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Abstract

Grain elevator companies ultimately dete¡mine where elevators will close and

where new ones will be constructed. Analysis ofthe characteristics elevator company

managements consider in theír decision making process is useful to all participants

in the grain handling and transportation system.

The study identifies market, point and elevator characteristics that Westem

Canadian grain elevator companies consider in their investment and rationalization

decisions to build and close elevators at prairie delivery points. Data pertaining to

elevators constructed in Manitoba and Saskatchewan and closed in Alberta and

Saskatchewan between 1980/81 and 1989/90 were summarized and investment and

closure patterns identified. A few of the patterns included: 1) elevator companies

tend to build replacement elevators, elevators built at a point at which the company

is already located, as opposed to expansion elevators, elevators constructed at a point

where a company has no experience,2) replacement elevators tended to be larger

than expansion elevators, 3) Saskatchewan elevator companies tend to build elevators

at multicompany points, 4) elevators constructed in Saskatchewan were smalle¡ than

in Manitoba,5) in Manitoba slightly more elevators were constructed on mainlines

than branchlines, but in Saskatchewan the opposite was observed, 6) a greater

proportion of elevators were closed at single company points than multicompany

points, and 7) elevators closed in Saskatchewan were smaller than in Albe¡ta.
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Multiple regression analysis was also used to develop models which would

predict the probability of elevator construction and elevator closures. Separate logit

models were identified for those elevato¡s which were constructed and those which

were closed as the decisions to construct and to close were viewed as separate

decisions and not alternatives. Four logit models, a Manitoba open model, A

Saskatchewan open model, an Alberta closure model and a Saskatchewan closure

model were estimated, generating 8L,82,94 and 82 percent correct predictions,

respectively.

Variables significant in predicting elevator construction included, total elevator

capacity and average elevator turnover for the surrounding market area, existing

delivery point capacity, expected point company volumes, the presence of other new

competitive elevators and the age of alternative company elevators in the market

area. Variables significant in predicting elevator closure we¡e company elevator

capacity at the point of closure, company point deliveries, aveÍage point turnover and

company representation in the market area. Road quality access, which is a measure

of the numbe¡ of roads and quality of roads at a point, was significant in each of the

closure and open logit model.

Sensitivity analyses were conducted on each model to assess the impact of

changes in the values of the explanatory variables on the predicted probabilities.

Elevator capacity in the surrounding market area and age of altemative company

elevators in the market area had a greater impact on the probability of elevator

construction at a site than other variables. The capacity of the elevator to be closed

1V



had the greatest impact on the probability of closure in both the Alberta and

Saskatchewan models, followed by company delivery volumes and average turnover

fate,

The models were verified employing ex post foÍecasts and er anrc forecasls

conducted of selected delivery points. Each model was assessed regarding its ability

to forecast elevator construction or closure in the 1990s. Evidence of structural

change was indÍcated in the Saskatchewan models and the Saskatchewan closure

model reestimated. Too few observations in the 1990s prohibited reestimation of the

Saskatchewan open logit model.
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CF{APTERI INTRODUCTION

Construction of the first Canadian transcontinental railway in the 1880s, by

Canadian Pacific Railway (CPR), facilitated extensive Prairie settlement and was a

key factor in promoting growth in the agricultural secto¡. The railway enabled

development of a gathering and distribution network for grain, a prerequisite for

exploiting potential grain export markets. To enable Canadian grain exports to

expand, handling and storage structures were required. The building of these

structures was the forerunner to the present Canadian primary elevator system (PES).

The horse and wagon greatly influenced the pattern of the PES that emerged.

Movement of grain from the farm to the elevator by horse and wagon limited hauling

distance. Therefore there was pressure to provide an extensive grain handling and

railway network. At its peak elevators were spaced every six to ten miles along rail

lines. The number of country elevators built inc¡eased rapidly to reach 5757 in 1933,

with a combined storage capacity of 192.8 million bushelsl. However, from 1933 to

1973 rhe number of primary elevators declined by 23.9 percent to 4165 while storage

capacity increased2. Actions such as the Canadian Wheat Board's strategy of

producer income protection and the Temporary'Wheat Reserves Act (1956) along

with increased production between 1935 and 1960 raised elevator storage revenues

thereby encouraging construction of additional storage facilities. Total storage

1 Dennis Waithe, Evolution of the Primary Elevator S],stem in Weste¡n Canada,
'Working Paper 1.4184,( Ottawa: Ontario, Marketing and Economics Branch, Food
Markets Analysis Division, Agriculture Canada, October 1984), p. 14.
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capacity increased by approximately 90 percent during this period. This was followed

by a modest eight percent growth between 1960 and 1975 raising total storage

capacity to 412.2 million bushels.

Between 1973 and 1990, both total elevator storage capacity and elevator

numbers were rationalized. The number of operating units fell to 1,578 these having

a total licensed capacity of 266.8 million bushels. While elevator numbers and total

storage capacity declined, the average elevator storage capacity has continued to

increase3.

The rationalization of the primary elevator system has been att¡ibuted to a

number of factors. One factor of particular ímportance was the changing functional

orientation of the elevator from a storage to handling facility. The termination of

the Temporary Wheat Reserves Act, and the introduction of a modified quota system

emphasizing on-farm storage reduced the need for elevator storage. Consequently

storage earnings were reduced. This placed increased emphasis on grain throughput

and handling revenues. Firms needed access to larger market a¡eas and to increase

throughput as existing revenues from elevator operations often no longer covered

labour, maintenance and repair costs. Faced with rising operating costs, elevator

companies experienced lossesa. Companies were forced to close inefficient elevators

3 The reduction in small capacity elevators combined with rebuilding and
upgrading of existing elevators to larger more operationally efficient facilities
contributed to the increase in average storage space per elevator while total elevator
numbers decreased.

a Canada Grains Council, Grain Handling and Transportation: Definition of
the Problem ( Winnipeg: Manitoba, Canada Grains Council,I975), p. 1.3.



and cross subsidize their primary elevator operations with revenue earned from

terminal operations and the sale of farm equipment and supplies.

A¡other factor contributing to the on-going rationalization ofthe PES was the

closure of elevators due to age and obsolescence. Over fifty years have passed since

primary elevator numbers peaked. Many of the elevators have ¡eached or will soon

reach the end of their economic lives. Although the volume of grain handled at many

of these elevators may have been adequate to cover costs given either a fully

depreciated or low book value of the elevator, graÍn deliveries at many of these

points were insufficient to warrant rebuilding. Car spots at many points were also

limited.

Other important factors which contributed to rationalization of the PES

include 1) closure of light density rail lines which service the elevators, 2) an

improved highway network which facilitates longer hauls by truck thereby allowing

expansion of market areas to support larger elevator facilities and increased price

competition and 3) larger and more efficient trucks.

1.1. Problem

No primary elevator system configuration can simultaneously minimize 1)

elevator operating and rail transportation costs, and 2) producer transportation costs.

These two goals are mutually exclusive as the configuration which would minimize

producer costs would not reduce aggregate transportation or handling costs.

Consequently, the parties involved hold diverging views as to what configuration is

desirable.



As previously mentioned, rising operating costs have contributed to

rationalization of both the PES and rail lines. It is argued that rationalization will

reduce elevator costs through both economies of size and increased capacity

utilization. Similarly, rationalization has lowered railway operating costs, thereby

reducing losses incurred by the railways while improving their ability to maintain an

efficient grain transportation system. Proponents ofgrain handling and transportation

rationalization point out that potential elevator operating and rail transport cost

savings can be passed on to producers in the form of lower rates.

For many farmers who patronize local elevators, rationalization increases the

cost of marketing their grain as they are required to deliver to alte¡native elevator

facilities which frequently necessitates hauling longer distances. In addition,

rationalization may result in 1) higher on-farm storage costs, 2) an increase in taxes

due to higher road costs associated with increased traffic and 3) a lower tax base

arising from the loss of assessments on elevator and rail facilities. Elevator closures

may also create spatial monopolies thereby enabling elevator companies to retain any

cost savings for themselvess.

To a large extent, concern over rationalization of the grain handling and

transportation system (GHTS) has been focused on rail line abandonment and the

cost implications of closing elevators to the farmer. For instance both Tyrchniewicz6

5 Grains Group. Grain Handling and Transportation Costs in Canada. Toronto,
August, 1971.

ó Edwa¡d W. Tyrchniewicz, and Robert J. Tosterud, " A Model for Rationalizing
the Canadian Grain Transportation and Handling System on a Regional Basis",



and MartinT have analyzed and estimated 1) the cost of grain handling and

transportation rationalization to the farmer and 2) regional optimum pdmary elevator

configurations which minimize system costs.s However, research concerning the

process of elevator rationalization has been minimal. This is possibly due to the

enormity of the task and the tendency to focus on issues of current concern.

Given the extensive network of rail lines crossing the Canadian P¡airies and

abandonment of light density rail lines, it is assumed that the cur¡ent rail networke

must define the outside limit of the feasible solution space within which the primary

elevator system will evolve. In other words, construction of 'new' rail lines - to be

distinguished from branch line rehabilitation- would be the exception rather than the

norm,

Farmers, rural communities, governments, elevator companies and the railway

companies participate in the process of rail line abandonment hearings held under

the auspices of the National Transportation Agency. These participants, therefore,

are jointly party to the process that determine the boundary of the feasible solution

Proceedings of American Agricultural Economics Association. I973, p, 805-813,

7 Larry F. Martin, Grant D. Devine, and Surendra A.Kulshreshtha, " Cent¡alized
Prairie Grain Collection: Savings Related to Market Efficiency." Canadian Journal of
Agricultural Economics.26 (2) 1978, pp. i8-34.

8 System costs are defined to include 1) trucking costs associated with grain
assembly from the farm to the country elevator, 2) elevator handling costs, which
include receiving, weighing, elevation and loading 3) rail transport costs from the
elevator to the port and 4) frequently, road and on-farm storage costs.

eCur¡ent is defined to include lines slated for abandonment in 1990s.



set. The branch line system was 'frozen' by Order in Council to the year 2,000i0.

For those light density branch lines to be abandoned, the elevator companies

have two choices, 1) to close the elevator or 2) to operate the elevator as a satellite

elevator where farmers deliver to the elevator, but grain is forwarded by truck to

another track side elevator for shipment to port. Studies by Fleming and Yansouni 11

have shown that the costs associated with double handling far outweigh the cost of

farmers trucking the grain the extra distance to the next closest elevator. This system

is cost inefficient from an overall standpoint and more costly to the farmer if he pays

the cost of double handling. Consequently, these abandoned branch lines are

assumed to be outsíde the feasible solution space.

If the current rail system defines the feasible solution space, the question

then remains " Who will determine the location of the country elevator, and what

criteria are considered in this decision making process"? Assuming that all delivery

points must be located on rail lines, it seems that, within this constraint, it is the

elevator company management who ultimately determines at which delivery points

elevators will continue to operate and where new elevato¡s will be constructed. This

does not mean farmers have no input into the decisions made conce¡ning elevator

rationalization. However, either Board members of farmer cooperative elevator

companies or fhe management of private companies ultimately make the final

1oThe prohibition against further branchline abandonment was removed in 1995.

i1 M.S. Fleming and P.A. Yansouni, Economic Feasibilitv of Off-Track Elevators,
Canadian Transport Commission, August 1980.



decision.

As elevator companies make the final decisions concerning the location of

country elevators, the point, elevator and market characteristics considered in their

decision to close or construct and elevator could be useful. This information would

be helpful to the federal government when developing policies with respect to 1) the

direction of GHTS rationalization, and 2) compensation issues. It would also aid the

raihvays, provincial and municipal governments, and custom truckers in their planning

processes.

1.2 Objectives

The overall goal is to provide information concerning delivery point and

elevator characteristics which grain elevator companies consider in their investment

and rationalization decisions. To achieve thís goal, the following objectives are

proposed.

1. To summarize grain elevator closure and construction statistics to ascertain

if patterns can be observed.

2. To develop a model that predicts the probability of elevator construction

based on delivery point characteristics which grain companies consider in their

decision to construct an elevator. Separate models will be developed for each

Saskatchewan and Manitoba.

3. To develop a model that predicts the probability of elevator closure based

on elevator and point characteristics which grain companies consider in electing to

close an elevator. Separate models will be developed for each Saskatchewan and



Alberta.

4. Using the models developed, to forecast the probability of elevator closure

and construction at selected delivery points in the prairies.

5. To determine if elevator companies view the market area an elevator serves

from a linear or areal perspective; and to determine if the development of Thiessen

polygons is a suitable technique to identiff elevator market a¡ea.

1.3 Scope

The thrust of this study is to put together an information and anal¡ical

package which outlines those delivery point and elevator characteristics which a¡e

considered in the course of primary elevator rationalization and investment decisions.

It is not the intent of the study to forecast what handling system might evolve.

The announced repeal of the Western Grain Transportation Act (1983) and changes

to Canadian Wheat Board freight pooling points will alter prairie production patterns,

Increased crop diversity and livestock feeding, and growth in value added sectors of

the agriculture industry are expected to reduce grain handling at the primary

elevators. These factors not only will change the configuration of the prairie elevator

system but will expedite current elevator rationalization. How severe the change will

be, and how quickly it will occur will emerge over the next few years,

1.4 Study outline

This discussion proceeds with a review of the theory of location choice in

Chapter 2 followed by a description of the Canadian primary grain handling system

in Chapter 3. Chapter 4 reviews the literature pertaining to ¡elated studies. Chapter



5 outlines the various samples, sources of data and methods used to determine the

characteristics of elevator delivery points and elevators where elevators were closed

and those at which elevators were constructed. Chapter 6 presents the Manitoba and

Saskatchewan open logit models and sensitivity analyses are performed to determine

the elfect of point characteristic values on the probability of elevator construction.

The Alberta and Saskatchewan closure logit models are presented in Chapter 7 and

sensitivìty analyses are also undertaken to determine the effect of elevator and point

characteristic values on the probability of closu¡e. In Chapter 8, out-of-sample and

ex post forecasts are used to veriry the four models developed. Fo¡ecasts of the

probability of futu¡e elevator construction in Saskatchewan and Manitoba and

elevator closure at various points jn Alberta and Saskatchewan are also covered in

this chapter. Conclusions of the study are presented in Chapter 9.



CI{APTER 2. THEORETICAL BACKGROUND

The chapter begins with a general discussion of the goals of firms, the conflicts

that arise and the investment decision process. Following this the theoretical aspects

of spatial market theory and location choice are presented. These subject areas are

discussed as they are pertinent to the development of the prairie elevator system and

the techniques and approach which will be adopted in the research.

2.1. Goals of Firms

It is often assumed that firms have a set of goals which provide the basic

f¡amework or guidelines for development of their marketing, investment and

divesture strategies. However, Schererl indicates that it is not certain that firms

have " well defined unambiguous goals". Two theories have been proposed which

attempt to explain the apparent lack of clearly defined goals.

The first theory states that management "satisfices" a set of objectives. That

is, they aspire to attain some minimum level of achievement rather than to maximize

achievement. It is suggested that when owners and management are separate

entities, management may not pursue goals consistent with those of the owners.

Several hypotheses have been suggested to account for this possible dichotomy of

objectives, Management attitudes towa¡d risk of failure versus the unequitable

rewards of success is one explanation. Another is that management is often

evâluated on the bâsis of some benchma¡k which does not necessarily ensure profit

1F. M. S"h"rer, Industrial Market Structure and Economic
Performance. 2nd ed. Dallas: Houghton Mifflin Company, 1980, p. 34.
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maximization. For example, the case of where management is evaluated on the basis

of total revenues rather than on after tax profits is an often quoted example.

While separation of management and ownership may result in conflicting

goals, so may individual owner's objectives versus aggregate ownership objectives give

rise to conflict. The goals of a single stockholde¡ may not coincide with the Board

of Directors representing a company. Consequently, members or stockholders often

argue that the firm is not operating in their best interest.

The second theory suggests that management has a set of goals which are

priorized. As many of the goals are conflicting, management attempts to satisfy the

primary goal and sequentially attempts to achieve secondary goals. This theory is

basic to the foundations of goal programming.

In economic theory it is generally assumed that the primary goal of firms,

whether they be monopolistic, oligopolistic or competitive, is to maximize profit. In

some instances this may not be true. The primary goals of cooperatives may be to

reduce the price of inputs or to increase the product price received by members or

to increase service. For some firms, some desired level of market share may be the

primary goal. While these goals often have profit making motivations underllng

them, a firm's conduct may vary with the type of goals advanced.

2.2. Investment Decision Process

While the goals held by firms may vary, the ability of firms to remain

competitive, or to grow depends on their investment decisions involving fixed assets.

The investment decision process, alternatively referred to as capital budgeting,



involves many stages. The stages can be generally described as follows:

1) Assessment of the firm's investment needs and capabilities,

2) Identification of possible projects.

3) Prediction of cash inflows and outflows.

4) Assessment of capital requirements.

5) Sources of capital and the ¡elative cost of capital.

6) Project Evaluation- Risk Assessment

This study is particularly interested in stage two, the identification of grain delivery

points which enter in elevator firms' divesture and investment decisions.

2.2.1. Assessment of Firm Investrnent Needs.

Firm investment needs can be categorized into five

classifications.

l.Replacement: Maintenance of Business - This involves replacement of obsolete

or wo¡n out assets so as to maintain the business.

2.Replacement: Cost Reduction - Expenditures to reduce costs. This can include

capital deepening investment, that is investment in capital replacing labour and othe¡

variable inputs. Replacement of old and obsolete assets may also reduce costs due

to technological advances inherent in new capital and reduced maintenance

requirements. The economies of size associated with fixed plant may also reduce per

unit fixed costs.

3.Expansion of Existing Markets - This includes expenditures to expand output or

increase size of market serviced.

12



4.New Market Development - Expenditures necessary to expand markets either

through production of a new product, market integration or diversification into other

sectors.

5. Other - This category is a catch all, including for example investment in safety

and environment projects.

2.2.2 ldenrificarton of Possible hojects

Projects to fulfil a firm's investment needs must be identified. Sometimes

ideas for these projects come from sources within the firm. For example, ideas may

be advanced by management and the company's board, by research and development

and by planning or marketing departments.

Critical to the ideas advanced, is the demand for the goods and services

provided by firms in the industry. Firms must assess the market demand for their own

and competitors' goods and services. Factors such as own price elasticity, cross

elasticity of demand, size of the target population, tastes, income, and projected

gro\¡¡th must be considered in assessing demand. Firms must also assess the cost

implications of location, economies of scale and size.

2.2.3. Prediction of Cash Inflow and Outflow

The first step in determining project cash flows is to estimate the project's

planning horizon. The planning horizon is dependent on the economic life of the

project and management's risk preferences. The economic life of a project will

depend on the relative costs and price of goods and services. Generally profit

earning ability determines a project's economic life which may be shorter or longer

13



than its anticipated physical life given ordinary repair projections. Also uncertainty

concerning cash flows increases over time, therefore, managers may limit project

planning horizons to some period of time which they are willing to risk estimates of

cash flows. Consequently, the length of the planning horizon is variable and will

affect net cash flow.

To determine cash inflow, the price and sales volume of each product or

service must be predicted over time. Similarly, operating costs, variable and fixed,

must also be forecasted over time, along with the expected tax rate to determine net

profits after tax.

This procedure of projecting future revenues and costs is difficult as many

factors can interact to affect product price, sales, input costs and relative usage.

General inflationary or deflationary trends, government programs and interventions,

technological developments, competitor actions, and input characterjstics can affect

both product and input prices. Aside from the direct effect of price on sales volumes,

changing tastes, income levels, competitors' strategies and product development also

affect such volumes.

Due to uncertainty, firms will often assume static relative prices and straight

line growth trends unless they believe that the price of a good or the growth trend

will change in a given direction. As a check on the variable levels chosen, sensitivity

analysis may be undertaken to determine how critical the forecasted prices, sales,

costs and input rates are to cash inflows and outflows.

Generally assessment of cash inflow and outflow is easjer for replacement

1,4



rather than for new investment projects since there is less uncertainty. The current

market is known; if the project involves replacing worn assets r¡¡ith identical new

assets, the costs are also known. Uncertainty is normally greate¡ for investment

projects aimed at developing new products and markets.

2.2.4 Assessment of Capital Requírements

The initial capital investment and any infusion of capital required during the

project's lifetime must be assessed. The usual capital investments include land, land

improvements, buildings, office, processing and transportation equipment and, other

capital investments such as patents and rights. The size of capital investment is not

only critical to the profitability of the project but also determines project feasibility

in light of the supply of funds available to the firm, and its effect on future

investment opportunities.

2,2.5 Sources of Capital and Relative Cost of Capital

Funds for investment projects are obtained from internal firm sources o¡ from

sources external to the firm. Retained earnings and depreciation allowances are

sources of investment funds available to the firm. Often firms choose to finance

investment projects using internal funds as they are reluctant to increase their debt

load. Conversely, a firm's ability to borrow funds may be restricted by its current

financial position forcing it to utilize any internal funds available.

Exte¡nal sources of credit open to firms include borrowed funds from parent

companies, short term and long term debt from arms length credit organizations,

bonds and the sale of preferred and common stocks. The choice ofcredit sou¡ce will



depend on the time period over which the investment project extends, the interest

charges on borrowed capital, the repayment period and contractual commitments,

mortgage provisions and the amount of money which can be ¡aised from the source.

The greater the project risk and the more insecure the firm's financial status, the

higher the interest charges.

2.2.6 Project Evaluation- Risk Assessment

Once projects have been identified and financial potential estimated, projects

must be evaluated with profit maxìmization generally assumed to be the primary goal

of the firm. Certainty and perfect knowledge are the initial assumptions made in the

profit maximization calculations.

Despite the profitability of a project and the availability of investment capital,

firms may choose not to proceed with a project for a number of other reasons. Risk

adverse firms may reject projects having potential for large gains or losses in favour

of projects with narrower profit or loss probabilities. Competitors' marketing

strategies may also alter the profitability of projects. If competing firms choose to

expand when there is limited growth in demand, under-utilization of resources may

occur. Unforeseen world events may change the predicted trend in interest rat€s,

altering the time value of money. Similarly, events in industrial sectors which supply

inputs may affect cost predictions.

Projects may also be shelved due to management and personnel limitations.

If the firm expands rapidly and does not possess sufficient and appropriate

management and personnel skills, organizational and administrative problems may

t6



be experienced. Firms may not bo¡row from external sources if they are concerned

over their debt loads or speculate that their timing may be faulty.

2.3. l,ocation Theory

The focus of this study is the Canadian primary grain elevator system and the

object of the study is to determine the characteristics of grain delivery points at which

an elevator company choose to close an existing elevator or construct a new elevato¡.

Project identification and evaluation are therefore interpreted to mean identification

and evaluation of specific grain delivery locations. The following discussion reviews

the literature pertaining to location theory including the theory of location choice and

the determination of market areas around plant locations.

2.3.1, Least Cost Models

The birth of industrial location theory is generally associated with German

economists l,aunhardt (1885) and Weber (1909)2. l,aunhardt artempred to

determine the optimum location of a plant given the simple situation of one ma¡ket

and two input locations. These three points comprise the corners of a triangle which

have become known as a location triangle, Based on l,aunhardt's locational triangle,

weber determined a least transport cost location. weber believed three factors

affect industrial location, a) transport costs, b) labour costs and c) agglomerative or

deglomerative forces. Transport costs were the primary factor in determining market

location, hence the least transport cost location was dete¡mined.

__.. 
2 Durrid M, Smith, Industrial l¡cation: An Economic Geographical Analysis. John

Wiley and Sons : New Yorþ 1971.
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Figure 2.1 illustrates a locational triangle formed by joining the market (C)

and two input locations I, and Ir. Weber defined the least transport cost point (P)

as the point where total ton-miles per unit of production is minimized- total ton-miles

to include the ton-miles of materials transported to place of production and the ton-

miles of product moved to market. With respect to Figure 2.1 this is calculated by

deriving the number of tons of material x and y moved a distance of a and b from

I, and I, respectively, and the numbe¡ of tons of product z moved a distance of c.

Alternative plant locations within the triangle can be evaluated on the basis of least

transport cost location. The optimal least cost transport location within the triangle

can be identified using computer algorithms but may be of límited practical value

given other locational factor considerations.

Weber's dete¡mination of the least cost transport location was based initially

on the assumption that uniform transportation costs per ton-mile prevail which ignore

the mass, perishability or other characteristics of the materials or product transported.

weber later relaxed this assumption and determined least cost points on the basis of

costs pe¡ unit of distance transported. He further broadened his analysis by

considering the cost of labour. Based on the least cost transport location (p), the

Iabour cost savings at alternative labour saving locations (L) are identified and the

increased transport costs to that point identified. The location of the plant would be

diverted if the labour savings outweighed the increased transportation savings, The

same approach was used to determine least cost points when

18



Figure 2,1 l-ocational Triangle
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agglomeration of industry yielded production savings,

E. M. Rawston (1958) suggests that location choice may be narrowed by a series

of location factors which restrict the choice of sites3 . He proposed three types of

restrictions which affect location, 1) physical restrictions, 2) technical restrictions and

3) economic restrictionsa. His contention is physical restrictions narrow the choice

of locations by ruling out where plants cannot locate. For example, grain elevator

firms cannot locate at points which do not have large tracts of land available to

construct an elevator and rail trackage.

Taken in a broader sense, it is possible that a location's physical characteristics

are one of a series of locational factors that are useful in evaluating sites not just

restricting choice of sites. For example, road access to an elevator site, while not

directly measurable in economic terms, could affect elevator viability.

Technical restrictions refer to the effect of technological progress in the

production process on location choice. If it is anticipated that technological

improvements in production may become less or more frequent, locational economies

associated with other input factors may play a greater or lesser role in location

choice. For example, technological innovations in trucking have allowed $ain to be

economically transported over longer distances. Thus, emphasis on the length of haul

has been reduced, shifting emphasis to other factors important to elevator and

company profitability.

3 ibid.

aBoth the physical and technical restrictions have economic implications,

20



Rawston points out that whe¡e a plant could ultimately locate and its level of

economic activity are determined by economic restrictions. Each component of a

firm's cost structure such as labour, matedals, land and other capital inputs has a

different cost associated with the location. The total difference in the costs at each

location due to location is termed locational cost. These different locational costs

give rise to spatial margins to profitability. A comparison of the locational costs at

potential locations narrows the number of feasible location sites. The advantage of

Rawston's approach is successive restrictions narrowed down the choice of location

sites yet enabled him to avoid using the concept of profit maximization as a

determinant of location site. This is particularly useful if actual cost data are

unavailable but the price of inputs and the relative importance of each input to total

cost are known.

2.3.2. Allocarion of Market Area

In the least cost models presented thus far demand for a firm,s product is not

considered in the choice of site location, only aspects which affect delive¡ed cost,

Demand was constant and there was no locational interdependence between firms.

It was assumed that perfect competition exists and no firm has a market advantage

over another due to its location site.

The theory of market area allocation seeks to discover demand for a firm's

product by attempting to determine how market areas are allocated among firms.

The weakness of this approach, however, is that location site js assumed a "given', and

the costs associated with the selection are not addressed.

21



Given a firm's location, Tord Palanders (1935) sought to discover how product

price determined the market size and boundaries a firm served. Assuming a linear

market, two firms producing the same product and a rational economic buyer, he

derived plant market boundaries based on buyer procurement prices,

The net procurement price at any poìnt along a linear market is illustrated in

Figure 2.2 as the combined purchased plant price and transportation costó.

Transportation costs are generally assumed to be directly related to the distance

Figure 2.2 Market Boundary, Identical Production Costs.
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hauled, hence as the distance from the firm's point of production increases, the

procurement price increases. The boundary behveen two plants A and B is at point

5 Da,rid Smith, op cit.
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D where the procurement price from either plant is identical. Assuming identical

costs of production and uniform transportation costs, the boundary will be equidistant

from each plant.

Alternatively, if plant A produced a product at lower cost and transportation

costs remained uniform, Plant A's market would be larger than plant B as buyers

would buy from the firm with the lowest procurement price, as demonstrated in

Figure 2.3.

Figure 2.3. Market Boundary, Unequal Production Costs.
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This example is typical of extractive, manufacturing, or processing based

industries where the product is distributed to buyers. However, in many agriculture

situations, production is areal based and not produced at one location. Consequently,

the product must be assembled. Following Palander's assumptions, that agricultural

producers are located along a linear market, produce homogenous products, are

rational and deliver to a single buyer (firm). The approach used for extractive and

manufacturing based firms can also be applied to agriculture assembly plants, where

the boundary between two plants A and B is at point D where the procurement price

from either plant is identical. However, the procurement price or farm gate price is

the delivered plant price less the cost of transporting the product to the plant as

illustrated in Figure 2.4.

The approach used to determine market boundaries in the linear model can

be extended to areal spatial markets. Assuming 1) a uniform standardized

commodity and 2) that producers are rational, profit maximizers, spatial market

theory demonstrates that given free choice produce¡s will deliver to the market that

gives them the highest site price, Pu - \. Presented in plane view, Figure 2.5 shows

isocost contours or isotims that indicate locations with identical site prices relative to

plant M.

The free choice principle gives rise to the law of market areas which says that

the boundary between two market areas is the locus of points where the site price

between competing markets is equal.

Boundary site price = P, - T" = Pu - Tu

aÀ



Figure 2.4
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If the transportation rate is constant per unit and the market prices offered by the

two plants are identical, the boundary will be a straight line equidistant from each

market, Figure 2.6. If the market price in one market exceeds the price in the other,

the boundary will be curved toward the market with the hìgher price as depicted in

Figure 2,7.

Figure 2.6 Market Boundary Between Markets With Equal price.

However, transportation is restricted to existing transport networks, so that

isocost contours are unlikely to be perfectly round. Frequently, isocost locations are

depicted using road network grids. In this case, the isocost contours are square and

lie at a 45 degree angle to the x and y axis as illustrated in Figure 2.g.

e I
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Figure 2.7 Market Boundary Between Markets with Unequal Selling Price

Figure 2.8 Shape of Isocost Contours Based on Grid Like Road Nerwork.
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2.3.3. Locational Interdependence

Several locational interdependence models were developed based on the

theory of market allocation. However, they go further than allocation of market area

theory by introducing interdependence between firms in choice of location site,

The model developed by HotellingT in 1929, frequently refer¡ed to as the

Beach model as his model described two sellers competing to sell ice cream to buyers

evenly distributed along a beach, illustrated where a firm would locate given the

location of other firms. He hypothesized that a firm, B, contesting a ma¡ket serviced

by a competitor, A" will strategically locate its new plant beside the rival plant so as

to capture a portion of its competitor's market. These results are based on the

assumptions that 1) firm A's investment is mobile, 2) customers are uniformly

distributed, 3) demand for the product or service is inelastic, 4) customer preferences

are solely dependent on site price, 5) production costs are the same and 6)

transportation rates the same per unit of distance.

He also hypothesized that both firms would locate at point y, the centre of

the market area, Figure 2.9. At any other point, a second firm could locate

immediately beside the first firm and capture a greater share of the market, For

example, if firm A were located at point X, firm B could locate at point X, thus

serving XrD while A served EX. As the firms are assumed mobile, firm Awould skip

to point Xr. This situation is unstable and the two firms would continue to

, - ' H. Hotelling, " Stability in Competition", The Economic Journal . L929. pp. 41-
57.
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Figure 2.9 Location Site of Mobile Competing Firms in Linear Market

DISTANCE Y

move until equilibrium was reached at point Y, the centre of the market. while this

position is clearly inefficient as customers must travel twice the distance than if each

plant were located at quartile posirions, xandz, Hotelling hypothesized rhat ir is the

agglomeration in the middle thar results in competitive stability.

Dropping the assumption that firms are mobile, does not alter Hotelling's

hypothesis that firms tend to cluster. Figure 2.10 shows that if firm A were located

at point X, it would be advantageous for firm B to locate beside point X thereby
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Figure 2.10. Choice of Market Site by Competing Firm in Linear Market Under the
Assumption of Firm Immobility.

8 This assumes a firm would not anticipate competitor's behaviour and choose its
location site accordingly.

DISTANCE

capturing market xD leaving firm A to service market EX. As firms are assumed

immobile there would be no jostling for location therefore agglomeration would not

necessarily occur at the centre of the markets.

Chamberlain (1936) argues that based on Hotelling's assumptions duopolists

need not cluster at one location. Rather they are able to situate themselves at

quartile positions and maintain the same market share more efficiently. However,

this implies tacit collusion. He points out that even if two firms were located at the

same location, a third firm would locate itself so as to create its own spatial
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monopoly. otherwise, to locate beside the first two firms would create a situation of

"pig in the middle" where one firm has no sales.

Chamberlain also argues that if three firms were involved, the firms would

dispersee. He suggests that two firms would locate at quartile positions, and a third

firm would locate in between. As more firms ente¡ed the market, firms would

continue to disperse themselves throughout the market.

The Hotelling and Chamberlain results are dependent on the assumption that

a firm's pricing policy is independent of the actions of competitors. palander (1935)

expands on the Hotelling and chamberlain assumptions allowing for various pricing

policies. He generalizes that 1) if firms price autonomously, either a new firm a) will

locate beside an existing firm and undercut prices forcing the existing firm out of the

market, or b) will raise its price and locate as far away as the midpoint of the longest

market stretch confining its sales to its own hinterland thereby exercising monopoly

control over the market area, or 2) if firms believe that competitors will react to their

choice of location and price, they will locate away from each other garnering their

own spatial monopolies.

In the industrial least cost models and the market area and locational

interdependence models, demand is either implicitly and explicitly assumed to be

inelastic and customers evenly distributed. when demand facto¡s are introduced and

the assumptions relaxed, the choice of location indicated in the above models is likely

e W. Isard, l¡cation and Space Economy. M.I.T. press: Cambridge Mass., 1956.
pp. 160-17i._
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not a profit maximizing point. The industrial least cost model does not consider sales

potential associated with market size and elastic demand which affect revenue. The

market or locational interdependence models do not conside¡ cost of production in

choice of location sitelo.

Greenhut (1956) integrated the least cost and locational interdependence

approaches in his industrial location theory by taking profit maximization as the

criterion for optimum location. To determine profit maximizing locations, cost

factors, demand factors, cost reducing and revenue increasing factors were

considered. He partícularly urged that more attention should be given to demand

factors. while locational choice will determine the demand a firm faces, demand also

influences location. Demand may even be more variable with location than cost

hence may have a greater effect on profit.

Greenhut further distinguishes two types of demand factors, 1) area

determining and 2) site determining. Demand as an area determining facto¡ refers

to selecting areas on the basis of market size whereas the site determining demand

facto¡ relates to choice based on location of competitors. The site determining

demand factor involves many behavioral (conduct) issues such as tacit collusion and

pricing strategies which are difficult to measure and model.

2.3.4. Optimum Plant Organìzation IYithin hoducing Regions

The spatial market theory principles which allocate producing territories (ie,

l'costs of production is introduced in locational interdependence models insofar
as it affects the site price hence each plant's market size. It is not introduced as a
factor which affects choice but is treated as a given,
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farms) to specific markets, can also be used to determine the efficient organization

of plants within a producing regions. The efficient organization of plants within a

producing regions presumes the number, size and location of plants are variable and

incorporates assembling, production and distribution costs in the assessment. In

contrast, the theory of market allocation presumed plant numbers and location we¡e

fixed.

Efficient organization of markets is concerned with minimizing combined

assembly, processing and distribution costs through an optimum plant number, size

and location configuration. Howeve¡ due to economies of size, processing costs are

a function of volume and can be reduced at the expense of assembly and/ or

distribution costs.

In the long run, firms can almost build any size of plant they wish as all

resources are variable. Factors such as division and specialization of labou¡ and

technological facto¡s increase the possibility of lowering processing costs as the size

of plant is increased. Aside from increased production in areas currently delivering

to a plant, the volume required to justi$ construction of a larger plant can only be

achieved by expanding the market area. Market boundaries can be extended by

raising market price or reducing service charges which in turn raise producer site

price.

While this strategy increases the volume necessary to increase plant capacity,

it also ¡aises total assembly costs by extending market boundaries. Consequently,

optimum plant location requires balancing plant costs which decrease with increased

JJ



plant size against assembly and distribution costs which increase with the size of the

ma¡ket a¡ea and ¡eduction in plant numbers. If economies of size were nonexistent

the most efficient configuration would be a plant at each producing location.

Figure 2.11 shows the processing and combined processing and assembly cost

minimizing volume. Plants would minimize costs at point a where the marginal cost

of processing one more unit is equal to the average cost of producing the unit.

However, when processing and assembling costs are combined, costs are minimized

at point b. This figure illustrates why the optimal plant size may deviate when the

firm is not responsible for assembly or distribution costs.

2.3.5. Monopolßtic Behavíour in Spatial Markets

Within organized spatial markets, the potential for pricing and operational

efficiency conflicts arise. operational efficiency or technical efficiency is attained if

production function yields the greatest output for any set of inputs, given its
location and environment".ll

Exchange or pricing efficiency " refers primarily to price; the effectiveness with which

price reflects costs depends upon the market structures and the applicable

competitive strategies".l2 Frequently, the market structure under which operational

efficiency could be attained, may also give rise to pricing inefficiencies;

11 Ben C. French, " The Analysis of Productive Efficiency in Agricultural
Marketing: Model, Methods and Progress", Volume I, A Surve}, of Agricultural
Economics Uterature. St. Paul, Minnesota: University of Minnesota presi, 1977, p.
94.

124.4. Warrack, " A Conceptual Framework for Analysis of Marketing Efficiency"
Canadian Journal of Agricultural Economics, Vol 20(3), 1972, p.9.
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Frgure 2.77 Plant operating costs and combined prant operating and Assembly
Costs.

COSTS/UNIT

Source: Raymond G. Bressler_an 
- 
Rich-ard King. Markets.prices and Interregional

Trade. John Wiley and Sons Inc. New yo¡k: tilO, p t+5,

monopolistic and oligopolistic market structures often cited as examples.

The allocation of exclusive producing terdtories to a specific market or plant

provides an environment for monopolistic exproitationr3. prants may price

discriminate, offering higher product prices to producers near and outside their

borders than those within their boundary to maintain and expand product deliveries.

Alternatively, plants may offer flat assembring fees, thus effectively raising site prices

- . 
r3Bressler, 

Raymond and King,-RichaJ!, Markets. prices and IntenegionalTrade.
John Wiley and sons, Inc.: New Vork, t970._=----.---
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to territories on the boundaries.

Due to the spatial aspects associated with its market, each firm has some

market power where, within limits, it can set its own price. If monopolistic pricing

occurs where P > AC > MC = MR, excess profits are ea¡ned and could attract new

entrants. However, new entrants reduce the product available to each plant thereby

increasing per unit production costs and reducing the volume available for sale.

Eventually new entrants would reduce monopoly profits to zero where p=AC. The

evolving plant organization, however, would continue to be price inefficient if p >

MC, as well as operationally inefficient. operational efficiency could be improved

if excess capacity within each operation were ¡educed and quantity produced

expanded.

The extent to which monopolistic profits can be earned without attracting new

entrants, however, is dependent on barriers to entry. sunk costs, distinguished from

fixed costs can be a barrier to entry. capital that is immobile and has limited

alternative use, therefore not easily rented or sold, can be considered a sunk cost.

Institutional constraints such as government regulations may also impede entry.

These impediments to entry reduce the probability of "hit and run" entry, as entrants

must 1) stay in the industry to recoup ¡eturns on investment which the market may

not be able to sustain unless some incumbents were to leave, or 2) lose their

investment if they were to pull out as the salvage value of immobile capital would

likely be below net depreciated value.
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2.3.6. Degeneration of Efficient Plant Organization

Just as spatial market theory provides a framework to determine the efficient

organization of plants within a producing region, it also explains how spatial

competition can lead to inefficient plant organization.

Assuming new entrants would locate away from existing firms creating their

own spatial monopoly, new firms would locate whe¡e farm site prices were lowest, on

the boundaries of other firms' markets. At this point, the new entrant could offe¡

lower product prices without reducing farm site price as transportation costs are

lowe¡ due to shorter distances between the producing territories and the new plant.

The boundaries surrounding the new entrant would be where the site price to the

new entrant's plant equals that to his competitor's plant.

New entrants reduce the market volume available to the other firms it shares

its boundaries causing them to become less efficient. The new entrants themselves

may have hígher operating costs but survive due to lower product prices. This

market degeneration process could continue as long as lower product prices can

compensate for other higher operating costs. This degeneration of efficient plant

organization is sometimes ¡eferred to as "law of mediocracy" because it results in high

costs for all firms rather than low costs for firms in an efficient organization. Figure

2'12 illustrates the degeneration of hexagonal market areas based on the assumption

that firms will locate away from existing firms creating their own spatial monopoly.

A firm may locate at point D, on the boundary to market A, B, and C. This process

leads to smaller triangular market areas.
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Figure 2.72 The Degeneration of Efficient Plant Organization.

Source: Raymond G. Bressler and Richard King. Markets.Prices and Interregional
Trade. John Wiley and Sons Inc. New York: I970,p. 143.

2.3.7. Corporate Limitatíons and Penonal Consideratiorc Affecting Locatíonal Choice

and Market Area

The models presented so far implied firms wished to maximize profits and had

perfect knowledge. In reality, firms have limited knowledge and limited power to use

any knowledge acquired. Furthermore fírms may have goals other than profit

maximization. As a consequence, less than optimum locations may be chosen by

firms.

Allen Pred (1967) developed a behaviourial matrix to illustrate the effect of

limited power and imperfect knowledge on location choicela. While the

laDavid Smith, op cit.
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behaviourial matrix illusrrated in Figure 2. i3 has limited application, it is useful in

conceptualizing how limited skills and the quality and quantity of information can

affect decisions regarding the choice of location. How close a firm gets to choosing

an optimal location may be dependent on the financial status and size of the firm.

larger firms may be berter able to buy information or form departments specializing

in data collection and capital investment analysis.

Figure 2.13 Behaviou¡ial Matrix
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Greenhut suggested that personal considerations of rational individuals may

help explain why firms choose suboptimal locations. Rather than maximizing profits,

managers or owners may wish to maximize personal satisfaction which has both a

monetary and a psychic component. The psychic component could include utility

associated with minimizing the risk of failu¡e or with environmental concerns, both

which are difficult to measure and model.

Not only are locational choices affected by personal conside¡ations but so is

the market area surrounding these locations. Devletoglou (1965) argues that it is

unrealistic to think of markets having rigid boundaries, that in reality there is a

doubtful area15. within the doubtful area, consumers may be subject to a "fashion

effect" and purchase from another firm. In an agricultural context, producers may

patronize one particular firm fo¡ a variety of ¡easons such as tradition thus crossing

"so called" market boundaries,

2.4. Relevance of Theory to Prairie Primary Elevâtor System.

The allocation of market area theory illustrates the development of the prairie

elevator system and its spatial aspects. It also provides reasons fo¡ the ultimate

degeneration of the cur¡ent primary elevator system manifested in the pervasiveness

of small inefficient elevators throughout the prairies. This in conjunction with an

aging elevator system, changes in market function which reduced revenue sources,

and higher input prices which raised operating costs, have forced grain elevator firms

15 N.E. Devletoglou,
Economica. Vol 32. D.

"A Dissenting View of Duopoly and Spatial Competition".
158.
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to rationalize their elevator systems. The spatial aspects of the market suggest that

grain elevator firms must carefully scrutinize which elevators to close, if firms are to

simultaneously minimize grain delivery and other sales losses, yet reduce operating

costs.

Contestable market theory indicates that the size of investment is not an

impediment to market entry. However, the theory does indicate that if the

investment is sunk in nature, the opportunity for "hit and run entry" is diminished.

The size of investment in elevator construction is not only sizeable but sunk in nature

due to elevator immobility and few alternative uses. Consequently, it may be

concluded that choice of location is also critical to elevator firms' decisions where to

construct an elevator due to the long run economic implications of the decision.

The locational theory models presented assumed the primary goal of the firm

was profit maximization. The discussion regarding the separation of management and

ownership explains why profit maximization may not be a primary goal.

Consequently, choice of elevator construction or closure points may be based on

other goals such as 1) maximizing deliveries handled, 2) ensuring market coverage,

3) a show of market presence or 4) minimizing costs.

In the case of primary elevator firms, this separation may even be wider since

United Grain Growers and Saskatchewan Wheat Pool went public selling shares to

raise capital. Not only is there a separation of ownership and management but the

composition of owners has been altered. The owners comprise grain producers and

investo¡s who possibly have conflicting objectives, such as maximizing producer prices
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versus maximizing investor dividends.

Other factors affect a firms decision where to locate. Interdependence

locational choice models developed by Hotelling and chamberlain imply selle¡s will

choose locations that will give them the largest possible market area given the relative

location of other firms. Hotelling's model suggests firms will cluster whereas

chamberlain's model suggests they will disperse. Analysis of the prairie elevator

system indicates that both locational patterns exist. consequently, firms that locate

where other firms are located (cluster), would seem to perceive the market differently

than those firms which disperse.

The tendency or behaviour to cluster or disperse may reflect a firm,s

marketing strategies. For example, a firm with an aggressive price marketing strategy

may decide to locate at location sites occupied by competitors, hence clustering

occurs' If the firm is aggressive, they may believe they can capture more of the

market than íf they passively shared the market. This could be accomplished by

offering higher offboard grain prices, or higher Board prices through blending, The

more grain delivered, the easier it is to mix grades and loads of varying dockage

levels. In addition, per tonne elevator processing costs are reduced as grain volumes

delivered inc¡ease. The advantage of the new entrant is that they can anticipate the

capital requirements which would facilitate this strategy such as elevator size and

number of car spots. The existing firm has sunk costs and cannot easily change in the

short o¡ medium run.

Alternatively, a firm may exhibit isolationist tendencies and wish to locate away
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from othe¡ firms and avoid direct competition. chambe¡lain's model illustrating that

firms would tend to locate away from one another may illustrate the behaviour of less

aggressive grain companies that wish to avoid conflict. By spacing themselves, they

are creating their own spatial monopoly over which they have some market power.

