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Abstract

Tradi

onally, the majority of quantitative studies that analyze labour market

phenomena have uilized global data and top-down methods. Often, however, labour

market dynamics observed on the national or provincial scale are the result of processes
operating on a lower-level, local seale. This discrepancy between the scale at which

abour market processes operate and the scale at which they are studied reduces the

lution of analysis, and may result in faulty policy development. In addition, because

Tabour markets normally operate i discrete space, traditional local methods which

operate in c suchas cighted regression (GWR), are not
appropriate. In this thesis. a method of adapting the GWR model to discrete space is
described and tested. To evaluate its effectiveness, the discrete-space GWR (DGWR)
technique is applied to the aftermath of the 1992 cod moratorium in Newfoundland and
Labrador. o do this, a theoretical economic model of moratorium suscepiibiliy and

impact is

nstructed and tested using a DGWR, ordinary least squares, and continuous
GWR model. Upon conducting the analysis. it is found that the DGWR is the superior

technique with resp

ct 1o both model fit and the mitigation of spatial effects. In addition,

the DGWR model 4

0 produces more realistic and easily applicable empirical results

than the existing alternatives.
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LO- Introduction
1.1~ Introduction
July 2, 1992 was a pivotal day in the history of Newfoundland and Labrador. It

was on this date that the venerable cod fishery, which had supported a large portion of the

province’s population for hundreds of years, was first closed (Murray e al.. 2005).
Although initally intended to be 4 temporary measure to allow the overfished and

dwindling fish stocks time to recover, almost twenty years later the fishery has still not

returned 1o its prior size and importance. Before

e fishery closure, the labour force of

rural Newfoundland and Labrador was predominantly low-skilled and highly dependent

upon the fishery and indistrie

han, 1991), L a
in urban areas, however, displayed some measure of diversification beyond the fishery. to
industries such as retail and government services (Schrank, 2005). ~ Although this
spatially heterogencous exposure 1o the shock of the moratorium indicates that dircctly
affected workers would have felt different pressures and made different decisions
depending on which area of the province they happened o reside in, 1o this point this has

ot been a topic of an in-depth investigation

“The study of labour market dynamics is a relatively popular area of research in

both economics and economic geography (Glendon and Vigdor, 200

Coffey and
sh

mur 2002), and offe

s a potential pathway for the study of the effects of the cod
moratorium. In particular, there has historically been a focus upon quantitative methods
and sound theoretical reasoning within the economics |

ture (Overman, 2004). This

approach prefers the scarch for overall consistency of behaviour in different times and

s on a fundamental level over the documentation of bel

jours that are idiosyneratic



and difficult 1o classify. For this reason, much work in this field is based on the
functioning of idealized actors producing in idealized economies, and real-world
implications are often difficult o discern (Martin, 1999). On the other hand, many recent
studies originating in geography tend to take an opposite approach to studying labour
market dynamics. Instead of focusing on generating theories and laws of behaviour,
these studies are often based on qualitative data, and are more interested in the local and

unique (Overman, 2004). This focus on the local and unique makes it difficult to

efficiently generate policy for  individual regions, however, because. simplifying

assumptions that allow for comparisons to other locations cannot be made.

“The field of regional science (and the sub-field of spatial cconometrics) provides a
middle ground between the theories of economics and the empirical observations of
‘geography (Anselin, 1988). Generally, the aim of many regional science-based studies is

1o apply the same theoretical rigour and quantification found in economics 1o the

complexity of the real world. Often, this is accomplished through the use of regression-
based techniques that have been tailored to study the interactions of variables on a local

or regional scale. For studies of real-world locations, this method is an improvement

ating in both trad cs and geography.

g the region

pe approach

archers fail

have been gaining in popularity recently (Anselin, 2007), in many cases res

d the

0 unde cts the system that they are studying

e nature in which spac

(Huang and Leung, 2002). Compromises between empirical validity and model

mplicity often result in unrealisic assumptions regarding the nature of spatial

interactions of actors in a system (Fotheringham er al, 2002), which reduce the



usefulness of the model. For example, while it is often assumed that workers generally
interact in discrete space by commuting along roadways (Johannsson et ., 2002), most
available models only allow this interaction to be modelled in continuous space.

In Newfoundland and Labrador, the fishery workforce has traditionally been
concentrated in small communities dispersed along the coastline, between which straight
line travel is often impossible. For this reason, particular attention needs to be made to

the construction of an accurate representation of the spatial system in which the cod

moratorium unfolded before its effects are modelled in this thes
1.2~ Research Problem and Hypotheses

The primary question which this thesis will attempt to answer is, “Does

proximity to an urban centre have an influence on a local labour market's ability to adapt
1o changes in economic structure?” Specifically, the focus will be upon the labour market
effects of the cod moratorium in rural Newfoundland and Labrador. While some broad
demographic and social implications have been studied in past lterature (Davis, 2006;
Hanilton and Butler, 2001), there is  complete lack of information available concerning
the spatial distribution of these effects.  Theoretically, knowledge of the spatial
distribution of labour market shock sensitivity could be used to assist in the delimitation

and classification of labour markets in the province, and help design policies that are

sensitive (0 the needs of local areas.
To effectively determine the answer of the research question and address the

overall research problem, a number of hypotheses need to first be defined, and then

tested. These hypotheses are concened primarily with the behavioural aspects of the

model, and are essential to evaluating the resulis. While a more elaborate discussion of



the theoretical model and its implications will be provided in section 3.2, the hypotheses

‘generated by the model include:

@

(i)

i)

(i)

Before the cod moratorium in 1992, it is hypothesized that remote rural
communities would have generally had a greater proportion of their workforce
employed in the cod fishery than similar urban-adjacent rural communiti
because of reduced economies of scale and, by extension, fewer opportunit
for economic diversification,

As a result of the different levels of effort requi
s of the moratorium will oceur in a syt . with actions
represented by movements along the supply curve (c.g. declines in hours
worked) occurring before supply curve shifts (e.¢. outmigration).

ed. it is expected that the

1t is hypothesized that post-moratorium declines in labour market utilization
(movement along the supply curve) will be more uniform across rural fishing
communities than declines in labour market quality (supply curve shifts)
Generally, while the universally applied moratorium on cod fishing would
iy uum m work available to fishers and fish processing workers in all
e c employment altematives in urban-adjacent rural areas
e T o e respective local labour markes.

Concerning the nature of labour market quality declines, it is expected that
age-biased outmigration will be more systematic than  skill-biased
outmigration.  While broadly substittable forces are expected to act on
workers of different ages, workers of different skill levels would be subject to
different types of forces (e.g. the cod moratorium would more directly affect
lower skiled vorken, while bighe sklied arkors woud ave g
clsewbere). The .-x,m-w result while local labour
erally become older as a result of the cod
ry changes I i e ot e o predictable.

Dot oo evpoeers e e o oo cod el
is expected that the relevance of the model constructed in this thesis
comemanics wil vary according o premoriorum fabery Involvement,
Regardless of spatial focation, communities with higher dependence on the
cod fishery should, ceteris paribus, be more likely to display the behaviour
predicted in the preceding hypotheses than communities involved in other
industries.




~ Research Approach Outline

To answer the primary question of this thesis and in tum evaluate the different

hypotheses, the following steps will be utilized:

() A theoretical model of the dynamics in the economy will be constructed,
based on commaonly accepted economic principles, and empirical observations
in other locations.

(i) The primary elements of the theoretical model will be organized into a series
of independent and dependent variables, to allow empirical evaluation of the
‘model within a modelling framework

(i) A realistic, locally sensitive and discrete geographically weighted regression
DGWR) model will be utilized to compare variations in variable relationships
at the community level, using real-world separation distan

(i¥)  The performance of the DGWR model relative to more traditional techniques
will be determined using a mixture of stan atial statistics, and the
iglfcioc il empidrlzemiyl e evaluated wing maps of peudo-t

scores generated by the model.

1.4~ Thesis Organization
“This thesis contains six chapters. ~Following this introduction to the research
problem and the objectives of this research, the second chapter will provide an

introduction 1o the background of this topic and the primary rescarch methods.

Specifically, past efforts in studying labour market dynamics will be profiled, followed
by an overview of research concerning some broad methods used o empirically model
labour markets and labour market dynamies. The review of methods will focus upon
regression methods in general and geographically weighted regression (GWR) methods
in particular.  The second chapter will close with a brief introduction 10 the
Newfoundland and Labrador labour force, which forms the context of this thesis. The

third chapter will detail the methodology of this thesis, including a discussion of the



.

theoretical model being utilized and the discrete GWR model used to empirically

evaluate it. In add

. the third chapter will contain a discussion of the model’s
particularities, including the data requirements and statistical limitations. The fourth and
fifth chapters will contain the results of the model and some discussions and conclusions.

of the results, respectively. The cited references will be listed in the bibliography.



~ Introduction

Economic health s a topic whi

is almost universally relevant amongst regions.

The relative strength and attractiveness of a region’s labour mar

is often intricately
related o the strength and attractiveness of its overall economy (Mathur and Song., 2000).
Practically, a great deal of development relies upon the ability of an cconomy to
efficiently match qualified workers with productive jobs.  An overabundance or
misplacement of either one can necessitate significant shifis, with widespread negative
consequences (Bound and Holzer, 2000). On a personal level, the availability of

appropriate and meaningful employment is commonly cited as amongst the most

important components of personal happiness and well being (Korpi, 1997).  As such,
rescarchers in a number of academic disciplines are concerned with studying different
aspects of labour markets, and labour market strength. This chapter will be primarily
concemed with exploring some of the past efforts in this area, with a particular focus
upon methods used 1o theoretically model and empirically test the functionality and
implications of local labour market demand and supply shocks.

“The first section in this chapter will explore some of the approaches researchers
have used in the past to theoretically represent and study labour markets. Specifically,
the history of some of the significant schools of thought within the field will be
examined. with a particular focus upon studies that acknowledge the importance of space

in regional dynamic

In addition, a framework used in the literature 10 represent labour
market dynamics will also be discussed, along with some of the previous efforts made to

study sources of labour market heterogencity.



“The second section of this chapter will provide an introduction (o some common
‘methods used in modelling spatial economic phenomena. Although a broad introduction
will be provided, studies that utilize regression methods capable of evaluating the
relationships between different labour market variables will be specifically focused upon.
In addition, the relative merits and drawbacks of the locally focused geographically
weighted regression method will be explored, within the context of its applicability to a
study of Tocal labour markets.

Finally, the third section of this chapter will focus on literature relating to the
1992 cod moratorium in Newfoundland and Labrador, a labour market shock that is a
potential modelling opportunity for this project, This section will provide a general
introduction 1o the structure of the Newfoundland and Labrador labour force, and any

previous efforts to syste

Iy study and model the impacts of the moratorium.
2.2~ Labour Market Studies

Generally, the nature and health of people’s work habits are regarded as closely
related (0 the state of the economy overall (Mathur and Song, 2000). Thus, much
attention has been paid to the health of labour markets, and how it relates to economic
development (Jones, 2004; Mathur and Song, 2000). Studies of labour markets are often

concerned with such topics as unemployment statis

participation rates, age structure

dynamics, commuting tendencies, and similar information (Jones, 2004). The study of

ibour markets is a largely mulidisciplinary cffort, with papers in the past ori

from an array of discipline

including economics (Krugman, 1991, economic geography

(Martin, 2000), and regional science (Mathur and Song, 2000). The wide range of




questions posed and methodologies applied in the study of labour markets has resulied in
arich and diverse lterature, with often conflcting approsches and interpretations

“The role of space in labour market dynamics has long been a subject of sty in
both economics and geography, streiching back 1o at least the late 19" century
(Ravenstein, 1885). Historically, the most significant distinction between labour market

studies originating within economic

and geography has been the treatment of space.
Although a number of geography-based studies have embraced hasic structures and

theories of economics (partcularly since the “quantitative revolution’ of the 19605),their

primary focus has often been on investigating the role that space plays in creating and

affecting labour markets (Overman, 2004). Conversely, most economics-based studies

have adopted frameworks that are distinctively less empirical, and more theoretical, with

a focus upon consistency with other types of markets and market behaviour. According
to Martin (1999), many economists assume that space plays no role in labour market

kets, devoid of the effects of distance

decay. As a result, economists generally deem the primarily empirical work of many

economic. geographers (0 be too idiosyneratic and empirical, without a sufficient

theoretical base (Overman, 2004).  The approach taken within most regional
science/spatial econometrics papers is often located between the mainstream economics
and the mainstream geography approaches, where authors attempt to- reconcile the
theoretical regularities of economics with the seeming idiosyncrasies of the empirical

world (Ansel irical validity and

. 1988). These papers generally value both en

theoretical rigour, and try 1o reconcile the two by modifying standard economic

techniques (such as linear regression) with distance effects (Brunow and Hirte, 2006),




‘The diverse approaches used to study the labour market phenomena in different
fields often are the result of differing priorities between the fields. For example,
economic geographers are often more concemed with ssues of local sustainability and
viability in real-world locations, where tailoring policies for specific situations is a
priority (Overman, 2004). Alernatively, economists are often more focused on general
‘goals of understanding relatively global processes and explaining more broadly relevant
economic behaviour (Krugman, 1991). One advantage of a regional science approach is
that it is able o engage with both local and global phenomena at the same time, by

attempting o place local behaviour within a more general context (Fingleton, 2004). By

testing the relationship between local behaviour and theoretical constructs, this approach
is able 1o provide locally relevant labour market information, while also providing a
mechanism for assumption testing and comparison with. other locations and times
(Anselin, 1988).

