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ABSTRACT 

This thesis investigates the spatial variation in the 1985 Food Price Index (FPI) at 

destinations in the Northwest Territories (NWT). It follows a conceptual model that 

assumes the FPI varies directly with the accessibility of a given northern destination to the 

metropolitan South. Accessibility has been defined in many·ways in the geographical 

literature, and other studies of the region have produced results that suggest a diversity of 

influences are operating on consumer prices. For this reason, a multivariate analysis is 

employed to test a wide range of variables. 

The analysis demonstrates how sensitive is the response of statistical methods, in 

this case multiple regression analysis, to relatively minor changes in the defmitions of 

some variables from a previous study. It also suggests that the wide range of 

interpretations sometimes observed in the literature pertaining to high prices in the NWT, 

may well be the result of a combination of this effect and that of inherent multicollinearity 

among the variables. For this reason it is felt that at the present stage of the investigation 

of northern food prices, priority must be given to constructing clear, unambiguous 

statistical models before further interpretive analysis can be meaningful. 

Procedures to deal with multicollinearity exist, and the choice of the present study 

is the ridge regression technique. The linear model of northern accessibility that it 

provides is effectively free of multicollinearity. It posits the cost of transportation, the 

availability of a highway link with the South, and the 'willingness' at the destination to 

interact with the South as the predictors of the FPI in descending order of importance. Its 

predictions account for almost 89 percent of the variation that is obsetved in the 1985 FPI. 

Its interpretation suggests that in 1985 the accessibility of NWT destinations had already 

been substantially optimized. 
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1.1 Introduction 

CHAPTER ONE 

INTRODUCTION 

There are only three ways to obtain food in the Northwest Territories. These are: 

(1) harvesting wild 'country food' from the surrounding environment; (2) producing it in 

private or commercial gardens and farms; and (3) importing it from southern Canada. 

Aboriginal residents in the NWT typically employ a varying blend of strategies 1 and 3: 

while non-Natives normally purchase their food. Few non-Natives employ strategy 2 

(Canada, 1984d; Canada, 1985a; Green, Green, and Bone, 1985; Green, and Bone, 1984; 

Murphy, 1984). Across all ethnic groups in the NWT, however, the dominant strategy is 

the purchase of groceries imported from the South. 

The cost of store-bought food varies across the North. The Government of the 

Northwest Territories (GNWT) began to publish the retail food prices (FPI) in 1982. The 

result is a spatial pattern of food prices by communities. The FPI is the weighted average 

value of the southern grocery product throughout the NWT. It is important to emphasize 

that the FPI is about southern food products. Game, fish, and other wild foods are 

consumed but these 'country foods' are rarely sold through stores, and therefore are not 

reflected in the FPI. Only after a careful analysis of the FPI, the nature of the southern 

grocery product, and the characteristics of the NWT destinations, will observations about 

the processes underlying the spatial distribution of the FPI be made. 

1. 2 Objectives of the Study 

The present study has two objectives. The primary objective is to derive a suitable 

statistical methodology to adequately interpret the variables that are influencing the Food 
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Price Index (FPI). The secondary objective is to interpret the results of the statistical 

analysis to explain the FPI observed at communities in the Northwest Territories (NWT). 

The spatial variation of the FPI by communities is intrinsically interesting to 

geographers as a topological or spatial pattern. Through the present study the FPI also 

affords investigators a window on the structure and effects of retail food prices in the 

NWT. The FPI allows the comparison of the known socio-economic characteristics of 

different locations and the analysis correlates their spatial behaviour with that of the FPI. 

The motivation for the investigation is an alleged adverse effect of relatively high retail 

food prices on the nutrition and health of NWT residents, and the suspected adverse effect 

of high prices on local economic development in the communities of the NWT (Canada, 

1984b, 1985b; Green, Green, and Bone, 1985; Usher, 1980, 1985). 

1. 3 Statement of the Problem 

The problem is to develop a spatial methodology to account for the spatial variation 

of the FPI in the NWT. A previous analysis by Weick (Canada, 1984b) obtained a 

simple coefficient of determination of .94 between the FPI and Hamelin's index of 

'nordicity' (V APO, or valeurs Polaires: Hamelin, 1972; 1979) that was a comparative 

measure of the essentially northern characteristics found at different locations in Canada. 

Green, Green, and Bone ( 1985) reported a multiple coefficient of determination of .63 

between the FPI and their ensemble of store-type and transport mode-availability indicator 

variables. The correlation between the FPI and the V APO is evaluated in Chapter 4 and 

the regression model of the FPI derived by Green, Green, and Bone is evaluated in 

Chapter 5. In neither case is there an unequivocal and accurate accounting of all of the 

variables that the literature implies are responsible for the spatial variation of the FPI. 

Therefore, the problem is to develop a method to account for the FPI that increases the 
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scope of knowledge beyond the univariate study; and that removes the multicollinearity 

from the analysis that affected the interpretability of the earlier multivariate investigation. 

1. 4 The Study Area 

The NWT contains some 65 enumerated settlements (Figures 1.1 and 1.2). 

Almost all of the residents of the five administrative regions of the NWT make their 

permanent home in these settlements. In 1986, the population was divided ethnically into 

18 543 Inuit, 8 790 Dene, 2 893 Metis, and 21 158 non-Native residents. Six of the 

larger urban centres and four other communities had large non-Native populations 

(although not always non-Native majorities). The remaining communities tended to be 

overwhelmingly composed ofDene or Inuit residents, with few Metis and non-Natives.

About 20 percent of the communities are connected with the metropolitan South via 

an all-weather highway link. The number frequently approaches 30 percent during the 

winter when ice-roads temporarily reach adjacent communities. The normal seasonal 

mode-utilization pattern has evolved as: (1) year-round air transportation that used to carry 

only perishable groceries (but now increasingly carries all groceries and snack foods); (2) 

river and sea-barge transportation carrying bulk nonperishables during the open navigation 

season; and (3) year-round highway transportation that carries all types of groceries. 

More recent observations by Green, Green, and Bone (1985) and McLaughlin 

(1985) indicated that storekeepers located in communities not linked by a highway were in 

the process of shifting to air shipment of all types of groceries on a 'just in time' basis. 

This process relieved the storekeepers of having to stockpile groceries. The higher cost of 

transportation was passed on to the consumers, but there may have been savings from 

reduced inventory costs that were passed to consumers as well. 
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Figure 1.1: Enumerated Communities in the NWT 

o..__._ ,400 km 

Figure 1.2: Administrative Regions in the Northwest Territories 

Census division 7 is Inuvik; 6 is Ft. Smith; 5 is Keewatin; 4 is Baffin; 8 is Kitikmeot. 
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1. 5 Basic Terms and Definitions 

The primary objective of the study is to derive a suitable methodology. The basic 

concepts employed are ridge regression and multicollinearity. These subjects are 

discussed comprehensively in Chapter 5, and in a somewhat more summary fashion in 

Chapter 3 where the overall methodology is described. But it is useful to at least defme 

the basic concepts in the introduction to orient the subsequent discussion and put it 

squarely in a methodological perspective. The ordinary least squares (OLS) regression 

analysis employed in the study assigns some of the error (or the variation in the data away 

from some expected value) belonging to the dependent variable, the FPI, to each one of a 

collection of independent predictor variables. The degree of confidence which may be 

associated with this assignment diminishes whenever there is multicollinearity present in 

the data, so that in extreme cases many different assignments may be found that satisfy the 

conditions of the analysis, and no one model of the interrelationships in the data will be 

forthcoming. 

Multicollinearity is the term given to correlations between the independent predictor 

variables. When the regression analysis assigns some of the variation in the dependent 

variable to a predictor variable, it also implicitly assigns it to any correlated predictor 

variables. Hence the evaluation and analysis of the dependent variable's error or variance 

is at best only nominal if the predictor variables are correlated among themselves. Ridge 

regression is a technique described in Neter, Wasserman, and Kutner (1989) that controls 

or eliminates multicollinearity by applying a constant bias to the correlation matrix of the 

predictor variables, while holding the correlations between the dependent variable and each 

predictor variable constant. By comparing the resulting correlation matrices and 

regression coefficients from ridge regression with those from OLS regression (by their 

relative magnitudes and algebraic signs) it is possible to make a more comprehensive 

analysis of the predictor variables than is possible using regression analysis alone. 
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CHAPTER TWO 

LITERATURE REVIEW 

2 .1 The Ad Hoc Interdepartmental Committee 

on Northern Food Costs 

The Ad Hoc Interdepartmental Committee on Northern Food Costs (hereafter 

referred to as 'the Committee') was established in Ottawa in June, 1983. This group 

consisted of members of a number of federal government departments who had a common 

interest in a variety of northern issues. The Committee subsequently provided leadership, 

support, and a forum for research into the structure and effects of northern food costs. 

Their summary of the existing research, their departments' contributions to that body of 

research; and a selected number of other works have frequently been the direct antecedents 

to the present study. 

The interests of the Committee converged on a number of major themes in 

considering the structure and effects of northern food costs. Perhaps chief among them 

was the issue of adequate nutrition and the potential for a healthy diet for northern 

Canadians. Other themes that benefitted from research by member departments included: 

Transportation and food prices in the NWT; 

Competition and the retail grocery trade in the NWT; 

Alternative food technologies in the NWT; 
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Effects of a transition to cash-based consumption on the traditional community. 

The information products of the Committee were bound and circulated as 'unedited 

internal drafts' within the member departments, and among a selected external audience 

that included government and interested parties in the territories themselves. A number of 

the reports were subsequently published by the member departments (Murphy, 1984; 

Green, Green, and Bone, 1985; McLaughlin, 1985). 

The major role of the Committee at the time was to examine food costs and prices 

and to make appropriate recommendations. From this essential organizing principle, the 

terms of reference for the subsequent research were to emerge. A common lexicon of 

concepts and assumptions came into being that linked the past with the Committee's 

research products, and that may be said to continue in the present report. 

2. 2 Economics of Retail Grocery Marketing 

Dooley (1969) introduced the idea of structure to the present study. Dooley 

organized his monograph around a hypothesis suggested by Bain (1959): that market 

structure determined business conduct, which determined social performance. 

'Market structure' is defined by Dooley to be the degree of concentration (the 

proportion of the market belonging to the largest sellers), the extent of product 

differentiation (the perception that consumers will switch stores in response to price 

differences), and the behaviour of costs (returns to scale) as barriers to the entry of new 

firms in the industry. The elements of market structure are said to affect the way that 

prices are determined: and that price-setting; the purchase of advertizing; and the location 

policies of firms constitute the conduct of the industry. These influences are said to feed 

back to affect the market structure, and feed forward to determine the social performance 

of the industry. Dooley measures social performance as the proportion of the available 
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consumer surplus that is appropriated by the industry through excess profits, excess 

capacity, and excess advertising (Dooley, 1969). 

Preserving the formalism of Dooley's hypothesis was impossible for the present 

study, since his association with a Royal Commission gave him access to unusually 

comprehensive data that had been specifically tailored for his research. But it was possible 

to approach secondary sources guided by Dooley's conceptual framework, and compare in 

principle his 1969 analysis of the retail grocery industry on the Canadian Prairies with the 

features of the isolated commercial economy of the NWT in 1985-86. Toward this end, a 

number of variables investigated by Green, Green, and Bone ( 1985) were adapted for the 

present study, and these are discussed below in Chapters 3, 4, and 5. 

2. 3 Economics of Transportation 

Taaffe and Gauthier (1973) introduced the basic economic models of transportation 

costs and pricing, and these were elaborated for the Canadian regulatory context by 

Bonsor (1984). In the present study, the model of transportation costs is based upon the 

relatively simple distance/volume relationship between a southern metropolitan supply 

origin and a single NWT destination at a time. This reflects the reality of the NWT during 

1983-86, when the research data were collected. In all cases there, groceries were 

shipped as a one-way flow along simple routes between the supply origin and the NWT 

destination (McLaughlin, 1985). 

In the present study, transportation costs are assumed to vary continuously with 

distance, and inversely with the volume (weight) shipped. Empirical evidence from 

elsewhere in Canada indicates that for the trucking and railway transportation industries in 

particular, but also for the water and air transportation industries, systematic price 

discrimination based on the price elasticity of demand of various commodities is routinely 

practiced (Bonsor, 1984). This is called 'value-for-service pricing' that sets the price of 
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service in direct proportion with the market value of the commodity. Assuming demand 

for transportation services is related to the market value of the commodity, and to the share 

of the total cost of goods sold that may be attributed to the cost of transportation, then the 

lower the proportion that service costs are of the total value of the commodity, the more 

inelastic the demand for services will be, and the higher the transport fmn can safely set its 

tariff for service. It is Bonsor's hypothesis that the Canadian regulatory environment 

actually imparts a considerable degree of freedom from competition within modes, and that 

value-for-service pricing is common except where there is the potential for competition 

from other modes of transportation. 

Bonsor demonstrates how transportation rates tend to cluster by commodity 

groups. Taaffe and Gauthier (1973) argue for a generalized stepped-structure as a model 

of the spatial behaviour of transportation rates that reflects specific groupings of origins 

and destinations. They assert that the present rate structure in a region is the result of the 

historical setting of rates by the original transportation companies that operated there. 

Those centres at the extreme limit of a given step in the tariff structure benefit in the 

stepped-rates model because they ship commodities at a lower rate than those centres just 

beyond this limit. In this way, Taaffe and Gauthier argue that centres with lower rates 

developed as natural 'catchment' centres and may continue to exert influence on further 

development within and beyond the original boundaries of the region. 

In the present study, Bonsor's (1984) perspective, is assumed to be the correct 

one, and it is assumed that perishable and nonperishable groceries in the NWf belong to a 

single commodity-group. This is assumed despite the disparity in value per unit weight 

that is observed between perishable and non-perishable groceries (Popoff: NSTP, 1987; 

Green, Green, and Bone, 1985; and McLaughlin, 1985). The traditional shipping 

relationships between perishables and air transport, and between nonperishables and the 

bulk water mode, are under strong pressure from new evidence suggesting that air 
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transport is the preferred choice for all foodstuffs except where there is a highway link 

with the South (Green, Green, and Bone, 1985; McLaughlin, 1985). 

2. 4 Concepts of Accessibility 

Accessibility is a key concept in geography. The notion of 'attributive 

accessibility' is used here to define certain approaches to accessibility in the geographical 

literature. Attributive accessibility infers the extent of a location's or a region's 

accessibility to another location or region, based on the match that can be obtained between 

their respective resource endowments, the nature of demand at each, and the allocation of 

production at each location (Perloff, Wingo, 1963). The term accessibility described in 

Taaffe and Gauthier (1973) focuses on propensities to interact and on production or trade 

thresholds. 

Perloff et al. (1960) was concerned with measuring the accessibility of a region 

because the region only developed if it was accessible to markets. To illustrate this, he 

derived his well-known accessibility matrix, which was structured in terms of the region's 

resource endowments, its organization of production, and its proximity to agglomerations 

of intermediate and final demand. He also defmed the 'nodality' of the region, which is its 

degree of orientation toward a central place or node. This affects agglomeration 

economies and transport costs between nodes and is measured in three ways: ( 1) location 

of a region with respect to all other regions and the major node; (2) distance of a location 

or regional centroid from a major node; and (3) distance of a location or regional centroid 

from a minor node (extent of urbanization). 

Taaffe and Gauthier (1973) summarize the work that had been done to that date on 

the concept of nodal accessibility. This concept is related to Perlofr s market accessibility. 

It is regarded in the present study as a form of 'attributive accessibility' alongside it. 

Nodal accessibility uses the algebra of matrices to define systems of connectivity 
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(networks). The simplest connectivity matrix merely registers a direct link between two 

locations by placing the value '1' in the cell indicating their intersection, or the value '0' in 

the cell if no direct link exists. Multiplication of connectivity matrices then incorporates 

indirect links of various degrees of remove, so that the final accessibility matrix has the 

sums of all existing links of every degree of directness in its cells. By summing the cells 

in each row, the total accessibility of each location is obtained, with the larger sums 

indicating greater accessibility. 

The realism of the model is greatly enhanced by utilizing empirical scalar factors 

having values between 0 and 1. They provide an empirical distance-decay relationship as 

they are applied to the connectivity matrices that combine to make up the accessibility 

matrix. Finally, the Shimbel Shortest-Path matrix (Taaffe, and Gauthier, 1973) can 

eliminate the redundant links from the accessibility matrix. The resulting accessibility 

matrix is a formidable model of observed reality, as demonstrated by the associated case 

studies (Taaffe, and Gauthier, 1973). 

The data that are available to the present study could easily accommodate an 

analysis of this complexity: although a Perlovian analysis would be out of the question 

without a much larger volume of detailed microeconomic data from each community. 

Both types of analysis are 'attributive', as noted above. Perloff is said to attribute 

accessibility because the methodology explicitly matches attributes between locations. 

Nodal accessibility attributes accessibility when it assumes a uniform flow between value

free inventories lodged in the locations (i.e., a link will be used). 

By contrast, however, non-attributive methodology investigates the qualities that 

are inherent to the locations. The FPI is inherent at each location, and summarizes the 

effects of distance, technology, transportation and market economics, market size, and 

culture --everything at the location that the literature implies could possibly have an 
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influence on retail prices. Therefore~ non-attributive methodology regards the FPI as the 

composite measure of accessibility at each location. The FPI makes no assumptions, 

judgements, or attributions; it is an empirical fact. 

In defining the FPI to be the accessibility measure for the NWT destinations, the 

present study has superseded another frequently utilized definition from conventional 

geography. The theory of population potential and interaction is a very successful 

empirical model of accessibility in its own right, with a substantial literature describing its 

application throughout spatial science (Pooler, 1987; Wamtz, 1959; Tobler, 1975; 

Goodchild, 1979; Sheppard, 1979; Wilson, 1968; 1974). The methodology is based 

upon an analogy with physical potentials, derived by Lagrange from Newtonian 

gravitation, and first proposed in a socio-spatial context by Stewart in 1941 (Pooler, 

1987). 

Interaction models of the flow between locations are very successful when they 

incorporate empirically-determined parameters (Pooler, 1987). However, difficulties arise 

when the empirical models are interpreted. Lagrange had derived the potential function 

from the Newtonian expression for the gravitational force. The derivation used the 

integral calculus on the force aggregated over infinitessimal distances on the interval from 

infinity to the distance 'R' between two point masses. Thus, the potential function 

represented the total work that it was possible for the system of masses to do in changing 

the value of R. Lang ( 1979) proved that the family of functions in the form of this integral 

was the only one in which the potential function was defmed. The gradient of this 

function is, by defmition, the direction and magnitude of the maximum potential (Lang, 

1979) and this derivative is defined in the present study as the interaction vector between 

the metropolitan supply origin and the NWT destination. 
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The present study differs with the conventional interpretation of population 

potential and spatial interaction by elaborating the simple gravity model (i.e., using simple 

inverse distance-squared in the denominator) into a more complex composite definition of 

accessibility. This demonstrates that the concepts of spatial potential and interaction, when 

used within their theoretical limitations (rather than as empirical summary functions that 

completely describe a spatial pattern) can contribute to a composite accessibility such as the 

FPI that contains other important conceptual elements as well. 