In the prairie elevator system, elevators at a delivery point are often located

side by side. The cost to the producer of hauling the extra distance is negligible

hence realistically a second firm can hope to capture a share of the market

surrounding the delivery point. The same applies to the entry of a third firm.

Because distances between elevators at one delivery point are small, transportation

cost differences are negligible. chambe¡lain's example of " pig in the middle" where

one firm has no ma¡ket would not occur as evidenced by grain data at points where

three or more elevator companies compete.

The choice of location site may also be indicative of how a firm views its

primary function. For example, some firms in the primary grain elevator industry

may view themselves as primarily facilitators of grain movements whose activities

include handling, elevation, cleaning and storage. These firms may be more inclined

to locate away from othe¡ firms and locate at single elevator delivery points, as their

earnings would be dependent on deliveries hence market size. conversely, firms that

perceive themselves as grain merchandisers may exhibit more aggressive behaviour

and locate at multicompany points so as to directly compete with competitors. In the

course of the study analysis, assessment of the class of point, single or multicompany

points, companies construct elevators or close elevators may be indicative of va¡ious
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CFIAPTER 3. RELATED STUDIES

Very few studies directly address the characteristics of delivery points where

grain elevators or other agricultural collection industries choose to locate. Most of

the lite¡ature pertained to agricultural processing industries and cost minimization as

the principal criterion in determining market and site location. However, several

studies pertaining to the grain handling industry are reviewed in this chapter as

delivery point and market characteristics that may be considered in a grain elevator

company's decision making process may be either inferred or deduced.

3.1. Rationalization and Investment in Agricultural Industries

Tangri et al. discuss the implication of elevator closures on the grain elevator

companiesl. In the late 1960s, the average distance between the farm and the

country elevator was 5.5 miles in Manitoba illustrating the close proximity between

elevators and the relatively small collection areas. As the functional role of the

elevator changed from that of a storage/handling facility to predomínantly a handling

facility, the revenue generated from these small market areas was insufficient to cover

costs. concurrent inflation added to the cost bu¡den. To reduce costs elevator

companies traded elevators, each taking over the other's elevator and combining it

with their own to run as one operating unit. This released labour and reduced taxes

and administrative charges. Assuming that client patronage was not lost as a result

of the trade, inc¡eased handlings also contributed to lower average costs. This

_ 
lTangri, D. Zasada and E.W. Tyrchniewicz. Country Grain Elevator Closures:

Implications for Grain Elevator Companies. Res. Rep. No. tO, Cent¡e for
Transportation Studies, University of Manitoba, Winnipeg, Manitoba, January 1973
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method of cost reduction was preferred to elevato¡ closu¡e as elevato¡ capacity was

not reduced and handling and storage revenues maintained.

The extent to which elevator system costs could be reduced through trades was

limited. Tangri et al also determined that the operating cost of elevators were largely

fixed and insensitive to the volume of grain handled. They estimated that salaries

comprised 60 percent and taxes and insurance 20 percent of operating costs, and

these costs did not vary with volume. Elevator closure did not appear to be the

answer either as they estimated at that time that the elevator companies lost more

in storage revenue than they would save on elevato¡ costs if the elevator were closed.

with the changing functional role of elevators, they suggest the solution appeared to

lie in increasing elevator handling revenue. while closure of old elevato¡s, rail line

abandonment and trades contributed to larger market areas, it was apparent that

further elevato¡ closures were necessary.

Evidence of further elevator closure in the 1970s was provided by Alberta

wheat Pool (AwP) in a submission to the canadian Grain commission on primary

and te¡minal elevato¡ costs and charges. AWp reported they closed 1g9 operating

units between 7974175 and 1982183. This resulted in significant cost savings to the

Pool but they stressed that further consolidation would not generate savings of the

same magnitude. They indicated that it is difficult to reduce costs at individual

elevators as 90 percent of operating costs were fixed in the short term. on the

revenue side, they indicated that storage revenues had declined to 10 percent of total

grain revenues. This placed more emphasis on handling revenues and illustrated the
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importance of high throughput.

AWP stressed the importance of throughput to revenue indicating that their

new country elevators were designed for high throughput, large storage capacities,

larger car spots and higher capacity equipment. Aìso an increasing number of the

their new elevators were constructed on private sites and private sidings built to

accommodate 15 cars as existing rail sidings were usually not long enough to spot

more than a few cars. They believed that expansion and installation of rail siding

trackage will also be a major investment factor in the futu¡e.

Excessive plant capacity and the need for rationalization are not unique to the

canadian grain handling system. casavant and Griffin describe the influences

governing the development of the North Dakota grain elevato¡ industry and its

cur¡ent rationalization. Like the canadian grain handling system, the distance a

horse and wagon could travel in a day influenced the pattern of No¡th Dakota grain

elevato¡ and rail line development. The economic and technological fo¡ces that

influenced development have changed and other economic and technological forces

such as branch line abandonment, unit trains, improved roads and design and size of

trucks have contributed to ¡ationalization.

Casavant and Griffin indicate that

rural grain elevators, whether cooperative or private, are concerned about the
need for merge¡s or consolidation of both physical and business entities2.

2 Ken casavant and Gene Griffin. Structure and operating characte¡istics of the
North Dakota Grain Elevator Industry. upper Great Plains Transportation Instituté
Report No.47. Agricultural Economics Report No, 166: Fargo, ñorth Dakota, p.1.
December 1983.
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They also indicate that the trend is to construct larger elevators and that more of the

new elevato¡s are being built on main lines.

chern and Polopolus indicate that excess capacity also exists in the orange

processing industry. Despite excess capacity they point out that firms will continue

to commit resources to construct new facilities:

'..the cur¡ent plant locations and plant numbers are excessive in relation to a
long-run plan for industry efficiency in assembling and processing oranges in
Florida. ... merger, consolidation and possible abandônment õf somã old
plants will be necessary in the future. on the othe¡ hand establishment of
new plants in some new locations is also appropriate3.

3.2. Factors Affecting Grain Elevator Revenue and Costs

Elevator grain revenue is largely determined by the volume ofgrain producers

deliver and sto¡e. The¡efore, those factors which induce a producer to deliver to a

point are critical to the economic survival of an elevator. A survey of prairie grain

producers by Deloitte, Haskins and Sellsa indicated that there were two key

determinants producers considered when selecting a grain company at which to

deliver, 1) grain grading and dockage policy and 2) attitude and capability of elevator

manager.

Grading and dockage poricies are contingent on the projected vorume of grain

to be delive¡ed to the proposed new elevator site. The more grain delivered, the

3chern, Wen-Fhyong and Leo Polopolus. ',Discontinuous plant Cost Functions:
Modifications of the stollsteimer l-ocation Model" American Journal of Aqricultural
Economics. Vol 52, Nov. 1970. p.585.

aDeloitte, Haskins and Sells. "Determination of Features considered By Farmers'When Selecting A Grain Company". Winnipeg, January, 19g4.
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larger the pool of grain available to mix hence the greater the chance of realizing a

flexible grading and dockage strategy. In a producer survey, Devine and

Kulshreshtha report that producers indicated they would be willing to haul 5.5 miles

further to get better grades and 4.8 miles furthe¡ for better dockages.

Other dete¡minants included competitiveness for nonboard grains6, the speed

with which grain is unloaded, availability of elevator space and accuracy of weighing

facilities. The study reported that competitiveness for nonboard grains was becoming

an increasingly important factor among younger producers when choosing the

elevator point to deliver their grain. since information concerning nonboard grain

sales and revenues is largely confidential, it is unclear to what degree market power

is exercised when setting nonboard grain prices.

Some producers indicated they would bypass the local elevator if the facility

was slow to unload as distance was not as important as the waiting time. weighing

and unloading facilities to be installed and the size of elevato¡ are also contingent on

the projected volume ofgrain to be delivered. The relationship is circular. The size

of elevator and scale are dependent on the delivery volume expected, but deliveries

are affected by company pricing policies and facility capacity. Given that producers

5D. Grant Devine and S.N. Kulshreshtha. performance of Grain Elevators in
saskatchewan. Department of Agricultural e.on@
Saskatoon, Saskatchewan, June 1979, p. 49.

6Nonboard grains include all grains other than wheat, durum and barley for
export or domestic human consumption. Wheat and barley used in feed or an
offboard grain.
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have identified these features as important to their decision where to deliver their

grain, it is assumed that volume, which inevitably dictates the success and the drawing

features of an elevator, would be an important factor determining choice of building

locatíon.

According to the survey elevator proximity to other types of agricultural

businesses was not important and producers were less sensitive to the proximity of

local elevators given increased utilization of large trucks. In regard to this last point

..they could and would conside¡ a range of delivery options based on
anticipated grading and dockage policy, manager attitude, unloading facilities and
competitiveness. Nevertheless farmers were cognizant of, and sensitive to, the time,
distance and investment involved in longer delivery distancesT.

Assuming grain elevator companies are cognizant of these views, it would seem less

emphasis would be put on building in towns and that adjacent grain companies must

be viewed as direct competitors.

Elevator operating costs at a delivery point are important to the long term

economic survival ofa grain elevator. consequently, it is critical to understand what

factors affect costs as they in turn affect which elevators will be closed or where they

wjll be constructed. Although traditional location factors such as availability and cost

of inputs are considered in the decision where to locate a plant or elevator, these

considerations are likely to be of lessor importance than the effect of capacity

utilization and economies of size on elevator costs. Because large volumes of grain

are shipped, capacity utilization (turnover rate) and economies of size can

TDeloitte, Haskins and Sells. "Dete¡mination Of Featu¡es Considered By Farmers
When Selecting A G¡ain Company". Winnipeg, January, 1984, p.ii.
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significantly affect costs.

Russell Jeffrey estimated primary elevator average total costs as a means to

assess the primary elevator system's economic performance. He regressed avetage

total costs against the grain volume delivered, the turnover ratio, five dummy capacity

variables, two dummy provincial variables and one dummy time variable. A log linear

regression equation was deriveds consequently, the coefficients are elasticity

measures. The coefficients derived are as follows:

Intercept
Volume
Turn ¡ate
l-og Year
Elevator capacity

6501-13000
5001-6500
4001-s000
3001-4000
2001-3000

Province
Saskatchewan

5.4127
-.3523
-.2774
-.0241,

-.1877
-.1766
-.1705
-.1-452
-.L0L4

-.t397
Alberta -.0333

If the volume or turn rate values we¡e increased 1 percent, the average total

costs would decrease .35 and .28 percent, respectively. The coefficients associated

with each size of elevator indicate the cost savings of operating an elevator of that

capacity relative to that of a 700-2000 tonne capacity elevatore. For example, an

_. 
8 J. R-ussell Jeffrey. " Economic Perfo¡mance in the Western Canadian primary

Elevator Industry". Unpublished M.Sc. Thesis, University of Manitoba, I9g5, p, 6i,

- 
e If all the dummy variables associated with elevator size assume a value of zero,

the estimating equation represents the ATC for a 700 to 2000 tonne elevator. If the
provincial dummy variables assume a value of zero, the ATC estimated are basis
Manitoba elevators.
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elevator of2001-3000 tonnes is 10.1 percent less expensive to operate given the same

turn rate. Al elevator 3001-4000 tonnes is 14.5 percent cheaper to operate than a

700-2000 tonne elevato¡.

Based on these results, the volume of grain delivered appears to be the most

important factor affecting elevato¡ operating cost. consequently, it is reasonable to

assume that elevato¡ companies look at total actual or expected deliveries in a

market area in their decisions to close or construct an elevator,

The turn rate was the second most important facto¡ in the model affecting

average total costs, obviously at an existing elevator, the turn rate is dependent on

the size of the elevato¡ and the volume delivered. At a proposed elevator site, the

expected average turn rate would be based on assumptions concerning market share

and the sjze of elevato¡ to construct. Given elevator operating costs vary with the

size of elevator, firms can choose the size of elevator that minimizes total costs. For

example given the same turn rate, a 4000 to 5000 tonne elevator is 2.5 percent less

costly to operate than a 3000 to 4000 tonne elevator. However, given a l percent

increase in the turn rate yields a .28 percent decrease in ATÇ a 10 percent increase

in the turn rate would compensate for higher costs associated with building a smaller

3000 to 4000 tonne elevator.

3.3. The Effect of Tfansportation Costs on Location Choice.

Transportation costs are another major factor determining the size and

location of plants. In Iocation theory modelling, these transportation costs are usually

divided into two categories, assembly and distributive costs. Assembly costs include
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the cost of loading and transporting the product to a plant which performs some type

of processing function. Distributive costs are the cost of loading and forwarding the

product either to points of consumption or additional processing.

Many raw agricultural materials aÍe chatacterized as high volume/ow value

and perishable. As a consequence they are expensive to assemble. on the other

hand, processed products are frequently low volume/high value and less perishable

resulting in lower transportation costs per product unit value. As a result many

agricultural processing plants will often locate near the area of production to reduce

transportation costs. The dairy industry is one example of processing plants locating

near poínts of production due to large assembly costs.

Based on the assumption that the milk plants paid the assembly costs, Olson

developed a milk processing plant model to determine the numbe¡ and size of milk

processing plants as well as the distance between plants given a fixed milk supply and

uniform transportation costs per hundredweight of milkio, 11. He found assembly

and processing costs diverged. As the number of plants increased, the size of the

collection area or market for each plant decreased, therefore assembly costs

decreased. Processing costs increased as there were diseconomies of size associated

with smaller plants, consequently, the optimum number, size and location of plants

were jointly dependent on assembly and processing costs.

10F¡ed L. Olson. "t¡cational Theory as Applied to Milk processing plants".
Journal of Farm Economics. December, 1959. pp. 1,546-L555.

11The prices of the finished products at numerous ma¡ket locations weÍe assumed
to be equal with zero transportation costs.
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while assembly costs are important economic va¡iables in analyzing of system

efficiency, it is important in location site choice to determine 'who pays the assembly

costs'. Aïmed A. Araji and Richard G. walsh 12 indicate that previous studies

determining the least cost grain elevator size did not include assembly costs. This is

because grains are priced f.o.b. the elevator and assembly costs are incurred by

producers and not elevator companies. consequentl¡ the autho¡s of these previous

studies assumed assembly costs do not enter grain companies' decisions in choice of

location or even size of the elevators,

while grain elevato¡ companies may not consider assembly costs in their cost

profile, it cannot be presumed that grain companies do not consider assembly costs

in their decision where to locate. Assuming hauling distance and assembly costs are

correlated, there is some point at which producers' assembly costs would prohibit

delivery to an elevator consequently defining market bounda¡ies. This is supported

by the Deloitte survey which indicates that farmers are sensitive to the time, distance

and costs involved in hauling grain longer distances.

3.4. Investment Strategies

Many types of investment strategies have been examined to determine the

linkage between investment and market structure and performance. Gilbert and

^ l'OOryO.A. Araji, and Richard G. Walsh, ,, Effect of Assembly Costs on
optimum Grain Elevator size and l-ocation". canadian Joumal of Ágricultural
Economics. Yol 77. 1,969: pp. 36-45.
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Libermanl3 and Deilyla used investment behaviour to predict the probability of

various events occurring,

Gilbe¡t and Lieberman examine investment by firms in the chemical products

industries to determine whethe¡ firms invest preemptively to increase market share

or whether they invest to maintain market share. preemptive investment presumes

that a firm's investment acts to delay or deter investment by rival firms. By investing

first eithe¡ in a product market or spatial market, the first firm is signalling other

firms that they may sustain losses if they contest the market. If preemptive

investment is successful, the investing firm will increase their market share but their

investment will not stimulate investment by other firms which could lead to excess

capacity. A logit model was developed to determine if these investment behaviours

could be identified in the chemical products indust¡ies.

They concluded that preemptive investment delayed rival investment but the

effect was not persistent. Preemptive investment behaviour also enabled a firm to

increase their market share but this strategy could not be used as an on-going basis

to increase market share. Larger firms tended to invest when market share began

to drop in order to maintain market share. on the other hand, smaller fi¡ms tended

to follow the investment activity of other firms, which Gilbert and Lieberman call

"jumping on the band wagon".

l3Richard J. Gilbert and Marvin Lieberman. "Investment and coordination of
Oligopolistic Industries" Rand Journal of Economics. Vol 1g, No 1, Spring 19g7.

_ 
laMary E. Diely. "Exit Strategies and planrClosing Decisions: The Case of Steel",

Rand Journal of Economics. Yol2Z(2), 1991, pp 250-263.
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An investment strategy similar to preemptive investment, mimicry, is discussed

by Eaton and Lipsey. Also called positioning, an incumbent firm in a market a¡ea

can deter entry of other firms by building a new plant before the old one is expected

to be replaced. The premise behind the positioning strategy is that the market

cannot economically support two plants, particularly in a contracting industry.

3.4, Summary

In summary, these studies have pointed out seve¡al delivery point and market

characte¡istics elevator companies may consider in their decisions to close or

construct an elevator. The single most important characteristíc was volume of

deliveries as it affects both revenue and costs. Elevator capacity was also identified

as important to cost determination and the ¡evenue earning potential of an elevator.

In terms of elevator closure, the volume ¡eceived at a delivery point in conjunction

with the size of elevator and resulting turn rates would be assessed. At proposed

construction sites the size of elevator and turn rate which would minimize ATC given

expected market volume are not, of course, already pre-determined and also enter

into the analysis.

other factors such as dockage and grading policy and price competition for

nonboard grains have become increasingly important to the choice of elevator to

deliver. on the other hand, the proximity to the nearest elevato¡ has become less

important, particularly as the size of farm trucks increases. It follows that road

quality and access would be important to elevato¡ delive¡ies and the¡efore on the

decision of where to construct a new elevator.
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The fact that producers are showing an increased willingness to drive beyond

the nearest elevator would imply the area of competition is widening. competing

elevators a¡e not limited to those at the same point but must be expanded to include

those in the surrounding market area. cognizant of their competitors, various

marketing strategies may also be employed in the decision where to construct an

elevator, as incumbent firms attempt to maintain market share and othe¡ firms

attempt to inc¡ease market sha¡e by preempting incumbent plans for future

construction.

Due to the bulþ nature of grain and distance to ocean ports, rail transport

remains the most economical mode of transport. Given the uncertainty concerning

rail line abandonment, companies may be more inclined to build elevators on main

lines or branch lines they feel confident will not be abandoned,
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CHAPTER 4. HISTORICAL DESCRIPTION AND APPLICATION OF MARKETTHEoRy ro rHE wESTERN cANADTAN pRrMARy cRAIN elevÀiõn
SYSTEM

4.1 Structure of Primary Grain Handling System

The canadian prairie primary elevator handling system (pES) is spread over

an extensive areâ so as to accommodate approximately 130,000 farmers who as of

1994 delivered to over 1400 licence elevators. while agriculture is frequentry

portrayed in a perfectly competitive framework, the primary elevator system is

oligopolistic as the¡e are few firms with strategic interdependence between them.

4.1,1. Market Concentratiotz

The number of firms owning primary erevators declined f¡om 66 in lgrz ro 79

in 1994. However, eight companies, AWp, SWp, MpE, UGG, Cargill, pioneer,

Pate¡son and sons, and parrish and Heimbecker Ltd own 9g.6 percent of the total

primary elevators in the prairies. Three of these companies do not compete with

each other as they ope¡ate strictry in the province which their name designates.

consequentl¡ six elevato¡ companies own most of the erevato¡s within each prairie

province. The first four companies, producer cooperativesl, operate over 70 percent

of the PES elevato¡s located in Manitoba, saskatchewan, Alberta and the peace

River region of British Columbia.

Table 4.1 lists the number of elevators each company operated within each

1SWP and UGG a¡e now public companies.
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Table 4.1 Number of Elevators by Company by province, August 1994.

Company Manitoba Saskatchewan Alberta

Alberta Wheat
Pool

256

Cargill 17 38 28

Manitoba Pool
Elevators

137

Parrish and
Heimbecker

I 12 15

Paterson and
Sons

24 21, 1

Pioneer 7 130 38

Saskatchewan
Wheat Pool

423

United Grain
Growers

56 96 89

Other Companies 9 7 4

Total 251 727 431,

Sou¡ce: Canadian Grain Commission. Grain Elevators in Canada. 1994/95
Minister of Supply and Services CunaOã,FinnipÇ-S9+.

province. In terms of the number of elevators operated, swp is the largest grain

company on the prairies followed by UGG, AWp, pioneer, MpE, Cargill, paterson

and sons and Pa¡rish and Heimbecker. within the prairie provinces, the three pools

are the largest local grain elevator companies.

rn 1971'172 there were 765 single company points and 1070 multicompany

points, 42 and 58 percent of the total points, respectively. However, the sale of

Federal Grain to the three Pools ¡educed the number of multicompany points. pool
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elevators were combined with Federal Grain elevators and functioned as one

operating unit. As a result of the sale transaction, the¡e were 1040 single and 7gg

multicompany p oints in 1971.1722, single company points comprising 57 percent of the

total delivery points.

By 1989190 due to railway and elevator rationalization, the total numbe¡ of

delivery points declined to 1005, 557 single company points and 44g multicompany

points. The proportion of single company points had dropped slightly to 55 percent

of the total number of delivery points. As many of the multicompany points became

single points, this indicates that more single company points were closed than

multicompany points3.

During the 1989/90 crop year approximately 1567 elevators were located at

1005 primary elevator grain delivery points or stations. Table 4.2 lists the number of

single, double and triple + company delivery stations located in each province.

Proportionally, Manitoba has more single company points than Alberta and

saskatchewan. The dist¡ibution of each company's elevators between single and

multi-company points by province is shown in Table 4.3. \ryith the exception of

Alberta Pool Elevators and Manitoba pool Elevators, each company has more

elevators at multi-company points than single company points. The average number

^. 
tO.P. -Tangri, D. Zasada and E.W. Tyrchniewicz. Countrv Grain Elevator

Closures: Imptica . R"r. Rep. ño tõ, CãGi6ì
Transportation studies, university of Manitobá, winnipeg, Manitoba, January r973,
p.8.

3 Between 197 U72 and 1989190,823 delivery points were closed, the numbe¡ of
single points declined by 490 and the numbe¡ of multicompany points by 333.
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Table_4.2^Number of single, Double and rriple Delivery points, by province, crop
Yeat 1989190.

Province Single Double Three
and

More

Total Single Pt
asa

Percent of
TotaI

Manitoba 11,6 54 73 183 63.4

Saskatchewan 263 2t3 47 523 50.3

Alberta t71 9Z 36 299 57.2

Total 550 359 96 1005 54.7

source: Data acquired from canadian Grain commission. Grain Elevators in canada.
f990191 Minister of Supply and Services Canada, Winnip"g, 1D9õ. 

-

sou¡ce: Data acquired from canadian Grain commission. Grain Elevato¡s in canada,
1990/91, Minister of Supply and Services Canada, Winnipeg: 1990

Table 4'3 Location of Grain companies at single and Multi company Elevator
Points, By Province, Crop Year IgBglgO.

Company Manitoba Saskatchewan Alberta

Sinsle Multi Sinsle Multi Single Multi
Alberta Wheat Pool 135 125

Cargill 2 15 23 32 5 23

Man. Pool Elevators 75 59

P. and H. 0 2 0 13 2 15

Paterson and Sons 10 15 2 24 1

Pioneer 4 4 23 126 10 JJ

Sask. Wheat Pool 2L6 256

U.G,G. 22 44 1.6 99 15 87

Other Companies 3 5 0 4 1 10
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of elevators at multi-company points is 2.1,,2.1, and 2.3, respectively, for Manitoba,

Saskatchewan and Alberta. The number of single company points as a percent of

total delivery points for each company is represented is presented in Table 4.4.

The proportion of each company,s elevators located at single and multi-

company points may signifu each company's competitive strategy which may differ by

province depending upon their competitor. For example, cargill has gg and g2

percent of their elevators located at multi-company points in Manitoba and AJberta,

¡espectively, whereas in saskatchewan they have only 5g percent of thejr elevators

located at multi-company points. Depending on who was at the point first, it may be

that cargill is more leery of competing with swp head on than it is with AWp o¡

MPE. Alternatively, this pattern may be indicative of the location of National G¡ain

elevators as cargill purchased National Grain's elevator system ]n 1972. united

Grain Growers has a high percentage of elevators at multi-company points in Alberta

and saskatchewan, 85 and 86 percent respectively, and a lower percent in Manitoba,

67 percent.

within each province, the three provincial cooperatives have the most

extensive elevator network. In terms of percentage of total elevator pojnts covered

in each province, Table 4.5 showed MpE is present at 73 percent of the delivery

points, AlvP 87 percent and SWP 90 percent. Given the extensive coverage of the

three cooperatives, it may be difficult for the other companies to find suitable unique

points at which only they would be located. MpE's low market coverage may explain

why UGG is abie to locare ar more single company points in Manitoba than in
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'lable 
_4.4 M3.l!i 

-Cgmpany 
Points as a percenr of Total Company Delivery points,

Crop Year 1989190, by Company.

Company Manitoba
Vo

Saskatchewan
%

Alberta
%

Alberta Wheat Pool 48

Cargill 88 58 82

Man. Pool Elevators 44

PandH 100 100 94

Pate¡son and Sons 60 92 100

Pioneer 50 85 17

Sask. Wheat Pool 54

U.G,G, 67 86 85

Other Companies 62 100 91

99:19:: ?g.ru u.quired from Canadian Grain Commission. G¡ain Elevators in Canada.
1990191 Minister of Supply and Services Canada, Winnipeg: 1tt0. 

-
Table 4.5 Primary Elevator Market Coverage of provincial Grain
Cooperatives, Crop Year, 1989190.

P¡ovincial
Cooperative

Number
of Pool
Coop

Elevators
A

Number
of Total

Elevators

B

Number
of

Delivery
Points

C

Percent
Pool

Elevato¡s

A/B

Percent
Pool

Coverage

NC
Manitoba 134 260 183 52 IJ

Saskatchewan 472 836 523 56 90

Alberta 260 462 299 56 87
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Alberta or saskatchewan. The market coverage for the three provincial grain

cooperatives a¡e showl in Table 4.5.

4,1,2. Vertical ltxtegration and Barriers to Enny

The grain companies are also forward vertically integrated. The grain

collected on the prairies is funnelled to port terminals in vancouver, Thunder Bay,

churchill and Prince Rupert where the grain is cleaned and graded to export

standard prior to shipping. seven of the eight major primary grain elevator

companies own and are licensed to ope¡ate terminal elevators at these locations.

Table 4.6 ]ists the companies licensed to operate at the vadous port locations. Awp,

swP, MPE, uGG, cargill and Pionee¡ also have a joint venture in the prince Rupert

consortium and the three Pools in pacific Elevators Limited in vancouver. The

Pools have also formed cooperative ventures in other areas such as 1) processing-

XCAN an export company and CSp Foods, a canola crushing plant, 2) producer

inputs- western cooperative Fertilizers Limited and 3) policy development and

promotion- P¡airie Pools Incorporated.

Due to extensive horizontal and vertical integration, it is difficult fo¡ new

entrants to contest either the primary grain handling o¡ terminal handling markets

unless they provide very specialized servicesa. The potential entrant would have to

purchase or build a network of primary elevators, otherwise they could not acquire

enough grain to operate terminal facilities, given other companies own thefu own

a stow seed Processo¡s Ltd, Johnson seeds Ltd, and canbra Foods Ltd are
examples of companies serving a specialized ma¡ket.
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terminal facilities. In addition, they

elevator network without terminals as tr

economically operate a primarycould not

rminal ear

Source: canadian Grain commission. Grain Elevators in canada:crop year 1994/95,
Minister of Supply and Services: Ottawa: 1994

elevator losses. The large capital investment required to invest in such a venture

coupled with the sunk cost of the assets, discourages new entrants.

other factors such as locational and institutional constraints also restrain entry.

The north shore of the port of vancouvers is c¡owded and has little room for

additional te¡minal elevators or even space required to marshal raíl cars. Institutional

restrictions such as bonding insurance may also rest¡ict business. The canadian

termina earnrngs have long subsidized primary

Table 4.6. Grain Elevator companies Licensed to operate at port Te¡minal
Locations.

[¡cation Licensee

Thunder Bay Cargill Limited
Manitoba Pool Elevators No. 1

Manitoba Pool Elevators No. 3
Par¡ish and Heimbecker Limited
Richardson Terminals Limited
Saskatchewan Wheat Pool No. 4
Saskatchewan Wheat Pool No. 7
United Grain Growers Limited A
United Grain Growers Limited M

North Vancouver Pioneer Grain Terminal Limited
Saskatchewan Wheat Pool

Vancouver Alberta Wheat Pool
Pacific Elevators Limited
United Grain G¡owe¡s Limited

Prince Rupert Prince Rupert Grain Ltd

s CN Lynn Creek yard.
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Grain commission does not require the larger grain companies with financial depth

to be bonded to the full extent of their outstanding business activities giving them

an advantage.

Consequently, the primary grain handling industry has only been contested

by participants already in the PES. These participants have established terminal

operations or arrangements whereby grain acquired on the prairies can be forwarded

to the port. Bonds and licences are also in place as is the administrative netwo¡k.

Existing participants in the PES also have an immediate advantage in terms of better

knowledge and know how.

4.1.3, Excess Capacity and Economies of Síze

congestion of the elevator system in the late forties and early fifties and

earnings from grain storage spurred elevato¡ and annex construction. Building

continued through the sixties and peaked in 19i0 at a capacity of i.1.17 million

tonnes. Howeve¡, the termination of the Temporary wheat Reserves Act and the

introduction of a modified quota system, emphasizing on-farm storage reduced the

need for elevator storage. As a result there was excess elevator capacity in the

system.

Evidence of excess capacity in the pES is indicated in Tabre 4.7. over the

eleven year period 1978179 Lo 1989190 total elevator capacity fell from 9.06 million

tonnes in 1978179 to 7.13 million tonnes in 1999190, a decrease of 21 percent yet

elevator companies were able to handle 29.25 million tonnes in the 19g9/90 crop year,

a 38 percent inc¡ease in volume over the period.
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'lable 4.7 Elevator Turnover Rates, by province.

Year P¡ovince Elevator
Numbe¡s

A

Total
Capacity

(000,000)
B

Average
Capacity

B/C

Avg 10 Yr
Delive¡ies

1978179-
1988/89

(000,000)
D

Turnover

DÆ

1978179 Manitoba 477 1,.r9 2825 3.13 2.66

Sask. 1915 4.68 2443 t2.76 2.60

Albe¡ta Lt14 3.tl 264'1 5.70 1,83

B.C. 22 .i0 4373 .21 2.75

Prairies 3528 9.06 2568 21,.19 2.34

1989190 Manitoba 272 r.07 3943 4.76 4.44

Sask. 857 3.46 4040 1,5.42 4.45

Alberta 478 2.52 5282 8.82 3.49

B.C. 12 .07 5733 .25 3.63

Prairies 1.619 7.t3 4403 29.25 4.1,0

sou¡ce: Data derived from canada Grain commission, Grain Deliveries at prairie
Points Crop Year 1978/79 and 1988/89.

As the elevators' function changed from being a storage/handling facility to a

handling/storage facility, spatial market expansion became critical as companies

needed additional volume, to increase handling revenues. Elevator unit costs also

needed to be reduced as handling revenues and nonboard grain sales in many

locations were inadequate to cover costs. As a consequence, the overdeveloped

primary elevator system was rationalized during the seventies and eighties thereby

increasing average elevato¡ market area. older elevato¡s which reached the end of

their economic life and othe¡ obsolescent elevators having inefficient scales and
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inadequate ca¡ spotting capacity were rationalized. smalle¡ elevators were also

closed as they used labour, investment capital and utilities less efficiently. older,

obsolescent, smaller elevato¡s we¡e often one and the same as age and technical and

economic obsolescence are highly correlated as are age and size of elevator.

Evidence that the grain companies closed smaller elevators is shown in Table 4.g.

Despite a decrease in total elevator capacity, average elevator capacity increased

substantially between 1978 and 1990.

source: Data derived from canadian G¡ain commission, Grain Elevators in canada.
Crop Year 1978179 and 199019I.

since the number of new elevators built was insignificant relative to the number of

closures, average capacity could only increase if smaller elevators were closed,

Alberta had the lowest average deliveries per elevator of the three prairie

P¡ovinces. ln 7978/79, averuge deliveries per elevator, based on ten year average

Table 4.8. Elevato¡ Size and Capacity, By province.

P¡ai¡ies Man. Sask. Alta B.C.

1978 Average Capaciry
Tonnes

2477 2641 2363 2569 4373

1978 Numbe¡ Elevators 3658 446 1980 121,0 22

1990 Average Capacity
Tonnes

4403 3943 4040 5282 5733

1990 Number Elevators 161.9 272 857 478 1

Percent Change Average
Capacity

+78 +49 +77 + 106 +31

Percent Change Elevators -56 -39 -57 -61 -46
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deliveries we¡e 4850, 6350 and 7500 tonnes for Alberta, saskatchewan and Manitoba,

respectively. Alberta's lower average elevator deliveries were partially due to

intensive livestock feeding. But by 1988/89, Alberta's average delive¡ies per elevator

were slightly higher than for the other to provinces as Alberta closed proportionally

more elevators than the other two provinces. The average deliveries per elevator for

Alberta, Saskatchewan and Manitoba were 13,450, 1g,000 and 17,500 tonnes,

respectively, Table 4.9.

Inspection of the 1988/89 statistics jn Table 4.7 indicates that the turnover

rate improved in all three prairie provinces as elevators were rationalized and

production increased. Table 4.9 highlights the changes that took place ove¡ the ten

year period. saskatchewan had the highest turnover rate and largest improvement

in turnover rate followed by Manitoba and Alberta. Approximately .91 of

saskatchewan's 1.85 improvement in turnover rate can be attributed to elevator and

annex closure6 as saskatchewan ¡emoved 26 percent of its total elevator capacity.

In comparison, Albe¡ta and Manitoba reduced 19 and 9 percent of their elevator

capacity, thus raising their turnover rate .43 and, .26, respectively. Approximately .g4,

1'.23 and 1.52 of saskatchewan's, Aiberta's and Manitoba's turnover rate can be

attributed to increased total deliveries. Although Albe¡ta,s ave¡age elevator deliveries

increased tremendously, their elevators were large thereby reducing their overall

tumove¡ rate.

6 The portion of the turnover rate attributed to rationalization of elevator space
was calculated by dividing 1978179 total delive¡ies by 19gg/g9 elevator capacity.
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4,2. Market conduct and Limitations on primary Grain Handling companies
Decision Variables

The presence of onry 9 fi¡ms theoretically accords each firm some degree of

market power in determining price and the level of output which maximizes profit,

Theoreticall¡ the spatial aspects of the pES should also provide some degree of

spatial monopoly hence market power, In terms of the pES, handling and storage

rates and nonboard grain prices could genera y be regarded as the elevator

companies price decision variables. However, the extent to which they can exe¡cise

pricing power to increase their financíal ¡etu¡ns is limited by their functional role,

institutional constraints and competition.

The principal activity of most grain elevators is grain handling and storage,

Although most elevator companies do purchase nonboard grains on their own behalf,

the revenues earned from this activity are only a small percentage of total revenues,

Table 4.9 Changes in Turnover, Average Deliveries and Capacity, by province
over the Period 1978179 and 1988/89.

Albe¡ta Sask. Manitoba

Percent Change in Elevator Numbers -59.3 -55.2 -34.8

Percent Change in Total Capaciff 18.8 -26.0 -9.0

Percent Change in Total Deliveries +54.8 +26.8 +52.1

Average Turnover 1988/89 3.49 4.45 4.44

Improvement in Tu¡nover 1.66 1.85 7.78

Average Delive¡ies per Elevator
1988/89 (tonnes)

18450 18000 17500

Source: De¡ived from Table 4.7.



Mike wakefield, chief commissioner for the canadian Grain commission compared

the functional role of canadian country elevators with those in the united statesT.

He indicated that canadian grain elevator companies receive most of their ¡evenue

from handling tariffs whereas grain merchandising was the principal revenue source

of their U.S. counterparts.

Insofar as institutional constraints are concerned, the canadian G¡ain

commission (cGC) sets the maximum tariffs elevato¡s are able to charge. Elevator

companies must file with the cGC the tariffs they will charge at each elevator point.

The tariff charged at any point can differ from that at othe¡ operating points.

However, once the tariff for each point has been established, the elevator cannot

discriminate between producers as to the rate charged at that point, companies are,

therefore, unable to charge lower rates to producers at the periphery of their market

a¡ea in order to encourage delivery to the elevator. while discriminatory tariffs are

not allowed, the constraint it imposes is a mute point as the companies offer the

same tariff for services province wide.

Generally firms' decisions to lowe¡ prices are partially infruenced by the

elasticity of demand for their services and the firms,cost functions, For instance,

total revenue will only be inc¡eased if the increase in expected delive¡ies from a price

dec¡ease exceeds the drop in price. Therefore, the firm must determine if a drop in

price can inc¡ease revenue while simultaneously reducing per unit costs through

7 Mike wakefield. "primary and re¡minal Elevators". conference on Keeping
canada competitive: winnipeg, Manitoba, Date unknown (approximatery 199'0j, "
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increased throughput.

The assumption that price changes will not be matched by competitors is

unrealistic as it does not recognize the strategic interdependence of each firm,s

pricing policy. If one firm's downwa¡d price adjustment reduces the volume of grain

delivered to the su¡rounding elevators, the competitors will experience a decrease in

revenue earnings as well as an inc¡ease in their per unit costs. consequentl¡ one

firm's downward price adjustment would usually force other fi¡ms to similarly adjust

their price downward in order to maintain their market share.

The theory behind the allocation of market areas discussed previously in

chapter 2 explains why competing firms with homogenous products and servjces must

adjust their prices according to competitor price adjustment if they are to maintain

their markets. In the case of the pES, each elevator's market is the producing

territories delivering to that elevator. The theory assumes that sellers (producers) are

rational, profit maximizers and that given free choice, sellers wjll deliver to the

market that gives them the highest site pricee. Based on the principle of free choice,

the boundary between two market areas is the locus of points where the site price

8 The assumption of homogeneous products o¡ services means the consumer will
derive the same utility from the product regardless of the seller from whom the
product is purchased. However, if the consumer must expend cost or effort in taking
possession-of the homogeneous product( aside from the price of the product), thã
firms' products become differentiated in location.

e. The site price is defined as the base market price less any transfer costs
required in getting the product to market. In the case ol grain deliveied to elevators,
the site price is the quoted port price less rail, handlingfand elevation charges aná
trucking costs from the farm to the elevator.
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between competing markets is equal. producers located at this point are indifferent

as to which market they deliver. Hence any change in tariffs or prices will alter the

market boundaries stressing the strategic interdependence between firms.

This behaviour of firms adjusting rates to competitors, rate levels is discussed

by Jeffreylo. A review of tariff filings with the cGC indicated that 1) firms tend to

file similar tariffs and 2) in situations where firms' tariffs deviated from the industry

level, the firms refiled, adjusting their tariffs to conform to the industry level.

Analysis of the firms who refiled their handling tarjffs indicates that none of the th¡ee

prairie cooperatives had ever adjusted thei¡ tariffs through the crop year. Jeffrey

concluded that swP appeared to be the price leader across the prairies. The other

two cooperatives, AWP and MpE would in turn file their tariffs which generally guide

those rates charged by the remaining companies.

Generally, terms such as price leadership, conjure up suspicions of tacit price

collusion and excess profits. Shephardll submits that tacit collusion is more likely

to arise when industry concent¡ation is high, costs and demand stable, the product

homogeneous and there exists a long industry experience. with the exception of

stable costs and demand for services, the conditions Shephard outlines describe the

PES. while, price leadership may exist in the pES one cannot conclude that excess

'-. 
to J. Russell Jeffrey. Ecg{romic performance in the western canadian p¡imary

Elçvator Industry. Unpublished M.Sc. Thesis, U@
1985.

,, 
11-william^!!epha¡d. 

The Economics of Industrial organization. prentice-Hail:
New Jersey, 7979, p.286.
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profits are incurred. The elevator companies claim that competitive handling tariffs

result in losses at many elevator points as the tariffs are less than the cost/tonne of

running the elevator. In many instances, this has been a contributing factor to the

rationalization of the elevator system as elevators experiencing losses over time are

closed. some elevato¡s continue to operate as long as the handling revenues cover

some portion of fixed costs since the grain received contributes to te¡minal earnings,

The extent to which the elevator companies are able to support elevators operating

at a loss depends on the ability of the remaining primary elevators and terminal

earnings to cross subsidize them.

In the early oligopoly models developed [cournot, stackelberg], the quantity

of output produced by the firm was a decision variable. However, the quantity of

output or the volume delive¡ed to an elevato¡ company (v) is not solely a firm

decision variablel2. Rather the quantity delivered, v, is dependent on the sum of

individual producer deliveries, v,, who individually choose where to deliver,

v = r(r) (r)

where i = L,2....n, i is the individual producer's delivery volume.

If elevators do not directly dete¡mine their quantity of output, and a¡e

restricted over a crop year as to the "price level" they set for their sewices, one may

ask how do the elevator companies gain financial contror? In the past, they have

12.The volume of grain handled is a target va¡iable. companies can set goals
regarding. the volume of grain they wish to receive and take stôps to achieve i'hose
goals. Discretionary price techniques and premiums u." e"amþI", of ways which
firms can entice fa¡mers to deliver.
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tried to influence other pecuniary and nonpecuniary factors that affect fa¡mers choice

of elevator. Factors affecting farmers' choices aside from handling rates include price

offered on nonboard grains, flexible grading and dockage, patronage dividends,

ancillary services such as farm supplies sold and elevator space,

offering cooperative patronage dividends as a means of enticing farmers to

deliver to cooperative elevato¡ points appears to have mixed results. Deloitte,

Haskins and Sell in their study for UGG indicated

Dividends were a sore point with farmers, particularly younger farmers. The
promise of "jam tomorrow" was an empty promise for'the younger producer
a¡d the producer with a tight cash flow. Having to pay tax imiredìately on
the imaginary benefit only rubbed salt into the wound.

older producers had a more sage attitude towards dividends. All other things
being equal " they would deliver for the dividend,'.

The elevator companies have also tried to increase their output by

distinguishing the ancillary services provided. provision of farm supplies, particularly

herbicides and fe¡tilizers is one example. However prices must be competitive as

farmers interviewed by Deloitte, Haskins and Sellsl3 jndicated that their decision

where to purchase farm inputs was not necessarily predicated by where they delivered

their grain but by who offered the best price.

Depending on a firm's grading and dockage poricy, firms can frequently offer

enhanced prices to entice current and future deliveries and loyalty. Elevato¡

managers can blend 1) damp grain with dry grain yielding a mixture whose average

13 Deloitte, Haskins and sells. "Determination of Features considered By
Farmers When Selecting A G¡ain Company,'. Winnipeg, January 19g4, p. i. '
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level of moistu¡e is within acceptable export standards, and 2) different grades to

achieve a grade which commands higher price. G¡ains with different levels of

dockage can also be mixed to arrive at average dockage levels which are within the

tolerance for the grade. This blending of grain allows companies to offer better

prices on some grains.

To circumvent the cGC regulations of nondiscriminatory handling rates, some

firms have offered trucking premiums to encourage producers on the fringes of their

market area to delive¡ grain. The grain companies have also tried with limited

success to organize multiple car shipments to obtain freight rate savingsla.

The extent to which discretionary pricing, farm ínput sales, trucking premiums

and va¡iable freight rate breaks distinguish one elevator company from another is not

known. However, the p¡actices are widespread amongst all the companies. It is

possible that attempts by each firm to differentiate its services in order to increase

market share have been thwa¡ted by the actions of competitors.

cost minimization is also a goal of many firms as they can improve their

financial position through cost control measures. Due to market and institutional

restraints which restrict grain elevator companies' abilities to control earnings through

price and output, cost cutting measures pray an important part in their financial

survival. As indicated previously, one method of reducing costs is to close old small

la CN and CP Rail offered " variable rates,,or "incentive ¡ates,, to elevator
gomp^a.nies' if elevators guarantee that at a single delivery point they could load within
8 to 24 h.ours, a ,specified number of cars oitonn"r *itt a singlé destination. roi
example in 1994195, cP offe¡ed ¡eductions of $1.00 to $ 1.50/tonn--e on shipments over
45,000 tonnes.
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elevators. However, the extent firms are able to incorporate other cost control

measures depends on a number of factors.

Fixed costs accrued by an elevator include asset depreciation, interest on

investment, taxes, building insurance and overhead expenses (administration). The

greater the proportion of fixed costs to total costs, the more difficult it is fo¡ firms to

minimize total costs in the short run.

In addition to fixed costs, elevators incur quasi-fixed costs that are difficult to

¡educe' For instance, elevator labour although often categorized as a variable cost

is really a quasi-fixed cost in that an operator is required regardless of whether the

elevato¡ accepts one tonne of grain or thousands oftonnes. Elevator firms, however,

have had some success in reducing the cost of manager salaries by trading elevators

at two or more operating points so that one manager can manage more than one

elevator at each point.

In te¡ms of reducing network costs closing an elevator is sometimes not a

viable option. only taxes, licensing, bu ding insurance and administ¡ative cost would

be saved. The decision depends on which alternative minimizes costs in the long run

either operating or closing a point.

In those situations where network rosses courd be reduced by closing elevators,

divesture options are rimited due to the nature of the capitar asset. Elevators are

examples of du¡able capital that are relatively infungible as the demand for these

durable, largely immobile and inflexible assets is limited. The sunk nature of these

assets also constitutes another barrier to entry. The following anecdote expresses the



problem faced by erevator firms and prospective new entrants \¡¡ith respect to

investment and divestment decisions.

An old timer tells about.coming to a long stretch of unimproved country road
with his new Model r in earry spring. At the side of ihe road was â sign
which obviously had been praced theie by someone coming in the opposiie
direction. It read ' choose your rurs carefuily you'fl be in tiem for tiå nex
thirty miles.

4,3. Rail and Road Network Affecting Elevator Location and Market Area

The railway system comprises a netwo¡k of main, secondary and branch lines.

