact of lagged livestock and barley prices and lagged real interest

rates on aggregate forage dernand can be measured.

ConfÏdence in the results is increased by their uniformity across the classes. With

the exception of the forage price variables in heifers and steers, the coefficients are

similar, possess the expected signs and are statistically significant. They reveal that forage

demand is price inelastic and that price variation creates a relatively small change in the

quantity of forage clemanded.

The hypotheses, postulated in chapter 3, are all rejected (Table 5.5). The five

variables uncler consideration affect forage consumption for the four livestock classes.

This is true for all three proposed measures; change in quantity of forage demanded,

comparison of forage demand among livestock classes and stability of demand. The f,ust

two measures are presented in Table 5.5. The third measure is illustrated by a series of

simulations.
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Table 5.5 Results of Hypothesis Tests"

Cows Heifers Steers Total

Grain Prices

Forage Prices

Lagged Barley
P¡ices

Lagged Livestock
Prices

Reject

Reject

Reject

Reject

Reject

Reject

Reject

Reject

Reject

Reject

Reject

Reject

Reject

Reject

Reject

Reject

Reject

Lagged Real Interest fd1rcs Reject Reject Reject

" In each case the null hypothesis is that the particular factor has no effect on aggregate forage demand for
the particular class of livestock

5.4 Simulated Aggregate Forage Demand

As discussed in Chapter 3, aggregate forage demand is simulated by systemically

altering the values of the variables over thefu historic price range. This analysis provides

some insight into the potential va¡iability (or lack thereof¡ in forage demand. The

simulation starts by systematically altering the price of individual variables to test their

irnpact on aggregate forage demand on the Canadian prafuies.

5.4.1 Simulated Grain Prices

The first variable simulated is grain price. As a substitute for forages in the ration,

an increase (decrease) in grain prices will increase (decrease) forage consumption. Annual

feed grain prices are varied over a $100 per tonne range to simulate the impact on

aggregate forage demand. The results are shown in Figure 5.1. The quantity of forage

consumed nearly doubles, increasing by 79 per cent, from 5.3 million tonnes to 9.5

miilion tonnes, as the price of grain increases from $50 per tonne, to $150 per tonne.

These results reflect a stable response in forage dernand with respect to grain prices on

the prairies.
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Figure 5.1 Impact of Grain Prices on Aggregate Forage Demand in Beef Cattle
in the Three Prairie Provinces

V/hile this aggregate forage demand rnodel doesn't calculate forage quality

changes that occur as grain prices rise, the ration model reveals a shift towards higher

quality forage as grain prices rise (Appendix A Table A5). High quality alfalfa is

consumed only when grain prices are high and forage prices are either low or medium.

Corn silage is contained in all rations irrespective of ingredient prices, this probably

reflects the relative price assigned to it in this study. Certainly, corn silage is not regarded

as a major ingredient in the majority of beef cattle rations on the prairies, although it may

be important in some herds and is heavily consumed outside the prairie region (i.e., the

corn belt in the United States and in Ontario).
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5.4.2 Simulated Forage Prices

Forage prices are the next variable to be simulated. As the price of forage

increases, the quantity included in the least cost ration declines, as other lower nutrient

cost ingredients become available. Annual forage prices are varied over a $100 per tonne

range, from $10 per tonne to $100 per tonne. As a result, the quantity of forage demanded

varies, frorn slightly over 5 rnillion tonnes to in excess of 25 million tonnes as forage

prices are acljusted over this price range, holding grain prices and livestock inventory

constant. Figure 5.2 shows this result graphically.

Again changes in the quality of forage fed in the ration due to price changes of

the various ingreclients was not calculated. However, referring to Table 4.5 in Appendix

A reveals that the majority of forage consumed is low to medium quality. When forage

prices are high and grain prices are low, oats substitutes for barley and forages in the

ration. In this scenario it beco¡nes the cheapest provider of fiber and energy in the ration.

The rate of change in forage demand becomes smaller as forage prices increase

(Figure 5.2). As forage prices initially rise, there is substitution made to non-forage

feedstuffs. However, given the fiber requirements of the cattle, the degree of substitution

is iimited. With further increases in forage prices producers substitute lower quality (and

lower priced) forages for higher quality forages. This reduces the impact on aggregate

forage demand.
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5.4.3 Lagged Livestock Prices

Lagged livestock prices are the next variable to be simulated. As an explanatory

variable in the livestock inventory model, an increase in lagged livestock prices increases

both livestock inventory and aggregate forage demand. Aggregate forage demand

increases by alrnost 60 percent, from 5 million tonnes to 8 million tonnes, as the livestock

price increases from $50 to $150 per hundred weight. Figure 5.3 presents these results in

graphical form. The results again inclicate a stable response in aggregate forage demand,

consistent with the first two demand curves.
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Figure 5.3 Impact of Livestock Prices on Aggregate Forage Demand in Beef
Cattle in the Prairie Provinces

