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ABSTRACT
How are inner-city population densities affectedby freeways?
A study of eight Canadian cities
Rushdia Mehreen
Freeways (limiteehccess high speed roadways) have long been considered as

contributing to low density housing adpersed urban development (sprav@prawlis
known to be unsustainable fibre environment, biodiversity and energy use.
Metropolitan areas in Canada differ in the level of sprawl, in growth and decline in
central city population as well as in the level of freeway provisibis study analyzes
census data and the level of fregvpaovisionto exploreto what degreéhe change in
innercity population density between 1956 and 2006 in Canada can be explained by
freeways.This research examines changemmer-city densitiesn over 200 census

tracts in the eightnercitiesof Toronto, Montreal, Vancouver, Quebec City, Ottawa,
Edmonton, Winnipeg and Victoria. The results show that over a fifty year period, inner
city population densities declined id% of the census tracts. The census tratisre
densities declined stronglyereoverwhelmingly located within a fotkilometre distance
from freewaysa threshold identified by the present stuggyond the foukilometre
threshold, a pattern is observed where census tracts at a moderate distance from freeways
gained in population aesity and those further away from freeways léstditionally,
aggregate innetity population densities declinedfiour cities barely increased in two,
howeverrosein Vancouver and Victoria, where urban freeways were close to non
existent or not as pvalent. These findings contribute to our understandinghy

freeways should not be built in areas where higher densities are débieestudyalso

contributes to the existing debate on the causes of decline in central city population.



ACKNOWLEDGEMENTS

| would like tostart bythankng my family, in particular my mothewho ha been
a constant source of inspiration for me throughoutifayIf not for her encouragement
and faith in me, | would not have been here today. My husbara),Has been a pillar of
support for me in good and nRed-good times throughout the (long) time of my masters
studies and thesis writing process in particular. Thank you, mon amour, but | know that
simply saying thanks won't be enough!

| would like to agnowledge thdundingprovided by Social Sciences and
Humanities Research Council (SSHREYNds Québécois de la Recherche sur la Société
et la Culture(FQRSC), and by the Concordia University Arts and Science Graduate
Fellowship without which this resedravould not have come to fruition.

| wishto thank my supervisors Dr. Craig Townsend and Dr. Jochen Jaeger for
their support, guidance, and belief in me throughout my masdr'gratitude goes out
to Dr. Ray Tomaltyfrom McGill University whoprovidedvaluableinput when this
project was in the makingwould also liketo thankDr. Dany Fougeresdf 6 | nst i t ut
National de la Recherche ScientifigieRS) for sharing extensive historical data on
Quebec. Enormous thanks to Rosa Orlandini at Concordigelsitylibrary and to the
staff at McGill University libray's government information department for the assistance
with cdlecting historical census datdathout which this particular project may not have
seen the light of the day.

Heartfeltthanks tamy "brothers" and "sisters" in researohastlythose under the
same supervisors as mBavid, thanks for all your help with GIS; Jeff, Tristan, Paul,

MagdalenaRob, Yuseph,and all hose who | haven't named hereujve been a great



source oimotivationfor me particularly on those grey days in the lab anthe "cave'
Sincere thanks to the professors in the departaratto my friend David,who helped
me navigate through the academia as | passedghsome tough timem the process of
completionof research and the thedisvould also like to thankGPEdepartment's
administrative staff, Annie and Mae Anne for their support througmytime at
Concordia Thanks for your understanding of my health situation and for accommodating
me.

The historc Quebec student movement helpedgeka betteperspective not
only towards my thesis completion but also with respect to my outlook on life. | thank all
my friends andhe new comrades and friendships that were made during the historic
sevenamonth longstrike Your presencalsohelped me during the transition baok
thesis after telong hiatusln particular, | would like to thanRyanT., S&phanie Guy
Robert, Roy, Nadia and Stefan for their friendskeipcouragemersind understanding

throughout thehallengingimes.



TABLE OF CONTENT

LIST OF FIGURES ... ..ot ert e e e e et e e et s e e e e e e e ama s e e e e e eeeeennnnes Xi
LIST OF TABLES . ... oot r e et e e e e e e e et e e e e e e s amse s e e e eeeeeeennnnes Xili
1 LA I 2 1 L I T PR 1
11 Research ODJECHIVES........cooii i 5

2 LITERATURE REVIEW. ..ottt 6
2.1 Causes andonsequences of low density urbanisation (sprawl).................7

2.1.1  Origins and propagation of SPrawil..........ccccoeuviiieiniiieie e 7

2.1.2 Problems associated With SPrawl...........ccccceeeiiiiiiiiee e 9

2.2 Benefits of Nigh denSity..........ovviiiiiiiiiiiiiie e 11

2.3 Analysing changes in population denSity.............ceevvviiiiviiiimiiiiiiiiiiiiiinnnns 12

2.3.1  LeVels Of deNSity......ccoovviiiiieiicee e 22

2.4 Impacts of freeways on population density............ccccoeeveiiiiiiiciiiiiieeeeeee 23

2.4.1 Impacts of freeways on outer areas (suburhs)...........cccocoviiiiiieen 26

2.4.2  Impacts of freeways on Central City..........ooccveeeiiiiiiieneeiniiiee e 28

2.4.3  Environmental and socioeconomic impacts of urban freeways............... 34

2.5 Structure of Canadian CitieS...........covuviiiiii e e 36

2.6 Urban Freeways in Canada brief historical overview.................c.ccevvvvvnne 37

2.7 (0] 1] 1§13 o o U 38

3 RESEARCH METHODS......coiiiiiii ettt eme e e e e e e eeennes 40
3.1 Study perod and reQIONS..........uuueiiiie e 40

3.2 Inner-city definition .............ooiiii i A2

3.3 STUAY UNILciiiiiiieieeeeeeee e e e 46

Vi



3.4 FrEEWAYS....ciiieeeiee ettt e 46

3.4.1 Background information and various freeway definitions used................ 46
3.4.2  Freeway definition.......ccccceeiiiiiiiiiiiiiriecccce e eer e e e eennnnenee A
3.4.3 Freeways included in the StUY.........ccooriiiiiiiiiii e 48
3.5 DaAt@ SOUICES....cciei ettt e aer e e et e et e eaeeea s 50
3.6 Distance to closest freeway calculation................ocouviiiiiiciiiiiiee e eeeeeeens 50
3.7 Population density calculation..................cooviiiiiiieeice e 51
3.8 StatistiCal aNalYSIS.........cooiiiiiiiiie e 53
RE S U LT S .ot et eer e ettt e e et e e e e et e e ama e e e e eaa e aees 57
4.1 ADbsolute 10SSES IN AENSItY.. ... e 58
41.1  AQQregate SUMIMAIIES.......c.uuuuururiuiniuraaeeeeeeeeeaeaaaaeeeeererererernnnnrnnn 60
4.2 Relationship between Loss in density and Distance to freeway............... 62
4.2.1  Testing fOr OULIEIS: .....o.uueiiiiiiiie e 65
4.2.2 Commercial core versus inner residential census tracts.............ccccceeeen. 66
4.3 Relationship between Loss in Density and Density in 1956..................... 67
4.4 INAIVIAUAT CItIES ...vvveeei e e e e e e e 68
4.4.1 Relationship between Loss in Density and Distance to Freeway............. 69
4.4.2 Relationship between Loss in Density and Density in 1956....................712

4.5 Relationship between loss in density and distance to freeway at different

levels of DeNSIty IN L1956 .....ccccuii i e e e e e e e 73
4.6 Regression resultwith both variables................co o 73