The canadian National and canadian pacific main lines followed a direct route

between major developing centres. Secondary and b¡anch lines were also built to

service smaller rural agriculture and other primary resource based communities

throughout the prairies. In addition, railways also facilitated the growth of

communities alongside the tracks as rail was the only major means of transportation

besides the horse and buggy. These rail lines do not follow any pattern and transect

the prairies from all angles. As most grain is moved to export position via the

railway, the primary elevâtor system developed arong the railway. As of 19g5, there

was 18,700 miles of prairie railway track.

The development of the prairie road network has its origin in the method

which land was surveyed. Land is identified according to sections of 640 acres and

townships of 36 sections. The lines dividing the townships and sections have a north-

south and east-west orientation parallel to the longitude and latitude measures, Each

township consists of sir sections stretching no¡th-south and six stretching east-west

resulting in a square configuration. The sections were similarly divided, each
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comprising four quarter sections of 160 acres. As a consequence of the rectangular

Iand parcels, a rectilinea¡ roadway network was developed with roadways every two

miles or less to access each section.

The provincial highway system in each of the th¡ee prairie provinces fo ows

the major rail línes, hence they are found to obliquely traverse the provinces. while

the municipal road system is rectilinear and conducive to a square shaped market

area, the oblique orientation of the rail lines and the highway network alter market

boundaries which deviate from the unifo¡m shaped market areas that might be

expected. In total, provincial and municipal roads comprise a network of

approximately 250,000 miles

The subsidized ¡ates cha¡ged unt August 1, 1995 for movement of statutory

grains to export position also affected the size and shape of market a¡eas. The rail

rates charged did not reflect the cost of transportation after 1g60, hence on-farm

grain prices exceeded their real value. This dístorted the comparative advantage of

livestock feeding and oilseed processing and increased the amount of export grain

available in each primary elevator's market catchment area.

4.4 Summary

A ¡eview of the PES indicates that the monopolistic power often associated

with spatial monopolies is waning in the prairie elevator system. This is partially due

to a t¡end towards larger farm trucks and an improved road system which permit

producers to bypass the nearest elevator; this will be strengthened by the end of the

subsidy on rail transport effective August 1, 1995.
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The change in elevator and elevator company function, from a storage and

handling facility which charged tariffs regulated by the cGC, to a handling faciliry

whereby the companies have also become increasingly active in purchasing and

processing nonboard grains on their own behalf, has also contributed to inc¡eased

competition. To attract a larger share of grain from the market, companies âttempt

to implement flexible grading and dockage policies and offer competitive nonboard

grain prices. Produce¡s can often obtain higher prices which outweigh the additional

cost of transporting grain to more distant elevators, if they spend the time and

expense involved in the search. As a result, the numbe¡ of competing elevators and

the capacity of the elevators in a ma¡ket area are important to the economic viability

of an existing elevato¡ and to the location of new elevato¡s.

The most important underlf ng market characteristic to the economic viability

of an elevator or points at which elevators will be located is the volume of grain that

can be delive¡ed for export. It is volume which affects revenues and average costs

per tonne, as well as the volume which affects each company's ability to implement

a flexible grading and dockage policy.

The statistics indicate that more single points have been closed in the seventies

and eighties than multicompany points and the trend has been to close smaller

elevators. The data also indicates that erevator construction by non-pool erevato¡

companies is more likely to occur at multicompany points, particularly in

Saskatchewan and Alberta.

Due to extensive horizontal and vertical integration in the grain handling
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industry, it would be difficurt fo¡ new entrants to successfully compete with current

grain handling companies. consequently, current and future competition can be

assessed in context of existing grain elevator companies.

Finally, due to the immobile, durable and infungible nature of elevators,

companies may not close erevators operating at a loss if fixed costs are partly

covered, particula¡ly if the elevators are newer and larger and have not been fully

depreciated.
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CÉ{APTER 5 METHODS OF ANALYSIS

5.1 Definition of Market A¡ea and Frínge Competitors

It is necessary to discern the relevant market area and competing delivery

points surrounding each sampre point in order to anaryze the characteristics which

affect an elevator company's decisions to construct and to crose elevators at specific

points. A producer survey by Deloitte, Haskins and sells indicated that producers

we¡e less sensitive to proximity of their local elevators with jnc¡eased utilization of

large trucks. In regard to this last point

..they could and would consider a range of delivery options based on
anticipated grading.and dockag-e polif, manager âttiìu¿e, untoadín!
facilities and competitiveness. ñeve¡tháíess faråers were cognizant of,and sensitive to, the time, distance and investment invofuejin ro;g;;
delivery distances.

'With unknown economic opportunity at altemative delivery points, the size

and shape of each market area is unce¡tain and cannot be based on posted tariffs

and transportation costs. In fact, the market area would be continuously changing

as prices, marketing and investment strategies changed. The changing nature of the

market areas might be likened to that of an amoeba movìng about on a microscope

slide,

It is assumed that erevator companies are cognizant ofproducer attitudes and

would analyze deriveries to competing derivery points before any investment or

divesture decision was made. To identiff potential competitors, a procedure cated

Thessein tessellationl was used. This procedure divides space so each geographic

lAlso known as Vo¡onoi tessellation,
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location is allocated to the nearest centre point. Assuming transportation costs are

constant per unit of distance and prices at delivery points identical, the space

allocated to each delivery point is the market area associated with a spatial

monopoly. This procedure of allocating geographic space to a point was

accomplished by computer,

To de¡ive the market area associated with each sample point, all existing

elevator points in 1980/81 we¡e listed for each province and a data entry number

assigned to each elevator point. In total 23s,690 and 334 elevator delivery points

were ¡eco¡ded in Manitoba, saskatchewan and AJberta, respectively during the

1980/81 crop year.

Each elevator point within a province was then erectronically entered in

nume¡ical orde¡ into the computer using a digitizing process. Maps of 1:500,000,

1:750,000 and 1:1,000,000 scale were used for Manitoba, A]berta and Saskatchewan,

¡espectively. Each map was placed on a digitizing table2and with the aid of a

computer softwa¡e package, Tydig, the x and y coordinate of each delivery point was

entered in the computer.3

It was critical to the analysis, that the data entry numbe¡ (n) assigned each

delivery point correspond to the nth data observation the computer was about to

digitize as the computer did not recognize point names but assigned digitized delivery

2A digiti"ing table is an electronic surface connected to a computer.

,..3w¡en a point is digitized, its coordinates are sent to the computer. preriminary
calibration of map corners and several random points allow table coordinates to bÉ
georeferenced to longitude and latitude coordinãtes.
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points a number on the basis of the order of entry. consequentl¡ to corectly

identify a delivery point the digitization number had to match the data entry number.

As the spatial distribution of elevators in the praírie grain elevator system is

d¡'namic, a new list of existing elevato¡s was required each year and new data entry

numbers assigned each delívery point. Generally the number of points digitized

within each province declined each year. Each province was digitized ten times, once

for every year 1980/81 through r9B9/90 to capture the changes brought about by

elevator rationalization and investment. In total 30 Tydig computer files were

created.

Each rydig file was then exported as a vector file in Ascii formata which

identified each refe¡ence point by number and coordinates. Idrisi, a grid based

geographic analysis system developed at clark university, Massachussettes was then

incorporated to construct Thiessen polygons around each and every existing delivery

point in the grain handling system for each crop year.

Based on the coordinates of each derivery point, the computer process entails

drawing straight lines between neighbouring points. perpendicular rines are then

drawn at the point bisecting each of the lines connecting neighbouring points. The

catchment area for any delivery point is then defined as the area within the boundary

of where perpendicular lines inte¡sect. Figure 5.1 illustrates this procedure. Given

elevator points,.\ B, C, and D, lines AC, CB, AD, BD and CD are drawn connecting

the points. Assuming point C is the elevator point of interest,

4 Ascii format facilitated editing in euattro pro.
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Figure 5.1 voloni resselration Method of Deriving porygons about centrar points.
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perpendicular lines P1, P, and P, can be drawn through lines AC, CB and CD. Lines

Pt and P, intersect at point 1 and lines p, and p, intersect at point 2. The shaded

area underneath the line connecting 1 and 2 is the northern portion of the Thiessen

polygon representing the catchment area for delivery point C.

Once the Thiessen polygons had been constructed, each polygon was assigned

a fyped charactet'. The a¡ea within each polygon was identified by the typed

character. The process of identifting elevato¡ points and their surrounding market

area was complicated by the fact that the Idrisi program was limited to g0 typed

characte¡s. For exampre, Iower case letters a through z and upper case letters A

through Z represent 52 typed cha¡acters. Given there were 235,690 and 334 points

in Manitoba, saskatchewan and Aìberta, respectively in 19g0/g1, the range of

cha¡acters were repeated 2.6,3.7 and,7.7 times in Manitoba, saskatchewan and

Aiberta, respectively. often geographical distance between delivery points made

identification obvious, particularly in Manitoba and Aiberta. However, in

saskatchewan the boundaries of many market areas assigned the same type character

touched making identification very arduous. Generally the Idrisi p¡ogram is more

suitable for smaller scale projects.

Due to the large number of delivery points within each province, rarge maps

were printed in order to identify market a¡eas. portions of maps approximately 3 x

4 feet were printed on standard 8.5 x 11 inch paper and pieced together. To

determine delivery points which potentially competed with sample delivery points, the

sThe type characters were those found on most keyboards.

86



sample delivery point was first located on the map according to the typed character

which matched its data entry numbe¡. The surrounding points whose boundaries it

shared were also ¡eco¡ded. A portion of the Manitoba map illustrating the area

allocated to each delivery point is shown in Figure 5.2.

one disadvantage of this technique is that the provincial borders determine

the outside boundary of the periphery polygons. However, the Thiessen polygon

tessellation procedure does ensure that the area assigned to each delivery point is

mutually exclusive and that all a¡eas are collectively exhausted. If it is assumed that

1) prices offered for grain and charges for handling and elevation are identical6

between delivery points within the region, 2) producers are profit maximizers and

they will deliver their grain to the point that maximizes the farm gate price, 3) road

infrastructure does not dictate a single route over which grain must be t¡ansported

and 4) the marginal cost per mile of transporting in all directions is identical. under

these conditions, the polygon would be a good indicator of the market area or spatial

monopoly associated with a particular delivery point. Each producer within the

polygon or catchment area would consequently deliver to the delivery point within his

catchment area as the transfer costs would be minimized, hence the farm gate price

maximized.

The above identified assumptions do not hold in reality. First, the road

. 
6 This is not totalþ unrealistic as the price offered for Board grain of same grade

and quality is the initial payment set by the canadian wheai Board, Ele-vator
charges for the various services are arso set annually by each company and apply to
all delivery points within each company,s network.
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infrastructure which is predominately a grid network is b¡oken by geographical

topography such as lakes, rivers, reserves, parks and hills. Also the elevators are

located along rail lines that obliquely transect the prairies. consequently, while a

farm may fall within one polygon, the shortest travelling distance may be to anothe¡

elevato¡ in another polygon. Second, discretionary grading and dockage allowances

can alte¡ grain prices. Third, producers often will deliver to an altemative elevator

on the basis of tradition or patronage royalties which have a personal or financial

value.

However, the p¡imary purpose of using the Thiessen tessellation procedure is

to identiff objectively neighbouring delivery points. These neighbouring points are

assumed to be competing points. other crite¡ia such as rectangula¡ or linea¡ market

areas are much less realistic in view of topography, a linear rail system and grid like

road network' To compensate for the fact that some neighbouring Thiessen points

are not competing points due to geographical terrain such as rivers, lakes, hills, parks

and reseryes which interrupted the production areas, these points are omitted from

the list of competing points associated rvith any particular delivery point,

5.2. Choice of Aralytical Technique

Multiple regression analysis is used to determine the models which will explain

the probability of elevator construction and elevator closure at delivery points.

Because the dependent variable is a binary discrete variable, taking on values of only

zero or one, a binary regression model approach was utilized. specifically, the logit

model technique was chosen to estimate the model. other regression and
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programming techniques though available, were unsuitable for a variety of reasons.

The advantages and disadvantage of various techniques are discussed briefly below

followed by a review of the logit model.

5.2.1. Linear hobability Models

5.2.1.1. Binary Dependent Va¡iable Linear p¡obabilitv Model

The regression model does not restrict the values of the independent variables,

the coefficients o¡ the disturbance te¡m. consequently, the estimated value of the

dependent variable must be free to assume any value. However, in event analysis

when a qualitative dependent variable is used, the values the dependent variables can

assume are restricted. In the case of a binary dependent variable, the value of the

dependent variables is restricted to ze¡o or one. Given this restriction, the expected

value of Y, is equal to the probability of the event occurring, yr =f.

E(\) = (1) P(yt=Ð + (0) p(yr=O) = p(y,=l)

Given the Gauss-Markov assumption that the mean of the disturbance te¡ms is equal

to zeto, the linear regression equation can then be interpreted as a probability.

E(YJ:G,=1)=brx,*

whe¡e bk = estimated population parameters

X* = explanatory variables, 1 through k, for obsewation i.

This technique, however, viorates the Gauss-Ma¡kov assumption that the

variance of the disturbance term is constant across all observations therefore, the

disturbances are homoscedastic. If the dependent variable \ must take on values

of zero or one, and the coefficient and independent variables can take on any values,
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the distu¡bance term ui can take on only two values. It is therefore not

homoscedastic'. If a linear ordinary least squares technique were used in this

situation, the estimates would not be efficient and the sampling variances incorrect,

consequently no inferences can be made concerning the effects of the explanatory

variables.

5.2.1.2. Weighted l-east Squa¡es Linear probabilitv Model

The weighted least squares (wLS) technique is a two stage technique

correcting for the systematic variation in the disturbance term with the explanatory

variables. The first step involves estimating linear oIS coefficients. As the

coefficients are unbiased they are used to estimate the standard error of the

disturbance term associated with each set of observations, which in turn are used to

construct a set of weights, one for each observation. By multipllng the dependent

and explanatory values by the appropriate weight, the property of homoscedasticity

is restored. A second linear ols regression is ¡un on the adjusted observation values

lelding correct sampling variances8.

A problem common to both the ors and wrf techniques is that the values

of Y can frequently lie outside the (0,1) interval, while the values may be truncated

at zero or one, the ¡easonableness of the model may be questioned if too many

7 Aldrich, John H. and For¡est D. Nelson. Linear probability. r,ogir and probit
Models. Series: Quantitative Applicationr in th@
Beverly Hills, California, 1984, p 13.

I rhe second set of coefficients are approximately normally dist¡ibuted in large
samples, so that hypothesis testing and confidence iniervals can be used.
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estimates fall outside the probability intewal, particularly if the values of the

independent va¡iables are within feasible ranges for analysis. In the case of a single

independent variable, X1, if X values were extended beyond the initial low and high

end range which lelded Y values between zero and one, the estimated coefÉcient

must be lower if the probabiliry esrimates were to lie within the (0,1) probability

interval. Figure 5.3 illustrates that a flatter linear approximation is required to

maintain values of Y in the appropriate probability interval.

A second problem associated with linear models is that the marginal effect of

each independent variable on Y is constant. In othe¡ wo¡ds, equal increments of \
leld equal incremental changes in probability. In reality, the probability of an event

occurrìng may decrease and increase at a decreasing rate when the values of X* get

very small or large. This is also illustrated in Figure 5.3 by the curved line. The

flatter the slope, the proportionally smaller change in probability is expected to occur

for each increment of X.

5.2.1.3. Constrained Programming Model

Mathematical programming techniques may be used that constrain the

coefficients so that the probability of an event occurring are restricted to 0 s y s 1.

The problem with this technique is that the procedure can be very expensive to run

and the¡e is no guarantee the estimates are not biased.

5.2.2, Nonlinear hobability Models

one of the difficulties with linear probability models arises from the fact that

the right hand side (RHS) of the equation, b*{* is not constrained but the

92



Figure 5.3. Linear Estimation of Binary Discrete Model
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probability of Y is constrained to between zero and one. To bypass this problem,

the original model is transformed so that 1) all the predictions fall within the (0,1)

interval, 2) the values of X lie over the range of real numbe¡s and 3) the

monotonicity of the original function is maintained in the transformed function.

Seve¡al alternative transformation specifications are available which fulfil the

above three criteria. The Probit and l,ogit models use a normal and logistic

curnulative probability function, respectively. Because the transformations are

nonlinear, the marginal effect of independent variables on probability is no longer

constant,

5.2.2.1. P¡obit Model

The P¡obit model utilizes a normal cumulative probability function.

P, = F(b*X,o) = F(Z) where Z= b*X,*

Pt = F(Z) = 1/ zJr e-4 dz

In this model, z a type of index, is linear with respect to the independent variables,

therefore equal increments in X will leld constant marginal changes in Z. However,

Z is nonlinear with respect to probability, therefo¡e equal increments in X do not

feld constant marginal changes in probability.

The normal cumulative probability curve is positively sloped so that the

probability that an event will occur increases rvith Z, and changes in independent

variables have their greatest impact on the probability of an event occurring at Z=0

o¡ P=.5, Figure 5.4.

The disadvantage of this technique is computational cost of calculation hence



Figure 5.4. Cumulative Probability Cuwe, probit and Logit Model
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a logit model was used.

5.2.2.2.It¡git Model

The logit model is based on the togistic cumulative probability function,

P, = F(boX,*) = F(Z) where Z= boX,*

Pt=F(Z)=117+e-^

Algebraic manipulation of the rogit model lerds values of z equal to rhe log

of the odds ratio.

Pi = 11L+e'^

Pi(1+e-zi) = 1

Q'+e'z\ = 1'lP¡

e_zi =(1Æ) _ 1

e_z) =(1_P,) / P¡

ez =p, (1-p¡)

log(ezi¡= Z = log [Pt /(l-PJ]
The upper probability restriction Pi=1 of the linear model is removed by taking the

odds ratio, Pi(1-PJ. while P, continues to be less than one and greater than zero,

the odds ratio is positive and has no uppor bound. The lowe¡ bound of zero is

eliminated by taking the logarithm of the odds ratio yielding any negative or positive

number.

The logit curve is similar to the probit model, z is linear with respect to the

independent variables but probability is not linea¡ with respect to Z. The logit curve,

however, is a bit flatter at low and high values of Z resulting in smaller changes in

probability for same incremental changes inz, The diffe¡ence in the probit and logit

model only become critical if there are many observations at both the extreme scale
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of Z values.

The logit estimates a¡e derived using the maximum likelihood technique. This

technique seeks estimates of the population parameters, B* which maximize the

Iikelihood that the sample data came from that population rather than from another

population with different parameter values. These estimates are unbiased and

asymptotically efficient and normal in small samples.

The logit model is chosen fo¡ the purpose of analysis as:

1) it avoids values of p exceeding 1 or less than zero.
2) it does not assume the changes in probability to be constant for each
unit change in an explanatory variable.
3) it is easy to calculate as exponentials are computed rather than the
integrals as in the probit model.

5,2.3. Interpretation of the Logit Model Results

The estimated coefficients, b* measure the marginal effect of a unit change in

variable xu on Z. Regardress of the rever of Xu, the change in z per unit of X* is

constant due to the linear relationship. The larger the coefficient, the greater the

marginal change in Z. The sign and size of the coefficients and the magnitude of the

X values together determine fhe Z value.

For each z valte calcurated, a unique probability value is carculated. The

probability of an event occurring, p(y= 1) is always .5 at Z=0, Due ro the

sFnmetrical nature of the logistic curve around z=0, for every negative z vahJe, the

same positive z value wirl have a probabirity 1-p_r. For example, if Z = -3.0 yielded

a P(Y=1)=.045, then Z = 3.0 woutd have a probabiliry p(y=1)=.955. While rhe

probabilities are symmetrical about Z=0, unit changes in z do not leld constant



changes in probabilities. The ¡ate of change in p(y=1) is small when Z is large and

negative, inc¡eases when z approaches ze¡o and again is small when Z is large and

positive. Because the level of a X* variable affects the z va7ue, incremental changes

in X* will have varying affects on p(y= 1), hence the level of the independent

variable value is important to the probability of an event occuring.

5.2.4, Statistical Tests

The statistical significance of each bo coefficient is tested by calculating the t

statistic from the coefficient estimate and standard error of the estimate, Each t

statistic is then compared to critical t values at various levels of significance. The signs

of the coefficients are also analyzed to determine if the expected signs are derived.

A goodness of fit test of the regression equation can be undertaken by testing

the joint hypothesis that all but the inte¡cept coefficients are equal to zero. A chi-

square statistic is produced based on the likelihood ratios of two models; the first

model being the estimated logit model and the second model that which includes only

the intercept. The computed chi square statistic is compared to the critical chi

square statistic to assess statistical significance of the model. The goodness of fit test

can also test the significance of subsets of coefficients against the estimated model.

Another measure of goodness of fit is the percent correct predictions. Events

are predicted to occur when the probability associated with an observation is greater

than .5 and are predicted not to occur when probability is less than .5. predictions

are compared to actual results to derive percent correct predictions.

Ald¡ich and Nelson proposed a pseudo R2, defined as R2 = c/(N+c) where



c is the chi-square statistic and N the total sample size. values of R2 lie between

(0,1) interval and the fit diminishes as R2 approaches zero.

5.3. Mdel Specificatíon

The objective of determining the characteristics of delivery points and ma¡ket

a¡eas where elevators were closed and those where elevators were constructed

required separate model specifications fo¡ closu¡e and construction. First, while the

decision to close or construct an elevato¡ may have market considerations common

to each, other characteristics or market considerations are specific to the decision to

divest or invest. For example, elevator capacity is probably considered in the decision

to close an elevator as it affects average costs. However, the size of elevator is not

a factor in determining where to locate. once a location is identified, management

then enters the next planning stage determining which size of elevator to build that

minimizes average costs given the volume deliverede.

Second, the dependent va¡iable has only two alternative choices. It is

obviously incorrect to assume the choice is to construct o¡ close an elevator at a

point. Rather the altemative to the decision to construct an elevator is to not build,

just as the alte¡native to closing an elevato¡ is not to close. For example, volume of

deliveries is likely considered in both a firm's decision to close or construct an

elevator. However, it is unlikely that the level of deliveries yielding a probability of

.5 of an elevator being constructed is identical to the critical level of deliveries where

. ..e Managemenl may have a minimum size elevator in mind when they select
delivery points to build an elevator which implies a minimum expected voíume of
delive¡ies.
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the probability of closing an elevato¡ is .5. Due to the sunk nature of capital invested

in a primary grain elevator, greater returns are required to cover fun cost

depreciation and interest charges on a new structure than an older facility that is fully

depreciated and has no alte¡native use10. As a consequence of the differences

involved in these two investment decisions, separate models were estimated.

5.3.1 Open Model Specification

This sub-section add¡esses model specification relating to construction of new

elevators in saskatchewan and Manitoba. Discussions with the grain companies and

information infe¡red from relevant studies provide a list of specific characteristics

which decision makers likely utilize when making their decision where to construct

an elevato¡. Point and market characteristics and company strategies hypothesized

to affect the location grain companies choose to build an elevator were grouped into

four categories, 1) market productivity, 2) competition, 3) investment strategies and

goals and 4) road and rail facilities. Several variables are proposed fo¡ each category

which on a priori grounds are expected to affect the decision to construct an elevator

at a given delivery point. In many instances several measures fo¡ a variable were

proposed and tested as there are different data sou¡ces available for different time

periods, one of which may be a more suitabre measure of the varìable being tested,

to P.w. Lytle and L. D. Hill. " The optimum combination of Resources within
91!^amonq Coyntry Elevarors". Americán Journal of Agricultural Economics. Mãy
1973. p.202-208.
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5.3. 1. 1. Productivitv Measures

crop productivity within an elevator's catchment area is important to the

revenue generating ability of an elevator point. The types of crops produced and the

utilization of those crops are equally important as output may be fed to livestock and

not delivered to an elevator. To measure the productivity of an area, yet captu¡e the

effect of crop utilization as it affects the elevator, data on the volume of grain

delivered was collected.

Moo¡e indicated the importance of elevator deliveries to choice of location.

The¡e will be virtually no elevators built at locations which do not
posses the type of permanency associated with handling upwards of 40
thousand tonnes annually... as companies seek economieJof scale and
carve out catchment ter¡itories sufficient in size to cover the high
capital investment requíred.11

It may also be assumed that other earnings such as drying and returns on

dockage will increase with volume of grain delivered as may nonboard grain

and farm input sales. Volume of grain delivered would appear to be an

appropriate measure of grain ma¡ket area potential.

Two measures of volume are tested, linear market volume and fringe

or Thiessen market volume. It is uncertain how grain companies effectively

perceive their market or competitors, in linear or areal space. Therefore

which measure is more suitable for developing a model predicting the

probability of elevator construction or closure is also uncertain. For the

* 
tt 

9.rO Moore. Develqpm_ent in Canada Grain Transportation policy
Proceedings 

_to 
Develorment in ca¡ada cruin r@

Institute, University of Manitoba: Winnipeg, Manitoba. June 19gS, p10,
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purpose of this study the linear market is defined as the sample point and

delivery points immediately adjacent the sample point on the rail line. Fringe

market volume is defined as the sum of delive¡ies received at each delivery

point making up the sample point fringe. In either case, both measures are

objective.

Annual as well as three and ten year average data we¡e collected for

each sample point as well as those delivery points immediately adjacent the

sample point and those on irs market fringe. This entailed colrecting delivery

data fo¡ 359 Saskatchewan points and 403 Manitoba points12.

Three year average delivery was utilized as annual data was believed

to be a poor measure of market productivity. In any one crop year, delivery

points may experience below or above average deliveries depending on

weather conditions and biological infestations. Due to raíl line abandonments,

elevator rationalization and changes in crop productivity, ten year averages

also may not be an appropriate measure of cur¡ent productivity and

competition in an area. The ten year average would have assimilated past

conditions in its figure. consequently, three year average deliveries was also

formulated as an alternative to the annual and ten year data. with all th¡ee

measures' a positive coefficient is expected, as the probability of constructing

.. 
12 Not onlywere annuar, three preceding years and ten year average derivery data

collected for all these points, but elevatoi capacity and number oi elevators and
companies at each point. This was necessaryto derive turnove¡ ratios as well as
competition indicato¡s associated with capacity and numbe¡ of elevator companies.
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an elevator is expected to increase as grain delive¡ies increases.

AJthough Canadian Grain Commission computer files "Grain Deliveries

at Prairie Points" are organized in alphabetic order, this did not expedite data

collection in the study. The data associated with particular points in each crop

year were marked and t¡ansfe¡red from the CGC file to another computer

spreadsheet listing delivery points. The delivery points were then ¡eordered

so that the fringe points were paired with the appropriate sample point. This

process was repeated three times for each delivery point to obtain the three

years of delivery data required to fo¡mulate a three year average statistic.

A second measure derived to measure market productivity was a

turnover index. Market tu¡nover was determined by dividing the sum of linear

or areal three year average market volumes by the sum of linea¡ or areal

elevator capacities. The turnove¡s calculated were then indexed against an

estimate of the turnover fo¡ each provincel3. A high turnover index may be

indicative of an area which has hígh lelding acreage devoted to export crop

sales or of an area which is not overdeveloped in terms of primary elevator

capacity, A positive sign is expected as the probability of constructing an

elevator is expected to be higher in areas with a greater turnover indexla.

Linear and fringe market turnover estimates were also tested as an

13 A running three year average of provinciar turnovers was used as the basis for
setting tumover indices.

1a Variables associated with productivity ratio are LRATIO and FRATIO.
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alternative measure to provincial turnover indices.

5.3.1.2, Competition Measures

The numbe¡ of companies in a market area or the number of

companies at the central delivery point may affect a company's decision to

build at a pointls' However, the expected sign of number of companies is

unknown as the sign hinges on companies, marketing strategy, As the numbe¡

of companies in a market area increases, the probability of building an

elevato¡ at the central delivery point may decrease due to increased

competition and potential for ¡educed market share. These same firms may

seek points whe¡e few or no companies exist, hence a negative sign may occur,

In contrast, companies may wish to open at points where othe¡ companies are

located, thus a positive sign would be expected. Because these alternative

strategies are possible given the numbe¡ of companies involved, the variable

may offer little explanatory power as to where elevator companies choose to

build.

Point and market capacity are other measures of market

competitionl6. For example, the ability to obtain lower rail ratesl7, and to

^ 
15 variables are_designated prNo = numbe¡ of companies at point, NF= number

of companies at delivery poinrs on rhe marker fringe and NL=nJmbe; oi.d;;il;
at adjacent rail points.

^-ll^Y_l.tlbl"s.designating 
capacjry a¡e pTCAp=capacity at delivery centre point,cf'=total capacity at delivery points on market fringe, ánd cl=toial ,upur^ity 

"iadjacent linear points.

17 l-arger capacity elevator can co ect larger volumes of samç grade grain and
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earn storage revenues when transportation bottlenecks occur are dependent

on elevator capacity. Again, the expected sign is unknown. A negative sign

could occur if companies wish to avoid competition. AJternatively, a positive

sign may arise if capacity is a measure of market power, and market

representation is sought.

Market capacity inc¡eases wjth the number of elevators in a market.

Consequentl¡ it is not surprising that there is a high degree of

multicollinearity between the two variablesls. Although the presence of two

collinear independent va¡iables in a regression model will feld unbiased

estimates, the standard errors may be large resulting a misinterpretation ofthe

significance of the explanatory variable to the explanation of the dependent

variable.

5.3,1.,3. Investment Strategies and Goals

Three investment strategies are tested, market presence, market

preemption and market positioning as well as a possible firm goal, market

coverage.

Market Presence

It is hypothesized that elevator companies may decide to locate a new

elevato¡ in areas competitors have located a new facility, as a show of market

perhaps put together larger car blocks.

18 The correlation coefficient between number of companies and elevator capacity
fo¡ linear and Thiessen markets was .65 and .68, respeciively
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presence and st¡ength in addition to a manifestation of competitive spirit. To

test this hypothesis, a dummy variable was usedle. A value of one was

designated at a point an elevato¡ was built if a competito¡ had also

constructed a new elevatoræ at the same point or an adjacent rail line point

within the last three years. A value of zero was assigned otherwise.

The choice of a three year time frame was subjective. A longer time

frame would inc¡ease the chances of one company building at the same or

adjacent rail line points for other reasons, particularly with continued rail

rationalization and elevator obsolescence. conversely, a lesse¡ time period

would be too short to pe¡mit completion of the decision making and

construction process.

Market Preemotion

In their investment decisions, elevator companies may anticipate

imminent closure of competitor elevators in the ma¡ket fringe either due to

age of elevator or anticipated rail line abandonment. consequently, they may

attempt to preempt their competitor from the market by building before their

competitor ¡ebuilds. The preemptive move is meant to encourage other

elevator companies that rvish to avoid confrontation to seek locations

elsewhere.

leDummy va¡iable PRES.

20 In situations where competitors built new annexes larger than their existing
primary house, a value of 1 was also assigned the dummy variable.
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To measure the possibility of preemptive moves, the age of elevators

at each sample delivery point and their adjacent rail points was measured.

Age was based on the construction date of the primary house and annexes and

weighted according to the capacity of the various storage facilities. The age

of the oldest competing facility at either the sample delivery point or the

adjacent rail point was selected.2l 22 It is assumed that the olde¡ the

facility, the inc¡eased likelihood of preemption by another company.

Market Positionins

Market positioning is similar to market preemption except that an

elevator company anticipates closure of its own elevator at either the sample

delivery point or adjacent rail line points. By constructing a new elevator or

rebuilding a replacement elevator at the sample delivery point, companies may

be signalling competitors its intention to stay in the market area and possibly

preempt competitor construction.

The age of the newest elevator among a company's own elevators at

either the sample point or adjacent rail line was used to measure a market

21 Variable PREM.

t' qome cgTpuly representatives indicated that when attempting to preempt
competitors, thei¡ focus is often directed at a particular competiior, 'As 

th^is
information is unavailable, the oldest elevator *aj taken as the l,ogical alternative
representing who was preempted. It is believed to be a bette¡ ireasure of the
opportunity offered to preempt an old competitor facility.
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positioning strategf3. For example, assume three delivery points, A the

sample delivery point and B and c delivery points located on the rail line on

either side of point A. A company may not build an elevator at point d
when it has a fifty year old elevator at point B because it has an twenty year

old elevato¡ at point c. By taking the newest aged elevator at the sample or

adjacent rail points, it is assumed a) a company might not choose to construct

another elevator if there were an alternative elevator in the immediate vicinity

that would likely remain in ope¡ation over the near future, and b) construction

might occur if the newest elevator were old and approaching the end of its

economic life' A positive sign is expected as the probability of constructing

a new elevator is likely to inc¡ease as the age of the newest elevator at either

the sample or adjacent rail points increases.

Market Coverage

Ma¡ket coverage through a region may be a goal of elevator

companies. They may achieve this by replacing elevators at existing points

and expanding into new areas. A variable cov was developed to incorporate

these two aspects of market cove¡age, market maintenance and ma¡ket

expansion.

As with rhe market positioning va¡iable pOST which signifies a

company's intention to maintain their market, it is presumed that the

probability of constructing a new elevator will increase the older is the newest

ã Variable POST.
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company elevato¡ at either the sample or adjacent rail points. companies that

did not have an elevator at either the sample delivery point or a jacent rail

points were assigned a value of zero. rt is hypothesized that the probability

of construction of an elevator at the sample point is thus greater than if the

company had an existing elevator at either the sample or adjacent rail points.

This situation signified a¡eas a company might want to expand its coverage.

In orde¡ that these two aspects of market coverage be consistent, the

age ofthe newest elevator was divided into one obtaining its inverse, In doing

so, a negative correlation is expected between COV and the probability of

elevato¡ construction. This was done so that the relationship between the

values assigned companies with elevators in the immediate areas was

consistent with the zero values assigned sample points which have no elevato¡

at eithe¡ the sample or adjacent rail points.

5.3.1.4. Road and Rail Facilities

Road Access Index

The road access index takes into account two factors which affect a

producer's decision to deliver to a given delivery point, 1) road access and 2)

road quality. Based on provincial maps, three road qualities were identified,

paved highway, other highway and gravel ¡oads. The numbers of each of

these types of roads leading into a delivery point were identified. Each of the

type of roads was indexed. Paved highways were given a designation of three,

other paved provincial roads a designation of two and gravel roads a value of
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one. The total value of each type of roadway was carculated and the varue of

each type of road summed to derive a ¡oad access index.

Example:

Highway 16, Híghway 250 and Route 473 converge at Newdale.

Newdale can be approached from either the east orwest on Highway 16. The

southern approach of Highway 250 is a paved provinciar road but the northem

approach is gravel. Route 473 is a gravel road and approaches Newdale only

from the east. The road access index assessment for Newdale is 10.

Twe of Roadwav

Paved Highway (#16)
Paved Prov Road
Gravel
Road Access Index

Number of
Roads

2
1

2
5

Value/ Type
Road Value

36.,.

L2
10

branch line abandonment in Western
1995 federal government budget, to be

A positive sign is expected as the probability of opening an elevator is likely

to increase with improved road quality and access.

Rail Line Status

Status of rail line is used as a measure of longevity and condition of the

rail line. During the study period, most branch lines were protected against

abandonment to the year 20002, Moore states that security of the rail line

_ 
u Removal of the prohibition against

Canada was announced in the February 27,
effective January 1,, 1996,
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is critical to elevator investment.

Lines protected to the year 2000 don,t mean a thing when it comes to
capital investment. At a cost of $1.5 to $2.0 miliion per copy, the
selection of a location to build a new elevator will be ciitical. 

-Ágain,

mainline areas will be high priorityã.

Two alte¡native means of measuring ¡ail line status are available:

1) Grain Dependent Line- The Grain Transportation Agency (GTA)

publishes a report Branch Line Profiles, that indicates whether or not a line

is grain dependent. Using a dummy variable, GRDEp, grain dependent lines

were designated a value of zero and main and secondary rail lines a value of

one. A positive sign is expected as an elevator,s future may be mo¡e secure

if it is not on a grain dependent line.

2) Average Tonnes/l\rfile - The GTA also publishes in Branch Line

Profiles the miles of track and average 10 year deliveries in tonnes for each

t¡ain run. Average tonne miles for each train run were calculated and that

value assigned to each delivery point as the average tonnes/mile shipped on

the line' A positive sign for this variabre is expected as the security of an

elevator is likely to increase with inc¡eased shipments along a line.

5.3.1.5. Other Variables Not Included in Stud]¡ Anal]¡sis

Several factors which affect a grain company,s decision to locate an

elevator have not been included in the analysis due to the unavailability of

_ - 9..O Moore. Develqpmgnt in Canada Grain Transpo¡tation policj¡
Proceedings to Development 

_in canada Gruin Ttun@
Institute, University of Manitoba: Winnipeg, Manitoba. June 19gg, p.1ó
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data. They are as follows:

Mill ratelAssessment varues- The milr rate in combination with the

assessed land and buirding values may ¡esult in high taxes thus raising fixed

costs.

Availability of suitabre Iand fo¡ rail tracks- some grain companies

indicated that often the land availabre was to small to accommodate the tracks

required to marshall 25 or mo¡e railcars. Also town roads frequently

traversed available rand thus interfering with marshalring of rail cars,

5.3.2. Closure Model Specificatìon

This section add¡esses moder specification rerating to elevator closures

in Alberta and Saskatchewan, The same productivity, competitive, and ¡oad

and rail point and market a¡ea characte¡istics hypothesized to affect a grain

company's decision to construct an elevator could also affect a company's

decision to close an elevator. Investment strategies h¡pothesized to affect

elevator construction such as market presence, preemption and positioning as

described in Section 5.3.1., however, are inappropriate.

Other factors which may affect an elevator company,s decision to close

an elevator include elevator age and capacity. Assuming elevator age is

positively co¡¡elated with maintenance and repairs and technological

obsolescence, older elevato¡s may be stronger candidates for closure. Smalle¡

elevators are also likely to be closed as capacity directly affect elevator costs

per unit and economic viability.
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Unfortunately, data concerning age of elevators that we¡e closed were

not available. The Canadian Grain Commission does ¡ecord the date of

elevator and annex construction in its " Application for Renewal of primary

Elevators Licence" file, but that information is only available for existing

elevators. Once an elevator is closed, its reco¡d is erased from the file.

As an alte¡native to elevator age, elevator capacity was tabulated.

Pe¡usal of the Canadian Grain Commission's ,' Application for Renewal of

Primary Elevators Licence" file indicates that elevator age and elevator

capacity are negatively correlated. Generally elevators over fifty years of age

are of less than 2,000 tonnes capacity, many being less than 1,000 tonnes.

Information concerning the capacity of elevators closed was obtained from

historic issues of the canadian Grain commission's Grain Elevators in canada

which indicate elevator capacity at each delivery point by company. Based on

the assumption that smalle¡ elevators are more likely to be technologically

obsolete and cost inefficient, a negative relationship is expected between

elevator capacity and the probability of closure; as elevator capacity increases,

the probability of closure diminishes.

Delivery point and market fringe turnover indicators incorporated in

the elevator construction model may be of less importance to the decision to

close an elevato¡. Firms are more likely concerned with their own elevator

turnover at the point closure is contemplated. This information is available

in the public domain for single company delivery points but not for
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multicompany delivery points in order to preserve company confidentiality.

Consequently, elevator turnover for a specific company was estimated at

multicompany points. The total volume of grain handled at the point was

divided between the companies according to the percentage of each elevator

capacity as a proportion of total point capacity, The estimated company

volume was then divided by elevator capacity to obtain estimated tumover.

This procedure may not be rogically perfect, as candidates for crosure probabry

had lower than average turnover rates, but the data do not allow any more

sophisticated measure.

Grain elevator firms may also conside¡ their market coverage in the

market area which elevator closure is contemplated. If a company is well

represented in an area, and they hope a good proportion their custome¡s will

alternately ship to that same company,s elevators at other delivery points, a

firm may be mo¡e inclined to close an erevator. The va¡iable REpRATIo is

used as an indicator of a company's market coverage. REpRATIO is

determined by dividíng the numbe¡ of elevato¡s a company has at all

competitive points on the fringe by the total numbe¡ of erevators operated by

all grain elevator companies at the same points. For example, for UGG at
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the elevator point Bawlf:

Bawlf UGG
Daysland AWP
Holden UGG, Cargill, AWp
Kelsey AWP
Ohaton AWP
Rosiland
Ryley

UGG, AWP
AWP

REPRATIO: 3/1.0=.30

5.4. Soarus o;f Data

Data pertaining to elevator closure and construction were obtained

from the following sources. Information concerning number of companies,

elevator capacity by company, point elevator capacity, total crop year

deliveries fo¡ each delivery point were obtained from the canadian Grain

Commission's Grain Deliveries at prairie points. Crop years 1977_7g to

1989190. Linea¡ and market fringe estimates of three year average deliveries,

used in the open model specification, we¡e derived by summing average grain

deliveries over the three crop years preceding elevator construction at the

appropriate points. For example if an elevator was constructed in 19g1,

1977178, 1978179 and 1979/80 deliveries were used. Crop year dara for

1979180 would be the most recent information grain companies would have

concerning delive¡ies at competing points prior to building in IggI%.

Turnover ratios and indices used in both open and closure model

%1980l81grain deriveries at prairie points would have been released November
1981.
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specifications were calculated from delivery and capacity info¡mation. The

companies operating at each delivery point and the size of the erevator we¡e

identified in the cGC Grain Elevators in canada. crop yea¡ 1979lg0 to

1990/91,.

The above data were not only co ected for the delivery points at which

elevators were closed and constructed but all the delivery points on the

market fringe. As indicated previously, it is uncertain whether elevator

companies view the market in linea¡ or areal terms. This involved data

collection fo¡ 654 saskatchewan and 357 A\belo^ points in the closure models.

similarly in the open models, data was collected for a total of 339 Manitoba

and 354 Saskatchewan delivery points.

Info¡mation concerning the age of existing elevators, used in the

positioning and market coverage investment strategy variables tested in the

open models, was derived f¡om the cGC's computer fire of Apprication for

Renewal of Primary Elevator Licence. The file contained information by

company on the capacity and year of construction of each existing primary

elevator house and its annexes. This was used to calculate weighted average

ages ofthe elevator facilities at sample and fringe delivery points to dete¡mine

positioning and preemption strategies.

Info¡mation concerning the miles of track, average delivery volumes

and grain dependent status for each train run were obtained from the GTA,

Branch Line Profiles. September 1989.
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The numbe¡ of¡oads and the road type leading to delivery points were

obtained from provincial road maps. The main line/branch line status of train

runs was obtained from cp Rail prairie Line Network. canadian wheat Board

Train Runs in western canada and the canadian F¡eight Association western

Lines maps. Information concerning ¡oads and ¡afl status were colected onry

for the delivery points at which erevators were crosed and those at which

elevators were constructed.

5.5. Sample Selection

SIVP, AWP, MPE, UGG, Cargill, pioneer, paterson and pa¡¡ish &

Heimbecker in Manitoba, Saskatchewan and Alberta were contacted to

ascertain where they had built new elevato¡s and those they had closed

between 1980/81 and 1989190. Due to time constrainrs and the size of the

project, closure logit models were deveroped fo¡ Saskatchewan and Alberta

only and open logit models fo¡ saskatchewan and Manitoba. The elevator

and delivery points selected for the study samples are indicated in the

following sections.

5:5.!. Sample Selectíoìn: Cottstructìon of Graín Elevaton, Manítoba and
Saskstchewan

The principal grain companies in Manitoba and Saskatchewân were

contacted to determine where new elevators were constructed between

1980/81 and 1989/90. A total of 36 primary elevato¡ houses were built both

at existing and newly created points in Manitoba and 50 in Saskatchewan. All

36 delivery points in Manitoba and 41 delivery points in Saskatchewan we¡e
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selected for the sample27. Time constraints limited the number of

Saskatchewan points that were analyzed.

The Saskatchewan data were then orde¡ed in time and by company and

the percent of observations within each category calculated. The sample

observations were chosen so thât the time and company pattems were

replicated in the sample. The dependent variable (y) associated with the

points selected for the sampre was assigned a value of r. const¡uction of

elevators at Manitoba and saskatchewan points we¡e verified using the

canadian Grain commission " Application for Renewal of primary Elevators

Licence" file.

To derive that part of the sample representing delivery points where

elevators were not constructed, Y=0, herein referred to as alternative points,

was more difficult. It is not obvious how the points in the set _ geographic

spaces along rail lines in the province of Manitoba and saskatchewan - should

be identified. For example, a¡e towns, villages and hamlets feasible points of

analysis as to why an elevator was not constructed at that point?

Alternatively, perhaps the geographic space one, twor three, and four miles

down the road is a more appropriate sample choice. In choosing this part of

the sample, one basic assumption was made. Existing elevator points would

constitute the set from which alte¡native delivery points would be chosen.

27The saskatchewan points not incorporated in the study sample were used in the
out-of-sample fo¡ecasts used to veri$r the estimated open Saskaìchewan model.
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This decision was made as 78 and 98 percent of elevators constructed in

Manitoba and Saskatchewan, respectively, were built at existing delivery points

suggesting that the existing system is the principal set elevator companies

examine in their location choice.

In choosing the alternative points required for the Manitoba and

Saskatchewan sample, delivery points in each province, listed in alphabetical

order in the canadian Grain commission's Grain Deliveries at prairie points

annual publication, were assigned a number. Random numbers were then

generated using Quattro Pro and the point with that assigned number chosen.

Each alternative point chosen was also assigned a year in which

construction did not take place. The sampling fraction of alternative points

chosen each year followed the distribution of elevators constructed each year

between 1980/81 and 1989190. This was done to reflect the dynamic aspect

of the primary elevato¡ system. Thirty-four Manitoba and 20 Saskatchewan

alternative points were chosenæ lelding a total of 70 and 61 observations

in the Manitoba and Saskatchewan open model samples, respectively.