22.1 - Demand and Supply Shocks

s offten

“The first step in evaluating the relative condition of economic phenome
10 establish a benchmark to evaluate the area o event in question (Jones, 2004), When
markets are concerned, this benchmark is represented with the use of supply and demand

curves (Nickell and Bell, 1995). These curves allow the change in one, or both, of the

supply and demand of a particular commodity (o be placed in the context of its impa

ity and price of that commodity. In the case of labour markets, the

upon the

commadity is labour, with the supply of labour being workers, and the demand being jobs

(Figure 2.1)




Supply of
Workers

Demand for
Workers

Equilbrium Guantty of
#of Jobs Jobs,

Figure 2.1 Labour Market Supply and Demand

According (o this approach, a labour market will more or less function in a similar
manner (o any other market, with a tendency to be drawn towards a particular
“equilibrium point’ where the supply curve and the demand curve meet.  Any drastic
shifis to cither the supply of workers or jobs in a particular labour market will manifest
themselves through shifis in the supply or demand curve that creates pressure on the
position of the equilibrium point.  For example, an unexpected increase in labour supply

would theoretically trigger a downward pressure on wage that would increase the demand

for labour, thus alleviating the pressure of the supply change, and shifting the system 10 a

new equilibrium (Figure 22).
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Figure 2.2 Anticipated Effect of a Sudden Influx of Workers to a Stable Economy

This framework for theoretical labour

et dynamics allows for regional
delineation by enabling the specification of regionally differentiated equilibrium
wage/labour levels through region-specific demand and supply levels. Migration and
other interaction effects between labour markets will be accounted for in this model by
allowing the existence of labour markets with different equilibrium wage levels, between
which some limited form of interaction (migration) is possible. This phenomenon will be
explained in chapter 3.
2.2.2 - Mobility and Minimum Wage Effects

“The incorporation of interaction effects in the study of labour markets allows for
the modelling of a number of interesting phenomena not possible with the use of more

tigid and simplified models (Krugman, 1991). For instance,

enables the incorporation

of the extensive body of mobility literature available in economics and geography, as




well as the investigation of the effects of regionally-varying administrative policies (such
as price floors and ceilings) on various labour market figures.

“The study of how mobility changes across different demographic and labour
market groups is an important activity for researchers and policy makers in many areas
(Brunow and Hirte, 2009; Decressin and Fatas, 1995). An understanding of what types of
people are the most likely 1o either enter or leave a workforce is fundamental to the

in mind. there have been efforts

implementation of any labour market pol

y. With thi
made in the past to evaluate differential mobility levels by studying labour markets
differentiated according to such criteria as age, skill level, ethnicity, and income level
(Goetz, 2001). When combined with an understanding of the different roles that these
groups play in an economy, knowledge of mobility proves to be an effective tool for

diagnosing labour market deficiencies and recommending the most appropriate course of

According to Goetz (2001), the demographic criterion which displays the most
universal mobility change is age. Generally, the younger the worker, the more mobile
hefshe is (Bound and Holzer, 2000). Younger workers are theorized to be relatively more
mobile than older workers because they are in a different stage in their lives (Goetz,
2001). It is generally theorized “that people move when they marry and when they have
children” (Goetz, 2001).  After people begin their careers, their propensity to migrate
decreases untl their children have grown, and they retire. Upon retirement, migration
rates for people in northerly areas of North America rise again, because they move to

warmer areas (Goetz, 2001). However, while retirement migration is often a significant



component of overall migration patterns, empirical evidence indicates that in most a

it occurs in relatively lower quantities than young worker migration.

A second demographic grouping that is often tested for differential mobility is
education levels. Empirically, there have been times and places in the past where cither
less educated or more educated workers have been the more mobile group (Bound and
Holzer, 2000). However, in the majority of cases, higher educated workers have been
found to be the more mobile cohorts (Goetz, 2001). ~ According to Beine ef al. (2008),
workers with relatively more education partcipate in industries that exhibit greater
agglomeration economies than less educated workers. In terms of income, this means
that more educated workers have relatively more 1o gain from migrating than do less
educated workers. Of course, these studies assume ceteris parabus conditions between
education groups, and it is not unusual for lower skilled migration 1o exceed higher
skilled migration, if a differential shock has occurred (Bound and Holzer, 2000).

Aside from evidence that not all demographic groups are cqually mobile, rescarch
has also shown that not all demographic groups are equally productive. - Within the
framework of regional economic development, a number of studies have focused upon

the relative importance of different demographic and labour market groups o the well

being of an economy (Feyrer, 2007; Rupasingha et al., 2002; Bhatta and Lobo, 2000).
These studies have found that, in a relatively free market economy, productivity and

income levels differ from location to location due 1o factors such as age, education, and

social capital development. The relative halance of these factors in an economy plays a

significant role in determining its rate of growth and level of developmer

For example,

a number of studies have found middle-aged workers in the 30-44 (Brunow and Hirte,

1



2006) or 40-49 cohort (Feyrer, 2007) to be associated with the highest productivity, so,

everything else being equal, cconomies comprised of high percentages of middie-

iged

workers should be more productive than economies with lower percentages. ~ Also,

with high rates of well educated workers (Bhatta and Lobo, 2000) and social
involvement (Rupasingha et al., 2002) have been found to be relatively more productive
than economies with Tower educated workers and fess social involvement, respectively.
Mobility effects are not the only differential forces that can affect the relationship
between separate labour forces. Government-legislated price floors (minimum wages)

also play a role in labour market adjustments (Mejean and Patureau, 2010). A minimum

wage is the minimum allowable wage level permitied within an administrative region

What this means for labour market theory is that it is possible for markets to be held out
of equilibrium for extended periods of time, resulting in market inefficiencies (Mejean
and Patwreau, 2010). For example, suppose a region were to suddenly experience a large
lay-off of workers in an important industry, and the demand curve was 1o be shifted
downwards. At some point, various workers unable 10 find work would be pressured to
exit the labour force, while others would accept lower pay for the same work, and the

supply curve would in turn attempt to shift backwards. However, the supply curve has to

shifiback past the point where the cquilibrium wage level is no longer under the

minimum wage level (Figure 2.3). P

actically, this phenomenon acts (o reduce flexibility

in local labour markets, and 1o inci

e the attractiveness and arbitrage potential of

other are;
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Figure 2.3 Demand Shock with a Minimum Wage
2.3 - Spatial Modelling

The creation and specifi

ation of models of economic behaviour is an activity that

is at the heart of much economic policy evaluation (Romer, 1994). Without models, it
would be  difficult for economists to evaluate  theoretical predictions concerning

phenomena in one time or location, or o relate these phenomena (o events occurring at

different times, or similar locations. As such, there is a large and varied literature

cone ting largely in various fields

ming empirical economic modelling available, ori

of cconomics, as well as regional science and economic geography (Anselin and Griffith,

1988). Historically, the majority of studies concered with quantitative modelling of

various aspects of economic behaviour have been concerned with empirically testing

theoretical frameworks originating in the economics literature. As a result, the aceeptable

methodological framework within which models are constructed and results are



interpreted is often derived from mainstream economics, which generally places g

importance upon theoretical consistency than empirical validity (Martin, 1999).

Despite the fact that the economics-based modelling literature appears to address

many areas of concern relating to empirical economic modelling quite well, it stru

when faced with the fundamental problem of scale (Lindh and Malmberg, 1999).

Although it may be theoretically justifiable and empirically more straightforward to

utilize mainstream economics” theories of consumer behaviour on a global (worldwide)

. some issues may arise in both respects if the study area of concern s somewhat
smaller (Rey and Montouri, 1999). From a geographer’s perspective, the ability to not
only study large scale, macro effects, but 1o also increase resolution and explore more

localized micro effects is d

ble for any model. In any study which is focused on a

sub-national geographical unit (suc

a5 a Canadian province) this ability becomes not

only desirable, but essent

al 10 the empirical usefulness of the model. In response,

fesearchers, particularly in the fields of economic geography and regional science, have
developed a number of different methods of incorporating the effects of space into
essentially non-spatial economic. models (Anselin, 1988; Fotheringham ef al., 2002
Brunow and Hirte, 2006). “The ability of any of these methods 1o successfully remove

spatial effects from a model, however, is dependent upon how space affects the

phenome

 in question.  As such, it i important (o obtain a clear understanding of the

strengths and

mitations of potential methods before the model is constructed.
2.3.1 - Broad Methods

Generally, spatial non-st

arity of variable relationships in economic systems

is most oft

approached within a regression framework (Griffith and Pacl

k. 2007)
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However, depending upon the type of investigation sought, and how much is known
about the role of space in a particular economic system, a variety of other techniques arc
also available (Engelen f al., 1995). Two somewhat common altematives o regression
that are used 10 explore the spatial structure of economic systems in the literature are
hicrarchical linear models (Varga, 2000) and complex systems (Engelen ef al., 1995).
Applications of complex system-based methods of economic modelling have
grown considerably in frequency and variety in the literature since they became
commonplace in the 1970°s and 80's (Martin and Sunley, 2007). Common types of
“complex methods” include cellular automata and agent-based modelling, both of which
have been used at some time (o study economic behaviour (Tesfatsion, 2002; Engelen ef

al.. 1995). Generally, studies utilizing these methods tend 10 focus on

ulating
economies by creating virtual environments analogous 10 the areas being studied, and

then interpreting the results (M W Sunley, 2007). Whereas regres lysis as @

technique is generally used 10 test relationships between variables and make predi

based on those relationships, complex methods are more often used 1o test how local level

decisions interact and propagate outward to form higher level societies and economies

Although complex methods offer an ability 1o study the processes behind economic

‘phenomena that regression methods cannot match, they often require more data, and their

i y relate to real-world behaviour (Santé et al.. 2010).
Hicrarchical linear models (HLM) ar distinguished in the cconomic modelling
literature from more mainstream regression models mainly through their treatment of the
hicrarchical aspects of some spatial phenomena (Varga, 2000), Generally, HLMs allow

ame model,

processes that operate on different spatial scales (o be represented within the
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thus enabling a more accurate empirical representation in some situations. For example,
using a HLM structure, labour market phenomena which depend upon interactions
through commuting could be separated from phenomena that result from migration
patterns. While a HLM approach may be more capable of accurately modelling labour
phenomena in a particular location, it is still a regression approach, so all preparation
necessary for an ordinary regression is stll required (Varga, 2000). HLM therefore
would seem (o be a more viable option as an attempted improvement 1o a simpler
regression approach, rather than as a primary model.

Although complex systems and  hierarchical linear models offer  intriguing
possibilities for modelling the spatial aspects of economic systems, their acceptance and

wtilization in the literature is not as widespread as more co

on regression models
‘While complex systems and hierarchical linear models offer a degree of spatial flexibility
that cannot easily be approached with mainstream regression methods, in contrast, spatial
regression models are fairly straightforward and inwitive, and are more commonly
utilized in existing regional science and spatial econometric literature (Anselin, 1988).
“Two spatial regression methods that will be explored in greater depth in the next section
are spatial regression models in the regional science subfield of spatial econometrics and
localized regression methods developed in geography
2.3.2- Regression Analysis

Perhaps the most commonly accepted method of expliitly accounting for space in

the economic modelling literature.

through the medium of spatial econometrics. As a

subfield of regional science, spatial econometrics seeks to. “...deal with the

particularities caused by space in the statistical analysis of regional science models..



tes are classed into one of two forms of “spatial

(Anselin, 1988). These particula

. or spatial

effect’: spatial dependence or spatial heterogencity. Spatial dependenc
autocorrelation, oceurs when the value of a variable at one location depends in some way
on the values of that variable at other locations (CHff and Ord, 1970).  Spatial
heterogeneity, on the other hand, occurs when the trend of the values of some variable
varies inconsistently over space. These spaial effects can have profound impacts on the
empirical veracity of any economic model, unless they are accounted for (Rey and
Montouri, 1999). A number of methods have been developed that address the issue of

spatial effects in regression models, dealing most often with the presence of spy

dependence (Brunow and Hirte, 2006). This spatial dependence is usually representative:

Of the degree of interaction that takes place between agents (people, communities, labour

markets, etc.) in a spatial economy (Rey and Montouri, 1999). Methods used 10 account

for this interaction ofien function by adapting typical regression models 1o explictly
account for the spatial dependence (Anselin, 1988). A list of some of the models
resulting from efforts in this arca includes relatively popular spatial lag and spatial error
formulations, and other, less well known types. such as spatial regressive models
(Brunow and Hirte, 2006). While broadly similar, these models differ depending on how
the spatial dependence is theorized to enter the system. For example, in a spatial lag
model (Equation 2.1), the dependence enters the system via interactions and spillovers
between actors in a system, and as such is represented, to some degree, by spatially
lagging the dependent variable:

y=pWyte @n



spatial weights matrix, and € = the

Where p= an autoregressive parameter, W
error. In a spatial error model (Equation 2.2), the spatial dependence is assumed to
oceur via random regional shocks across the study area, and is accounted for in the error
term:

E=AWete @2
Where A= the spatial autoregressive error parameter.
A second way in which researchers have previously dealt with space has been to

utlize a technique known as geographically weighted regression (GWR) (Fotheringham

et al., 2002). What separates GWR from other methods used to deal with the effects of
space is that its coefficients are allowed to vary locally. Effectively, this ability to vary
the coefficients localizes the analysis by removing the assumption held in other
techniques that global processes are at work in the system. This is a clear advantage in
situations where such an assumption is difficult to make or defend, such as when

kets. I the

modelling an economy that is composed of several different labour ma

literature, GWR is utilized in modelling a number of socio-economic phenomena in

including such things as house prices in the greater London area (Fotheringhar et

s

al.. 2002), iliness in the UK (Brunsdon er al., 1998). and regional industrialisation in

China (Huang and Leung, 2002). Generally, GWR differs from the spatial cconometric

methods of dealing with space in that GWR does not explicitly include a term to
represent the global effect of space on the dependent variable (Equation 23). Instead. as

in Equation 2.4, the effect of space is included implicitly in a GWR model, by




weighting the influence that specific cases of the independent variables have on the
dependent variable, according to spatial proximity.
1= Bouirvd) + Tie Bl v)xu + @3

Where v, = the spatial coordinates of the " point, and x = the value of

independent variable k at that i* point. These terms are calibrated via the expression:

Bluv) = XKW, v X W v)y  24)

Where W the matix of independent variables,

he spatial weights matrix, X
and y = the dependent variable (bold type indicates a matrix).