4.6.1 Variance PartitioNing...........coouuiiiiiiiiiiieiiieee e 78
DISCUSSION ...ttt ettt enb et e e e e e e r e e e e e e e ame e e e e e 81
5.1 Loss in population denSity..........ooviieeeiiiii e 81

vii



52 Relationship between Loss in Density and Distance to Freeway............. 82

5.3 Relationship between Loss in Density and Density in 1956 (PD56)........84

54 VarianCce PartitiONinNg............veeeeeeeereeeeiesie s me e e e e e e 85

55 DiISCUSSION At CIYBVEL .....uvvviiiiiiiiiiiiiiiieiet e 386

LTS N 1Y (o] o Y- | U UUUU RSP 86

552  QUEDEC CitY....oc o 87

5.5.3  OHAWEL ..o it e e e e e 87

5504  TOIONTO. ...ttt ettt e e et et e e e e e ernn e e e reaa e eeeeed 88

LR R T VT o T V1 0= T 88

55.6  EAMONION....ooiiiiiiiiiii e 89

5.5.7  VANCOUVEL.... .ottt et e e et e e e eea s 89

TR S B Tt (o] 4 - WU 90

6 (00} o T3 181 o T T 91
6.1 [T 11 7= U1 o] S 93

6.2 FULUIE RESEECN.......eeiiii e 94

e ] N [0 = SR 96
APPENDICES.. ... e 112
Appendix 1- Landuse maps used to define innddity...........ccccoooeeeiiiiiiiiiieceeeeninns 112
Appendix 1a Montreal and Quebec City (1955).......cooiuviieiiiiiiieiiiiiiiiee e 112

Appendix 1b Toronto and Ottawa (1955).........ccovcieiriiiiieee e 113

Appendix 1¢ Edmonton (1956) and Winnipeg (1955)......cccccouiiiiiiiiiiieeiiieneaannnn. 114

Appendix 1d Vancouver and Victoria (1955)........cocoveriiieriieniieenee e 115

Appendix 2- Maps of innercity boundaries and freeways...........cccccceeeiieeeeereeennn. 116

Appendix 2a Montreal: Innekcity definition showing Commercial Core and Inner
Residential CENSUS trACLES........ccoiviiiieiiiiiiee et 117
Appendix 2b Quebec City: Innetity definition showing Commercial Core and Inner

ReSIidential CENSUS trACES........uvveei i eee e e e e s e e e e e eaba s 118

viii



Appendix 2¢ Ottawa: Innercity definition showing Commercial Core and Inner
Residential CENSUS traCLS........cciiuiiiieiiiiiiee et 119
Appendix 2d Toronto: Innekcity definition showing Commercial Core and Inner
Residential CENSUS traCLS. .........oivieiiiie e 120
Appendix 2e Edmonton: Innecity definition showing Gamercial Core and Inner
Residential CENSUS traCLS........ccoiuiiiieiiiiiiee ettt 121
Appendix 2f Vancouver: Innecity definition showing Commercial Core andeénn
Residential CENSUS traCLS. ........coiviiiiiie et 122

Appendix 2g Victoria: Innetcity definition showing Commercial Core and Inner

Residential CENSUBACTS .........cocoiiiiiiieiiiiiieee bbb 123
Appendix 2h Montreal: 19562006 Census Tracts matched............ccccceeeiieieeennnn. 125
Appendix 2t Quebec City: 1958006 Census Tracts matched...........cccccoeeeeeennn. 126
Appendix 2} Ottawa: 19562006 Census Tracts matched............cccoocveevevnniinneen. 127
Appendix 2k Toronto: 19562006 Census Tracts matched.............cccccoevvvvvennnnnnn. 128
Appendix 2} Winnipeg: 19562006 Census Tracts tahed..............ceeeeeeeeeeeeieeee, 129
Appendix 2m Edmonton: 1956006 Census Tracts matched..............cccoovvveeee. 130
Appendix 2n Vancouver: 1958006 Census Tracts matched.............cccccoovieneeeen. 131
Appendix 2o Victoria: 19562006 Census Tracts matched............ccccoovvvvvvvennnnnnn. 132
Appendix 2p Montreal: innekcity Showing Freeway..........cccoocvveeeiiiieeeeeeiiiineeen. 134
Appendix 2¢ Quebec City: innecity showing Freewa............cccoovvieeeiiiieene i 135
Appendix 2r Ottawa: innercity Showing Freeway...............uvvvvvviviiiiiiiinieieeeeeeeeenn, 136
Appendix 2s Toronto: innercity showing Freeway.............ccccoevvvvvevvvevviiivnnncinnnn. 137
Appendix 2t Winnipeg: innefcity Showing Fre@Way...........ccoovvveeeiiiineeeeeiniineeen 138
Appendix 2u Edmonton: innercity showing Freeway...............ccovevvvvvvivvvivnvnnnnnnn. 139
Appendix 2+ Vancouver: innecity Showing FreeWay...........ccovviiiviiiiieeieeeeeeennnn. 140
Appendix 2w Victoria: innefcity Showing Freeway..........cccvvvevviiieieniniieee e, 141
Appendix 3- SNapshot Of @ll CIIES..........uuiiiiiiiiire e 142

Appendix 3a Percentage of census tracts with loss / gain in population density from

L1956 10 20086......cceveeeieie ettt sitee ettt et ettt sbe e et ae e e abe e e abeeean 142
Appendix 3b Population density in 1956 & 2006 in all census tracts.................. 143
Appendix 4- Density Diagrams for 1956 & 2006 for all citieS.............cccevvviiieee. 144
APPENdiX 4 1: MONLIEAL ..ottt e e e e e e 144
ApPPENdiX 4 2: QUEDEC... ... 145
APPENAX 4= 3: OtEAWA ...eiieeeiei ittt e e e e e e e e e et eeeaaaaaeeaaan 146



PN o] 01T o [P S o (o] o (o YRR 147

APPENIX 4 5. WINNIPEG. ....eeeeeiiiiiiee ettt 148
APPENdiX 46: EAMONTON. .....ciitiiiieiiiiiiie ettt e e 149
APPENIX 4 7: VANCOUVEL.......ccceiiieeiiiiiieeeeeeeeee e e e s ssseaitaaeeeeaeaeeaeesssssnnnrannreeeaaeeeas 150
APPENAX 4 8: VICIOKIA. .....ccceeeiiiieeei et e e e e s eee et e e e e e e e e s s r e e e e e e e e e s e annnnrnnns 151
Appendix 5 Aggregate SUMMATIES . ......ciiieeeieeeeeiiee e eerriae e e e e e e eeara e eeemaas 152
Appendix 5a Total population in 1956 and 2006...............cccceeeeiiiiieeeeniiieeeeee 152
Appendix 5b1 - Population density in 1956 and 20086............cccceeiriiieeeeiniiieeeennnns 152

Appendix 6- Relationship between loss in density and distance to freewagnly for

census tracts that experienced @ l0SS...........vviiiiiieiiiiiii e 154
Appendix 7- Testing for OULIEIS. ..........uuuiiiiiiiier e 155
Appendix 7a Cook's D plot for LPD VS DCFE.......ccooiiiiiiiiiieeeeeiieee e 155
Appendix 7B Influence plot for LPD VS DCE.....ooovvvvviiiiicceie e 156
Appendix 7¢ Plots for relationship between Loss in Density and Distance to Freeway
without the two outliers (from the Cook's Distance plot).........cccceveeriiiieerernnnnne. 157
Appendix 7d plot without Vancouver and Victoria (185 data points)................... 158
Appendix 8- Relative loss in population density and distance to freeway............ 159
Appendix 8a with all data POINtS..............evvviiiiiiiiiiir e 159
Appendix 8 RLDP and distance to freeway, without the outlier (data pe3#9)...160
Appendix 8¢ RLPD and distance to freeway with all data..................ccccovniene 161
Appendix 9- Individual Cities LPD VS. DCFE.........ccoiiiiiiee e 162
Appendix 10- Testing foroutliers at City Level...........cccccoceeiiiiiiiieniiiiiiicee 163
APPeNdiX 10@ MONLIEAL.......ccciiiiiiiie i 163
APPENAIX LOBTOMONTO....ciieiiiii ittt e e e e e e e e e e e 166
Appendix 11- Individual cities- LPD vs. Density in 1956............ccccoviiiiiiiiinnnneenn. 168
Appendix 12- Plots for SUDSEtS Of data............euuverviiiiiriiiimneieieeeeeeeeeee e 170