2.5 NWT Food Prices 

In the early 1980s, high food prices in the NWT generated strong consumer 

pressure on the federal government. In 1983, the federal government formed a committee 

to look into these high prices (the Ad Hoc Interdepartmental Committee on Northern Food 

Costs). This Committee prepared a series of internal draft documents coordinated by the 

Economic Planning Directorate of the Department of Indian Mfairs and Northern 

Development (OlAND), but originating within various member departments of the 

Committee or with their outside investigators. These included position papers, discussion 

papers, and several annotated bibliographies: and constituted what was then deemed to be 

'known' about the structure and effects of northern food costs. For example, it was 

known in a general sense (Canada, 1984d) that: 

(1) costs and prices increase with the distance and degree of isolation of an NWT 

destination from the metropolitan South; 

(2) Natives have much lower cash incomes than non-Natives, and the incomes tend to be 

lowest of all in the smaller, more isolated 'traditional' subsistence communities; 

(3) most Natives prefer country food, and this is more likely to be the case in the smaller, 

more isolated subsistence communities. 
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A number of studies (Canada, 1984b; 1984c) were reviewed that had attempted to 

interpret these general conclusions. For example, Campbell (1984), Weick (1984), the 

Food Price Review Board (1975), Dooley (1980), the Science Advisory Board of the 

GNWT (1979), and the GNWT (Hansard, 1982) Report on Hudson's Bay Food 

Operations, NWI'; had all concerned themselves with retail grocery marketing in the 

North. Campbell surveyed the number and types of stores, by community size, location 

and the dominant ethnic fraction: the other studies considered store operations, pricing 

policy, and competition. 

In all cases, the Committee declined to draw frrm conclusions from the studies, but 

instead outlined what it saw to be the contributing factors to high food prices in the NWT. 

These included: 

( 1) transportation costs as the principal input; 

(2) storage and inventory costs were a major input; 

(3) losses from transportation damage, and spoilage from long-term storage were an input 

worth noting; 

(4) lack of competition was thought to result in excessive mark-ups over already high 

input costs. 

A large number of studies (Canada, 1984b; 1984c; 1984d;) had dealt specifically 

with transportation costs, and these included two that investigated transportation and 

logistics in the NWT for the Arctic Federation of Co-operatives, Limited. The general 

opinion of transportation-based research was that existing facilities were frequently 

inadequate for cost -efficient operations. However, what infrastructure there was, was not 

being efficiently used. This was due partly to barriers to its effective use, such as a lack of 

ready cash to enable a frrm to place bulk orders with the river or sea-barge system; or to a 
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lack of planning and administrative skills on the part of store personnel that precluded their 

use of the sealift system. The other reason that was identified was the fact that in the 

NWT, very little coordination and rationalization ever took place. For example, if there 

were three small stores in a single small hamlet, each was likely to order small air 

shipments from shippers. The result was high transport costs to the stores that were then 

passed on to consumers in the retail prices of their groceries. 

Food price differentials were in evidence for the Committee in the surveys of 

northern food costs and prices. The GNWT had been perfecting its statistical 

methodology since the late 1970s, with exploratory investigations of the spatial price 

differentials between Edmonton, Alberta, and the NWT capital of Yellowknife. A 

representative family food basket had been derived by Statistics Canada from survey 

research in Yellowknife, and the GNWT Food Price Index for permanent settlements 

having at least one retail outlet became available for the frrst time in 1982 (GNWT, 1981; 

1982; 1985; 1987). In addition to the FPis, the Committee could consider the federal 

Treasury Board's Living Cost Differentials (LCDs) from 1981 (revised in 1982, 1983, 

and 1984). 

2. 6 Assumptions Generated By Secondary Sources of Data 

The combination of the detailed field observations by McLaughlin, the 

observations and insights of Green, Green, and Bone, ( 1985), and the author's own field 

observations (Popoff: NSTP, 1987) allowed the present study to adopt a number of 

assumptions. These are: ( 1) that stockpiling of nonperishable groceries for seasonal 

interruptions in transportation service, or as a consequence of yearly resupply by water is 

no longer widely used. Instead, groceries arrive at the destination by the air mode when 

other modes are unavailable; (2) that storekeepers who ship by air pass the cost of air 

transportation on to the consumers; (3) that any community that.is connected by an all-
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weather highway to the South ships all of its groceries by truck, even when it has access 

to the modes of air and water; ( 4) those communities that suffer interrupted access when 

the Mackenzie River freezes and thaws (an average period of 3 months of the year) shuttle 

all groceries across the river by air. 

It is also assumed (5) that only nonperishable groceries are shipped by sealift or 

river barge; and (6) communities only ship nonperishables for the duration of the average 

season of open navigation (4 months). It is assumed (7) that perishable groceries arrive at 

, those communities by air during open navigation; and (8) that all groceries are shipped by 

air thereafter when water navigation ceases, unless these communities connect to an all

weather highway by means of a temporary ice-road. In the latter case, it is assumed (9) 

that all groceries are shipped by truck for the winter, minus the periods of freeze-up and 

break -up; and ( 1 0) that all communities of the Baffm region ship groceries by air using the 

Canada Post food mail rates, except snack foods, which go by commercial air 

(McLaughlin, 1985), and nonperishables that are shipped to the Baffm region by water 

during the season of open navigation. 

Finally, it is assumed: (11) that 40 percent, by weight, of the total groceries that 

are delivered to an NWT destination are perishables; (12) 30 percent are nonperishables; 

and ( 13) 30 percent are snack foods and confectionary. These particular assumptions 

were confmned by the author's field observations (Popoff: NSTP, 1987). All of the 

assumptions are instrumental in deriving the variable called 'TP', which is discussed 

below in Chapter 3 (Table 3.3). 

2. 7 FPI and Other Data 

The FPI for NWT communities is available for 1982 and 1985 from the GNWT 

Bureau of Statistics publication Food Price Survey Nonhwest Territories 1985 (GNWT, 

1985). This publication also provides the proportion of the Yell ow knife food basket (that 
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was constructed from surveys of the residents of Yellowknife by Statistics Canada) that is 

observed at the NWT destinations. The methodology for obtaining the Food Price Index 

for a community is outlined in GNWT (1985) but a brief summary appears below. 

Spiegel (1972) and Lapin (1978) defme index numbers as statistical measures 

designed to show changes in a variable from some agreed upon reference point or 

benchmark. Indexes are derived from numbers called relatives, and for the FPI, the price

relatives are defmed with respect to location. Therefore, the 1985 FPI price-relative is the 

ratio of the price of a unit quantity of a single item at the research location to its price at 

Yellowknife, the base, or reference location. 

To simplify the process of obtaining a price index from the many possible price 

relatives, two assumptions are made: ( 1) a reference food basket contains the specific food 

items in the appropriate formats and weights that are desired by every family; and (2) the 

relative importance (revealed in the 1982 Statistics Canada Survey of Yellowknife Family 

Expenditures ) of items within a category can be aggregated into a weighted average for 

each category. In this manner, over 1100 price quotes for 144 food items that were 

observed in the NWT destinations in 1985 have been reduced into terms comparable with 

the Yellowknife data. 

The weight, or computational importance of an item was expressed as a proportion 

of the total expenditures for a category. In each community, all prices of all brands and 

sizes of an item were standardized to unit amounts and averaged from store to store. The 

items were then combined into the food category, and the Base Factor Method (GNWT, 

1985) was used to produce the community FPI according to the formula: 

where: Pi was the item or category price at the 

community; 

(2.1) 
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Po was the base price at Yellowknife; 

Qo was the weight given to the item or category in 

the Yellowknife Family Expenditure Survey 

(GNWT, 1985). 

The reference value of the FPI at Yellowknife was 100; values ranged from a low of 96 at 

Hay River and Pine Point to a high of 203 at Spence Bay. Edmonton was estimated to 

have scored about 74 (GNWT, 1984). 

The 1986 Statistics Canada Census of Canada provides demographic data 

including: the ethnicity of the NWT destinations; age cohorts of the labour force; 

dependency ratio; per capita income; average household income; and average employment 

income. This source also provides the numbers of full-time and part-time employees; the 

numbers of self-employed, employed in occupations, and unemployed at each NWT 

destination. 

2 • 8 Distance Data 

The distances between the supply origins and the NWT destinations are obtained 

from a MapArt 1991 'Highways of Canada and Northern USA' road map. This is a 

Lambert Conformal Conic Projection with Standard Parallels at 49 and 77 degrees, and a 

scale of 1: 6 000 000. A Cartesian coordinate grid that is divided into 1 square-centimeter 

divisions, having 0.2 square-centimeter subdivisions has been superimposed on the map 

surface. The origin (0, 0) is located at Vancouver: and the horizontal (X) axis also 

intersects Winnipeg (155, 0). Edmonton is then located at (61, 29), and Montreal at (306, 

12): where each unit along the horizontal X-axis and the vertical Y-axis represents one 

0.2-centimeter map subdivision. The distance between the supply origin and its individual 

NWT destinations is then calculated according to the Euclidean formula: 

(2.2). 
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Where McLaughlin's data verified that no direct link exists between a supply origin 

and an NWT destination, the distance is calculated between the nearest (or otherwise

indicated) local break-of-bulk origin, and the destination. This distance then increments 

the direct distance calculated between the supply origin and the local break-of-bulk centre, 

and the total distance stands as a surrogate for the true distance in practical use between the 

supply origin and the unconnected NWT destination. Direction has been ignored in all 

cases, and the resultant distances have been entered into the data f:tle as the variable 'R' for 

each NWT destination. 
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CHAYfER THREE 

METHODOLOGY 

3.1 The Variables 

The variables that are assumed to be related with the FPI are summarized briefly in 

Table 3.1. Variables that are not normally distributed have been removed from the 

analysis. Table 3.1 lists the variables that remain in the analysis after testing for the 

normality of their marginal distributions by the Kolmogorov-Smirnov test for goodness

of-fit. 
TABLE 3.1 

Variables Tested By Multivariate Analysis 
Listed As Factor Analysis Output (see also Table 3.5) 

Variable Factor (1, 2, 3, or Not Accept./Evaluat.) Description 

1) INUPCT 1 

2)MKTPOP 1 

3)DENPCr 1 

4)METPCI' 1 

5)TP 1 

6)DEPRAT 1 

Inuit percentage of community (Statistics Canada, 1986). 

Market Population.1 

Dene percentage of community (Statistics Canada, 1986). 

Metis percentage of community (Statistics Canada, 1986). 

Case wise Average Transportation Rate. 2 

Dependency Ratio.3 

1 Estimated proportion of community population that can be expected to consume 
commercial groceries full-time, using aggregated person-years from proportions provided 
in Spady (Canada, 1984b). 

2The characteristic transportation rate observed at a given community in the NWT. It is a 
weighted average of all bulk tariffs charged by all of the transportation firms that operate 
there, modified by factors that account for the type of groceries the finn carries (proportion 
by weight); and the proportion of the year that the fmn is active (proportion of mode 
availability). 

3oefined as the ratio of the number of residents at an NWT community who are 65 years 
of age and older, plus those who are less than fifteen years of age, who are all considered 
to be 'dependent': to all of the residents between those age limits in the community, who 
are considered to be 'productive' (Statistics Canada, 1986). 
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7) I 1 

8)LFPART 2 

9)PPSTOR 2 

10)YELPCT 2 

11) COOP 2 

12)AVEMPH2 

13) CHAIN 3 

14) INDEP 3 

15)AVINC N.A. 

Interaction. 4 

Labour Force Participation Rate. 5 

Population Per Store. 6 

Yellowknife Percentage. 7 

Co-operatives and Band-operated Stores. a 

Ratio of Average Employment Income to Average 
Household Income (Statistics Canada, 1986). 
Hudson's Bay Chain Stores.9 

Independently-owned Stores.1 O 

Average Income at the Community (Statistics Canada, 1986). 11 

4-rhe norm or scalar of the spatial interaction vector of the population potential, that uses 
the supply origin population as the numerator and the square of the Euclidean distance 
between the supply origin and the NWT destination as the denominator. 

5 At the community: the labour force is defmed as the number of residents who are 
between the ages of 15 and 64 inclusive, who are not students, incarcerated, 
institutionalized, or in the armed forces. The labour force participation rate is the 
proportion of the labour force that is employed full-time, employed part-time, self
employed, and unemployed. 

&rhe number of residents in the community per store that is located there. It is a crude 
measure of a store's market share. 

7The percentage of agreement between the foodstuffs observed at the destination 
community compared to the base food basket defmed at Yellowknife. Most NWT 
communities were reported by GNWT field staff to be more or less deficient in the 
completeness of available items of foodstuffs to make up the Yellowknife food basket. 

8This variable is an example of the general categorical variable called STORE TYPE in the 
text The investigation of STORE TYPE takes two forms. In the first form categories 
such as COOP are defined as continuous variables: thus COOP is the proportion of the 
stores in the community that are co-ops or that are band-operated. The second treatment 
defines the category as a binary indicator variable that may have the value '1' if the 
community possesses, as in this case, either a co-op or a band-operated store and the value 
'0' if not. The identity between co-op and band stores is a simplification derived from the 
assumption that these types implicitly share a non-profit agenda (they frequently have 
social objectives as well as profits as their motivation). Also, there were low numbers of 
band-operated stores that threatened the validity of the analysis of this category unless its 
implicit similarity with co-ops was taken advantage of by collapsing the categories into 
one. 

9 Another store type variable: the analysis of this variable takes the same two forms as 
COOP above (continuous and categorical). 

1 0 Another store type variable treated like COOP and CHAIN. 

11 This is the average income of residents who report having income. 
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16) A VHINC N.A. 

17) PARTFL N.A. 

18) SELFPD N.A. 

19) R N.A 

Average Household Income at the Community (Statistics Canada, 
1986). 
Ratio of Part-time to Full-time Labour Force at the Community 
(Statistics Canada, 1986). 
Ratio of Self-employed to Employed Labour Force at the 
Community (Statistics Canada, 1986). 
Euclidean distance.12 

20) CLASS1 N.A. Fully Mode-accessible Communities.13 

21) CLASS2 N.A. Moderately Mode-accessible Communities.14 

22) CLASS3 N.A. Minimally Mode-accessible Communities.15 

23) EXTLO N .E. Externalities 16: effect of food mail on Baffin Region. 

24) EXTL1 N .E. Externalities: effect of Dempster Highway on Inuvik Region. 

25) FPI N .E. Food Price Index: dependent variable in the regression analysis. 

3. 2 The Assumptions and Derivation of TP 

'TP' is defmed in the present study to be the average price of transportation for all 

food stuffs at each NWT destination. The principal assumption underlying its derivation 

is that each NWT destination has a single southern Canadian supply origin. A number of 

12Between the supply origin and the NWT destination, measured in .2-centimeter units 
on a 1: 6 000 000 Lambert Conformal Projection (Chapter 2). 

13CLASS is a categorical variable describing the mode-availability of NWT destinations. 
CLASS 1 storekeepers are assumed to use highway truck transport unless the mode is 
interrupted by freeze-up and break-up (approximately 25 percent of the time). 

14This category refers to communities that lack highway access during approximately 
7/12 of the year. For the period of open navigation, they receive nonperishables by water 
and perishables by air, and during freeze-up and break-up they receive all groceries by air. 

15This category refers to communities that receive nonperishables by water during the 
period of open navigation, and perishables by air, and all grocery shipments by air during 
7/12 of the year. It also refers to communities that receive only air shipments of groceries. 

16rhe variable standing for externalities, EXTRNL, was not regressed during the 
original stepwise OLS run that resulted in equation (5.4.0), but its existence was inferred 
from the ridge regression diagnosis of the OLS model's performance. The variable refers 
to the adverse effect on the correlation with the FPI of Euclidean distance with the 
presence at an NWT destination of an economic externality such as: government subsidies 
to Canada Post to ship groceries as fourth-class mail (EXTLO); or the effect on the FPI at 
certain Inuvik region communities of the construction of the Dempster highway (EXTLl). 
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wholesalers in several locations might normally supply the stores in a sample of the 

communities (Popoff: NSTP, 1987). But in most of these cases, the bulk of the groceries 

are usually purchased from a single wholesale firm or from several ftnns that all do 

business in the same city. This tends to be especially true of smaller stores because the 

practice concentrates their sales and shipping volumes with a single ftnn and reduces their 

costs by generating volume discounts. 

The assumption of supply from a single location is made in each case to allow the 

calculation of a shipping distance, a population potential, and an interaction scalar (Green, 

Green, and Bone, 1985; McLaughlin, 1985; Campbell, 1984; Ironside, Peterson, 1982; 

Dooley, 1980; Canada, 1984a; 1984b). This assumption has been empirically confrrmed 

by an almost identical assignment of NWf communities with southern reference locations 

made by the federal government's Treasury Board in connection with the Living Cost 

Differentials (LCD), discussed in Chapter 4 (GNWf, 1987a). The present study has 

assigned a hypothetical single supply origin to all of the communities in each 

administrative region (Figure 3.1) as in Table 3.2. 

TABLE 3.2 

Supply Origins For NWT Destinations by Region 

ADMINISTRATIVE REGION 
(refer to Figure 3.1) 

Baffin Region Census Division 04 

Keewatin Region Census Division 05 

Kitikmeot Region Census Division 08 

Inuvik Region Census Division 07 

Fort Smith Region Census Division 06 

SOUTHERN SUPPLY 
ORIGIN 

Montreal 

Winnipeg 

Edmonton 

Edmonton 

Edmonton 

Source: Bureau of Statistics, Government of the Northwest Territories. Food Price 
Survey Nonhwest Territories 1985. Yellowknife: May, 1985. 
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0 ...._.__. 400 km 

Figure 3.1: Administrative Regions in the NWT (1986) 

Actually acquiring an average value of the TP for each case proceeds according to a 

two-step procedure. First, the NWf destinations are considered. It may be inferred from 

McLaughlin which NWf destinations receive essentially direct shipments from their 

southern supply origin. Of this number, a relatively few are themselves pressed into 

service as local break-of-bulk terminals for yet smaller or more-isolated communities that 

lack a direct connection with the common southern supply origin. 

In the former case, the value· of TP is calculated according to the method outlined 

in Table 3.3. In the latter case, the calculated value of TP at the particular local break-of

bulk origin is included in the calculation of the value of TP at the more isolated destination. 

The TP algorithm has been applied, in one or the other format, to every NWf destination. 

It consists of the linear combination of the average rates between firms within each mode 

at the destination, multiplied respectively by the proportions of the year that each mode is 
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utilized for each category of groceries in turn, and multiplied again by the proportion of the 

total weight of groceries by category of groceries. 

(1) Mode-Utilization Scalars: 

TABLE 3.3 

The TP Equation 

Note: the scalars (A, B, C) are defined as binary variables that take the value '1' if true, 
and '0' if false. 

l.OOA 1: Year-round air transportation 
0.67 A2: Closed navigation air transportation 
0.33A3: Open navigation air transportation 
0.25A4: Air shuttle at river crossings or during freeze-

up and break -up of watercourses or muskeg 
0.33B 1: Open navigation water transportation 

l.OOC1: All-weather highway transportation 
0.75C2: Seasonally-interrupted highway transportation 
0.42C3: Ice-road highway transportation 

(2) Grocery Category Shipping-Weight Scalars: 

Perishables 
Nonperishables 
Snack Foods 

= 0.40 
= 0.30 
= 0.30 

(3) The form of the TP equation will then be: 

TP =Perishables (( A 1 + A2 + A3 + A4) (L Airi) I X 
+ B 1 (L Waterj) I Y 
+ (C1 + C2 + C3) (L Roadk) I Z) 
+ Nonperishables ( ... (as above) ... ) 
+ Snack Foods ( ... (as above ) ... ). (3.1) 

Where: X is the number of fmns shipping to the destination by air, Y is the number 
shipping by water; and Z is the number of fmns shipping to the destination by highway 
truck. Note that the exact mix of scalars will vary according to the community and the 
grocery category, and that each mode is the arithmetic mean of the lowest rates published 
by all of the ftrms shipping to a destination. This equation is calculated for each NWf 
destination using McLaughlin's (1985) fteld data. 