No shifts in the quality of forage consumed in the ration are assumed to occur in

this scenario. Relative grain and forage prices drive the quality shifts in the beef cattle

rations. In this case they are remaining constant. The only change is the increase in the

livestock inventory due to higher prices. As a result more grain and low to medium

quality forage is consurned.
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5.4.4 Lagged Barley Prices

Another va¡iable that affects forage prices is the lagged barley price variable from

the livestock inventory equation. This is a long terrn effect. A priori expectations are that

livestock inventories would be decreased as a result of increases in lagged barley prices.

This would decrease the quantity of forage consumed on the prairies. This reflects the

enterpdse alternatives available to producers. For example, higher grain prices witl

increase returns from grain production while decreasing livestock profits. This will

convince some producers to clecrease the nurnber of livestock they own, or in fact to

switch into grain production.

Alternatively, changes in annual grain prices that affect the quantity of forage

consumed in the ration is a short tenn effect. For example, an increase in the price of

grain would convince producers to feed more forage and to decrease the quantity of grain

fed. Livestock populations on the prairies would remain stable.

As shown in Figure 5.4, aggregate forage demand drops by approximately 42per

cent, frotn 9.5 million tonnes to 5.5 million tonnes as lagged barley prices increase from

$50 to $150 per tonne. The quality of forage demanded in the ration can be assumed to

remain stable as no measure¡nent is made of changes in relative forage/grain prices. As

barley has historically varied between $50 and $150 per tonne, the values along this curve

are plausible. Thus, the general pattern of change in aggregate forage demand as a result

of iagged barley prices is consistent with previous variables.
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Figure 5.4 Impact of Lagged Barley Prices on Aggregate Forage Demand in Beef
Cattle in the Prairie Provinces

5.4.5 Lagged Real Interest Rates

Livestock inventories are affected by the cost of capital. As the cost of capital

incteases, the opportunity cost of keeping the capital invested in livestock also increases.

Cost of capital, measured by the real interest rate, should therefore display an inverse

relationship with livestock inventories and aggregate forage demand. As lagged real

interest rates increase, aggregate forage clemand can be expected to decrease.

As shown in Figure 5.5, aggregate forage demand decreases as real interest rates

increase. Demand for forage clrops by approximately 29 percent, as the real interest rate

rises from 0 percent to 8 percent. Aggregate forage consurnption declines from 6.5 mitlion
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Figure 5.5 Impact of Lagged Interest Rates on Aggregate Forage Demand in Beef
Cattle in the Prairie Provinces

tonnes to 4.6 million tonnes in this scenario. Again, it is assumed that the quality of

forage demanded remains constant. Real interest rates do not affect the relative price of

feed ingredients in the ration. Therefore, it is assumed that low and medium quality

forages continue to form the majority of the rations.

-99-



5.4.6 Summary of Aggregate Forage Demand Analysis

The role played by each of the five explanatory variables in influencing aggte1ate

forage demand is explored by sirnulating the ag1re1ate forage dernand and [vestock

inventory models. A wide range of values are used to test the impact and consistency in

impact that each variable has on aggregate forage demand. The result is a consistent

aggregate forage demand for all five variables, with median forage demand ranging from

approxirnately four to eight million tonnes annually given the range of explanatory

variables used in the analysis. The variance of the results from the five variables are quite

different however. The range of forage demand ranges from 20 million tonnes for the

forage price variable to 2 million tonnes for lagged real interest rates. These are the

extremes reached in this study. This does not suggest that actual forage demand will ever

reach this amount. The purpose of the simulation was to test the stability of the model

under extreme conditions. In fact these conditions are unlikely to be observed in reality.

Howevet, the results suggest that forage prices, followed by grain prices, play the

major role in affecting the quantity of forage consumed on the prairies. The relative price

ratio of forages and grain affects the quality of forage consumed in the ration. Only when

forage prices were high and grain prices low was high quality forage included in the

ration.

The results from these sirnulations increase the confidence in the aggregate forage

demand and livestock inventory equations derived in this study. The results are consistent

for the five scenarios. In all cases, apriori expectations o.g., expected signs, are met. The

large clifference in total quantity dernanded dernonstrates the different effects that
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explanatory variables have on forage consumption. Because of the "generated" nature of

the data, statistical tests are unernployable and the specific forage demand values should

be interpreted with care. However, the graphs used in place of the tests increases the

confidence in the results.
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5.5 Three Scenarios for Aggregate Forage Demand

One of this study's objectives is to assess forage demand on the Canadian prairies

in terms of size, stability and potential for gro'wth. The previous section discusses the

irnpact on forage demand displayed by the five explanatory variables when examined

individually. The reality is that when applied in a real world setting, all five variable

fluctuate at the same time. This section provides a discussion of forage demand under

three common economic scenarios on the prairies.