LISTOFFIGURES

Figure 1. Density levels. Source: Gagné and Fahrig, 2010.............cccceeviiemnniiinenn. 2
Figure 2. LIterature Ma...........eeeeiiiiiiiiii et mmee e e 6
Figure 3 Density distancelecay curves. Source: Clark, 1951.........cccceeiviiiiiiiricenns 21

Figure 4. The relationship between rent and location. Source: Giuliano,

2004, P. 243, e e 24
Figure 5. Response of rent function to a transport cost decline. Source:

Giuliano, 2004, P. 244.......ccce oot 25
Figure 6. Aggregate trends in suburbanization. Source: Eznow, 2007,

D 77 T oottt eeee ettt ettt ettt rene ettt eeene et 30
Figure 7. Longdifference rgression using ordinary least squares (OLS).

Source: Baursnow, 2007, P. 791, 32

Figure 8. GHG emissions from ground transportatieis and population

density. (Source: Kennedy et al., 2009)..............ovvviiiiiccceeeeeeeriin, 35
Figure 9. Vancouver: Innagity definition..................ouuiiiiiiccceeeee e 44
Figure 10. Toronto: Innecity census tracts with freeways...........ccccovviiiiivieeen it 49
Figure 11. Victoria: 1956 and 2006 cesdtact boundary matching......................... 52

Figure 12. Absolute losses in density between 1956 and 2006 in the eight

(o111 S PP TP PP PP PP P URRTPPPPPR 58
Figure 13. Population Density in Ottawa In&ty. (a) 1956; (b) 2006..................... 59
Figure 14. Aggregate population density in IROBIES.........ccoooeeriiiiiiiiiiiieeee e 61
Figure 15. Absolute loss in density as a function of distance to freeway............! 62

Xi



Figure 16. Stepped functionpa@ating census tracts within 4km from the
freeways and those beyond the 4km distance for a) census

tracts in commercial core; b) census tracts in inner residential

part Of the INNEICILY.........cueiiiiiiiii e

Figure 17. a) Absolute loss in density as a function of density in 1956
showing a positive relationship between the density in 1956
and the loss experienced from 1956 to 2006; b) Stepped
function: of the relative loss in density as a function of distance

to freeway; note: graph (b) cuts thexis at RLPD =4 to

provide a better visual for the majority of the losses...........ccveeveeee..

Figure 18. Relationship between loss in density and distance to freeway in

INAIVIAUAI CITIES. ..o e e et a e

Figure 19. Relationship between loss in density and distance to freeway

Commercial core and inner residential census tracts separated

for @) Montreal, and BYOronto................uuuuiiiiiiiiieemiiiiiiiiiieeeeeeee e

Figure 20. Relationship between loss in density and density in 1956 for

INAIVIAUA Gl .. ettt e e e e e e e e e e e e neanns

Figure 21. RSquared values for various combinations of explanatory

variables [distance to freeway (DCF), density in 1956 (PD56)]

and response variable [losspopulation density (LPD)]............cevvve...

Figure 22. Variance partitioning, determining the unique and shared

contributions of each variable the variation in the response

V=11 o] (TR

Xii

...66

2

e



LISTOFTABLES

Table 1. Various definitions and measuremenfsopulation and other

relevant deNSItIES .. .....uuuuiiiiie e ereer e e e e e e e e e eeeeeeeeee 13
Table 2. Various definitions of inner/central city and other relevant areas............ 17
Table 3. High and low densities from various Studi€s...........cccceeeeeiieccvennvnnnieennnn. 23

Table 4. Innefcity definition- Commercial core and inner residential

AefiNItiON CIILEIIA. ...t 45
Table 5. Number of census tracts included in the stsdynmary.....................oooou 46
Table 6. Urban freeways includatthe Study..............ceeiiieiiiiicccciieiee e 48

Table 7. Regression results for stepped function, both for DCF <= 4km
and > 4km. Response variable: Loss in popoitatiensity; DCF
= Distance t0 ClOSESt FIEEWAY.........uuiiiiiiie e e eeeee e 63
Table 8. Regression results with explanatory variables density in 1956 and
distane to freeway, and response variable loss in population

(0 1=T 071 YU 75

Xiii



1 INTRODUCTION

Spatial distribution of ppulation,animportant aspect dfities has beenchanging
in differentdirectionsin Canadian citiesver the past several decad@spulation
density, defined as the number of people living in a unitafréend has fluctuated over
the last 35 year$t hasdeclinedin most establisttkcities such as Toronto, Montreal and
Ottawa,andhas increaseh Vancouver(Filion et al., 2010 Taylor & Burchfield, 2010.
The subject of declining densities isparticularinterest becaudew density-- dispersed
urban development (urban sprawlaigued to beinsustainableéecause oits vast
consumption of lanavith adverse effects on the environment and biological diversity,
and due to its excessive energy requirement, and high automobile and resource use
(Newman et al, 2009; Greene, 2004; Newng&arkKenworthy, 1988). High density
(Figurel, Compact scenarippn the contraryis beneficial becaussumanactivity is
close togther, leaing alarger proportion of land available for biodiversityd
environmental welbeing While lowering energy usand reducing the extent of
infrastructureequirementsuch as roads and sewaggh densitypromotes transit use
and an activéifestyle -- more walking and cycling due to general proximity of resources

in a high density settinPushkarev & Zupan, 197Burchell et al., 2005)



712 dwellings 712 dwellings q 712 dwellings

N A
Dispersed Semi-compact Compact

Figurel. Density kvels. Source: Gagné and Fahrig, 2010

In Canada, variatits are found between metropolitan atéashedegreeof
sprawl,andthe growth or reduction of central cipppulationsin addition to the uneven
levels of population growth or decline between central cities, the patterns of change
within the central cities differ between central (commercial) core and surrounding
residential areas (Bunting et al. 2002). Overall, densiti€anadian metropolitan areas
have beerdecreasingluringthe last several decades (Bunting et al., 2002; Edmonston,
1983; Latham & Yeates, 1970), and substantial losses are observed in central city
population densities (Filion et al., 2010; TaydoBurchfield, 2010).

Declinesin populationdensity ardoroadly attributed to suburbanisation, a process
involving dispersed urban development featuring miumetional land use, mostly
initiated in the 1950's and 1960's both in the US and Canada (Gillham B&0@ig et
al., 2002; Gutfreund, 2004; Bau8now, 2007; Filion et al., 2010)he introduction of
high speed roadways facilitating thee ofautomobils further helped suburbanization

In Montreal for instancewithout the automobile postecond world &r suburbanization

1 A (census) metropolitan area (CMA), as per Statistics Canada, is defined as one or more adjacent
municipalities with a population center (also known as core, or central city) in the center. For a group of
municipalities to be a CMA, the population of iup as a whole must be at least 100,000 and that of the
core must be at least 50,000. The municipalities around the core must highly be integrated with the core as
can be measured by the commuting flow, which is arrived at by the Place of Work cetiigupretiious
year (Statistics Canada, 2010).