5.5,2 Sample Selection: Grairx Elevator Closure, Saskatchewan and Albena

In obtaining information on elevato¡ closures, elevator companies were

asked to exclude points where elevators were closed due to rail line

- 
æ Thirty-four alternative points were chosen for the Manitoba sample so that

there would be equal representation between points at which elevâtors we¡e
constructed and those at which elevators were not constructed. However, as the
study progressed time became a constraint and the number of alternative points
incorporated in the Saskatchewan open model sample was ¡educed to 20.
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abandonment or points where trades occurred2e. The data we¡e then

ordered in time and by company and the percent of observations within each

category calculated. The sample observations were chosen so that the time

and company patterns were replicated in the sample. A total of 5g Albe¡ta

and 126 Saskatchewan elevators were closed. of these, 41 Albe¡ta elevators

and 73 saskatchewan elevators were selected for the closure model samples

and the dependent variable Y assigned a value of 1 indicating closu¡e had

occur¡ed.

To obtain that part of the sample representing delivery points at which

elevators were not closed, Y=0, random numbe¡s were generated using

Quattro Pro and delivery points were chosen from the canadian Grain

commission's G¡ain Deríveries at prairie points annual publication

documenting deliveries to delivery points. The number of alternative points

chosen each year followed the distribution of elevators closed between 19g0/g1

and 1989/90. In total, 28 and 53 alternative points were chosen fo¡ Alberta

and Saskatchewan closu¡e samples, respectively, lelding a total sample size

of 69 and 126 observations for Alberta and Saskatchewan.

, .zeltrvas 
assumed that points at which a company discontinued operations was lessdeslrabre. However' the points at which companies trade eievators are not

necessarily undesi¡able. In making the trades, compãnies are endeavouring to reduce
:". "*. PI consolidating elevators at a point. Given this assumption,-modefling
difficulties would likely be encountereã as the volumes, road quality, elevatoi
turnovers and elevator capacities may not be as low or poor as mighi be éxpected at
points elevators were closed, but máy be more in lineïth existiig elevatä, u"ù",
which would comprise the alternative part of the sample,
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5.5,3. Sampling Summary

Table 5.1 summarizes the number of observations selected for each of

the closure and open model samples. The number of observations y=0

within each sample is between 30 and 50 percent which provides adequate

representation for modelling purposes. In Appendix A the distribution of

sample observations between Y=0 and y= 1 in other logit studies are

presented illustrating the va¡iation in the distribution of the observations.

Table 5.1. Number of Observations Within Each Sample.

Open
Models

Y=0
No

Construction

Y=1
Elevator

Construction

Percent
Y=0 of
Total N

Total
N

Saskatchewan 20 41 JJ 61

Manitoba 34 36 49 70

Closed
Models

Y=0
No Closure

Y=1
Closure

Percent
Y=0

Total
N

Saskatchewan 53 73 42 L26

Alberta 28 41 41 69
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CHAPTER 6. DELIVERY POINT CFIARACTERISTICS AFFECIING THE
PROBABILITY OF ELEVATOR CONSTRUCTION IN MANITOBA AND
SASKATCHEWAN

This chapter begins by identifying and summarizing the point characteristics

at which elevators were constructed by companies. In many cases inferences are

drawn concerning the investment strategies of the individual firms. Following this,

the Manitoba logit model, to determine the probability of erevator construction at a

point, is introduced and statistical tests on the model performed. Various sensitivity

analyses indicating the probab ity of construction when expranatory variable value

levels changed are conducted. The chapter continues with the presentation of the

saskatchewan open logit model and the sensitivity analyses performed. Data from

both the Manitoba and saskatchewan data bases were combined to determine if a

saskatchewan-Manitoba logit model would have superior forecasting ab ity.

6.1 Manitoba and saskatchewan Erevator construction summary stâtistics

Tables 6'1 and 6'2 show the distribution of elevators constructed by year over

the 1980s. The distribution appears bimodal with rhe peaks occurring in 19g1-g2 and

1985-86 in Manitoba and in 1983 and 19g5-g6 in saskatchewan. The timing of the

peaks may be related to rhe passage of the western Grain Transporration Act (19g3).

with strong expectations and subsequent passage of the Act. there was less

uncertainty concerning the method of payment hence less uncertainty concerning the

futu¡e of grain elevator companies. The first peak in saskatchewan in 19g3 may be

indicative of plans to build elevato¡s that were put on hold until the conclusion of the
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Table 6.1. Time Distribution of Manitoba Elevators Constructed.

Year Numbe¡ of Elevators
Constructed

Percent of Elevators
Constructed

1980 3 8.3

1981 4 11.1

1982 5 13.9

1983 J 8.3

1984 3 8.3

1985 4 1,7.1

1986 6 16.7

1987 -1 8.3

1988 J 8.3

1989 2 5.6

Total 36 100.0

'Iable 6.2. Time Distribution of Saskatchewan Elevators Constructed

Year Numbe¡ of Elevators
Constructed

Percent of Elevators
Constructed

1980 0 0.0

1981 ) 4.0

1982 4 8.0

1983 74 28.0

1984 4 8.0

1985 t3 26.0

1986 7 '14.0

7987 2.0

1988 4 8.0

1989 1 2.0

Total 50 100.0
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lill:^f.3 Numbe¡ of Operating Units Licensed by Company in Manitoba, t979lil0 to
1989190.

Company Number of
Operating

Units
1979180

Number of
Operating

Units
1989190

Percent Share
of Operating

Units
1979/80

Pe¡cent Share
of Operating

Units
t989190

Manitoba Pool 201 l4t 56.8 52.6

United Grain
Growers

83 66 23.4 24.6

Cargill 23 18 6.5 6.7

Paterson J-t 25 9.3 9.3

Pioneer 8 8 2.3 3.1

Othe¡ 6 10 \;7 3.7

Total 354 268 100.0 100.0

l:!]: 9.+. Primary Elevator Consrruction by Company, in Manitoba, 1980/81 to
1989190.

Company Number of Elevators
Constructed

Percent of Elevators
Constructed

Manitoba Pool 17 47.0

United Grain Growers 7 19.5

Cargill 7 19.5

Paterson i 3.0

Pioneer 4 11.0

Otherl 0 0.0

Total JÔ 100.0

1. The increase in othe¡ licensed elevators in Table 6.3 is due to 1) purchase of an
elevato¡ from eithe¡ UGG or Paterson and 2) construcTion of z seed phnts.
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Gilson talks and the passage of the Acr. considering the time lag between the

beginning of the decision making process and commencement to build, elevator

construction in 1985/86 may also reflect this confidence.

Table 6.3 lists the numbe¡ of operating units licensed by each companyl in

Manitoba between crop years r979lï0 and 19g9/90 and each company,s share ofthe

elevator facilities. 'lable 6.4lists the number of elevato¡s constructed in Manitoba

by each company during the 1980s. comparison of the two tabres indicates that

within Manitoba, Manitoba Pool Elevators, united G¡ain Growers and paterson

built proportionally less elevators in te¡ms of their share of licensed operating units.

conversel¡ cargill and Pioneer constructed proportionally more elevators when

measured in terms of licensed operating units.

Table 6'5 and ó.6. Iist the number of operating units licensed by the various

grain companies in saskatchewan. Like Manitoba pool Elevators, saskatchewan

wheat Pool constructed proportionately fewer new elevators relative to its sha¡e of

total elevators. The three other major grain elevator companies, uGG, cargill and

Pioneer built proportionally more new facilities relative to thei¡ total operating units.

only cargill and Pioneer increased their share of licensed elevators in both

Saskatchewan and Manitoba.

1 The number of operating units was used rather than the number of elevators
as many companies had more than one elevator at a delivery pojnt.
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H]:^f.5 l^l3-b". of Operating Units Licensed by Company, in Saskatchewan,
1979180 to 1989/90.

Company Number of
Operating

Units
1979/80

Number of
Operating

Units
1989t90

Pe¡cent Sha¡e
of Operating

Units
1979/80

Percent Sha¡e
of Operating

Units
1989/90

Sask Wheat
Pool

728 481 57.2 57.3

United Grain
Growers

170 111 13.4 13.2

Cargill 98 55 7.7 6.6

Pioneer 2t3 749 1,6.7 77.8

Othe¡ 63 43 5.0 5.1

Total L272 839 100.0 100.0

l?!]:^9.6.Primary Elevato¡ Construction by Company, Saskarchewan, 19g0/g1 to
1989190.

Company Number of Operating
Units

Percent Share of
Elevators Constructed

Saskatchewan Wheat Pool 22 44.0

United Grain Growers 10 20.0

Cargill 6 12.0

Pioneer 11 22.0

Othe¡ 1 2.0

Total 50 100.0

Tables 6.7 and 6.8 list the number of replacement and expansion elevators

built ì¡¡ithin each province in the 1980s. one third of the elevators constructed in

Manitoba were expansion market elevators, ie. companies seeking to operate at

points where they previousry did not operate. In Saskatchewan onry eight percent
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were expansion market elevators. In Manitoba, g of the 12 expansion elevators we¡e

built at newly created points. It may be hypothesized that elevator representation in

saskatchewan is so extensive that it is dífficult to find suitable new locations.

Nevertheless, there may be a particular reluctance on the part of grain companies

operating in saskatchewan to build an elevator at a point where they have no

ex¡rerience as the risks are greater than when building a replacement elevator at a

point where producer delivery patterns and competitor behaviour are known2.

Tables 6'9 and 6.10 list the type of erevator built by company. In Manitoba,

cargill and Pionee¡ built a proportionately higher percentage of expansion elevators

2 Total construction costs a¡e also less at repracement sites. Industry
representatives indicated the cost of building a 3500 tonie elevator in the 19g0s was
approrimately 1 million dollars, The cost of building in a new market can increase
to 1.75 million dollars as companies need to purchale land, and trackage.

Table 6.7 Number of Elevators Constructed by Type, Manitoba, 19g0/g1 to lggg/g0.

Type of Elevator Number of Points Percent

Replacement 24 66.6

Expansion 12 JJ-.1

Total 36 100.0

Table 6.8 Numbe¡ of Elevato¡s Constructed by Type, Saskatchewan, 19g0/g1 to
1989190.

Type of Elevator Number of Points Percent

Replacement 46 92.0

Expansion 4 8.0

Total 50 100.0
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Table 6.9 Numbe¡ of Elevators Const¡ucted by Elevator Type and Company,
Manitoba, i980/81 to 1989190.

Company Replacement Expansion Total
Manitoba Pool T2 5 L7

United Grain
Growers

5 ,)
7

Cargill 4 J 7

Pioneer 2 2 4

Paterson 1 0 I
Total aÀ t2 36

Table 6.10. Numbe¡ of Elevator-s-Constructed by Elevator Type and Compan¡
Saskatchewan, 1980/81 to 1989190.

Company Replacement Expansion Total
Saskatchewan Pool 22 0 22

United Grain
Growers

8 2 10

Cargill 4 2 6

Pioneer 11 0 71

Other 1 0 7

Total 46 4 50

than did the cooperatives. In saskatchewan, only four expansion elevators were

constructed while all swP and Pioneer elevators constructed replaced existing

facilities.

Tables 6'11 and 6.12 indicate the type of point at which erevators we¡e

constructed. overall there was a tendency for companies to build at multicompany
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Table 6.11. Number of Elevators const¡ucted by Type of point, Manitoba, 19g0/g1 to
1989t90.

Type of Point Number of Points Percent

Multicompany 2t 58.3

Single company 15 4L.7

Total 36 100.0

'lable 6.12 Number of Elevators const¡ucted by Type of point, Saskatchewan, 19g0/g1
to 1989190.

Type of Point Number of Points Percent

Multicompany 42 84.0

Single company 8 16.0

Total 50 100.0

delivery points. Fifteen elevators,42 percent, were constructed in Manitoba at single

company points where there were no competitors. In comparison, only g elevators,

16 percent of the elevators constructed, were built at single company points in

Saskatchewan.

Tables 6.13 and 6.1'4 rist the number of erevators built by company within

Manitoba and saskatchewan by type of point. In Table 6.13 two types of investment

strategies became apparent in Manitoba, clustering and spatial monopoly. cargill

built exclusively at competing points which is more indicative of clustering. uGG was

next aggressive, building 5 0f thei¡ 7 elevato¡s at multicompany points. Manitoba

Pool Elevators built ten of their 17 elevators at single points where there were no

competitors. This is indicative of a spatial monopolist.
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Table 6.13. Number of Elevators Constructed by Type of point and Company,
Manitoba, 1980/81 to 1989190.

Company Multicompany Single Company Total

Manitoba Pool 7 10 L7

United Grain
Growers

5 2 7

Cargill 7 0 7

Pioneer 2 2 4

Paterson 0 1

Total 2I 15 36

Table 6.14. Number of Elevator-s-Constructed by Type of point and Company,
Saskatchewan, 1980/81 to 1999190.

Company Multicompany Single Company Total
Saskatchewan Pool 15 7 22

United G¡ain
Growe¡s

10 0 10

Cargill 5 6

Pioneer 11 0 t1

Other 1 0 1

Total 42 8 50

with the exception of swP, the grain companies in saskatchewan tended to

build at multicompany points. The seven elevators built by swp at single company

points were replacement elevators, indicating that the company was seeking to

maintain its market coverage. The only cargill elevator built at a single point was

an expansion market elevator as the company had not previously been located at that

point.
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Tables 6.15 and 6.16 itemize the number of elevators built at existing and

newly created points. MPE built at 5 of the g newly created delivery points. united

G¡ain G¡owers located at one new point, and pioneer at two points, Manitoba pool's

strategy of building at new points may also be indicative of a reluctance to compete

with other elevator companies at the same point. while the creation of new delivery

points may also be indicative of MpE desire to expand market coverage, inc¡eased

coverage could also be achieved at existing single and multicompany delivery points.

The single point at which cargill built an elevator in saskatchewan was the only

newly created delivery point in that province. The remaining points ín saskatchewan

at which elevato¡s we¡e built were existing delivery points.

Table 6.15. status of Delivery Points at which Elevato¡s were constructed, Manitoba,
1980/81 to 1989190.

Status Numbe¡ of Elevators Percenl

Created Point I )t)
Existing Point 28 77.8

Total 36 100.0

Table 6'16. status of Delivery Points at which Elevators were constructed,
Saskatchewan, 1980/81 to 1989190.

Status Number of Elevato¡s Percent

Created Point I 2.0

Existing Point 49 98.0

Total 50 100.0



Tables 6.17 and 6.18 rist the range and average capacity of elevators

constructed in Manitoba and saskatchewan, respectively. The average size of existing

grain elevators in Manitoba in 19791g0 was 2,g23 tonnes and this had increased to

3,941 tonnes by 1989190, This inc¡ease was partially due to larger elevators built

during that period but primarily due to the closure of smalle¡ elevators. within

Manitoba, cargill built the largest elevators, with the hierarchy of size constructed by

other companies being MPE, pioneer, paterson and united Grain Growe¡s. The

capacity of the new elevators constructed within Manitoba averaged 5,137 tonnes.

Tl!):^9.17.91tqiry of Elevarors Consrructed by Company, Manitoba,
1980/81 to 1989190.

Company Low
(tonnes)

High
(tonnes)

Average
Capacitv

Manitoba Pool 26L0 131,40 5475

United Grain G¡owers 2240 6020 41,49

Cargill 3360 10650 56L6

Pionee¡ 3800 5600 4737

Pate¡son 4550 4550 4550

All Companies 5737

within Saskatchewan, the average size of existing grain elevators in r979lg0

was 2,441' tonnes and rhis had increased to 4,037 tonnes by rgsglg}. over the

decade, the average size of elevator constructed in Saskatchewan was 4,20g tonnes,

almost 20 percent smalle¡ than were elevators constructed in Manitoba. This was

partially due to SWP building slightly smaller elevators rhan Manitoba pool,

However, the major explanation is that uGG, cargill and pioneer bu t smalrer
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J:^b]?^9.18 Cupqgity of Elevators Constructed by Company, Saskatchewan,
1980/81 to 1989190.

Company [¡w
(tonnes)

High
(tonnes)

Average
Capacity

Saskatchewan Wheat
Pool

t490 1.0200 4985

United G¡ain Growers 2730 4620 3463

Cargill 2990 5040 3922

Pioneer 1,540 4500 3121

Other 8250 8250 8250

AII Companies 4208

elevators in saskatchewan than in Manitoba. The larger elevators constructed in

Manitoba may be indicative of "a keep up with the Jones', approach. only in 19g7

did SWP begin building their 10,200 tonne concrete elevators.

Table 6.19 shows that alr the grain elevato¡ companies in Manitoba built

larger replacement elevators than expansion elevators. It could be argued this

occur¡ed because firms have better information in known as compared to unknown

markets, thus there is less risk. However, the opposite relationship was found true

in saskatchewan as Table 6.20 indicates that expansion elevators were larger than

replacement elevato¡s. This ¡esult could be biased by the small number of expansion

elevators observations relative to replacement elevators.

Table 6.19 shows that cargill tends to construct elevators in Manitoba on rail

mainlines. The other grain elevator companies do not appear to differentiate

between mainlines and branch lines. cargill is the most aggressive grain elevator

company in Manitoba from the standpoint of always building at multicompany points,
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while also ensuring that their elevato¡s are built on secure rail lines. They also

build smaller elevators in markets where they have no experience. of the total 36

elevators constructed in Manitoba, 20 were on mainlines.

Table 6.20 shows saskatchewan grain elevator companies have a greater

tendency to build on branch lines. only 13 of 50 elevato¡s constructed, 26 percent,

we¡e located on mainlines as compared to 56 percent in Manitoba. The fact that a

high proportion, 74 percenT, of saskatchewan elevato¡s were built on branch lines

may also partially explain why smaller elevators, on average, were built in

saskatchewan.

Table 6.19 MainlineÆ¡anchline Placement and Average capacity of Expansion and
Replacement Elevato¡s Consrructed, Manitoba, 19g0/91 to iSgSjgO.

Expansion
Elevator
ML/BL

numbe¡

Replacement
Elevator
MLEL

number

Expansion
Elevator
Avg Size

tonnes

Replacement
Elevator
Avg Size

tonnes

Manitoba Pool 312 s/7 5276 5582

United Grain
Growers

1,11 7,1) 3080 4576

Cargill 3/0 3/1 3573 7747

Pioneer 111 u1 4700 4775

Paterson 0t0 0t1. 4550

Total 8t4 121't2 4363 5s23
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support for the concrusion that cargilr is more aggressive in its investment

approach was found in a survey undertaken by Deloitte, Haskins and sells3 for

uGG. These consultants indicated that cargill was the most competitive with respect

to fertilizer, herbicide and non-board grain services. This perhaps explains cargill,s

willingness to compete with other grain companies at the same points, when given

key word choices to describe major companies, the percentages of the respondents

describing the individual grain companies as competitive were as follows:

3 Deloitte, Haskins and sells. "Determination of Fe atures considered By Farmers
When Selecting A G¡ain Company". Winnipeg, January, 19g4.

Table 6.20 Mainline/Branchline placement and Average capacity of Expansion and
Replacement Elevato¡s Constructed, Saskatchewan, f õgO¡Sf to iSZSlgO.

Expansion
Elevator
ML/¡l

number

Replacemenl
Elevator
MLIBL

number

Expansion
Elevator
Avg Size

tonnes

Replacement
Elevator
Avg Size

tonnes

Saskatchewan
Pool

0t0 8114 4985

United Grain
Growers

011, 2/7 4620 3334

Cargill 1,11 1 12. 4340 3712

Pioneer 010 1,1rc 3I27
Othe¡ 0/1 0t0 8250

TotaVAverage 1,13 12134 4480 41,05
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Cargill 85

UGG 64

Pioneer 60

MPE 44

SWP 40

AWP 31,

The principal key words describing each of the companies is also enlightening:

MPE
swP

Friendly,Reliable and Honest (each 55 percent)
Big (50 percent)

AWP Businesslike (56),Big(50) and Complacent (44)
Pioneer Well Managed(80),Honest and Friêndly (7ò) 'Cargill Aggressive (60), Businesstike(55)
Ucc Weü Managed(44), Businesslìke(3g)

In summary for Manitoba, Manitoba pool Elevators and pioneer a¡e more

likely to build new elevato¡s at single points and more wìlling to build replacement

elevators at multicompany points. Deliveries and patronage expectations are more

ce¡tain and less risþ in existing markets than in new markets, therefo¡e the

replacement elevators constructed are larger than expansion elevators. conversely,

cargill continues to build new elevators at multicompany points whether or not they

have previous experience in that market.

It is mo¡e difficult to come to any conclusion regarding investment strategies

in Saskatchewan as so few expansion elevators were constructed. of the few built,

three of the four were built at multicompany points. This is completely opposite to
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that found in Manitoba where two thirds of expansion elevato¡s were built at single

points' However, two conclusions may be drawn. First, the saskatchewan elevator

system is more extensive than that in Manitoba. consequently the¡e are fewer

opportunities and less need to create new delivery points. Second, it appears that

grain elevator companies in saskatchewan " set the staget' for a competitive

environment by indicating their willingness to compete with each other at the same

points.

6.2. comment on Explanatory variabtes in selected Manitoba and saskatchewan
Open Ingit Models.

In chapter 5, point and ma¡ket characte¡istics and company strategies were

hypothesized to affect the location grain companies choose to build an elevator.

These we¡e grouped into four categories, 1) market productivity, 2) market

competition, 3) investment strategies and 4) rail and road facilitjes. several variables

were proposed for each category on a priori grounds. In many instances, several

measures were proposed: as 1) there were different data sources available for

different time periods, 2) it was not clear whether point, linear or areal data would

best measure productivity and competitive point characte¡istics, and 3) multicollineary

between many of the variables would result in large standard errors therefore possibly

understating the significance of a particular independent variable in explaining the

variations in the dependent variable.

The relationships between some of the variables anaþed in the Manitoba and

saskatchewan open logit model are discussed in order to illustrate why some ofthese

variables were not incorporated in the model and why others were chosen,
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6.2.1. Manitoba Open Logit Model

The explanatory variabres used in the Manitoba open rogit model to predict

the probability of elevator construction at delivery points were ReI, VOLCO3, CR

COV and PRES.

RQI = Road quality index.

VOLCO3 = Th¡ee year average annual volume per company
measured at adjacent rail points and the sample point.
Data measured in thousands of tonnes.

CF =. Total elevator capacity of all points on the polygon
fringe, including the sample point, measuìeá 

- 
in

thousands of tonnes.

COV : Market coverage. This is a measure of ma¡ket
maintenance and expansion strategies, measured in terms
of the age of a company's own newest elevator at either
the sample point or adjacent rail elevator points. The
values are the inve¡se of elevator age. Thèrefore the
COV values range from 0 to 1. For example, a value of
1 represents an elevator l year old and ã value of .02
rep¡esents a 50 year old elevator.

PRES = A dummy va¡iable representing the presence of a
competitor in the local market. A value of 1 is assigned
if a competing elevator fi¡m has constructed a ;ew
elevator at either the sample point or adjacent points
within the past three years.

The variable volco3 is both a market productivity and competition measure as it

is de¡ived by dividing the average three year deliveríes in the linear market, LVOL3

which represents those at the sample point and the adjacent points, by the numbe¡

of companies at these same points, NL, The cor¡elation between LVOL3 and NL

was ,72 suggesting collinearity between the two variables. The de¡ived variable

volume per company, VOLCO3, thus avoided the multicollinearity problems
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experienced between volume LVOL3 and number of companies, NL.

The three year average linear volume, LVOL3, was also highly correlated r¡¡ith

fringe capacity, cF, the co¡relation being .71. The variable volco3 avoids the

multicollinear problem as the correlation coefficient between volco3 and cF

observations was only .16.

other pairs of variables were not included in the model as they resulted in

fewer cor¡ect predictions and coefJicients which were not significant. Some of this

may be due to collinearity between the variables. Not surprisingly, the following pairs

of va¡iablesa had high collinear coefficients.

PTCAP
CF
CL
FVOL3

PTNO
NF
NL
NF

.68

.68

.65

.70

In othe¡ instances, variables were excluded as they were not the best measure of

either productivity or competition.

None of the variables PRES, PREM, POST and COV, representing different

investment strategies were highly correlated with the dependent variable. The

co¡relation coefficients ranged between .08 and .29. The variable pREM was not

significant in the analysis indicating there was no preemptive behaviour. However,

^- 
aPTCAP:Point Capacity; pTNO = number of elevator companies at the point;

cF : total elevator.capacity among delivery points on market fringe; NF = númuei
of elevator companies at delivery points on the market fringe; ci = total elevatoi
capacity among delivery points in linear market; NL = numbe-r of elevator companies
at delivery points in the linear market; FVOL3 = three year average deliveiies to
fringe delivery points.
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the PRES and cov variabless indicate that the presence of a new competitive

elevator and the age of an alternative company elevator affect the decision whe¡e to

build an elevator.

The two measures of type of ¡ail facilities 1) grain dependent status and 2)

grain tonne miles did not add to the explanatory powe¡ of the model. Neither of

these two variables independently or jointly as an interactive variable were able to

capture the nume¡ous aspects of grain movements that might be important to the

location of elevato¡ constn¡ction. For exampre, a branch line may be grain

dependent and have a high volume of grain hauled per mile of track. No suitable

quantitative variable was found nor any combination of dummy variables which could

act adequately as proxies for the variables.

The variable volco3 which represented the three yea¡ mean volume of

grain delivered rvithin a linear market was expected to give better results than either

10 year or annual data. It was not expected that the 10 year average wourd be

representative of current grain delive¡ies to elevator points as elevato¡ rationalization

and rail line abandonment continually force grain deliveries to be ¡edi¡ected to the

remaining elevators. consequently, it would tend to understate deliveries to a point.

Annual data was also not expected to be representative of deliveries as bumper crops

or drought conditions do not ¡eflect average delivery levels.

The variable cF measures market fringe whereas volCo3 is a linear market

sThe variable Posr is a subset of cov as coV incrudes not only market
maintenance but market expansion in a region as well.
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measu¡e. If fringe market capacity is a reasonable measure of competition, it makes

sense that an elevator company would take this factor into account at the sample

point' as fa¡me¡s are not rest¡icted as to where they can deliver their grain. The

linear aspect of the variable volco3 is not surprising given there was a T2percent

correlation between the fringe and linear market estimate of expected company

volume' Also the linear measure may be a better measure if it provides info¡mation

as to how the distribution of rail cars along a train run6 may be affected.

6.2.2. Saskatchewan Open Logit Model

The explanatory va¡iables in the selected Saskatchewan model include ReI,

PTCAP, FTOVERA and pOST.

RQI = Road qualiry index.

PTCAP = Total elevator capacity at sample point measured in
thousands of tonnes.

FTOVERA = Turnover rate of market fringe based on annual
delive¡ies and elevator capaoity.

POST = The age of newest own company elevator at the
sample point or adjacent points.

The cor¡elation coefficient between annuar volume, FVOLA, and fringe

capacity, CF, was .83 indicating a high degree of multicollinearity. Another

explanatory variable PTCAP was arso highly collinear wirh cF and FVOLA, as the

"Ihe number of rail cars allocated to a company by the GTA was based on
the volume of board grain and offboard graini hândieo. The cars were then
allocated to train runs, on which both the sample point and adjacent points wourJ
b.e located' This procedure has since been revised. companies can iedirect ca¡s
allocated to them anywhere within a shipping block or even between brocks.
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correlation coefficients were .59 and .65, respectively. consequently using

FTOVERA reduced the problems associated with collinearity as the cor¡elation

coefficient berween PTCAP and FTOvERA was only .10 reducing the likelihood of

large standard errors due to collinearity.

surprisingly FrovERA was a better measure than FTovER3. However,

inspection of the correlation coefficients between these two variables indicates a

correlation coefficient of .83. The co¡¡elation between the linear market measu¡e of

the same derived variables, LTOvER.A and LTovER3 was .g5. Also the cor¡elation

between the linear three year and annual data, LVOLA and LVOL3 was .94 and, .92

between fringe three year and annual volume measures, FVOL3 and FVotA

These results indicate that the three year and annual data are highly

cor¡elated. This is possible considering the time frame and the manner in which the

data was collected. Data pertaining to annual volumes was collected for two crop

year preceding the year which an elevato¡ was const¡ucted. Three year average data

was collected the second, third and fourth crop year preceding the year the elevator

was built. Therefore, both annual and th¡ee year volume data were collected every

year between L97 6177 to 1987188. It is the¡efore likely that on average, annual data

was just as representative of actual delivery levels as three year average volumes as

in those annual volume observations which deliveries may have been unde¡estimated

due to drought or infestation were offset by annual volumes observations in other

years which overestimated typical delivery levels as a result of bumper crops,
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63 Manitoba Open Model Results

6.3.1. Statistical Inference of Manitoba Open Model

The model estimating elevator construction in Manitoba was chosen on

the basis of correct sign, significance of the coefficients, percent correct predictions

and the log likelihood function, The following logit model predicting the probability

of opening an elevato¡ in Manitoba was chosen.

Z= -1.1788 +.22960 ReI +.11848 VOLCO3 -.075394 CF -1,2.306 COV +
1.3465 PRES

where
Z < .50 predicts construction rvill not take place.

Z ) .50 predicts elevator construction will take place.

RQI = Road qualiry index.

VOLCO3 = Three year average annual volume per company
measured at adjacent rail points and the sample poini.
Data measured in thousands of tonnes.

CF -. Total elevator capacity of all points on the polygon
fringe, including the sample point, measured 

- 
in

thousands of torures.

cov = Ma¡ket coverage. This is a measure of market
maintenance and expansion strategies, measured in terms
of the age of a company's own newest elevator at either
the sample point or adjacent rail elevator points. The
values are the inverse of elevator age. Thèrefore the
COV values range from 0 to 1, For example, a value of
1 represents an elevato¡ 1 year old and ã value of .02
represents a 50 year old elevato¡.
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PRES = A dummy variable representing the presence of a
competitor in the local market. A value of 1 is assigned
if a competing elevator firm has constructed a 

-new

elevator at either the sample point or adjacent points
within the past three years.

Details on the statistical analysis including the number of observations, the 1og

likelihood function, the estimated coefficients, the standard e¡.o¡, t statistics and the

percent correct predictions are presented in Appendix B.

6.3.1.1. Siens and Sisnificance of Coefficients in Manitoba Open Model

Variables RQI' volco3 and pRES all had positive signs as expected

indicating that as the values associated with these variables increased, the probability

of constructing an elevator increased. conversely, cF and cov had the expected

negative signs indicating the probability of construction would increase as the variable

values decreased.

Since the direction of the effecr of variables ReI, VOLCO3, CF, pRES and

cov was anticipated, the significance of the coefficients is determined by a one-

tailed t-test. The null hypotheses that each slope coefficient equals zero is rejected

for all the va¡iables as the coefficients are all statistically significant at the following

levels.

RQI
VOLCO3
CF
cov
PRES

T statistics

2.5042
2.2696
2.3984
2.0320
2.0784

Significance lævel

.025

.025

.025

.025

.025



6.3.1,2 .Goodness of Fit of Manitoba Open Model

one goodness of fit test examines the joint hypothesis that all the coefficients,

except the intercept, aÍe zero, H0 : RQI = VOLCO3 = CF COV = pRES = 0. A

c statistic is calculated f¡om the maximum value (L0) of the constrained log likelihood

function (LLC) where all coefficients are set equal to zeÍo, and the log likelihood

(L2) of the unconsrrained equation (LLUC).

c= -2 (LLC - LLUC) = -48.52 - -35.75 : 25.54

Based on five degrees of freedom and a 99.5 significance level, the null

hypothesis that the coefficients equal zero is rejected as the c statistic of 25.54 is

greater than the critical square statistic of 1,6.75.

The percent correct predictions also measures the model's explanatory power.

Based on the estimated probability levels, outcomes y=0 or y=1 can be predicted.

Assuming a P(Y=1) greater than fifty percent evokes an outcome of 1, elevator

construction and a P(Y=l) less than fifty percent evokes an outcome of 0, no

construction, the predicted outcomes can be compared to the actual outcomes. The

correct outcome was predicted for 57 of the 70 observations or g1 percent of the

points, A major problem with this measure is it does not measure the degree of

e¡ror' For example, probabilities of 51 and 99 percent would both leld a predicted

outcome of 1. However, if both elevators were not constructed, the prediction error

may be more serious in the second case.

The percent correct predictions within each subsample is also a measure of

the model's overall goodness of fit. 'rable 6.21. presents the number of correct
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predictions for each subsample, y=0 and y= 1. The model correctly predicted, 26

or 76 percent of the 34 actual points where elevator construction would not take

place, Y=0. Fewer prediction errors occurred in subsample y=1 as the co¡rect

outcome was predicted at 31 or 86 percent of the 36 points.

Table 6.21. Correct Predictions for Each Subsample of Manitoba
Open Model.

Actual Predicted Total

0 I

0 26 8 34

I 5 31, 36

70

Assuming the true probabilities of construction were 0 at points where

construction did not occur, and 100 percent at points elevators were constructed, the

forecast e¡ror and forecast e¡ror variance were calculated of the correct predictions.

The average fo¡ecast er¡ors for subsamples n1 (y=0) and n2 (y=1) were 34.4 and

32.5 percent, respectively. The forecast error variances for subsamples n1 and n2

were 16.6 and 16.1, respectively. These results indicate the variation in the predicted

probabilities about the true probability are not significantly different within each

subsample,

The average fo¡ecast erro¡ about the incorrect predictions in subsample nl,

Y=0, was 66 percent indicating that the inco¡rect probability of construction

predictions averaged 66 percent rather than 0. The average forecast er¡or associated

with subsample n2,Y=1, was 82 percent indicating that the inco*ect probability of
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construction predictions averaged 18 percent rather than 100 percent. In both cases,

the prediction errors were large and did not fall nea¡ the 50 percent probability level

as might be expected. As the er¡ors associated rvith incor¡ect predictions were so

large, defining a range of indecision, ie 35 - 65 percent about the 50 percent

probability level would be unproductive as it would not capture the er¡ors.

6.3.2 sensirtviry Analyses: The Effect of Elevator characteristic Leveb on the hobabitíty
of Elevator Construction ín Manitoba.

In linear regression analysis, the coefficients indicate the direction of change

and the magnitude of the effect of a change in an explanatory variable (x,) on the

dependent variable (y). Because the relationship is linear, changes of equal size in

an independent variable (rx) will yield changes in the dependent variable (ry) which

are also equal in size. In the logit model used, equal changes in an explanatory

va¡iable will leld equal changes in the estimated Z values as the relationship

between the estimated coefficients and thei¡ corresponding explanatory variables is

linear. However, the relationship between the Z value and the probability of

construction is nonlinear, hence changes in an independent variable cannot be

assumed to leld equal changes in probability.

since the relationship between an explanatory variable and the predicted

probability is nonlinear, a description of the effect of explanatory values on the

predicted probability is complex. when there is more than one explanatory variable

invoived, explanation of the probability changes becomes even more complex as the

predicted probability depends not only on the value ofthe explanatory variable under

analysis, but also on the values of the ¡emaining explanatory variables.
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'lo analyze the effect of changing explanatory values upon the predicted

probabilities, tables a¡e utilized incorporating relevant values of the explanatory

variables. The range and mean values of the explanatory variables are useful in

determíning interesting and pertinent values of the explanatory va¡iables to assess.

Tables 6,22 and 6.23list the mean values and the range of the explanatory variables

for the total Manitoba sampre (N), and the subsampres n1, points at which

const¡uction did not occur (Y=0) and n2 points where construction occurred (y=1),

An analyses of the mean values alone do not provide very much information.

consequently, a range of values fo¡ each explanatory variabre is assessed, the range

being guided by the spread of values existing throughout the sample observations.

In o¡der to assess systematica y the impact of adjusting the magnitude of an

'table 6.22 variable Mean values within Manitoba open Moder, sample and
Subsamples.

Sample RQI voLco3 CF cov PRES

nl (Y=0) 7.8 15.8 36.3 .129 .38

n2 (Y=1) 9.6 18.3 -t L.-1 .043 .47

N (Y:1,Y=0) 8.8 t7.1 34.2 .085 .43

Table 6,23 Range of va¡iable values within Manitoba open Model, sampre and
Subsamples.

1,4.5 - 51.t

N (Y=1,Y=0)
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explanatory variable, only one variable was considered at a time. For example, in the

Manitoba open model, each explanatory variable ReI, VOLCO3, CF and COV is

individually assessed in scenarios 1 through 4, respectively. For identification

purposes, the variable adjusted in each scenario is referred to as the principal

variable. As any changes in the value of the principal explanatory variables are

dependent on the values of the remaining explanatory variables, three sets of

remaining variable values are assessed. The three sets of values assessed are the N

sample and the nl and n2 subsample means, each presented in a different f¡ame.

The N sample mean values are presented in the base f¡ame. Subsample n1 and n2

mean values are p¡esented in frames Dl and D2, respectively?, Throughout each

frame, the remaining variables are held constant at their mean values to test the

effect of incremental increases in the principal variable. For example, to determine

the effect of ¡oad quality on the probability of elevator construction, road quality

index values ofZ, 4,6,8, 10 and 12, were analyzed in Scenario 1, Table 6.24. The

remaining explanatory variables, voLCo3, cF and cov were held constant at their

sample (N) mean values, 17.1, 34.2 and .07, respectively, in the base frame. In frames

DL and D2, fhe remaining variables assumed nr and n2 sample values, respectively.

The frames can be ranked with respect to the desirability of the point

characte¡istic values. Those values in frame D2 represent points with more desi¡able

TThe probabilities arising when only one of the remaining variable values is
changed to n1 o¡ n2, mean values while the remaining two valiables continue to
assume N mean values are presented in frames AI,'M, B'J,, Bz, C1 and C2 in
Appendix C.
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characteristics. The values in the base frame represent points having moderately

desirable characteristics and the values in frame D1 reflect points with less desirable

point characteristics.

As mentioned previously, there a¡e 3 frames within each scenario in which the

remaining variables assume either N, n1 or n2 mean sample values. However, as the

variable PRES is a dummy variable assuming values of 0 or 1., an average value is

misleading. To show the effect of PRES on the probability of construction, two sets

of predicted probabilities have been estimated for each frame. Array 1 displays the

predicted probabilities when PRES assumes a zero value and Array 2 when pRES

assumes a value of one.

In summary, each scenario table lists the values assumed by the principal

variable, the values assumed by each remaining variable, the corresponding Z values

for each array, the predicted probability associated with each array and the difference

in probability between array I and 2.

6.3.2.1. Road Qualitv Index: Scenario 1

In scenario 1, Table 6.24, road quality index values of 2,4,6,8,10 and 12 wete

analyzed' As the RQI index inc¡eased so did the probability of elevator construction

in each frame across both arrays. The change in the probability associated with an

increase in the RQI f¡om 2 to 12 ranged from 38 to 51 percent. With the exception

of f¡ame D'l.larray 1, raising the road quality index changed the predicted outcome.

In f¡ame Dllarray 1, it appears the drawbacks associated with the othe¡ variable

values outweighed the benefits associated with improved road access.
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A comparison of the predicted probabilities of const¡uction in arrays 1 and 2

indicates that the presence of a new competitive elevato¡ at the sample point or

adjacent points, increases the probability of construction by 2g percent, on average.

This increase in probability points to a "keep up with the Jones,, approach in their

investment decisions. of the 36 sample delivery points at which elevators were built,

17 had new competitive elevators at the sample point or at adjacent rail points.

At points with low to moderate elevator characte¡istic values, such as those

represented in the base frame and frame D1, the quality of road can affect the

decision to construct an elevator. At the better quality points, an increase in the ReI

only becomes a decision va¡iable if a competitive elevator is not present such as in

DZ/array 1. whereas at better points if a new competitive elevator is present,

D2/array 2, the model predicts an elevator would be constructed even with an ReI

of 2' consequently any increase in ¡oad quality access may only validate the decision

to construct rather than being instrumental in the decision.

6.3.2.2. Average Companl, Volume: Scenario 2

In scenario 2, expected elevator deliveries of 12, 15, Ig, 21, 24 and 27

thousand tonnes were analyzed. In all the frames in Table 6.25, the probability of

elevator construction inc¡eased between 23 and 4L percent as elevator delivery

volumes increased.

An increase in elevator volume changed the predicted outcome in every frame

of array 1. In frame Dl, the outcome changed between 24,000 and 27,000 tonnes

(i.e. probability moved from <.5 to >.5), between 1g,000 and 21,000 tonnes in the
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base frame and between 15,000 and 18,000 tonnes in frame D2. This indicates that

at points with other less desirable characteristics, expectations of higher elevator

volumes are required to induce construction, as market risks may be considered

g¡eater and market coverage already sufficient. conversely, points exhibiting other

more desirable characteristics may not require as high elevator volumes to induce

companies to construct an elevato¡ as the competition may be less and the need to

construct an elevator more compelling.

A comparison of the three frames in array 2 shows that the total change in

the probability of construction attributed to an increase in the volume delivered,

declines as points assume more desirable characteristics. AIso an increase in elevator

deliveries did not change the outcome in the base f¡ame or frame D2 of array 2 as

the probability of construction at the lowest elevator volume tested, 12,000 tonnes,

was already over 50 percent. consequently, any increase in volume only validates the

probability of construction.

The probability of construction increased, on average, 2g percent in array 2

if a competitor had built a new elevator at either the sample point or adjacent points

within the last three years. However, the effect of incremental increases in company

volumes on the probability of construction were not augmented by the presence of

a new competitive elevator. Rather the reverse occurred. At volumes between

12,000 and 15,000, the probability of construction exceeded 50 percent in array 2 due

to the presence of a new competitive elevator. once the probability of construction

exceeds 50 percent, increases in company volumes cause the probability to inc¡ease
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but at a decreasing rate. consequentry, raising company volumes from 1.2,000 to

27'000 lelds lesser changes in the probabilities in array 2 as compared to array 1.

6.3.2.3. Fringe Capacitv: Scenario 3

Fringe capacity values of 20, 30, 40,50, 60 and 70 thousand tonnes were

analyzed in scenario 3. As shown in Table ó.26, raising the fringe elevator capacity

between 20,000 and 70,000 tonnes reduced the probability of construction between

50 and74 percent in all frames. Not only did the probability of elevator construction

decline as fringe capacity increased, but the predicted outcome also changed in every

frame over the range of fringe capacities analyzed,

It would appear that Manitoba grain elevator companies consider increased

elevator capacity to be synonymous with inc¡eased competition. Increased elevato¡

capacity in an area signifies greater competition in two ways. Higher elevator

capacity in an area may be indicative of larger elevators in the region. If so, these

competitors may have greater ability to store incoming deliveries and able to offer

transportation incentives. Increased elevator capacity in an a¡ea may also indicate

there are many competitors thus dMding up the volume of deliveries.

The model indicates that in all probabirity, an elevator company would not

construct an elevator ât a delivery point, if elevator capacity in the surrounding fringe

is high' In the base frame and frame D1 of array 1, the predicted outcome changed

at fringe capacities between 20,000 and 30,000 tonnes. At points that exhibited

desirable characte¡istics such as those in frame D2/array 1, the fringe capacity

increased to 30,000 to 40,000 tonnes before the outcome changed.
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Table 6.26 Sensititivity Analysis, CF, Manitoba Open Logit Model
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The predicted outcomes in array 2 changed between 30,000 and 40,000 tonnes

in f¡ame D1, 40,000 and 50,000 tonnes in the base frame and between 50,000 to

60,000 tonnes in D2. Because of the influence of a new competitive elevator, the

fringe capacity at which the outcome changed in array 2 increased 10,000 tonnes in

f¡ame D1 and 20,000 tonnes in both the base frame and frame D2.

Inspection of Table 6.26 also shows that the change in fringe capacity, CF, was

augmented by the presence of a competitor elevator, particularly at points having less

desirable characteristics. The probability of construction declined between 50 and 70

percent in array 1 and 70 and 74 percent in array 2.

6.3.2.4. Market Coverage: Scenarjo 4

coverage values between .02 and .72 were analyzed in Table 6.2i. Due to

the definition of coverage values as the reciprocal of elevator age, these values

represent elevato¡s from 50 to B years of age, respectively. The aggregafe increase

in the coverage value from .02 to .rz redüced the probability of construction between

23 to 30 percent in array 1, and 21. to 29 percent in array 2.

In array 1, raising the coverage value changed the predicted outcome between

values .02-.04 in the base f¡ame and between .06 and .0g in frame D2. In frame D1,

the probability of construction never exceeded 50 percent even at the lowest coverage

value analyzed .02. These results suggest that at points with poor characteristic

values, L) companies probably would not build an elevator to replace their own old

existing elevators, and 2) companies would probably not build at such a point even

when they do not have altemative elevators at the adjacent rail points, (cov=0).





The data also suggest that the¡e is a greater likelihood that a company may construct

an elevator at points with more desirable characteristics even when they have an

elevator only 12 to 16 years old in the immediate vicinity.

The probability of construction never fell berow 50 percent over the range of

coverage values in both the base frame and frame DZ in anay 2. It appears that

when the¡e is the influence of a new competitive elevator, the presence of an existing

viable own company elevato¡ is largely irrelevant to the decision to construct an

elevator, particularly at points having desirable characteristics.

The coverage value was not augmented by the presence of a new competitor

elevator in the base frame o¡ frame D2 of array 2 but rather declined. The presence

of a competitive elevator partially offset the negative influence imposed by the

presence of a viable company elevator on the probability of construction. The net

effect was to reduce the total decline in the probability of construction associated

with increasing coverage values. conversely, in frame Dr/anay 2 incremental

inc¡eases in the coverage values were augmented by the presence of a new

competitive elevato¡. This is probably because companies would become increasingly

reluctant to construct a new elevator at a point with poor point attributes, particulary

the newer their own elevâtor in that area.

6.3.2.5. Summarv

Table 6'28 summarizes the base f¡ame results in each scenario and indicates

the probability of construction at the means. In array 1, the predicted probabilities

we¡e ìess than 50 percent, consequently an elevator company would not be expected
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to build an elevâtor at a point exhibiting these attribute values.

1 The mean value for this variable lies within this range.

Alternatively, the predicted probabilities for array z exceeded 50 percent

therefore, an elevator might be constructed at points exhibiting these cha¡acteristics.