3 . 3 Factor Analysis 

Factor analysis was the initial multivariate strategy employed in the investigation of 

the FPI. It was expected that a large number of variables would be interrelated, and that 
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the analysis would emerge with a few very well-defmed factors. No factor analysis of the 

FPI had ever been undertaken, but one study using Pearson's correlation (Weick, in 

Canada, 1984b ), and one employing a multiple regression analysis (Green, Green, and 

Bone, 1985) had so far been unable to demonstrate the underlying causal structure of the 

FPI variable. The matrix of simple correlations between the independent variables on 

which the factor analysis was based is listed below in Table 3.4. 

Factor analysis posits a new variable in the data, called a factor, that is the linear 

combination of the existing variables following a linear regression model. The value of 

the new variable, the factor score, is the dependent variable in this analogy with 

regression, and the data variables are the independent variables. In this sense, the factor 

score coefficients act like regression estimators, in that they form products with the 

standardized values of their independent variables, that are combined to produce the factor 

score for an individual case. However, they are not true least squares regression 

estimators. The principal-axis method of detennining the initial (unrotated) factors that is 

used by most commercial computer implementations, minimizes the perpendicular distance 

between the variable and the principal axis of an adjusted correlation matrix (the first 

eigenvector) and not the least squares distance based on Y as a function of X (Norusis, 

1985; Kim, and Mueller, 1978). 

Each of the factor score coefficients in the regression analogy of the factor analysis 

is the product of the vector of factor loadings (the correlations between the data variables 

and the the factor), and the inverse correlation matrix of the data variables. This 

coefficient is the 'slope'. The product of the factor score coefficient and the standardized 

variable contributes to the linear combination of products making up the factor score, or 

the casewise value of the newly defined factor. 
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TABLE 3.4: Correlation Matrix (Table 3.1): Values not significant at .05 level 

VAR 1 2 3 4 5 6 7 8 9 10 11 12 13 

1 1.00 -.74 -.80 -.66 0.65 0.66 -.54 -...Ql -.36 -...Q! 0~ -~ OJ.2 

2 1.00 0.37 0.58 -.58 -.65 0.61 0.36 OJU 0.38 -.47 0~ -.Jl6. 

3 1.00 0.37 -.38 -.31 0~ -.48 -J1 -.35 0.08 -.27 -.21 

4 1.00 -.65 -.42 0.56 O.sl,4 0.42 0~ -.35 0Jl2 O.:..l.Q 

5 1.00 0.49 -.59 -.al6, -.47 -.31 0.32 -.32 0.10 

6 1.00 -.48 -~ -.44 -.J..l 0.25 -.39 0.10 

7 1.00 0~ O,ll 0~ -.37 0...2..2 -.:..l.Q 

8 

9 

10 

11 

12 

13 

VAR 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

1.00 0.61 0.53 -.46 0.36 O...ll 

1.00 0.65 -.53 0.43 0~ 

1.00 -.50 0.29 0.32 

1.00 -..lQ -.43 

1.00 -.:..1.2 

1.00 

14 15 16 

-.36 -.39 -.43 

17 18 19 20 

-Jll 0Jl2 0.64 -.63 

21 

-.38 

o.4s o.55 o.59 -.o6 -.o4 -.49 o. 1o -m 

0~ -...22 -.J.l o...u -.Jl2 -.47 0.31 0.45 

O.:.ll 0~ 0.:2,l 0.00 -.06 -.49 0.71 0~ 

-.36 -.34 -.33 O.JU OM 0.64 -.67 0~ 

-.32 -.71 -. 70 O.Jl6. O..ll 0.44 -.43 -..ll 

0.47 0~ 0~ -:.ll OJ!l -.62 0.62 -.J.Q 

0.30 0.80 0.80 -._M 0~ 0.04 0.:21_ -.J..l 

0.43 0. 70 0. 70 -.J.l -.Jl2 -.28 0.55 -.Jl2 

O:lQ 0.48 0.49 -.06 -M -.J.Q 0.41 -...ll 

-.60 -.43 -.42 OjU -...11 O:.ll -.35 -...Q! 

0.32 0.50 0.35 -M -~ -...U -...ll -M 

-.44 -~ -.J.Q 0.:..1.2 0~ 0.37 -Jll OJli 

22 23 24 25 

0.84 -.27 0.32 0.69 

-.63 0.23 -.30 -.66 

-.62 0.31 -.29 -.41 

-.74 O.JA O...U -.66 

0.77 -J.l o....u 0.88 

0.55 -.J.l O..ll 0.53 

-.45 O.:il. -.:ll -.70 

-.JA -~ OJ!.S. 0.30 

-.46 -.J.U -J!2 -.50 

-.:..1.2 -Jli -M -.32 

0.31 0.04 -Jli 0.34 

-~ -~ OJ)J -.34 

0.06 -.29 0.31 0.07 
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V AR 1 2 3 4 5 6 7 8 9 10 11 12 13 

1 4 -.36 0.48 O.JU 0..2! -.36 -.32 0.47 0.30 0.43 0~ -.60 0.32 -.44 

1 s -.39 0.55 -~ 0~ -.34 -.71 0.:12 0.80 0.70 0.48 -.43 0.50 -~ 

1 6 -.43 0.59 -.t.!.l O.a.ll -.33 -. 70 0~ 0.80 0. 70 0.50 -.42 0.35 -.J.!! 

1 7 -.JU -.Jl6. 0~ OJl!l OJU OJ16 -.J..l -Jl& -....U -Jl6 0Jl2 -M 0..1.6 

1 8 0Jl2 -JM -~ -~ OJ!! O.:ll 0~ O....U -Jll -JM -~ -~ 0~ 

1 9 0.64 -.49 -.48 -.49 0.64 0.44 -.62 0.04 -.28 -.J.Q O:..U -...1..6. 0.37 

2 0 -.63 0. 70 0.31 0. 71 -.67 -.43 0.62 0..2! 0.55 0.41 -.35 0~ -.JU 

2 1 -.38 OJU 0.45 0...1..6. -:li -.rll -.J..Q -~ -.Jll -:li -.01 -.06 OJU 

2 2 0.84 -.63 -.62 -.74 0.77 0.55 -.45 -~ -.46 -..ll Od_l -...ll 0.06 

2 3 -J.l. 0~ 0.31 O..li -~ -...l.l 0...1.8. -~ -~ -JU 0.04 -~ -.30 

2 4 0.32 -.30 -.29 -~ 0~ 0~ -~ O.:.ll ·-.Jll -M -.01 0.08 0.31 

2 5 0.69 -.66 -.41 -.66 0.88 0.53 -.70 -...22 -.50 -.32 0.34 -.34 0.07 

VAR 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

14 15 16 

1.00 0.48 0.46 

1.00 0.97 

1.00 

17 

-n 
-~ 

-~ 

1.00 

18 

-.06 

-~ 

-~ 

O....Ql 

1.00 

19 20 21 22 23 24 25 

-.41 o.36 o...ru. -.32 O...il -...2.3. 0.07 

-..li 0....21 0~ -~ -.Jl2 -.Jll -.32 

-.:oil 0~ OJ)! -:.22 -.06 -.06 -.32 

-.03 OM 0~ -Ji -~ -...Ql -~ 

0~ -.Jll -,Jl6 0Jl6 -J..4 OJ..4 OM 

1.00 -.52 -.:.1.2 0.57 -.68 0. 74 0.59 

1.00 -~ -.66 

1.00 -.55 

o.m. -~ -.81 

O..li -~ -.Jl6. 

1.00 -.:..U O.J,! 0. 75 

1.00 0...1.8. -.JU 

1.00 O.r..l.Q 

1.00 
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Since correlation matrices are square and symmetrical, they may be transformed to 

produce orthogonal column (or row) vectors. 'Orthogonal' means that the elements in one 

vector are uncorrelated with those of another: the cosine of the angle between the 

geometrical unit vectors that represent their standard deviations is zero. This denotes that 

their separation is ninety degrees (Ortega, 1987: 145; Johnston, 1980; and Kim, and 

Mueller, 1978) 

Factor analysis assumes a hypothetical causal structure in the data, such that the 

variables are assumed to be composed of underlying common factors, plus their unique 

variance. The unique variance is assumed by the factor analysis to be unrelated to the 

common factors and to the unique variances of the other variables. It is thereafter ignored 

by the factor analysis. The initial hypothetical structure is depicted as: 

X (the variable)= B 1 (the factor loading) F1 (the factor score) 

+ B2F2 + ... + BnFn + U (the unique variance) (3.2). 

The factor loadings (B) are the correlations between the variable and the underlying 

common factors. They are found using principal axis factoring in the following manner: 

RV=A.V (3.3). 

Where: R is the correlation matrix of the variables (adjusted by having the multiple 

correlations of each variable against all the others in each diagonal position); V is the 

eigenvector; and A is the eigenvalue. The detenninantal form gives: 

Det (R - AI) = 0 (3,4); 

and produces values for the eigenvalues of the components. By constraining the 

eigenvector to a maximum length (Frobenius norm) of 1.00, it is found by substituting 
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into (3.3). B is obtained by multiplying the eigenvector by the square root of the 

eigenvalue (i.e., 'de-standardizing' the eigenvector). 

F is the value of the factor for that case. The factor score coefficient behaves like a 

regression coefficient. It is obtained from: 

Factor Score Coefficient= B'(R-1) (3.5). 

The factor, like the dependent variable in a multiple regression, is the linear sum of the 

factor score coefficients times the standardized variables: 

F = X(B'(R-1 )) (3.6). 

The casewise value of the factor is the factor score. 

The square of the factor loading is the variance of the variable that is accounted for 

by the particular factor. The sum of these variances pertaining to a given factor is the 

eigenvalue of the factor, or the amount of the total variance in the data that is accounted for 

by proposing the hypothetical factor (Dorf, 1969; Horst, 1963; Clark, and Hosking, 1986; 

Namboodiri, 1984; Kim and Mueller, 1978; Johnston, 1980; Norusis, 1985). 

The difference between factor analysis and principal components analysis lies in 

the manner in which each approaches the variance in the data (Kim, Mueller, 1978; and 

Johnston, 1980). The unique variance in a sample is due to sampling variability 

composed of random fluctuations in the values of the variables; systematic errors, and bias 

due to missing values (measurement error). Factor analysis separates the unique variance 

from the common variance, and discards the unique variance on the assumption that it 

plays no further role in determining the underlying causal structure of the variables. 
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Factor analysis then focuses on the common variance as the key to the simple structure in 

the data (the factors) that is assumed to 'cause' the variables. 

In its turn, principal components analysis utilizes the total variance: it incorporates 

the unique variance of each variable into the components or else it uses the unique variance 

as a component in its own right. This form of analysis posits no underlying causal model 

for the data: it mechanically summarizes the variables into uncorrelated principal 

components. 

The eigenvector or vector of factor score coefficients for a factor and the variables 

represents the vector of regression estimators of the factor from the regression of the 

vector of factor loadings on the standardized variables. Principal components dispenses 

with the need for a statistical estimate, since all of the available information in the data is 

conserved in the functional relationship (i.e., equation (3.6) for a principal components 

analysis would be simply: C = X(B I A); where division by A ensures the component score 

C has a variance equal to 1.00: Kim, and Mueller, 1978:72). The component scores are 

simply the linear combination of each component loading on the variable (that has been 

standardized by division by its eigenvalue) multiplied by the standardized value of the 

variable. In the present study, a number of analyses were attempted: principal 

components, principal axis factor analysis, and unweighted least squares (ULS) factor 

analysis. The best results, in terms of the diagnostic tests that are available in the SPSSx® 

environment, were achieved with the ULS factor analysis. The factor analysis depicts the 

ULS factors in Table 3.5: the variables depicted are defined in Table 3.1. 
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TABLE 3.5 
ULS Factor Analysis, Varimax Rotation 

Rotated Factor Matrix 

VARIABLE FACTOR! FACTOR2 FACTOR3 

-------------------------------------------------------------
INUPCT -.97548 .08538 

MKTPOP . 76869 .35530 

DENPCr . 76431 -.62384 

:METPCf . 70936 .22613 

TP -.70064 -.27249 

·'DEPRAT -.62394 -.21687 

I .61217 .26092 

LFPART .07274 .76591 

PPSTOR .37061 . 74502 

YELPCT .10290 .71696 

COOP -.33224 -.62375 

AVEMPH .10365 .37513 

CHAIN -.07005 .33337 

INDEP .36538 .38552 

Kaiser-Meyer-Olkin Measure of Sampling Adequacy= .66317 

Bartlett Test of Sphericity = 469 .450; Significance = .00000 

There are 14 (7.7%) off-diagonal elements of the AIC Matrix> 0.09 

.10090 

-.10826 

.05902 

.08848 

.13270 

.17784 

-.23875 

-.04019 

-.07932 

.14463 

-.13672 

-.30068 

.95360 

-.49087 

The three factors together account for 69.7% of the common variance in the data. 
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Note that in Table 3.5, the factor loadings are hardly unambiguous, with only two 

variables having correlations with a factor greater than .90. The author's personal 

preference from experience with the more difficult interpretation phase that follows factor 

analysis, is to regard factor loadings below .80 as problematic for straightforward 

interpretation. In that case the overall petformance of the factor analysis is likely to be 

difficult to interpret. Thus, with the present study's Measure of Sampling Adequacy 

falling into Kaiser's own 'mediocre' classification (Norusis, 1985; and Kim, Mueller, 

1978), the factors must be regarded as poorly defmed (this is primarily a result of the 

small number of cases) and the analysis will provide a model of only marginal validity and 

reliability. The KMO-MSA is the ratio of the simple correlations between the variables, 

and the sum of the simple correlations between the variables and the partial correlations 

between the variables (i.e., the correlations between the unique factors, which are ideally 

zero). Clearly, from this test the factors are not effectively orthogonal, or free of 

intercorrelation with one another and the varimax rotation 1 has failed to achieve simple 

structure in the solution (Norusis, 1985). 

3. 4 Multiple Regression Analysis and Ridge Regression 

The performance of factor analysis in the present study has been extremely 

disappointing because it does not account for the FPI in an unequivocal manner, and 

because it falls short of revealing new relationships or insights. In particular, it fails to 

confirm the accessibility model that has been obseiVed emerging in Green, Green, and 

Bone (1985) and that is discussed in Chapter 5. Also, its petformance thus far has been 

1 This is the conventional name of a transformation procedure that operates on the 
matrix of factor loadings so as to maximize the effective loadings on a given factor of 
some variables that may have relatively high loadings to begin with, and minimize them 
on the variables that initially have relatively low loadings on the factor. This 
effectively clarifies the pattern of factor loadings in the data (i.e., achieves a 'simple 
structure') but does not alter any substantive relationships such as the factor score 
coefficients (see Kim and Mueller, 1978; and Norusis, SPSS, 1985). 
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bought with the depletion of the data set by fully one-third of its variables (refer to Table 

3.1). 

Regression analysis was initially only an exploratory tool to help sort out the 

relevant FPI independent variables after the poor initial performance of the factor analysis. 

However, the initial multiple coefficient of determination, (R2 = .94), signalled that the 

analysis was essentially completed and that the primary objective discussed in Chapter 1 

(the identification of a suitable statistical methodology for the multivariate analysis of the 

FPI) had been attained. 

The present study uses the SPSSx 'stepwise' variable selection procedure in 

conjunction with the default tolerance and significance testing criteria at the initial stage. 

Stepwise selection essentially combines the tests of the selection criteria of the other 

selection procedures, and implies that the variables chosen will be the most robust. 

Automated variable selection, however, is not the recommended strategy for data that are 

highly correlated (multicollinear) among themselves (Neter, Wasserman, Kutner, 1989). 

The reason is that the stepwise automated procedure tests the variables that are included in 

the regression equation both before and after each new addition. The regression 

estimators belonging to multicollinear variables are apt to undergo changes in value or in 

algebraic sign with additions or deletions of correlated variables. Thus, they may not pass 

the tests that are applied to the equation by the the SPSSx diagnostic procedures even 

though they are meaningful predictors of the independent variable. 

The analysis at this initial stage was still accompanied by multicollinearity. This 

introduced uncertainty into the intetpretation of each independent variable's relationship 

with the spatial variation of the FPI. This affected the secondary objective to account for 

the spatial variation of the FPI. The procedure that was adapted to the present study to 

control multicollinearity was called 'ridge regression' (Neter, Wasserman, Kutner, 1989). 
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It is discussed in detail in Chapter 5. The effect of using ridge regression on the 

regression expression has been to reduce multicollinearity to insignificant levels. 

It is also argued in Chapter 5 that the ridge regression procedure has produced a 

suitable replacement for the ordinary least squares (OLS) regression model discussed 

above. Using this empirical replacement, it is argued, will result in a net benefit to the 

process of understanding the spatial variation in the FPI, and its effect upon the physical 

and economic well-being of the residents of the NWT. 
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CHAPTER FOUR 
THE FPI AND OTHER SPATIAL PRICE MEASURES 

4 • 1 Valeurs Polaires 

The index of 'nordicity', called the V APO (V aleurs P olaires ), was derived by L. 

E. Hamelin in 1964 (Hamelin, 1972). Nordicity, or 'northerliness', is an index attributed 

to northern locations. The NWT distribution of V APO ranks is reported by federal 

government researchers to correlate very closely, r2 = .94, with that of the 1982 GNWT 

FPI (Canada, 1984b ). However, confmnation of this result with the 1982 data was not 

possible (refer to Table 4.1 ). 

The V APO was defmed by Hamelin to be the sum of the scores, each ranging from 

0 to 100, that were based on 10 criteria. The maximum possible value of the V APO is 

defined as 1000, and that value belongs to the North Pole. The evaluative criteria are 

briefly listed below in Table 4.2. They have been descriptively qualified in some cases in 

the present study (italics). It is expected that the V APO will act as a 'Rosetta Stone' in the 

task of interpreting the underlying forces determining the FPI. 

TABLE 4.1 
Zero-Order Correlations: FPI; V APO; LCD 

Significance by Student's t test: df. = (n-2); alpha= .05. 

1985 FPI VAPO LCD 1982 FPI 

1985 FPI 1.00 

VAPO .938 1.00 
(n=19) 

LCD .913 .829 1.00 
(n=19) (n=19) 

1982 FPI .946 .951 .884 1.00 
(n=18) (n=18) (n=18) 

-----------------------------------------------------------------------------------------------------------
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Comparisons between the FPis and LCD are possible with a much larger sample of n=44: 

1985 FPI 
LCD 
1982 FPI 

1985 FPI 

1.00 
.901 
.906 

LCD 

1.00 
.853 

1982 FPI 

1.00 

Sources: GNWT, 1987a; Hamelin, 1972; 1979; Canada, 1984a. 

TABLE 4.2 

Evaluative Criteria Producing V APO Rankings 

Criterion 

(1) Latitude 

(2) Duration above 
5.6 degrees C. 

(3) Duration below 
0 degrees C. 

(4) Type of ice 

(5) Annual precip. 