would not have been possible (Bussid@89). An interdependence ctrusbe derived
between suburbanization, automobile and the roadwgaj}s,the states and the federal
government invested in streets, roads, highways, and bridgastigenry
simultaneously flocked to the open land on the urban peripf@utfreund 2004,p. 1).
Land-use theoryredicts that with improvements in transport technol@ggh as
freeway$) that reduceraveltimes the demand for suburban land increases compared to
that in central city (Alonso, 1964)he theory assumes monocentricity whereby all
employment is found in the central ¢ignd that the land rent at a given location is a
function of its distance to theentral cityas it takes into consideration ttiensportation
time. "One basic implication of this model is that a higher commugpeged implies
lower population density" (Baum Snow, 20@7785). Thus, feeways connecting the
urban core to the suburbave been considered to contribute to sprawl (Gillham, 2002;
Gutfreund, 2004; Solomon, 200T). Montreal, for example, the decline in central city
population and the growth of suburbsrellargely attributed to the construction of
freeways(Charbonneau &tl., 1994) While the introduction of freeways #nd near the
central cities off orontoand Montreal in thenid-1950swas considered to have propelled
the suburbs at the cost of deterioration of centraldstfine of central city population
(Sewell, 2@9; Solomon, 2007Charbonneau et al., 1994heincreasingpopulation
density in Vancouver over the p& years (Filion et al., 2010; Bunting et al., 2002) and
the lack of innecity® freewaytherein is conspicuous (Harcourt et al., 2007; Punter,

2003; Tomalty, 2002)The relationship between freeways and the spatial distribution of

2 The term freeway is used in this thesis to denote 'lirdtmmess high speed roadways'. Elsewhere
the same type of roadways maybe referred to as highways and such.

% The term innecity refers to the inner ce of the central city, which is larger than the central
business district. The term in general is used to denote an area that is smaller than and within the central
city.



population is, then, worth examininglthough, some theorists argtieat thepopulation
decline is brought abolily people's personal preference, sucthasdesire for larger
space and suburban living with its perceived benefits (Bunting et al. 2002,&0B&m,
2002.

The construction of freeways @anada was not widespread at its ornBle¢ first
"superhighwg" (provincial road)of Canadavas built in Toronto in the 198, which
was laterextendedand became a freewaythe 1950g¢duringthe postsecondwvorld war
boom) ataround thesametime (in 1950s)the urbanfreewayswereconstrucedin
Montreal By 1968, freeways in the central city were only found in Toronto, Montreal
and Ottawa (Lea et al., 196&).the United States, however, th@47federalhighway
planproposed almost 40,000 miles (64,000metreg of interstate freeways with the
intention ofconnecting the population centerg., central citieBaumSnow, 2007).

A studymodellingthe relationship between intstate freewaysssentially rays
of freewaygqsections of freewaylnking the central business distrimft the central city to
asuburh) anddecline incentral city population in the United Statesclude that the
inter-state freewagcontributed to reducing aggregate central city popula¢®aum
Snow, 2007)The central city population declined by percent between 1950 an®09
whereathird of thedecline was attributed to the freewagsso, each new ray added to
the freeway system was found to reduce central city population by 9%. Using an
econometric model, Baw@now (2007) made a causal link between the -isiimie
freeways and suburbanisation. Such an extenguantitativestudy testing the impact of
freeways on population in central cities has not been conducted in Carnela

variations are found between metropolitan areas in the level of freeway provision



1.1 Research Objectives

The present study seeks to assess the dxtavritichthe change in innesity
population density in Canadian cities between theupbanfreeway period1950s)and
the present can be explained by proximity to freeways.

The main objective dhe study is to find the relationship between the change in
population density and the distance to closest freeways. The study also looks at how the
change in population density relates to the initial density from tharpenfreeway
period. The study fther examines how the cities differ with respect to the
aforementionegharameters and explores the difference between theveloege mostly
commercial activity is foundind the residential areas within the inogy.

Theprimaryhypothesis was thab$s in population density over the period in
which freeways were built would be negatively correlated with distance to freeways. In
other words, the closer to the freeway, the higher the loss in populationnnéreity.

In addition, it was hypothesidehat higher lossea densitywould be expected in areas
that had higher initial density, consequently highesdesvere expected in Montreal and
Quebec City and higher gains in Vancouver.

The research contributes to our understanding of the relaijostween
freeways and population density in the irngtes andurther informsthe debate
surroundinghe reasons for decline in central city populations.

The thesis proceeds as follows: Chaptpr@/ides acomprehensive literature
review, Chapter 3letailsmethods used for thresearchChapter 4 includesesults and

Chapter Horesents thdiscussionandChapter 6 concluddblethesis



2 LITERATUREREVIEW

The literature reviewveoversfour maintopics(Figure2): 1. causes and
consequences of low density development (sprawl), the source and propagation of
sprawl, the problems associated withaitd the process of @mncentration2. benefits
of high density, briefly looking at the other end of the spectrumpofulation density,
the causes of the changes in spatial distribution of populdtionpacs of freeways
(transport infrastructure)n population densitin the innercity andin the outerareas,
andincludesenvironmental and social impacts of freeways.

The two last sections of the literature review providewarview of the structure

of Canadian cities and a brief historical overview of urban freeways in Canada.

Spatial distribution of population
and transportation infrastructure

Causes and Analyzing changes Impacts of freeways
consequences of Benefits of high in popul.atlon on popu_latlon
low density ; density density
N density
urbanization
(sprawl) | I |
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Environmental
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Figure?2. Literature Map



2.1 Causes and consequences of low density urbanisation (sprawl)

2.1.1 Origins and propagation of sprawl

Although there is a consensus that suburbanisstiddorth America was
generally brought about as a result of psat boom, theories about the origins of sprawl
as it relates to the emergence of urban freeways can be contradicting. On one hand, some
aut hors attribute it efirsbapgoachgpkopld forvarbusi c e,
reasons, moved to the outer areas of the city and the urban freeways followed) (see
Gillham, 2002). On the other hand, other authors insist that different levels of
governments, for various reasons, built the roaddges, and freeways towards the
periphery of the city, which gave people the means to establish themselves in the
suburban areas (Gutfreund, 2004). The argument of sprawl as a means to absorb the

prosperityresulting fromthe postwar economic boom fits \h this perspective:

"Beginning especially in the pes¥orld War Il period, diffuse urban

development in the United States became the means to absorb the
increasing productive capacities of t
sprawl aides in the consumptiohindustrial output, because it

increases demand for automobiles" (Gonzalez, 2005.

Similarly, Gutfreund (2004) arguehat highway3were builtin orderto
accommodate the automobile and that suburbanization was a simultaneous phenomenon.

People bose to move to more spacious outer areas given that there were means available

* The first wave of suburbanization i.e., the suburbs referred to in the present literature review,
were low density development. Thus, a suburb by default is assumed to be sprawling.

® The distinction between highways and freeways will be discussed met®ds section. For
now, it is suffice to say that the terms are used interchangeably in the literature reviewed.
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to get out of the city. Gutfreund adds that government policies and subsidies played a
major role in developing and propelling theadphenomena of road building and
suburbarzation(also see Burchell et al., 2005). By using three distinct types of American
cities as case studies, Gutfreund ascertains that it was not the size or the location of the
city but the federal and state policies aodrespondingncentives that allonskthe
developmenbf suburban low density housing

Canada followed the United States closely in the growth of suburban
developmentThe federal government created agencies suthegSentral Mortgage and
Housing CorporatiofCMHC) to help people buy a hse in the newly defoping
suburbs (Solomon, 200Tharbonneau et al., 1994 he houses in the subunvsre
spacious allowing for increased demand for household goods (Gonzalez, 2006).
Particularly in Toronto, new suburban housing was meant for themsilif soldiers
returning after the Second World War. Solomon (2007) sheds light on the reasons why
the Canadian government was inclined to promoting the low density housing at the fringe
of the urban core: the goverromotiestomerant ed
pl aci d s76)particutadydor thepoldiers returning from the War.