“The specific method used (o derive the regression point weights varies depending
on the nature of the study being considered, and could entail the use of cither a fixed or
adaptive kemel (Fotheringham er al, 2002). A fixed kemel utilizes a fixed
neighbourhood threshold distance, while an adaptive kermel uses a threshold distance that
varies according (o the number of neighbours a particular case has,
2.4~ Newfoundiand and Labrador Labour Force
2.4.1 - History and Context

‘The cod fishery has long held a central role in the Newfoundland and Labrador

cconomy. A resident fishery was in place since at least the late 1700°s, and persisted as
the economic mainstay of many rural communities for two hundred years (Perry and
Ommer, 2003). With the technological advances of the mid-twentieth century, however,
all time

-1960's landings were reachi

fishing productivity increased, and by the

highs (Sinclair, 1996). Despite the high catches and inc

ssed income reported by

offshore trawlers in the late 20" century, the inshore fishery remained a seasonal industry



and incomes remained low. To increase the attractiveness of the fishery as a source of

employment for rural workers, the federal government began (o supplement market

income for fishery workers by reducing the employment insurance qualification
requirements (Hamilton and Butler, 2001). In effect, this action reduced the efficiency of
the fishery, and led 1o a greater capacity than likely would have existed in free market
conditions.

Although the exact disputed, some combination of these increased fish

L 2003) ultimately

landings, climate change, and habitat damage (Perry and Ommey
proved unsustainable, and the fishery collapsed in the early 1990's. The Federal
Government institted a moratorium on fishing starting on July 2, 1992 (Murray et al.,
2005), and as many as 30,000 people were immediately thrown out of work (Davis,
2006). Many of the affected communities depended almost entirely upon the cod fishery
as an cconomic hase, with heavy involvement in both the harvesting and processing of
fish often occurring in the same community. As such, they were unprepared for the surge

in unemployment that accompanied the closure of the fishery (Perry and Ommer, 2003).

As seen in Figure 24, the effects of the cod moratorium were not equally felt in all arcas
of the province. Through a combination of resource proximity, government initatives,
and lack of aliemative economic opportunities, most of the impacted communities (as
measured by government aid, per capita) were located on the northeast coast of
Newfoundland. ~ For many of these communities, the period following the end of
government support programs in the late 1990's were characterized by large amounts of

outmigration, as unemployed former fishers and fish processing workers left 10 find

employment elsewhere (Davis, 2006).



Figure 2.4 Northern Cod Adjustment and Recovery Program (NCARP) Funding
per Capita, 1993/1991 (Government of Newfoundland and Labrador, 2010)
2.4.2 - The Cod Moratorium in the Literature

To understand why many rural communities were not prepared for the cod
moratorium, one must first understand that the economy of Newfoundland and Labrador
as a whole has long been highly dependent upon resource extraction industries (and the
fishing industry in particular) as a source of output and employment (Sinclair, 1996).
“This situation was most profound in coastal rural areas of the province, where incomes
have historically been lower and unemployment rates higher than the more diversified
urban areas of St. John's and Comer Brook (Schrank, 2005). While these urban centres
maintained a measure of economic diversity due o various types of manufacturing and

‘government services, for many rural arcas there was only the fishery (Schrank, 2005). In



addition, while traditionally a number of alternative species have been caught for
subsistence in rural areas, the cod fishery alone represented almost the entire commercial
enterprise of these communities (Perry and Ommer, 2003),

“The high reliance of rural areas on the fishery exposed them o the full force of
the cod moratorium of the early 1990's, and the resulting negative adjustments (Davis,
2006).  Although the effects of the cod moratorium affected all areas of the province to

some de

the impact on young people in rural labour markets has been especially
pronounced (Figure 2.5).  According to Davis (2006), upwards of a third of the
population of young people in rural Newfoundland and Labrador migrated in some form
between 1991 and 1996, Ten years later,the net effect of years of such migration is that

many rural labour markets now have an abundance of dependen

wainly retired members
of society, and a deficit of working-age members of the workforce (Murray et al, 2005).

As discussed in section 22.2, this differential effect is expected, because of the

simultancous increased mobility and decreased job sccurity of young people.
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Figure 2.5 Rural vs. Urban Migration Prevalence, 1991-1996 (Government of
Newfoundland and Labrador, 2009)

To reduce or delay the exposure of rural areas 10 the full force of the cod
‘moratorium, the federal government instituted aid programs in the years following 1992
(Hamilton and Butler, 2001). ~ Immediately following the announcement of the cod
moratorium, the govemment created the Northern Cod Adjustment and Recovery
Program (NCARP). NCARP was created 10 provide affected workers with income to
substitute the loss from the fishery collapse (Murray ef al., 2005), which would reduce

the incentive for the unemployed to migrate out of their communities in search of work.

Initially.,like the moratorium itself, NCARP was intended to be temporary. Once the

stocks had regained their strength and fishing could resume, NCARP would end.

However, when it became apparent that the fish stocks were not returning 1o their




expected levels, the govemment was forced to reconfigure the purpose of the aid they

were providing. To this end. The Atlantic Groundfish Strategy (TAGS) was launched in
1994 t0 replace NCARP. The initial goal of TAGS was to reduce the capacity of the
fishing industry by funding licence buyouts and continuing education for fishery workers.
However, for many people, TAGS continued the tradition of income substitution (and
‘migration deterrence) started by NCARP, and the degree o which TAGS achieved its
initial goals is debatable. Regardless, with the ending of TAGS in 1998, the
overnment’s direct efforts to reduce the effects of the moratorium ended. as well. After
this date, people in the fishing industry were once again required (o largely rely upon the
traditional avenue of employment insurance for supplemental income.

While it is not difficult to find literature relating to the descriptive strengths and

caknesses of the and L . it is considerably harder to find

literature based on more in-depth studies or modelling efforts. In fact, despite a search

for such studi

. ot one could be located that empirically investigated the nature of

relationships between various types of labour market reactions, in the spatial context of

the Newfoundland and Labrador economy. While this is unfortunate from the literature

search perspective, it does indicate a hole in the existing lierature (o be filled with this
research.

2.5 - Conclusion

“The systematic study of labour market dynamics is an activity engaged with a
number of different approaches and from a variety of perspectives. Depending upon the
characteristics of the study area, the information being sought, and the preferences of the

researcher, the frameworks and assumptions considered reasonable can vary widely

2



(Overman, 2004). Despite being fragmented across a number of different fields, the

rature concerning the theoretical operation of regional labour market shocks and their

implications is relaively well developed. The use of supply and demand function shifis

o represent labour market dynamics is fairly well established (Nickell and Bell, 1995),

and evidence of heterogencous productivity and mobility amongst different demographic.

groups has been found for a number of different regions (Bhatta and Lobo, 2000; Goetz,
1999). I addition, the literature concerning different types of modelling frameworks
capable of studying labour market behaviour is also well developed. Over time, the
regression framework has become the most popular and commonly accepted method of
evaluating relationships between variables in economic research. ~Recently, locally-
derived methods such as geographically weighted regression (GWR) have heen used to
study relationships and relationship stability on a smaller scale than is possible with

. GWR

mainstream regression methods. However, due (o their basis in continuous spa
models have to this point had limited applicability to phenomena based on human
interactions, which largely operate in discrete space. Therefore, an opportunity exists (o
modify the existing GWR strueture to faciltate discrete space interactions, and evaluate
any performance improvements in an empirical stdy. As a potential study area,
Newfoundland and Labrador is an excellent candidate, due to the combination of the
spatially distinet local labour markets that result from the relative isolation of most of the
fishery settlements, and the labour demand shock it experienced in 1992 with the closure

of the cod fishery.
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role in the functioning of the economy because it will allow exposure 10 the effects of the
moratorium o differ between communitics.

Section 3.3 will explore the local empirical model that will be used to explore the
I model. To

actual effects of the cod moratorium, and the relevance of the theoreti

fon model

capture local effects, a moified version of the geographically weighted regres

(GWR) will be used.  In most applications of the GWR model, it is assumed that any

interaction effects between actors in a system occur along straight ines (Fotheringham er
al., 2002). However, the long distances involved and lack of public transportation

infrastructure means that workers wh be c ities in

and Labrador probably most often do so along discrete road networks. For this thesis, the

standard GWR procedure will be modified to accommodate discrete distances between

communities, which will allow a more realistic analysis that is better equipped to

comment on the usefulness of the theoretical model constructed in the first section.
Finally, section 3.4 will introduce and explain some of the more technical aspects
of this thesis. The empirical data required to accurately represent the various aspects of
the theoretical model will be outlined, along with the technical steps required to modify
the GWR model so that it can operate in discrete space. In addition, some statistics used
in novel ways which are important for the interpretation of different aspects of the model
will be discussed.
3.2~ Theoretical Adaptation
o gain a sufficient understanding of the significance of any empirical events that
‘occur in an economy, it is often necessary 1o relate the events (o an established theoretical

framework. The fact that economies in diverse locations can share broadly similar
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institutional arrangements and market structures  indicates that lessons learned or
theorized in one location can ofien be transferred and applied (at least in par) to another
Tocation. ~This is a common practice particularly in studies relating o western-style

“market” economies, which are regulated by a mixture of free market and govermment

controls (Pita ef al., 2010; Rupasingha er al, 2002). Generally, people in these types of

econor

s have broadly similar ambitions and goals, which are often measured with
quanitative measures such as income and output per worker (Romer, 1994), as well as
less tangible measures such as quality of life (Hudson, 2007). The Newfoundland and
Labrador economy. being one of these mixed market cconomies, can therefore be

compared 1o other economics, in other locations. By extension, because the

Newfoundland cconomy features  relatively mobile factors of production (being a
Canadian province, workers are free to move to and from other provinces), it is well

suited for the application of various theoretical economic frameworks. In particular, this

analysis will examine the applicability of a supply and demand curve framework to

demand shock in the Newfoundland and Labrador labour force, as well as the potential

implications that would result from such a shock. according to this framework. It should
be noted that the primary purpose of this formal modelling exercise is to provide context
for the results of the empirical model presented in section 4.
3.2.1 - Demand Shock

Asintroduced in section 2.1, a common method of representing shocks 1o a labour
‘market is through the use of supply and demand curves. The shock is represented i this
framework as a force which pressures the supply or demand curve to shift, and the

impacts of the shock are represented as the adjustments that occur when the system is

N



pressured to return (o an equilibrium state (see Figure 2.2). These adjustments can take
the form of a change in the equilibrium wage, a response shift in the curve not under
direet pressure from the shock, and/or an efficiency/elasticity related response, where the

pressure from the shock s at least partially resisted by the t

ted curve through the

ity of the curve itself, The equilibrium wage or number of workers would change
when one of the curves is somewhat resistant to change. and movement along that curve:
happens instead.  For example, in the event of a large local lay-off (demand shock),
should some workers refuse to exit the local labour market, the supply curve would not
shift fully in response. Instead of a shift, this situation would result in some workers

‘moving down the supply curve and accepting lower wages (o stay in the labour market,

not under direct

which would cause the equilibrium wage level to decrease. If the curv
pressure from the shock shifts fully in response, then the equilibrium wage level would

not decrease. In many real-world examples, however, the labour market does not behave

this cleanly. For example, when under pressure to reduce the number of workers, a
business or govermment may decide to allow workers to work fewer hours, or convert to
seasonal work in order to collect employment insurance benefits (Hamilton and Butler,

2001). This would reduce the size of the demand curve shift, but also reduce the

efficiency of the economy a the same time.

In Newfoundland and Labrador, a method of representing and testing the effects
of 4 labour market shock is perhaps more important than in other Canadian provinces.

The cod moratorium which began in 1992 represents a significant demand shock t the

provinee’s labour force because it removed thousands of jobs from the economy. Not all
workers in the province were equally exposed o the moratorium, however, because its

2



dircct impact was limited 10 the cod fishery, which was primarily rural and staffed with

low skilled workers (Hamilton and Butler, 2001). The limited scope of the cod
moratorium means that it i the ideal demand shock 1o be represented with supply and
demand curve behaviour. Any resulting effects of the demand shock will be assumed to
have occurred within a fairly simplified framework, because of the  relatively

n and

homogencous nature of the affected labour force. The lack of diversity in educs
age requirements, in addition to the general lack of extensive organizational hicrarchy
‘means that most of the workers and jobs in the industry will be represented with a single
supply and demand curve, respectively. Also, the lack of stringent entrance requirements
10 the cod fishery and employment diversity in the rural labour markets would have
limited the options of many of the affected workers after the moratorium, thereby
restricting the range of potental effects, and simplifying the model necessary to evaluate
them.

Another empirical reality which restricts the potential effects of the cod

moratorium ial minimum wage. The minimum wage is the minimum legal

1

hourly wage that employers can pay workers in the province, regardless of location
(Baker et al., 1999). Practically, the minimum wage acts as a price floor, below which
labour cannot be acquired, regardless of the economic conditions. This resriction may be
important for an analysis of the impacts of the cod moratorium, because any desire of
firms 10 provide work for less than the minimum wage would not be tolerated without
‘government subsidies and transfer payments. Therefore, if the demand shock was severe

cnough to cause downward pressure on the cquilibrium wage level, and that wage level

was at or near the minimum level nitially, an additional downward shift in labour supply

3



would be necessitated, barring any government intervention. It will be assumed that the
equilibrium wage level may have been at risk of crossing the minimum wage threshold

after the moratorium, and these forces may have been active, because of the low income

levels historically associated with cod fishing and the lack of substitutable work in fishing
communities (Fechan, 1991).