Description 

(northerliness with respect to the 49th Parallel: V APO increases 
with increasing latitude); 

(warmness : the extent of conditions favouring plant growth : 
V APO decreases with increasing duration); 

(coldness : V APO increases with increasing duration); 

(in the ground; covering the surface; on the water: V APO increases 
with increasing duration and extent, over and under the surface, of 
the freezing); 

(aridity : V APO decreases with increasing precipitation); 

( 6) Vegetation cover (floral variety : V APO decreases with increasing variety and 
quantity of vegetation); 

(7) Accessibility 
(surface) 

(8) Accessibility 

(remoteness : V APO decreases with increasing frequency of 
service); 

(remoteness : V APO decreases with increasing frequency of 
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(air) 

(9) Population 

(10) Degree of 
economic activity 

service); 

(V APO decreases with increasing population density); 

(V APO decreases as economic activities increase). 

4. 2 Other Measures of Accessibility: the LCD 

As Hamelin (1972) described it, the motivation for his systematization of northern 

characteristics into 'nordicity' was his dissatisfaction with the methods then in use to 

determine isolation allowances by the federal government and other employers (c. 1964). 

He was particularly critical of the failure to factor in a 'northern mentality' or stress 

accompanying acclimation to northern conditions. He observed that while incentives were 

frequently necessary in order to attract workers to a location, the allowances tended to be 

based on the demand that existed in given industries or on the agreements reached between 

individuals. Because such agreements might take little account of environmental factors, 

the result tended to be an inconsistent pattern of development leading to what he called 'an 

anarchically complex situation'(Hamelin, 1972: 9). 

Hamelin analyzed the federal Living Cost Differentials (LCD) as part of his 

critique. The LCDs were originally based upon three categories of criteria. These were: 

(1) the environment, which corresponded to six geographic zones; (2) the cost of living, 

with eight geographic zones; and (3) services, which compared services across nine 

geographic zones. Hamelin's criticism of the federal scheme was based partly on the fact 

that, as the combination of three separate calculations, it was complex and expensive for 

what it accomplished. His other criticisms had to do with inconsistencies in its 

application. For example, isolation was worked out for all areas in Canada based on a 

'Base Canada' centered on the densest population concentration in Canada. The scheme 

identified equally isolated locations (for example, Watson Lake, YT. and the southwest 
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shore of Vancouver Island), but failed to account for the increasing severity of 

environmental conditions as one located further North (Hamelin, 1972). The bias toward 

the human factors of isolation was addressed by the revision of 1970 (see Table 4.3). 

TABLE 4.3 
Categories and Criteria For Classifying the LCD 

( 1) Environment ( categories in decreasing order of influence): 

Climate (criteria in decreasing order of influence) 

Duration of Darkness (in decreasing order of influence) 
Wind Chill Temperatures 
Precipitation 
Degree-Days Below 650 F. 

Number of Inhabitants 

Tundra 'Limbo' 

Temporary Freeze-up/Break-up Isolation 

(2) Cost of Living 

CostofFood 
Cost of Accommodation 

(3) Services 

Source: Hamelin, 1979. 

Since the 1970 revision, there has been a major reinterpretation of the LCD. The 

system implemented in 197 4 has since remained based on a price survey approach. The 

procedure is to survey some 225 retail prices at designated locations within a community. 

It detennines an index for each place based on food prices, certain consumer goods 

(except clothing), and some services. Accommodation is no longer included and isolation 

may be accounted for by using a separate Environmental Allowance (Canada, 1982). 

The major difference between the 197 4 revision and the previous system described 

in Table 4.3, is that the LCD now reflects the existing prices at a location. Thus, in terms 

of the original intent of the allowance system, two locations may continue to be deemed to 
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be equally 'isolated'. However, by the present method, if there is a price differential 

existing at one location with respect to the other, it is the prices that will dominate in the 

determination of the relative values of the LCD. Such price differences are relatively 

common among otherwise similar communities. They may derive from a communications 

or transportation advantage belonging to one with respect to the other, or there may be 

price effects as a result of scale. economies or other market forces. The LCD, in effect, 

regards the retail prices themselves as the practical summary of the various influences and 

local characteristics. This is also the strategy adopted by the present study with respect to 

the FPI. 

Hamelin argued persuasively for a nordicity-based system of income allowances 

that would encourage rational, geographically-balanced settlement anywhere throughout 

the North. There may have been an implicit recognition on the part of the Treasury Board 

of the fact that any system intended to reflect conditions may ultimately tend to become 

determinitive of conditions, as was the intent of Hamelin's scheme. In the event, the 

federal government subsequently chose a pragmatic, explicitly retail-price-based system. 

Such a system may be said to summarize the practical results of the interplay of supply and 

demand and the other factors at a location. It may be effectively 'refreshed' periodically 

by simply taking another price survey. Hence it should be possible to minimize or avoid 

altogether the risk of establishing the LCD itself upon the local economy as a deterministic 

element. Table 4.4 lists the simple correlations between the FPis, the V APO, and the 

LCD. 
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1985 FPI 

VAPO 

LCD 

1982 FPI 

TABLE 4.4 
Zero-Order Correlations: FPI; V APO; LCD 

Significance by Student's t test: df. = (n-2); alpha= .05. 

1985 FPI VAPO LCD 1982 FPI 

1.00 

.938 1.00 
(n=19) 
.913 .829 1.00 
(n=19) (n=19) 
.946 .951 .884 1.00 
(n=18) (n=18) (n=18) 

Comparisons between the FPis and LCD are possible with a much larger sample of n=44: 

1985 FPI 
LCD 
1982 FPI 

1985 FPI 

1.00 
.901 
.906 

LCD 

1.00 
.853 

1982 FPI 

1.00 

Sources: GNWT, 1987a; Hamelin, 1972; 1979; Canada, 1984a. 

This result differs slightly from the correlation reported by federal government 

researchers (Canada, 1984b). The published research reports a simple coefficient of 

determination of .94, but the data published in Hamelin (1972; 1979) and by the GNWT 

(1982) only produce a simple coefficient of determination of .904 as indicated in Table 

4.4. Nevertheless, these correlations are all impressively strong even though only about 

37 percent of the present study's data base was able to be compared with a V APO index. 

The implication is that there is a community of characteristics among the FPI, V APO, and 

LCD. The relationship that has been demonstrated between the FPI and the LCD in 
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particular, which uses almost all of the available data base (44/49 cases), indicates that the 

FPI alone could be used to adjust salary levels with relatively little change in the outcome. 

4.3 FPI As a Measure of a Spatial Process 

The relatively strong correlation between the VAPO (Hamelin, 1972; 1979) and the 

FPI (GNWT, 1982; 1985) implies that the FPI, too, may be assumed to have a number of 

interpretive components or qualitative dimensions. As an initial exercise in this direction, 

one may well ask: what are the criteria of the V APO at a destination in the NWT that one 

would logically associate with the retail grocery prices that are observed there? 

By turning to the literature (Canada: 1984b, 1984e, 1985a, 1985b; Green, Green, 

and Bone, 1985; Murphy, 1984) it is clear that V APO criteria 2 and 3 above 

(summer/winter duration); and criteria 4, 5, and 6 (type of ice; precipitation; vegetation 

cover) probably have no direct effect on the FPI for the following reasons: (1) since there 

is no significant amount of local agricultural production in the NWT, growing season data 

do not influence the local price of groceries at a destination; (2) the vegetation measure 

pertains to the availability of the gatherable country food resource, such as berries, and it 

may affect the distribution of some grazing land animals. However, country food is not 

included in the Yellowknife reference food basket, although it might have occasional or 

seasonal price effects by the impact of occasionally relatively abundant country food on 

sales of imported groceries; (3) temperature and especially ice effects influence the harvest 

of fish from lakes and rivers, although ice-fishing is still possible. However, its principal 

effect is thought to be on the availability of modes of transportation (accessibility). Again, 

the availability of the local country food resource might be affected by climate, which 

might in turn have an influence on the prices of imported groceries by causing their 

demand to increase. The five criteria are regarded by this study to have no direct 

connection with the retail price of food in themselves. 
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Criteria 1 and 7/8 (Latitude and both types of mode accessibility) directly influence 

the FPI. Also, it is known from Dooley ( 1969; 1980) and from Green, Green, and Bone 

(1985) that population size (criterion 9) will determine the market size, and market size is 

the locus of scale economies in both the purchasing of groceries, and in their shipment to 

the destination. Finally, it is known from these sources and from Ferguson (1969) that 

the level of economic activity and the population size at a destination are freque~tly related 

and that the degree of economic activity (V APO criterion 10) may be an indicator of the 

presence of competition. Without competition, retail prices may be higher than those 

attainable under competetive market conditions (Ferguson, 1969). 

Thus far, the analysis has provided a hierarchical system of hypothetical 

correlatives with the FPI, which, by itself, nevertheless remains a simple index of price 

comparison between locations. The support for the system of correlatives ultimately lies 

in the strength of the statistical relationship between the FPI and the V APO in its role as 

the summary of 'nordicity'. Since the present study has seen the emergence of direct and 

indirect hypothetical correlatives with the FPI from among the V APO criteria, a regression 

of the FPI on a collection of independent variables could be expected to return variables 

similar to those above (criteria 1, 7, 8, 9, and 10) as significant predictors. The 

expectation that the FPI is a spatial variable, and the variety of interpretations of space 

demonstrated by Nordicity suggest that a closer scrutiny of the V APO latitude criterion (1) 

would be helpful before implementing the multivariate analysis. 

4. 4 FPI and Latitude 

Most of the southern suppliers of wholesale groceries to the NWr are located at 

Vancouver, Calgary, Edmonton, Winnipeg, and Montreal (McLaughlin, 1985; Green, 

Green, and Bone, 1985; Ironside, Peterson, 1982). Some supply origins are mentioned 

more frequently than others in connection with the transportation rates that are quoted at 
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the destinations (McLaughlin, 1985). Or else a particular supply origin will be seen to be 

more closely interwoven into an operational transportation network with the destination. 

This is apparent when a destination acts as the origin for other NWT destinations that may 

be themselves the operative origins for a particular destination under review. From the 

loose analogy with a 'frequency distribution', it has been possible to assume that the 

'mode' (the supply origin most frequently mentioned in connection with, or most often 

and intimately interconnected with the particular destination) is the primary metropolitan 

supply origin for the particular NWT destination. 

This simplification, which assigns a single supply origin to each NWT destination, 

allows a particular separation distance to be assigned to each destination/origin dipole. 

The assignment scheme is also supported by the assessment of the federal government in 

the establishment of the LCDs, which require the identification of a reference location in 

the South for each NWT location. The assignment of LCD base communities is virtually 

identical to the corresponding assignment in the present study of FPI supply-origins 

(Canada, 1982; GNWT, 1987a). 

The spatial pattern of the FPI has no conceptual link with the South, since it 

describes a closed regional distribution. The actual shipping of foodstuffs, however, 

originates from the supply origins themselves. By referring to the correlation between the 

FPI and the LCD (Table 4.4), it is possible to support an interpretation of the McLaughlin 

field observations (1985) that infers a southern link for each NWT FPI (Canada, 1984b; 

GNWT, 1985, 1987; McLaughlin, 1985). In that respect, the V APO criterion of latitude 

may be directly linked to the FPI. 

Latitude in the V APO context corresponds to distance from the southern food 

supplier in the case of the FPI. However, distance in the context of shipping costs and 

pricing may vary from the strict value of the physical separation. The published 
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coefficient of determination, r2 = .94 between the FPI and V APO, is compelling evidence 

for a correspondence of some kind between the two versions of spatial separation as well 

as reason to search for similar underlying factors in the FPI. 

In the present study, an exploratory test was made of the lengths of the vectors that 

connected Edmonton and the 22 communities at which an FPI was calculated in 1982 that 

were located in the Fort Smith and Inuvik regions (Figure 4.1 ). It was assumed that 

Edmonton was the supply origin in each case. Table 4.5 lists the communities, the FPis, 

and the direct distances (as vectors) obtained by scaling a map. The result of this simple 

test was a Pearson's r of .55; and a coefficient of determination of .30. This implied that 

the separation distance alone, simplified and represented in surrogate form by a vector, 

was not the primary influence on the FPI. It is also clear from Table 4.5 that the vectors 

are not always credible estimates of the practical travel distances involved However, 

given this caveat, if seen in a multivariate context, the result would usually be interpreted 

as being indicative of a relatively strong relationship. 
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TABLE 4.5 
Direct Distance Vectors and FPis (1982) Between Fort Smith 

and Inuvik Region Communities and Edmonton (r2 = .30; 

Significant by T -test at Alpha .05 and D.F. 20) 

COMMUNITY 

Ft. Smith 
Pine Point 
Hay River 
Ft. Resolution 
Ft. Providence 
Ft. Liard 
Snowdrift 
Yellowknife 
Nahanni Butte 
Ft. Simpson 
Rae/Edzo 
Lac La Martre 
Ft. Franklin 
Ft. Norman 
Norman Wells 
Coppermine 
Ft. Good Hope 
Paulatuk 
Arctic Red River 
Ft. McPherson 
Inuvik 
Aklavik 

Source: GNWT, 1985. 

FPI 

96 
95 

101 
119 
102 
120 
153 
100 
147 
109 
112 
149 
150 
141 
163 
159 
148 
161 
131 
122 
124 
140 

DISTANCE VE<;fOR (km) 

715 
800 
810 
835 
890 
940 
980 
985 

1010 
1020 
1030 
1075 
1390 
1415 
1485 
1565 
1615 
1815 
1860 
1890 
1930 
1960 
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Figure 4.1: Euclidean Distances in the Fort Smith and Inuvik Regions From Edmonton 
Note: A number of distance-vectors are drawn in Figure 4.1 to illustrate the differences 
between Euclidean and travel distances. For example, note the vectors between Edmonton 
and the destinations of Hay River and Fort Smith. Hay River has the longer vector, but 
Fort Smith is actually located farther away in actual travel terms. Similarly, Coppermine is 
about twice as far from Edmonton as Fort Good Hope, going by highway to Hay River, 
and then by water down the Mackenzie River, and fmally along the Arctic coast. Yet their 
Euclidean vectors are approximately the same length. 
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CHAPTER FIVE 

RESULTS OF THE NWT FOOD PRICES STUDY 

5.1 Objective of the Analysis 

The objectives of the study are to determine an optimum statistical methodology for 

making generalized inferences about the spatial variation in the empirical values of the FPI, 

and to interpret the spatial variation of the FPI from it in the context of high grocery prices 

charged to consumers. Variables that might account for the observed spatial variation in the 

FPI are 'predictor' variables which, for example, describe the ways in which NWT 

residents differ from community to community. The predictor variables might identify the 

different ways in which groceries are marketed at different locations; or they might 

enumerate the different methods of transporting food to northern stores. Finally, these 

variables might depict various effects of physical distance separating communities from 

their supply origins. By carefully specifying the possible influences on the observed FPI 

in the preceding chapters, it has been expected that a comprehensive subset of the 

independent variables listed in Table 3.1 would emerge in the analysis. They are known to 

have the appropriate probability characteristics to allow the use of the general linear model. 

The result is a valid multiple-regression model of the food price index in the NWT. 

5. 2 The Conceptual Model 

The most extensive study of the retail grocery industry in the NWT has been the 

primary research by Green et al. (1985). Their report includes a multiple regression model 

of the spatial behaviour of the FPI from secondary sources that achieves a multiple 

coefficient of determination (R 2) of .63. This means that about 63 percent of the variation 

in the observed value of the FPI is accounted for by the value of the FPI predicted from the 
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independent variables in the regression equation. The correlation between the estimated 

values of the FPI and the obseiVed values in the Green et al. regression model is reported 

as .80. 

The independent variables in the 1985 equation are defined to be from two families 

of indicator variables. The first independent indicator variable specifies the type of 

transportation mode available at the community (each case may have access to air, water, or 

surface transport, or any combination of these modes). The particular treatment used by 

the authors for both of the independent variables is defmed as a general qualitative 

approach. In this method, the qualitative variable is composed of categories or classes, 

which are binary indicator variables. They may be mutually exclusive categories or they 

may be separate, independent, binary variables. Green et al. chose the latter version. 

Thus, in their treatment, a given community could have more than one category of the 

qualitative variable pertaining to it An example would be a community at which all three 

modes of transportation are available. 

The other independent variable in the 1985 model is the type of store that is present 

at the community. There were three types specified: (1) chain stores, such as the Hudson's 

Bay; (2) co-operatives; and (3) independently-owned stores. There could be any 

combination of these types obseiVed at the destination. It should be noted that Green et al. 

found that market size, measured by the population size of the community and by the 

average income at the community, did not have a statistically significant relationship with 

the FPI. They also found that the ethnicity of a community, measured by the proportion of 

Aboriginal residents of the community, had no statistically significant relationship with the 

FPI. These variables had been expected to emerge as significant influences on the FPI by 

the authors. 

Their analysis also found that there was no statistically significant relationship 

49 



between the cost of transportation observed at a northern community and the value of the 

FPI observed there. Since the extensive and detailed field data compiled by McLaughlin 

and Associates were not available to the authors, a system of surrogate variables for the 

cost of transportation at the communities of the NWT was devised from the available data. 

Green, Green, and Bone ( 1985) reported that their model was affected by 

multicollinearity among the independent variables. Multicollinearity occurs when one or 

more of three conditions are present: (1) the independent variables are correlated with each 

other; (2) the independent variables are correlated with unknown variables that may or may 

not be represented in some manner in the data; and (3) the independent variables are 

correlated with other variables that are known but that have not been included in the 

analysis. The separate effects of multicollinear independent variables on the dependent 

variable are unclear. Each independent variable's relationship with the dependent variable 

is itself correlated with the relationships between the dependent variable and the other 

independent variables, both known and unknown. It is impossible to say how 'much' of 

the variation in the dependent variable may be attributed to a given independent variable: 

one only knows the overall impact of the collective model. 

The practical result of multicollinearity is to increase the sampling variability of the 

regression estimators of the independent variables. This means that the variance of the 

regression estimators is 'inflated'. The coefficient values are thus unstable from sample to 

sample and, in particular, will change as new variables are included and others are removed 

from the equation by automated selection procedures such as 'stepwise' regression. It also 

means that the algebraic signs of the regression coefficients will frequently be 

counterintuitive. The signs too, may vary as variables are changed in the equation, and 

from sample to sample in the population. 

Green, Green, and Bone (1985) interpreted the presence of multicollinearity in their 
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equation to mean that their model was unsuitable for precisely measuring the influence on 

the FPI of each independent variable. However, they reported that the overall model could 

still be used to help predict the value of the FPI at a particular community, and their 

research serves as the general methodological model for the present study. The authors 

described the interdependent economic, cultural, and social environment in the NWT that, 

in effect, the FPI attempts to summarize in a single number. Their approach focussed in 

particular upon describing the basic marketing strategies in effect in the NWT. 

5. 3 FPI and Accessibility 

In the research by Green, Green, and Bone (1985), the FPI emerges as a linear 

combination of the effects of the availability of transportation and the types of stores 

present at the community. In terms of the present study, this approach allows the FPI at a 

community to be interpreted as a measure of the community's accessibility. 

The equation of accessibility and price has had a long tradition in geography, 

beginning in 1959 with William Warntz (Pooler, 1987). Warntz derived certain potential 

functions, like the product supply space potential , that were analagous to the population 

potential function. They described the joint influence of the distance to the market and the 

market size on commodity prices at the farm gate (Wamtz, 1959). The concepts of distance 

and mass or volume are basic constituents of potential functions and interaction models in 

geography. They could be said to constitute the elements of all interpretations of 

accessibility. 