Similar to the process in the US mentioned earlier (Gutfreund,) 20@4
population in Toronto, one of the first cities to sprawl in Canada, was dispettbed to
suburbs with governmentds carrot and stick
prohibitions within the city]Solomon,2007) Contradicting the popular myth that people
who would like larger houses tend to move out to the suburbs, S. D. Clarlé3 (196
surveys illustrated that people moved to suburbs for cheaper housing and not for superior

lifestyle (larger space, front and back yards) (as cited in Solomon, ROGB).



2.1.2 Problems associated with sprawl

The problems associated with sprawl can bediyoalassified into two main
types: (1) the direct consequences that can be seen and felt in the sprawled area itself
(e.g., increased automobile use), and (2) indirect effects on the central cities as a result of
the growth of the suburbs (e.g. deteriedatentral cities) (Burchell et al, 2005). This
second aspect is the subject of the present thesis.
1) Direct effects of sprawl

The separation of land uses (residential, shopping, business), which results in high
dependence on the automobile, is an impdpaoblem associated with sprawl as it
makes the suburbs less friendly to walking or cyc{iBgrchell et al., 2005). The lowered
housing density in fact increases automobile use while lowering population density
(Gutfreund, 2004). The gasoline used ia #utomobile travel is a constant source of
concern, for the reasons of finite supply of oil as well as for its environmental
consequences related to greenhouse gas emissions and climate change (&ewman
Kenworthy, 1988, 1999; Greene, 2004A. case studpf sprawling parts of Denver
shows thatn the sprawling areate commuting time is high@ndcarpooling andbus
ridership (number of people riding buses)relower compared to denser areas
(Gutfreund, 2004). The low housing density also makes ptrahsit inefficient and
ineffective (Burchell et al., 2005; Pushka&\wZupan, 1977; also see Filion et al, 1999).

One of the main direct costs linked to the development in the outer areas is its
excessive use of land, which threatens and takes awayrtbeltagal and
environmentally fragile land (Burchell et al., 20@&eslewicz 2002). Other direct issues

associated with low density, spread out housing, are related to the cost of infrastructure:



water and sewer hoakp, maintenance and repair, and dedhtor water (mainly for
watering the lawns) (Burchell et al., 2005).

In addition to the environmental and economic costs of high automobile use,
personal and public costs of sprawl eoasiderable. For instancégteffects of sprawl
include higher burdeon the health system: obesity is one of the main issues associated
with low physical activityasreliance on automobile encourages sedentary lifestyle
(Burchell et al., 2005; also see Frank & Engelke, 2001; Lee & Moudon, 2084de
2000).

2) Indirectcosts of sprawl (effect on the central cities)
Gillham (2002)summarizes one of the main issues that is subject of the present

research:

"The rapid expansion of suburbs quickly drained the older center
cities, which were t hepulatantandonés domi nal

commerce" (p46).

It was in response to this outward movement of people towards the suburbs that
the cities took up Aurban renewal 0 project
(Gillham, 2002) Indirect costs of sprawl also inckidirban decline and concentration of
poverty in the declining central city neighbourhsdde to disinvestment in the urban
core, lowered tax revenue to the city given &ffiient individualsvould move to
suburbs Jargowsky 2002; Burchell et al., 2005%0cietal costs of sprawl include
pollution of common goods, namely air, land and water, both in the suburbs as well as the

central cities, in addition to the environmental cost discussed earlier (Burchell et al.

10



(2005); see the same for a detailed actob@iboth direct and indirect costs associated

with sprawl).

2.2 Benefits of high density

High density housing has been hailed by many scholars and researchers for almost
half a century for various reasofi$is section presents a brief overvi€ne of the
main benefits of high density housing or compact foritsisuitabilityfor walking and
cycling (non-motorised transport) arfdr public transit useThe advantages in turn are to
public health as increased physical activity can translate into lowerybgdiheart
related problem@_ee & Moudon, 2004Newman & Kenworthy, 1998Bedsworth, 2010
Pushkarev & Zupan, 197.7

Transit use correlates positively with population density, thus high density makes
transit more efficient and effectiffushkarev &upan, 1977)Higher noamotorised
transport and transit use also lovaetomobileuse-- onanaverage one bus repladéty
personal carsSTM, 2010). Therefore, aother major benefit diigh densityis to the
environmental healthlower car use tranates intdower air and noise pollution as well
as reduce greenhouse gas emissions. All of this, ideally, coudgnlower burden on
the road network and infrastructufecompact urban form, in addition, allows more
people to own houses within a giveeaythus reducing usage of farmland/and
environmental fragile land (Burchell et al, 200&wman & Hogan1981).

In addition, higher community interaction is associated with high density living
(Jacobs, 1961; Newman & Hogan, 1981). Churchman (1999naumes various
reasons, such as lifestyle, life stage, cost, and location, that might be factors that make
high density living inviting.

11



2.3 Analysing changes in population density

A first step in the process of analysing changgsojpulationdensity wouldoe to
define densityTable 1 provides a review density measuremenft®m various
literature.Populationor residentiatiensity is often calculated as total population in a
census tract (or central city) divided by the total area of the census ttaxct éfial.,

2010; BaummSnow, 2007). Forsyt{2003) refers to thimmeasuremerds gross census

tract density. In such a measure of densayexclusions of geographical features such as
water bodies and parks are made in the calculation of area. Neydraagurements
(Table 1)often exclude nomesidential land useacluding mountains, water bodies,

open spaces and recreation paNa@i+-exclusion of such neresidential land use from

the density calculation lowers the density measasetihe area iguestion (the
denominator) increaséBurton, 2002;Table 1).Density calculation based on
administrative boundarigs cautionedagainst since the boundaries can be arbitrary,
which could lead to inaccurate measurements and compa(isaoiss, 1946; Mees,

2010)

Various studies have definadeas such aore, innercity and suburband
seldom rely on administrative boundaries. A review of these definitions is presented in
Table 2. Central business district is often consid#éredore and thearea builtup before
1946 is considereithner-city by some studie§.he dstinction of pre versus postwar
(Second World War) also defines what is considered as-oityeaind suburb (see Table

2 for a complete list of definitions).
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Tablel. Various definitions and measurements of population and other relevant densities

Definition (The denominatofareg for the calculation of the density the
aspect that differs oftefnom a study to another. The numerafpopulation,
residents, efcis the figure that follows the choice of the area and the type o
density being calculated, thus is straightforward

Source

Population density is defined as the total population in a census tract divide
the total area of the census tract. Alsterred by the authors as residential
density.

Filion et al., 2010

Gross urban density is defined as "the population or number of dwelling un
relative to the total urbanized land area (in the continuous land base in this
study) of a city or metropobin region.” (p.116)

Taylor and
Burchfield, 2010

Population density ithetotal population of the census tract (central city in sg
cases) divided by the total area of the relevant unit.

BaumSnow,
2007

Average density, defined as total populatitivided by the area of concentric
circles of one mile radius around the city center. Open spaces, such as pa
mountains were excluded from the area calculation. This approach to dens
calculation allowed for crossontinental comparisons.

Clark, 1%1
(also used by
Edmonston,
1983)

Density is calculated using a common definition of urbanized land that was
applicable to all the cities in their studyarge water bodiesere excluded.

Newman &
Kenworthy,
198%

Regional density is population dividegt the region's land are@he region
could be the municipal boundary including both developed and undevelope
land.

Cheng, 2010

Net residential density is the ratio of population to the area occupied by the
residential use. Non residential land uses sischarks and roads are excludeq
from the area calculation.

Churchman,
1999, as cited in
Cheng, 2010

Gross residential densitgame as above except that it considers the residen
area in its entirety, that is, land use that serves the local comnanaity
considered. However delineating the use for local communities or not is diff
to ascertain.