This comparison highlights the importance of the presence of a new competitive

elevator in the decision of a grain elevator company as to construct an elevator in

Manitoba.

For comparison purposes Table 6.29 shows the variable values required in

each base frame of the four scenarios to change the predicted outcome to y=1 in

anay 2, indicating the presence of a new competito¡ elevator. The corresponding

probability of construction in array 1, where no competitor erevator is present at

these variable values is also indicated.

Table 6.28 Predicted Probability of construction at poinrs Exhibiting variables with N
Sample Mean Values, Manitoba.

Variable Remaining Variable
N Mean Values

Array 1

(percent)
Array 2

(percent)

RQI
8-101

VOLCO3 = 17.1
CF :34.2

COV = 0.06

35-45 67 -76

voLco3
15,000 - 18,0001

tonnes

RQI = 8.8
CF = 34.2

COV = 0.06

33-4L 66-73

CF
30,000 - 40,0001

tonnes

RQI = 8.8
VOLCO3 = 17.1

COV = 0.06

29-47 61, - 77

cov
.06

RQI = 8.8
VOLCO3 = 17.1

CF = 34.2

39 71



Table 6.29 Principal variable values Required to Raise the p¡obabilities of
Construction in the Base Frames, Atray 2, over 50 percent, Manitoba Model.

Primary Va¡iable Array 1

(percent)
Anay 2

(percent)

ROr (6) 25.1 56.3

VOLCO3 (1.2,000 Tonnes) 25.9 57.3

CF (40,000 tonnes) 29.2 61,.3

cov (.10) 28.1 60.0

For example, at delivery points with an ReI of 6, the probability of elevator

constnrction in array 2was 56.3 percents. However given the same ReI, companies

would not be predicted to construct an elevato¡ as the model predicfed a 25.9

percent p¡obability of construction for array 1. Similarly, the outcomes were reve¡sed

in array 2 at The lowest level volco3 analyzed, 12,000 tonnes, when fringe capacity

increased to 40,000 tonnes and the representative value reached ,10. These results

emphasize that maintaining company image, through a 'keeping up with the Jones'

is an important factor in the decision as to where to construct a new grain elevator.

It is apparent from the previous sensitivìty analyses in scenarios one through

four, that it cannot be said unequivocally that an increase or decrease in this point

characte¡istic will ¡esult in the decision to invest or not to invest in elevator

construction. The signs of the model coefficient only reveal the direction of the

change in probability. However, the results of the scenario analyses permit some

generalizations to be made.

sAll the remaining variables have assumed N sample mean values,
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First' elevator companies are more likely to construct an elevator in an area

where a competitor has recently built. Moreover, if the delivery point of interest

exhibits desirable characteristics, the presence of an existing viable company elevator

does not appear to deter the same company from constructing another elevator if a

new competitive elevato¡ has been recently built. However, if a point exhibits poor

cha¡acteristics and the company has a reasonably viable elevator in the vicinity, the

presence of a new competitive elevator is not likely to entice management to build

at that locale.

Second, Manitoba elevator companies are not likely to construct an elevato¡

at a point where the market fringe capacity exceeds 40,000 tonnes. But if a new

competitive elevator is present a higher fringe capacity of 60,000 tonnes would be

tolerated at more desirable elevator points.

Third, at points with moderate to desirable characteristics, the model predicts

a company may build an elevator at a point expected to receive only 12,000 tonnes

per year if there is a new competitive elevator. If a new competitor elevator were

not present' the volume would need to climb to between 15,000 and 21,000 tonnes

annually depending on the point characteristic values. Given the presence of a new

competitive elevator at an adjacent point having less desirable characteristics, a

volume of 15,000 tonnes is required before the probability of construction exceeded

50 percent. If a company elevator were not present, a volume between 24,000 and

27,000 tonnes is required.

Tables 6.30 and 6,31 summarize these results indicating the va¡iable values at
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which the probability of construction exceeds 50 percent.

Table 6.30 Turning Point Value of Explanatory variable where predicted outcome,
Becomes Y= 1, Manitoba, Array 1-.

Sample nL means N means n2 means

Variable RQI = 7.8
VOLCO3 = 15.8

CF = 36.3
COV = 0.07

RQI = 8.8
VOLCO3 = 17.1

CF = 34.2
COV = 0.06

RQI = 9.6
VOLCO3 = 18.3

CF = 32.3
COV = 0.04

Variable Turning Point Values

RQI Exceeds 12. Not in
range of analysis

10 -12 8- 10

VOLCO3 24,000 - 27,000
tonnes

i8,000 - 21,000 tonnes 15,000 - 19,000
tonnes

CF 20,000 - 30,000
tonnes

20,000 - 30,000 tonnes 30,000 - 40,000
tonnes

cov Less than .02. Not in
range of analysis

.02 - .04 .06 - .08

Table 6.31. Turning Point Values of Explanatory variable where p¡edicted outcome
Becomes Y= 1, Manitoba, Array 2.

Sample n1 N n2

Variable RQI = 7.8
volco3 = 1s.8

cF -- 36.3
COV = 0.07

RQI = 8.8
VOLCO3 = 17.1

CF = 34.2
COV = 0.06

RQI = 9.6
VOLCO3 : 18.3

CF = 32.3
COV: 0.04

Variable Turning Point Values

RQI 6-8 4-6 2-4
voLco3 12,000 - 15,000

tonnes
læss than 12,000

tonnes. Not in range
of analysis

Iæss than 12,000
tonnes. Not in range

of analysis

CF 30,000 - 40,000
tonnes

40,000 - 50,000 tonnes 50,000 - 60,000
tonnes

cov .08 - .i0 Exceeds .10. Not in
range of analysis

Exceeds .10. Not in
range of analysis
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6.4. Analysis of Saskatchewan Open Model

6.4.1. Statistical Inference of Saskatchewan Open Logit Modet

The model estimating elevator construction in saskatchewan was âlso chosen

on the basis of cor¡ect sign, significance of the coefficients, percent correct

predictions and the log likelihood function. The following logit model predicting the

probability of constructing an elevator in Saskatchewan was chosen.

Z= -9.5020 + .34827 ReI + 0.21744 pTCAp + 0.72619 FIOVERA +
.094339 POST

whe¡e
Z

z

RQI

PTCAP

FTOVERA

POST

< .50 predicts const¡uction will not occur.

à .50 predicts elevator construction will occur.

= Road quality index.

= Total elevator capacity at sample point measured in
thousands of tonnes.

= Turnover rate of market fringe based on annual
deliveries and elevator capacity,

= The age of newest o\flr company elevator at the
sample point or adjacent points.

The results regarding the number of observations, log likelihood function, standard

error of the estimates and percent correct predictions are presented in Appendix B.

6.4.1.1. signr und signifi.un"" of co"ffiri"nt Erti."t"r in s"rkut.h"*"n op"n Lg,t
Model

The variables RQI, FrovERA AND posr had positive signs as expected

indicating that as the values associated with these variables increased, the probability
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of opening an elevator increased. The¡e was no 'a priori' knowledge concerning the

PTCAP sign, as the direction of the effect would depend on the behaviour of grain

companies. The positive sign obtained for point capacity índicates there is a tendency

for Saskatchewan companies to build at larger delivery points.

since the direction of the effect of variables ReI, F rovERA and posr was

anticipated, the significance of the coefficíents is determined by a one-tailed t-test.

A two tailed t-test statistic is required for prcAp. The following t statistics and

significance levels we¡e estimated fo¡ the model coefficients.

T statistics

2.3227
PTCAP 1,.8917
F'TOVERA 1.8321
POST 2.6881

6.4.1.2, Goodness of Fit

The percent correct predictions is one measure of the model's explanatory

power. Assuming a P(Y= 1) greater than fifty percent evokes an outcome of 1,

elevator construction and P(Y=1) less than fifty percent evokes an outcome of 0, no

construction' the predicted outcomes can be compared to actual outcomes. of the 6l

observations, the conect outcome was predicted g2 percent of the time.

Table 6.32 presents the numbe¡ of correct predictions for each subsample,

Y=0 and Y=1. The model correctly predicted 15 or 75 percenr of the 20 points

where elevator construction would not take place, y=0. Like the Manitoba model,

fewer prediction errors occurred in subsample y= 1, as the correct outcome was

predicted at 35 of the 41 or 85 percent of the Saskatchewan points.

RQI

Significance l-evel

.005

.100

.050

.005
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Assuming the true probabilities of construction were 0 at points where

construction did not occur, and 1 at points elevators were constructed, the forecast

er¡or and forecast error va¡iance about the correct predictions were calculated. The

average fo¡ecast erro¡ for subsamples n1 (y=0) and n2 (y=1) were 37.4 and 1g.3

pe¡cent' respectively. The fo¡ecast error variances for subsamples n1 (y=0) and n2

(Y=1) were 19.3 and 8.9, respectively. These results indicate there was less variation

in the probabilities at points at which construction occurred.

"Iable 632 Cor¡ect Predictions for Each
Subsample, Saskatchewan Open Model,

Actual P¡edicted Total

0 \
0 15 5 20

L 6 35 41

61

The average forecast error about the incorrect predictions in subsample n1

Y= 0 was 71.6 percent indicating that the incorrect probability of construction

predictions averaged 71.6 percent rather than 0. The average forecast elror

associated with subsample n2, y=r, was 69.3 pe¡cent indicating that the incorrect

probability of construction predictions averaged 30.7 percent rather than 100 percent,

As in the Manitoba model, the prediction errors were large and did not fall near the

50 percent probability level as might be expected. As the erro¡s associated with

incor¡ect predictions were so large, defining a range of indecision, ie 35 - 65 percent

about the 50 percent probability level would be unproductive as it would not capture
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the errors.

Another goodness of fit test examines the joint hypothesis that all the

coefficients except the intercept ate zero, H0 : ReI = pTNO : VFCO3 = pOST =

0' A c statistic is calculated from the maximum value (L0) of the constrained log

Iikelihood function (LLC) and the log likelihooo (L2) of the now unconstrained

equation (LLUC).

c= -2 (LLC - LLCR) = 38.45

Based on four degrees of freedom and a 99.5 significance level, the null

hypothesis that the coefficients equal zero is rejected as the c statistic of 3g.45 is

greater than the critical square statistic of 14.g6.

6.4.2. sernitivity Anaþses: The Effect of Elevator characteristic Leveb on the hobabitity
of Saskatchewan Elevator Cons truction

In this section four scenarios are presented, one for each explanatory variable

RQI, PTCAP, FTOVERA and POST. The effect of incremental increases in one of

these variables on the probability of construction is tested within each scenario. The

incremental increases in the variable being tested cover the range of sample

observation values.

within each scenario, the remaining variables in the base frame assume N

sample mean values. In frames D1 and D2, the variables assume n1 and n2

subsample mean values, respectively. The mean values in subsample n1 a¡e the

means of sample elevato¡s where const¡uction did not occur whereas n2 represents

the average variable values of those elevator points where construction occurred.

The th¡ee sets of mean values are listed in Table 6.33 and the ranges in Table 6.34.
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Table 6.33 Variable Mean Values within Saskarchewan Open Model,
Sample and Subsample.

Sample RQI PTCAP FTOVERA POST

n1 (Y=0) 7.0 6.7 3.8 24.2

n2 (Y=7 10.6 i1.5 4.1 35.3

N
(Y=1,Y=0)

9.4 9.9 4.0 37.7

Table 634 Range of Variable Values within Saskatchewan Open
Model, Sample and Subsample.

Sample RQI PTCAP F'TOVERA POST

n1 (Y=0) 2-1.4 1,.9 - 1,4.3 2.6 - 6,2 7L.8 - 42

n2( Y=1) 4-18 0 - 52.9* 1.6 - s.7 o-74
N

(Y=1,Y=0)
2-L8 0 - 52.9* 1,.6 - 6.2 0-74

For discussion purposes, the frames can be ranked v¡ith respect to the

desirability of the point characteristic values. These values in frame D2 represent

points with more desirable point characteristics, the values in the base frame reflect

points with moderately desirable characteristics and the values in frame D1 represent

elevators with less desi¡able point characteristicse.

6.4.2.1. Road Qualitv Index: Scenario 1

In scenario 1, Table 6.35, ¡oad quality index values of Z, 4,6, g, 10, and IZ

were anaþed. In each frame as the road quality index increased so did the

. ' tt" probabilities arising when only one of the remaining variabre values is
changed to n1 o¡ n2 mean values wh e the remaining two vaiiables continue to
assume N mean values are presented in frames Al, -A2, 

F1., 82, Cl and C2 in
Appendix C.
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probability of elevator construction. The total change in the probability of

construction' resulting from an increase in the ReI from 2 to 12, ranged from 47 to

67 percent' In the base frame and frame Dl, the predicted outcomes subsequentry

changed.

overall road quality access r,vas predicted to have a greater impact on the

probability of construction at delivery points with less desi¡able characteristic values,

such as those depicted in frame D1. Also due to lower characte¡istic values, an ReI

between 8 and L0 was required to ¡aise the probability of construction beyond 50

percent in frame D1. The outcome changed in the base frame between an ReI of

4 to 6' In frame D2, a probability of 50 percent was predicted at an ReI of 2 on

the basis of the higher n2 mean values fo¡ the ¡emaining variables. Any increase in

RQI only solidified the predicted outcome in frame D2.

6.4.2.2. Point Capacitv: Scenario 2

In scenario 2, ^labre 6.36, the probabilities of construction associated with 2.0

thousand tonne increments in point capacity at an elevator station are listed. Due

to the positive relationship between point capacity and probability of construction,

the probability of construction increased as point capacity was raised. over the 3 to

13 thousand tonne range analyzed, the probability of construction increased between

21, and 49 percent.

Given that point capaciry and the probability of construction are positively

correlated, and that point capacity and the number of competitors at a point are also

positively correlated, the probability of construction inc¡eases if many competito¡s
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exist at a point. This may be a market presence response. r,arge centres where alr

or most of the major companies are represented may be viewed by the farmer as a

desirable featurel.. If large multicompany points are able to attract producers who

might otherwise deliver to smaller centres, there may be mo¡e incentive to locate at

such points. once a produce¡ has been attracted to these points, it is up to each

company to acquire the patronage of that producer. Responses from a producer

survey conducted by Devine and Kulshreshtha confirm this result. They repoft that

as the number of competing agents or companies at a point increases, the distance

farmers travel jumps dramaticallyll.

In the base frame and frame D2, the predicted probabirities we¡e over 50

percent at the lowest point capacity tested , 3.0 thousand tonnes, This indicates that

construction will still proceed at a low capacity delivery point so long as the other

elevator point characteristics are of the magnitude represented in these frames. A

station with 3.0 thousand tonnes capacity is likely a single company point. Therefore,

it appears that single company delivery points were not excluded as viable points as

long as the levels of the other explanatory va¡iable values were satisfactory.

Raising point capacity changed the predicted outcome in frame D1 between

r0 Marketing information such as price and grade offered by each company is less
costly to attain and trucking costs from the farm-gate to the eievator are'essántially
identical.

_ 
11 Devine, Grant and s. N. Kulshreshtha. performance of Grain Elevators in

"roon@Þlurc!¡I¡çllË l)epartment of Agricultural Economics, university of saskatchewan
Saskatoon, Saskatchewan, June i979, p.49.

172



point capacities of 9 to 11 thousand tonnes. As the values of the remaining

explanatory variables are generally less desirable within this frame, construction would

proceed at the point only if it was perceived as being competitive.

6.4.2.3. Fringe Tumover: Scenario 3

Fringe turnove¡ was used as â measure of market area performance, taking

into consideration the volume of deliveries and capacity. In the previous scenarios,

n1 and n2 mean fringe turnover values of 3.g and 4.1were anaþed. The deviation

between these two meâns was small and ¡esulted in limited changes in probabilitylz.

In this scenario, the range of turnover values tested was greater, being

between 3.0 - 5'5. compared to the range of the other variable values tested, the

tu¡nover range is stilr narrow when measured as a percent of the total sample

meanl3. However, only values for 7 points representing 11 percent of the fringe

turnover observation values we¡e not captured within the selected fringe turnover

range of 3.0 and 5.5. The fringe turnover at these 7 points exceeded 5.5, A review

of the probabilities estimated at a fringe turnover of 5.5 in this scenario indicates

there is little information to be gained by testing higher fringe turnover values, as the

probability of construction remained over 90 percent.

Table 6.37 Iists the probability of construction associated with changes in fringe

12See frames B1 and B2 in scenarios 1,,2 and 4 in Appendix C7.

_^ _13 
Fringe turnover values between 3.0 and 5.5 are analyzed. The range of 2.5 is

62.5 percent of N sample mean, 4.0. In the othe¡ scenarioí, the variationin prio'ury
explanatoryraly_es gl a percent of total sample means N was ReI:106.4, ÉfCapi
101.0 and MAIN: 130.2 percent.
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turnover. In all the frames in 'lable 6.37, the probability of elevator construction

increased between I and 42 percent as the fringe turnover increased. The fringe

turnover level, however, did not significantly affect the outcome, with the exception

of frame Dl, the probabilities in the base frame and frame D2 exceeded 50 percent

at the lowest fringe turnover level tested, 3.0. All other things remaining equal, an

increase in fringe turnover only boosted confidence in the prediction. At a turnover

of 5.5, the probability of construction in these two frames exceeded 94 percent.

In frame D1, when the ¡emaining explanatory values were reduced to nl mean

values, the probability of construction was 24.'r- pe¡cent at a turnover of 3.0. only

when fringe turnover was inc¡eased between 4.5 and 5.0 did the probability of

constn¡ction exceed 50 percent.

6.4.2.4. Market Positioning: Scenario 4

Table 6.38 lists the probability of construction when elevator age is increased

from 10 to 50 years in increments of ten. This va¡iable was intended as a measure

of market maintenance behaviour. The age of a company's newest elevator at eithe¡

the sample point or adjacent rail points was recorded. It is hypothesized that if a

company is going to maintain market coverage in the area, the probability of

construction inc¡eases as the age of a company's most recently built elevator within

the linear market inc¡eases.

Table 6,38 shows that the probabilify of construction increased as elevator age
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Table 6.37 Sensitivity Anal
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increased. The change in probability when elevator age r,vas inc¡eased from 10 to 50

years varied between 34 and 74 percent.

In frame D1, representative of less desirable points, erevator companies would

be reluctant to construct an elevator particularly if they have a viable alternative

elevator in the ma¡ket a¡ea. Acco¡ding to the model predictions, only when the age

of an alternative elevator inc¡eased to between 30 and 40 years was construction at

the sample point considered. In the base frame, the predicted outcome changed

between 10 and 20 years and in frame D2, the probability of construction ì.vas already

beyond 50 percent at the 10 year level.

while elevators less than 30 years of age are generally still functional, the

model predicts in the base f¡ame and in frame D2 that a company would construct

an elevator at the sample point despite the presence of a viable alte¡native elevator

at an adjacent point. This requires some explanation and three examples are given

to clari$r this point. First, while a company may have a functional elevator at one of

the adjacent points, it does not preclude the possibílity that the grain company may

wish to expand their market and construct an elevator at the sample point. second,

a company may have a very old elevator that needs to be replaced at the sample

point, if they wish to maintain this market, despite the presence of one of their own

elevators at an adjacent point. Third, a company may wish to ¡ebuild at a point

despite the existence of an alte¡native elevator at an adjacent point as they plan on

closing the elevator at the adjacent point in the near futu¡e. Hence, the model

should not be interpreted to mean necessarily that they are building a new elevator
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to replace an elevator of that given age. Rather, the model indicates there is more

of a tendency to build at a sample point where the elevators in the linear market are

olde¡.

6.4.2.6 Summarv

The results of the scenario analyses permit severar generalizations to be

made. First, at more desi¡able elevato¡ points such as those characterized in f¡ame

D2, an increase in road quality access is not likely to change the outcome as the

decision to invest had been made on the basis of othe¡ point characteristics values.

But at lesser to moderately desirable elevator points such as those represented in

f¡ame D1 and the base frame, respectively, an improvement in ReI may improve the

point's advantage ¡esulting in elevator construction.

second, there is a greater probability of construction at points having high

point capacity. Assuming point capacity and the number of competitors are highly

correlated, it would appear that saskatchewan grain companies have a tendency to

construct elevators at multicompany points. This does not rule out sonstruction at

single company points. The model indicates that construction would proceed at low

capacity points only if the other point characteristics were desirable.

Third, fringe turnover will increase the probability of construction but is less

significant than the other va¡iables in determining the locations at which construction

will occur. However, the model predicted that at less desirable points an inc¡ease in

fringe turnover to between 4.5 and 5.0 would change the outcome,

Fourth, at less desirable points, elevator companies would be reructant to
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construct an elevator, particularly if they have a viable alternative elevator in the

Iinear market area. only when the alte¡native elevator became either technically or

economically obsolete would construction be considered.

Table 6'39 summarizes these results and indicates the variable values at which

the probability of construction exceeds 50 percent.

F¡om the sensitivity anaryses, it is apparent that it is difficult to rank the

explanatory variables according to their effect on the probability of construction, In

the following tables, the magnitudes of the explanatory variable values are changed

to show the variability of the impact of the explanatory variables on the z values,

hence the probability of construction. A comparison of the tables allows some

Table 6.39 Turning Point values of Explanatory variable where predicted outcome
Becomes Y= 1, Saskatchewan.

Sample nL N nZ

Variable RQI = 7,0
PTCAP = 6.7

FTOVERA = 3.8
POST = 24.2

RQI = 9.4
PTCAP =9.9

FTO\ERA = 4.0
POST = 31.7

RQI = 10.6
PTCAP = 11.5

FTOVERA = 4,1
POST = 35.3

Va¡iable Turning Point Values

RQI 8-10 4-6 2-4
PTCAP 9,000 - 11,000 tonnes Less than 3,000

tonnes. Not in range
of analysis

Less than 3,000
tonnes. Not in range

of analysis

FTOVERA 4.5 - 5.5 l¡ss than 3.0.
Not in range of

analysis

læss than 3.0
Not in range of

analysis

POST 30 - 40 years 10 - 20 years Less than 10 years.
Not in range of

analysis

179



generalizations to be made conce¡ning the ranking of the variables.

Table 6.40 lists the explanatory variables and the expected change in Z values

when the variable is increased by the incremental values indicated in scenarios 1

through 4. Ranking the variables according to the change in Z values indicates that

incremental inc¡eases in Posr have the greatest impact on the probability of

construction, followed by RQI, PTCAp and FTOVER,\ respectively.

An alternative means of comparing the impact of the variables on the

probability of construction is to compare the contribution of each to ihe total z value

using N, n1 and n2 mean values. The contribution of each variable at the diffe¡ent

mean levels To the Z value is shown in Table 6.4J., 6.42 and 6.43. When n1

subsample means are used, FTOVERA is responsible for the largest contribution to

the derived z value, followed by ReI, posr and prcAp, Alternatively when N

sample mean values a¡e assumed, ReI has a greater impact on the decision where

to invest than does Posr, FrovER and prcAp, respectively. when n2 subsample

mean values are assumed, the RQI value lelds the largest contribution to the Z

Table 6.40 change in Z values Arising from scenario Incremental Increases in
Explanatory Variables, Saskatchewan Open Logit Model.

Variable Coefficient Incremental
Increase

Change in
Z Values

Rank

RQI .34827 2.0 .6965 2

PTCAP .21744 2.0 .4349 J

F'TOVERA .72679 .5 .3631 4

POST .09434 10 .9434 I
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value followed by POSI FTOVERA and pTCAp.

Table 6.41 Cont¡ibution of Explanatory Variables to Z yalue Based on N
lgqpl" Means, Saskatchewan Open l,ogit Model

Variable Coefficient N Mean
Values

Change in
Z Yalues

Rank

RQ] .34827 9.4 3.27 1

PTCAP .2L744 9.9 2.75 4

FTO\¡ER .7261,9 4.0 2.90 3

POST .09434 31,.7 2.99 2

Table 6.42 Contribution of Explanatory Variables to Z Value Based on nI
Subsample Means, Saskatchewan Open Logit Model

Variable Coefficient n1 Mean
Values

Contribution

to Z Yalte

Rank

RQI .34827 7 2.44 )
PTCAP .21744 6.7 t.46 4

F'TOVERA .726t9 3.8 2.76 1,

POST .09434 24.2 2.28 J

Table 6.43 Contribution of Explanatory Variables to Z yalue Based on n2
Subsample Means, Saskatchewan Open Logit Model

Variable Coefficient n2 Mean
Values

Contribution
to Z Yalue

Rank

RQI .34827 10.6 3.69 L

PTCAP .21744 11.5 2.50 4

F'TOVERA .72619 4.1, 2.98 J

POST .09434 35.3 3.33 2
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The standard deviations about sample N means we¡e calculated and are as

follows,

Variable

RQI
PTCAP
F'TOVERA
POST

Sample N
Mean Values

9.4
9.9
4.0

31,.7

1 St. Dev

+ 3.4
+ 4.4
+ 1.0
+ 13.9

St. Dev as a
Percent of N

36.2
44.4
25.0
43.8

Approximately 68 percent of the observations associated with each explanatory

va¡iable lay within one standard deviation of the sample N means. The total possible

changes in z value that could occur within one standard deviation from the means

of each explanatory variables are listed in Table 6.44. Assuming the sample

observations are representative of the population of prairie delivery points, a

company's elevator age may have the largest effect on the change in Z values and the

probability of construction at various points.

Table 6.44 Po¡sible change in Z values Arising from change in one standard
Deviation of Explanatory variables values, saJkatchewan õpen tngit Model.

Variable Coefficient Range + 1

Standard
Deviation
about N
Means

Change in
Z Values
over One
St. Dev

Rank

RQI .34827 6.8 2.37 2

PTCAP .21744 8.8 1.91 -t

F'TOVERA .7261,9 2.0 t.45 4

POST .09434 27.8 2.62 1
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The variable rankings in Tabres 6.40 through 6.44 are summarized in Table

6.45. Based on these rankings several generalizations may be made. ReI followed

closely by the age of an alternative company elevator in the linear market, posr,

generally have a greater impact on the probability of construction at a site than do

the other point characteristics. FTOvERA appeared to have more of an impact on

the estimated probability of construction than prcAp. In summary, differences in

the probability of construction between delivery points appears to be determined

primarily by differences in elevator age and road quality access.

6.5. Saskatchewan and Manitoba Open Model Results

6.5.1. Statístical Inference of Saskatchewan-Manitoba Open Model

Data from the saskatchewan and Manitoba data base were combined to

determine if an increased number of observation ¡esulted in a better model \Mith

improved forecasting ability. Based on the combined data set of 131 observations

and the same explanatory variables, the saskatchewan and Manitoba models were

Table 6.45 Rank of Model Explanatory variables based on changes to Z values.

Variable Scenario
lnc¡emental

Changes

Sample
N means

Subsample
n1 Means

Subsample
n2 Means

Range * 1

Standard
Deviation
about N
Means

RQI 2 1 2 1 2

PTCAP J 4 4 4 J

FTOVERA 4 J T 4

POST 1 2 J 2 1

183



each reestimated. The results a¡e shown in Appendix B. combining the data sets

did not improve the percent correct predictions. Rather, the percent corect

predictions dropped from 82 pe¡cent in the original saskatchewan open logit model

to 73 percent, and from 81 percent in the original Manitoba open model to 74

percent. It may be concluded the poorer predictive ability of the models when data

was combined is a result of the different company investment strategies exhibited

primarily by Saskatchewan Wheat pool and Manitoba pool Elevators.

Based on the 131 sample observations, an attempt was made to derive a

Saskatchewan-Manitoba model with improved predictability. The effort was

unsuccessful as only 76 percent of the observations we¡e correctly predicted in the

new joint provincial model and one of the variables was insignificant. The model is

as follows:

Z = -2,3591 + .28515 ReI - .037267 pTCAp +.073576 VOLCO3 _ 74.g5gcov

where
z

Z

RQI

PTCAP

VOLCO3

cov

< .50 predicts construction will not occur.

> .50 predicts construction w-ill occur.

= Road quality index

= Total elevator capacity at sample point measured in
thousands of tonnes.

=..Three year average annual volume per company at
adjacent rail points and the sample point. Meazureã in
thousands of tonnes.

: Market coverage. Includes market maintenance and
expansion. Values range from 0 to 1.
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The results indicating the number of observations, log likelihood function, coefficient

estimates, standard error, t statistics and percent correct predictions are presented

in Appendix B. Based on these results, the individuar provincial models are more

suitable for forecasting locations where companies may construct an elevator,



CFIAPTER 7 DELIVERY POINT CFIARACTERISTICS AFFECTING THEPROBABILITY OF ELEVATOR CLOSURE IN ALBERTA AND
SASKATCHEWAN

This chapter begins by identifying and summarizing the characteristics of

points where elevators were closed. In many cases, inferences are drawn concerning

the investment strategies of the individual firms. Following this, the explanatory

variables in the selected Arberta and saskatchewan crosure logit moder and

alte¡native variable measures are discussed. In the next section, the Alberta logit

model is used to determine the probability of elevator closu¡e at a point and

statistical tests performed. Numerous sensitivity analyses are also undertaken to

indicate the probability of closure when the explanatory variables a¡e adjusted. The

chapter proceeds \yith the presentation of the saskatchewan crosure moder, an

assessment of the model's goodness of fit and also a series of sensitivity analyses.

Finally, data f¡om both provinciar data bases a¡e combined and the resulting joint

provincial model estimated and assessed.

7.1 characteristics of Alberta and saskatchewan points where Elevators closed.

Tables 7.1 and 7.2 show the distribution ofgrain elevators closed between 19g0

and 1989 in Alberta and saskatchewunl. The distribution of elevators closed in

Saskatchewan appears bimodal with peaks occurring in 19g3/g4 and 19g6. ln Alberra,

the numbe¡ of elevators closed in the eighties also peaked in 19g3/g4 but

lElevators 
closed due to rail line abandonment, elevators crosed as a result of

trades between companies, a company erevato¡ closeâ at a point where another same
company elevator ¡emained and elevators which were repìaced are not included in
the data.
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Table 7.1. Time Distribution of Alberta Elevators closed, 19g0/g1 to 19g9190,

Year Number of Elevators
Closed

Percent of Elevators
Closed

1981 I 15.5

7982 s '15 5

198? 10 11 ).
1984 1) tnl
1985 I 1? R

1986 \)
198? ). 74
1988 2. 74
1989 3 5.?.

Total 58 100.0

Table 7.2. Time Distribution of Saskatchewan Elevators closed, 19g0/g1 and 19g9/90,

Yea¡ Number of Elevato¡s
Closed

Percent of Elevators
Closed

1980 0 0.0
1981 4î
1982 13 103
1983 IR 14.7

984 21 167
985 10 7.9
986 2R ??)
987 14

1988 13 10 ?

1989 4 ?.).

Total 126 100.0
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levelled off to two to three elevato¡s per year from 19g6 forward.

Table 7.3 lists the number of operating units licensed by each company in

Alberta between 1979/80 and 1989/90 and each company's share of elevato¡ facilities.

Table 7.4 illustrates the number of elevators closed in Alberta by each grain company

over that ten year period. A comparison of the two tables indicates that pioneer and

cargill closed proportionally mo¡e elevators in terms of their relative share of

licensed operating units while Alberta wheat pool closed a proportionally smaller

share.

Table 7.5 and 7.6 list the numbe¡ of operating units licensed in saskatchewan

and the numbe¡ of elevato¡s closed. unlike Alberta wheat pool, Saskatchewan

wheat Pool closed proportionally more elevators than did cargill. on the other

hand, the proportion closed by UGG was negligible while pioneer closed slightly less

than its share as measured in terms of licensed operating units. In both provinces,

cargill closed proportionally more elevators than the other non-pool grain elevator

companies.

Tables 7.7 and 7.8 indicate the type of point at which elevators were closed.

In both provinces, 63 percent of the elevators closed were at single company points.

As a result grain collection ceased at that point. Tables 7.9 and 7.10 provide the

number of elevators closed by type of point and company. of the elevators closed

by AWP' 23 ot 92 percent were at single company points. on the other hand, 9 or

82 percent of the elevators closed by UGG in Atberta we¡e located at multicompany

points' There were too few cargill and pioneer observations in the Alberta sample
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Ta-ble 7.3 Number of operating units Licensed by Each company in the 19g0s in
Alberta,

Company Number of
Operating

Units
1980/81

Number of
Operating

Units
1989190

Pe¡cent Share
of Operating

Units
1980/81

Pe¡cent Share
of Operating

Units
1989190

AWP 366 271, 55.5 57.2
UGG 1,49 102 22.6 27.5

Careill 43 28 6.5 5.9
Pate¡son 1 I 0.1 0.2
Pioneer 68 43 10.3 9.7

Other J-) 29 5.0 6.1
Tôtâl 6Á 41¿, 1n0 n 100 n

Table 7.4. Primary Elevato¡ Closures in Alberta, by Company, 19g0/g1 to lggglg0.

Company Number of Elevators
Closed

Percent of Elevators
Closed

AWP 25 43.1

UGG T2 20.7

Cargill 9 15.5

Paterson 0 0.0

Pioneer 72 20.7

Total 582 100.0

2 The discrepancy between Table 7.3 and the number of elevators closed in Table
7.4 is due to requirements imposed on the study sample. For example, AWp
indicated they closed 151 elevato¡s berween 1980/gi anoì9g9/90. Awp irequently
had three and fou¡ elevators at a point of which they closed two or three elevato¡s.
In total, AWP closed elevators at 104 delivery points. At 59 of these points AWp
either continued to maintain or replaced an'eievator. Therefore, AWp actually
withdrew from only 45 points. of these 45 points, 14 points were closed to rail finÉ
abandonment leaving 31 elevators. Five òf the elevato¡s were physically closed
before 1980 as rhey did nor receive deliveries although they continuãd to beiicensed
with the cGC. one elevator closed was in B.c., lõaving- 25 points at which AWp
made the decision to close an elevato¡ the¡efore wittrorawing trom the market.
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T:1:^7,5 l1T9"r of Operating Units Licensed by Each Company, in Saskatchewan,
1980/81 ro 1989190.

Company Number
of

Operating
Units

1980/81

Number
of

Operating
Units

1989/90

Percent Share
of

Operating
Units

1980/81

Percent Share
of Operating

Units
1989190

Saskatchewan
Wheat Pool

667 481 57.2 57.3

United G¡ain
Growers

151 1,1,1 13.0 73.2

Cargill 88 55 7.6 6.6

Pioneer 201 1,49 17.2 17.8

Other 58 43 5.0 5.1

Total 1.1.65 839 100.0 100.0

T:!:^7^.6.Primary Elevator Closu¡ei in Saskatchewan, by Company, 19g0/g1 to
1989/90.

Company Number of Operating
Units

Percent Share of
Elevators Closed

Saskatchewan Wheat Pool 81 64.3

United Grain Growersl 4 3.2

Cargill 21 1,6.7

Pioneer 20 15.9

Total 126 100.0

- - 
l uGG closed many elevators at points where they had two to three elevators

and_ also at points on abandoned ¡ail lines. These points were not included in the
study sample since in the latter case the decision to ilose fell outside the company's
jurisdiction, and in the forme¡ case they had not withdrawn from that local market
since they continued to be represented at the point.
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Table 7.7 Number of Elevarors closed by class of point, AJberta sample, 19g0/g1-
1989/90.

Type of Point Number of Points Percent

Multicompany 15 36.6

Single company 26 63.4

Total 41 100.0

Table 7.8 Numbe¡ of Elevators closed by class of point, saskatchewan Sample,
1980181-1989190.

Tvoe of Point Number of Points Percent

Multicompany 27 37.0

Single company 46 63.0

Total t5 100.0

'lable 7.9 Numbe¡ of Elevators closed at Different class of point, Alberta sample,by
Company,

Comoanv Multicomoanv Sinsle Comnanv Total
Alberta Wheat 2 23 25

United Grain 9 2 1,1

Cargill 1 2

Pioneer J 0 J

Total 15 26 41

Table 7.10 Number of Elevators Closed by Class of point and Company,
Saskatchewan Sample, 1980/81 - 1999190.'

Comnanv Mrrlti Sinsle Comnanv Total
Saskatchewan Pool 10 38 48

United Grain 1. 4
Careill 8 1 9

Pionee¡ 6 6 72

Total 27 46 73
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to determine if any pattern existed. Thirty eight, almost g0 percent of the elevators

closed by SWP were also at single company points. on the other hand, g of the 9

elevators closed by cargill were at multicompany points. This is not surprising ,

however, as most of cargill's elevators a¡e located at multicompany points leaving

little alternative. Pionee¡ closed an equal number of elevators at both multicompany

and single company points in Saskatchewan.

Tables 7.11 and 7,rz indicate the range in capacity of elevators closed in

Alberta and saskatchewan, respectively. The average capacity of elevato¡s closed in

Alberta was similar between companies, ranging between 2,600 and 2,g00 tonnes. In

saskatchewan, the average capacity of elevators closed by company showed greater

variation and on average was lower than that of the elevators closed in Alberta.

Elevators closed by swP had approximately 600 tonnes less capacity than those

closed by AWP. The average capacity of both pioneer and carg r erevators closed

in saskatchewan was also lower their Albe¡ta counterparts being approximately 650

and 1'100 tonnes less, respectively. It may be that the elevators ¡ationalized in

Albe¡ta were not as aged as in Saskatchewan, therefore they also tended to be of

greater capacity since progressively larger facilities have been built through the last

40 years3.

Table 7.13 provides data on elevator closures by company and type of rail line.

In both provinces' more elevators on branch lines were closed, 61 percent in Alberta

.- . 
The. Pioneer and cargirl sampres were smafl therefore the results may be biased

if the Alberta samples were particularly large elevators.
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Table- 7.1_1 Range in Capacity of Elevators Closed by Company, Albe¡ta
Sample, 1980 /81-1989 I 90.

Company l,ow

(tonnes)

High

(tonnes)

Average
Capacity
(tonnes)

Alberta Wheat Pool 780 4930 2755

United G¡ain Growers 171,0 3540 2615

Cargill 2840 2870 2855

Pionee¡ 2380 2970 2660

Province 780 4930 27L5

Table 7.12 Range in Capacity of Elevators Closed by Company
Saskatchewan Sample, 1980/81-1989/90

Company Low

(tonnes)

High

(tonnes)

Average
Capacity
(tonnes)

Sask Wheat Pool 840 4420 21.82

United Grain Growers 1850 38i0 2500

Cargill 1290 2330 1764

Pionee¡ t230 2830 2077

P¡ovince 840 4420 2195

Table 7.13 Elevators closure by Type of Rail line, Albe¡ta and saskatchewan sample,
1980/81-1989/90.

Alberta
Mainline

Alberta
Branchline

Saskatchewan
Mainline

Saskatchewan
Branchline

AIta Wheat Pool 7 18

Sask Wheat Pool 10 38

United Grain 6 5 1 J

Carsill 1 I J 6

Pionee¡ 2 I 11

Total 16 25 15 58
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and 79 percent in Saskatchewan. This is not unexpected as the future of some

branch Iines is uncertain, and on many of these branchlines there are hauling delays

and often no opportunity for assembling multicar shipments. Two thirds of the

elevators closed in saskatchewan by cargill were located on branchlines, 79 percent

of elevators closed by swP were similarly located as were 92 percent of the elevators

closed by Pioneer. Eighteen, or 72 percent of the elevators crosed by AWp were

located on branch lines, while equal numbers of Alberta elevators closed by uGG

were located on main and b¡anch lines.

7.2. comment on Explanâtory variables in selected Alberta and saskatchewan
Closure l.ogit Models,

The ¡elationship be tween some of the variables explored in the development

of the Alberta and saskatchewan closure logit models are discussed below to

illust¡ate why the explanatory variabres incorporated in the models were chosen.

7.2.1. Alberta Closure Logit Model

The explanatory variables in the Alberta closure logit model predicting the

probability of elevator closure at grain derivery points were ReI, ELEVCAp and

COMPVOT,.A..

RQI = road qualiry index.

ELEVCAP = sample elevator capacity in tonnes.

COMPVOI-{ = the average company volume at the point. Measured
in thousands of tonnes.

The variable coMPVoLA, an estimation of annual volume handled per company,

is derived by dividing total annual crop year deliveries to a poinr, AVO! by the
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number of companies at the point, prNo. As 63 percent of the points at which

elevators were closed were single company points, it is not surprising that the

estimate coMPVolA is a reasonable measure of the volume handled per company.

None of the model variables are fringe market measures, consequently the

voloni tessellation procedure used to derive Thiessen polygons was unnecessary. The

variables RQI, AVOL, and PTNo, are point specific characteristics whereas elevator

capacity, ELEVCAP, is specific to the elevator. At single company points, the

volume, COMPVOLA, would also be elevator specific.

Two estimates of company crop year deliveries were derived, coMpvol-A,

and coMPVoL3, each based on annuar and three year data, respectively, It was

anticipated that coMPVoL3 would be a mo¡e representative measu¡e as the effects

of drought or bumper crop deliveries would be averaged. However, coMpvol-A

had greater explanatory power. This unexpected result had be attdbuted to two

factors. First, the correlation coefficient between the two variables, .gg indicates a

strong correlation between coMPVoLA and coMVoL3. second, annual data was

taken in the year preceding elevator closure. For example, if an elevator was closed

in 7981'182, annual delivery volumes were collected for 19g0/g1 ¡ather than rggl/g2,

to avoid underestimating deliveries at elevators that may have closed before the end

of the crop year. However, if it was common knowledge that the elevator was going

to close, delive¡ies in the preceding year may also have been low relative to normal

delivery volumes. If this were the case, the negative correlation between delivery

volumes represented by coMPVoLA and the probability of closure would be greater
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than COMPVOL3.

As indicated previousl¡ the variable, coMpvolA is derived from AVoL and

PTNO' when these two variables were included in the model, the percent co¡rect

predictions were lower and the estimated coefficient were not significantly significant.

Similarly, when other competition and market productivity measures were included

together poor results were obtained due to multicollinearity between thee variables.

The following correlation coefficients give an indication of the collinearity existing

between pairs of variables.

PTNO
PTCAP
PTCAP
PTNO
PTNO

PTCAP
AVOL
VOL3
AVOL
VOL3

.74

.88

.84

.68

.67

Ratios of the above variables also ¡educed collinearity problems between other

explanatory variables. For exampre, the correlations coefficients between ReI and

PTNO' PTCAP, AVOL and vol.3 were in rhe .50 to .60 range but fell to .40 with

coMPVOt-{.

It was hypothesized that the rail line on which an elevato¡ was located may be

a factor in the decision to close. while this may be true, the two measu¡es of rail

line status; 1) grain dependency and 2) tonne miles of traffic were not significant in

determining the probability of elevator closure. The following correlation coefficients

between the dependent variable and the data for each of the th¡ee ¡ail line measu¡es

were calculated:
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Grain dependence, GRDEP
Tonne Miles moved

The co¡relation coefficients indicate the relatíonship between these rail facility

measures and the dependent variable are low.

7.2,2, Sasketchewan Closure Logit Modet

The independent variables used in the saskatchewan closure logit model to

predict the probability of elevator closure were ReI, ELEVCAP, AAVGTURN and

REPRATIO.

RQI = road quality index,

ELEVCAP = sample elevator capacity in tonnes.

AAVGTURN = average turnover rate at the sample point.

REPRATIO = representation ratio of the grain company in terms of
number of elevators on the market fringe.

The variable AAVGTURN, an estimation of the average turnover at a point, is

derived by dividing annual vorume handled at a point, AVOL, by the point capacity,

PTCAP. As 63 percent of the points at which elevato¡s were closed in saskatchewan

were also single company points, AAVGTURN, is a reasonable measure of average

turnover per company,

Incorporating AAVGTURN eliminated collinearity problems that would a¡ise

if AVOL o¡ PTCAP we¡e both introduced, as the correlation coefficient between

these two variables was .?5. using AAVGTURN also eliminated collinearity

problems between ELEVCAP and other competition and market productivity factors,

as the correlation coefficient between ELEVCAP and AAVGTURN was only ,05,

-.19
-.02
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The following correlation coefficients were calculated between ELEVCAP and other

measures of competition and productivity:

ELEVCAP
ELEVCAP
ELEVCAP
ELEVCAP
ELEVCAP

PTCAP
AVOL
VOL3
COMPVOI-A.
COMPVOL3

It was expected that AVGTURN3 would be a better measure than

AAVGTURN. cor¡elarion coefficients between AVOL and Voti of .91, and

between coMPVot-A. and coMpVoL3 of .79, however, indicate thâr the measures

have comparable explanatory power.

variables RQI and ELEVCAP were in both the Alberta and saskatchewan

logit models. The variable coMpvol-A in the Alberta model and AAVGTURN in

the saskatchewan moder are both measures of profitability, albeit coMpvolA is

an indirect measure - revenue increases and costs decline per toruie as volume

increases. The Saskatchewan closu¡e ex post forecasts p¡esented in chapter g

indicate that the variable REPRATIO was indicative of swp rationarization poricy.

The representation ratio, REPRATIo, an investment strategy measuring company

representation or coverage in the market fringe, was not found to be significant in the

Alberta model.

7.3, Alberta Closure Model Results

7.3.1. Statìstical Inference of Atberta Closure Logit Model

The following model was derived and used to determine the effect magnitude

of the explanatory variables on the probab ity of elevator crosure in Arberta.

.56

.62

.65

.64

.66

198



where

z - 12,283 -.26373 RQI - .0017474 ELEVCAP -.30926 coMpVOt_A'

Z < .50 elevators would not be predicted to close.

Z > .50 elevators would be predicted to close.

RQI = road quality index.

ELEVCAP = sample elevator capacity in tonnes.

COMPVOLA : the average company volume at the point. Measured
in thousands of tonnes.