Fortunately, the prairie agriculture economy opsrates cyclically. For example,

Gracey (1981) notes that livestock prices regularly rise and fall over a ten to fifteen year

span. As well, livestock and grain prices tend to move counter-cyclically. In fact,

numerous farm management and marketing texts discuss the role of the two enterprise

(grain and livestock) farm in stabilizing farrn income.

It then is a small leap to discuss prairie agriculture in terms of movement through

a series of income cycles (sometimes referred to as boom and bust). For example, the mid

to late 1970's saw high grain prices, followed by disastrously low prices throughout the

mid 1980's ancl early 1990's. Likewise livestock prices were high in the early 1970's,

dropped significantly during the rnid 1970's and early 1980's and then recovered in the

late 1980's and early 1990's.

Three scenatios, loosely based on these farm income cycles, are used to investigate

aggregate forage demand on the prairies (Table 4.12). The first scenario examines

aggregate forage dernand during a period of low grain prices, medium livestock

inventories and fluctuating forage prices. This scenario may be described as circa 1980's.
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The second scena¡io analyses aggregate forage demand, circa late 1980's and early

1990's, during a period of high grain prices, low livestock inventory and variable forage

prices. Finally, the third scenario investigates aggregate forage demand cluring a period

of low grain prices, relatively high livestock prices, low grain prices and with low real

interest (circa mid 1990's).

5.5.1 Scenario I Aggregate Forage Demand

This scenario looks at aggregate forage demand in beef cattle on the Canadian

prairies during a period of low grain prices, medium inventories and under a full range

of forage prices. In this scenario, annual grain prices are low, but livestock inventories

have not expanded. Expansion is being restricted by high real interest rates and a medium

livestock/barley price ratio.

In this scenatio, forage de¡nand clrops from ten million tonnes to two million

tonnes as forage prices rise from $10 per tonne to $100 per tonne (Figure 5.6). Previous

discussion noted that the majority of forage consumed by beef cattle on the prairies

tended to be low or medium quality. This would be certainly the case for the higher

forage prices when more grain would be included in the ration. With a drop in forage

prices, more "high" (as previously defined) quality forage would be consumed.

For low to medium quality forages, the typical historic price range has been $20

to $50 per tonne. Under this scenario, forage demand ranges frorn six to three million

tonnes as prices rise from $20 to $50 per tonne. Constant elasticity of scale is exhibited

(due to model form selected). For all forage prices in this scenario aggregate forage

demand is 0.67. Thus at all forage price levels, a one percent change in the price of
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Figure 5.6 Aggregate Forage Demand in Beef Cattle on the Canadian Prairies
Under Scenario I - Variable Forage Prices, Low Grain Prices and
Medium livestock inventories

forage alters the quantity of forage consumed by two thirds of a percent.
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5.5.2 Scenario 2 Aggregate Forage Demand

This scenario examines aggregate forage demand on the prairies during a period

of high grain prices, lowet livestock prices and high real interest rates. In this scenario

sffong grain prices and interest rates act to keep livestock inventories down, but the sÍong

feed grain price encourages use of a higher proportion of forages in the ration.

The quantity of forage demanded ranges from around 17 million tonnes to just

under 4 million tonnes as the price increases from $10 per tonne to $100 per tonne

(Figure 5.7). Resfricting prices to the $20 per tonne to $50 per tonne range discussed in

the previous scenario, forage demand drops from 10 million tonnes to around 6 million

tonnes. The quality of forage dernand is assumed to be low and medium quality for the

same reasons discussed above.

The quantity of forage demanded between $20 per tonne and $50 per tonne is

more volatile in this scenario that it was in the previous one. The range was over 4

million tonnes cornpared to about 3.5 million tonnes in scenario 1.
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Figure 5.7 Aggregate Forage Demand in
Under Scenario 2 - Variable
Medium Livestock Inventory
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5.5.3 Scenario 3 Aggregate Forage Demand

This scenario investigates forage dernand during a period of high livestock

inventories and low grain prices. Annual grain prices are at historical lows of $50 per

tonne, the lagged (averaged over five years) livestock price is $0.41 per kg and the

lagged barley price is $70 per tonne. The real interest rate is 07o, reflecting a period of

low nominal interest rates, high inflation, or a combination of the two. As a result,

livestock inventory increases to over 9.6 million head. While more livestock result in

more forage consumption, more grain is substituted for forage in the ration because of
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Figure 5.8 Aggregate Forage Demand in
Under Scenario 3 - Variable
High Livestock Inventory
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low grain prices.