Cheng, 2010

Occupancy density measures the ratio of number of people occupying a gi
floor area or habitable area. This is used for smaller soapectssuch as
calculation ofbuilding occupancy rates.

Cheng, 2010

Gross census tract density is the ratio of the residential population in the ce
tract to the total area of the census tract without any exclusions. This is the|
density often foundih US census information.

Forsyth, 2003

City (or urban) density (also referred to as urbanized area density) is define
the residential population divided by the city limits (the administrative or the
local boundaries) and includes only the urban (bpeal) area. This is also

termed gross density at city level.

Forsyth, 2003
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Metropolitan density is similar tthe oneabove but the area is for the whole | Forsyth, 2003
metropolitan region and includes undeveloped land as well. Also termed ag
gross density at metroptdi level, data for which is provided in census
information.

Net density is calculated using total number of population or total number g Burton, 2002
households in a given district or such. The denominator, area, excludes op
spaces namely parks, reation grounds, school playing fields, and open spa
around public buildings such as hospital and educational institutions.

NOTE: Density calculation based on administrative boundaries give rise to| Fooks, 196;
arbitrary measures as the boundariesheaarbitrary, and inaccuracies can se{ Mees 2010
in as the area in question (the denominator) increases. The main reason fg
caution is because the municipal or other administrative boundaries do not
always (even seldom) correspond to urbanized area.

In their study on residential density (Sesble 1for density definition) in
Montreal, Toronto, Ottawd&lull and Vancouver, the four largest metropolitan regions in
Canada, Filion et al. (2010) conclude that av@5yearperiod(betweenl971and
2006), cities have become more alike in terms of population density mostiy ttheeuse
of automobiles. Filion et al. (2010) found thia¢ metropolitan area dontreal, which
was the densest in 1971, experienced the highest loss in densitge®®year period.
However, it remained the densest of the four regions in.2Zl@® authors looked at four
zones in the metropolitan regions (core area, inner city, inner suburb and outer suburb;
seeTable2 for definitions) and found that the population loss in the inner city is clearly
marked in all four cases, while there is a consistent increase in the population of the outer
suburbs (but not the density). Himgi on the reasons for the fall in density in the inner

city, the authors cite:

"The development of expressway network in the 1960s [in Montreal,
similar to Toronto] played a role in the depopulation of the inner city

and the outward expansion observed leetv1971 and 1986"
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(Bussiere, 1989, Charbonneau et al., 1994, as cited in Filion et al.,

2010 p. 560).

As discussed earlier, freeway was identified as one of the reasons why central city
population deteriorated to the benefit of subugdasticularly inMontreal In addition to
freeway,Charbonneau et al. (1994) identifizdo otherfactors that could explain the
lowering ofpopulation in the central cignd the growth of urban sprawrirst, the
introduction of the mortgage programs by Central MortgageHousing Corporation
(CMHC) in the late 1940¢hatallowed development and growth of the subuBagh the
federal and Quebec governmeffdcilitated and encouraged sprawl ("dispersed and
sporadic" development) by not only providing mortgages but alswdvidingsubsidies
to the developergGharbonneau et al., 1994,464). Thus houses in the suburbs were
cheaper for young middle class couples than new houses in the cengrahasty
encouragdpeople to relocatéalso see Solomon, 2007 and Sew&diQ9) The new
housing in the suburbsasoften located along the freewagecond, Montreal lost many
jobs due ta de-industrialization process that started in the 1960s. Similar phermomen
could be observed in other North American metropolitan areastdct the
manufacturing jobs declined in the central @tgas due toompetition from
international manufacturers or the relocation ofttieseobs to the suburb3.hese two
factors along with freewaysould explain the spatial distribution of popidatand more
specifically urban sprawlQharbonneau et al., 1904

In addition, Filion et al. (2010) considered seven factors influencing density
patterns in their analysis of varying density trajectoriglérfour largest Canadian

metropolitan areas: 1) "Topography" of the metropolitan area, such as flat/open land or

15



islands, presence of bridges, physical constraints to growth such as borders or ocean; 2)
"Inherited built environment”, such as high density mogiBke duplexes and triplexes
versus single family housing; 3) "Urban culture”, such as trends associated with low
density living or the presence of opposing forcesanfservatiorand development that
shapes the density; 4) "Demographic and market stenethted to the population and
economic growth defining any redevelopment and outward expansion; 5) "Political
institutions”,such aghe presence or absence of a regional planning organig#tein

cover the metropolitan area; 6) "Lande policies angatterns” that can determine
density patterns, such as provision of public transit or designation of greenbeglbareas
zoning allowing or inhibiting urban development; and 7) "Transportation” policies such
as presence and development of public traagditersus expressway and the amount of

car use both in the central areas and the suburbs (p. 556).
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Table2. Various definitions of inner/central city and other relevant areas

Definition

Source

Core area is composed of centnasts within 2km radius from the intersectior
that had the highest land value traditionally. 1946, the beginning ofnaost
boom, is considered a key periodensus tracts with a majority of the housing
stock built before then is considered ineéy. Census tracts that has a majpri
of the housing stock built ih946 are defined as inner subyrasd those built
after 1946 are termed as outer suburbs.

Filion et al., 2010

Core area is the area with construction that is largely completed before 194
while older suburbs are areas with construction largely between 1951 and
and newer suburbs are those that were constructed since 1971.

Taylor and
Burchfield, 2010

Central city is defined by the 1950 central city geography/political boundary

BaumSrow,
2007

Functional definition, based on the urban form and lifestyle: waitgris all the
area that was built up before 1946, the rest is suburb. Distinction of what w
developed postvar versus prevar.

Walks, 2007;
Skaburskis and
Moos, 2008

Jurisdctional definition: census metropolitan area (CMA) is split in three zo
Central city is the old (pramalgamation) city. The rest of the CMA is suburh
The suburbs are then split into inner and outer suburbs. The differences ar
defined based on type$ municipality and governance structures.

Walks, 2007

Central(or inner)city is composed of the central business district (CBD) and
ring of residential neighbourhood. The latter is one census tract thick aroun
CBD.

Triggs, 2007

Central core ofhe city is defined as the central business district of the city b
the same name as the CMA and the surrounding residential districts. Subu
zones outside the citybés central
core.

Turcotte, 2008;
Ley & Frost,
2006.

Innercity consisting of CBD and the ring of old neighbourhoods (dwellings
mostly constructed in 19th century).

Ley and Frost,
2006

Innerci ty has a cosmopolitan char aset
diversity, ethnimeighbourhoods, pedestrian travel and public transportation
ur ban parks and waterfronts [é] a
highr i se city of the renewal pl anne

Jacobs, J. (1971)
as cited in Ley
andFrost, 2006

Innercity is defined as the census tratttat are dominated kpre-1946
housing Core area is composed of the CBD and 1.5km to 2km of area (defi
based on the size of CMA) around it.

Bunting et al.,
2002

Taylor and Burchfield (2010) compare urban growth patterns and policies in the census

metropolitan areas (CMA) of Calgary, Toronto and Vancouver between 1991 and 2001.
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The growth ofthese threeities took different routeas aresultofi var yi ng soci al ,
physical, economic, and political context s,
Vancouver for instance faces physical barriers to growth, such as the ocean, mountains
and the United States' border. In addition, the provincial Agricultural Land Reserve
(ALR) (1973) and the Green Zone (1996) designated by Vancsuggional
governmenpaved way for contained urban growth.

Going beyond physical barriers, gains in Vancouver have been attributed to
planning and policies to intensify population and activaymed withparticipatory
processes that gaioyed neighbourhood visioning andmmunity decision making
model These practicesllowed for a mixeeuse downtown with a high residential
component (Filion et al., 2010; Tayl&rBurchfield, 2010Harcourtet d., 2007;Punter,

2003; Tomalty, 2002)Toronto and Calgary did not follow this rouleaylor and

Burchfield (2010)roposethatpopulation ofthe three citie§Vancouver, Calgary and
Toronto)grew at the same rate over the study period, providing anésjagpapples”
comparison, even though each one of them had different forms of provincial, regional
and municipal government that controlled the land use planning and policies.