In the Green, Green, and Bone model of the FPI, it is necessary to interpret store 

type in terms of the volume of sales generated by the community. Beyond the market effect 

of population, this interpretation is meant to account for the effect on local prices of a 

store's overall access to scale economies in purchasing and shipping. Vertically-integrated 

stores such as the Hudson's Bay can supply themselves and transport the goods over their 
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own transportation links. Horizontally-integrated stores, again like the Hudson's Bay, 

may purchase in bulk for more than one store and obtain a favourable volume discount that 

is independent of a given individual store's volume of sales. The latter effect is also 

available to the independent members of voluntary buying groups. This aspect of how one 

buys roughly corresponds by itself to an interpretation of the volume measurement because 

of the effect of volume discounts in purchasing and shipping on the basic cost of goods 

sold. It is used as such in the present study, because no correlation measurement was 

actually available to Green, Green, and Bone or to the present study between store type and 

the volume of product traded. 

A frequent complaint by some owners of smaller stores in the Fort Smith region in 

1987 was that consumers who bought their groceries retail in Edmonton commonly saw 

lower advertised prices than the Fort Smith region storekeeper paid to her or his Edmonton

based wholesaler (Popoff: NSTP, 1987). Thus, in the interpretation of the situation 

throughout the NWT, integrated chain stores (i.e., the Bay) are assumed to have access to 

the largest scale economies; co-operatives are assumed to have the next-largest scale 

economies; and the independents will have the lowest scale economies in purchasing and 

shipping. There is an implicit assumption (for simplicity) that retail prices will be 

approximately in line with these assumed wholesale costs. 

However, during the author's field season in 1987, it was observed that most co

ops are small and only nominally affiliated. The practical result of their association does 

not always resemble a functional buying union, especially when compared to that of the 

chain stores. In contrast, it was also observed that a majority of the supposedly isolated 

independent store category are, in fact, either franchises or else belong to voluntary buying 

groups. This empirically revises the ranking of greatest access to scale economies in the 

analysis: chain stores remain first; independents follow; and co-ops are now regarded as in 

last place. 
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It is argued that the Green, Green, and Bone equation represents an opportunity to 

observe accessibility thematically rather than as a single summary value from a 

mathematical function as in the case of spatial potential and interaction. In the latter case a 

similar 'thematic' effect may still be obtained, of course, by using the logarithms of the FPI 

(derived from the conventional interaction function) and the summary interaction variable. 

However, accessibility as a thematic linear combination of concepts continues to allow the 

measurement of the constituent contributions of distance and volume of sales, while 

demonstrating the overall impact on the FPI of the concept of accessibility and obviating the 

necessity to interpret logarithmic variables. 

The present study also interprets distance indirectly in the Green, Green, and Bone 

equation. This is possible because a measure of the relative proximity of destinations with 

their supply origins is implicit in the degree of availability of transportation services at the 

community. By this approach, communities having the same combination of transportation 

linkages are perceived to be at exactly the same 'distance' from their supply origins. This 

will be evident in some practical sense, such as the convenience of travelling to or from a 

destination; or the difficulty of shipping and receiving goods from the supply origin at the 

community. Naturally, the relative amount of time spent in actual travel to different 

destinations is not an issue in this conceptualization of distance, since the communities 

typically are resupplied weekly or less frequently in any event. 

This general approach to the definition of space was originally articulated by 

Perroux in 1950 in his configuration of economic space to allow the intersection, at many 

locations, of convergent interests to be interpreted as a 'growth pole' (Gore, 1984). It is 

also frequently used as the assumption behind multidimensional scaling analyses of 

individuals' so-called 'perceptual maps' (Clark and Hosking, 1986; Gore, 1984; Churchill, 

1983; Johnston, 1978). 
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5. 4 The Present Study Regression Equation For FPI 

In the present study data base, 41 of the 50 communities that had been assigned an 

FPI by the GNWT in 1985 are also free of missing values in the data set As an initial 

strategy, several kinds of factor analysis and a principal components analysis were 

attempted with the 41 cases having complete data sets. It was hoped to derive a smaller 

number of factors from the large collection of variables listed above in Table 3.1. It was 

also hoped to avoid the consequences of multicollinearity among the independent variables 

that affected the results reported by Green et al. (1985). 

However, the regression coefficients of the factors and components were not 

significantly different from zero, and it was necessary to abandon this line of effort. At the 

same time, it was disappointing to see that none of the factors or components had 

corresponded to a useful model of the accessibility described above. The ULS factor 

analysis (the most successful) is listed for information in Table 3.5. 

The present study's regression methodology displayed a divergence from the 

conceptual model early in the analysis. The store-type variable is defmed in two ways in 

the present study: (1) as an indicator variable identical to that used by Green et al.; and (2) 

as three continuous variables configured as the proportion of the total stores in the 

community in each of the store-types. Neither of the formats for the store-type variable is 

statistically significant in the present study's multiple-regression. 

For mode-availability (referred to as 'mode'), the present study diverges from the 

Green et al. model, and places the community in one of three classes. Class 1 communities 

have an open choice of all transportation modes. Class 1 storekeepers are assumed to prefer 

to use highway-truck transport for three reasons: (1) it is relatively low cost; (2) it is 
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frequent enough (arriving weekly or more often) that air transport has no practical speed 

advantage; and (3) it is reliable and easy to use. Class2 communities are supplied with 

perishable foods by air all year round, and have seasonal resupply of non-perishables by 

water and seasonal resupply of all goods by truck over ice roads. Class3 communities are 

supplied with perishables and nonperishables winter and summer by air, and with 

nonperishables by ship during the summer open navigation season. 

This classification scheme relies on the field data published by McLaughlin ( 1985). 

The qualitative variable (CLASS) also differs from the Green, Green, and Bone treatment 

in that its categories are mutually exclusive. Therefore, at least one category will 

necessarily be found to be not statistically significant. In order to avoid singularity (linear 

dependence of the variables) in the correlation matrix of the independent variables, the 

nonsignificant category will be dropped from the equation. The missing category is then 

interpreted as being implicit in the constant term. 

Using this scheme only the Classl variable is significant with the SPSSx stepwise 

procedure. This means that Class2 and Class3 are assumed to be implicit in the constant 

term, resulting in two regression surfaces: ( 1) the FPI for cases that are normally accessible 

by the highway mode, which should now be called fully-accessible communities; and (2) 

the FPI for other cases. The variance in the variable CLASS is fully accounted for by the 

categorization of communities into fully-accessible communities, and other communities. 

The other variables in the present study's regression equation are obtained from the 

least-squares regression expression below. After utilizing the stepwise regression 

procedure (Norusis, 1985; SPSSx, 1988): 

FPI = 142.814 + 27.520 (TP)- 23.394 (Class!)- 0.1102 (I) 

-0.1000 (R) (5.4.0). 
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Equation (5.4.0) depicts the relationship between the FPI and the significant independent 

variables. These are: ( 1) the average rate in $/lb of transportation at the research 

community; (2) the presence or absence at the community of a highway link with the 

supply origin (i.e., full accessibility); (3) the interaction, defined below in terms of 

communications between the research community (called the 'destination') and the supply 

origin (called the 'origin'); and (4) the air distance that separates the destination and the 

origin, in Cartesian map-units (i.e., Euclidean Distance) such that: 

R = (x2 + y2)112. 

In the initial stepwise regression, using the data configured for the previous factor 

and principal components analyses (using 41 cases) the relationship in (5.4.0) accounts for 

94 percent of the variation in the observed value of the FPI (adjusted R2 = .93). The 

correlation between the predicted values of the FPis and the observed FPis is .97. Of the 

independent variables above, the most influential is the average transportation rate TP, with 

a partial R2 of .76, and the largest standardized (Beta) regression coefficient of .69. 

Because of its outstanding magnitude, this variable is assumed to be the primary predictor 

of the FPI. However, because of multicollinearity, it cannot be known from this equation 

what the exact values of the relative influences of the independent variables would be: and 

thus, the present study is also unable to be used to interpret the FPI given equation (5.4.0) 

as its only result. 

Note that in the stepwise procedure for equation (5.4.0), nine communities with 

missing data are excluded from the analysis, leaving 41 cases for the regression. This 

establishes a logical and procedural link between the failed factor and components analyses 

(which also operated on 41 cases) and the stepwise regression that uses the separate 

variables from the disaggregated factors/components. However, once the basic inferential 

model has been established with a stepwise regression, the analysis may be switched to a 

forced-entry procedure that in fact allows an increase in the number of cases to 49. The 
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stepwise procedure has not 'chosen' any of the variables that have missing values as its 

significant variables, so the missing values in the data for some cases are henceforth 

irrelevant to the analysis. 

What effect does adding approximately 20 percent of the previous cases to the data 

set have on the regression estimators? What of the actual choice of variables to include in 

the equation, given the effects of multicollinearity from sample to sample? The answers are 

apparent in Table 5.0 and Table 5.1. In Table 5.1 there has been little change in the values 

from Table 5.0. Because there were no close competitors among the variables that were 

previously excluded from equation (5.4.0) in (5.4.1), none of the excluded variables 

threatened to find their way into the equation as a result of this change. Equation (5.4.1) 

therefore forms the basis of the subsequent analysis. The statistics describing equations 

(5.4.0) and (5.4.1) are listed in Tables 5.0 and 5.1. 

Vars 

TP 27.520 

CLS1-23.394 

R 

I 

-0.100 

-0.110 

B 

TABLE S.O 
Statistics For Equation (5.4.0) 

SEB BETA 

2.607 .6892 

4.698-.3442 

0.034 -.1806 

0.039 -.1769 

SE PART PARTIAL 

BETACORR 

.0653 .440 .869 

.0691-.207 -.638 

.0620-.121 -.437 

.0622-.118 -.428 

CNST 142.814 6.663 

Variable SlOT+ EQUATION STATISTICS: 

TP .0000 + Multiple R .96826 Std Error: 

CLASS1 .0000 + R Square .93753 8.03314 

R .0061 + Adjusted R Square . .93058 

I .0073 + F :;: 135.06089 Signif F = .0000 

CNST.OOOO + Durbin-Watson D = 2.31614 

VIF 

2.456 

2.753 

2.213 

2.229 
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TABLE 5.1 

Statistics For Equation (5.4.1) 

Vars B SEB BETA SE PART PARTIAL VIF 

BETACORR 

TP 26.957 2.572 .6794 .0648 .434 .845 2.455 

CLS 1-20.962 3.962-.3162 .0598-.219 -.624 2.087 

R -0.085 0.031-.1659 .0603-.114 -.383 2.125 

I -0.130 0.036-.2126 .0589-.149 -.478 2.029 

CNST 142.702 6.059 

Variable SIGT + EQUATION STATISTICS: 

TP .0000 + Multiple R .96160 Std Error: 

CLASS1 .0000 + R Square .92467 8.25612 

R .0086 + Adjusted R Square .91782 

I .0008 + F = 135.02763 S ignif F = . ()()()() 

CONSTANT .0000 + Durbin-Watson D = 2.34634 

The multiple coefficient of determination for equation (5.4.1) is .92, with an 

adjusted R2 also of .92. The correlation between the predicted FPis and the observed FPis 

is .96. TP remains the most influential independent variable, with a partial R2 of .84, and 

a Beta coefficient of .68. 

5 • 5 Multicollinearity and the FPI 

The multicollinearity of an independent variable is frequently measured by means of 

the variance inflation factor (VIP) associated with its standardized or 'Beta' regression 
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estimator (SPSSx, 1985; and Neter, Wasserman, Kutner, 1989). The VIFs are listed in 

the output of the procedure, and are the values of the diagonal of the inverse correlation 

matrix of the independent variables (the 'XTX Matrix'). The VIFs are the inverses of the 

'tolerance' test criteria for the independent variables. Tolerance is defined as: (1-Ri2), 

where 'i' identifies in turn each independent variable whose value has been predicted by a 

multiple-regression on the remaining independent variables. Ideally, the values of the VIFs 

should all be 1.00, the theoretical value of the variance of a standardized estimator, which 

indicates zero multicollinearity. 

While a VIF greater than 1.00 undoubtedly signals the presence of collinearity, 

opinions differ about how much greater than 1.00 the VIF must be before the collinearity 

becomes an issue in interpreting the regression equation. The maximum value of the VIF is 

unbounded. SPSSx procedures set the default tolerance criterion at a level corresponding 

to a maximum VIF of 100. Neter, Wasserman, and Kutner (1989: 409) regard any VIF 

greater than 10 to be " ... an indication that multicollinearity may be unduly influencing the 

least squares estimates ... ". Green, Green, and Bone (1985) reject their equation for 

interpretive purposes on the basis of a maximum VIF of 2. 738. By referring to Table 5.1, 

it is clear that in the present study equation (5.4.1) has some multicollinearity, because all 

the values of the VIF are above 2.00, and the maximum VIF is 2.455. 

Neter, Wasserman, and Kutner recommend a technique for controlling 

multicollinearity that they call'ridge regression'. The essence of the procedure is that an 

arbitrary positive constant (times the identity matrix, I) that is determined experimentally is 

added to the vector of Beta estimators in the matrix form of the least squares normal 

equations. The sampling distribution of a multicollinear least squares estimator is relatively 

so large that a biased estimator might actually come much closer to the true value of the 

population parameter. The authors assert that the mean squared error (MSE) of a biased 

estimator will reach a global minimum value that is below the minimum unbiased value 
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(which is simply the variance of the ordinary least squares regression estimator). 

Neter, Wasserman, and Kutner (1989) derive the least squares normal equations in 

matrix terms, standardize them, and finally transform them using the correlation 

transformation in order to avoid round-off errors when the matrices are inverted. This is 

the form in which they are input into most commercial regression packages. The final 

result is: 

rxxb = ryx (5.5.1) 

Where: XX and YX refer to the matrix of simple correlations between the independent 

variables, and the vector of simple correlations between the independent variables and the 

dependent variable, respectively; and b is the vector of standardized regression coefficients 

such that: 

b = rxx-1rxy (5.5.2) 

Ridge regression introduces into the correlation matrix of the X variables a positive 

constant bias, c, such that: 

(rxx + cl)b* = ryx (5.5.3) 

Where: b* is the vector of ridge standardized regression coefficients, and I is the identity 

matrix. Naturally, what this amounts to is the following set of normal equations: 

(1 + c)b1 * + r1,2b2* + ... + r1,k-1bk-1 * = ry1 

Ik-1,1b1* +fk-1,2b2* + ... + (1 +c)bk-1* =ryk-1 (5.5.4) 

Where: r is the correlation coefficient, and k -1 is the number of variables in the XX matrix, 
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less the intercept term. Note that the vector of simple correlations between the independent 

variables and the dependent variable, YX, is left constant in this treatment, and that 

therefore: 

(rxx + cl)b* = rxx b (5.5.5). 

The MSE then consists of the variance of the regression estimator plus the bias

squared. Therefore, the implication is that the addition of the bias somehow shrinks the 

variance of the estimators. Neeleman (1973) and Neter, Wasserman, and Kutner (1989) 

do not explain how this is accomplished. However they do indicate that the procedure is 

applied algebraically to the intermediate matrix solutions (i.e., the inverse correlation matrix 

of the independent variables and the vector of their regression estimators) of the OLS 

regression procedure prior to its output for the end user (BMDP: 4R, 1990). 

In fact, it does seem as if the positive bias actually works its effect back through the 

inverse correlation matrix of the independent variables, and into the correlation matrix 

itself. But it is unclear whether the validity of the results of such intermediate algebraic 

manipulations is dependent on their actual or assumed effect on the data values themselves -

even if the effect is temporary, as in a computer memory. Heuristically, it is easier to 

visualize ridge regression as a biasing of the data themselves, however. Certainly, it seems 

advisable to link the biasing of the sampling distribution of the regression estimators to at 

least a hypothetical effect in the data. The question that is skirted in the theory and 

applications literature is: what are the practical effects on the probability distributions of the 

independent variables as the result of the biasing of the sampling distributions of the 

regression estimators? 

Neter, Wasserman, and Kutner (1989: 291, 305) depict the element of the flrst 

row, second column of a hypothetical correlation matrix as: 
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ri2 = 
l((Xil -XI) (Xi2 -X2)) 

(l(Xil - XI)2 S(Xi2- X2)2)1/2 
(5.5.6) 

As the distance between the mean of each independent variable ( Xj ) and each of its 

casewise values increases, the value of the simple correlation between the independent 

variables must decrease. That is true algebraically because the square root of the product of 

the residual sums of squares for two correlated variables increases faster than the sum of 

the product of their residuals as bias accumulates incrementally. An apt analogy for the 

action of ridge regression, therefore, would be the addition or subtraction of a functional 

bias at each data value for each independent variable. This effectively increases the 

dispersion or decreases the degree of kurtosis of the probability density functions of the 

independent variables, assuming a linear effect in each case, which results in a somewhat 

larger residual sum of squares for the overall expression. 

In fact, the kurtosis of each distribution of the independent variables may be 

inferred by calculating the standard deviation of the allegedly-biased probability distribution 

of each independent variable from the product of the ratio of the standardized and 

unstandardized regression estimators and the standard deviation of the dependent variable. 

There is observed to be a decline in the value of the kurtosis of the probability distribution 

of each independent variable (ridge regression equation (5.6.2), page 73) that is 

approximately proportional to the change in the value of its regression estimator. 

However, Neter, Wasserman, and Kutner specified a positive bias, and this result is 

consistent with a symmetrical absolute bias at the level of the data. 

This issue is of interest because it determines whether or not the fmal ridge 

regression equation may be used as a model in its own right, or whether it must be used 

only for modifying and interpreting the parent OLS regression equation. If the 

manipulation of the matrices brought about by ridge regression can be interpreted to mean 
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that the biased matrices are derived from normal probability distributions there is no 

problem. The fact that this kind of investigation is implicitly discouraged by the lack of 

statistical and specificational detail accompanying the computational output indicates that its 

results are likely to be unpredictable from data set to data set On the other hand, if the 

manipulation is limited to the matrices alone, then there is no sampling distribution as 

such: only one biased estimator for each variable. This immediately condenses all 

speculation about probability distributions into the single fact that the ridge regression 

equation is a descriptive result, and not an inferential model. 

Consistent with the latter interpretation is the possibility that any gratuitous 

extension of the ridge regression characteristics to the data may result in positively skewed 

distributions for the independent variables. This results from adding the positive bias of 

Neter, Wasserman, and Kutner to each data element while keeping the original mean value 

constant. In terms of (5.5.6) this results in a somewhat quicker rate of reduction in the 

correlation coefficient than is observed with the addition of an absolute bias. However, the 

departure from normality cannot be estimated in the case of a positively skewed probability 

distribution, since there are no 'real' biased data values to investigate (hence, no biased 

mode, median, or quartiles for calculation). 

The observation of an approximately proportional decline in kurtosis among the 

hypothetical probability distributions of the 'biased' independent variables is good evidence 

for the interpretation of the application of an absolute bias at the data level. But it is not 

necessarily inconsistent with the interpretation favouring positively skewed distributions, 

so it is unclear which, if any of these situations applies. It is the assumption of this study 

that the departures from normality of the probability distributions of the independent 

variables are minimal and insignificant Therefore, the product of the ridge regression to be 

described below will be submitted as the ultimate result of the analysis, subject to the caveat 

that normality has been assumed as argued above. 
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The VIF is the inverse of one-minus the multiple coefficient of determination of the 

independent variable (when it has been regressed against the other independent variables: 

i.e., [1-Ri2]-1 ). The VIFs are also the values of the diagonal of the inverse correlation 

matrix of the independent variables. As the VIF for each independent variable approaches 

unity (as the coefficients in the correlation matrix of the independent variables decrease in 

value) the variance of each standardized regression estimator begins to approach its 

theoretical limit of 1.00. Therefore, the minor loss in overall predictive power that is due to 

an increased residual sum of squares is balanced by a striking enhancement in the 

interpretive power of the regression equation. 