“The role of government intervention in the supply and demand curve framework

is essential to the empirical specification of the model. Upon closing the fishery, the

federal government implemented two distinct but related programs specifically targeting
the east coast fishing industry. The *Northern Cod Adjustment and Recovery Program’
(NCARP) was in place from 1992 through 1994, and was followed by “The Atlantic

Groundfish Strateg . which existed from 1994 through 1998. By design,

NCARP functioned as a mechanism for income substitution, to keep the affected workers
in their respective labour markets uniil the moratorium was over, and they could return to
work. Once this was ruled out as a possibility, the government implemented TAGS,
which was designed as a program to assist the affected workers in getting out of the

fishing industry, through retraining and licence buybacks. While not as direct as

NCARP, for some people TAGS functioned as an income substitation program, as well

(Sinclair, 1996). Practically, these income substitution programs enabled workers to earn

Tess than a subsistence wage from market sources, but sill receive enough income o

make staying in their community a possibility. During the time these programs were in

place, the labour market for these workers would have been held out of equilibrium, with

a surplus of supply. In essence, these programs increased the reservation wages of the

workers, as the wage required 1o entice them to move and acquire 4 job was inflated

3



while they were in place. Once the income subsitution programs ended. the market

would have exerted downward pressure on the labour supply. Therefore, one could
reasonably expect any resulting negative change in the supply of labour in the affected
communities 1o not necessarily have occurred immediately afier the demand shock, but
rather (o have been delayed and drawn out over a period of five or ten years. Any
impacts relating to the utilization or efficiency of the workforce would not be delayed.
however, because such decreases were practically encouraged under NCARP and the
national employment insurance program (Schrank, 2005).
3.2.2 - Spatial Structure

The reality in which labour markets operate is that geography matters. The

willingness of workers to commute 1o a particular job or labour centre will ger

ally
decrease as the distance required to commute 10 it increases (Karlsson and Olsson, 2006)
The distance a worker is willing t0 travel varies based on variables such as pay, case of

and

travel, the availability of substituable intervening employment opportunitie:

personal preferences (Karlsson and Olsson, 2006). Complicating this further is the fact
that the types of jobs available for workers vary spatially, because of regional differences
in both industrial make-up and market and supplier accessibility. These types of forces
reduce 10 some degree the ability of industries (o operate freely, and for labour markets o
compete equally. The result is that sources of real-world labour supply and demand tend
not 10 be uniformly distributed. which means that the spatial distribution of economic

these forces of

and risks tends 10 vary as well. When factored together

opportuni
agglomeration and dispersion often lead 1o labour markets taking on hierarchical

structures, with. labour demand being focused primarily upon one or a couple of
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communities in a labour market, and the lsbour supply radiating outwards (© the
‘commuting limit of most workers (Coffey and Shearmur, 2002). Neighbouring lbour

markets will often differ somewhat with respect to indicators such as

nomic structure,
income, and culture because of the commuting distance limits felt by most workers, and
their tendency to select the nearest available job (everything clse being equal) (Karlsson
and Olsson, 2006).

As a result of the heterogeneous functions provi and

ed by different servic

industries (Wensley and Stabler, 1998), hierarchical rankings and strucures can
frequently be found on the level of labour markets themselves (and their centres). Often,

high level servi

es benefit from agglomeration effects to a greater degree than lower level

services, so there is a benefit o centra

ing the service (Coffey and Shearmur, 2002),
For example, university research benefits 0 a greater degree from daily contact between

faculty members than does primary education. The presence of both Marshall-type

“localization extemnalii

. (where agglomeration benefits are generated through same-

industry agglomerations) (Henderson, 1997) and Jacobs-type ‘urbanization exteralities’

(where agglomeration benefits are generated simply through the presence of a large and
diverse local market) within labour market systems often results in a given system
containing one or a few primary centres, a few more secondary centres, a few more
tertiary cenires and so on (Mulligan, 1984). The presence of this hierarchy means that the

effects of any large scale economic perturbations will often be different in one part of a

region versus another. Factors used to measure shock preparedness for a local labour

market, such as size, diversity, and utilization can often be traced in part to the market’s



relative spatial location, and its proximity to higher order centres and their agglomeration
effects.

“The spatial distribution of the labour markets of Newfoundland and Labrador has
always played an important role in determining local labour market structure throughout

the province. Overall, the population of the province in 1991 was fairly urbanized, with

304,450 (representing 53.5% of the total population) of people lving i urban areas

containing more than 1000 people (Statistics Canada (n.d.a)). Of these urban areas, St.

John's was by far the largest in the province, because it contained the highest population,
the largest workforce, and a concentration of retail and public services unmatched by any

orium in 1991, the

other centre (Hamilion and Butler, 2001). On the eve of the cod me

rea) contained

city of St. John's, with 95,770 people (not including its metropolitan

more than four times the number of people of the next largest regional centre, Comner

Brook, which had 22,410 people (Statistics Canada (n.d.b).

I addition 1o population, the rural areas of the province also had economic
structures broadly different from those found in urban and urban-adjacent arcas of the

province prior to the moratorium, due to the agglomeration forces introduced above. As

4 result of the clustering of government and retail services in the provinee’s large urban

centres, the rural areas of the province were relatively dependent upon primary resource

arcas such as St. John's,

extraction for employment. While the labour markets of urb:
Comer Brook, Gander, and Grand Falls-Windsor involved a mixture of services,

manufacturing and some resource. extraction activities, rural labour markets often

e upon primary activities for employment (Hamilton and

fed 10 a gr

Butler, 2001). For dozens of isolated small communities along the northeast coast of the
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island, the cod fishery was the primary economic base for many years due 1o its labour-

intensive nature, lack of significant agglomeration benefits, and dispersed resource
distribution (see Figure 2.4).  Although the dispersed natre of the small communities
was ideal for harvesting cod when the cod were plentiful, it left the communities overly
exposed and under prepared for the shock that occurred when the cod moratorium was
imposed.

One implication of the spatial distribution of communities for the aftermath of the

i that located distance of an urban

centre would have experienced less of an impact, for a shorter time period than those
communities beyond commuting distance. Generally, affected fishers and fish processing
workers located in urban-adjacent communities would have had greater access to
subsitutable employment than those located in more remote communities. Tt should be
noted. however, that there is no reason (o assume that all affected workers in urban-
adjacent labour markets would have been able 1o find substitutable employment, but
rather that it would be relatively casier for them, on an aggregate level, than for those in

‘more remote environments.

A second way in which the spatial system of the province likely affected the

impacts of the cod moratorium is a result of the distribution of the resource.  Instead of

being uniformly dispersed throughout Newfoundland and Labrador, the communities
most heavily involved in the fishery before the moratorium were concentrated along the
northeast coast of the island (sce Figure 2.4). The primary implication of this non-

uniform distribution of vulnerable fishing communities is that not all communities in the

province will conform to the theoretical model to the same degree. Relevance is expected
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10 be highest along the northe: iable, and lower

t coast where cod fishing was the most

in regions where viability lagged. such as the weste/interior portions of the island, and
in Labrador.

Beyond the direct moratorium impacts experienced by a community, spatial
Tocation also potentially influenced the distribution of some of the more structural forces
underlying their economic well-being.  One of the primary incentives for arbitrage
between labour markets is through wage differentials (Gabicl et al., 1993). To expand
on Figure 2.2, the wage a worker can obtain by relocating (0 a different labour market
regandless of conditions in their own labour market is ever preseat, and possibly different
between external

from their current wage. In general, the more positive the differen

wage and local wage. the more the worker is pressured (o migrate 10 the other labour
market. This pressure is demonstrated in Figure 3.1, The pressure to migrate resulting
from differential wage rates is another force expected 10 vary with urban proximity. The
expected equilibrium wage in urban-adjacent labour markets should not have decreased

10 the same relative degree as the expected equilibrium wage in smaller and more remote

labour markets because of the higher degree of diversity and competition found in the
larger urban labour markets. As a result the pressure 1o migrate out of their labour
market would have been relatively higher for workers living in remote arcas, and,
everything else being equal, the supply shift would have been greater. This means that
while initial utilization declines immediately following the cod moratorium would have

been almost universally severe in both remote and urban-adjacent fishing communities,

the more permanent quality declines associated with the outmigration of workers would

have been more significant for remote communities.
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Figure 3.1 Wage Pressure to Migrate from One Labour Market to Another
3.3~ Geographically Weighted Regression Model

“The analysis of different aspects of real-world labour market behaviour is often

difficult 1o structure. Model selection s a particularly important and sensitive process

because of the convergence of theoretical expectations, empirical realitics, and

technological limitations. The literature that explores the study of labour markets

contains a variety of approaches, both quantitative and qualitative, each different
set of advantages and disadvantages. For this reason, a necessary step prior (o attempting

a labour market study is 1o evaluate the nature of the study area and available dat

as
well as the demands of the rescarch question. This way, it is assured that any desired
information is obained in the most efficient way possible, by maximizing the
interpretable results for a given level of cost and effort

The primary concem with this research project is with the determination of

relative effects of the cod moratorium. From a modelling perspective, this analysis would




ideally involve testing relationships between different variables, in different locations,

over time. Perhaps the most common technique used in the literature for the evaluation
of relationships is regression.  As introduced in section 2.3, regression analysis involves

the combination of one or more “independent” variables 10

e or predict a separate
“dependent’ variable. To evaluate stability over time, separate regressions are completed
for different time periods, creating a different set of relationship data for each period,

which are then compared. Evaluating temporal cha

nge is relatively simple, due to the

ngular di

jon and constant speed in which time travels. The multiple directions and
rates associated with spatial change, however, present more difficult challenges.
Depending upon the nature of spatial ineraction in a system, the regional science/spatial
analysis lierature offers a number of potential solutions that allow the incorporation of
space into a regression framework, as explored in section 2.3.

In this thesis, it is theorized that differential labour market behaviour in
Newfoundland and Labrador causes the nature of spatial interactions o vary from

community (o community. Therefore, the best method 10 study these interactions is one

able o Tocally-varying relationships. G weighted regression

(GWR) is one such method that meets the

ria of this thesis by combining the ability

10 evaluate both temporal and spatial stability simultancously at a community level. For
this reason, GWR was selected as the primary method of analysis for this thesis.

Modif

tions (0 the standard GWR framework required for this analysis will be explored

in section 3.3.1, and an explanation of how the model will be accommodated within the

existing theoretical structure, along with a discussion of specific hypothesis

tion,

will be provided in section 3




3.3.1 - Spatial Structure Adaptation
The primary advantage that the geographically weighted regression (GWR)

framework holds over more conventional regression frameworks s that it allows

relationships between variables 10 vary over space. GWR is able 10 evaluate variable
relationships through the use of a ‘moving” regression kemel, which is a local regression
window that cvaluates variable relationships within a limited spatial neighbourhood.
“This local window moves throughout the entire study area, testing local sets of points
unil all points are accounted for, and the entire study arca has been covered. Upon

‘completion, the local parameter estimates are combined 1o ct

¢ a continuous map of

variable relationships, which indicates where a particular relationship is positive and

where it is negative, as well as where the magnitudes differ. In its unmodified state,
however, the ability of the GWR framework 1o sufficiently account for the real-world
spatial structures and interactions existing in the moratorium-era Newfoundland and
Labrador economy is questionable. The general structure of GWR is vague and not
committed to any particular incarnation of spatial structure (Fotheringham ef al., 2002),

Despite this, most studies situate their analysis in continuous space, where spatial

interaction is allowed to occur unimpeded in all dircctions. Although an assumption of
continuous space is only reasonable in areas of complete isotropic connectivity, it is

assumed in all available previous applications of GWR, which range from investigating

regional industrialization (Huang and Leung, 2002) (o estimating net primary production

in a forest ecosystem (Wang ef al., 2005). This precedent of uilizing continuous space

for interaction represents a challenge for this thesis, which is concerned with labour

‘market interactions that are constrained 10 a discrete road network. This is a problem
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because the distance between communities in this province along the road network is

often very different from the straight line distance, due (o the irregular coastline and large
distances involved.  For example, Figure 3.2 illustrates the large difference between the
straight line and road distance between Bonavista and St. John's. At 124 ki, the straight

line distance in this

instance is less than half the distance people actually travel between
the two communities, which is 293 km. For the model, this situation has two potential
outcomes if the GWR framework is utilized. The first option would be to assume the
status quo, and complete the analysis using the standard continuous GWR. The second

able 1o accommodate discrete

option is to modify the GWR framework so that

distances, which would allow the analysis to be more theoretically acceptable. To utilize

cither option, a trade-off would be required. Whereas the first option would undoubtedly

be simpler and casier 1o apply. the second option would require fewer assumptions and

offer e:

ily interpreted results. It should be noted, however, that the empiri

1 validity of

the second method at this point s unproven, because the nature of spatial interaction can
only be theorized prior to analysis. For this reason, both methods will used in this
project. A method of incorporating discrete space into a GWR model will be developed
and tested against the pre-existing continuous model for accuracy and efficiency.
Whichever model performs better will be the one used for interpretation. A non-spatial

ondinary least squares li ssion will also be performed 0 ensure a

fixed point of reference for both models.
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re that are capable of

Presently, there are two widely available picces of soft
implementing GWR with a minimum of background or effort. These programs arc the

Environmental Systems Research Institute’s (Esi's) GWR ool for its ArcMap

gcographic information sysiem (GIS) software, and a standalone. program known as

“GWR' (Fotheringham ef al., 2002).  Although these programs offer modellers a varicty
of customization options and statistics 1o use when implementing a GWR, they
unfortunately only allow the use of continuous spatial weight functions. The softwarc

used for this project should be able to utilize both discrete and continuous spatial weight

functions, so for this reason neither of the existing options is sufficient. To perform a



satisfactory analysis, it s necessary 10 look beyond pre-packaged software tools 1o

hat offer g y anda h

Despite the fact that the two primary software programs used (o construct a GWR
are based in a GIS environment, GWR is not a strictly geographical technique.  Instcad,
like all muliple regression techniques, GWR is primarily based upon linear algebra

(Fotheringham et al., 2002). “The only input for space in the GWR algorithm is through

the use of a spatial weights matrix, which is used 10 represent the degree of interaction
between different locations in the model (Brunsdon ef al., 1998). Generally, this spatial
weights matrix is an n x n matrix, where n is the number of events being studied (in this

case communities), and the clements represent the degree or probability of interaction

between two separate communities.  As such, the spatial weights matrix (and by
extension the entire GWR) will be created within the framework of standard mathematics

software with ling

algebra functionality.

One mathematics software package that allows a number of benefits not available
with more traditional, purpose-built software is MATLAB. - For this analysis, the most
important benefit of using MATLAB is the ability 1o exert total control over the choice of
spatial weight function for the model. In MATLAB, distance is treated in the same

‘manner as any other p . unlike in where it i
internally in the program. This means that while GIS-based analyses are restricted to
basing their spatial weight function on the distance model included in the software,

studies based in MATLAB are able 1o customize their weight function to fit their needs.