Taylor and Burchfield2010)investigatehowandwhythesethreemetropolitan
regions gew between 1991 and 2004nd whether planningnd policies by regional
governmentplayed a role in the growth. Data for the study included changes in
metropolitan population, number of dwellsy@mount of urban land, gross density, and
mix of housing stock. The source of the growth is then traced to urban intensification or

greenfield developmen®f the three regions, Toronto saw highest increase in population
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and dwelling units over the stugyriod. Vancouver and Calgary did not grew as much in
absolute terms bubey did saat a higher rate.

The Taylor and Burchfield (2010) study concludes that the three regions differed
in the percentage of growthatoccurredn greenfield(undeveloped lad). The rate of
urban area expansion in Calgary and Toronto was highethbaate of population
growth [higher in Calgary43% vs. 24%than in Torontd28% vs. 19%]; in Vancouver,
however, the rate of urban area growth wastiwas that of the popation growth rate
(16% vs. 24%). Since "one classic definition of "sprawl” is that the rate of urban area
expansion is greater than the rate of population growtt27y.it can be concluded that
during the study period Calgary and Toronto sprawlbie Vancouver did notAs for
regional planning and policies, they affirm that the growth patterns reflect the regional

plans and policies. Thestaborate that:

"local governments and decistamakers have the autonomy and
capacity to chart distinct growth &t even constrained as they are
by provincial and national governments, as well as powerful

economic, social, and geographic facto(p. 90)

Both Taylor and Burchfield (2010), and Filion et al. (2010) clearly identify the
importance of high densifglthough exactly what constitutes "high" is not specifiul)
find that intensification strategies need to be adapted to the specificities of each region.
They warn that the housing and population densities would most likely dectime in
future asavailabk open spaces in the urban aneasld have been used for residential

and other projects.
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Highly densannercitiesand dispersed (lower density) outer suburbs, as observed
by Filion et al. (2010) (discussed abowegretheorized and tested by Clark (1951) in his
seminal workUrban Population DensitiedHeillustratedthat as we move away from the
city center towards outer suburbs, density declimes¢ccordance witkhe formula:

y = Aé °*

Wherey is the population densitypérsonger square mile) at census tract level;

x is distance in miles from city center (this would be zero in central business
district);

A'is the degree of "overrowding"i the amount of density the city can tolerate;

b is the measure of compactness of the city, which depends on the cost-of intra
urban travel relative to average income.

Usingdensity distancelecay curves (bgteployingthe above formula) afearly
twenty international cities, dating as far back as the ydat {f8r London), ClarK1951)
illustrated that the slope of graphs are always negative, indicating that as the distance
increases from the center deiesdecline The value of A is the-intercept (where the

line cuts the vertical axis) and b is the g€ay the line. An excerpt of the graphs is shown
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in Figure3.

§yT P

§§= PARIS 1896 & 1931

Eig 531 AT 75

_:5‘.,

t 8

§ud

e

"oy~ |
g;: N3 BIIISB&HEMS{:«-MMg
E“! B 20 95 §

L L E 14T 40 75 0000 &

= ﬂ-’i -
i &
£ mmt
] 1 g

éﬂd 1 1 1 1 1 1] a

o

1 1 1
] I 3 4+ O P 3 L] 3 -
MILES FROM CENTRE ~ MILES FROM CINTRE MILEDS FESUGINTRE  MILES FROM CENTRE MILES FROM CENTRE

SYDNEY 1947 MELBOURNE 1933 ococo 2
A= J0 il O
b=-25 b=-32 ;
N U 1 rh

i 1 £ 1 1 1 ]
5 et o 2% L T+ i
MILES. FROM CENTRE MILES FROM CEMTRE

5 To Baseg E)
-

DEngiTy v Thouianes
Pea Savast MiLE

. &L.n:.l

)

 MANCHESTER 1931
et

{Loas To Base £

DersiTy ln THousampg
Per Savare Mg

Densiry in Thausauss
Pia Savars MiLE

(Loas To Base £)

Figure3. Density distancelecay curves. Source: Clark, 1951.

Clark (1958) and Muller (2004) also illustrate the density gradients whereby the

density is higher in thenercity anddeclinesas the distance from the centre grows.
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Muller also shows that over time the density distaseeay curve flattens in North
American cities, i.e., in more recent periods, the density is much lower in the central
cities, as well as in the suburbs, than it was a decade or so earlier. Thus a "progressive
deconcentration” is observed (Muller, 2004, p.61).

Confirming Clark's (1951) jection, arecent Statistics Canada study (Heisz,
2005) shows thdietween years 1991 and 2Q@dpulation in almosall Canadian cities
grew at a higher rate at a distance beyond 5km from the city center than within that

distance.

2.3.1 Levels of density

Densty calculations by various scholars may or may not be comparable between
each other as the area used to calculate population density may diffemfestady to
another(seeTable 1), such asheinclusionor exclusiorof parks and open spaces in the
calaulation ofareathat lower or increase the density calculg@do see Burton, 2002)
However, as a means of determining rough values of high, medium and low densities,
Table3 lists some densities found in the literature.

The inner area of New Yotkadthe highestdensty (10,700 personkin?) and
Phoenix, both inner and outer asdaadthe lowestdensty (1,903 and 791 persoksf®
respectivelyin NewmanandKenworthys (1989a)study of global citiesilion et al.

(2010) founcthe highest density in the core area of Vancoutdr198personm?) in

2006,and lowest in thennercity of the same city (2,681 persokisf’) in 1986.
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Table3. High and low densities from various studies

Newman & 1980

Kenworthy

(1989af Inner area Outer area

New York 10,700 1,310

European Cities | 9,093 4,300

Toronto 5,708 3.410

Phoenix 1,903 791

Filion et al. 1971 1986 2006
(2010) Corearea | Innercity | Core area | Inner city | Core area | Inner city
Toronto 5,119 7,495 6,352 6,436 10,224 7,001
Montreal 6,192 11,106 4,688 7,785 5,724 7,886
Vancouver 5,201 2,759 5,516 2681 11,198 3,664
OttawaHull 6,719 4,944 5,099 3,828 5,349 4,002

All densitiesin persons per squakilometre Bunting et al. (2002) also contains density figures for
Canadian Cities, however the years overlap with that of Filion et al. (2010) study and the high and low
density remain as presented above in Filion.g28l10) study.

a. Density converteftom persons per acte persons/km

2.4 Impacts of freeways on population density

This section reviews literature that degpecifically with analysing the impacts
of freeways on population densities and other related fat¢totise same vein as Clark
(1951,1958), Filion et al. (2010) and Muller (2004) discussed above, Giuliano (2004)
argues thathefurther from the city ceter,thelower would be the density. Land value
decreases amemoves outwards from the city center, thus plays a major role in lowering
of the density. Higkspeed roads, a freeway for example, enable accessibility to areas
located further from the cemlrcity (Giuliano, 2004; Burchell et al., 200%)aking them
more desirableRail transit is another exampdd transportation technology that makes
areas furthefrom the city center more acceélske; however, this literature review focuses

on the impact eways may have on population density.
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Giuliano(2004)reviews the theories of land use and transportation, such as
theory of agricultural land rentandyseon Thunenés (1826), | ater
(1964) among othefsnd residential location theo These theories rely on residential
location choice, whereby people would choose to live at a location where the savings in
the cost of housing outweigh the additional cost of commuting (in time and money) if
living at a longer distance from the locatiof work. Since the cost é&dnd(rent) declines
as we move further away from the city center (Sigeire4) (as more would have to be
paid in commuting cost), pegtonsume more housipgr capitglarger houses, with
larger yard spaces around) in the outskirts compared to the center. Thus population
density declines with distance from the center (Giuliano, 2004; also see Alonso(1964),
Mills (1967), and Muth (1969))n addition to the lowered cost of housing, any reduction
in commuting cost (in time and/or in money) would contribute to further lowering of
population density as it woukshcouragéousinglocationfurther from the central city

(Giuliano, 2004).