The disadvantages of the technique are that it might not be possible to reach the 

above goals with an inferentially-valid regression equation. Neter, Wasserman, and 

Kutner point out that the exact distributional characteristics of ridge regression estimators 

are frequently unknown. They are unknown in the present case also. However, if the 

assumption of symmetry about the mean with increased negative kurtosis (kurtosis does 

actually decrease approximately in proportion with the change in the estimator between 

equations (5.4.1), page 68 and (5.6.2), page 73) is reasonable for the ridge regression 

estimators of the present study, and if the distribution of the residuals of the model remains 

approximately normal (this is true also for equation 5.6.2), then the following result 

described by Cochran (1979) may be applied. 

Cochran found that the effect of a constant bias on a normally-distributed estimator 

was negligible for biases of less than about 20 percent of the value of the standard deviation 

of the variable. As the bias in the regression estimator increases beyond about 20 percent 

of the value of the standard deviation of the biased independent variable, the effect on the 

probability of the estimator being zero is to increase it beyond its conventional limit of .05 

for a type I error (Cochran, 1979). Therefore, if the investigator can justify on other 

grounds the use of the t-test or the F test to test the statistical significance of the ridge 
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regression estimators, the bias in the estimators, provided that it is small, will not in itself 

be an obstacle to the use of the ridge regression model as a substitute for the least squares 

version. The bias for a ridge estimator may be measured as the difference between the 

initial ordinary least squares (OLS) Beta estimator and the ridge Beta estimator (see Table 

5.4). The standard deviation may be derived from the variance of the observations, the 

ridge Beta estimators, and the unstandardized ridge estimators according to Norusis (1985: 

16, 19, 39, 41). These values are not normally reported by the ridge regression 

computational procedure in use in the present study (BMDP: 4R, 1990) because the 

probability distributions of ridge estimators are frequently unknown (Neter, Wasserman, 

Kutner, 1989). 

In any event, even if the ridge regression equation does lose its conventional 

probabilistic basis rapidly, it will only reduce to a descriptive expression that pertains solely 

to the specific cases in the sample. In that case, it will be necessary to refer to the OLS 

equation for its predictive power, and to identify and justify the particular independent 

variables in the equation. The ridge regression will be used as a 'map' or ideal in 

interpreting these variables, and thus both will be necessary in the analysis. No 

conventions yet exist on the degree of bias to apply other than the parametric constraints 

offered by the global-minimum MSE and its alternate extremes: the probabilistic least 

squares model, and the maximum-bias/lowest-VIF ridge regression. 

S. 6 The Present Implementation of Ridge Regression 

Returning to equation (5.4.1), the negative algebraic sign that indicates an inverse 

relationship between the FPI and R is counterintuitive. The zero-order correlation between 

R and FPI is weak, at a value of .5890 and it has a positive algebraic sign. Examination of 

the correlation matrix in Table 5.2 reveals that all of the independent variables have 

moderately-large, statistically significant correlations with each other. Even so, the largest 
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coefficient of determination is only .4496. The difference in the algebraic signs between 

the simple correlation coefficient and the regression coefficient implies that the variable is 

either invalid or is affected by multicollinearity. The similarity of the present study's data 

correlation behaviour with that of Green, Green, and Bone (1985); together with their 

example in evaluating their own research, and the weight of the other evidence discussed 

above, leads to the hypothesis that multicollinearity is significantly affectin~ the least

squares regression estimator for this variable. 

From the location of the communities shown in Figure 5.1 and Figure 5.2 it is 

observed that many relatively distant communities in the NWT have FPis that are about the 

same as or smaller than the FPis at communities that are at intermediate or shorter distances 

from their origins (see Table 5.7 for observed FPis by communities). Two groups of 

distant communities stand out in particular. In the Western Arctic, the communities of the 

Mackenzie Delta are extremely distant from their supply origin at Edmonton (Figure 5.1 ). 

However, some of them are connected with Edmonton via the Dempster highway. 

TABLE 5.2 

Correlation Matrix of Equation (5.4.1): 

-------------------------------------------------------------
TP CLASS! I R FPI 

TP 1.00 -.6696 -.5911 .6705 .9056 

CLSl -.6696 1.00 .6129 - .5270 -.8140 

I -.5911 .6129 1.00 -.6244 -.7044 

R .6705 -.5270 -.6244 1.00 .5890 

FPI .9056 -.8140 -.7044 .5890 1.00 

The significance of each correlation coefficient is less than, or equal to .01 with a two-tailed 

test. 
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Figure 5.1: Highway-Linked Communities in the NWT 
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Figure 5.2: Enumerated Communities in the NWT 

This surface link provides them with frequent, relatively low-cost truck transport. It 

should also reduce the transport costs to the surrounding, relatively-isolated hinterland 

communities. 

In the Baffin region, the 12 communities that use Montreal as their origin (Table 3.2 

and Table 5.7) were uniformly served by food mail service out of the Canada Post depot in 

Val d 'Or in 1985. By allowing the shipment of groceries by air as fourth-class mail, the 

federal government effectively subsidized the transportation rates at Baffin communities. 

The cost of transporting groceries at Baffm communities was kept approximately in line 

with costs in the Western Arctic, where almost all transportation rates were below the food 

mail rates (McLaughlin, 1985). McLaughlin published the food mail rates to Baffin region 

communities, and these have been incorporated into my estimates for the average 

transportation rates found there. 

It may be observed in Figure 5.1 that the communities along the Arctic Ocean (in 
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the Kitikmeot administrative region) are either at the same distance (using 'R' as the 

measurement) or only marginally farther away from their supply origin at Edmonton than 

are the communities of the Mackenzie Delta (the Inuvik administrative region). The 

Kitikmeot region communities are also much closer to their supply origin (that is, they have 

much smaller values of 'R' as defmed by this analysis) than are the communities of the 

Baffm region, which are supplied by Montreal. 

However, since the Kitikmeot communities have neither a food-mail subsidy like 

the Baffin region communities did in 1985, nor a highway link like the Inuvik region 

communities, they have the highest transportation rates found in the NWT in this analysis. 

Table 5.3 displays the results of a trial multiple-regression carried out on the data --minus 

the communities that are defmed as having obtained their groceries by food mail. The Beta 

estimator for R in this regression is now -.06 --down substantially in magnitude from the 

value of -.18 found in Table 5.0. This indicates that there are serious problems with the 

variable R, since the consequences of distance, namely higher rates for transportation, 

appear from this trial regression to have been reversed by a combination of outside 

influences (one of which, the Baffin region food mail subsidy has been removed in Table 

5.3). 

TABLE 5.3 

Test Regression Influences on R 

Vars B SEB BEfA SE PART PARTIAL VIF 

BETACORR 

CLS1 -21.869 5.512-.3275 .0826-.224 -.562 2.141 

R -.041 0.080-.0555 .1080-.029 -.088 3.667 

TP 23.147 3.295 .5836 .0831 .396 .770 2.169 

I -.124 0.069-.2061 .1145 -.102 -.295 4.121 

CNST 139.985 13.213 
------------------------------------------------------------------------------------------------------------
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Variable SIGT + EQUATION STATISTICS: 

CLASS I .0004 + Multiple R .94435 Std Error: 

R .6109 + R Square .89180 10.85667 

TP .0000 + Adjusted R Square .87907 

I .0808 + F = 70~06081 Signif F = .0000 

CONSTANT .0000 + Durbin-Watson D = 2.31597 

The review of the data, the difference in the algebraic signs between the correlation 

and regression coefficients for R, and the test results summarized in Table 5.3 support a 

number of working hypotheses about the variable R in equation (5.4.1). These are: (1) 

multicollinearity is affecting the sign of R; (2) R is misspecified or invalid; and (3) R may 

be representing the effects of as yet-unknown variables by its multicollinearity with them. 

In equation (5.4.1), the variable R carries an interpretation that is consistent with 

the effects of exogenous influences that have been aimed at mitigating the effects of 

distance. The method of investigating the variable R in this context of uncertainty uses a 

series of regressions of the FPI on the data that is described above as the ridge regression 

procedure (Neter, Wasserman, and Kutner, 1989). Appendix 5.1 displays the results of a 

BMDP™ (1990) ridge regression (program4R) on the variables identified and used for 

ordinary least squares (OLS) regression in equations (5.4.0) and (5.4.1) above. 

Note that three equations have been highlighted in Appendix 5.1: (1) the original 

OLS equation; (2) the ridge regression in which the Beta estimator for the variable 'R' 

changes sign; and (3) the ridge regression for which the VIF approaches the theoretical 

limit of 1.00, the value of the variance of an uncorrelated estimator. Below are listed the 

test results to determine whether the ridge estimators can still be regarded as statistically 
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significant using the t-test. This last equation has been labelled equation (5.6.1), and is the 

initial product of the ridge regression analysis. Its statistics are listed in Table 5.4. 

TABLE 5.4 

Initial Ridge Regression Equation (5.6.1): 

Unstandardized Equation (ridge bias = .396): 

FPI = 139.1553 + .0145 R- 19.1003 CLS1 + 16.5142 TP- .1155 I 

Total Sum of Squares= 39815.085938; DF=4; 

Mean Square= 829.480957; SSE= 4831.1992; DF = 44; 

R2 = .8787; Adjusted R2 = .8676 Std. Err. = 10.1386 

F = 90.6537; Signif. F = .0000 at AI pha = .05 

...................................................................................... 
Variable VIF Ts.E. Signif. T: 1-Tailed; Alpha= .05 

Concl. Ho: Beta = 0 if T <= 1.6814 

in absolute value: 

R 1.0406 0.545195 

CLASS! 1.0328 -5.618359 

TP 1.1069 7.785362 

I 1.0306 -3.651683 

Constant 26.586193 

(Norusis, 1985: 16,.19, 39, 41; Neter, Wasserman, Kutner, 1989: 243) 

As is evident from Table 5.4, the variable R in equation (5.6.1) is no longer 

statistically significant at the .05level of significance. The t-test of the significance of the 
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 Beta estimators consists of comparing the tabled value of the Student's 't' distribution with 

the ratio of the Beta estimator and its standard error. It is assumed that the standard errors 

of the Betas will have undergone relatively minor net changes throughout the biasing 

process up to the level of bias that has been chosen in this case. According to Neter, 

Wasserman, and Kutner (1989) the standard error of Beta is first expected to decrease to a 

global minimum with the addition of incremental biases, and then to begin to increase 

again, through its former value and beyond, with progressively larger accumulations of 

bias. This implies that the relatively low value of Beta for 'R' is the reason for the loss of 

statistical significance. In the case of a non-multicollinear standardized variable, a relatively 

low value for Beta is expected to derive from the fact that the variable has little or no part to 

play in predicting the dependent variable. 

A similar ridge regression analysis was performed upon the variables that had not 

been included in the original OLS regression equation to see if any of them could replace R, 

or if there would be a large increase in the coefficient of multiple determination if they were 

included in a non-multicollinear equation. The corresponding equation (ridge bias = .360) 

includes two new variables: DEPRAT (the dependency ratio at the destination: see Table 

3.1); and EXTRNL (a newly-defmed variable identifying communities with an 

anomalously low FPI for their distance from the supply origin --believed to result from 

external factors like transport subsidies, and certain public works like the Dempster 

highway). For this equation, the resulting R2 is .87, which is not encouraging since the 

variable DEPRAT has the next highest t-value in the OLS regression after the variables that 

were included in the equation. 

A test that included the lower t-score variables that had been excluded in the original 

OLS analysis was also performed. It was reasonable to expect that variables that were 

highly-correlated with an included member of the regression equation would add little to the 

explanatory ·power of the equation when it was attempted to include them using OLS. 

72 



Therefore, their t-score would be low because of multicollinearity but they might 

nevertheless possess significant explanatory power. However, the results with PPSTOR 

(average market share of each store at the destination) were similar to those with DEPRA T 

and EXTRNL. ·The corresponding equation (ridge bias= .360) had a coefficient of 

multiple determination of .88 (the initial OLS value was only .91). 

Finally, a test in the other direction, that of excluding the variable R, resulted in the 

fully-successful ridge regression equation (5.6.2), which is the ultimate result of the 

analysis. This equation actually resulted in a lower standard error (9 .82 compared with 

10.14) and required a slightly lower ridge bias than the best equation including R from 

Table 5.4 and Appendix A (.360 compared to .396). It also resulted in a marginally higher 

value for R2 (.89 compared to .88); and it had a somewhat lower average VIF (1.03 

compared to 1.05). Equation (5.6.2) is described in Table 5.5. 

Table S.S 

The Final Regression Equation For FPI (5.6.2): 

Standardized Equation (ridge bias = .360): 

FPI = .435058 TP- .296316 CLASS I- .195325 I; SSE= .113751 

Unstandardized Equation: 

FPI = 140.7683 + 17.2629 TP- 19.6420 CLASSl- .1198 I 

Total Sum of Squares= 39815.085938; DF = 3; 

SSE = 4529.0254; DF = 45; Mean Square= 829.480957; 

R 2 = .8862 Adjusted R2 = .8787 Std. Err. = 9.816427 

F = 131.8664; Signif F = .0000; 2-tailed Alpha = .OS 
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Variable 

TP 

CLASS! 

I 

Constant 

VIF 

1.049233 

1.067917 

.997469 

Ts.E. 

8.63340 

-5.82864 

-3.97544 

40.2983 

Sig. T 2-tailed Alpha = .05 

.0000 

.0003 

.0008 

.0000 

(Norusis, 1985: 16, 19, 39, 41; Neter, Wasserman, Kutner, 1989: 243) 

Thus, the fmal regression model of equation (5.6.2) consists of the following 

essentially 'exact' components of the FPI: (1) the average transportation rate observed at 

the destination (47 percent of the spatial variation in the predicted value of the FPI); (2) full 

or reduced mode accessibility (32 percent of the spatial variation in the predicted value of 

the FPI); and (3) the degree to which potential levels of interaction between the origin and 

destination are achieved (21 percent of the spatial variation in the predicted value of the 

FPI). Together, these three variables account for 88.62 percent of the observed spatial 

variation in the FPI. The implication from the earlier stepwise OLS regression, and the 

testing procedures described above for the variables of the ridge regression, is that the 

remaining error (11.38 percent) is a combination of the relatively small effects of the 

collection of variables not included in equation (5.6.2), and other sampling and systematic 

errors. In other words, the evidence suggests that no other single variable that would 

account for a large fraction of the the remaining 11 percent of the spatial variation in the FPI 

exists either explicitly or implicitly in the data set And, by the definition of the ridge 

regression procedure and its tests, no known variable is correlated in any substantive way 

with the variables identified in equation (5.6.2). 
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5. 7 The Interpretation of the FPI Regression Equations 

Clearly, the hypothesis that R was affected by multicollinearity is correct The 

interpretation of Green, Green, and Bone ( 1985) of the seriousness of the multicollinearity 

measured by VIFs having values between 2.00 and 3.00 is correct in the case of the present 

study. This result implies that two parameters of a complete analysis by the multiple

regression method should generally be specified 

The first parameter of a complete solution by multiple regression is the derivation of 

an OLS model having conventional probability characteristics -in this case provided by 

equation (5.4.1) on page 58, which was directly derived from equation (5.4.0) on page 57. 

The second parameter, which might be called the 'ridge regression', is the OLS equation 

biased by ridge regression in order to reduce or eliminate the multicollinearity. This 

parameter is provided in the present analysis by equation (5.6.2) on page 73. 

Recognizing these parameters means that the researcher has a flexible and 

comprehensive strategy in place to deal with the problem of multicollinearity. Therefore, 

the researcher will have to be prepared to refer to two regression equations in describing the 

results. In the present analysis equation (5.4.1) is nominally the predictor-model of the 

FPI, which is assumed to be valid for any NWT community. However, it has little 

interpretive significance (beyond identifying the approximate group of variables that are 

assumed to be most important in predicting the spatial variation in the FPI) because its 

independent variables are correlated with each other, and perhaps with other variables not 

included in the equation. 

Equation (5.6.2) on page 73 retains the characteristic of normally-distributed 

residuals (BMDP™: 4R, 1990), which means that the model as a whole may be regarded 
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as inferentially valid also. However, in order to evaluate the statistical significance of the 

ridge estimators of the independent variables it is necessary to assume that the sampling 

distributions of the ridge estimators have not departed significantly from a normal 

distribution. In aid of this assumption, it is helpful to assume that the ridge regression 

biasing procedure has operated symmetrically on the data. 

This means that all positive and negative residuals will have increased in magnitude, 

either uniformly within a given variable, proportionally on a casewise basis, or weighted 

according to the variables' contributions to the prediction. Any of these approaches will 

allow the assumption that the departure from normality, if any, that is imposed by biasing 

the respective sampling distributions of the ridge estimators, is actually limited to a 

relatively minor increase in negative kurtosis among the data distributions themselves. 

This interpretation is supported by limitations in the nature of the bias that can be 

applied: it is applied to the correlation matrix, which is composed of the joint relationships 

between the distributions of the residuals of the independent variables. Only symmetrical 

action about the given means of the independent variables will produce the desired result 

(increased residual sum of squares for each independent variable). Also, the observed 

degree of kurtosis of the resulting hypothetical distributions was reduced in approximate 

proportion with the degree of change undergone by the ridge estimators. Asymmetrical 

applications of bias to the independent variables will tend merely to shift the locations of the 

means without necessarily increasing each variable's residual sum of squares. Attempts to 

hold the variable means constant while applying an asymmetrical bias will result in 

positively-skewed data distributions. 

It is argued that the residuals of the independent variables are distributed as a 

multivariate-normal relationship, since this is their initial configuration, and little practical 

change has been attributed to them whether the bias ultimately imparted by ridge regression 
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is actually absolute and symmetrical, or positive and asymmetrical at the level of the data. 

Therefore, the inferential tests applied above to equation (5.6.2) are assumed to be valid. If 

this should prove not to be the case, then equation (5.4.1) will continue to be the inferential 

model, and equation (5.6.2) will serve as a map or ideal in its interpretation, which is 

effectively the same thing: (5.6.2) will be the inferential model in all but name alone. 

However, it has been demonstrated that equation (5.6.2) may reasonably be utilized as the 

sole inferential model in its own right (subject to the caveats represented by the 

assumptions of bivariate normality for the joint distributions of its independent variables). 

Ridge regression model equation (5.6.2) is therefore submitted as the fmal result of the 

analysis. 

S. 8 The Independent Variables 

S. 8 .1 Average Transportation Rate 

From equation (5.6.2) and Table 5.5, it is clear that the average transportation rate 

observed at the community (TP) is the most important single predictor of the FPI. There 

has been zero fluctuation in this ordinal relationship throughout the regression series. The 

success of the variable TP in predicting the FPI follows from the accuracy and scope of the 

field data collected by McLaughlin (1985). The principal contribution of the present study 

to the success of TP was to avoid introducing errors of its own while the McLaughlin data 

were configured for this analysis. The manipulation that is required of the McLaughlin data 

takes place over three stages, and is also discussed in Chapter 3. 