Forage demand is once again responsive to forage prices, from a high of around

17 million tonnes, to a low of just under 4 million tonnes annually as forage prices

increase from $10 per tonne to $100 per tonne (Figure 5.8). For forage prices of between

$20 and $50 per tonne, forage dernand varies from 10.5 million tonnes down to just under

6 million tonnes. This represents a 4.5 million tonne change in demand for low and

medium quality forages within this price range.
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5.5.4 Summâry Aggregate Forage Demand Scenarios

One surprising result, is that despite the vast differences in the explanatory

variables between Scenario 2 and Scenario 3, aggregate forage demand is almost identical.

This suggests that while the demand for the quantity of forage may be quite volatile in

response to forage prices, the demand for forage independent of forage price, may in fact,

be quite stable. Despite the increase in livestock inventory, the drop in grain prices is

sufficient to offset any increase in forage consumption. This suggests that the

forage/barley price ratio may be more important in determining aggregate forage demand

than lagged livestock and barley prices or lagged real interest rates.

To summarize,2 out of 3 scenarios result in an aggregate forage demand on the

Canadian prairies of between 6 to 10 million tonnes, given forage prices varying between

$20 to $50 per tonne (i.e., the probable price range for low to medium quality forage).

The quantity of forage clernanded in Scenario 1 varies from 3.5 million tonnes to 6

million tonnes over the same price range. Numerous scenarios can be sketched; for each

class of livestock. However, these results suggest that aggregate forage demand on the

Canadian prairies is stable, as some of the explanatory variables move counter-cyclically

and offset each other's impact.
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Conclusion

Chapter VI

6.0 Introduction

This chapter presents the summary and

a discussion regarding some of its limitations

6.1 Summary and Conclusion

conclusions for this study. It then provides

and suggests topics for further research.

Three objectives are specified in this study. The first is to develop an economic

model to quantify forage demand for Canadian prairie beef cattle. The second objective

is to collectdata and estimate the model's parameters. The third and final objective was

to use the results from the model estimation to assess forage demand in terms of size,

stability and potential for growth.

AII three objectives are successfully completed within this study. A system of

three models, ration, livestock inventory and aggregate forage demand, are developed to

estimate and forecast forage demand in beef cattle. This method provides valuable insight

into the previously unquantified forage demand (quantity and quality) in beef cattle.

Forage consumption under different economic and policy scenarios can be predicted using

the aggregate forage dernand model.

Data are collected from disparate sources to construct aggregate forage demand

estimates. Information with respect to livestock prices, grain prices, forage prices, lagged

livestock, lagged barley and lagged real interest rates, is collected and compiled to

estimate aggregate forage demancl. This process circumvents the problem of inadequate
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published forage price and quantity data that resfricts the ability to empirically estimate

forage consumption in beef cattle populations.

As specified earlier, the third objective is to assess the size, stability and potential

for growth in aggregate forage demand. Aggregate forage demand in beef cattle is

relatively stable at 6 to 10 million tonnes, under typical economic scenarios, although it

does vary from 3 million to 25 million tonnes under more exffeme economic (i.e., price)

scenarios. Five parameters are varied over theh entire range to investigate their impact

on forage consumption; forage price, current grain prices, lagged livestock prices, lagged

barley prices and lagged real interest rates. The quantity of forage consumed varies

significantly in response to changes in indiviclual variables. V/hen forage consumption

is tested in three "typical" economic scenarios, however, forage consumption remains

relatively stable. Some of the factors that create volatility in the demand tend to offset

each other in these scenarios and thus stabilize the aggregate forage demand.

The vast rnajority of forage consumed by beef cattle in the analysis is of low to

medium quality (i.e.,\Vo to l5Vo protein). In Chapter 1 it was suggested that farmers are

able to generate a profit by growing and rnarketing high quality forages (i.e., lSVo to 22Vo

protein). The results of this study suggest that a limited market for this high quality

forage exists in beef cattle in the Canadian prairies. Rather, the potential for growth in

forage demand lies in increasing the livestock inventory on the prairies. A combination

of high livestock prices, low barley prices and low real interest rates over a several year

span is required to significantly increase forage consumption.
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The irnplications of the study results for the agronomic considerations that provide

incentives for increased production are not exfemely positive. Factors such as Integrated

Pest Management, erosion control and income diversification are discussed in Chapter I

possible benefits arising from increased forage production by crop producers. Limited

local market potential for this increased forage production can be identified as a

reshiction to the successful adoption of these agronomic programs. This study identifies

a significant market for low and mediurn quality hay production in beef cattle on the

Canadian prairies. Consumption of high quality hay is limited by the ready substitution

of barley and low quality hay in place of the high protein, high energy forage. Thus, the

market for high value forage appears to be limited in the prairie region, at least in terms

of its use an input in beef production.