A second arca in which MATLAB allows a degree of flexibility over pre-packiged

software is calculable statistics. For example, although the program ‘GWR" allows one

s



10 test for global spatial autocorrelation within the residuals of a GWR model, it does not
allow the calculation of local spatial autocorrelation statstics (c.g. local Moran's |

(Anselin, 1995)), as well as any tests for spatial heteroskedasticity (c.g. the White test

(White, 1980)). The open-ended framework of MATLAB, however, allows one to
program tests for whichever phenomena one wishes, provided the equation can be found
and programmed. A third advantage 10 using MATLAB for this analysis is that, as a
result of MATLAB's transparent interface, one can follow the equations directly, and
determine where unusual or unexpected results originate. - Although it s only stictly
required for the discrete GWR model, all three models evaluated in this thesis (the

continuous GWR, the discrete GWR, and the OLS model) are coded in MATLAB, both

for the reasons cited above and to ensure consistency in model structure and results.
3.3.2 - Application of Theory
A number of aspects nced o first be clarified before the theoretical model of the

Newfoundland and Labrador labour force constructed in section 3.2 can fit within a

‘geographically weighted regression (GWR) framework. While the implications of the
cod moratorium in various regions of the province may be relatively simple to anticipate
within the simplified structure of a theoretical model, they are not 5o clear empirically.
“The various simplifying assumptions implicit in the theoretical construction of the model

tend to remove the applicability of the model results from reality to some degree. The

extent to which the results are or are not applicable o the real world depends upon how.

reasonable the assumptions are, and the degree to which they apply to actual behaviour.

The only way to be sure whether an assumption is reasonable, and if model

interpretations can be applied or not, is through the use of an empirical model and
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hypothesis test of some kind. Prior to performing the empirical analysis for this thesis.
the spatial relationships need to be defined, and the supply and demand curves, the
shocks, and the various shifts need to be incorporated into the GWR framework. The fact

that GWR is a regres

jon model means that these parameters will be represented in the
model through the interplay of a dependent variable and a number of independent
variables. Events and effects can then be evaluated by testing the stability and interaction
of these relationships in space. The theoretical model in this thesis will be tested by
evaluating the nature of these anticipated effects in different regions of the province.
Knowledge of the practicality of any assumptions is essential to gauge the
usefulness of the results in any abstract economic theory-based study. A trade-off
between theoretical consistency and empirical relevance is often required to some degree,
based on the goals of the particular project. For this thesis, the goal is to create a
theoretical model that is consistent with real-world local labour market behaviour using
idealized supply and demand curve shifts. The purpose is not to replicate reality exactly,
but rather to create an avenue through which general labour market behaviour will be
explored. To accomplish this, a number of generalizing assumptions are required. The
first assumption is that workers with a particular skillTevel can fill any job requiring that
or a Tower skill level, so that al fishery jobs are able 10 be staffed by the lowest skilled
workers. This assumption is reasonable due to the limited entry requirements of the
fishing industry in the years hefore the moratorium. A second simplifying assumption is
that all workers in the economy possess perfect information regarding job opportunities
and potential wages in their own and other labour markets. Like the first assumption, this

one is required to simplify the representation of arbitrage potential in the analysis. For



the purpose of simplifying the explanation of results from the regression model, a third
assumption is that all spatial dependence between labour markets in the province results
from people commuting to work.  Although this is certainly a simplification, commuting

is widely regarded 1o be the most important method by which communities interact

(Karlsson and Olsson, 2006). In addition, this assumption allows the use of a single

spatial weight function for the entire analysis, which is fundamental for maintaining

implicity of the model and comparing results

To sufficiently evaluate the effects of the den

nd shock using the GWR
framework, a number of different models will be created. These models will all share the
same dependent variable, but have different independent variables. The dependent

variable for all model runs will be the initial exposure 0 the cod moratorium, and the

independent variables will each represent the different. potential effects of the cod

moratorium, in different time periods. A total of six different sets of independent

variables will be created and tested, consisting of tests for utilization and quality declines
from the years 1991 through 1996, and 1996 through 2001, as well as tests for the initial
relationships in 1991, If the relationships behave the way they are anticipated (0 in the
theoretical model, then the results of the empirical analysis will be that the theoretical
model, with its assumptions, is a reasonable approximation of the Newfoundland and
Labrador labour force in the 1990's. Both short and long term implications of the cod
moratorium for the economic geography of the province’s labour force will then be

determined, and recommendations based on the model will be made.



3.4~ Model Inputs and Outputs

Like any empirical analysis, the usefulness of this thesis will not only rest upon

the strength of the theoreti

I representation of the Newfoundland and Labrador
economy. but also upon the modelling framework used (o study it. While important, the
theoretical base of the project ultimately relies upon the availability of a number of
different data sets and statistics, and their ability 10 accurately represent the phenomena

being studied. In this case, these ‘phenomena’ refer o both the theoretical concepts that

are being evaluated in the model, as well as the empirical indicators of model
performance that are necessary to interpret the results. For the modelling exercise to have

any application 1o real-world policy. it needs to have tangible inputs and outputs, For

instance, if the theoretical ction 3.2 could not be rep with
actual data, it would be impossible 10 test the implications of the model.  Similarly, if
there was no standardized, replicable way (0 evaluate the results of the model, it would be
impossible to know their significance, and to relate the study area 1o other locations or

iar economic conditions.

An examination of the data required for this analysis. along with the
appropriateness of the data that is available, will be provided in section 3.4.1, followed by
a discussion of some ways in which the data, model, and theory are required (o adap o

cach other in section 3.4.2. This section will conclude with a summary of some of the

parameters . and a discussion of . in section 3.4.3.
34.1 - Required Data

t constitute the

Prior 10 being incorporated into the model, different items 4

framework of the economy need to be represented with specific and tangible picces of
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data. 1f a reasonable real-world indicator cannot be found to act as a surrogate for a
particular concept, then the concept cannot be represented with the geographically
weighted regression (GWR) framework introduced in section 33, However, data are
rarely gathered to specifically represent individual theoretical concepts, so it may not be.
possible to match a concept exactly. In this case researchers are forced to approximate
the representations of their theoretical concepts, an activity that weakens their model and
narrows its applicability (c.g. using returns (o schooling (o represent returns to human
capital (Lindh and Malmberg, 1999)). Therefore, for this thesis it is essential to carefully
evaluate both the requirements of the theoretical model, and the data that are available,
prior o performing any analysis or drawing any conclusions,

As previously discussed, the explicit phenomena being investigated in this model
are the relationships between the cod moratorium labour demand shock in 1992, and the

changes in labour markel utilization and quality in different communities around

Newfoundland and Labrador. These relationships will be tracked initially from the
moratorium in 1992 1o the end of specific government support during the period from

19961998, and then for 4 time following the end of government support, when the

markets were theoreically forced to endure more severe adjustments. To gather rel

data 10 represent these phenomena, there are two practical options: direct fieldwork (i..

primary data) o staistical data collected by others (i.c. secondary data). Fieldwork can

immediately be eliminated as an option for this thesis, beg

wse the events being studied

ast, and people may have moved and perct e chan

jons may d a great

since they occurred. Secondary data, on the other hand, are relatively easy 10 ac

are available concerning a wide variety of topics covering the appropriate geographical
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arcas and resolution, and stretch back well before the cod moratorium occurred in the
carly 1990's. For these reasons, data sourced from different government agencies will be

wtilized in this analysis.

Prior 10 sclecting data for this analysis. it is important (o determine specifically

what sources may be used, what data are available, and how closely the concepts used in

the theoretical model will be approximated. Perhaps the most visible source of data

pertaining to the Newfoundland and Labrador labour market is St anada

si

(www.statcan.ge.ca), which is responsible for a large amount of statistical data gathering

the national census and the CANSIM socioeconomic

database.  Although Statistics Canada offers a wide variety of employment and other
labour market statistcs, they are only available for specific, standardized spatial units.

unitavailable for most of Newfoundland and Labrador is the

The smallest spat
polygon-based census subdivision (CSD), which in many cases is analogous 10 the
community level. However, for some rural or sparsely populated areas, CSD's consist of
a number of communities merged together, and in some cases are hundreds of Kilometres
across (Figure 33). This is an issue in this study because the focus is on rural versus
urban  behaviour, and a consistent, community-based spatial unit is a priority.
Fortunately, a community-based spatial unit does exist in data disseminated by a number
of provincial government departments. This unit, the government community list (GCL)

unit, is a standard format utilized by the provincial government for community-based data

(Government of Newfoundland and Labrador, 2008). There are 742 entries in the GCL,

each corresponding to an individual community, and they are represented with poi

instead of polygons. The departments which publish labour market data using the GCL
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system that is relevant to this thesis are the Department of Human Resources, Labour,

and Employment (HRLE), and the Newfoundland and Labrador Statistics Agency

is thesis, employment

(NLSA), located in the Department of Finance. In the context of i

‘and labour market statistics are available from HRLE, whereas distance related data and

spatial datasets are available from the NLSA. Generally, the labour market d
published by HRLE is census-based data that has been aggregated by the provincial
govemment into communities according 1o the GCL. The temporal resolution is
therefore the same as the census, s0 it is only available for one in every five years. In this
thesis, this means that data are available for the years 1991, 1996, and 2001, which can
serve as approximations for the theoretical benchmarks of (i) the period immediately
prior 1o the moratorium, (i) the point when direct government support was ending, and

i) an adjustment period shorly afterward.



2008 Communty vs CSD Size
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Figure 3.3 Example of Community vs. CSD Location and Size (Government of
Labrade S Canada (n.d.b))

“The data available for this thesis is classified into two groups: employment and

labour market data intended 10 represent the components of the relationships being
‘modelled. and supporting data, such as distance information and spatial data. The labour
market data from HRLE ranges from such topics as employment by industry, cducation,
and income, 1o work activity (months worked per year), and labour force activity
(participation rates, unemployment rates). The dependent and independent variables for

the models will be created using this data. The distance information and spatial data, on

the other hand, are required 1o situate the model in space. Data of this type for
Newfoundland and Labrador is generally available from the NLSA, as well as federal
govemment sources such as GEOBASE (www.geobaseca) or GEOGRATIS

(geogratis.cadi.ge.ca).



Theoretically, the dependent variable should be the initial exposure of a

community’s labour market to the cod moratorium. To represent this in the model, the
percentage of each community’s labour force working in fishery-related occupations
(fshers and fish processing workers) in 1991 will be used. It is expected that the more
dependent upon the fishery a community is in 1991, the more susceptible that community
will be 10 the effects of the cod moratorium.

The potential independent variables for the model discussed in section 3.3 consist
of some anticipated effects of the moratorium on local labour markets. In particular,
changes in labour market utilization and labour market quality are expected.  Based on
the available data, lbour market utilization is represented in this model by the work
activity, or the percentage of workers in the labour force who worked different numbers
of weeks during the year. Due to it seasonal nature, a high degree of fishing
employment in a community is expected o be represented by a relatively high percentage
of the labour force working for part of the year. Likewise, high unemployment would be.
represented by a high percentage of workers who did not work, and non-fishing, service
employment would be represented by a high percentage of full year workers. To

represent these dimensions, the work activity variable is split into five different classes;

did not work (0 weeks), part year low (1-14 weeks). part year medium (15-20 wet
part year high (21-48 weeks), and full year worked (48 weeks plus).
Two different datasets need to be used to represent quality impacts, because of

their classificat

1 into two separate effects. The first area in which labour market quality
i anticipated 1o have heen affected is through the age strcture of the workforce. Data in

which the workforce of each community is classified into different age cohorts are used
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10 represent the age structure of the workforce. Although the dataset acquired from

workforce classified into four separate nine-year cohorts and

one upper cohort (55+). this thesis only requires distinctions between lfe stages. For this
reason, the cohorts will be merged 1o form three broad groups: young (15-34), middle
aged (35-54), and older (55+). The second area in which labour market quality may have
been affected is through the skill level of the workforce. To represent skill level,
education data is used. The education data available from HRLE consists of the
percentages of the workforce with different education levels.  Again, the data are
available with more divisions than are required for this thesis, 50 they will also be merged
10 form three broad classes representing: low skill (no high school diploma), medium
skill high school diploma). and high skill (post secondary education (cither university or
collegeftrade school).

A discrete version of the GWR as described in section 3.3 requires data able to

deseribe the discrete distances between locations. For this anal

communities, and the distances are discrete because they are along roads. ArcMap’s
network analyst will be used to calculate the road distance between communitis, using a
NLSA GCL point file as the origin and destination commaunities, and the provincial road
network file from GEOBASE.
342 - Model Adaptations

Beyond the formulation of theory and collection of data, a number of essential
‘manipulations are required before the analysis for this thesis is performed. While the
selection of an appropriate model and relevant data are necessary for a strong analysis, it

s important 1o ensure that any standardization or adaptation required by either the
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theoretical framework or the geographically weighted regression (GWR) model is
performed.  For this study. data need 1o be standardized according 1o communities
included and model sample size, the created road network distances need to be converted

into a spatial weights matrx, and model adaptations such as variable exclusion need 10 be

performed.  Only after the data are sundardized and the GWR model properly
constructed can the results of the study be evaluated and interpreted.
3421 - Community List

“The first class of adaptations required for this thesis relate to the community data.

In their original state, the datasets intended 1o represent the dependent and independent

variables in the GWR model are fairly heterogencous with respect 10 the communities
contained within them. Changes in community definitions and settlement patterns
between 1991 and 2001 have resulted in some communities appearing in or disappearing
from the datasets during the time span of the analysis. To proceed with the analysis, the
list of communities contained in every dataset need to be standardized.  In this project,
this is accomplished by excluding any communities not listed in every dataset from the
analysis.  This initial standardization of the data creates a universal list of 589

commun

‘upon which the rest of the analysis is based.