To derive a community's TP from the McLaughlin field data, it is first necessary to 

separate the community's shippers by their mode of transportation, and calculate the 

arithmetic mean of the published rates for each transportation mode. In each shipper's 

case, the lowest bulk rate to the community, by the most direct route from the supply origin 
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is chosen. This means that in some cases, where a community has no direct link to the 

South, it is necessary to calculate the estimated increment over the value at the nearest direct 

link with the supply origin. 

This is accomplished by defining the break-of-bulk, or hub community, as the 

supply origin in the frame of reference of the destination community. Therefore, the price

level or TP is calculated at the hub, according to the method described in Chapter 3; and 

added to it is the increment from the hub to the destination that is available from the 

published field data. This procedure is repeated for every published rate, within every 

single mode; from every intetvening hub community. Because most of the communities 

are served in at least a minor way by intervening hub communities in this fashion, the 

average value of the transportation rate that is calculated below is a blend of many, many 

influences, and cannot be said to be affected by route-based, or serial autocorrelation. The 

results of a contiguity analysis of the destinations and their calculated TPs support the 

hypothesis that no serial or spatial autocorrelation is affecting the independence of the 

values (Clark, Hosking, 1986). 

For communities having access only to air transport, this basic model rationalizes 

all of the various direct and indirect transportation rates observed at the communities, and 

results in the simple average air transportation rate from the supply origin in each case. 

This value is then entered into the data set as the community's TP. 

For communities that have access to several modes of transportation, the second 

step is to introduce two constants of proportionality to the simple average rates calculated as 

above for each available mode. The frrst constant is an estimate of the proportion of the 

total groceries that are normally carried by that mode, based on conventional 

perishable/non-perishable shipping practice (Green, Green, and Bone, 1985; McLaughlin, 

1985; Popoff: NSTP, 1987). The second constant is an estimate of the proportion of the 
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calendar year that the mode is considered to be fully-operational: this value is derived from 

the field surveys of 1987 (Popoff: NSTP, 1987), and is modified for the expected shipping 

season elsewhere based on estimates by McLaughlin ( 1985), and on observations by 

Green, Green, and Bone (1985). 

The third step is to add the now-weighted modal average rates arithmetically into a 

summary TP-value for the community, and enter it into the data set The resulting estimate 

must be considered somewhat crude. It ignores real-world contingencies, such as the 

reported incidence of convenience-ordering, in favour of a rationalized least-cost system 

(McLaughlin, 1985; and Green, Green, and Bone, 1985). Also, it does not weight the 

various transportation rates from intermediate sources and the supply origin that are 

observed at a destination, but assumes that the same volume of groceries (within a given 

mode) arrives from all intermediate sources and the supply origin. This is probably true 

over the long run for the majority of destinations, however. It was observed in 1987 in the 

Fort Smith region that each storekeeper tended to ship via a separate transportation frrm. 

The virtues of the TP include its relative simplicity, and its plausible estimates which may 

easily be further improved by empirical observations. The result of this particular mix of 

given and estimated values is a demonstrably effective predictor of the FPI. 

5. 8. 2 Fully- and Partially-Accessible Communities 

Whether or not the destination is fully- or partially-accessible to the supply origin 

(Class1: presence or absence of a highway link with the South) is the second-most 

important predictor of the spatial variation in the FPI in both equation (5.4.1) and equation 

(5.6.2). Thus, the ordinal level of this relationship has also remained stable. In the case of 

Class 1, the power of the relationship with FPI is demonstrated by the behaviour of the 

constant term in equation (5.6.2), which fluctuates between the values of 121.13 for 

communities having a highway link with the South, and 140.77 for those without such a 
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highway link. 

Note however, that the value of the Beta coefficient for the problematic variable R 

has been related with Class1 at several points in the discussion thus far. In (5.4.1), 

besides multicollinearity, the test regression in Table 5.3 indicated that even after the effects 

of food mail on the FPI were removed from the data, the value of the Beta estimator for R 

remained negative: although it was substantially reduced in magnitude. This implied that 

the influence of relatively low FPis at relatively-distant communities was still powerful 

enough to dominate the relationship of the variable R with the FPI. Figure 5.2 displays the 

relative distances to the supply origin at Edmonton of the highway-linked Delta 

communities, and the other group located in the Fort Smith heartland. 

This effect is the origin of the hypothetical variable called 'EXTRNL' (Externalities: 

communities having relatively lower FPis than other communities located at similar 

distances from their supply origins -thought to result from external influences such as 

transport subsidies and certain public works such as the Dempster highway). However, 

this variable was tested in the ridge regression series, and was found to have little effect on 

the predictive power of the equation. This is surprising since its simple correlation with 

'R' is .74. However its correlations with the other variables are relatively low (rfpi = .10; 

rtp = .21; ri = -.24). There is little difference in the Beta estimators of CLASS between 

(5.4.1) and (5.6.2). Thus, it seems as if full- or partial-accessibility (CLASS) has been 

marginally affected, but not destabilized by multicollinearity. 

This point deserves some emphasis: multicollinearity represents an opportunity to 

fully investigate the properties of the data if the appropriate methods are used. Here, 

multicollinearity has led the investigation to the hypothesis that some NWf communities 

are being affected by externalities that distort the values of some measures of their 

economic performance. However, a test regression by ridge regression eliminates the 

hypothetical variable from further consideration by demonstrating that it adds marginally to 

the explanatory power of the regression, and is only weakly correlated with the FPI. 
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It is worth noting that the actual contribution of the binary variable CLASS to the 

predicted value of the FPI will range from somewhat more to somewhat less in percentage 

terms than the contribution of TP in the case of the highway linked communities. For other 

communities, the contribution of TP will be approximately one and one-half times to twice 

as large as that ofClassl. However, compared with the nominal value of the constant 

term, which identifies the expected value of the FPI when all of the independent variables 

are zero, the contributions of both TP and Classl are relatively small (see Table 5.5). The 

implication is that little can be done about high food prices in the NWT, since even by 

connecting every community there with a road to the South -a forbiddingly expensive, 

environmentally irresponsible undertaking- the reduction in FPis everywhere would range 

from zero at the presently-linked communities, to about 20 units everywhere else. There 

would be additional but variable dividends in the latter case from the change to the highway 

trucking mode. Of course, this conclusion pertains to the assumption that the FPI 

represents the accessibility of the NWT destination to the metropolitan South. Therefore, 

further action toward modifying the accessibility-related variables in (5.6.2) is implicitly in 

vain -certainly when viewed in the context of cost-effectiveness. This observation will be 

discussed again in Chapter 6. 

5. 8. 3 Interaction 

Interaction (I), the last of the significant independent variables in equation (5.6.2) 

carries the units of per capita (the unit observer located at the destination) persons (the 

population located at the supply origin) per unit distance-squared (the Euclidean distance R 

separating the destination and the origin). It is defined initially as: 

(5.8.1) 

Where: PI is the per capita, or 'unit observer' at the destination, and has the value unity. 
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Equation (5.8.1) is interpreted as the ability to do physical work: and is in every 

way consistent with the defmition of a physical force. The identification of 'I' with a 

physical force derives from the analogy with Lagrangian potential that underlies the Stewart 

Demographic Potential (Pooler, 1987). Mathematically, (5.8.1) defines the scalar of the 

gradient of the Lagrangian potential function. This is written in the Stewart form with 

populations in place of masses. The potential form of (5.8.1) is its integral (5.8.2) below. 

Potential carries both the Lagrangian interpretation as the 'total work' possible in a two-part 

system, and the Stewart interpretation as the 'influence' observed at one location and 

exerted by the other: 

Work= (PtP2)/R = P2/R (5.8.2). 

In his review of the use of population potentials in measuring geographical 

accessibility Pooler ( 1987) differentiates between the two classical approaches. In the first, 

called the Stewart Demographic Potential function, after physicist John Q. Stewart (who 

first applied the physical analogy to population data in 1939); the Newtonian inverse

distance-squared law is transformed into the the Lagrangian inverse-distance formulation 

(5.8.2). This is accomplished by defining infinitesimal distances dR, over which the 

gravitational force is assumed to be constant Recall that the Newtonian expression was 

defined as: 

F = G(m1m2)/R2 (5.8.3) 

Where: F is synonymous with I in (5.8.1); and m1 is defined as a unit mass. 

Stewart's version (5.8.1), was integrated as the force 'I' times the distance dR, as 

Lagrange originally did with (5.8.3), to produce the potential function (5.8.2), which is 

called Win the present study (Pooler, 1987). In the Lagrangian sense, W measures the 

amount of work done in moving the unit mass from infmity to a location R units from the 

mass located at the arbitrary origin. It summarizes the total work that is possible in the 

system defined by the potential vector-field (Lang, 1979). 
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The second form that Pooler discusses, the 'gravity model' of geography, 

arbitrarily substitutes interaction for gravitational force in (5.8.3). For example: interaction 

in the form of trips taken between places, or in the number of telephone communications 

between the locations, in terms of its decay over distance is equated with gravitational force 

by analogy with the concept of universal gravitation. In this case, geographical 

replacements for G and the distance parameter are empirically determined; and the terms for 

the masses are replaced with terms for the populations at the destination and the origin. 

This is a very successful model of obseiVed spatial flows in geography, having many 

applications (Pooler, 1987). 

Pooler demonstrates how spatial interaction is derived from per capita spatial 

potential by dividing the interaction expression through by the population of the 

destination. He emphasizes the importance of this point, for it constitutes the key 

distinction between spatial interaction models and spatial potential functions. The spatial 

potential function lacks a destination term, which renders it unsuitable for modelling 

obseiVed spatial flows, according to Pooler. Instead, he demonstrates how it is interpreted 

as a measure of accessibility -it is the per capita propensity to interact at the destination 

(Pooler, 1987). 

Mathematically, all potential functions are defined in the same way: in terms of a 

vector field (Lang, 1979, Tobler, 1976). This means that unless the spatial potential 

function above is derived as the Stewart form, it has no mathematical validity as potential. 

However, a common perception in geography has been that the analogy of physical 

potential with spatial potential, and of physical force with spatial interaction are mistaken; 

" ... because there is no obvious social analogy to the concept of physical work ... " 

(Goodchild, 1979: 87). In the present study, the inclination is to not abandon the physical 

analogy. This position is argued on the basis of simplicity. Retaining a uniform 

interpretation of potential would imply similar behaviours in all contexts according to the 
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mathematical function, or a reasonable statistical approximation to it. 

Therefore, the present study specifies the social gravity model (5.8.1) as 'force', 

and the population potential (5.8.2) as 'work'. In this case 'force' is necessarily a 

summary of the entire range of communications that have reached the destination from the 

supply origin. Such an interpretation includes all physical interceptions such as: personal 

visits; deliveries of groceries; telephone calls; or units of television advertising, for 

example. This is expected to result in a practical'force', or influence of the origin on the 

observer that is calculated as a number by taking the norm of the gradient of the potential 

function. 

The gradient of the potential function is defmed as a vector (a quantity having both a 

magnitude and a direction of application, that is visualized as an arrow of varying length 

corresponding to its magnitude). The vector represents the direction and magnitude of the 

maximum rate of change of the potential function with distance. Since the NWT has no 

agricultural hinterlands, settlements tend to be radially connected with the supply origins in 

the South. Since the intercommunity trade and transit of commercial food has been 

rationalized in the derivation of TP, the 'direction' of the maximum rate of change of the 

potential function in each case is simply the direction between the destination and the 

supply origin, measured in arbitrary units based on Cartesian or rectangular coordinates 

(x, y). There is also a suitable estimated increment to the cartographic x-y coordinates in 

the cases where the principal transportation linkage with the supply origin first passes 

through a break-of-bulk, or hub community. 

Thus, the 'maximum' potential for each case is equivalent to the only possible 

potential between a given origin and destination; and the interaction vector is therefore the 

first derivative of the constrained potential function. The norm of this vector is, of course, 

the force (5.8.1). The 'Interaction' that results (and this value is the scalar quantity that 
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predicts the FPI) is interpreted as the product of the regression estimator of the force 

(derived from the regression of the FPI on the forces in the sample as a whole) and the 

value of the force (5.8.1) calculated at the community. That is to say, 'Interaction' is not 

deemed to have taken place until the 'force' observed at a community has generated an 

'effect' or 'response', namely: the product of the regression estimator and the scalar (I) that 

constitute the Interaction there. 

At the present level of sophistication of this argument, Interaction only measures the 

'influence' of the force at a community in terms of the individual destination's scalar (I) and 

the overall regression estimator. The latter is interpreted therefore as the index of the 

'average' or regional per capita propensity to interact with the supply origin at all of the 

destinations in the sample. Naturally, this particular index is only defined for the FPI. A 

different dependent variable would generate a different interaction with the force. 

S. 8. 4 Euclidean Distance 

The Euclidean distance (R) separating the destination and the supply origin has 

remained the least-important predictor of the FPI throughout the regression series. 

However, in (5.6.1) its absolute importance diminished effectively to zero when it failed 

the t-test of significance, and was subsequently dropped from equation (5.6.2). The 

striking characteristic of R had always been the lively behaviour of the algebraic sign of its 

estimator, and this unusual feature was the signal that initiated the detailed statistical 

investigation described in the present analysis. 

In the OLS regression, (5.4.1), a unit increase in R results in a decline of about 

.0851 in the value of the FPI. This counterintuitive effect may easily be observed in the 

data for two regional subsets of communities. It is inferred in the analysis above that the 

summary effect of distance is actually reversed by the influence of government subsidy 

policy (the food-mail subsidy to Canada Post for deliveries of groceries by air to the 
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communities of the Baffin region) and public works in the form of the Dempster highway, 

that affects certain communities of the Inuvik region. 

One question that emerges in light of this interpretation is: why does this effect on 

R, from the influence of these 'externalities', then disappear when the multicollinearity is 

removed in equation (5.6.1)? As the analysis will demonstrate, the answer to this question 

is that the effect of 'externalities' doesn't disappear. It is implicit in the data, and the 

counterintuitive effect that is observed in equation (5.4.1) is merely the chance behaviour of 

the variables under the influence of multicollinearity. It happened that the behaviour was 

only correctly interpreted with the assistance of ridge regression. 

In equation (5.6.1), R behaves as one would expect. It is known that the variable 

costs of transportation increase with distance (Bonsor, 1984) and, since there is a limit to 

the capacity of the transportation unit (eg., a highway truck-trailer unit), the average costs 

begin to increase as well once capacity is reached. Since the total cost of transportation to a 

distant northern destination increases as distance increases, it is observed that the 

transportation rate for a given shipping volume increases with distance as well. Since the 

cost of transportation is normally a part of the retail price of groceries at the destination 

(Green, Green, and Bone, 1985; and Dooley, 1969) the FPI should increase as the distance 

increases, and this is finally observed in the sign of R in equation (5.6.1). 

Another look at the zero-order correlations between R and the other independent 

variables proves to be revealing. Table 5.6 summarizes selected vectors of correlation 

coefficients, from the relevant correlation and inverse correlation matrices in the regression 

series, that are referred to by the discussion below. 

As is observed in equation ( 5.6.1 ), after the effects of multicollinearity have been 

removed, the vector of inverse correlations between R and the other independent variables 

has been altered by the operation of the ridge regression procedure. Coincident with this 
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change in the values of the inverse correlation coefficients between R and the other 

independent variables, is the change in the algebraic sign of the regression estimator of R. 

It is known from the matrix form of the normal equations of the least squares regression, 

that the elements of the solution for the regression coefficient of R are: the vector of inverse 

correlations between R and the independent variables, and the vector of simple correlations 

between the independent and dependent variables (Neter, Wasserman, Kutner, 1989; 

Clark, Hosking, 1986). As described in Chapter 3, the latter vector remains constant 

between equations (5.4.1), (5.6.1) and (5.6.2), in accordance with the operation of the 

ridge regression model. 

TABLE 5.6 

Selected Vectors of Correlation Coefficients 

From the Regressions: Pertaining to the Value of 

the Beta for R 

-------------------------------------------------------------
Variable FPI TP CLASS! I R 

FPI:-

(5.4.1-5.6.1) 1.00000 .9056 -.8140 -.7044 0.5890 

R:-(5.4.1) .6705 -.5270 -.6244 1.0000 

R:-(5.4.1 )-1 -.98076 .00846 .74212 2.1254 

R:-(5.6.1tl -.328005 .114137 .276445 1.0409 

From the matrix form of the normal equations for the least squares regression, the 

value of the regression coefficient of R is defmed as: the algebraic sum of the vector of the 

products of the terms of the vector of inverse correlations between R and the independents, 

and the terms of the vector of simple correlations between the dependent and the 

independent variables. As depicted in Table 5.6, the vector of simple correlations between 
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the dependent and the independent variables is .91 (TP); -.81 (Class1); -.70 (I); and .59 

(R). From the inverse correlation matrix of equation (5.4.1), the vector of inverse 

correlations between Rand the independent variables is: -.98; .01; .74; and 2.12, 

respectively. And from the inverse correlation matrix of equation (5.6.1), the vector of 

inverse correlations between Rand the independent variables is: -.33; .11; .28; and 1.04. 

By performing the required multiplication of the terms in each case, and s~g them into 

the respective values of the regression estimators, it is clear that the change in the algebraic 

sign of R from equation (5.4.1) to equation (5.6.1) is the result of the differing algebraic 

signs of the sums of the respective vectors of products. 

Note that the variance of the Beta estimator is inflated in equation (5.4.1) by the 

amount of the VIF, and is shown in the vector of inverse correlations between R and the 

independent variables for (5.4.1) as the value of the inverse correlation between R and 

itself: 2.12. It is interesting to speculate that if the VIF had happened to be only a little 

larger in this case (i.e., if the multicollinearity was in fact greater, as is more often the 

case), the Beta estimator of R would probably have been positive in equation (5.4.1). 

There would then have been no obvious anomaly to signal caution in accepting the 

perspective ofNeter, Wasserman, and Kutner that the multicollinearity in equation (5.4.1) 

was probably insignificant. This observation dramatically underlines the importance of 

using ridge regression as a routine diagnostic procedure. 

The inverse correlation matrix of equation (5.4.1) was also calculated manually, 

utilizing the method outlined in Keedy, Bittinger, Smith and Orfan (1984: 612-17). This 

procedure is a variation of the factor-and-sum algorithm frequently used to solve simple 

systems of simultaneous linear equations. The manual results agree with the XTX Matrix 

output from equation (5.4.1), although there are minor rounding-errors at the fifth decimal 

place in some values. 
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The procedure was repeated with the difference that the coefficient of correlation 

between R and Class 1 was arbitrarily set to equal zero. This resulted in a vector of inverse 

correlations between Rand the other independent variables respectively, of: 9.35; 10.45; 

-6.83; and, (the VIF) R with itself: -9.54. Multiplying these terms by their respective 

variables' correlations with the FPI listed in Table 5.6, and summing the resulting products 

results in a value for Beta (R) of -.84. 

The significance of this exercise is that it demonstrates without any uncertainty that 

multicollinearity alone is responsible for the counterintuitive algebraic sign that 

accompanies the regression estimator for R in equation (5.4.1): and that it is the effective 

lack of multicollinearity that accounts for the positive sign in equation (5.6.1). By merely 

eliminating the correlation between R and Class 1, without also reducing the correlation 

between R and the other variables, the resultant Beta (R) not only remains negative, but 

actually increases in magnitude: beyond its simple correlation with the FPI. 