7.3.1.1. Signs and Significance of Variable Coefficients

Va¡iables road quality access, elevator capacity and company volume all had

negative signs as expected indicating that as the values associated with these variables

increased, the probability of closure would decrease. As the direction of the effect

of variables RQI, ELEVCAP, and coMPVoLA, was anticipated the significance of

the coefficients is based on a one-tailed t-test. The coefficients are all significant at

the following significance levels:

T statistics

RQI 1,.7302
ELEVCAP 2.6738
coMPVOtA 2.7284

7.3.1.2. Goodness of Fit of Model

of the 69 obsewations, the outcome was correctly predicted 94 percent of the

time. Table 7.14 presents the percent predicted for each subsample, y=0, not closed

and Y=1, closed. The model correctly predicted 25 0f the 2g elevators that did not

Significance Level

.05

.005

.005
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close. There were fewer e''ors in predicting which erevators would close, as 40 of

the 41 elevators closed were predicted to close.

Table 7.1'4 Predictions fo¡ Each subsample of Arberta closed Logit Moder.

Actual P¡edictions Total

0 1

0 25 28

1 40 41

69

The average forecast errors about the correct predictions, subsamples n2

(Y=0) and n1 (Y=1) were .16 and.11, respectively. Given the true probability of

elevator closure was 1 at points whe¡e elevators were closed, and 0 at points

elevators were not closed, the errors can be interpreted as the ave¡age predicted

probability of closure. At points elevato¡s were not closed, the average probability

of closure was .16 and the average probability of crosure at points elevators where

closed was .89 (1-.11).

The average forecast er¡or about the incorrect predictions in subsample n2,

Y=0, was .82 indicating that the average predicted probability of elevator closu¡e was

82 percent rather than zero. The average forecast e¡ror associated with subsample

n1, Y=1, was .10, indicating that the incorrect probability of closure averaged 90

percent rather than 100 percent.

Given the range of predicted probabilities is 0 - 1, the incorrect prediction

errors in both subsamples were large. The probability of the incorrect predictions did

not fall near the 50 percent probabirity level, but each at the opposite end of the
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range of the actual outcome. Both the placement of the average incorrect predicted

probabilities and the correct predicted probabilities are presented in Figure 7.1.

If a range of indecision was set behveen .10 and .g2, the average incorrect predicted

probabilities, thereby disregarding all observations that fell within these boundaries,

the total percent correct predictions wourd falr to 77 percent f¡om 94 percent.

consequently, defining a range of indecision about the 50 percent probabirity level

would be unproductive.

Figure 7.1 Average conect and Incorrect predicted probabilities of closure for
Subsamples, Y=0 and Y=1.
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A second goodness of fit test, examines the joint hypothesis that a the

coefficients excepr the intercepr are zero, Fr : ReI = ELEVCAp = coMpvotÁ

= 0. A c statistic is calcurated from the maximum varue (L0) of the constrained log

Iikelihood function (LLC) and the rog rikelihood (L2) of the now unconstrained

equation (LLUC).
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c= -z (LLC - LLUC) = 6s.7s

Based on three degrees of freedom and a 99.5 significance level, the null

hypothesis that the coefficients equal zero is rejected as the c statistic of 65.75 is

greater than the critical square statistic of I2.g4.

7.3,2' sensitivity Analyses: Effect of point and Elevator characteristíc Levels on
hobabílìty of Elevator Closure in Alberta

sensitivity analyses were performed to determine the effect of the magnitude

ofthe explanatory variables on the probability of elevator closu¡e. Each explanatory

variable RQI' ELEVCAP and coMpvolA is individually assessed in scenarios 1

through 3, respectively. As the values of the remaining other variables also affect the

probability of closure, three sets of explanatory variables values a¡e assessed. The

th¡ee sets of values, sample N, and subsamples n1, y:1 and n2, y=0 mean values

are assessed in the base frame and frame c1 and c2, respectivelya. The N sample,

n1 and n2 mean values are presented in Table 7.15.

Table 7'15 Variable Mean varues within Albe¡ta crosure Model, sample and
Subsamples.

Sample RQI ELEVCAP COMPVOLA
n2, Y=0 8 5100 22

nl, Y=1 5 2700 I
N, (Y=0), (Y=1) 7 3700 73

*Itre probabilities arising when only one of the ¡emaining variable values is
changed to n1 o¡ n2, mean values while the other remaining vãriable continues to
assume N mean values are presented in frames A7, A2, B1 ãnd 82 in Appendix d



7.3.2.1. Road Qualitv: Scena¡io 1

In scenario 1, road quality index values of2,4,6, g, 10, and 12 were analyzed,

'lable 7,1.6lists the probability of closure and the change in probability arising from

each inc¡ement in the road quality index within each frame. As the ReI increased,

the probability of elevato¡ closure decreased, however, the effect of ReI on the

probability of closure varied widely from frame to frame. The greatest change in

probability occurred in the base frame, as the probability of closure declined 5g

percent' changing the outcome. Smaller decreases in the probability of closure

occurred in frame c1 and c2, the probability of closu¡e falling only rl.7 and L,7

percent, respectively over the range of road quality access analyzed.

These results suggest that road quality access plays a significant role in the

decision to close an elevator when performance indicators such as elevator capacity

and annual delive¡ies lie nea¡ industry averages. However, when performance

indicators such as elevator capacity and annual delive¡ies fall below or rise above

industry averages, the effect of ¡oad access improvements on managements' decision

to close an elevator are secondary. For example as in frame C2, 5100 tonne

elevators are generally newer, and less likely to be rationalized, consequently the size

of elevator would likely receive greater consideration than ¡oad quality, similarlS

with smaller older elevators, the size and age would be paramount to the decision to

close and road quality of lesser importance. The probability of closure within frames

cr and c2 attests to this, as the probability of closu¡e was 99 percent and 2 percent,

respectively' at an RQI of 2 indicating rhat road quality had little effect on
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the ultimate outcome.

7,3.2.2. Elevator Capacity: Scena¡io 2

Elevator capacity values of 2,300, 3,000, 3700, 4,400,5100 and 5,g00 were

analyzed in scenario 2. within all three frames in 'lable 7.r7, the probability of

elevator closure declined when elevator capacity increased. changes in the

probability of elevator closure attributed to elevator capacity were Iargest in the base

frame and frame cl where the probability of closure declined, g9 and g2 percent

ove¡ the range of elevator capacities assessed. The change in the probability of

closure was much less in frame C2, fafing only 29 percent.

In frame C1,, a 2,300 tonne elevator receiving g,000 tonnes annually had a 99

percent probability of closure. Despite implied lower turnover rates, raising elevator

capacity to 5,800 tonnes ¡educed the probability of closure to 16 percent,

This suggests that erevator capacity and investment in a structu¡e is of greater

importance to the decision to close than average turnover. Smaller elevators are

likely older and incur higher maintenance and repair expenses. older facilities are

probably fully depreciated whereas newer larger facilities still incur principal and

inte¡ests costs. The olde¡ facility is probably also technologically obsolete and the ¡ail

sidings inadequate for assembling multicar shipments. In addition, many of the costs

such as elevator manager's salary, Iicensing fees and head office administration costs

are quasi-fixed, and vary little with volume or turnover levels. Management may then

be more inclined to maintain larger elevator facjlities hoping that deliveries will

improve with continued rationalization.
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This pattern was repeated in the base frame and in frame c2. Holding all

other variables constant within each frame, the model predicted larger elevators were

less likely to close.

using interpolation techniques, an elevator capacity of 3,639 and 4,g59 tonnes,

respectively was required to change the outcome in the base frame and frame c1,

consequently, raising the volume of delive¡ies 5,000 tonnes to 13,000 tonnes, reduced

the elevato¡ capacity at which the outcome changed by approximately 1,200 tonnes.

Raising the volume to 22,000 tonnes in frame c2, reduced the probability of closure

for a 2,300 tonne elevator to 29 percents.

In summary, elevator capacity appears to be cdticar to the decision to close

an elevator, particularly when deliveries are 13,000 tonnes or less. However, at points

receiving higher volumes, e.g. 22,000 indicated ín frame c2, the probability of

elevator closure is low regardless of the elevator capacity.

7.3.2.3. Company Annual Volume: Scenario 3

Table 7.18 lists the probab ity of closure when annual company volume is

raised f¡om 3,000 tonnes to 28,000 tonnes in 5,000 tonne increments. over the range

of company volumes analyzed, the probability ofclosure declined between 52and95

percent, changing the outcome in each frame.

The base frame and frame cl ilrustrate that at a vorume of 3,000 tonnes, the

probability of closing a 3700 and 2700 tonne elevator we¡e 95 and 99 percent,

. _ 

s. It is unlikely a 2300 tonne elevator would receive vorumes of 22,000 tonnes
lelding a turnover of 9.6,

207





respectively, Raising the volume to 28,000 tonnes, ¡educes the probability of these

same elevators closing to 1 and 8 percent, respectively.

The model estimared the probabirity of crosing a 5100 tonne receiving 3,000

tonnes in f¡ame c2 was 52 percent. Raising delivery volumes to g,000 tonnes

¡educed the probability of closure to 19 percent thus changing the outcome. Further

inc¡eases in the companyvolume only validate d the outcome, reducing the probability

of elevator closure to less than 1 percent at a company volume of 2g,000 tonnes.

These results indicate that the volume of delive¡ies has a significant impact on

the probability of elevato¡ closure, particularly for smaller elevators. These results

also confirm the results obtained in scenario 2, that ar. points with a large elevator,

elevator capacity is of greater consequence to the decision to close an elevator than

the volume.

7.3.3, Alberta Closure Model Summary

The ¡esults of the scenario analyses permit several conclusions to be drawn.

First, the change in probabilities over the range of ReI increments indicate road

quality access may be of secondary importance when performance indicators, such

as elevato¡ capacity and company volume deliveries, lie below or above industry

averages. Although an increase in the ¡oad quality access can reduce the probability

of closure, it did not change the outcome. The probability of closure, hence the

outcome' has already been determined by company vorume and erevato¡ capacity

values.



second, elevator capacity and investment in the structure has a greater impact

on the probability of elevator closure than average turnover or volume particularly

for large elevators at points with volumes less than J.3,000 tonnes.

Third, volume has a significant impact on the probability of elevator closure

at points with elevators less than 3700 tonnes capacity.

Table 7.19 summarizes these results and indicates the levels of the variables

at which the probability of closure exceeds 50 percent.

Tables 7.20 and 7 .21list each variable's contribution to the Z value measured

at the subsample mean values6. Elevator capacity contributes more to the Z value

6Note that the impact of variable values on Z values is linear but the effect on
th-e probability of closure is nonlinea¡. The ultimate impact depends on the values
of all the explanatory variables, as the change in proba-bility inì¡eases as Z values
approach zero.

Table 7.r9 Turning Point Values of Explanatory Variable where p¡edicted outcome
Becomes Y= 1, Alberta Closure Model.

Sample n1 N n2

Variable RQI = 5.0
ELEVCAP =2700
COMPVOLA = 8

RQI = 7.0
ELEVCAP =3700
COMPVOLA =13

RQI = 9.0
ELEVCAP =5100

COMPVOL.A = 22

Variable Turning Point Values

RQI Mo¡e than 12. Not
in range of analysis

6-8 Elevator will not
close regardless of

RQI.

ELEVCAP 4,400-5100
tonnes

3,000-3700
tonnes.

læss than 2,300
tonnes, Not in range

of analysis

COMPVOLA 1,8 - 23
thousands of tonnes

8-13
thousands of tonnes

3-8
thousands of tonnes
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at the variable means, followed by company volume. Road quality access while

statistically significant to the model estimated, has a small impact on the probability

of elevator closure relative to company volume and elevator capacity.

Tables 7.22 lists the total change in Z values that can be expected over the

range of variable values observed in the sample data and rable 7 .23lists the change

in Z values over the range of variable values analyzed in the scenarios. over the

range of explanatory variable values existing in the sample and analyzed in the

scenarios, extreme changes in company volume can feasibly exert greater changes in

the probability of elevato¡ closure than does elevator capacity. This illustrates the

need to individualize assessments of the probability of elevator closure.

Table 7.20 contribution of subsample n1 Mean va¡iable values to z yalne, Alberta
Closure Model.

Variable Unit
Measure

Variable
Coefficient

Variable
Mean Range

Change in
Z Yalue

Road Quality Access l RQI -.26373 5 -1,.336

Elevator Capacity l tonne -.001747 2700 -4.717

Company Volume 1,000 tonnes -.30926 8 -2.474

'lable 7.27 contribution of Subsample n2 Mean variable values to z yalue, Alberta
Closure Model.

Variable Unit
Measure

Variable
Coefficient

Variable
Mean Range

Change in
ZYalue

Road Quality Access i RQI -.26373 9 -2.406

Elevator Capacity l tonne -.001747 5100 -8.910

Company Volume 1,000 tonnes -30926 22 -6.804

21,1



Table 7.22 Breadth of Possible Changes in Z Values Associated with l-ow and
High Values of Alberta Model Variables.

Variable Unit
Measure

Variable
Coeff.icient

Variable
Values
Range

Change in
Z Yalue

Road Quality Access l nQI -.26373 l-17 -4.48340

Elevator Capacity l tonne -.00L747 780 - 11,780 -1,9.2170

Company Volume 1,000 tonnes -.30926 .7 - 82.5 -25.29755

Table 7 '23 Breadth of Possible changes in Z values Associated with Range of
Values Analyzed in Scenarios.

Variable Unit
Measu¡e

Variable
Coefficient

Variable
Values Range

Analyzed

Change
in

ZYafte
Road Quality Access l RQI -.26373 2-12 -2.637

Elevator Capacity 1 tonne -.007747 2,300 -5,800 -6.Ll4
Company Volume 1,000 tonnes -30926 3-28 -7.73r

7.4. Saskatchewan Closure Model Results

7.4.1. Statistical Inference of Saskatcltewan Closed Model

The following rogit moder predicting the probability of closing saskarchewan

elevato¡s was derived.

Z= 9.0408 -.16098 RQI - .0021193 ELEVCAP _ .83413 AAVGTURN +
3.1849 REPRATIO

where

Z < .5 elevator would not be predicted to close.

Z 2 .5 elevato¡ would be predicted to close.

RQI = road qualiry index.

ELEVCAP = sample elevator capacity in tonnes.
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AAVGTURN = average turnover rate at the sample poínt.

REPRATIO = representation ratio of the grain company in terms of
number of elevators on the market fringe.

7.4.1.1. Signr und Signifirun.e of Co"ffiri"nt, in Sarkut.h"*un Clorure Model.

variables road quality access, elevator capacity and average turnover all had

negative signs as expected indicating that as the values associated with these variables

increased, the probability of closure would decrease. The representation ratio had

an expected positive sign indicating the probability of closure would increase as this

variable inc¡eased.

As the direction of the effect of variables ReI, ELEVCAP, AAVGTURN and

REPRATIO were anticipated, the significance of the coefficients was determined

using a one-tailed t-test. The null hypotheses that each slope coefficient equalled

zero was rejected for RQI, ELEVCAP, AAVGTURN and REpRATIO at a

significance level of .025. The t-statistics and the significance level for each

coefficient are listed below.

RQI
ELEVCAP
AAVGTURN
REPRATIO

T statistics

1.6902
4.8773
4.2307
2.4592

Significance l,evel

.100

.005

.005

.010

7.4.1.2. Model Goodness of Fit

one test of goodness of fit evaluates the joint hypothesis that all the

coefficients except the intercept aÍe zeto, H0 : ReI = ELEVCAp = AAVGTURN

= REPRATIo = 0. A c statistic is calculated from the maximum varue (L0) of the
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constrained log likelihood function (LLC) and the log likelihood (L2) of the now

unconstrained equation (LLUC).

c:-Z(LLC -LLUC)

c = -2 (-87.337 -(-43.346)) = 87.982

Based on four degrees of freedom and a 99.5 significance lever, the null

hypothesis that the coefficients equal zero is rejected as the c statistic of g7,9g2 is

greater than the critical square statistic of 14.86.

The percent correct predictions is another measure of the model's explanatory

power. of the 126 observations, the correct outcome was predicted g3 percent of the

time' Table 7'24 presents the percent predicted for each subsample, y=0 and y=1.

The model correctly predicted 41 or 77 percent of the elevators would not close. The

model also corectly predicted 64 or 88 percent of the elevators that closed.

'rable 7'24 Predictions for Each subsample of saskatchewan closure Model.

Actual Predicted Total

0 1

0 4l 12 53

L 9 64 73

t26

The average forecast errors about the correct predictions fo¡ subsampres n2,

Y=0 and n1, Y=l we¡e.28 and .18, respectively. Given 0 and l are the true

probabilities of the events occurring, this can be interpreted to mean the average

predicted probability of closure at points where elevators were not closed averaged

28 percent, and the predicted probability of closure at points where elevators we¡e
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closed averaged 82 percent (1-.1g). The errors in the forecasts for saskatchewan, are

greater than their Arberta counterparts. The average predicted probabirity of crosure

erro¡ for subsamples n2 and n1 in the Alberta model were 16 and g9 percent,

indicating there was possibry less variation in variable values between sample

observations.

The predicted probabilities of the incorrect outcomes did not fa near the 50

percent probability level. The average forecast error of the incorrect predictions was

'66 for Y= 1 and .75 for y=0. sim'ar to the Alberta moder, these results indicate

that defining a range of indecision wourd actualry reduce the percent correct

predictions by 9 percent. Both the pracement of the average incorect p¡edicted

probabilities and the average correct predicted probabilities are shown in Figure 7.2.

Figure 7.2. Averase correct and Incorrect predicted probabirities of crosure fo¡Subsamples Y=0 ãnd y=1.
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7.4.2. sewitìvity Analyses: The Effect of saskatclrcwan Elevator characteristíc Levels
on the hobability of Closure

To dete¡mine the effect of the variable values on the probability of closure,

sensitivity analyses were performed, Fou¡ scenarios follow, one for each of the

variables RQI, ELEVCAP, AAVGTURN and REpRATIO. within each scenario,

the value of the principal variable is ¡aised in equal increments to determine the

effect of the variable values on the probability of elevator closure. The explanatory

variable values in the base frame and frame D1 and D2 assume N sample and n1 and

n2 subsample mean values, respectivelyT.

7.4.2.1 Road Qualitv: Scenario 1

In all the frames in Table 7.2s, the probability of elevator closure decreased

as road quality increased. The total effect of raising road quality access from 2 to 12

varied from ftame to frame but not as widely as in the Alberta model.

Simila¡ to the Alberta model, the greatest change in probability occur¡ed in

the base frame. over the range of ReI analyzed, the estimated probability of closure

declined 38 percent, the outcome changing between ReI 4 - 6,

The probability of closu¡e at ReI 2 in frame D1 was 94 percent, An increase

in the RQI f¡om 2 to 12 had no impact on the outcome as the predicted probability

of closure declined only to 76 percent. It can be concluded that road quality access

plays a minor ¡ole in the probability of closure when other elevator characteristics

. 
t t!" probabilities occurring when only one of the remaining variable values is

changed to n1 or n2 mean values, while ihe remaining two vaãables continue to
assume N mean values, are presented in frames A'1, 

-A2, 
BI, BZ, C1 and C2 in

Appendix C.
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values are below average industry levels.

The smallest total change in probability due to better road access occu¡red in

frame D2, At an RQI of 2 the probability of closure was only 12 percent. Raising

the RQI to L2 reduced the probability of closu¡e to 3 percent. These results also

suggest road quality is of little importance when elevator and point characteristic

values exceed industry averages.

7.4.2.2. Elevator Capacif,v-Scenario 2

In scenario 2, as illustrated in Table 7.26, elevator capacity values of 1500,

2000,2500,3000, 3500 and 4000 tonnes were analyzed. At an elevato¡ capacity of

2000 tonnes, regardless ofthe other explanatory variable values, the model predicted

an elevator would close. However, the outcome changed in all f¡ames as erevator

capacity increased' The revel at which the outcome changed, however, depended on

the values assumed for the remaining variables.

In the base frame, the probability of closure fell to below fifty percent when

elevator capacity increased to between 2500 and 3000 tonnes. using interpolation

techniques, an elevator capacity of 2902 tonnes will generate a probability of closure

of 50 percents.

In frame D1 whe¡e all the explanatory variables assumed less desirable mean

values, the outcome changed at 3266 tonnes. The larger elevator required when the

turnover rate was reduced suggests that some minimum volume is required to induce

, 
slnterpolation- 

techniques can be used due to the linear relationship between Z
values and variable values.
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grain companies to maintain elevator operations.

when all the explanatory values alternatively assumed the more desirable n2

mean values in D2, the outcome changed between 2000 and 2500 tonnes, These

results indicate that as the point and elevator characteristic values increase, the

probability of closing smalle¡ elevators falls to 40 percent. Frame D2 suggests that

elevators between 2000-2500 tonnes may survive rationalization if they have turnovers

exceeding 4.9, since the probability of closure fell below fifty percent at 2315 tonnes.

The total change in the probability of closure as a result of raising elevator

capacity from 1500 to 4000 tonnes within each frame is large and remarkably similar

between f¡ames. This illustrates the importance of elevator capacity in the decision

to close a saskatchewan elevator at the ReI, AAVGTURN and REpRATIO levels

tested.

7.4.2.3 Average Turnover: Scenario 3

Table 7.27 shows that an increase in the average turnover reduced the

probability of elevator closure. This is to be expected because handlíng costs /tonne

decline as grain throughput increases. with the exception of frame D2, an increase

in the average turnover rate altered the predicted outcome.

In the base frame representing a 2800 tonne erevato¡, the probability of

closu¡e fell below 50 percent between 4.r and 5.1 average turns, reversing the

outcome at a turnover over 4.4. In terms of the volume delivered, the outcome

changed at a volume of 1.2,320 tonnese.

e12,320 tonnes = 4.4 x 2,800 tonne capacity
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Frame D1 shows that a 2200 ronne capacity erevator with an average turn

or 2'7 had a 97 percent probability of closing. only when the average turn increased

to 6.3 did the outcome change. Frames D2 indicates that ir is improbable tha t a 3|¡00

tonne elevator would close at a turnover rate of 2.1,. and that the change in

probability associated with each incremental increase in turnover becomes less

significant to the probability of closure.

The 7,800 tonne volume estimatel. required to keep a 3700 tonne elevator

operational seems incredibly low. This perverse result may occur because of the

investment sunk in large elevators. The t¡end on the p¡airies has been to build larger

elevators, therefore it can be assumed that larger elevators are new elevato¡s

which have not been fuliy depreciated. The smaller, olde¡ elevators probably require

extensive repairs, therefore greater volumes may be required to justiff continued

operation.

Another explanation lies in the realism of the data values assessed. larger

elevators achieving turnovers of less than 2.1, are nol a frequent occurrence. A

review of the sample data indicates that the average probability of closure for the 24

elevators exceeding 3700 tonnes capacity was 6 percent. Based on an average

turnover of.4.2 and an average capacity of 4,900 tonnes, these 24 elevators received,

20,500 tonnes on average annually. consequently, given an average turnover of 2.1

for a 3700 tonne elevator, the model generates a predicted probability based on the

relationship which best fits the data. In reality, this situation is not likely to occur too

ro 37oo * z.r = 7,770 tonnes
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often, no¡ did it in the sample data.

Given the capacity and turnover changes in scenario 2 and 3, the volume and

turnover required of the different elevator capacities to generate a 50 percent

probability of closure are listed in Table 7.29. rt appears that a .critical, volume of

grain deliveries of approximately 12,000 tonnes is required for elevators to remain

operational.

'table 7.28 Average Tonnes Required to Reverse p¡edicted
Outcome of Closure.

F¡ame Elevator
Capacity

Average
Tu¡nover

Tonnes
50 Percent
Probability

Sc 3:Base 2800 4.4 L2,320

Sc 2:Base 2902 4.t 11,900

Sc 2:D1 3266 3.6 1L,760

Sc 2:D2 23L5 4.9 L1,,340

7.4.2.4. Representation Ratio: Scenario 4

Five frames are listed in Tabre i.29. The sample N and subsample n1 and n2

mean values are portrayed in the base frame and in frames D1 and D2, respectively,

Frames A1 and A2 have been added to show the effect road quality access has on

the probability of closure across diffe¡ent representation ratio values, when elevato¡

capacity and average turn values maintain N sample mean values, The ReI values

in Frames Al and A2 assume the nL and n2 subsample mean values.

Table 7.29 shows that as a company's representation ratio increases, the

probability of closu¡e inc¡eases. This relationship is based on the assumption that

223



F
I õ' S N \o F rr
t

'Ú F -] o U
) o ß

ù (/
)

Þ x Þ o o Þ a) o c0 ? o o- o



Frame

D1

REPRATIO

0.2't

0.37

o-47

---_l

RQI

0.57

0.67

---;¡

5

ELEVCAP

5

5

2200

5

u.3l

AAVGTURN

----_;
0t

2200

5

0.47

2200

5

0.57

2200

2200

0.67

2200

---l'00t

3.6

0.77

8

3.6

Z Yalue

B

3.6

8

i6

1.430s

3100

4.9

B

3.6

1.7490

3700

B

3.6

2.0675

3700

P

3700 
|

2.3860

3700

0.8070

2.704s

0.8s18

3.0229

4.9

0.88't1

4.9

^ Prob

-3.3158

0.9158

4 .9

-2.9973

0.9313

4.9

-0.0448

-2.6788

0.9536

4.9

-0.03s9

-2.3603

-0.0280

-2.0418

0.0350

-0.0215

0.0475

-1.7233

-0.0163

0.0642

-0.7466

0.0863
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0.1514

-0.0167

-0.0220

-0.0286

-0.0366
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grain producers located within the catchment area of an elevator to be closed will

patronize the same company's elevato¡s in the surrounding the catchment area. The

likelihood of maintaining customers if an elevator closes increases as the

representation ratio increases, as access is facilitatedll.

The probabilities listed in the base frame indicate that elevator closure would

be predicted between representation ¡atios of .37-.47. when the ReI was reduced

to 5 in f¡ame 41, the outcome changed at a representation ratio between .27 and.37.

conversely, when the RQI was raised to g, the outcome changed at a representation

¡atio between .47 and .57 . These three frames indicate an elevator company may

be more amenable to maintaining an elevator in a well represented market area if

the site has good road access. A site v/ith poor road access is more likery to lose

business as the rationalization process continues, as it will be less able to draw

farmers from greater distances.

In frame D1, the model predicted that a 2200 tonne elevator with a turnover

of 3.6 had a 80 percent probability of closing at the rowest representation rario, .27,

The outcome was validated with each subsequent representation ratio increment,

increasing the probability of closure to 95 percent. Even when the company was not

¡epresented in a market area, REpRATIo=0, the probability of the elevator closing

was 64 percent. It is apparent that at points with small capacity elevators or lowe¡

iloften grain producers are annoyed when the elevator they customarily deliver
to closes. some opt to deliver to another company in retaliatión rather thän gá to
an alternative elevator of the same company. Hòwever, the higher the r"pr.r"ntãtion
mtio, the less opportunity they have to âeliver to other elevatã¡s becauså i" d;i"t;;
they may incur additional transportation costs.
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turnover, the representation ratio is of Iittle significance.

In frame D2, the lever of the representation ¡atio also had no effect on the

predicted outcome of a 3700 tonne capacity elevato¡ rvith a turnov er of. 4.9.

Increasing the representation ratio to ,77 only ¡aised the probability of closure to 1.5

percent, Even at a rep¡esentation ratio of 1.0, the probability of elevator closure was

only 27 percent.

It would appear that the representation ¡atio is unimportant to management,s

decision to close an elevator when eithe¡ elevator capacity is small or turnover is low,

as other factors have already determined its fate. The same appears true for larger

elevators with higher tu¡nover values. However, for moderate sized elevato¡s rvith

turnover rates of 4.1 or greater, a representation ¡atio between .37 and .47 is required

before management will consider closing an elevator.

7.4.2.5. R"lutionrhio b"t*""n volu." Hundr"d und R"pr"r"ntution Rutio

Although the above model does not consider vorume handled directly in

assessing the probability of elevato¡ closure, it is possible to make some c¡ude

estimate of the relationship between volume and the representation ratio when the

probability of closu¡e is fifty percent (Z=0). volume data is obtained by multiplying

the three mean average turnover values 3.6, 4.1, and 4.9 by elevator capacity values

ranging between 2200 and 3700 tonnes capacirytz. Given each combination of

tumover and elevator capacity, the saskatchewan closure model was used to de¡ive

^ 

12 Beginning wi th a 2200 tonne erevator, capacity was raised in increments of 100
to 3700 tonnes resulting in 16 elevator capacity valués for each average turnover rate,
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Z values over the range of representation ratios,,27-.77, F¡om the Z values obtained

and using interpolation, the representative ratio at which the probability of closure

equalled fifty percent, z=0, was de¡ived. Thus for each combination of average

tu¡nover and elevator capacity, a unique representation ratjo was calculated at which

the probability of closu¡e was 50 percent. To then determine the relationship

between volume and the representation ratio, ordinary l-east squares (oIS)

regression analysis was performed. The following straight line was fittedl3,

REPRATIO = -.76271, + .103854 VOLUME n=48

The negative intercept indicates that even in areas where the company has no

other elevators (representation ratio =0), elevators handling less than 7344 tonnesla

have a fifty percent probability of beíng closed. The positíve slope indicates that as

volume increases so must the representation ratio before management will consider

closing the elevator.

As higher average turnovers result in increased elevator efficienc¡ the

volume/representation ratio relationship may vary with the underþing average

turnovers and elevator capacity values. separate ols regressions were estimated for

each level of average turnover. The following three relationships were derived,

Average turn = 3.6 REPRATIO : -1,.1873 + .148008 VOLUME n=16
Average turn = 4.1 REPRATIO = -1.09133 + .131339 VOLUME n=16
Average tu¡n = 4.9 REPRATIO = -0.84112 + .104838 VOLUME n=16

13 Note that the use of ordinary ræast squares regression technique does not
assume a causal relationship. The technique was used to show a relatircnship.

1a Derived by dMding .762I by .103854.
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As elevato¡ capacity also affects unit costs, elevator capacity must directly be

addressed in the interpretation. This is accomplished by keeping the size of elevator

constant at one capacity across the th¡ee models. For example, given a 2g00 tonne

elevator, the volume is calculated by multiplying the average turnover in each model

by the elevator capacity. In this example, the following volume and representation

ratios are calculated.

Average tu¡n 3.6 Volume 10,080 Representation ratio .30

Average turn 4.1 Volume 11,480 Representation rafio .42

Average turn 4.9 Volume 13,720 Representation ratio .60

Given a 2800 tonne erevato¡ and a representation ratio of .3, a minimum of

10,080 tonnes delivered is required to keep the elevator open. The same size

elevator in a market where the representation is .6 requires a minimum throughput

of 13,720 tonnes. Therefore, in a specified market area with a known representation

ratio' the minimum volume required to maintain an elevator of given capacity can be

estimated.

7.4.3 Saskatchewan Closure Model Summary

several conclusions can be drawn ftom the scenario analyses. First, road

quality access may be of secondary importance when performance indicators such as

elevato¡ capacity and average turnover lie above or below N sample means,

second, RQI only becomes pertinent to the decision to close at elevators

exhibiting average or moderate elevator capacities and turnover values around 2g00

tonnes and 4.4, respectively. At these values, the decision to close becomes more

complex.
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Third, when an elevator company is well represented in an area, it is more

inclined to keep an elevator open as road quality access improves. The lower the

RQI, the greater the probability of closure since poor road access discourages

deliveries,

Fourth, elevator capacity is critical to the decision to close an elevator,

particularly for elevato¡s of less than 2500 tonnes capacity,

Fifth, based on average turnover and elevator capacity values, it appears that

a 'critical' volume of approximately 12,000 tonnes is required for elevators to remain

operational.

Sixth, although it is improbable that an elevato¡ 3700 tonnes or larger would

close at a turnover of less than 2.1, this conclusion is of little practical importance.

The sample data indicate that it is unusual for large elevators to have turnovers less

lhan 2.-1.

seventh, at sites with small elevators and low tu¡nover, grain companies would

be inclined to close the elevator even if the company is not represented in the market

area, REPRATIO =0. conversely, if elevator capacity is large and the turnover high,

it is improbable that a company will close the elevator even if the REpRATIO =1.

However, for moderate sized elevato¡s with turnove¡ rates of 4.1 or greater, a

representation ratio between .37 and .47 is rcquired before management will consider

closing an elevator.

Table 7.30 summarizes these results indicating the variable values at which the

probability of closure falls to 50 percent.
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Table 7.30 Turning Point Values of Explanatory Variable in Saskatchewan Closure
Model where Predicted Outcome Becomes Y= 0.

Sample nl N n2

Variable RQI = s.0
ELEVCAP =2200

AAVGTURN = 3.6

RQI = 6.0
ELEVCAP =2800

A'AVGTURN = 4.1

RQI = 8.0
ELEVCAP =3700

AAVGTURN = 4.9

Variable Turning Point Values

RQI More than 12. Not
in range of analysis

6-8 Elevator will not
close regardless of

RQI,

ELEVCAP 3,000-3,500
tonnes

2,500-3,000
tonnes.

2,000 - 2,500
tonnes

AAVGTURN 5.1 6.1 4.L - 5.1 læss than
2.1

REPRATIO Less than .27 .37 - .47 Elevator will not
close regardless of

REPRATIO.

Tables 7.31, 7.32,7.33 and 7.34 show rhe relative importance of each variable

in determining the probability of closure. Tables 7.31 and 7.32 list each variable,s

contribution to the Z vahte measured at the subsample mean values, Table 7.33 lists

the total change in Z values that can be expected ove¡ the range of variable values

observed in the sample data and Table 7.34 over the range of variable values

analyzed in the scenarios.

Tables 7.31 to 7.34 illust¡ate that elevator capacity is the single most important

characteristic in determining the probability of closing an elevator. Average turnover

was the second most important characteristic. It is not unexpected that elevator size

and average turnover would be the most important va¡iables to affect the decision
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Table 7.31 Contribution of Subsample nl Mean Variable Values to Z yalue,
Saskatchewan Closu¡e Model,

Variable Unit
Measure

Variable
Coefficient

Variable
Mean Value

Change in
ZYalue

Road Quali8 Access l RQI -.16098 5 .0.80

Elevator Capacity 1,000 tonnes -.002L193 2,200 -4.66

Average Turnover 1 -.83413 3.6 -3.00

Representation
Ratio

L 3.1.849 .53 -1.69

Table 7.32 Contribution of Subsample n2 Mean Variable Values ro Z yalue,
Saskatchewan Closure Model.

Variable Unit
Measure

Va¡iable
Coefficient

Variable
Mean Value

Change in
ZYahte

Road Quality Access 1RQ] .16098 I -1,.29

Elevato¡ Capacity 1,000 tonnes -.002t193 3700 -7.84

Average Turnover L -.83413 4.9 -4.09

Representation
Ratio

3.1849 .39 -r.24

Table 7.33 Breadth of Possible changes in Z values Associated with l,ow and High
Range Values of Saskatchewan Explánatory Variable.

Variable Unit
Measure

Variable
Coefficient

Value
Range

Analyzed

Change in
ZYalue

Road Quality Access l RQI -.16098 t- 17 -2.58

Elevator Capacity 1,000 tonnes -.0021193 840 -11,200 -21.96

Average Tu¡nover 1 -.83413 .56 - 1,1,.2 -8.88

Representation
Ratio

3.1849 0 -1.0 3.18
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'lable 7.34 Breadth of Possible changes in Z values Associated with Range of
Values Anaþed in the Scenarios, Saikatchewan Closure Model.

Variable Unit
Measure

Variable
Coefficient

Value
Range

Analyzed

Change in
Z Yalue

Road Quality Access l RQI -.16098 2- 72 L.61

Elevator Capacity 1,000 tonnes -.0021193 1,500 -4.000 -5.30

Average Turnover t -.83413 2.t - 7.1 -4.17

Representation
Ratio

I 3.1,849 .27 -.77 1.59

to close an elevator as they both directþ affect unit costs. Market representation

ratio and road quality access .'¡vere also significant but their end effect is limited

relative to elevator capacity and turnover.

7,5 Alberta Saskatchewan Closure Model Results

7.5,1. Statistical Inference of Alberta Saskatchewan Closure Model

Data f¡om the saskatchewan and Arberta data base were combined to

determine if an increased number of observations resulted in a better model rvith

improved forecasting ability. Based on the combined data set of 195 observations,

the following logit model predicting the probabiliry of elevator closu¡e in

Saskatchewan and Alberta was chosen.

Z= 8.7262 -.19206 RQI -.0016i94 ELEVCAP -.82454 AAV3TURN +2.5006
REPRATIO

whe¡e

Z < .5 Model predicts elevator would not be closed.
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z

RQI

ELEVCAP

AAVGTURN

REPRATIO

à .5 Model predicts elevator would be closed.

= Road Quality Index

= Elevator capacity in tonnes.

= Arnual average turnover at the sample point.

= Number of elevators operated by sample
company as a percent of total number of
elevato¡s in market fringe.

The combined Alberta-Saskatchewan model contained the same variables as

the saskatchewan model but only the road quality index and elevator capacity

variables appeared in the Alberta closure model. It is logical that the model should

more closely resemble the saskatchewan model, as saskatchewan data comprised 65

percent of the total.

7.5.1.1. Signs and Significance of Model Coefficients

Variables road quality access, elevator capacity and average turnove¡ had

negative signs as expected indicating that as the values associated wjth these variables

increased, the probability of closure would decrease. In contrast, the representation

ratio had an expected positive sign indicating the probability of closu¡e would

increase as the market representation ratio increased.

As the direction of the effect of variables ReI, ELEVCAP, AAVGTURN, and

REPRATIO is anticipated, the significance of the coefficients is based on a one-tailed

t-test. The null hypotheses that each slope coefficient equals zero is rejected.
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The coefficients are all significant at the following significance levels.

RQI
ELEVCAP
AAVGruRN
REPRATIO

T statistics

2.6688
5.7951
5.1025
2.6075

Significance I-evel

.005

.005

.005

.005

7.5.1.2. Goodness of Fit of Alberta-Saskatchewan Model

Table 7'35 presents the number of co¡rect predictions for each subsample,

Y=0 and Y=1and the total sample. The model correctly predicted that 63 or 7g

percent of the 81 sample elevato¡s would not close, y=0. The model also correctly

predicted the outcome at 103 o¡ 90 percent of the 114 elevators which did close,

Y=1' of the 195 observations, the outcome was correctly predicted g5 percent of

the time.

Table 7.35. Predictions for Each Subsample of Alberta_Saskatchewan
Combined Closure Model.

Actual Predicted Total

0

0 63 18 81

1 74 103 174

195

overall, combining the data sets did not improve the percent correct

predictions. Rather, the percent correct predictions dropped from 94 percent in the

Alberta closed model to 85 percent, but inc¡eased slightly from g3 percent in the

saskatchewan model to 85 percent in the combined model. The almost 2 percent
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inc¡ease in correct predictions in the combined model was due to an improvement

in the ability to predict those elevators which would close, y=1. The predictions

concerning which elevato¡s would not close, y=0, were virtually the same, for the

Saskatchewan and Albe¡ta-saskatchewan closed models, 77.4 and 77.g percent,

respectively.

A second goodness of fit test, examines the joint hypothesis that a[ the

coefficients excepr the intercept are zero, H0 : ReI = ELEVCAp = À{vGTUR}l
: REPRATIO=0. A c sratistic is calcurated from the maximum value (L0) of the

constrained log likelihood function (LLC) and rhe log likelihood (L) of the now

unconstrained equation (LLUC).

c= -z (LLC - LLUC) = 134.5e

Based on four degrees of freedom and a 99.5 significance rever, the nulr

hypothesis that the coefficients equal zero is rejected as the c statistic of 134.59 is

greater than the critical square statistic of 14.g6.

7.5.2, Summary

The Alberta-saskatchewan closure logit model based on 195 observations

achieved a lower percentage of co¡rect p¡edictions than the indMdual Alberta model

estimated, and lelded marginally improved proportion of correct predictions of the

saskatchewan elevators which closed. Based on these results and the additional

expense and time required to collect REPRATIo and AAVGTURN data for

AJberta, individual provincial models a¡e more suitable for forecasting elevators that

companies might choose to close.
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CI{APTER 8 FORECAST OF ELEVATOR CONSTRUCTION AND CLOSURE

In this chapter, the models predicting the probability of elevator construction

and elevator closure are evaluated using out-of-sam pre and ex post forecasts. An out-

of-sample fo¡ecast invorves predicting the value of the dependent variabre for

observations not included in the study sample but occurring during the estimation

time period' An ex post fo¡ecast predicts the value of the dependent variabre for

observations occurring beyond the time period which the models were estimated, but

for which the results are known. In this stud¡ the estimation period was between

1980 and 1990 and the ex post obsewations occur¡ed berween crop years r990l9r and

1994/95, ln both out-of-sample and ex post forecasts, the predictions can be checked

against existíng data which js known with certainty.

Ex ante forecasts are also conducted of selected delivery points which were

operating as of 1994/95. At these points there is no a priori in-formation concerning

grain elevator companies future investment or râtionarization plans. Howeve¡ in

many instances, knowledge concerning the delivery points and the elevators at those

points can help either to veris the model o¡ uncover problems associated therewith.

The chapter is divided into four sections. tn the first two sections, the

Manitoba and saskatchewan open logit moders estimated are tested. The Manitoba

and Saskatchewan closure logit models are examined in the last two sections.

8.1 Manitoba Open Model

Based on the estimated logit moder predicting the probability of erevator

construction at individual points in Manitoba, the probability of opening an elevator
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at 2 out-of-sample and 4

probabilities were attained.

Elevator Point

Out-of Sample

Graysville
Elgin

Ex post

Fannystelle
Starbuck
Dundonald
Winkler

ex post elevatorsl was determined. The following

Yea¡

1984
1986

1993
1993
7994
1994

Company

Stow Seed Co.
Stow Seed Co.

UGG
MPE
UGG
Keystone Grain2

Probabilig of
Construction

73.2
77.8

71,.7

95.7
91,.4

70.6

Based on the probabilities obtained, the model predicted that elevators would

be constructed at five of the six elevator points. At the sixth point, Elgin, the model

predicted that an elevator would not be constructed. The probability of construction

at Elgin was low because the estimated volume per company was low and the fringe

elevato¡ capacity high relative to other elevators. The elevators owned by Stow

seeds, however, did not provide full elevato¡ service and dealt primarily in specialty

seeds, therefore the elevator was not typical of grain elevators in Manitoba. MpE

has since acquired these elevators and offers full elevato¡ services.

The probabilities of various grain companies constructing an elevator at

lOnly four points were analyzed as there was no further information
concerning elevator construction at other Manitoba points.

zKeystone Grain Ltd is not affiliated with Keystone Agricultural producers.
The elevator handles mostly specialty seeds particularly sunflower and buckwheat.
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selected delivery points in the future were also forecasted. The point/company pair

chosen for the ex ante fo¡ecast 1) were located either on a main or secondary rail

line, 2) were not included in the sample used to establish the model predicting the

probability of elevator construction and 3) were located either at major road

intersections or on major highways. The only exceptions to these criteria were

clearwater, MacGregor and rreherne which were not located at major road

intersections. These th¡ee points were adjacent to other points selected and were

included for comparison purposes. The probability of elevator construction at each

of the 20 points is given in Table 8.1.

The model predicted that future construction would take place at 90 percent,

18 of the 20 points, only at Boissevain and MacGregor does the probability of

construction fall below fifty percent due to a high coverage value, A comparison of

the ex ante delivery point means and the means at delivery points where elevators

were constructed, listed below, support the predictions.

RQI VOLCO

Subsample n2
Means

Ex ante
Means

.043

.035

18.3

28.5

9.6

9.7

CF

32.3

30.8

cov

The ex ante vol-co mean is higher than in subsample n2 thus contributing

to a higher probability of construction . The ex ante cF and cov means are lower

than in subsample n2 which also contribute to a higher probability of construction

due to the negative relationship between these variables and the probability of
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Table 3.L Forecast of Future probability of Elevator construction at the Following
ì{anitoba Grain Delivery points, Based on 1994/95 data.

BOISSEVAIN

Station

MACGREGOR

GREGG

CLEARWATER

Comp

SOIIRIS

MPE

SIDNEY

MPE

RQI

AUSTIN

MPE

RIVERS

MPE

VOLCO
3 yr Avg

PILOT
MOUND

8

UGG

8

TREHERNE

CARG

6

32.8

MORDEN

MPE

CF

7

CRYSTAL
CITY

19.5

CARG

11

30.0

MPE

66.2

VIRDEN

B

2r.6

cov

26.9

12

MPE

23

32.0

MPE

9

0.0952

t6.2

23

PRES

9

MPE

17.6

0.0909

.7

5l--t

32.3

0.0476

UGG

7

13.8

28.0

0.0259

10

Vo

Prob

25.2

0

0.0294

10

0

31,.L

38.8

0.0222

t6.6

29.9

24.9

0

11

0.0385

45.4

22.1,

0

0.0300

27-9

68.1

0

0.0389

25.2

37.8

70.7

0

71

t7

0.0223

0

.8

.9

240

77.9

0.0565

0

28.4

78.4

0.0389

0

80.6

0

0.0216

8L.2

I
85

0

.1

62.7

0

87.2

87.3



Station

BINSCARTH

MORDEN

CARBERRY

CARBERRY

Comp

HOLI-AND

MPE

ELM CREEK

UGG

RQI

HOLLAND

MPE

Averages

UGG

VOLCO
3 yr avg

72

MPE

10

MPE

10

22.9

PAT

10

CF

24.9

12

19.0

72

23

19.0

.2

cov

12

37.8

38.4

9.7

64.5

8.6

0.0476

PRES

8.6

57.1

0.0185

37.7

0.0000

28.s

57.4

0.0000

Vo

P¡ob

37.1,

0

0.0273

30.8

I

0.0202

87.6

0

0.0348

72.8

0

93.9

0

.035

93.9

0

95.2

0

99.0

0

99.4
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construction. It is interesting to note that the RQI means fo¡ both these samples are

essentially identical yet the volume at the ex ante delivery points is so much greater

as well as the fringe capaci$ and coverage value so much lower. The differences in

the mean values show the effect of elevator closure and rail line abandonment on the

Manitoba elevator system.