3.4.22 - Spatial Weight Function

“The adaptation of a broadly applicable modelling framework such as GWR to an
empirical study arca such as Newfoundland and Labrador requires some molifications

specific 1o the model. I particular, the discrete GWR (DGWR) model requires a spatial

weight function to be defined, and the data to be specified according to this function. The

purpose of the spatial weight function is to approximate the mechanism responsible for
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spatial dependence in the study arca (Fotheringham ef al, 2002). This project is
concerned with labour markets and labour market behaviour, so any spatial dependence

occurring in the study area will be assumed 10 be the result of commuti

2 UJohansson ef
al.. 2002). Therefore, the spatial weight function is based upon commuting behaviour in
the province. The first step in creating the spatial weight function is to determine the

cumulati

distance decay function for commuting between communities, which is

calculated based on optimized (1996-2006) data acquired from the Newfoundland and
Labrador Statstics Agency (Govemment of Newfoundland and Labrador, 2008) (Figure

34,
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Figure 3.4 Newfoundland and Labrador Commuting Distance Decay (Government
of Newfoundland and Labrador, 2008)



In the province, approximately 90% of workers commute less than 40 km every

day, and 99.5% of workers commute less than 151 km. Accordingly, a fixed kemel

spatial

his function is calculated by applying fuzzy set theory o benchmarks derived
from the commuting decay function. Mathematically, this fuzzy function is represented

in Equation 3.1

1 ford < 40 km
@40

M (|-(“5Hm)) for40 < d < 151km @an
0 ford > 151 km

Where M = the spatial weight value and d = the distance between two
communities.

According 1o this equation. two communities receive a membership of 100% if
they are within 40 km of each other, and 0 % if they are beyond 151 km. This fuzzy
membership function may be used as the spatial weight function in a GWR moel, if the

percentage membership between two commun

es i used as the percentage of
consideration of one community in the local regression of the other. For example, if two
communities are separated such that there is a 0% membership probability (chance of
commuting) between them (ic. they are located 96.5 km apart), then each of those
communities will be included in the other’s regression S0%. In other words, they will
count as half of a neighbour for each other.
3423~ Model Condition

A properly functioning regression model requires a sample size large enough (o

ensure that individual cases do not have especially large influences upon the analysis.



“This is an issue when attempting to conduct a local analysis in a largely rural province

such as Newfoundland and Labrador, which is composed of both densely and sparsely
populated regions. 1f a community is so remote that it has 100 few neighbours for the
function to be properly specified, it can have an impact on the global statistics used to
evaluate the overall model, in addition to the reliability of local estimates. For this
analysis, the condition number (sec section 34.3) is used 1o determine sample size

sufficiency for the different areas of the study area. Individual communities that are

numbers greater than thirty &

found to have fewer than ten neighbours and condi

considered 10 be 100 unstable for this analysis, and are excluded. This step removes a

from the list of included ct ities, reducing the coverage

of the model from 589 to 578,
3.42.4 - Variable Exclusion

“The final adaptation required for the GWR model in this thesis concerns data

exclusion. In general, ing a regression analysis on p in which
all possibiities sum to one, all possibities do not need to be included in the analysis
(Feyrer, 2007).  Instead. in this case. one possibility is excluded, because it can be

calculated from the others. For example, a work activity division can be excluded from

the utilization change analysis, because together they sum to the entire workforce. If the
“did not work” class was excluded from the model, for instance, the coefficients of the

other classes would then be calculated in relation 10 the percentage of workers who did

not work. A coefficient of +5 for *full year worked” would therefore mean that for every

percentage increase . there would be an increase in full year

the dependent variabl

workers five times that of workers who did not work. The youngest (15-34) age structure
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and lowest (no high school) education class are excluded from the quality model, and the
“did not work” class is excluded from the utilization model.
343 - Parameters and Interpretation

A sound understanding of the structure and significance of the outputs of any
study is necessary for the results of the study to be properly utilized. This is particularly
true for quantitative and statistical studies which have a diverse range of outputs used to
track a number of different aspects of the model. Commonly used groups of statstics
include tests for model fit or comparison and tests for model conditioning or stabilty, in
addition 1o statistics used 1o relay the empirical results and significance of the model
(Brunow and Hirte, 2006).  Although this thesis mainly utilizes statistics for fit, model
conditioning, and results that are standard across many different modelling exercises and
regression models, it does use some modified staistcs.

As a regression model, the discrete geographically weighted regression (DGWR)
‘model produces a number of statistis that are common to more standard techniques. A
list of these statistics include the coefficient of determination () and the Akaike
Information Criterion (AIC), which are used 10 determine overall model fit, and White's
heteroskedasicity test and the global Moran's I test. which are used (o compare the
ability of cach of the three models to remove the spatial effects of spatial dependence and
spatial heterogencity respectively from the data (Anselin, 1988).

is fairly well understood, the AIC is

While the functioning of the r* statisti

somewhat obscure. Unlike the r* sta isribution

dic. the AIC does not compare a giver

10 an ideal case (Fotheringham ef al, 2002). Instead, the AIC is generally calculated by

measuring, for a given model, the distance between the model distribution and the
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distribution of the actual phenomena being studied. This procedure is repeated for each
‘model candidate, and the model with the lowest AIC value is generally considered to be
the best

Although the fact that GWR and OLS are both regression methods means that the
model results are broadly similar, they differ in one important way, because of the local
nature of GWR.  In general, both types of models report results in the form of variable
coefficients and standard errors.  However, while GWR  produces a new, separate,
estimate and standard error for each community, OLS only produces one of each for the

nce of estimates in the OLS model is

entire study arca.  Also, while the signi

e, calculated by dividing the estimate by

determined through the use of a standard t-scor

ates the use of a “pseudo’t score,

the standard error, the local nature of GWR neces
which is not as statistically sound. The reasons for this, as well as the limitations it

tion,

imposes on the interpretability of results, will be further explored later in this s

Once the optimum model type is selected and empirical results determined, it is

Its difficult

important to conduct some tests of the model conditioning and effi

o ensure that the results of 2 model are their most accurate if limited information is
available concerning the ability of the model (o satisfy its assumptions in the study arca.

For this reason, tests for sample size, condition number, and both univariate and

‘multivariate outliers are used in this analysis. Local Moran's 1 is also used to test the
ability of the model to remove systematic spatial autocorrelation. To ensure that the extra
effort. required (o incorporate space into the GWR model is warranted, a test for

parameter stationarity originating in Leung ef al. (2000) is used.




Although the interpretation of results in this thesis relies. for the most part, on
standard, commonly available statstics, the discrete nature of the GWR and the often

sparsely populated study arca means that some dimensions of the output need to be

tailored specifically for the technique. The most important such statisic with respect (0

the direct interpretation of the model results is the

type score used to determine
significance of model coefficients (Wimberly et al., 2008). While the significance of

estimates resulting from global OLS models is readily determined and interpreted with a

standard t-score, the same formula is more difficult to apply to local GWR models,
because the GWR estimation procedure violates the assumption of independence required

for the tiest (LeSage, 1999). Generally. 1o perform a

fest on two separate parameter
estimates that would enable the significance of the estimates to be compared, the two
estimates need to be independent of each other. Any overlap between the areas from
which the estimates have been calculated would mean that the independentidependent
variable relationships being modelled would not be independent for the two regression
points. and therefore any tests conducted on the point assuming independence between

them would be technically invalid. This is a potential issue because if r

become unstable if a

estimates are not independent, then the estimates themselves

different sampling design is used (Wheeler, 2007). The estin

tes would only become

unstable if the data underlying them was of inconsi

at quality, and the overall model
was not strongly conditioned. Whereas the estimates of an OLS model are assumed 10 be.
independent (because they are only calculated once), the estimates of a GWR model
cannot. For this reason, the resulis of tscore caleulations for GWR estimates have (0 be

labelled “pseudo” -scores (Wimberly ef al., 2008). As explained in section 2.3, GWR
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parameter estimates are calculated though the use of a ‘moving window’ regression,
where a fresh regression is performed at each regression point. For this thesis, although
this means that results are now available at a community-level resolution, it also creates a
resampling issue whereby the variable relationships for a particular community may be
considered in the regressions of a number of other communities. If, in any single
community, the quality of the model were to fall below that which is commonly

acceptable in a regression model, through an issue such as low sample size, it could

potentially impact the estimates for other, otherwise well specified, communities

Therefore, it is important to ensure that all areas of a GWR model are well specified prior
0 testing for parameter significance. While the regression points in a GWR can
technically never be independent of each other, the pseudo tscore may be interpreted as
practically equivalent to a t-score, if the model is stable and well conditioned (Wimberly
etal., 2008).

For this study. a condition number is used to quantify the stability of local
regressions, as an alternative to the individual sample size. Mathematically, the condition
number is calculated as the largest division of the relative error in the regression
coefficient and the relative error in the model estimate (Velleman and Welsch, 1981). It

nt or the model estimate that is

measures the amount of change in cither the coeffi
expected 1o oceur relative (o a unit of change in the other. The literature suggests that the
Tower the condition number, the better specified the model, and values of less than 30 are.
ideal (Wheeler, 2007). To ensure that the results of an analysis are as accurate and well-
specified as possible, the condition number for each location is evaluated prior to

interpretation of the pseudo t-scores.



35 - Conclusion

In this chapter, a method of adapting a local geographically weighted regression
(GWR) to study a labour market shock was described.  Although most efforts in this area
10 date have neglected to recognize any significant role for spatial location, a discrete

GWR (DGWR) model will allow a shock and its effects 1o be studied in a realistic

manner, with empirically-derived anticipated interaction effects. Analysts utilizing the
DGWR model can also draw upon the existing regression literature (o evaluate its
performance relative (o other modelling frameworks. in addition 1o the applicability of

alternative theoret

I approaches 10 a defined empirical problem. In this thesis. the

DGWR model is used 1o test for effects of the 1992 cod moratorium in a realistically -

structured Newfoundland and Labrador labour market. It allows the distances between
actors in the economy 1o be accurately simulated (o  degree not possible with continuous

or non-spatial models.



4.0-Results.

&

~ Introduction

“The primary focus of this study is to determine the applicability of the theoretical
model described in the previous chapter (o the reaction of local labour markets (0 the cod
moratorium in Newfoundland and Labrador. The complex nature of the moratorium

means that a number of indicators are required 1o be evaluated before the degree of this

applicability is known. For this thesis. these indicators are classified into two broad

nd

‘eroups: statistics relating to ensuring the specification and quality of the analysis,
statisties relating 1o the performance and interpretation of the overall model. This chapter
will report on the specific results of these two groups.

The first seq

jon will contain the results of the pre-analysis stage of the analysis.
In this section, the optimum method for conducting the analysis will be determined using
a combination of model fit, parameter stationarity, and spatial effects tests. Following the
selection of the best model, the data will be tested using condition numbers and outlier
analysis and adapted to ensure that the model is well specified. and that the results are
empirically sound.

“The second section of this chapter will present the empirical results of the model.
The success of the theoretical model in representing the empirical reality will be
evaluated using inferential statistics that are applied to cach model run.
4.2~ Model Fit Results

The first stcp in this empirical analysis is to select the most appropriate model.

Based on a rey

w of the literature and the particularities of the study area, three different

modelling frameworks were considered for this thesis. These methods consist of an
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ordinary least squares (OLS) model, a continuous geographically weighted regres

(GWR) model, and a discrete GWR (DGWR) model.For the DGWR model, it

theorized that labour market phenomena in Newfoundland and Labrador operate between

communites through commuting behaviour along the roadways. One implication of this

hypothesized interaction s that commonly used OLS and continuous GWR models will
fail 10 accurately represent economic behaviour, and will therefore not be able to

satisfactorily evaluate any moratorium impacts.  However, the DGWR model is

unproven, and the extent of any advantages over traditional models is unknown. For
these reasons, the first step in this analysis is to compare the overall performance of the
three frameworks, and quantitatively determine the degree to which the DGWR model
outperforms the traditional approaches. The approaches will be assessed according to
both traditional goodness of fit statistis, and the models” ability 10 represent the spatial
cconomic system.

4.2.1 - Global Fit Statistics and Parameter Stability

s a common practice (o evaluate the ov

all performance of a regression model

through the use of statistics (Fotheringham, 1998).  Although a number of altern:

options for gauging global fit exist, a combination of the coefficient of determination (r’)

 the Akaike Information Criterion (AIC) statistics were used in this thesis. In general,

ame

sure of the degree to which a model can replicate a set of empirical data; it s &

measure of the “goodness of fit” of the model (Fotheringham ef al., 2002). The maximum

possible value of r* that a model can achieve is one, which would indi

a perfect fit
between model and data. The AIC, on the other hand, is a relative measure of model

performance. Unlike the r*statst

the AIC does not have an optimum value. Instead, to
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determine which of a group of models provides the best fit, an AIC s calculated for cach
model being tested. and the model with the lowest AIC value is interpreted as having a
relatively better fit than the others.

s were calculated for each of the six model runs

For this study, * and AIC statist
(representing quality (Q) and utilization (U) in the 1991, 1991-1996, and 1996-2001 time
periods), 1o compare the performance of the three modelling frameworks in every

relevant situation. The results are summarized in Table 4.1. It is immediately evident

when analyzing » the discrete weighted
regression (DGWR) model far exceeds that of both the ordinary least squares (OLS) and

the continuous GWR model, according to both  and AIC statistics. In every case, the

DGWR model obtains the highest ' value (e.g. = 0.74 for the 1991 utilization model)

and the lowest AIC value (e.g. AIC = -1013.05), while the OLS model obtains the lowest

7 value (e.g. ' = 0.42), and the highest AIC value (¢.. AIC =

123.06). The continuous

GWR model is consistently ranked in the middlc (¢.g. r* = 0.63 and AIC =-932.51). The
primary implication of this comparative analysis s that, of the three models tested. the
DGWR i the most satistically appropriate modelling method for this thesis. In addition,
the OLS model represents the least appropriate modelling approach. Therefore, there is
evidence that discrete space represented by road network distances provides a better
approximation of the functioning of Newfoundland and Labrador labour markets than

existing methods.



‘Table 4.1 Model Fit Results
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While a local model such as GWR may provide a better overall ft for a set of

data, it also requires a great deal of additional work to construct and interpret. If some

phenomenon were to be largely stationary in space, it is conceivable that any additional

interpretation ability provided by a GWR would not outweigh the costs of constructing

the model. For this reason, a test for parameter stationarity used by Leung ef al. (2002)

was applied o the data. In general, a significant (p >= 0.95) result for this test indicates
that the tested parameter does vary 1o a significant degree over space, and that a local

. both the quality and

ethod would be the most appropriate 1o use. For this the

1/15 and 15/15, respectively) of significant

utlization models contained a majority (n
spatially unstable relationships (see Tables 4.2 and 4.3).