6.2 Limitations of Study

The major limitation of this stucly is its reliance on generated data. The

assumptions, estimation, results and conclusions are based to a large degree on theoretical

assumptions, rather than ernpirical observation. V/hile the results (i.e., consumption of

large quantities of low quality forage) are consistent with profit maximizing behaviour,

this analysis may overestimate the quantity of grain fed to livestock, particularly cows.

This in turn may bias the results and underestimate the total quantity of forage consumed

by beef cattle on the Canadian prairies.

A second limitation, arising again from the use of generated data, is the inability

to use statistical tests on the aggregate forage demand model. This is counteracted to a

degree by conducting a series of graphical sirnulations to investigate the impact of various
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values on aggregate demand. However, this simulation is less rigorous than that provided

by statistical testing.

A third limitation is that this study only examines forage demand in beef cattle in

the regional market. Any analysis of total forage demand in the Canadian prairie region

will also consider the demancl for forage by dairy cattle and by horses. Any analysis of

forage demand for forage produced on the prairies has to incorporate "export" demand,

i.e., forage de¡nand outside of the region.

6.3 Further Research

Any further attempts to quantify forage consumption in beef cattle on the prairies

should attempt to build on this study by using observed data. This can be done by

collecting prirnary data, using surveys, and/or secondary data. If secondary data are

collected, neoclassical (price x quantity) or dual (price) models may be employed to

estimate forage demand.

One unstated goal of this study is to investigate markets for increased production

of prairie forages. Therefo¡e further study may be warranted in investigating the market

for forage in high population regions such as Japan, Korea, China or hinterlands

surrounding large urban centers in the US (e.g., New York, Florida or California). An

increase in the standard of living in Mexico, combined with improved hay compaction

technology may open up a new market for high quality forage near Mexico City.

The unique features of the Canadian prairies: (i.e., low population density, dry

clitnate, harsh winters) offers a potential comparative advantage in livestock and grain

production. This will ensure that the issue of forage production and marketing is of
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continuing interest and irnportance. The theme of this thesis promises to provide a

continued and exciting venue for applied economic research in the coming years.
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Weighted Annual Least-Cost Livestock Rations For Alternative Forage Grain
Price Scenarios

Table 4.1

Appendix A

Weighted Annual Ration Ingredients and Costs for Medium Frame Cows and Lactating
Heifers - (kilogram per year)"

Price Scena¡iosb

Ingredient

706 233 93 984 641 101 307 0
00000001200
07200680072
00004000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
0010460099200
00000000
0 1743 981 0 0 1027 1814 0
00000000
00016tt28000518
00000000
00000000

1305006981202000
00000000
00000000
11073000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000

74
0
0
0

Barley
Oats
Wheat
Corn
Beetpulp 0
Molassess 46
Soybean (48%) 0
SoybeanZ (57Vo) 0
Caruneal 0
Urea 0
Sunflowenneal 0
Alfalfa 1 0
Alfalfa 2 0
Alfalfa 3 2138
Alfalfa 4 0
Alfalfa 5 0
Brorne 0
Barleysüaw 0
Nativehay 0
Alfalfa/Grass 0
CornSilage 0
Sweetclover 0
Haylage 0
SaIt 0
Lirnestone 0
Phosphorus 0
BiPhosphorus 0
DiCalciumate 0
DeFlPhosphorus 0

Cost ($/year) 172 79471156t13555

" (i.e., 0.8 x cow +0.2 x heifer)
b P¡ice Scenarios for grain and forages as previously definecl in Table 4.2, Table 4.3 and Table 4.4

1 High Grain Medium Forage
2 Medium Grain Mediurn Forage
3 Low Grain Low Forage
4 High Grain Low Forage
5 Mediurn Grain High Forage
6 Low Grain Medium Forage
7 High Grain Low Forage
8 Mediurn Grain Low Forage
9 Low Grain High Forage
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Table A.2 Weighted Annual Ration Ingredients and Costs for Medium and Large Frame Heifers
(kilograms per year)"

Price Scenarioso

Ingredient

1490 1191 1322 566
6t 0 0 1793
2t6 27 37 2t6
0959s0
0000
103000
0 I7 t7 r22
0000
0000
0000
0000
075900
0000
0 815 t757 0
0000
340093
0000
0000