Table 5.7 lists the predicted values of the FPI that are generated by equation (5.4.1) 

-the multicollinear OLS model containing all of the original variables- and the ridge 

regression equation (5.6.2). However, the constant term is obviously the major 

determinant of the predicted value of the FPI. In (5.6.2) the choice of this constant results 

in the systematic underestimation of the upper range of values, as in the Kitikmeot region 

predictions. Likewise, it results in the systematic overestimation of the lower range of 

values, as in the Fort Smith region predictions. Unusually high or low values of the FPI 

within a given range are also under- and overestimated by the model in (5.6.2). 

89 



TABLE 5.7 

Communities and Regions Shown With Respective 
FPis (1985): Observed; Calculated by (5.4.1); and 

Calculated by (5.6.2). 

Error in (5.6.2) (5.6.2) 
Community/Region FPI 

Obs. (5.4.1) 

Baffin Region: 

Arctic Bay 

Broughton Island 

Cape Dorset 

Clyde River 

Iqaluit 

Grise Fiord 

Hall Beach 

Igloolik 

Lake Harbour 

Nanisivik 

Pangnirtung 

Pond Inlet 

Resolute 

Sanikiluaq 

Keewatin Region: 

Baker Lake 

Chesterfield Inlet 

167 165 

153 162 

167 162 

166 168 

155 148 

175 MISSINGVALUES 

147 

166 

165 

163 

166 

162 

163 

152 

165 

168 

160 

160 

159 

163 

160 

168 

158 

MISSING VALUES 

158 

157 

of 6% or more Residuals 

(5.6.2) 

167 

162 

162 

167 

150 

161 

162 

158 

166 

160 

169 

164 

157 

156 

+ 

+ 

0.7896 

-7.9969 

6.2691 

0.0613 

5.4063 

-13.3789 

4.9240 

7.6178 

-2.2915 

7.3023 

-5.3440 

-0.6324 

8.5552 

12.5561 
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Coral Harbour 

Eskimo Point 

Rankin Inlet 

Repulse Bay 

Whale Cove 

Kitikmeot Region: 

Cambridge Bay 

Coppennine 

GjoaHaven 

Holman Island 

Pelly Bay 

Spence Bay 

Inuvik Region: 

Aklavik 

Colville Lake 

Fort Franklin 

Fort Good Hope 

Fort Norman 

Norman Wells 

Paulatuk 

Sachs Harbour 

Tuktoyaktuk 

Arctic Red River 

Fort McPherson 

Inuvik 

180 

132 

155 

183 

162 

148 

146 

201 

176 

200 

203 

147 

150 

149 

145 

161 

160 

163 

183 

125 

128 

120 

129 

177 

145 

151 

178 

154 

154 

157 

195 

178 

210 

203 

146 

MISSING VALUES 

151 

157 

152 

144 

165 

171 

147 

117 

118 

126 

169 

145 

151 

171 

152 

155 

156 

182 

171 

192 

188 

150 

152 

159 

152 

146 

162 

167 

152 

126 

126 

132 

+ 

+ 

+ 

+ 

11.7529 

-13.9510 

3.8603 

13.2822 

9.6874 

-6.6683 

-9.3110 

21.3002 

6.2710 

11.0700 

18.0699 

-3.5827 

0.5862 

-3.5649 

-13.6957 

-7.5377 

9.2216 

-3.6428 

13.3106 

1.7010 

16.5001 

-27.5241 
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Fort Smith Region: 

Fort Liard 111 105 110 -1.2534 

Fort Providence 101 105 109 + -10.1869 

Fort Resolution 103 100 105 -4.2885 

Fort Simpson 103 109 114 + -12.5191 

Fort Smith 97 93 110 + -3.2533 

Hay River 96 98 103 -9.4134 

Pine Point 96 98 103 3.4052 

Rae-Edzo 106 111 115 + 1.5426 

Yellowknife 100 108 113 + -8.8806 

Jean Marie River 139 133 135 -10.4488 

Nahanni Butte 141 139 139 13.0610 

Snowdrift 169 168 157 -14.2221 

Wrigley 133 148 147 + -14.5163 

If one accepts model (5.6.2) as reasonable, then departures from its predictions of 

more than aoout, say, 6 percent upward or downward, will fairly represent the limits of 

error that it allows (nineteen times out of twenty as it were). A fair interpretation of the 

characteristics of the communities that are observed to exceed the error limits of model 

(5.6.2) is presented in Chapter 6. 
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CHAPTER SIX 

CONCLUSIONS 

The conclusion of the present study is that the two objectives set out in Chapter 1 

have been attained. The spatial variation of the FPI has been largely accounted for, with 

almost 89 percent of the variation attributed to three variables by means of a ridge 

regression analysis. A conclusion that has emerged as the study has proceeded is that ridge 

regression is a highly desirable and a perhaps mandatory methodological component of a 

properly constituted multiple regression analysis. The ridge regression procedure 

diagnosed the performance of the data and of the OLS analysis, and eliminated essentially 

all of the multicollinearity. Finally, a number of new hypotheses emerged as the ridge 

regression analysis proceeded. The final model of the FPI is depicted below (for variable 

definitions see page 20): 

FPI = 140.7683 + 17.2629 TP- 19.6420 Class1 (binary)- .1198 I. (5.6.2) 

6. 1 Implications of the Study 

Perhaps the most obvious implication of the present study is that the model depicted 

in (5.6.2) is a useful tool for predicting the FPI at an NWf destination. It is an easy matter 

to predict the effect reasonably well in terms of the retail price level that is observed at a 

place, of changing the value of one or more of the independent variables. An example 

would be the prediction of the savings (in terms of the FPI) derived from including a 

community among the group that is fully accessible to the South. 

The prediction may then be compared with the capital costs and amortization 
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schedules of various agendas of public works. For an area containing several cases, the 

model may be used to demonstrate whether constructing a given road could be expected to 

pay its own way in revenues generated by taxation, unused transfers, and other economic 

and social benefits, derived from the economic impetus of more cash in the hands of 

residents as a result of lower input costs. 

In a related vein, by assuming a 12 percent error (95 percent of the time) for model 

(5.6.2), it is observed that about 45 percent of the cases have empirical FPis that fall more 

than 6 percent above (10 communities), or 6 percent below (12 communities) the value 

predicted by (5.6.2). Referring to Table 5. 7, it is seen that the Baffin region is almost free 

of erroneous predictions, but that the remaining four regions compensate by having more 

than half of their predictions in error. The residuals of equation (5.6.2) accompanying the 

table show a more detailed description. 

Generalizing from this perspective is not straightforward, however. It can be 

stated, for example, that the Fort Smith communities (whose erroneous FPis are almost all 

overestimated) that fall within this category are: (1) highway linked; (2) contain large 

proportions of non-Native residents; and (3) have relatively large numbers of stores to 

provide competition. Their FPis are observed to be in error below the ( -) 6 percent limit of 

the predicted FPI. An initial conclusion might be that these relatively economically

advanced communities share some characteristics with the communities of the metropolitan 

South. However, Fort Providence, Rae-Edzo, and Wrigley fall within that category also, 

but are at the same time substantially Native communities; while Wrigley also has only one 

store, a co-op. 

The other group that stands out in this respect is the Baffin region communities. 

These cases have been demonstrated to be affected by a transport subsidy in the form of an 

extension of fourth-class mail status by Canada Post to most grocery items bound for them. 
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These cases will be anomalous in terms of their FPis and Class 1; and in terms of their FPis 

and 'I'. Yet, of all the cases in the sample, these have predicted and empirical values of the 

FPI that are the closest overall. 

Ideally, the distribution of residuals could be used to identify anomalous cases: and 

further, separate investigations could then be initiated of them alone. In terms of the three 

independent variables, TP and I are approximately self-centering in the sense that these 

anomalous communities will already have been taken account of in determining variable 

means, and in calculating the regression estimators. Therefore, two conclusions may be 

inferred from the incidence of the erroneous predictions: ( 1) that these particular cases have 

incidental concentrations of qualities that are accounted for by the collection of variables 

that was originally excluded from the OLS regression: or (2) retail prices really are too high 

(or too low) in these communities. 

Only a closer look, or additional information derived from other sources will allow 

the analysis to differentiate between these two conclusions in the case of erroneous 

predictions. Examples of the effect of knowledge from other sources would be the case of 

the communities of Norman Wells and Fort Norman, which are known to have experienced 

a period of economic expansion during the mid-1980s as a result of oil and gas pipeline 

development nearby (Green, and Bone, 1984). It is not unreasonable to suggest that these 

communities also experienced local price inflation at this time, which would help to explain 

their negative residuals. Another case that may be readily interpreted is Tuktoyaktuk. It 

has well-developed, relatively short transportation linkages with Inuvik, which is a 

highway-linked community. It is not unreasonable to infer that Tuktoyaktuk enjoys 

relatively low transportation costs by its proximity to Inuvik; escapes the price inflation that 

accompanies relatively rapid economic growth, and remains constrained in its own prices 

by competition with nearby Inuvik. If Tuktoyaktuk were given the benefit of classification 

as a de facto fully-accessible community, its predicted FPI would decline immediately by 

95 



almost 20 units. This would align its empirical and predicted FPis almost perfectly. 

Wrigley is a similar case on the margin of the well-developed, highway-linked Fort Smith. 

heartland. 

In all, general knowledge, information contained in the literature, and common 

sense can reasonably account for the residuals in about 11 of the erroneous communities. 

These are: Fort Norman and Norman Wells (induced inflation); Tuktoyaktuk, Wrigley, and 

perhaps Fort Good Hope (reduced transport costs); Fort Simpson, Fort Smith, Fort 

.Providence, Rae-Edzo; Yellowknife (commercial competition); Snowdrift (inaccessibility). 

This leaves 11 communities for which the estimates are in error beyond the scope of the 

model: the model is somehow incorrect in their case, and there is no ready and reasonable 

explanation at this time. In effect, in about 22 percent of the cases there has been little 

practical improvement in the interpretive power of the model by going to (5.6.2) from the 

OLS model in (5.4.1). 

These latter cases are uniformly Inuit communities located at the margins of the 

NWT. Most of their FPis have been underestimated by equation (5.6.2), but the FPis of 

Coppermine, Eskimo Point, Broughton Island, and Hall Beach have been overestimated by 

(5.6.2). It is tempting to suggest that at these particular communities some degree of 

economic development might have occurred to account for the difference. Coppermine is 

an historic site and tourist destination; Eskimo Point enjoys a reputation in the metropolitan 

South for the products of its carvers; and Broughton Island and Hall Beach were closely 

involved with the Distant Early Warning system construction in the recent past (GNWT, 

1987b). Hall Beach is also presently a local break-of-bulk supply origin in the Baffin 

region (McLaughlin, 1985). If this interpretation of relative development is close to the 

truth, then one may reasonably characterize the remaining Inuit communities of Sachs 

Harbour, Spence Bay, Gjoa Haven, Whale Cove, Repulse Bay, Chesterfield Inlet, and 

Coral Harbour as relatively underdeveloped. However, the source of historical information 
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and descriptor of the attractive features and amenities of these communities (GNWf, 

1987b) is equivocal on this point, and it is not possible carry the analysis much further in 

this respect. 

Other implications derive from the interpretation of the variables depicted in (5.6.1) 

and (5.6.2). For example, it is clear that distance, R, is a variable that is very much a 

function of modern technology and government policy on subsidies and public works. It 

has been demonstrated in the analysis that TP is a function of R; as is I, and even Class 1 

has been considered to reflect a kind of distance. Thus, although 'space' in the sense 

depicted by Euclidean distance has been explicitly removed from the fmal model in (5.6.2), 

the FPI is demonstrably a spatial variable. It is thematically depicted as accessibility by the 

cost of transportation, the availability of a highway link, and the willingness of a 

physically-remote community to interact with a southern metropolis. 

In this last respect, it is worth noting that the variable Interaction has performed 

reasonably well throughout the analysis. Despite limiting the conceptualization of 

interaction to the derivative of the potential function, equation (5.8.2) on page 82, the 

physical analogy of equation (5.8.1) on page 81 has carried a significant share of the 

predictive load. It is fair to speculate that if (5.8.1) had used empirically-derived 

parameters to model the observed spatial flows at each destination, as in a conventional 

spatial interaction model, the predictive power of the overall equation may well have been 

improved. In any event, it is clear that the ridge regression equation (5.6.2) on page 73 is 

an empirical artefact derived from the situation in the North as it stands today (i.e., c. 1985-

86 when the data were obtained). For example, (5.6.2) derives in large part from the field 

observations of transport prices that reflect present methods (arrangements and 

conventions), technology, and not least, infrastructure. Thus, the relative positions of the 

predictor variables could themselves change over time as the present characteristics of the 

TP variable change. What can be said with certainty in the meantime however (c. 1985), is 
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that the way to lower retail food prices in the NWT is to lower transportation costs. 

However, upon close inspection this alternative is seen to have complex implications. 

Building a road to every possible destination, which would eliminate the variable 

Class 1, would immediately lower the FPI where applicable by about 20 units according to 

equation (5.6.2). That is, the FPI would then decline over time as TP declined with the 

communities' transitions to highway transport from their present means of supply. 

However, this option is unreasonable in the short term for reasons of high investment cost, 

and perhaps because of adverse environmental impacts that may also have consequences 

for traditional productivity and culture. The retail grocery prices resulting from such 

development would be on the order of those presently seen at the highway linked 

communities of the Fort Smith region, and those seen at the highway linked communities 

of the Inuvik region. Given that more than half of the population of the NWT already 

enjoy such conditions, an investment in a project of this scale might not represent a cost

effective strategy to most taxpayers --even if cast in terms of a projected per capita increase 

in earned income which would represent an aggregated tax base to help to defray the public 

investment The implication is that the perception of the FPI wholly as an index of the 

accessibility to the South of a northern destination begins to break down upon a close 

interpretation of the results of the numerical analysis. Its usefulness as an organizing 

principle has come to an end. Certainly it is reasonable to expect that food prices can be 

lowered in the North by measures other than those concerned with enabling the 

accessibility of northern destinations to the South. 

The summary recommendations that emerged from the research sponsored in the 

Ad Hoc Interdepartmental Committee on Northern Food Costs are actually a collective 

alternative to this notion of price-accessibility identity. Various results of the research of 

the Committee suggested that existing transportation links should be upgraded; a small 

number of inland terminals should be designated as bulk handling and distribution centers; 
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intensive local agriculture should be initiated at all locations; and extensive agricultural 

production for both intercommunity- and extra-regional export should be initiated at 

selected locations. This approach would have the additional benefits of providing stable 

employment locally; providing a local tax-base; and providing an increment to local 

administrative and technical expertise. 

All of these activities (and what is often more problematic, their benefits) may be 

structured to be consistent with traditional culture, as well as with the practical requirements 

of implementing a Nunavut and a Denendeh. And they may be coordinated to minimize the 

gratuitous impact of industrial development on the environment by limiting industrial 

activities to cost -effective local concentrations. For example, a highway to the South is not 

used at capacity continuously, but it alters the physical and psychological habitat through 

which it passes on a continuous basis. A feedlot, in contrast, has only a concentrated 

impact and is used at capacity. Hence the latter may be a 'cheaper' instrument of 

development per unit of realized production, given a full accounting than the former. 

As a fmal remark, the present study would predict that the primary influence on the 

model of the spatial variation of the FPI will ultimately be the Interaction, 'I'. It is likely 

that similar considerations that now apply to communities in the South will begin to be 

important also to the residents of NWT communities. This is not meant to apply a 

modernizing generalization to NWT residents: the present study leans toward Bone's 

( 1992) notion of frontier dualism. But, even for traditional communities that have retained 

power over their own development the expectation is that they will interact more readily and 

even compete with other communities locally and perhaps world-wide. A useful 

investigative approach to that process may include Perloff's notion of Cumulative 

Advantage (1960), of which the variable called 'Interaction' by this analysis is only a 

preliminary summary approximation. 
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APPENDIX A 

Statistics for ridge regression series: 

Ridge R2 SSE Beta Beta Beta Beta 
Bias R CLS1 TP I 

.000 .925 .075327 -.165932 -.316231 .679381 -.212619 

.018 .924 .075672 -.145944 -.318432 .654406 -.209777 

.036 .923 .076577 -.128169 -.318432 .632059 -.207423 

.054 .922 .077892 -.112259 -.320229 .611915 -.205442 

.072 .921 .070510 -.097940 -.320199 .593637 -.203748 

.090 .919 .081353 -.084990 -.319724 .576956 -.202279 

.108 .917 .083362 -.073228 -.318899 .561655 -.200984 

.126 .914 .085496 -.062502 -.317799 .547551 -.199826 

.144 .912 .087723 -.052687 -.316480 .534497 -.198776 

.162 .910 .090017 -.043679 -.314990 .522369 -.197812 

.180 .908 .092361 -.035386 -.313365 .511059 -.196917 

.198 .905 .094740 -.027734 -.311634 .500480 -.196075 

.216 .903 .097144 -.020654 -.309821 .490555 -.195276 

.234 .900 .099563 -.014092 -.307946 .481217 -.194511 

.252 .898 .101992 -.007995 -.306024 .472410 -.193773 

.270 .896 .104425 -.002323 -.304069 .464084 -.193057 

.288 .893 .106859 .002965 -.302090 .456195 -.192358 

.306 .891 .109290 .007902 -.300096 .448706 -.191672 

.324 .888 .111716 .012517 -.298095 .441582 -.190996 

.342 .886 .114135 .016838 -.296092 .434794 -.190329 

.360 .883 .116547 .020888 -.294091 .428314 -.189668 

.378 .881 .118949 .024689 -.292098 .422120 -.189012 

.396 .879 .121341 .028259 -.290115 .416190 -.188360 
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.414 .876 .123723 .031616 -.288144 .410504 -.187710 

.432 .874 .126095 .034777 -.286189 .405047 -.187063 

.450 .872 .128455 .037754 -.284250 .399800 -.186417 

.468 .869 .130805 .040560 -.282329 .394752 -.185772 

.486 .867 .133143 .043208 -.280427 .389889 -.185128 

.504 .864 .135471 .045709 -.278545 .385199 -.184485 

.522 .862 .137788 .048071 -.276684 .380671 -.183842 

.540 .860 .140093 .050304 -.274844 .376296 -.183200 

.558 .858 .142388 .052417 -.273025 .372065 -.182557 

.576 .855 .144673 .054416 -.271228 .367969 -.181915 

.594 .853 .146946 .056308 -.269453 .364001 -.181273 

.612 .851 .149210 .058101 -.267700 .360154 -.180632 

.630 .848 .151464 .059800 -.265969 .356422 -.179991 

.648 .846 .153708 .061411 -.264260 .352798 -.179350 

.666 .844 .155941 .062938 -.262572 .349277 -.178710 

.684 .842 .158166 .064387 -.260965 .345854 -.178071 

.702 .840 .160381 .065761 -.259261 .342523 -.177432 

.720 .837 .162586 .067066 -.257638 .339281 -.176795 

.738 .835 .164782 .068304 -.256035 .336124 -.176158 

.756 .833 .166970 .069480 -.254453 .333047 -.175522 

.774 .831 .169148 .070596 -.252891 .330046 -.174887 

.792 .829 .171318 .071656 -.251350 .327120 -.174254 

.810 .826 .173479 .072663 -.249828 .324263 -.173622 

.828 .824 .175631 .073619 -.248325 .321473 -.172992 

.846 .822 .177776 .074527 -.246842 .318748 -.172363 

.864 .820 .179911 .075390 -.245378 .316085 -.171736 
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