‘able 4.2 Parameter Stationarity Results, Quality Model (p-value)
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‘Table 4.3 Parameter Stationarity Results, Utilization Model (p-value)

L Worked Part | Worked Parl | Worked Parl | Worked Full
Model | Vear | Constnt | Vear (Low) | Vear Medium) | Year (tigh)
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4.2.2 - Spatial Statistics

To understand how Newfoundland and Labrador labour markets function, it is
important to evaluate how different spatial incarnations perform with respect to spatial
effects in the economy. Although * and AIC statstics allow the selection of the best
‘modelling framework overall, tests for residual spatial dependence and heterogeneity arc
useful (o specify the nature and extent of any discrepancies between the framework and

any spatial structure which exists in the data. In this study, statistics were used 1o test for

as well as spatial amongst the residuals of each
framework. Moran's T (both local and global (Anselin, 1995)) was used to test for spatial
autocorrelation, and the White test was used for heteroskedasticity

Like the tests for model fit, hoth types of tests for spatial effects were applied for

cach of the three model frameworks, to each of the six model runs. The results of the

global Moran’s I tests are shown in Table 4.4, The discrete GWR (DGWR) model is

able 10 remove significant (2 >= 1.96) global spatial autocorrelation amongst is residuals

in all but one model run (labour market quality cha

e from 1991 through 1996 (2 =

2.78)), while significant spatial autocorrelation still exists in four runs of the continuous

GWR model, and all runs of the OLS model.




‘Table 4.4 Moran’s I Results (Index value and 7-score)

Noransl | Moranst | Moranst oramstz | Moranstz | Moramsiz
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As seen in Figure 4.1, the local Moran’s I test indicates that the communities
contributing the most to the significance of the global Moran’s I statistic for the 1991-
1996 quality change model are in urbanized areas of central Newfoundland and the

northeast Avalon. This initial stability of the moratorium exposure/quality change

relationship in non-fishing areas is accounted for in the theoretical framework detailed in

ic for the 1991-1996 time.

section 3,22, so the significance of the global Moran’s I

perio is expected.



Figure 4.1 Local Moran’s I results for Labour Market Quality Change model, 1991-
199

The primary implication of the spatial statistics u

zed in this study is that,
overall, the DGWR model is able 1o represent more of the interactions and spatial
dependency that exists in the Newfoundland and Labrador labour force than either of the
two altemative methods. This means that, in general, the combination of road network
distances and commuting-derived distance decay effects is the best approximation of
Iabour market structure tested in this thesis, and that local analysis on its own cannot
capture the spatial dependence i the system.

While the DGWR s clearly the best model regarding model fit and spatial
dependence, it only managed to outperform the continuous GWR with. respect 1o
heteroskedasticity by a slim margin. According to the White test (Table 4.5), significant

heteroskedasticity (p >= 0.95) is present in all but two DGWR model runs, in all but one



continuous GWR run, and in every OLS run. A possible explanation for this is that the

I structure, where the reach of higher

labour markets in the province exhibit 4 hicrarchi

order centres for some interactions extends farther than cither lower order or supply

I effects into the model is beyond the scope

centres. Howeves

incorporating hicrarchi
of this thesis. The only significant implication of the White test results for this research is

that the DGWR did ouperform the two existing methods with respect o

h ity, and therefore better and more efficiently represents the

croskedast

dynamics of the study area.

‘Table 4.5 White Test Results (p-value)

White ‘

Model | Year GWR_ | White OLS
[0 |o [ w |
Qo [or9s 10 10
Q|9 097 100
[T [ 10
[T 10 100

U [senn 097 0

4.2.3 - Model Condition and Pre-Analysis Results

According 1o the global fit, parameter stability atal effect satst
discrete GWR (DGWR) model is more appropriate for this analysis than ither the OLS
or continuous GWR model. However, (o evaluate relationships at a local level, the data

requirements for GWR are higher than for OLS. In a sparsely settled province such as

rador, it can ofien be difficult to obtain a sufficient sample size

Newfoundland and Li

fes with fewer than ten

within the specified regression window. As such, commun

neighbours and which consistently produce condition numbers larger than thirty in the




models are excluded from the model. Figure 4.2is a map of all communities which have
been included in and excluded from this analysis. The primary concern of this thesis is
with evaluating regional labour market trends, so the exclusion of isolated communities is

anecessary step toward conducting a focused and r

evant analysis. Tn addition, because

the absence of the effects of commuters may cause isolated communities (o feact to
labour market shocks differently than communities located in regions (Glendon and
Vigdor, 2003), effects in one are not comparable o effects in the other, and require
different methods to accurately evaluate,

¥ |

Locaton of Communites |
Y Utiized in Model

Figure 4.2 Communities Included in or Excluded from the Analysis
Sample sizes for each included community are represented in Figure 4.3 and
condition numbers for the performed models are displayed in Figures d.4-49. All

commun

s in Labrador (excluding the Labrador Straits area), and some communities



located along the south coast of Newfoundland are excluded from this analysis because of

the degree of isol

calculated using these methods. To preserve overall sample size.
however, communities possessing a sample size below ten and/or condition numbers
above thirty in one or two model iterations are included in the analysis, if they remain

well specified according to the other indicators.

Figure 4.3 Community Sample Size
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Figure 4.4 Community Condition Number, 1991 (Quality Model)
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Figure 4.5 Community Condition Number, 1991-1991 (Quality Model)



Figure 4.6 Community Condition Number, 1996-2001
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Figure 4.7 Community Condition Number, 1991 (Utili

ization Model)
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Figure 4.8 Community Condition Number, 19911996 (Utilization Model)
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Figure 49 Community Condition Number, 1996-2001 (Utilization Model)



The fi

I set of results related to the pre-analysis of this thesis is for the outlier
analysis. In order to make inferences from the pseudo-t statistic, the underlying data are
required to be normally distributed. To ensure this, the quantities of both univariate and

multivariate outliers were determined using 7-scores and Mahalanobis distance (both p <

0.05) respectively. With normally distributed data, the expected number of outliers for a
sample size of 578 is approximately 29. While all 6 model runs contain more than 29

ate outliers (see

multivariate outlers, only 6 of the 30 variables have more than 29 univa
Tables 4.6 and 4.7). The higher than expected number of multivariate outliers may be
explained by the localized nature of interactions between labour market variables, in
which case they should not interfere with the results of the DGWR model.

‘Table 4.6 Outlier Analysis Results, Quality Model

Nedium
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‘Table 4.7 Outlier Analysis Results, Utilization Model
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4.3 - Empirical Results

Due 1o its better model fit (AIC = -1017.56 through 76202 versus -932.51
through -653.94 for the continuous geographically weighted regression (GWR) and

723,06 through 42034 for the ordinary least squares (OLS) models), and ability to

remove more spatial autocorrelation (n = 1 significant (2 >= 1.96) model run versus 4 for

the continuous GWR and 6 for the OLS models) and spatial heteroskedasticity (n = 4

significant (p >= 0.95) model runs versus 5 for the continuous GWR and 6 for the OLS

models). the empirical testing of the theoretical model will be conducted using a discrete.

GWR (DGWR) framework. In addition to being a more accurate and better specified

model than other techniques, the results of the DGWR model are easier 1o i

erpret
because distances between communities are more realistic, and regression windows
therefore contain more logical groupings of communitics.

“To allow overall trends and local applicability to be explored simultancously, the
empirical results of the model will be featured first as aggregated maps in scction 4.3.1,
and second as an illustrated example of two rural communities (one remote and one
urban-adjacent) in section 4.3.2.

43,1 - Overview

To assess the accuracy of the constructed theoretical model, its idealized
theorctical relationships will be compared to empirical relationships between cod
moratorium exposure and quality- and utilization-based labour market cffects for
Newfoundland and Labrador communities in the years following the 1992 fishery
closure. The pseudo-t statistic will be the quantity used to make this comparison.

Specifically. a pseudo-t score representing the significance of cach relationship will be
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‘generated for every community and time period, and then displayed in individual maps.

Once displayed,

¢ pattems generated in the maps will be analyzed, and their
resemblance to the anticipated theoretical patterns tested.

Prior o interpreting any empiri

I results of this study, it should be recalled that
affiliation with the cod fishery, and therefore applicability o this model, is not expected
o be constant throughout the study area. Instead, as stated in section 3.2.2, the
predictions of the theoretical model are expected to be generally more applicable (o the
northeast coast of the island, so interpretation should in turn focus more on this arca
According to the theoretical model, the firs effect that the cod moratorium should
have on the Newfoundland and Labrador labour force is a change in uilization. Tnitially,
because of the seasonal nature of the fishery. it is expected that coastal communities will
have relatively under-uilized labour markets, with a higher percentage of their labour
force working for less of the year. This occurs as expected. with noticeable
constalfinland differences in labour market utilization for percentage employed in the
fishery in 1991 versus both ‘part year high' and “part year medium’ (in relation to “did
not work’) (see Figures 4.10 — 4.13). Communities with a high degree of dependence
upon the fishery in coastal areas have historically higher percentages of workers working

for part of the year, versus not at al.
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With the suspension of the cod fishery in 1992, the trend of widespread scasonal
employment is expected 1o reverse for the first few years, when fishers and fish
processing workers who formerly worked seasonally are temporarily (at firs) placed on
‘govemment support such as NCARP and TAGS 1o wait for the cod stocks 10 rebound.
This trend oceurs as expected, as shown in Figures 414 — 417, Again, the forces
impacting labour market utilization appear to be primarily concemed with coastal

workers employed for “part year medium’ and “part year high', because these are the

cohorts that experience the most widespread significant declines (pseudo t < -1.96) in

relation 1o the *did not work’ cohort from 1992-1996.
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Figure 4.14 Percent Part Year Low (Utilization) Model Results, 1991-1996 (pseudo
tescore)



2 % Par Year Moduum

3
e
v

Change (91-96)
vs.% Employed n Fishery (91)
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Figure 4.17 Percent Full Year (Utilization) Model Results, 1991-1996 (pseudo t-
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Finally, as the initial support programs run out in the mid-1990's, the proportion

of workers not working in coastal communities is expected to decline. Theoretically, the
lack of continued government support, coupled with the rise in availability of scasonal
employment in alternative (but relatively capital intensive) fisheries such as crab and
shrimp (Hamilton and Butler, 2001) would cause some workers (o resume their previous
scasonal employment patterns, and others 1o outmigrate. Once again, as shown in
Figures 4.18-4.21. this pattern emerges as expected, as there are significantly positive
(pseudo t > 1.96) relationships between pre-moratorium fishery dependence and the
change in percentage of workers working “part year medium’, “part year high' and “full

year' ina number of (predominantly coastal) communities
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The model o test for quality changes over time in relation to pre-moratorium
fishery dependence is structured slightly differently than the model for utilization

changes. Instead of testing for changes in a single variable, the quality model is used to

test for changes in two quality indicators: age structure and education (skill) structure.
Generally, the theoretical expectations for changes in age structure are fairly straight
forward. The combination of the fishery's history of comparatively low wages and the
fact that young people are relatively more mobile than older people means that the fishery

in most areas s expected to have been ageing prior to the cod moratorium. While not as

it as tilization-related relationships, many coastal areas do indeed

consistently signi

feature positive (pseudo t > 0) relationships between percentage employed in the fishery
in 1991 and the proportion of the workforce that is “middle aged” and the proportion of
the workforce that is “older workers' in 1991 (versus the proportion of the workforce that

is *younger workers') (see Figures 4.22 and 4.23)
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Afier the fishery closure in 1992, the age structure is expected to change in a
different manner than the wilization structure. While a downward shift in labour market
utilization may be a temporary adjustment which rebounds after a short period, a change
in age structure requires a more permanent decision, and a longer period of time to

rebound. Pract

ly, this means that after all shifts in labour market utilization have been
accounted for, any downward shifts in labour market quality would represent the deeper

and more permanent effects of the labour market shock. Previous studies have

demonstrated that young people are generally more mobile than older people (Goetz,

2001), 50 in the event of a labour market shock, young people are expected to leave frst,

followed by older people. In this thesis, this means that the extent of damage suffered by

a labour market will be gauged by the relative loss of middle aged and older workers in
the years following the fishery closure. It is expected that, given their initial conditions,

only the most rural areas will lose relatively more older workers in the initial (1991-1996)

time period. However, it is also expected that the relative predominance of middle aged
and older worker outmigration will extend into more urban-adjacent fishery-dependent

communities and labour markets once the government support programs run out dy

ing

the second (1996-2001) time period.

As anticipated, the empirical relationships between initial fishery depe

proportion of both middle-aged and older workers in the initial 1991-1996 time period are

only significantly negative (pseudo 1 < -1.96) for a few remote coastal communities (sec:
Figures 424 -425). In the later 19962001 time period. however, the range of

d 0 include much of

communities with significantly negative relationships ¢

and northeastern Newfoundland (sec Figures 4.26-4.27).
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“The results of the tests concerning the second qualiy indicator, education level,

differ from those concerning age structure. - Prior 10 the moratorium,

is expected that
high association with the fishery would be positively correlated with the lowest cducation
cohort, “less than a high school diploma’ because of the low entrance requircments

Therefore, the closure of the cod fishery in 1992 would be expected to impact the lowest

educated members of es the most. According o studies conducted in other
arcas, however, mobility generally increases with education (Goetz, 2001). Any net
change in education levels in affected communities would therefore be the result of
separate push and pull factors on higher and lower educated workers. Unlike the forces

n cohorts are non-

acting upon different age cohorts, the forces acting upon educ:

substitutable between workers at different levels. As a result, the spatial pattern of the

relationship between 1991 fishery dependence and the percentage change in different
education levels s expected to be unclear and unsystematic during the periods following
the fishery closure.