Consistency in the model predictions can also be checked by comparing the

probabilities of construction between 1) companies at the same point and 2)

neighbouring delivery points at which a company is located. The model predicted

that MPE would not construct an elevator at Boissevain or MacGregor. Elevator

capacity in the market area surrounding Boissevain is substantial, discouraging further

building. MPE also has a relatively new elevator facility adjacent to Boissevain at

Ninga with an average age of 10.7 years lelding a coverage measure of.0952. These

two factors and a below average road quality index with respect to subsample n2

average RQI of 9.7, would likely discourage construction at this point. Similarly, the

road quality index at MacGregor was low as it was not located at the intersection of

major highways. Also the MPE Burnside facility adjacent to MacGregor was

relatively new, being 11 years old. These two factors reduced the probability of

elevator construction at MacGregor.

MacGregor was included in the ex ante forecast to compare the probability of

construction at Maccregor with that of Austin, two towns which a¡e in proximity to

each other. The probability of construction at Austin was greater, 7g.4 percent

compared to 45.4 percent at MacGregor. This is partially due to better road access
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at Austin and the MPE facilities in the area surrounding Austin being older. The

MPE facility in Austin averaged 44 yearc of age and its adjacent point MacGregor,

26 years of age while the adjacent point to MacGregor, Bumside was 11 years of age.

clearwater was included in the study to compare the probability of MpE

building an elevator at this point relative to pilot Mound and crystal city. The

model estimated that the probability of MpE building an elevator was lowest at

clearwater, 70.7 percent, followed by pilot Mound and crystal city with estimated

probabilities of 81.2 and 87.2 percent, respectively. The road quality access is poorest

at clearwater, followed by Pilot Mound. However the estimated volume per

company for those companies on the pilot Mound fringe was determined to be higher

than at crystal city. This was offset by a rower fringe capacity surrounding crystal

city raising the probability of elevator construction in crystal city 6 percent above

that for Pilot Mound.

Treherne was also included in the analysis in order to compare the probability

of MPE building at Treherne and Holland. The estimated probability of construction

was high at both points, 85.1 percent at Treherne and 95.2 percent at Holrand. The

higher estimated probability at Holland is attributed to improved road access and a

higher estimate of volume handled per company.

Both Morden and Hoiland are listed twice in the analysis. The probabilities

of MPE and UGG each building an elevator at Mo¡den and MpE and paterson each

building an elevato¡ at Horland were examined. The ¡oad quarity access, volume per

company and fringe capacity at each of these points would be identical for each
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company. The only varue which varies, hence yierding different probabilities, is the

cov variable indicating the average age of each company's newest elevator at the

sample point and adjacent ra points. UGG only has an erevator at Morden which

averaged 54 years of age, and had no elevators at the adjacent rail points,

Darlingford or winkle¡. on the othe¡ hand, MpE has three elevators, one at each

of these points but the ne\ryest facility is at winkrer and averaged onry 17,7 years of

age. consequently, the probability of UGG constructing an elevator at Morden was

72.8 percent, almost 10 percent higher than MpE at 62.7 percent.

It is difficult to assess the forecasting ability of the Manitoba open model on

the basis of the 6 out-of-sample and ex post delivery points predictions. However,

comparison of the probability of construction between 1) companies at a point and

2) neighbouring points at which at company is rocated are consistent throughout the

ex ante obser\tations. Also the mean values for the ex ante delwery points are higher

than the means of the subsample of elevators constructed in the 19g0s which would

support the predictions. However, it is possible that as a result of elevator closure

and rationalization, the predicted probabilities may somewhat overestimate the

probability of construction in the 1990s, but too few observations exist to determine

if structural changes as occurred, only the passage of time win verif or repudiate

the predictions,

8.2 Saskatchewan Open Model

The Saskatchewan open logit model was evaluated on 12 out-of_sample
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delivery points3 and 3 ex post delivery points, white star, wadena and Dixon, The

model was then used to forecast ex ante, fhe probability of elevator construction at

17 selected elevators.

The model correctly predicted that elevators \ryould be constructed at 14 of the

15 out-of-sample and ex post delivery points. At white Star, the model predicted the

probability of elevator construction was 24.8 percent. A low probability was obtained

primarily because the point capacity at white Star prior to construction was zero.

Year

Out-of-Sample

1981
1982
1983
1983
1984
1984
1985
1985
1985
1986
1988
1989

Ex post

1992
1993
1994

Elevator Point

Aberdeen
Wakawa
Minton
Woodrow
Debden
St. I-ouis
Hamlin
Lucþ lake
Marsden
Eastend
Unity
Biggar

White Star
Wadena
Dixon

Probabilitv of
Construction

90.8
98.s
97.1,

55.3
59.4
90.1
87.6
94.6
86.1
96.9
99.6

100.0

24.8
99.8
7L.3

3These twelve points were the remaining twelve points from the population
of elevato¡s constructed in saskatchewan that õere not included in th" .;*;l;'---'
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This emphasizes a weakness of the model. The model cannot predict elevator

construction at newly created delivery points and can only predict the

probability of construction at existing elevator points. This is not perceived as a

major obstacle as the investment behaviou¡ exhibited by grain elevator companies

throughout Saskatchewan in the eighties indicates that investment normally takes

place at existing elevator pointsa.

The probabilities of construction at woodrow and Debden were slightly over

50 percent. All the explanatory variables values associated with wood¡ow we¡e

below the average values of the 12 out-of-sample points tested. Similarly with

Debden, the road quality, point capacity and age of own elevators at either the

sample or adjacent rail points were lower.

h ante forecasts of the probability of elevator construction at 17

saskatchewan points were also undertaken. The points selected were located 1) at

major intersections or on a major highway and 2) on main or secondary rail lines.

The company/delivery point pairs were not included in the study sample. The

estimated probability of const¡uction at each point is listed in Table g.2.

Based on the probabilities estimated and assuming probabilities exceeding 50

percent suggest elevator construction, elevators would be const¡ucted at all 17

saskatchewan points. The lowest estimates of the probability of constructing a new

4of the 50 elevators constructed in saskatchewan through the 19g0s only one
elevator was built at a newly created elevator point.
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Table 8.2 Forecast of Future Elevator construction at saskatchewan Grain
Delivery Points, Based on 1994195.

Station Comp RQI PTCAP F'TOVER
A¡nual

POST Prob

ABERNETHY UGG '7 5.8 4.3 59.8 94.9

AI-SQUITH SWP 10 4.4 6.3 27.0 89.0

BALCARRES CARG 10 8.3 4.9 27.3 86.9

BALGONIE SWP 9 2.2 7.4 39.6 96.7

BREDENBURY swP 10 6.5 7.0 7.0 75.9

CFIAMBERLAIN swP L2 2.8 5.6 31.8 91..2

ELFROS SWP t2 2.9 5.8 39.9 96.4

GRENFELL UGG 10 t5;7 6.2 40.8 99.7

ITUNA CARG 13 10.0 6.1 36.9 99.4

KENASTON UGG 13 10.3 4.4 20.7 91.7

MAIDSTONE PION 72 i0.3 5.2 39.4 98.8

QU'APPELLE SWP 12 L6 7.9 39.6 98.9

STOUGHTON UGG 15 17.9 6.7 31.0 99.8

WATROUS SWP LI 5.5 5.6 23.0 84.9

WHITEWOOD UGG 12 13.0 4.2 18.5 90.7

WILCOX SWP 6 11.3 5.9 40.3 96.0

YELLOW
GRASS

SWP 8 12.2 5.0 6.0 53.3

Average IO.7 7.9 5.8 37.1

elevator were at Bredenbury and yellow Grass, 76 and 53 percent, respectively. The

presence of newer SWP facilities in weþurn and l,angenburgs lowered the

5saskatchewan wheat Pool has elevato¡ facirities at weyburn a jacent to
Yellow Grass and an elevator at I-angenburg adjacent to Bredenbiry trrat åueràle ã
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probability of elevator construction.

These ¿* ante forecasts point to another limitation of the estimated

saskatchewan open logit model. The positioning variable posr, which reflects the

age of the newest elevato¡ at either the sample or adjacent rail points, may also

overestimate the probability of elevator const¡uction at delivery points. For example,

if the contribution of elevator age were excluded from the model, the probability of

elevato¡ construction at Abernethy drops to 6 percent from 95 percent. The ReI,

PTCAP and FTOvERA values are low indicating thar this point is not particurarþ

desirable. However, the elevator located at that point is approximately 60 years old

and UGG has no othe¡ facility adjacent to it. Therefo¡e a posr value of 60 raises

the predicted probability of construction and possibly overestimates the real future

probability of elevato¡ const¡uction.

The mean fringe market turnover of 5.g, of the ex ante delivery points is

higher than the average fringe market turnovers of 4.0 and 4.1 fo¡ the study sample,

N, and the subsample of elevato¡s that were constructed, n2. Due to ¡ationalization

and increasing grain deliveries, it appears there has been structural change over time

to larger fringe market turnover levels. consequently, the fringe turnover values in

the model may overestimate the probabilities of new elevato¡ construction. Lack of

sufficient observations during the first half of the 1990s prohibit validation of this and

any estimation of a new logit model. To summarize, in certain circumstances, the

and 7 years old, respectively.
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Saskatchewan open model may tend to overestimate the probability of construction;

predictions must therefore be tempered by knowledge of the individual point

characteristics.

8.3 Alberts Closure Model

The Albe¡ta closu¡e model was evaluated using 6 out-of-sample derivery

pointsó and 9 ex post delivery points. Ex ante forecasts are also made of the

probability of 28 elevators operating in 1995, closing in the future.

Table 8.3 lists 6 out-of-sample delivery points at which elevato¡s were closed

in Alberta between 1980/81 and l91glg0. Of these out-of-sample points, the model

would not have predicted the closure ofthe cargill elevator in l,egal. Both elevator

Taöle 8.3 P¡ob-ability of Elevaror Closure at Specified Delivery points in
Alberta, 1980/81 through 1989/90.

Station Company ELEVCAP RQI VOLCOA Prob

Out-of- Sample

BARONS PION 2200 9 L3.7 88.2

HIGH RTVER PION 2040 71 13.1 85.5

KIRKALDY CARG 620 6 1.3 100.0

LEGAL CARG 3100 9 17.5 28.7

LINDEN CARG i630 4 4.0 99.9

PROVOST PION 2460 11 15.8 54.9

. "r¡9 population of elevators crosed which this study used does not include 1)
elevators closed as a result of rail line abandonment, 2) bðtrveen company tra¿es oí
3) elevators that were closed only to be replaced by nãw facilities at äxisiing sites,
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capacity and the estimated volume handled per company, were considerably greater

than were the explanatory variable varues for the other out-of-sample points, thus

lelding the lower estimared probability of closure of 29 percent. Discussions with

cargill indicated the elevato¡ was old and they were consolidating their elevators in

the area.

Table 8.4 lists 9 ex post sample points at which elevators were closed between

1990191' and t994195 and the logir model's estimated probabilify of closure. The

Table 8.4 Estimated Probability of Elevator crosure at specified Derivery
Points Closed in Albe¡ta berween 1989190 and 1994195.

Station Company ELEVCAP RQI VOLCO Prob
EXPOST

ACME UGG 2280 7 8.8 97.7

ALCOMDALE UGG 21,60 4 3.9 99.8

BENTON AWP 29L0 6 5.4 98.1

BERWYN AWP 1.460 6 6.3 99.8

BLUESKY AWP 2760 6 7.7 97.7

BUFORD AWP 1600 6 11.9 98.6

CARSTAIRS PION 1710 I 21.8 60.9

CREMONA PION 3670 8 4.2 92.7

RED WILLOW CARG 3580 5 6.7 94.4

Average 2460 6.2 7.6

model correctly predicted all elevators would close. At g of the 9 ex post points the

predicted probability of elevator closure exceeded 90 percent. The estimated

probability of closure of the pioneer elevator at carstairs was lower, 61. percent,
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because the estimated volume per company and the road quality index were greater

than the values for the same variables of the other ex post points.

The 28 elevators selected for ex ante forecasting were chosen to provide

varying magnitudes of elevator capacity, and volume of deliveries for the various grain

elevator companies. large established delivery points at which companies are not

expected to cl0se their elevators we¡e included among the selected elevator

observations for comparison purposes. The delivery points and the predictions

concerning the probability of closing a specific elevator at these points are presented

in Table 8.5.

The model predicted 13 erevators would be closed in the future and the

remaining 15 elevators would remain operational. Elevators at large established

delivery points such as Camrose, Fairview, Vulcan, Wrentham and Cereal had

probabilities of closure less than 1 percent. The average variable values for elevators

which we¡e predicted to close and those that were not a¡e listed below.

Outcome ELEVCAP

Elevato¡ Predicted 2,500
to Close

Elevato¡ Predicted 5,200 g.5 1g.5
to Remain Open

By virtue of the out-of-sample and ex post predicrions, the Alberta closure

model appears to have a high degree of accuracy. Inspection of rhe ex ante

probabilities at large delivery points and the differences in variable mean values fo¡

the two outcomes' suggest the moder is suitable for forecasting the probability of

RQI VOLCOA

7.6 9.8
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TaqE 8.5 P¡obability of Future Elevaror crosure at specified Delivery points
in Alberta, Based on 1994/95 data.

Station Company ELEVCAP RQI VOLCO Prob

BIG VALLEY AWP 3000 7 L0.4 87.9

BRUCE AWP 2760 8 11.1 87.2

CAMROSE UGG 4650 10 24,9 0.2

CEREAL AWP 6260 8 29.0 0.0

CHINOOK AWP 2030 6 8.8 98.8

CLANDONALD AWP 3670 4 1,4.4 58.9

CROSSFIELDS UGG 4700 10 12.9 7.2

FAIRVIETV CARG 5700 11 24.1 0.0

GIBBONS UGG 2760 1,1 L0;7 77.7

HAY IAKES AWP 2860 I 13.3 74.3

HAYTER PION 3920 6 74.4 35.7

HUGHENDEN AWP 5250 7 12.9 6.1

JOFFRE UGG 4630 2 t3.7 40.5

LOUGHEED PION 3550 8 17.1 27.1

LOUSANA AWP 2020 8 6.6 99.0

MUNSON AWP 4250 7 9.8 49.5

RADWAY UGG 2420 6 19.3 62.3

RANFURLY AWP 3640 6 13.7 52.6

RIMBEY UGG 2830 10 6.4 93.9

SIBBALD PION 2910 8 24.2 8,3

SWALWELL AWP 2490 6 <) 99.1

TABER UGG 3560 13 19.2 3.5

TORRINGTON PION 4060 I 14.6 t9.5

VULCAN AWP 13600 10 16.6 0.0
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Station Company ELEVCAP RQI VOLCO Prob

WARSPiTE AWP 300 10 3.0 100.0

WELLING AWP 2L80 9 4.9 99.0

WILLINGDON PION 3650 9 12.8 39.5

WRENTHAM AWP 7630 10 32.6 0.0

elevato¡ closure in Alberta. only time will reveal the accuracy of the forecasts

made.

8.4 Saskatchewan Closure Model

The saskatchewan closure model was evaluated using 2g out-of-sample and

13 ex post delivery points. P¡edictions are also made on the probability of 25

elevators operating in 1995 closing in the future.

The twenty eight elevators included in the out-of-sample forecasts were

elevato¡s among the population of elevatorsT closed between 19g0/g1 and lggg/g0,

but not included in the logit model estimation sample, The out-of-sample elevator

points, the corresponding company and the estimated probability of elevator closure

are provided in Table 8.6

The model predicted 26 of the 2g out-of-sample elevators would crose, The

model did not p¡edict the closure of the swp elevator in cedoux or pionee¡'s

elevator in cadillac. Their elevator capacities were 4,010 and 5,600 tonnes

,. , - . 
TAppto*im^atgly 

!l percent of the study sample elevators belonged to SWp as
did 64 percent of the 28 oulof*ample elevators. The large propo-rtion of swp
elevators occurred because swp closed more elevators in thãeighties than all other
Saskatchewan grain elevators combined.
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Year

87188

87188

87188

Boharm

Sfafinn

87/88

FIFE I-A.KE

87t88

HARDY

87/88

KHEDIVE

88/89

Cnmn

LEMSFORD

88/89

RAVENSCRAG

8B/89

FORGAN

4

89190

pôT

HAGUE

4

89190

KRYDOR

4

2

89190

FI FVt-^p

CEDOI.IX

4

6

89190

GUERNSEY

4

1 .Company codes: UGG:1,C-arg:2, pion:3, SWp:4 pat:7

255

4

2410

FIAZENMORE

5

7

AVGTTIPN

2L00

POLWARTH

4

8

L820

4

2

2180

4

8

3280

2.8

4

8

1.4

2470

4

8

0.8

2330

J

7

7.7

1540

10

2

.JJJ

1.5

0.500

2050

7

0.6

4010

0.667

7

91.8

0.667

1180

1.8

98.7

6

3.5

2020

0.667

99.8

5.0

0.500

1400

98.8

2.6

2248

0.500

88.0

5.5

0.400

99.3

2-7

0.500

88.6

5.0

0.500

95.5

0.833

.'

67.8

0.500

26

0.333

.1

96.1

0.461

95.7

86.3



respectively, were large relative to the average capacity, 2195 tonnes, ofthe elevato¡s

closed in the study sample. Discussions with pioneer and swp indicated rhat the

elevators were closed because the primary house at each of these delivery points was

small, the facilities were old and the turnover low. At these two points, the positive

co¡relation presumed to exist between elevator capacity, and age and techaological

obsolescence did not exist. The large capacities at these points was due to the

presence of many old annexes.

The ex post fo¡ecasts indicating the probability of closure at Saskatchewan

elevators closed between 1990191. and 1994195 are presented in Table g,7. Based on

the probabilities estimated, the model predicted elevator closu¡e at only 7 of the 1.3

ex post delivery points. Elevator closures would not have been predicted at saltcoats,

Tugaske, sylvania, shackleton, Sovereign and Findlater. saltcoats, Tugaske and

sylvania were not predicted to close due to ¡elatively high turnover rates. on the

other hand, Shackleton, sovereign and Findlater were not projected to close due to

relatively large elevator capacity.

The grain companies who owned these facilities were contacted to determine

why the facilities we¡e closed. pioneer indicated that sylvania was closed because the

facility was old and delivery volumes did not warrant new construction given they had

an alternative elevato¡ in crooked River. Sovereign was also closed because the

facility was old and volumes we¡e low. pioneer indicated that the market tended to

be pulling to Rosetown and that the company had alternative viable elevators at

Milden and Rosetown, both adjacent to sovereign. swp indicated that the Tugaske

256



Table 8.7 Ex post Forecasts of Saskatchewan Elevato

Year

91,/92

92/93

94/95

93/94

SALTCOATS

Station

94/9s

TUGASKE

94195

SYLVANIA

91,192

SI{ACKLETON

93194

SOVEREIGN

9U93

Comp

FINDT-{TER

92193

BURR

94/95

PHIPPEN

2

rs Closed Between L990l9L and. 1994/95.

90191

RQT

MOSELY

4

9419s

CARMEL

J

GRAYSON

9

ELEVCAP

I

1 .Company codes: UGG:I, Carg:2, Pion:3, SWp:4 pat:7

257

9

ruFNELLL

3

LIPSETT

7

7

2520

Average

8

4

AAVGTTIRN

3440

I

1

2130

10

4

3420

7

4

3750

7

7.0

I

REPRATIO

3110

5.8

6

4

2780

5.6

7

4

2r50

8

3.4

0.100

2250

I

2.0

0.500

Prob

1900

2

L.3

0.100

7.4

1600

4.6

0.500

3.7

1810

3.4

0.375

5.0

L700

0.000

27.6

2505

5.t

0.667

33.2

2.6

0.1,67

34.4

3.0

0.333

43.5

2.8

0.429

58.3

3.8

0.1,67

74.7

0.625

78.3

0.400

89.4

0.340

93.8

96.8

98.3



elevator was closed because the facility was old and they were consolidating their

elevators in the area. The primary house was smalr, the platform and scales too

small and the head room too sho¡t fo¡ larger trucks to dump their load, Despite the

volume handled, the expense of a new pit and drive shed was also not war¡anted

given alternative elevators in Girvin and Eyebrow. pate¡son closed their facility in

Findlater although they had no alternative elevator in the a¡ea due to lack ofbusiness

and the cost of operation. The primary house was also very small and old. T$o

large annexes cont¡ibuted to the capacity at Findlater therefore the association

between elevator capacity and technological obsolescence was low. uGG closed their

facility in shackleton because the facility was obsolete and they had an alternative

elevator in cab¡i. cargill similarly closed their facility in saltcoats as the facility was

old and they had an alternative elevator in yorkton.

The mean value of each explanatory variable within each subsample and the

ex post delivery points a¡e listed berow. A comparison of the mean ex post

explanatory variable values and the mean values of the study sample elevator which

closed, n1, indicate that ¡oad quality access, elevator capacity and annual turnover

RQI ELEVCAP AVGTURN REPRATTO

Ex Post
Means

Subsample n1
Means

Subsample n2
Means

.343.87.4

5.5

2505

21"95

36977.8

258

4.9 .39



were greater for the ex posÍ elevators, 'lhe ex post REPRATIo value of ,34, a

measure of the degree of company representation in a market area, was even lower

than the mean value of those elevators which continue to operate, .39 in subsample

n2' The combined result is a lower predicted probability of elevator closure,

It is possible that elevator rationalization has resulted in structural change, and

that the estimated coefficients based on 1980s data are no longer accurate for the

1990s. The saskatchewan elevators closed in the eighties were smaller, had poorer

road access and lower annual turnover. The ¡ationalization of these elevators was

a cleansing process, clearing the "deadwood", In comparison, the elevators closed

thus far in the 1990s have been larger, had better road access and higher turnovers

due to fewer elevators and increased deliveries. Rationalization of these elevato¡s

may be conside¡ed more of a streamlining process.

Aside from the structural changes that have possibly occurred, Saskatchewan

wheat Pool's dominant position in saskatchewan imposed another limitation on the

estimated logit model. Due to the fact that 65 percent of the sample observations

we¡e of swP elevator closures,8 the model predictions were more indicative of a

swP ¡ationalization process than that of saskatchewan grain elevator companies in

total. This is reflected in the significance of the explanatory variable REPRATIO.

The explanatory variable REPRATIO, a measure of a company's representation in

the ma¡ket fringe, was significant due to the large proportion of SWp observations

sAWP comprised 43 percent of the observations in the Alberta elevato¡
closure data.



in the sample, and their extensive primary elevator network which gave rise to higher

representation ratiose. The average representation ratio for the swp elevators was

.49 compared to .20 for the other companies. Five of the 6 elevators which the model

predicted would not close belonged to companies other than swp. As a result of

lower representation ratios, the model generated lower probab ities of closure.

Ex ante forecasts predicting the probability of closure at 25 elevato¡s currently

operating in saskatchewan are listed in Table g.g. These particular elevators were

chosen because they had lower capacities, therefore were probabry older, and would

likely be assessed in the near future conce¡ning possible alternative investment

opportunities or elevator closure. The model predicted that 9 of the 25 elevators

listed would likely be closed.

The turnove¡ ratio of these 25 elevators averaged 5.7 which is higher than that

of the elevators operating in the 1980s of 4.9. The increase in the average turnover

rate and the increase in the other mean values of the ex post and ex ante sample

elevators suggest that the model coefficients estimated may no longer be appropriate

if structural change has occurred throughout the primary elevator netwo¡k.

To determine if structural change has occuned, the 13 ex post and 25 ex ante

points relating to the 1990s, were added to the 126 study sample observations. The

new logit model to be estimated incorporated the same four explanatory variables

eln 1980/81, SWp was located at 614 0¡ g0 percent of the total 6g3 deliverypoints Despite elevato¡ clolyes, they continued to be represented at g7 percent oi
the.472-points existing in r99419s. Þioneer, the second largest grain 

"ó,opuny 
in

Saskatchewan, was located at 27 percenf of the points in lgg4lgl:
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Table 8.8

Year

94t95

Ex ante Forecasts of Probability

94195

94/9s

FORT
QU'APPELLE

94195

Station

FLEMING

9419s

CODETTE

9419s

FORT
QU'APPELLE

9419s

94/95

Comp

of Saskatchewan Elevators Closing.

BRADWELL

94/95

VALPARAISO

94195

2

FIARPTREE

94195

RQI

GRAND COULEE

9419s

I

AMERSTERDAM

15

9419s

ELEVCAP

1

ARCO["A

4

FROBISFIER

8

INCHKEITH

2780

8

4

AVGTURN

SHEHO

15

2

2740

1

3600

.'

1900

B

8.4

4

REPRATIO

2

4

2800

8.0

6

1

2960

6.3

6

0.111

1

3110

8.4

8

4

2540

0.000

8

Prob

8.0

2L50

0.L67

6

4.5

1910

0.556

9

0.3

5.8

1960

5.0

o.444

261

2990

0.9

8.5

0.000

2250

1.0

7.2

0.167

6.4

6.4

0.000

6.9

3.4

0.800

6.5

9.5

0.429

9.9

0.250

18.6

0.r43

25.7

0.714

23.0

28.7

34.5

41.5



Year

94/95

94/95

94t95

94/9s

PLUNKETT

94195

Station

RAMA

94/95

NORQUAY

94/95

OSLER

94/95

DUNBI-ANE

94/95

Comp

AISASK

94195

DRINKWATER

94/95

ZELMA

94/95

1

RQI

LOVE

4

KEELER

4

1 .Company codes: UGG:I, Carg=2, Pion:3, Srüp:4, pat=7

10

ELEVCAP

HUBBARD

J

I

TFIACKERAY

J

10

AVERAGE

4

1820

7

AVGTURN

J

2020

1

4

2570

9

1

2380

6

4.6

4

2600

REPRATIO

5

4

8.1

1740

7

4

4.3

2270

8

4.0

0.000

2700

8

3.8

2200

1.000

2

Prob

5.7

7.3

2280

0.500

4.0

0.L67

2070

43.5

6.0

0.000

2120

47.5

3.7

2394

0.333

3.4

49.2

0.167

51

4.4

0.556

.6

54.8

5.0

0.200

262

55.1

5.7

0.333

62.t

0.500

62.5

0.500

69.4

0.321

76.0

78.7

83.3



RQI' ELEVCAP, AVGruRN and REPRATIO used in the original saskatchewan

closure model, and five dummy variables, one for the intercept and one for each of

the explanatory variables. The dummy variables assume values of either 0 or 1 and

are multiplied by the appropriate quantitative explanatory variable. In this model,

the dummy variables is assigned a value of 0 if the elevator observation pertains to

the 1980s and a value of 1 if the observation occurs in the 1990s. If the dummy

variables are statistically significant, then structural change has occur¡ed. The

following reestimated model was derjved.

Z = 9.0408 - .16098 ReI - .002193 ELEVCAP _ .s3413 AAVGTURN +
3.1849 REPRATTO - 8.1055 D\C + .29423 D2RQI _ .0024947 D3ELEVCAP _

.046986 D4AAVGTURN _ .92646 D5REPRATIO

The coefficients, standard error and the t-statistic for each variable are shown

in Table 8'9. The dummy variables coefficients DReI and DELEVCAp were

significant at a significance level of.10 and .005, respectively, indicating there had

been st¡uctural change in terms of the effect of these variables on the decision to

close' The coefficienrs of the dummy va¡iables AAVGTURN and DREpRATIO

were not significant indicating there had been no st¡uctural change in tenns of the

effect of these two variables.

The coefficients of the intercept and the first four va¡iables a¡e the same as

in the original saskatchewan model. For those elevators closed in the eighties, the

original saskatchewan model is the appropriate estimating model as the dummy

variables assume a value of 0, therefore, the net change arising from the dummy
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Table 8.9 Reestimated Saskatchewan Closure Model, Dummy Variables
0=1980s Data, 1= 1990s Data.

Parameter Estimate Standard
Er¡or

T- Statistic

c 9.0408 1.7946 5.0379

RQI -.16098 .095243 -1.6902

ELEVCAP -.002L193 .0004345 -4.8773

AAVGTURN -.83413 .19719 -4.2307

REPRATIO 3.1849 L.2951 2.4592

DC -8.1055 2.9787 -2.7211

DRQI .28426 .20075 1.4158

DELEVCAP .0024947 .0008956 2.785s

DAAVGTIIRN -.046986 .37084 -.72670

DREPRATIO -.92646 2.3473 -.39470

variables is 0. For those elevators examined in the 1990s, the dummy variables

assume a value of 1, therefore, the originar four explanatory variabres and all five

dummy variables are included in the logit model estimating the probability of closure

at these elevators. As the explanatory variables and their corresponding dummy

variable coefficients are additive, the following reestimated logit model predicting the

probability of elevator closure in the 1990s was derived.

z = .9353 + .1233 RQI -,0004 ELEVCAP _.8811AAVGTURN + 2.2584

REPRATIO

The predicted probabilities of closu¡e for the L3 ex post and 25 ex ante

elevator points were calculated using the reestimated logit model and are presented

in Table 8.10, The reestimated saskatchewan model was superior to the original
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Table 8.10 Ex post and Ex ante Forecasts of the Probability of Elevator Closure at Saskatchewan
Points, Based on Reestimated I_ogit Model.

Ex Post

91,/92

92/93

94/95

93/94

SALTCOATS

Station

94195

ruGASKE

94/95

SYLVANIA

9L/92

STIACKLETON

93194

SOVEREIGN

Comp

92/93

FINDi-ATER

92/93

BURR

9419s

2

PHIPPEN

RQI

90191

4

MOSELY

94195

J

ELEVCAP

CARMEL

9

1

GRAYSON

9

-1

TUFNELL

7

2520

'7

8

LIPSETT

AVGruRN

3440

4

8

2130

10

1

3420

4

7

7.O

3750

4

REPRATIO

7

5.8

3110

I

6
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closuro model as 10 of the 73 ex post delivery points, 27 percent, were predicted to

close, up 3 or 23 percent from the original model. The number or ex ante elevato¡s

predicted to close, however, fell f¡om 9 to 3. Based on the ex ante elevato¡s average

elevator capacity and turnover ralo or 2,400 and 5.7, respectivel¡ an average volume

of 13,600 tonnes would be handled. This volume is consistent with the information

determined in the sensitivity analyses that elevators less than 2,g00 tonnes required

a minimum volume between 11,000 and 13,000 tonnes if they were to remain open.

It is possible that as the older smalle¡ elevators have been rationalized through the

1970s and 1980s, the presumption concerning the correlation between elevator age

and technological obsolescence with elevator capacity is weakened. Therefore, the

smaller remaining elevators operating in the 1990s, may not be so old they would be

closed given the average turnover rates at the points.

In the reestimated saskatchewan closure model, the ELEVCAP coefficient is

very small resulting in a very small change in the z value due to elevator capacity.

The sign of the RQI coefficient has changed and the magnitude of the coefficient is

smaller' As these were the two va¡iables which had undergone significant structural

change, anothe¡ logit moder was estimated for the explanatory variables

AAVGTURN and REPRATIO using the 13 ex post and zs ex ante erevator

observations. The following revised saskatchewan closure model was estimated

resulting in 87 percent coûect predictions.

Z= 2.5614 - .850s4 AAVGTURN + 2.256r REPRATIO

The coefficients, which are very similar to the saskatchewan reestimated closure
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model predicting the probability of elevator closu¡e in the 1990s, were significant at

a .10 and .005 significance level. The outcomes and the probability of closure, at

each of the 73 ex post and 25 ex ante elevators, are presented in Table g.11, This

revised saskatchewan closure model mirro¡ed the results of the reestimated

Saskatchewan model,

In summary, the original Saskatchewan logit model adequately predicted the

probability of elevator closure in the 19g0s. However, through the ¡ationalization

process' the prairie primary elevator system has undergone structural changes and the

model does not adequately fo¡ecast the probability of closure in the 1990s. The

reestimated Saskatchewan logit closure model verifies that structural change has

indeed occurred and its ability to forecast the probability of elevator closure in the

1990s is superior to the original model. considering the cost and the time associated

with data collection, the revised saskatchewan model, excluding the variables ReI

and ELEVCAP is preferred to the reestimated saskatchewan model. It generates

the same ¡esults but is easier to use due to fewer data requirements.

269



Table 8.11 .t
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8.5 Summary

Open Losit Models

Although few observations were available to verìff the Manitoba open logit

model, a comparison of the probabilities of construction between 1.) companies at a

point' and 2) neighbouring points at which a company is located, are consistent with

expectations. This suggests the model could be used to forecast the probability of

elevator construction in Manitoba in the 1990s. However, there is some evidence of

structural change which may result in predictions that overestimate the probability of

construction

Few ex post observations we¡e available to veriff if the saskatchewan open

logit model was suitable to forecast the probability of elevator construction in the

1990s. However, mean ex ante 1) RQI and posr variable values, were comparable

and 2) the FTOvERA value greater, than the mean variable values at delivery points

elevators were constructed in the 1980s. The higher turnover value associated with

the ex ante obsewations explains why elevato¡ construction was predicted to occur at

all the points. Anaþis of the ex ante observations indicate that care must be used

when forecasting with the saskatchewan open logit model. when either 1) posr

and 2) RQI' F-rovERA and PTCAP variables as a group, assume opposite extreme

high and low values, the probability of construction can be overestimated.

consequently, knowledge of the contrjbution of the va¡iables to the probability of

construction is required to veriff the likelihood of the probabilities attained.

A comparíson of mean ex ante variabre values and the mean values of



elevators constructed in Saskatchewan and Manitoba in the 19g0s indicates the¡e is

evidence of structural change in the relationship between the explanatory variables

and the probabilities of construction. Too few observations between 199019L and

1994195 prohibit reestimation of either the Manitoba or Saskatchewan model. If
structural change has indeed occurred, the present models would tend to

overestimate the probability of construction.

Closure l¡git Models

The Albe¡ta closure moder appears to have a high degree of prediction

accuracy. As there is no evidence of structural change between the explanatory

variables and the probability of closu¡e estimated, the model is suitable to fo¡ecast

the probability of elevator closure in Alberta in the 1990s.

In saskatchewan there is evidence of structural change in te¡ms of the effect

of RQI and ELEVCAP on the decision to close an elevator. using only the variables

AAVGTURN and REPRATIO, a revised saskatchewan logit model was esrimated

from 1990/91 to 1994195 data. The revised model generated a slightly higher percent

coûect predictions and was easier to use as less data was required. For forecasting

purposes, the revised logit model is preferable to the original saskatchewan logit

model.
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CFIAPTER 9. STUDY SUMMARY AND CONCLUSIONS

The purpose of this research is to identiô/ the market, point and elevator

characteristics that g¡ain elevator companies conside¡ in thei¡ decisions to close or

to build elevato¡s at derivery points. To accomplish this goal, severar objectives were

outlined: 1) to analyze grain elevator closure and constn¡ction statistics to ascertain

if closure or investment patte¡ns could be observed, 2) to deverop models that would

predict the probability ofelevator closu¡es based on elevator and point cha¡acteristics

which grain companies wourd conside¡ when deciding to close an erevator, 3) to

develop models that would predict the probability of elevator construction based on

market and delivery point characteristics which grain companies would consider in

their decision to build an elevato¡, 4) using the models developed, forecast the

probability of elevator closure and construction at selected derivery points and 5) to

determine if rhiessen poþgons are an appropriate means of identising the spatial

market. This chapter summarizes the study and its results, reports the concrusions,

and discusses need fo¡ further resea¡ch,

9.1 Summary

9.1.1. Sudy Approach Summary

The major grain elevator companies in Arberta, saskatchewan and Manitoba

were contacted to obtain lists of the elevators they had crosed and constructed

between 1980/81 and 1989/90. Through discussions with grain companies and from

various indirectly related studies, point and market characteristics and alternative

marketing strategies which grain companies may consider in thei¡ investment and

275



rationalization decisions were asce ained,

separate models we¡e identified for those elevators which closed and those

which were constructed as the decisions to close and const¡uct an elevator are

separate decisions and not alternatives. Multiple regression analysis was used to

develop four logit models, a Manitoba open model and a saskatchewan open model,

a saskatchewan closure model and an Alberta closu¡e model. As the relationship

between the explanatory variables in the logit models and the probability of elevator

closure or construction ís nonlinear, sensitivity analyses were conducted to assess the

impact of changes in explanatory variable values on the predicted probabilities,

The open and closure logit models \ryere then evaluated comparing the

predictions based on 1980/81 to 19g9/90 out-of-sample and 1990/91. to 1994195 ex post

observations against known outcomes, Ex ante forecasts were also conducted of

selected delivery points for which there was no a priori info¡mation concerning grain

company plans at these delivery points. Based on the forecasts, each model was

assessed regarding its ability to forecast elevator construction or closure in the 1990s.

9.1.2, Resulß Summary

9.1.2.1. Manitoba and Saskatchewan Open Models

Summary Statistics

several patterns were identified from the summary statistics concerning

delivery points and type of elevato¡s that were constructed. First, elevator companies

tend to build replacement elevators, elevators built at a point at which the company

is already located, as opposed to expansion eievators, these being elevators
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constructed at a point where a company has no experience. Two thirds of the

elevators constructed in Manitoba and 92 percent of those elevato¡s constructed in

Saskatchewan in the 1980s were replacement elevators.

Second, replacement elevato¡s tended to be larger than expansion elevators.

Deliveries and patronage expectations are more certain and less risþ in existing

markets than new markets, therefore it is logical that the replacement elevators

constructed are larger than the expansion elevators. Elevato¡s constructed in

Manitoba we¡e also on average 20 percent larger than those in saskatchewan. Not

only did SWP tend to build smalle¡ erevators on average than MpE, but uGG,

Pioneer and cargill also built smaller elevators in saskatchewan than in Manitoba.

Third, in saskatchewan elevator companies tend to build elevato¡s at

multicompany points. In saskatchewan, pioneer led the ¡anks building all 11 of their

new elevators at multicompany points, folrowed by UGG building 9 out of 10, cargill

5 out of 6 and SWP 75 out of 22.

In Manitoba, 58 percent of the erevators constructed were at multicompany

points as compared to the 84 percent in saskatchewan. Two investment strategies

became apparent in Manitoba, crustering and spatial monopoly. cargin built

exclusively at competing points which is indicative of clustering. uGG built 5 of their

7 elevato¡s at multicompany points. Manitoba pool investment strategy was indicative

of a spatial monopolist as they built 10 of their 17 elevators at single points where

there we¡e no competitors. However, one reason MpE bu t new elevators at single

points was they did not have to compete for carspots. A large track of land is
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necessary to lay the lengths of track necessary fo¡ multicar shipments.

Fourth, over one half of the single company points at which elevators we¡e

constructed in Manitoba were newly created points. specificallS the statistics

indicated that Maniroba Pool created 5 of the g newly created delivery points and all

their expansion elevators were located at these new points. Manitoba pool's strategy

of building expansion elevators only at new points rather than at existing delivery

points maybe indicative of 1) a reluctance to compete with other elevator companies

at the same point and 2) an attempt to preempt other companies locating there,

conversely, cargill built all three of their expansion elevators in Manitoba at

multicompany points.

Fifth' cargill tends to build their elevators in Manitoba on rail mainlines. on

the other hand, Pioneer built 10 of their 11 their elevators in Saskatchewan on

branch lines. The other grain elevator companies do not appear to differentiate

between mainlines and branch lines in either province.

The Models and the Impact of Explanatory Variable Values

Manitoba Open Model

The explanatory variables in the rogit model predicting the probability of

elevator construction in Manitoba were road quality index, ReI; expected volume per

company, VOLCO3; fringe elevator capacity, CF; company market coverage, COV;

and the presence of a competitive elevator either at the sample or adjacent delivery

points, PRES. The probability of elevator construction increased as road quality

access and expected volume per company inc¡eased. conversel¡ the probability of
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constn¡ction declined when fringe elevator capacity and coverage values increased.

If a new competitive elevator had been built the probability of construction increased,

The cov and PRES explanatory variabres reflect Manitoba grain companies'

investment strategies, In Manitoba, establishing a market presence in terms of

location and size of elevator was prevalent, a 'keep up with the Jones' behaviour.

Ma¡ket coverage also seemed to be a goal of Manitoba companies, whereby firms

replaced existing elevators or expanded into new market areas.

The variable RQI is a measure of a point characteristic whereas the variables

volco3' cov and PRES were rinear market measures as they pertained to the

sample point and adjacent rail points. The only spatial market measurement

pertained to fringe elevator capacity, cF. If fringe market capacity is a reasonabie

measure of the perceived competition in a market area, it makes sense that an

elevator company would take this factor into account in their decision to build an

elevator as farmers are not ¡est¡icted as to where they can deliver their grain.

sensitMty analyses were performed to determine what impact the level of each

variable value had on the probability of elevator construction in Manitoba, The

following results were determined.

' The scenario results repeatedly indicate that the presence of a new competitive

elevator at either the delivery point in question or at adjacent points are often pivotal

to the decision to construct. This suggests that maintaining company image, through

a 'keeping up with the Jones'is an important factor in the decision where to locate

an elevator,
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' At points with lo\¡i to moderate point characteristic values, the quality of road

access is an important decision va¡iable which can affect the decision to build. At

more desirable points, road quality access is a decision variable if there is no new

competitive elevator at either the point in question or at adjacent points. conversely,

if a new competitive elevator exists, road quality access is not a decision variable as

the decision to construct an elevator had already been made on the basis of the

values of the other variables. Thus a higher road quality index only validates the

decision to build.

. At points with less desi¡able characteristics, expectations ofhigher elevator volumes

were required to induce companies to construct an elevator as market risks may be

considered greater and market coverage already sufficient. Assuming there was no

new competitive elevator present, elevator volumes between 18,000 and 21,000 tonnes

were required at moderately desirable points before an elevator would be

constructed. If a new competitive elevator was present, the probability of

construction surpassed the 50 percent mark at 12,000 tonnes, approximately 6,000 to

9,000 tonnes lower than if the competitive elevator had not been present. These

results emphasize the importance of the presence of a new competitive elevator.

' The negative relationship between market fringe elevato¡ capacity and the

probability of construction suggests that in Manitoba, grain elevator companies

consider increased elevator capacity to be s¡'nonymous with increased competition,

Inc¡eased elevator capacity in an area signifies larger elevators and more competitors.



It may also be associated with overcapacity, In the absence of a new competitive

elevator, the probability of construction fell below 50 percent at a poor to moderately

desirable point when fringe capacity inc¡eased to between 20,000 and 30,000 tonnes,

At more desirable points, the model predicted construction would proceed until

fringe capacity ¡eached 30,000 to 40,000 tonnes.

' \ hen a new competitive elevator was present, greater fringe elevator capacities

were tolerated. At less desirable points, the ftinge capacity could increase to between

30,000 and 40,000 tonnes before the probability of construction fell below 50 percent.

similarl¡ at moderate to mo¡e desirable points, construction would proceed as long

as fringe capacities encircling the point did not exceed 40,000 to 50,000 and 50,000

to 60,000 tonnes, respectively.

' If a new competitive elevator is not present, at points with less desirable

characteristic values, companies are not likely to build an elevato¡ to replace their

own old existing elevators. Nor a¡e they likely to build an elevator at such a point

even if they do not have an alternative elevator at adjacent points. on the other

hand, the model predicts that at more desi¡able points, a company may constn¡ct an

elevator even if they have a facility only 12 to 16 years old at an adjacent point.

' It appears that when there is the influence of a new competitive elevator, the

presence of an existing viable own company elevator is largely ir¡elevant to the

decision to construct an elevator in Manitoba, particularly at points having desirable

characteristics.
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' The model predicted that an elevator would be constructed at 5 of the 6 out-of-

sample and e*post Manitoba delivery points at which elevators we¡e built. Although

few observations we¡e available to veriS the Manitoba open model, an evaluation of

lhe ex ante forecasts of various delivery points and the mean variable values of these

points indicate that the model could be used to forecast Manitoba elevator

construction. However, caution is advised as the¡e is some evidence of structural

change which may result in predictions that overestimate the probability of

construction in the 1990s.

Saskatchewan Open Model

The explanatory variabres in rhe logit model predicting the probability of

elevator construction in Saskatchewan were road quality index, ReI; point capacity,

PTCAP; market fringe capacity turnover a measure of market area performance,

FTOVERA; and the age of the newest alternative company elevator at either the

sample point or adjacent points, posr. The variable posr was intended as a

measure of market maintenance behaviour. In all cases, the probability of elevator

construction increased as the value of each explanatory va ables inc¡eased.

The following results were obtained f¡om the sensitivity analyses conducted.

' The impact of road quality access on the decision to construct an elevator in

saskatchewan was similar to the Manitoba results. overall, road quality access was

predicted to have a greater impact on the probability of construction at delivery

points with less desirable characteristic values. At more desirable points, road quality

access is not a decision variable as the decision to construct an elevator is based on
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the values of the other variables.

. The Manitoba RQI coefficient of .22960 is smaller than that of the saskatchewan

RQI coefficient of .34827. This indicates that road quality access has a greater

impact on the decision to construct an elevator in saskatchewan than in Manitoba,

' The probability of elevator construction at a point in saskatchewan inc¡eases if
there are many competito¡s located at the point. This is illustrated by the positive

relationship between the numbe¡ of competitors and point capacity, and the

subsequent positive relationship between point capacity and the probability of

construction. centres where all or most of the major competitors are located may

be viewed by the producer as a desirable feature. If large multicompany points are

able to attract producers who might otherwise deliver to smaller centres, there may

be more incentive to locate at such points.

' Assuming a point capacity of 3,000 tonnes is indicative of a single company delivery

point, grain companies would build at a single company point if the other variable

values were satisfactory.

' At less desirable delivery points, construction would proceed at points with fringe

capacities between 9 to lL thousand tonnes, if the point were perceived as being

competitive.

' Fringe turnover was less significant than the ReI or posr variable values in

determining the locations at which construction wjll occur.
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' At moderate to more desi¡able points, the probability of construction exceeded 50

percent at a turnover of 3.0. Increasing the turnover rate, only validated the

prediction of probable elevator construction. However, at less desirable points a

turnover rate of 4.5 to 5.0 was required before the probability ofconstruction reached

50 percent.