1323300
0085t
36 109 0 23
200260
07700
0000
0000
0000
0000
0000
0000

1685 1t7t 961
22610
31 203 27
94095
000
000
15 103 17

000
000
000
000
0 0 1942
000
0 1228 t57
000
r700
000
000

1318 0 0
000
7L 36 109
46 498 0
1503s
000
000
000
000
000
000

1245
27
2t
94
0
42
15

0
0
0
0
0
0

1507
0

t8
0
0

318
0

75

23
15

0
0
0
0
0
0

2M9
69
31

9t
0
15

0
0
0
0
0
0
0
0
0

92
0
0

522
0
55

37
15

0
0
0
0
0
0

Barley
Oats
Wheat
Corn
Beetpulp
Molassess
Soybean (48%)
Soybean2 (52Vo)

Canol¿uneal

Urea
Sunflowenneal
Alfalfa 1

Alfalfa,2
Alfalfa 3

Alfalfa 4
Alfalfa 5

Brome
Barlstraw
Naúvehay
Alfalf¿y'Grass
CornSilage
Swtclvr
Haylage
Salt
Lirnestone
Phosphorus
BiPhosphorus
DiCaiciumate
DeFlPhosphorus

Cost ($/yea¡) 355 214 LUt66tt2240

" (i.e.,.25(medium frame heifers gaining 1.1 kg/clay + Iarge fr¿une heifers gaining 1.1 kg/day + medium
frame heifers gaining 0.7 kglday + large fr¿une heifers gaining 0.7 kg,/day)).
b hice Scenarios for grain and forages as previously definecl in Tables 4.2,Table 4.3 and Table 4.4

1 High Grain Mediu¡n Forage
2 Medium Grain Medium Forage
3 Low Grain Low Forage
4 High Grain Low Forage
5 Medium Grain High Forage
6 Low Grain Medium Forage
7 High Grain Mediu¡n Forage
8 Medium Grain Low Forage
9 Low Grain High Forage
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Table ,{.3 Weighted Annual Ration Ingredients and Costs for Steers (kilograms per year)"

Price Scenariosb

821 362
0 1821

31, 2t6
150
00
00
063
00
00
00
00
00
00

2201 0 0
0

0 139

00
00
00
00
150 0
237 95
00
00
00
00
00
00
00

954 l27t 756 534 t87t 1062 780
2037090930
15 25 t7r 15 25 216 15
1515015r2015
0000000
340000130
00130000
0000000
0000000
0000000
0000000
000t76700633
0000000

13180105969400741,
0000000
186200921480
0000000
0000000

895 1823 0 0 460 1709 t99
0000000
173 132 117 t93 97 93 t93
27 t34 1303 237 96 44 0
00000074
0000000
0000000
0000000
0000000
0000000
0000000

Ingredients

Barley
Oats
Wheat
Corn
Beetpulp
Molassess
Soybean (48%)
Soybean2(52V0)
CanolaMeal
Urea
Sunflowermeal
Atfalfa 1

Ãlfalfa2
Alfalfa 3

Alfalfa 4
Alfalfa 5

Brome
Barleystraw
Nativehay
Alfatfa/Grass
CornSilage
Sweetclover
Haylage
Salt
Lirnestone
Phosphorus
BiPhosphorus
DiCalciumate
DeFlPhosphorus

Cost ($/year)

"(i.e. .25(large frame steers gaining l.l kgldly +meclium fr¿une steer gaining 1.1 kg/day + large frame steer
gaining 0.7 kg/d^y + large f¡a¡ne sreer gaining 0.7 ke,/day)
b Price Scenarios for gain and forages as previously defined in Table 4.2,Table4.3 and Table 4.4

1 High Grain Mediurn Forage
2 Medium Grain Medium Forage
3 Low Grain Low Forage
4 High Grain Low Forage
5 Medium Grain High Forage
6 Low Grain Medium Forage
7 High Grain Mediurn Forage
8 Medium Grain Low Forage
9 Low Grain High Forage

118lÍ10123r15161174
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Table 4.5 Weighted Annual Ration Ingredients and Costs For Total Livestock Inventory (kilograms per
year)"

Price Scenariosb

Ingrediens

385 945 459 298 1281 840 374 547 13654140222100t416
51810668r1r610116
18001817618180
000001000
4400000000
301933193328
000000000
000000000
000000000
000000000
00012960090000
000000000

1930 0 1578 790 0 0 967 1843 0000000000
27 34 0 0 147 ttL 25 0 4t4000000000
000000000
173 t384 0 0 648 1254 43 0 0000000000
32271940201640310
7993206617806614
3306302t40
000000000
000000000
000000000
000000000
000000000
000000000

Barley
Oats
Wheat
Corn
Beetpulp
Molasses
Soybean (487o)

SoybeanZ(SZVo)