“The empirical results confirm the predictions of the theoretical model, with many

communities initially featuring significantly negative (pseudo t < -1.96) relationships
between pre-moratorium fishery dependence and proportion of workforce with cither a
high school diploma (scc Figure 4.28) or a college or university education (see Figure
4.29) The observed relationships between pre-moratorium fishery dependence and post-
moratorium workforce education change also correspond to the theoretical predictions, as
litle systematic change is detected in cither the 1991-1996 (see Figures 4.30 - 431) or

the 1996-2001 (sce Figures 4.32 ~ 4.33) periods.
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432 Example

As an empirical endeavour, one of the goals of this thesis is 10 be relevant to the

real world. While the maps in section 4.3.1 do succeed in displaying the results of the

analysis in an efficient manner, it is difficult 1o compile them all and generate a
comprehensive narrative that, overall, supports or refutes the theoretical model. To assist
i this role. the results of two rural communities, one remote (St. Bride's) and one urban-
adjacent (Fermeuse) (Figure 4.34) will now be compared and analyzed (Table 4.8).
‘While they are located different distances from the nearest major urban centre (167 and
89 km from St John's, respectively), both St. Bride’s and Fermeuse are located in the
same census division (Statistics Canada (n.d.b)), and have similar 1991 populations of

586 and SOS respectively (Statistics Canada (n.d.b).

E Example Communites
Kad 1. SUBide’s and Formeuse
| £k
| Y
K g
Figure 4.34 Example Communities



‘Table 4.8 Community Comparison Results (pseudo-t score)

Pseudo i~ St St J
Score Fermeuse | Bride's | Fermeuse | Bride's | Fermeuse | Bri
1991 1991-1996 1996-2001
PanYear
 Low 020 om 222| 034
§| PanYear
21 Med o8t 21| s 176 576|005
= | Panvear
S| High 276|153 38| 141 53| 12
WorkFull
43| oL 654
N EXTH AT )
£ 130] 0as 335
g 041|178 Lol
034 050 508

1(1991) time period, Fermeuse obtaine

During th

relatively more positive scores than St. Bride’s with regards o the ‘part year medium’ (t

=681 vs. = 3.21) and ‘part year high® utilization variables, and significant (1 < 1.96)

and relatively more negative scores with regards to the “work full year' utiliz

variabl the “middle age’, “medium skill, and “high skill' quality variables. This

means that Fermeuse initially had a younger and lower skilled fishery than St. Bride’s.
with relatively more people working part of the year (15-48 weeks) than cither for the full
year or not atall, These results indicate that the fishery was likely more important (o the

St. Bride's economy, with Fermeuse probably featuring more diversified options for their

middie-aged and medium-skilled workforce

During the first time period after the moratorium (1991-1996), the declines for

“part year medium’ workers are negative for both example communities, with Fermeuse
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declining relatively more for that statistc (t = -7.82 vs. t = -1.76), as well as “part year
high' (1 = -338 vs. t = -1.41). Regarding the more permanent quality declines, the
relative share of middle-aged workers grows in both communitics. However, while the

cohort change is significantly positive (t > 1.96) in Fermeuse (1 = 3.91). it s not in St.

Brides (1 = 1.16). These resuls indicate that while declines

util

significantly
affected both economies nitially. outmigration in Fermeuse was centred more on the

youngest workers than in St Bride’s, where the situation was more mixed.

Finally, during the 19962001 time period, Fermcuse begins to experience a
rebound in all of its workforce utilization indicators, with universally significant (t >
1.96) and relatively more positive values than St. Bride’s ((t = 2.2 vs. t = - 0.34) for

576vs.

“part year low’, -0.95) for *part year mediun

34 vs. 1= 1.52) for
“part year high', and (= 6.5 vs. = 0.04) for ‘worked full year', respectively).

Regarding changes in workforce qualiy, the significant loss of young people experienced

by Fermeuse from does not appear 0 the rest of 1

because the change in both middle (t = 0.79) and older aged (t

35) workers remains

positive. While they are not significan, the pseudo-t scores for age in St. Bri
dip into negative values (t = -1.35 and -1.40 for middie-aged and older workers,

respectively). indi

ing that the relative share of mature workers in the town’s workforce

has now begun to drop.

Overall, the results of the comparative example verifics, on a local level, the
hypotheses generated in the theoretical model. ~St. Bride’s, being the more remote

community, appears 1o have initially been more dependent upon the fishery than



Fermeuse, and suffered more extensive utilization and quality declines after the cod
moratorium. ~ As expected, both communities experienced wtilization declines initially,
with the less remote community (Fermeuse) rebounding more strongly and suffering less

extensive age-biased outmigration in the longer term. Also as expected, quality effects

related to worker skill level were mixed with respect to urban proximity.

4.4 - Conclusion

“The results of this study were presented in this chapter. First and foremost, it was.

found that the local, discrete space approach offered by the discrete geographically

weighted regression (DGWR) model is better suited for this particular study of labour

market effects than cither the standard ordinary least squares or continuous GWR model,

Using the appropriate statistical tests, it was found that the DGWR approach offers

significant improvements over the more traditional methods in both overall model fit and
accounting for spatial autocorrelation. Using the DGWR model, it was found that the
theoretieal model constructed in chapter 3 forms a sound basis for assessing the effects of

the fishery closure on Newfoundland and Labrador labour markets, as. for the most part,

the dynamics of the theoretical model have been verified cmpirically. The primary

implication of this is that the significance of the dynamics of the province’s labour

markets can now be assessed, with the assistance of studies in other locations that uilize

similar theoretical models.




£0=Conclusion
5.1 - Discussion of Results

The Newfoundland and Labrador labour force has endured a great deal of

upheaval and change in the last two decades. Through the closure of the once dominant

od fishery, many rural areas of the province have seen the composition of their labour

‘markets completely restructured in less than a generation. However, despite a relatively

large amount of qualitative research and ancedotal evidence conceming other aspects of

the moratorium (Davis. 2006 Murray ef al., 2005), prior 1o this thesis no systematic

effort had been made to quantitatively measure the impact of location on the nature of
Iabour market effects to communities. The discrete geographically weighted regression

(DGWR) method pro

s an ability 10 study these effects with a combination of local

scale and realistic spatial weights that 10 date has not been possible.
Underlying all empirical results is the fact that the DGWR model outperforms
both the ordinary least squares (OLS) and continuous GWR frameworks with the data
used in this project. This observation is not surprising. given the superior ability of the
DGWR model to more closely approximate the real-world commuting interactions that
are fundamental 1o the theoretical functioning of the province’s labour markets. 1t is

evident from their failure to remove spatial dependence that both the non-spatial

ne distance

framework utilized by the ordinary least squares model, and the straight
framework utilized by the continuous GWR model do not sufficiently represent the
interactions between labour markets in Newfoundland and Labrador. Therefore, to

attempt o interpret the results of cither of these models in this or a similar study would be

incorrect. Of the three tested models, the DGWR model removes the greatest amount of
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significant spatial dependence from the study area, and therefore provides the most
realistic modelling environment.
In the theoretical model developed for this thesis, it was hypothesized that the cod

moratorium would constitute a demand shock to the province’s labour markets, and that

remote rural areas would be less sheliered from any potential effects than urban-adjacent
rural areas. The order of effects was theorized o progress from short run labour

uilization changes to longer run quality (labour movement) shifts as the severity of the

moratorium increased. The final results of this modelling process indicate that this

scenario did oceur as predicted. While most areas experienced severe utilization declines

relative (o moratorium exposure, the more remote regions experienced deeper cuts to

their age structure (i.e. relatively more middle aged workers left the workforce) than

urban-adjacent regions. However, the magnitude of these cuts was, as expected, not
uniform across all remote regions. The distance decay effect appears to be the strongest
i the areas nearest 10 St. John's, and weaker in central and western Newfoundland labour
markets. Whereas the concentration of the cod fishery off the northeast coast of the
island likely explains most of this discrepancy (see Figure 24), literature from the
European Union indicates that the degree of outmigration due to downturns in the fishing
industry can also be significantly altered by differences in culture and personal preference

ross regions (Pita e al., 2010).

5.2~ Policy Implications and Conclusions

“The structure of this study generates results in two distinct areas. The first area

from which conclusions are drawn is through the empirical analysis, which wa
structured around the hypotheses introduced in section 1.2, and creates practical
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implications for policy in the sudy arca and similar locations. Conclusions drawing from

this area are as follows:

0]

i)

(i)

%)

In general, remote communities wer ndent upon the cod
g i e iy oeeding e Sl e e, S50
adjacent communities.

Once the moratorium oceurred, its effects did thesized, follow a
comman trend, with shcet wniversal nd immodiae uiizaion decics
oceurring during the 1991-1996 time period followed by more substantial
age structure declines in relatively more remote rural communities from
1996-2001

Regarding the quality changes. age effects are more distinct than skill

(education) effects in almost every region

“The observed trends stated in conclusions (i) and (ii) above are generally
‘most applicable to communities located along the northeast coast of th

In addition to evaluating the stated hypotheses, conclusions are also drawn from

inferences

0]

(i)

(iii)

ade while conducting the analysis. Some of these conclusions are:

‘The DGWR model outperforms both an unmodified ordinary least squares
model, and a continuous GWR model, with respect o both spatial
autocorrelation and traditional model fit statistics.

The workforce involved in the fishery has a legacy of relative under-
utilization, likely due to its history of scasonal work.

Although the quality declines of the most vulnerable resource extraction
indusiry workforce in many rural areas are likely due to outmigration, the
lack of symmetry indicates that the greatest pull locations have been in
markets outside the province inste s in the province (see
Figures 4.24-4.27).

53— Future Research

“The resuls of this thesis indicate that its primary questions have been resolved.

However, throughout the course of conducting this research, a number of additional
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questions suitable for fure swdy conceming both the

mpirical analysis and the
‘modelling framework have been raised. Through the exploration of these questions, the
significance of the research detailed in this thesis will be determined, and a context for
any supplementary analysis will be provided.

One of the conclusions of this research is that potential appears to exist for the

classification of Newfoundland and Labrador labour markets based on their respe
proximity 10 the province’s major urban centres. With everything else equal, the relative
degree of response in some variables 1o the demand shock of the cod moratorium
gencrally decreases in severity the closer a community is 0 St. John’s or Comer Brook.

The access to larger markets and the increased economies of scale available within

regular ing distance (0 a larger service

Based on this observation, it would seem reckless to design and implement policy that is

insensitive 1o the real costs associated with loc research,

. According 10

ive 1o location and the forces of

however, not all economic variables are as ser
agglomeration as others. For example, while it is clear that uilization declines affected
almost every area of the province uniformly after the closure of the cod fishery, the
efflects on age structure were more severe and occurred carlier in the most remote arcas.
Additional research could investigate this further and attempt 10 identify the sensitivity of
these processes to changes in scale and time.

A potential future arca of research related 10 the classification of labour markets
based on the spatially systematic nature of shock effects found in this project concerns

the effects themselves. The priority in this thesis has been to evaluate the effect that the
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cod moratorium has had on strictly economic aspects of the Newfoundland and Labrador
economy in the decade following the initial shock. However, in the economic geography

literature, the concepts of regional growth and well-being often have definitions that

s (Hudson, 2007). Instead, these

encompass more than economic or employment aspe

c d

studies feature more hol ons of regional well-being, and often include aspects

of social and cultural development that are difficult to quantify. While beyond the scope

of this thesis, an exhaustive investigation into the effects of the cod moratorium on the
people of Newfoundland and Labrador would provide some commentary on fishery
closure impacts on the qualitative aspects of their lives, o complement the aggregate

quantitative indicators. Some examples of qualitative or non-economic changes that

could potentially be studied in relation o urban proximity include changes in health
status (Murray e al. 2005),risky behaviour (Davis, 2006), cultural identity, and changes

in the “social economy” (Hudson, 2007)

A thind area in which the analysis explained in his thesis could potentially be
expanded is to include additional time periods.  Although the mode as it exists captures
the nitial conditions and the most direct effects of the cod moratorium, it would be

interesting to extend the analysis to time periods both before the moratorium occurred,

and afer this analysis ends. The inclusion of time periods prior to 1991 in the analysis

would help establish the context for the moratorium, by determining whether the demand
shock associated with the closure of the cod fishery was a single, sudden event, or

ne. On the other

representative of the final step of a long, drawn out process of decl

hand, evaluating effects after 2001 would enable the analysis 1o gain a more long-term




perspective with respect 10 factor movements and labour market adjustments, which
would allow for the generation of more long-term policy implications.

A further potential avenue of research stemming from this project would be to
apply the discrete GWR (DGWR) model 10 other situations, thereby evaluating its
versatility and its stability. At this stage, it is essential 10 ascertain the general conditions
in which s DGWR would be the best modelling option, and those in which it would not.
“To do this, the model should be applied to labour market behaviour in different political

ate on different scales than

and cultural systems, as well as 1o phenomena that opei
commuting hehaviour. However, the nature of relationships being modelled would need
0 be known beforehand, because o this point a method of optimizing bandwidih size
with only a weight matrix has not been developed.

One final area of potential future research identified through the results of this

thesis involves the spatial relationships being modelled.  Although the DGWR model as

used in this analysis is superior (0 existing ordinary least squares and continuous GWR
modelling techniques according to the statistics used in this thesis, it sill may be able to
be improved. It is evident from the presence of heteroskedasticity in a number of the

model runs that variance in the error terms is not necessarily constant throughout the

study area. According to Anselin, (1988), this spatial heterogencity could be caused by

the presence of different spatial effects, such as “central place hierarchies, the existence

of leading and lagging regions. vintage effects in urban growth, etc...”, all operating in
the same region. As a result, 0 be considered exhaustive, an analysis would be required
o have any number of spatial effects. all operating at potentially different scales,

ed within it. To accomplish this, models that allow hierarchical analysis, such

incorpora
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as hierarchical linear modelling, could be used. ~Hypothetically, the model could be
constructed in the same manner as described in this thesis, but with spatial cffects that
operate on spatial scales different from commuting behaviour potentially included in the
analysis. Any improvements over the model executed in this thesis would likely be
minor in most respects, however, because of the theorized predominance of commuting
in determining labour market ineraction in the study arca.

Although hi cant number of additional potential

thesis has raised a signif

rescarch avenues, this fact alone does not mean that the analysis contained within
lacking. The procedure developed 1o incorporate distance metrics alternative to

continuous space represents a significant step toward the creation of models that are mor

‘meaningful and locally relevant than existing methods. In addition, the identification of
spatially heterogencous relationships between exposure 10 the 1992 cod moratorium in
Newfoundland and Labrador and changes in regional age structure provides quantitative

proof of the need for locally distinct labour market policies that recognize the importance

of urban proximity.
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