. It was hypothesized that if a company wished to maintain market representation

in an area, the probability of construction inc¡eased as the age of the newest own

viable elevator at either the sample or adjacent points increased. The model

indicated that at less desirable points, elevator companies were reluctant to construct

an elevator if they had a viable elevator less than 40 years of age. However, as point

characteristics improved, the age of the newest alte¡native elevator became less

significant to the decision to construct an elevator.

' The Posr variable identifies the market area a company may wish to build an

elevator if they are to maintain market representation in the long run, on the other

hand, the va¡iables RQI, PTCAP and FTovERA identify desirable point locarions.

When 1) the POST and 2) ReI, pTCAp and FTOVERA variables as a group,

assume opposite extreme high or low values, the probability of construction in the

1980s can be overestimated. Knowledge of the point and the individual contribution

of each variable value to the probabilities attained is a necessary check.

. Too few elevators were constructed between 1gg0/gl and 1.994195 to verify the

potential of the saskatchewan open model to forecast elevator construction in the
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1990s' A comparison of mean ex ante variable values and the mean values of

elevators constructed in Saskatchewan in the 1990s also indicates there is evidence

of structural change. If structural change has occurred the present model would tend

to overestimate the probability of construction.

9.1.2.2. Alberta and Saskatchewan Closure Models

Summary Statistics

The summary statistics indicate that a greater proportion of elevators were

closed at single company elevator points than at multicompany points. In both

provinces, 63 percent of the elevators closed were located at single company points.

The two Pools closed proportionally more single company points; g0 and 92 percent

of the elevators closed by swp and AWp respectively, were located at single

company points. on the other hand, 8 of the 9 saskatchewan sample elevators

closed by cargill and 12 of the 15 elevaro¡s closed by uGG in Saskatchewan and

Alberta were located at multicompany points. This is because both cargill and uGG

tend to be located at multicompany points, therefore in consolidating thefu primary

elevator networks, the elevators closed we¡e primarily at multicompany points.

Just as smaller elevators were constructed in saskatchewan, the elevators

closed in saskatchewan were also smaller than in Aìberta, The elevators swp closed

were approximately 600 tonnes lower in capacity than those AWp closed. Elevators

closed by Pioneer and cargill in saskatchewan were 650 and 1100 tonnes smaller

than their counterparts in Alberta. Although there were few uGG elevators closed

in saskatchewan, the UGG elevators closed in Albe¡ta were approximately the same
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capacity as those closed in Saskatchewan.

îhe Models and the Impact of Explanatory Variable Values

Alberta Closure Model

The explanatory variabres in the logit moder predicting the probability of

elevator closure in Alberta we¡e ¡oad quality access, ReI; elevator capacity,

ELEVCAP; and company vorume, coMpvol-A" A negative relationship existed

between each of these variables and the probability of closure. As the values of the

explanatory variables increased the probability of elevato¡ closure at a point declined,

The following results were obtained from the sensitivity analyses.

' Road quality access plays a significant role in the decision to close an elevato¡

when performance indicators such as elevator capacity and company volume levels

are near industry averages. However, when these performance indicators fall below

or rise above industry averages, road access is no longer a decision variable, the

decision being based on the level of the performance indicato¡s.

' Elevator capacity has a greater impact on the probability of elevator closure at

points \ here companies receive less than 13,000 tonnes than does average turnover

or the volume. For example, a 2300 tonne elevator receiving g,000 tonnes, equivalent

to an annual turnover of 3.5, had a 99 percent probability of closure. Holding the

volume fixed at 8,000 tonnes, a 5800 tonne elevator with a turnove¡ of 1,4 had a 16

percent probability of closure. Despite the lower turnover rates, it appears that

management is more inclined to maintain larger elevator facilities hoping that
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deliveries will improve with continued rationalization,

' Volume has a significant impact on the probability of elevator closure in Alberta

at elevators with less than 3700 tonnes capacity.

. It is improbable that grain companies in Alberta would close a 3700 tonne elevato¡

receiving a volume in excess of 13,000 tonnes.

' of the independent variables in the Alberta closure model, elevator capacity has

the greatest effect on the decision to close, followed by company volume. Road

quality access while statistically significant has a small impact on the probability of

elevator closure.

' The out-of-sample and ex post predictions indicate the Alberta closure model has

a high degree of accuracy. Assessment of. the ex ante forecasts also supports the

model, indicating it is suitable for forecasting the probability of elevato¡ closure in

Alberta.

Saskatchewan Closure Model

The explanatory variabres in the logit model predicting the probability of

elevator construction in Saskatchewan were road quality index, ReI; elevator

capacity, ELEVCAP; average point turnover rate, AAVGTURN; and representation

ratio for a specific grain company in terms of the total numbe¡ of elevators on the

market fringe, REPRATIO. An inve¡se relationship existed between RQI,

ELEVCAP and AAVGTURN and the probabirity of construction. A positive



relationship existed between the representation ratio and the probability of

construction. This relationship is based on the assumption that grain producers, that

fall in the catchment a¡ea of an elevato¡ to be closed, will altematively go to elevators

of the same company in the su¡rounding the catchment area. The likelihood of

maintaining customers if an elevator closes increases as the representation ratio

increases, as access is facilitated. The following results were obtained from the

Saskatchewan sensitivity analyses,

. The Saskatchewan road quality access results are comparable to the Alberta model,

Road quality access is of secondary importance when performance indicators such as

elevator capacity and average tumover lie much above or below industry averages,

RQI only becomes pertinent to the decision to close for those elevators exhibiting

moderate elevator capacities and tu¡nover values around 2g00 and 4.4, respectively.

when the characteristic values are of these magnitudes, the decision to close is less

clear and RQI becomes more of a significant factor,

. The Alberta RQI coefficient of .26373 is larger than that of the saskatchewan ReI

coefficient of .16098. This indicates that road quality access has a greater impact on

the decision to close an elevato¡ in Alberta than in Saskatchewan.

. A comparison of the RQI coefficients in the Saskatchewan closure and open

models indicate that road quality access at a point has a larger impact on the decision

to construct an elevator than on the decision to close an elevator.
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' The model predicted that elevators with less than 2,000 tonnes storage capacity

would close regardless of the other point or elevator characteristic values.

. Elevators between 2000 and 2500 tonnes capacity may survive rationalization if they

have turnovers exceeding 4.9.

' A comparison of the Alberta and saskatchewan ELEVCAp sensitivity analyses

results indicate that Alberta grain companies tend to close larger elevato¡s than do

saskatchewan grain companies. At moderately desirable delivery points, the

probability of elevator closure in Albe¡ta fell below 50 percent at elevator capacities

between 3,000 and 3,700 tonnes as compared to 2500 and 3000 tonnes in

saskatchewan. At less desirable delivery points, the probability of elevato¡ closure

fell below fifty percent between 4,400 and 5,100 tonnes in Albe¡ta and between 3000

and 3500 tonnes in Saskatchewan.

' The Alberta ELEVCAP coefficient of .0017474 is smaller than rhat of the

Saskatchewan ELEVCAP coefficient of .0021193. This indicates that elevator

capacity has a greater impact on the decision to close an elevator in saskatchewan

than in Alberta. consequently, greater increases in elevator capacity are required to

reduce the probability of elevator closure in Alberta than is the case in saskatchewan.

' Based on the various average turnover and erevator capacities analyzed in the

scenarios, the volume of grain required to reduce the probability of closure below 50

percent was ascertained,
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ELEVCAP
3266
2902
2800
2375

AAVGTURN VOLUME
3.6 1,r,760
4.L 11,900
4.4 12,320
4.9 11,,340

If an elevator is to remain operationar, it appears a minimum volume of

approximately 12,000 tonnes is required.

' An elevator company may be more p¡one to maintain an elevator in a well

represented market area if the site has good road access. A site with poor road

access is more likely to lose business as the rationalization process continues, as it will

be less able to draw farmers from greater distances.

' At points rvith small capacity elevators o¡ low turnover rates, the representation

ratio is of little significance. similarly, the representation ratio is not important to

management's decision to close an elevato¡ at points with large elevators or high

turnovers.

' At points with moderate sized elevators of 2g00 tonnes and a turnover rcte of 4.1,,

a representation ratio between .37 and .47 is required before management would

consider closing an elevator.

' To summarize, elevator capacity was the single most important characteristic in

saskatchewan determining the probability of elevato¡ closure, Average turnover was

the second most important characteristic. Market representation and road quality

access were significant but their end effect is limited.

290



. The original saskatchewan closu¡e model estimated was suitable for predicting the

probability of elevâtor closu¡e in the 1980s. However, unlike the Alberta model, the

saskatchewan model did not forecast accurately the probability of elevator closure

in the 1990s. using both 1980s and 199019L to 1gg4lg5 data, the saskatchewan model

was reestimated using dummy variables to dete¡mine if structural changes had

occurred' The model indicated that structural changes had occur¡ed and that the

variables RQI and ELEVCAP were no longer significant in predicting elevator

closure in saskatchewan in the 1990s. A revised saskatchewan closure model

incorporating the variables AAVGTURN and REpRATIO was estimated using 1990s

observations. It generated the same results as the reestimated saskatchewan model

and was easier to use due to fewer data requirements.

9.2, Conclusions

Suitabjlity of Theissen Polygons

One of the objectives of the study r¡/as to determine if the Voloni tessellation

procedure used to derive Thiessen polygons was a suitable technique identiffing the

market areas elevato¡s served. It was presumed that the area within the polygon

identified the delivery point collection area and the polygon boundaries identified the

delivery points which would compete with the sample point for grain.

several application problems were encountered. Most of the problems related

to the application on the JdrisiÆhiessen poþon approach to the prairie primary

elevator system. The first problem arises because most computer programs are

generally limited to 90 typed characters ie. lower and upper case letters, numbers and
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other various characters. In Manitoba, Saskatchewan and Alberta there were up to

235,690 and 334 delivery points within each province, respectively, As a result, all

the polygons had several polygons with the same type character, making it difficult

to identify delivery points, Not infrequentl¡ two market areas that bordered each

other would have the same type character making it difficult to distinguish

boundaries. In saskatchewan, there were 7 to g polygons with the same q?e

character. This made the anaþis tedious and often confusing, particularly as the

poþgons within each province were revised each year in the 19g0s to record the

dynamic changes in delivery points. consequentry, the type cha¡acter a particular

market was assigned in one year, was not the same in the next year due to

rationalization of the elevator system.

Thiessen poþons have been used in supermarket studies to identis market

areas and competitors effectively. However, in the studies researched none dealt with

more than 90 ma¡ket a¡eas. Therefore, it is not recommended that this approach be

used when there a¡e more than 90 market areas to analyze.

The second problem a¡ises because the tesse ation procedure does not

recognize geographical barriers such as lakes, hills, rivers and the road grid itself,

Therefore, some of the neighbouring delivery points may not be competitors due to

these physical ba¡riers. In the study, when these physical barriers were encountered

the neighbouring point was excluded from the analysis. This occurred frequentl¡

particulary in Manitoba, due to the numbe¡ of lakes and ¡ivers.

This problem is not likely to be as serious a problem in anaryses of city
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markets as geographical barriers can often be circumvented at little monetary or time

elpense. This, however, is not t¡ue of the prairie erevator system. circumventing

geographical barriers or travelling on indirect ¡outes is not only time consuming but

costly. Therefore, physical ba¡riers can not be lightly dismissed.

Given the limitations associated with the derivation of the polygons and that

the neighbouring points identified may not be competitors, the same outcome could

have been accomplished taking a logical approach as to what points are likely to be

ssmFetitive. This would save a great deal of time spent digitizing the points,

transcribing the computer coordinates to ASCI format, printing annual maps and

indexes cross referencing type characteristics to delivery points.

Elevator Construction and Closure

Based on the models and the results of the sensitivity analyses, the following

conclusions were drawn,

' Various participants in the grain handling and t¡ansportation industry have implied

that the decision where to locate an elevator is often , done by the seat of the pants'

or according to political pressures. similar comments have been made concerning

companies buckling to political pressures within their organization as to which

elevators to close. The significance of the variables in the models and the percent

correct predictions should allay these suspicions, as the models indicate that the

decision whe¡e to locate an elevator or which elevator to close is guided by evaluation

of distinct characteristics,,
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. Alberta and Saskatchewan grain companies primarily look at point and elevator

cha¡acteristics in their decision to close an elevator. None of the explanatory

variables were linear market measures. In consolidating their elevators in an area,

Saskatchewan grain companies, however, appear to consider company representation

throughout a market area.

. Manitoba grain companies primarily view the market an elevator serves from a

linear perspective. The variables PRES, VOLCO3 and COV were linea¡ market

measures. However, the results of the sensitivity analyses indicate changes in fringe

elevator capacity can have the largest effect on the probability of construction.

Therefore, it appears plant utilization from a spatial aspect is also an important

facto¡ in the decision where to locate an elevator.

. Saskatchewan grain companies in their decision making process of where to locate

an elevator consider all dimensional aspects, point, linear and spatial perspectives,

Road quality and point capacity are point characteristics, fringe tumover a spatial

market perspective and market maintenance behaviour related to age of a company's

own elevator a linear perspective.

. As the rationalization process continues and the distance between delivery points

increases, larger farm trucks will continue to be used for hauling grain. As a result

road quality access is important to the volume delive¡ed to a point. It is for this

reason that road quality access \ryas a significant explanatory variable in both the

Saskatchewan and Alberta closure models and in the Saskatchewan and Manitoba
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open logit models.

' Defining an 'area of indecision' about the 50 percent probability cutoff, does not

improve any of the models' forecasting ability.

' MPE 's investment strategy is indicative of a spatial monopolist as it shows a

tendency to build at points were there a¡e no other competitors.

' In Manitoba, cargill appears to be aggressive in facing competition by building

exclusively at multicompany points. However, cargill is also cautious as they also

tend to locate on main lines and build significantly smaller elevators at points where

they have no experience.

' In Manitoba, an investment strategy of 'keeping up with the Jones' seems to be

prevalent, It was observed that elevator companies in Manitoba are more likely to

construct an elevato¡ at a site or adjacent to a site that a competitive elevator has

been recently built. This 'keep up lvith the Jones' investment strategy was also

observed in the size of elevators built in Manitoba. Elevators constructed by MpE

were on average larger than those built by swp. cargill, pioneer and uGG also

built larger elevators in Manitoba than they did in Saskatchewan.

.The saskatchewan elevato¡ system is mo¡e extensive that in Manitoba, consequently

there are fewer opportunities and less need to create new delivery points.

' Because swP's primary elevato¡ network is so extensive and they comprise over
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60 percent of the sample observations, the predicted probability of closure generated

by the saskatchewan closure model is more indicative of the swp rationalization

process than it is of Saskatchewan grain companies as a whole.

' It appears that a minimum volume of approximately 12,000 tonnes is required if

an elevato¡ is to remain open in Saskatchewan.

' The potential for a more competitive envi¡onment is evolving in the prairie primary

elevator system. companies are choosing to locate at multicompany points. This is

evidenced by the proportion of elevators being built at multicompany points and the

proportion of single company points at which elevators are being closed. This

clustering of firms at a point will further enhance competition when the western

Grain Transportation Act is repealed effective August 1, 1995 and producers are

required to pay full transportation costs for export grains. As companies at a

multicompany point are competing for the same grain, producers may observe an

increase in discretionary grading and increased price competition to obtain the grain

volumes required to secure transportation incentives.

9.3 Model Application

while estimation of the construction and closure models appears complicated,

its application is straight forward. Spreadsheet programs such as euattro pro or

Lotus can be used. For each of the moders, the z varue can be calcurated by

entering the model coefficients and the addresses of the va¡iable values in one cell

of the spreadsheet, For example, to derive the probability of an Alberta elevator
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being closed, the Alberta closure model could be entered in cell D2 to obtatn a z
value,

+ 12.283 -(.2637 3* M) - (.0017 47 4*82) _(.30926* e)
where RQI, ELEVCAP and coMPVolAvalues are entered in cells A2, B}andc2,

respectively, The antilog of Z could then be calculated in cell E2, by inputting

" @E)G(D2) ". The value de¡ived is the numerator of the probability ratio. The

denominator, calculated in cell F2, is derived by adding a value of one to the antilog,

+82+1. The ratio of the nume¡ator and denominator could be calculated in G2,

+E,2ß2 which lelds the probability of the event occurring. Different Z values and

probabilities can be calculated for different variable values and scenario anaþis

undertaken.

9.4 Need for Further Research

In the next century, the 1990s may well be remembered as a decade of change

for the grain handling and transportation sector. The 1990s have brought and will

continue to bring many regulatory changes intended to create an environment for a

more efficient rail transportation system. Many of the changes, which have been

deregulatory in nature, have long run implications, The most prominent changes

include 1) the repeal of the western Grain Transportation Act, 2) changes to the

cwB pooling points which will affect grain freight costs particularly in Manitoba, 3)

the removal of the prohibition against branch Iine abandonment in western canada

effective January 1,, 1996 and 4) provision for greater competition in rail freight rates

for grain.
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These changes plus the removal of maximum tariffs on elevator services

proposed under Bill c51 will expedite the dynamic process of change already

underway in the prairie primary elevator system. Elevator, delivery point and market

characteristics will still be prominent variables affecting the decisions concerning

which elevators to close and where to locate a new elevator. However, the

relationships between these decision variables and the probability of the events

occurring will undoubtedly undergo change. Further research will be needed into the

extent of these changes and other facets that may enter the picture.
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APPENDIX A

The Distribution of Sample Observations be¡,veen y=0 and y=1

1' Dietrich, J' Kimball. "An Application of Logit Analysis to prediction of Merger
Targets". Journal of Business Research . yol ll, 79g4.-p.397.

2. Aldrich, John H. and Forrest, Nelson. Linear probabilitv. Loeit and probit Models,Series:Q}lantitativ.e.ApplicationsintheSo'iulS'i"ncè@
Hills, California, 1984.

Subsamole

Y:0
Y=1

Subsamnle

Y:0
Y=1

Numbers

37
30

Percent
Distribution

55
45

Percent
Numbers Distribution

2L 66
1,1, 34

3. Brouwler, Floor and Perter Nijkamp. " Linear Logit Models for categorical Data
in Spatial Mobility Analysis". Economic Geography Vol p.109.

Anaþsis of 2600 Dutch households.

Model Y=1 Y=0 Total N Percent
Y=0

z1 439 1498 1937 77

22 1054 779 1833 42

Z3 1370 901 2271 40

Z4 397 594 991 60

z5 1698 709 2407 29
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APPENDIX B1

Manitoba Model: Probabilitv of Elevator Construction

CHOICE
0
1,

PARAMETER
c1
RQIl
volco3l
CF1
cov
PRESl

FREQUENCY
34
36

PERCENT

19.1T1 (coEFF NoRMALTZED ro ZERO)
57.4286

LOG OF LIKELIHOOD FUNCTION = -35.7454
NUMBER OFCASES = 70

NUMBER OF CHOICES = 140
SUM OF SQUARED RESIDUAI-S = 11.4388

R-SQUARED = 0.346522
PERCENT CORRECT PREDICTIONS : 81,.4286

STANDARD
ESTIMATE
- 1.1788

0.22960
0.11848

- 0.75394F-01
-12.306

1.3465

ERROR
7.2837
0.91686E-01
0.522038-01
0.374348-01.
6.0559
0.64784

T-STATISTIC
-0.91829
2.5042
2.2696

-2.3984
-2.0320
2.0784
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APPENDIX B2

Saskatchewan Open l,ogit Model

CHOICE FREQUENCY PERCENT
0 20 32.7869 (COEFF NORMALIZED TO ZERO)1 41, 67.2131.

LOG OF LIKELIHOOD FUNCTION = -23.0583
NUMBEROFCASES = 61

NUMBER OF CHOICES = IZz
SllM OF SQUARED RESIDUAI-S = 7.51323

R-SQUARED = 0.441098
PERCENT CORREÛT PREDICTIONS : 81..9672

PARAMETER
c1
RQIl
PTCAPl
FTOVERAl
REPl

STANDARD
ESTIMATE
-9j020
0.34827
0.21744
0.72619
0.943398-01,

ERROR
2.8997
0.1,4998
0.1,1,494
0.39637
0.35095E-01

T-STATISTIC
-3.2769
2.3221
1.8917
1,.8321,

2.6881

307



APPENDTX B3

Manitoba Open Model: Saskatchewan-Manitoba Data Base

Choice FrequencyPercent
0 54 41..2214

77 s8.7786

LOG OF LIKELIHOOD FUNCTION = -69.2862
NUMBER OF CASES = 137

NUMBER OF CHOICES = 262
SUM OF SQUARED RESIDUAI-S = 22.4332

R-SQUARED = 0.294101,
PERCENT CORRECT PREDICTIONS = 74.0458

Parameter

c
RQI
CF
v0l-co3
cov
PRES

Parameter
c
RQI
PTCAP
F-TOVERA
POST

Estimate

-t.91,94

0.2s866
-0.013602
0.068736

-17.r74
0.73186

Estimate
-4.6075
0.31096

-0.020124
0.27432
0.049233

Standard
Error

0.93333
0.69193E-01
0.014016
0.0369361.
6.0284
0.47377

T-Statistic

-2.0565
3.7383

-0.97042
1.8610

-2.8487
1,.5469

T-Statistic
-3.99t4
3.8506

-0.63719
1.5556
3.4671,

Saskatchewan Open Model: Saskatchewan-Manitoba Data Base

Choice FrequenryPercent
0 54 41..2214
1, 77 58.7786

LOG OF LIKELIHOOD FUNCTION = -70.9498
NUMBER OF CASES = 73L

NUMBER OF CHOICES = 262
SUM OF SQUARED RESIDUAIS = 24.2079

R-SQUARED = 0.237349
PERCENT CORRECT PREDICTIONS = 73.2824

Standard
Er¡or

1.L544
0.080756
0.031582
0.17635
0.01,4200
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Appendix Cl. RQI Sensitivity Analysis, Manitoba Open

Frame RQI

Base

vol-co3

2

4

CF

6

L7.7

8

A1

L7.1

cov

10

17.t

34.2

12

77.1

Logit Model

34.2

ZL
VALUE

L7.1

34.2

2

0.06

77.r

34

Array
(0)

4

0.06

.2

z2
VALUE

?¿. ')

6

0.06

15.8

-2.010

34.2

8

0.06

1s.8

Array
(1)

-1.551

10

15.8

0.06

PROB 1

-7.092

34.2

t2

0.06

15.8

-0.664

-0.633

34.2

15.8

-0.205

Array
(0)

-0.774

34.2

0.06

15.8

PROB 2

0.254

34.2

0.286

0.06

0.118

0.7L4

34.2

Array
(Ð

0.06

0.L75

1,.173

-2.164

34.2

0.06

CH
PROB

0.251

-L.705

L.632

0.340

0.06

0.347

-1,.246

Array
(0)

0.449

0.06

0.457

-0.818

-0.787

CH
PROB

0.563

-0.359

0.571

-0.328

0.671

0.100

0.L32

Array
(1)

0.057

0.764

0.103

0.560

0.076

0.836

0.154

1.019

0.096

0.223

310

t.478

0.109

0.110

0.306

0.313

0-71,4

0.114

0.411

0.419

0.108

0.453

0.525

0.533

0.092

0.636

0.073

0.051,

0.735

0.497

0.070

0.814

0.089

0.105

0.106

0.1L4

0.1L4

0.111

0.098

0.080



A2 2

4

6

18.3

8

B1

18.3

10

18.3

34.2

t2

18.3

34.2

18.3

34

2

0.06

18.3

.2

34.2

4

0.06

34.2

6

0.06

t7

-1.868

34.2

.1

8

0.06

L7.t

B2

-L.409

10

0.06

17.1

-0.950

36.3

12

0.06

17.1

-0.522

-0.49L

36.3

17.1

-0.063

-0.031

36.3

2

0.06

I7.1

0.397

36.3

0.428

4

0.06

0.134

0.856

36-3

6

0.06

t7.1

0.196

-2.L69

7.31,5

36.3

0.06

17.I

0.279

1.774

-7.710

0.06

0.372

17.1

0.380

-1,.250

32.3

0.4u

0.06

0.492

-0.822

-0.791

3Z-5

0.430

0.598

-0.363

0.605

-0.332

32.3

0.702

0.06

0.096

0.127

0.063

0.06

0.788

0.103

0.555

0.508

0.083

0.855

0.06

0.153

1.015

-r.867

0.101

0.223

-1.408

t.474

O.LTz

0.1,L2

0.305

0.372

-0.949

0.71,4

0.113

0.410

-0.521

0.418

0.104

0.472

0.524

0.532

-0.061

0.087

3L1

0.635

0.398

0.067

0.051

0.734

0.134

0.483

0.069

0.814

0.197

0.089

0.279

0.105

0.106

0.373

0.114

0.714

0.485

0.111

0.429

0.598

0.099

0.080

0.063

0.508

0.083

O.LLz

O.TT4



8

c1

10

L2

\7.1

17.7

2

17.L

32-3

4

32.3

6

17-1

32.3

8

C2

0.06

17.1:

10

0.06

17.t

34-2

72

17.1

0.06

-0.490

34.2

17.1,

-0.030

34.2

2

17.1

0.07

34.2

0.429

4

0.07

0.857

34.2

6

0.07

L7.1

-2.733

1".316

34.2

8

0.07

L7.L

-7.674

1,.775

10

0.07

77.L

0.380

-1,-21,5

34.2

L2

0.o7

L7.1

0.492

-0.787

-0.756

34.2

L7.1

0.606

-0.328

-0.297

34.2

0.04

0.702

L7.t

0.131

34.2

0.163

0.04

0.789

0.106

0.591

34.2

0.04

0.855

0.158

-L.764

1.050

34.2

0.101

0.04

0.229

-1.305

1.509

0.L12

0.04

0.3L3

0.320

-0.846

0.L13

0.04

0.419

0.426

-0.418

-0.387

0.104

0.472

0.533

0.541

0.041

0.087

0.072

0.644

0.501

0.s32

0.067

0.052

0.741

0-1,46

0.960

0.482

0.07L

0.819

0.2L3

1,.479

0.091

0.300

1.878

0.106

3t2

0.107

0.397

0.405

0.LL4

0.L1,4

0.510

0.518

0.111

0.435

0.623

0.630

0.097

0.723

0.078

0.067

0.805

0.506

0.087

0.867

0.104

0.113

0.Lt4

O.LLZ

0.L12

0.100

0.484

0.082

0.062

0.470



D1 2

4

6

15.8

8

D2

15.8

10

15.8

36.3

T2

15.8

36.3

15

36.3

.8

)

0.07

15.8

36.3

4

0.07

36.3

6

0.07

18.3

-2.446

36.3

8

18.3

0.07

-1.987

10

0.07

18.3

-1527

32.3

t2

0.07

18.3

-1.099

-1.068

5¿.5

18.3

-0.640

-0.609

32.3

0.04

18.3

-0.181

-0.150

5Z-3

0.04

0.080

0.278

32.3

0.04

0.12L

-1,.479

0.737

32.3

0.04

0.L78

-I.020

1,.r97

0-250

0.04

0.256

-0.560

0.04

0.345

0-352

-0.r32

-0.101

0.455

0.463

0.327

0.358

0.569

0.786

0.817

0.041

0.676

0.186

1,.245

0.058

0.768

0.265

L.704

0-077

0.363

2.164

0.095

0.097

0.467

0.475

0.110

0.110

0.581

0.589

0.L14

0.383

0.687

0-694

0.107

0.776

0.091

373

0.079

0.846

0.518

0.098

0.897

0.111

0.t1,4

0.Lt4

0.106

0.105

0.089

0.508

0.070

0.051

0.430



Appendix C2. VOLCO3 Sensitivity Analysis, Manitoba Open Iægit Model,

Frame voLco3

Base

RQI

t2

15

CF

18

8.8

A1

2t

8.8

cov

24

B.8

34.2

27

8.8

34.2

ZL
VALUE

8.8

34.2

12

8.8

0.06

34.2

Array
(0)

L5

0.06

34.2

z2
VALUE

18

0.06

7.8

34.2

-1.053

21

7.8

0.06

-0.698

Array
(1)

24

7.8

0.06

PROB 1

-0.343

34.2

27

7.8

0.06

34.2

0.293

0.013

7-8

Array
(0)

34

0.649

0.368

)

7.8

0.06

PROB 2

34.2

1.004

0.724

0.06

0.259

34.2

1.359

0.06

Array
(1)

0.332

34.2

-L.283

t.71.5

0.06

CH
PROB

0.415

-0.928

2.070

0.06

0.573

0.503

-0.572

Array
(0)

0.06

0.657

0.591

0.064

-0.217

CH
PROB

0.732

0.673

0.4t9

0.139

0.796

0.774

0.494

Array
t1l

0.074

0.847

0.217

1.130

0.083

0.888

0.283

1.4B5

0.08B

31,4

0.361

1.841

0.084

0.088

0.516

0.446

0.075

0.082

0.603

0.535

0.064

0.41.5

0.684

0-627

0.052

0.756

0.041

0.066

0.815

0.315

0.077

0.863

0.085

0.087

0.089

0.081

0.086

0.071

0.060

0.048



A2 t2

15

18

9.6

B1

21

9.6

24

9.6

34.2

27

9.6

34.2

9.6

34.2

L2

0.06

9.6

34.2

15

0.06

34.2

18

8.8

0.06

34.2

-0.870

B2

21

8.8

0.06

-0.51,4

24

8.8

0.06

36.3

-0.159

27

8.8

0.06

0.477

36.3

0.197

8.8

0.832

36.3

0.552

72

8.8

0.06

36.3

1.188

0.907

15

0.06

0.295

36.3

L.543

18

8.8

0.06

0.374

36.3

-1.272

1.899

8.8

0.06

0.460

-0.856

2-254

8.8

0.06

0.617

0.549

3Z-J

-0.501

0.697

0.06

0.635

32.3

0.135

-0.145

0.404

0.766

0.772

0.490

32.3

0.210

0.06

0.824

0.846

0.565

0.079

0.06

0.870

0.229

L.201

0.347

0.086

0.06

0.905

0.298

-0.910

t.557

0.089

0.377

-0.555

1..912

0.080

0.086

0.534

0.464

-0.199

0.069

0.078

0.620

0.552

0.436

0.058

0.417

0.700

0.638

0.792

0.046

0.769

t.1.47

0.035

0.069

0.826

0.287

0.288

0.079

0.871

0.365

0.086

0.450

0.087

0.089

0.607

0.079

0.085

0.688

0.069

0.408

0.759

0.057

0.045

0.078

0.338

0.086

0.081

0.071



c1

27

u
27

8.8

8.8

L2

8.8

32.3

15

3¿.5

18

8.8

32.3

C2

21

8.8

0.06

24

8.8

0.06

34.2

27

8.8

0.06

34.2

0.156

8.8

34.2

0.512

12

8.8

0.07

34.2

0.867

15

0.07

34.2

1.503

18

8.8

0.07

34.2

-1,.176

1.858

21

8.8

0.07

2.2L4

-0.821

24

8.8

0.07

0.539

-0.466

34.2

27

8.8

0.07

0.625

34.2

0.170

-0.110

8.8

0.704

34.2

0.525

0.245

8.8

0.04

0.818

0.881

34.2

0.601

0.04

0.865

0236

34.2

1.236

0.901

0.04

0.306

34.2

-0.807

1,.592

0.089

0.04

0.386

L.947

-0.452

0.086

0.542

0.04

0.472

-0.096

0.079

0.628

0.04

0.561

0.539

0.259

0.059

0.417

0.707

0.646

0.895

0.047

0.674

0.775

1.250

0.036

0.970

0.070

0.831

0.308

1.606

0.294

0.080

0.875

0.389

1,.96I

0.087

0.476

2-316

3L6

0.086

0.089

0.632

0.564

0.079

0.085

0.71,0

0.649

0.068

0.410

0.777

0.725

0.056

0.833

0.044

0.080

0.877

0.333

0.087

0.910

0.088

0.078

0.085

0.067

0.076

0.055

0.417

0.044

0-034

0.n9



D1 L2

15

18

7.8

D2

21

7.8

24

7.8

36.3

27

7.8

36.3

7.8

36.3

L2

7.8

0.07

36.3

15

0.07

36.3

18

9.6

0.07

36.3

-t.564

21,

9.6

0.07

-1.209

24

9.6

0.07

32.3

-0.854

27

9.6

0.07

-0.218

32.3

-0.498

9.6

32.3

0.138

-0.L43

0.04

9.6

32.3

0.493

0.273

0.04

0.r73

0.848

32.3

0.04

0.230

L.204

-0.4B0

32.3

0.04

0.299

-0.125

1.559

0.446

0.04

0.378

0.23L

0.534

0.464

0.866

.04

0.586

0.621

0.553

1.222

0.94L

0.700

7.577

0.057

1,.297

0.769

0.382

1,.932

0.069

0.826

0.469

2.288

0.079

0.557

0.089

2.643

0.086

0.704

0.642

0.086

0.089

0.772

0.7t9

0.079

0.380

0.829

0.785

0.069

0.874

3r7

0.057

0.087

0.908

0.381

0.089

0.934

0.085

0.068

0.077

0.056

0.066

0.045

0.403

0.034

0.026

0.230



App"o& G. S*rititiüry , CF, Mutrirob" Open bgit Model

Frar¡re CF

Base

RQI

20

voLco3

30

40

8.8

50

8.8

A1

cov

60

8.8

70

t7

8.8

.1

27
VALUE

17-7

8.8

17.1
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8.8

0.06
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r7.1

Array
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0.06
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VALUE

L7.1
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0.06
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7.8
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-0.132

Array
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60

7.8

0.06

PROB 1

-0.886

17.1

7.8
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7.8

Array
(0)

-2.394
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PROB 2

-3.148

0.460
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0.06
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-0.294

L7.t

0.06

Array
(1)

0.467

-1.048

0.392

0.06

CH
PROB

-L.802

0.292

-0.362

0.877
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0.L62

-1,.It6

0.771

Array
(0)

0.084

1.738

-1.870

CH
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0.613

0.041

-2.624

0.984

0.427

0.230

Array
(1)

0.184

0.260

0.597

-0.523

0.775

0.142

318

0.410

-t.277

0.I29

0.247

0.106

0.079

0.850

0.134

0.1s8

0.042

0.728

0.068

0.186

0.609

0.557

0.167

0.372

0.118

0.186

0.218

0.736

0.L64

0.113

0.722

0.066

O.L1L

0.185
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A2
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7.8

30

9.6

40
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9-6
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B1
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9.6
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0.06
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0.06

17.L
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0.033
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8.8

0.06

0.644

-2.965

0.691
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0.06

-0.110
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8.8

0.06

-0.864

0.467

15.8

0.06

-1.618

0.331

0.896

-0.287
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0.035

-1.040

0.802
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0.06

0.564

0.099

1.814

-1.794

0.656

0.049

-2.548
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0.102

0.472

0.06
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0.306

-3.302

0.735

0.296

-0.448

0.615

0.182

0.165

0.429

-1,.202

0.764

0.L42

0.094

0.261

-L.956
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0.860

0.1,43

0.L46

0.050

0.743

0.073

3t9

2.170

0.183

0.642

0.576

0.035

0.176

0.390

0.131

0.186

0.237

0.682

0.730

0.168

0.r24

0.119

0.777

0.070

0.892

0.L67

0.037

0.186

0.579

0.159

0.L07

0.736
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1lnnendix C+. COV Sensitivity Analysis, Manitoba Open Logit Model.
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Appendíx C5. Sensititivig Analysis, ReI, Saskatchewan Open logit Model.
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Appendix C6. Sensitivity Anaþis, PTCAP, Saskatchewan Open Logit Model.
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0.977

-0.934

0.090

0.944

0.073

0.055

0.203

0.040

0-282

0.028

0.285

0.079



D2

7

9

L1

13

7.0

7.0

7.0

J

7.0

5

3.8

7

3.8

10.6

9

3.8

10.6

LI

3.8

24.2

10.6

L3

24.2

10.6

4.1

24.2

10.6

4.1

-0.500

24.2

10.6

4

-0.065

.1

4.L

35.3

0.370

4.1

35.3

0.805

0.378

4.r

35.3

0.484

35.3

7 .150

0.592

35.3

1.584

0.691

0.096

35.3

2.0r9

0.106

2.454

0.759

0.108

2.889

0.830

0.100

3.324

0.883

0.488

0.921

0.947

0.070

333

0.965

0.053

0.038

0.026

0.018

0.206



Appendix C7. Sensititivity Analysis, FTOVERA" Saskarchewan Open I-ogit

Variable\
Frame

Base

FTOVERA

3.0

3.5

RQI

A1

4.0

4.5

9.4

PTCAP

5.0

9.4

5.5

9.4

9.4

9.9

3.0

9.4

9.9

POST

3.5

9.4

9.9

4.0

9.9

31

4.5

ZVÁJ-UE,

Model.

7.0

.7

9.9

37.7

5.0

7.0

9.9

5.5

3T

7.0

'7

31,.7

1.094

7.0

9.9

3t.7

1.457

PROB

7.O

9.9

31

1,.820

7.0

1

9.9

2.r83

0.749

9.9

3t

CH PROB

2.546

0.811

9.9

37

2.909

0.861

.7

9.9

3L.7

0.899

31,.7

0.258

0.927

0.062

3L.7

0.62L

0.94B

0.050

31.7

0.984

334

0.038

].347

0.564

0.029

7.7r0

0.650

0.027

2.073

0.728

0.199

0.794

0.847

0.086

0.888

0.077

0.066

0.053

0.041

0.324



A2 3.0

3.5

B1

4.0

10.6

4.5

5.0

10.6

5.5

10.6

10.6

9.9

3.0

10.6

9.9

5

10.6

B2

9.9

4.0

3I.7

9.9

4.5

9.4

9.9

3L.7

5.0

9.4

9.9

5.5

3r.7

9.4

1.511

3L.7

9.4

6.7

3t

3.0

L.875

9.4

.7

6.7

31,.7

3.5

2.238

9.4

6.7

0.819

4.0

2.601

6.7

31,.7

2.964

9.4

0.867

6.7

31,.7

3.327

9.4

0.904

6.7

3t.7

9.4

0.931

31-7

0.398

0.951

11.5

0.048

31.7

0.761

0.965

11.5

0.03?

31

L.t24

.7

11.5

0.027

1.487

0.598

0.020

37-7

1.850

0.682

0.014

3r.7

2.2t3

0.755

0.746

335

3r.7

0.816

7.44I

0.864

0.083

1.805

0.901

0.073

2.168

0.061

0.809

0.049

0.8s9

0.037

0.897

0.303

0.050

0.039



c1

4.5

5.0

5.5

9.4

3.0

9.4

3.5

9.4

a

4.0

ll

4

.5

.5

9.4

11.5

5.0

9.4

11.5

5.5

9.4

3L.7

9.4

9.9

3.0

3L.7

9.4

9.9

3L.7

3.5

9.4

9.9

4-O

2.531

9.9

4.5

24.2

2.894

9.4

9.9

5.0

24.2

3.257

9.4

9.9

24.2

5.5

9.4

0.926

24.2

0.386

9.4

0.948

9.9

24.2

0.749

9.4

0.963

9.9

24.2

1.L12

9.4

9.9

0.029

1.475

0.595

9.9

0.021

35.3

1.838

0.679

9.9

0.015

35.3

2.201

0.753

9.9

0.L54

35.3

0.814

35-3

1,.433

0.863

0.084

35.3

r.796

0.900

0.074

35.3

2.L59

336

0.061

2522

0.807

0.049

2-886

0.858

0.038

3.249

0.897

0.305

0.926

0.947

0.050

0.963

0.039

0.029

0.02L

0.015

0.155



D1 3.0

3.5

D2

4.0

4.5

7.0

5.0

7.0

5.5

7.0

7.0

6.7

3.0

7.0

6.7

3.5

7.0

6.7

4.0

6.7

4.5

24.2

10.6

6.7

5.0

24.2

10.6

6.7

5.5

24.2

10.6

-1.1,46

'rL )

10.6

11.5

-0.783

24.2

10.6

11.5

-0.479

24.2

10.6

11.5

-0.056

0.241

11.5

35

0.307

0.3I4

11.5

35.3

0.670

0.397

11.5

35.3

0.486

35.3

2.199

0.576

0.072

35.3

2.562

0.661

0.083

35

2.925

0.089

3.288

0.900

0.090

3.651

0.928

0.085

4.0r4

0.949

0.420

337

0.964

0.975

0.028

0982

0.02t

0.015

0.011

0.008

0.082



Appendix C8. Sensititiviry Anaþis, POST, Saskatchewan Open Logit Model.

Frame

Base

POST

10

A1

20

RQI

30

40

9.4

50

9.4

PTCAP

9.4

10

9.4

9.9

20

FTOVERA

9.4

9.9

30

9.9

40

7.0

9.9

50

4.0

7.0

9.9

ZIYalue

4.0

7.0

4.0

7.0

9.9

-0.2n

4.0

7.0

9.9

0.776

4.0

PROB 1

9.9

1,.659

9.9

2.603

4.0

0.443

9.9

3.546

4.0

0.672

CH PROB

4.0

0.840

-1.063

4.0

0.931

-0.120

4.0

0.972

0.228

0.823

0.168

1-.767

0.257

338

0.091

2.7t0

0.470

0.041

0.695

o.529

0.854

0.938

0.2t3

0.225

0.159

0.084

0.681

t'

1.



A2 10

B1

20

30

40

10.6

50

10.6

10.6

10.6

10

B2

9.9

20

10.6

9-9

30

9.9

40

9.4

9.9

50

4.0

9.4

9.9

4.0

9.4

10

4-0

9.4

6.7

20

0.190

4.0

9.4

6.7

30

1,.t34

4.0

6.7

40

2.077

9.4

6.7

3.02L

50

4.0

9.4

0.547

6-7

3.964

4.0

9.4

0.757

4.0

9.4

0.889

11.5

-0-923

4.0

9.4

0.953

11.5

0.020

4.0

0.981

11.5

0.209

0.964

11.5

0.732

t.907

4.0

0.284

11.5

0.065

2.850

4.0

0.505

0.028

4.0

0.724

0.434

0.120

4.0

0.871

t.064

4.0

339

0-945

0.221,

2.007

0-219

2.951

0.530

0.L47

3.894

0.743

0.075

0.882

0.661

0.9s0

0.980

0.2I3

0.138

0.069

0.030

0.450



cl 10

a

20

30

40

9.4

50

9.4

9.4

10

9_4

D1

9-9

20

9.4

9.9

30

9.9

40

9.4

9.9

50

3.8

9.4

9.9

3.8

9.4

10

3.8

9.4

9.9

-0.373

20

3.8

9.4

9-9

30

0.577

3.8

9.9

40

L.514

7.0

9.9

50

2.457

4.1

7.0

0.408

9.9

3.40L

4.L

7.0

0.639

4.1

7.0

0.820

6.7

-0.155

4.7

7.0

0.921

6.7

0.789

4.1

0.968

6.7

0.231

t.732

6.7

0.181

2.675

3.8

0.461,

6.7

0.101

3.619

3.8

0.688

0.047

3.8

0.850

0.560

-7.904

3.8

0.936

-0.961

3.8

0.974

340

-0.018

0.226

0.L62

0.926

0.130

0.086

1.869

0.277

0.038

0.496

0.513

0.7L6

0.866

0.I47

0.219

0.22L

0-150

0.737



D2 10

20

30

40

10.6

50

10.6

10.6

10.6

tt.5

10.6

11.5

11.5

11.5

4.L

11.5

4.t

4.1

O.6TL

4.1

1.554

4.7

2.498

3.441,

0.648

4.385

0.826

0.924

0.969

0.988

0.r77

0.098

0.045

0.019

0.340

341



APPENDX D1

Alberta Çlosure I-osit Estimation

CHOICE FREQUENCYPERCENT
0 28 40.5797
7 41. 59.4203

LOG OF LIKELIHOOD FLINCTION = -14.9498
NUMBER OF CASES = 69

NUMBER OF CHOICES = 138
SUM OF SQUARED RESIDUAI-S = 4.27256

R-SQUARED = 0.743279
PERCENT CORRECT PREDICTIONS = 94.2029

STANDARD
PARAMETER ESTIMATE ERROR T.STATISTIC
c1 12.283 3.4L40 3.5979
ROAD1 -0.26373 0.1.5243 _L.7302
ELEVSIZ1 -0.17474E-02 0.6s354E-03 _2.6738
CoMPVOLI -030926 0.11335 _2.7284

342



APPENDIX D2

Saskatchewan Closure Logit Estimation

CHOICE FREQUENCYPERCENT
0 53 38.8889
1, 73 6L.1.1.1.1.

LOG OF LIKELIHOOD FUNCTION = -43.3458
NUMBER OF CASES = 126

NUMBER OF CHOICES = 252
SltM OF SQUARED RESIDUAIS : 1,4.0562

R-SQUARED = 0.530674
PERCENT CORRECT PREDICTIONS = 83.3333

STANDARD
PARAMETER ESTIMATE ERROR T.STATISTICc1 9.0408 t1946 5,037sROAD1 -0.16098 0.95243E.01 _1,6902
ELEVSIZ1 -0.21.193F-02 0.434538_03 _4.8773
AAVGTUR1 -0.83413 0.19719 _4.2301
REPRATI1 3.1849 7.2951. 2.4592

343



APPENDIX D3.

Table 7. Saskatchewan-Albe¡ta Closure Logit Model

Choice Frequency percent

0 81 39.4872
1. 1t4 60.5128

Log of Likelihood Function = -67.8674
Number of Cases = 195

Number of Choices = 390
Sum of Squared Residuals = 21..2327

R-Squared = 0.544328
Percent Cor¡ect Predictions = 85.1282

Parameter Estimate Standard T-statistic
Error

c1 8.7262 1..4021, 6.2236ROAD1 -0.79206 0.071966 _2.6688
ELEVCAP1 -0.001,6794 0.0002898 _5.7s57
AAVGTUR1 -0.82454 0.16160 _5.1025
REPRATT1 25006 0.95899 2.6075

344