Canolarneal
Urea
Sunflowenneal
Alfalfa 1

AlfaJfa 2
Alfalfa 3

Alfalfa 4
Alfalfa 5

Brome
Barleystraw
Nativehay
Alfalfa/Grass
CornSilage
Sweetclover
Haylage
Salt
Limestone
Phosphorus
BiPhosphorus
DiCalciumate
DeFlPhosphorus

Cost ($/year) 9375162t6943126

"(i.e. 0.7*cows +0.03*bull+O.17*heifer+O. 1 1*steer)
bPrice Scenarios for grain and forages as previously clefined in Table 4.2, Table 4.3 and Table 4.4

1 High Grain Medium Forage
2 Medium Grain Merlium Forage
3 Low Grain Low Forage
4 High Grain Low Forage
5 Medium Grain High Forage
6 Low Grain Medium Forage
7 High Grain Low Forage
8 Mediurn Grain Low Forage
9 Low Grain High Forage
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Table 8.2 Simulated Saskatchewan Livestock Inventories - Alternative Interest Rate, Barley
Price and Forage Price Scenarios (cattle numbers)"

8Vo Real Interest Rates

$15O/tonne
Barley Price

$100/tonne $50/tonne

Livestock P¡ices Livestock hices Livesûock hices

Cows
Calves
Heife¡s
Steers
Total

High
872,rU
568,849
172,421
1t4,023

2,t97,t56

Mediurn
804,103
550,235
154,332
t07,044

2,028,634

Low
736,082
531,62t
t36,243
100,065

1,860,1 12

High
984,358
599,562

196,298
r23,444

2,424,660

Medium
906,134
578,156
t75,496
115,418

2,230,860

Low
821,910
556,750
154,694
107,393

2,037,060

High
1,136,205
641,145

228,602
136,r91

2,732.460

Medium
t,0M,176
615,931
204,L29
126,749

2,5U,460

Low
952,148
590,748
L79,656
LL7,307

2,276.460

4Vo Real Interest Rates

$ 150/tonnes
Barley Price
$100/tonnes $5O/tonne

Livestock hices Livestock Prices Livestock kices

Cows
Calves
Heifers
Steers

Total

High
1,t54,632
767,60t
232,241
164,487

2,703,676

Medium
1,086,611
748,987

2t4,t52
157,508

2,535,t54

Low
1,018,590

730,373

196,063
150,529

2,366,632

High
r,266,866
798,314
256,118
173,908

2,931,180

Medium
1,r88,642
776,908
235,316
165,882

2,737,380

Low
r,110,4L8
755,502
214,5L4
I57,857

2,543,580

High
7,4t8,713
839,867

288,422
186,655

3,238,980

Medium
t,326,6U
814,683

263,949
t77,213

3,010.980

Low
1,234,656
789,500
239,476
167,771

2,782,980

07o Real Interest Rates

$150/tonne
Barley Price

$100/tonne $50/tonne

Livestock Prices Livestock Prices Livestock hices

Cows
Calves
Heifers
Steers
Tota1

High
1,437,t40
966,353
292,061
214,951

3,2t0,196

Medium
t,369,119
947,739
273,972
207,972

3,041,674

Low
1,301,098

929,125
255,883

200,993
2,873,152

Low
1,392,926
954,254
274,334
208,321

3,050,100

High
1,70r,22t
1,038,619

348,U2
237,ttg

3,745,5æ

Medium
1,609,192
t,013,435
323,769
227,677

3,517,500

Low
1,517,t64
988,252
299,296
218,235

3,289,500

High Medium
1,549,374 I47It50
997,066 975660
315,938 295t36
224,372 2t6346

3,437,700 3243900

^ High,rnedium a¡d low prices as defined in Table 4.10
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Table 8.3 Simulated Alberta Livestock Inventories - Alternative fnterest Rate, Barley price and
Forage Price Scenarios (cattle numbers)"

8% Real Interest Rates

$ 150/tonne
Barley Price

$100/tonne $5O/tonne

Livestock kices Livestock kices Livestock kices

Cows
Calves

Heife¡s
Steers

Total

High
1,234,385
1,423,121
269,489
324,690

3,4t3,266

Medium
1,t74,807
1,326,738
237,8r0
274,130

3,258,597

Low
1,r15,228
1,230,355
206,132
223,570

3,1ß,9n

High
1,332,689
r,582,152
311,304
392,946

3,622,070

Medium
1,264,174
1,47L,312
274,874
334,802

3,444,2æ

Low
1,195,659
1,360,472

238,4M
276,658

3,266,330

High
1,465,689
r,797,312
367,878
485,292

3,904,569

Medium
1,385,083
1,666,912
325,0t9
416,888

3,695,3r1

Low
1,304,477
1,536,512
282,160
348,483

3,486,052

4Vo Real Interest Rates

$150/tonnes
Barley Price
$100/tonnes $5O/tonnes

Livestock kices Livestock Prices Livestock hices

Cows
Calves

Heifers
Steers

Total

High
1,465,673

1,612,065
380,689
499,810

3,867,746

Medium
1,406,095
1,515,682
349,010
449,250

3,713,077

Low
t,346,5t8
r,419,299
3t7,332
398,690

3,558,407

High
1,563,977

t,'t71,096
422,5M
568,066

4,076,550

Medium
1,495,462

1,660,256

386,074
509,922

3,898,680

Low
1,426,947

1,549,416
349,644
451,778

3,720,810

High
t,696,977
1,986,256
479,078
660,412

4,359,049

Medium
r,6L6,371
1,855,856

436,219
592,008

4,149:t9r

Low
r,535,765
1,725,456
393,360
523,603

3,940,532

0% Real Interest Rate

$15O/tonne
Barley Price

$100/tonne $50/ønne

Livestock Prices Livestock hices Livestock hices

Cows
Calves

Heifers
Stee¡s

Total

High
r,696,961
1,801,009
491,889
674,930

4322,226

Medium
r,637,383
1,'104,626
460,210
624,370

4,167.557

Low
7,57't,8M
1,608,243

428,532
573,810

4,012,887

High
1,795,265
1,960,040

533,7M
743,186

4,531,030

Medium
t,726,750
1,849,2W
497,274
685,042

4,353,t60

Low
1,658,235
7,738,360
460,844
626,898

4,175,290

High
1,928,265
2,r75,2æ
590,278
835,532

4,813.529

Medium
t,847,659
2,0M,8æ
547,4r9
767,128

4,604,271

Low
1,767,053
7,9t4,4æ
504,560
698,723

4.395.012

" High, Mediurn and Low Livestock kices as clefinecl in Table 4.10
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Table 8.4 Simulated Prairie Livestock Inventories - Alternative Interest Rate, Barley price and
Forage Price Scenarios

8% Real Interest Rate

$150/tonne
Barley Price

$100/tonne $5O/tonne

Livestock kices Livestock hices Livestock hices

Cows
Calves
Heifers
Steers

Total

High
1,759,185

1,67 5,172
424,t12
265,309

5,218,015

Medium
1,641,716
1,587,772

315,02t
263,555

4,870,389

Low
t,524,246
1,500,372

325,931
261,802

4,522,763

High
1,953,010

1,819,382

488,911

267,676

5,687,310

Mediurn
r,817,920
L,718,872

432,457
265,660

5,287,540

Low
1,682,830

1,6t8362
376,003
263,643

4,887,7'70

High
2,215,244
2,0I4,490
576,581

270,879
6,322,239

Medium
2,056,314
L,896,243
5L0,LU
268,507

5,85r,921

Low
1,897,385
t,777,996
443,748
266,134

5,381,604

4% Real Interest Rate

$ 150/tonnes
Barley Price

$ 100/tonnes $5O/tonnes

Livestock hices Livestock hices Livestock Prices

Cows
Calves
Heifers
Steers

Total

High
2,582,225
2,023,836
579,7U
391,501

6,M0.575

Medium
2,464,756
t,936,436
530,633
389,747

6,092,949

Low
2,347,286
1,849,036
481,543
387,994

5,745.323

High
2,776,050
2,168,046
644,523
393,868

6,909,870

Medium
2,640,960
2,067,536
588,069
391,852

6,510,100

Low
2,505,870
r,967,026
531,615
389,835

6,110,330

High
3,038,2U
2,363,t54
732,193
397,071

75M,799

Medium
2,879,354
2,244,907
665,776
394,699

7,074,481

Low
2,720,425
2,126,660
599,360
392,326

6,604,164

07o Real Interest Rate

$15O/tonne
Barley Price

$100/tonne $5O/tonne

Livestock hices Livestock kices Livestock Prices

Cows
Calves
Heifers
Steers

Total

High
3,405,265
2,372,5æ
735,336
5t7,693

7,663,135

Medium
3,287,796
2,285,rW
686,245
515,939

7,315.509

Low
3,170,326
2,197,7W
631,155
5 14,1 86

6,967,883

High
3,860,270
2,717,'t30
800,135

520,060
8,132,430

Mediurn
3,599,090
2,516,710
743,681
5 1 8,044

7,732,660

Low
3,328,9t0
2,315,690
687,227

516,027

7,332,890

High
3,861,3U
2,7I1,8t8
887,805

523,263

8.767.359

Medium
3,102,394
2,593,571
821,388
520,891

8,297,041.

Low
3,543,465
2,475,3U
754,972
518,518

7,826,7U

" High, Medium and Low Livestock kices as definecl in Table 4.10
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