R()

Rent (cost/untf)

»B

Distance from Center

Figured. The relationship between rent and location. Source: Giuliano, 20243 p.
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Improvements in transportation, particularly in freeways (and-sjpged transit),
reduce commuting cost, in time and morfegure5 illustrates the effect of introduction
of freeways or expressways, which lowers the transportation cost, particularly in time.
Line 1 in the figure represents land rent gradieiore transportation improvement;
improvement in transport facilities flattens the land rent gradient, as seen in line 2.
Improved access to areas further away from the city center with lower transport cost
makessuchareas more attractive. Asarestith e Al ocati on advantageo?o
declines lowering the rent at the center, as can be seen in b (compared to a), the vertical

intercept of line 2 (Giuliano, 2004).

R(d)

o
-

Rent (cost/unit)

Distance from Center

Figure5. Response of rent function to a transport coslimecSource: Giuliano, 2004, p44.

The residential location model explains the phenomenon discussed earlier, and
defines demand for housing (D) to be:
D =f(Py, R, Py)
The demand for housing is a function of Price of housipg Hice of

transportatn (R), Price of all the other goods used by the househg)dI{fs important
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to note, however, that the model assumes identical preferences among all households,
whereas the preference for housing may change depending on the socioeconomic
situation (Guliano, 2004).

Land use impacts of freeways, i.e., development brought about as a result of
freeway construction, can be seen more in the places where there is developable land,
rather than where the land is already developed (Giuliano, 2004). Thenefoaets of
freeways can be seen more in the outer areas, suburbs, and not so much in the central
city. In the next section, | review literature that deals specifically with the impact of

freeways in the outer areas of the city, followed by the impadiseonner-city.

2.4.1 Impacts of freeways on outer areas (suburbs)

Funderburget al. (2010) studied three counties in California to examine the
amount of growth that can be attributed to new freeways. They tested the results of
BaumSnowés (2007) study oO6Did highways cause
the interstate freewa contributed heavily to the creation of suburbs and lowered the
central city population. (A detailed reviewofBastBm owoés (2007) study i
the next section).

The study by Funderburg et §010)consisted of comparison between counties
thatr ecei ved recent freewbuysldodcauvaonesol Thi
involved analysing 3-mile (4.83 km)corridor around the new freeways for new growth
as a result of new freeway construction. Their results show that more jobs were added
within 2 miles(3.22km)of a new freeway, nonetheless tlieg not find the effect to be
uniform throughout the study are&maller counties wereomparatively much less

impactedthanlarger one such as Orange County. The impact, where it is found, was
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mainly in employment. Funderburg et al. conclude that the general growth patterns

cannot be solely attributed to freewdgso see Boarné& Haughwout 2000) and they

qualify:

"[W]hile improvements in surface transportation tend to have large
impacts on growt patterns, the nature of the effects is materially
dependent on the context [type of highway improvement and
characteristics of the location] of the highway investthent

(Funderburg et al., 201p. 94).

Overall Funderberg et afind it difficult to estdlish a clear and unambiguous
connection between freeways and land use change (in terms of change in employment). A
land use change can potentially change the population density if the change involved
housing.

Based on a review of eighteen studies thakéal at the impacts of freeways on
growth, Ewing (2008) concludes that highways in general do notdiaigh net effect
on overall growth and development of a metropolitan area and that any development is a
result of investment that was moved around withie metropolitan area. However, one
of the conclusions of Ewingds review is th
development in the suburban areas resulting in decentralisation and lowering of density.
Overall, the effect of freeways can be consdenegative since they encourage-ow
density developmerfEwing, 2008)

Increasing freeway capacity is also courievductive fromawelfare point of
view, as it Aworsens the exi s&Xunp2Qlli,ppr ban tr

i). Often times ostbenefit analysis of a new freeway does not take into account the
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induced demand (more people using automobile because of aealgblehigher
capacity), and future land use changes (more housing further away from the city center).
Thus, freeways, thaost significantly more than the improvement worktheurban

arterial system, end up benefiting the suburbs more than the core &h&ang011).

2.4.2 Impacts of freeways on central city

The classic land use theory proposed by Alonso (1964) and devélppéits
(1967) and Muth (1969) suggeshattheinvestments allowing higher speed
transportationwhichlower transportation costpromote decentralisation and can even

cause suburbanization.

"It is clear that the existence, size, and structuraties are closely

related to transportation cos{Mills, 1967, p.198).

Higher speed reduces commuting times increases the distance peailketre
travel on a regular basias discussed earlierherefore, more people can live further and
further avay from the central city. Further, the model developed by Alonso (1964) and
Mills (1967) predicts that with faster, n@nass transit commuting, more pressure is
exerted to expand into the suburbs. Thus land in the suburbs is more demanded compared
to thatin central cites In the above models, employment is assumed to occur in the
central city, i.e., the land useodels assumamonocentric city

On the basis ahemonocentric city model and the classic land use theory, Baum
Snow (2007) conducted a stutydetermine the impact of interstate highwigeway)
system on the central cities in United States. Through a series of econometric analysis

and tests, he concludes and asserts that freeways led the way for suburbanisation. His
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guantitativeresearch eamines the rate of suburbanization among cites that received a
number of new freeways between 1950 and 1990 and those that received far less during
the same period, and establishes that freeways did cause suburbanisati@sLilts of

his study confirnthe classical models of land use theory discussed above:

"[Ilnnovations to the urban transportation infrastructure played a key
role in influencing changes in the spatial distribution of the population
in US metropolitan areas between 1950 and 19BQumSnow,

2007, p. 776).

Figure6 shows that despite an aggregate increase in the metropolitan and central
city populatiors, the population of theonstant geogrdyy centralkity lowered Note that
BaumSnow (2007) used 1950's central city constant geography, that 1950e
boundaries of the central ciyeremaintained even if the actual central city boundary in
1990 changedn all large MSAs and inland MSAs, thetal central city population
increased by 4 and 38 percemespectively and thBISA populationincreasedy 72 and
88 percentespectively However, the constant geography central city population

declined in both caseby 17 and 26 percent respectively
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ACGRECATE TRENDS IN SUBURBANIZATION, 1950-1990

Percent
change
1950 19680 1970 1980 1990  1950-1990

Panel A: Larpe M3Az

MEA population 929 1158 1340 1448 1598 72
Total CC population 44.7 48.5 51.3 48,2 51.0 14
| Constant geography CC population 447 4432 42.6 379 a7l —17]

N for constant peop. CC population 139 132 139 139 139
Panel B: Large Inland MSAs

MEA population 39.2 48.9 57.0 65.0 T3.5 B8
Total CC population 16.8 19.7 221 221 23.2 38
Constant geography CC population 16.8 16.5 154 13.3 125 —26
M for constant geop. CC population 100 94 100 100 104

Total U. 3. population 1607 1785 2021 2252 2471 G4

Notes: All populations are in millions. CC stands for central city. The sample includes all metropolitan
areas (MSAs) of at least 100,000 people with central cities of at least 50,000 people in 1950. The sample in
Panel B excludes MS5As with central cities located within 20 miles of a coast, major lake shore, or interna-
tional border. MSA populations are for geography as of year 2000. Constant geography central city population
uses 1950 central city peography. Census tract data are not available to build constant geography central city
populations for some small cities in 1960. These cities are assigned a population of 0 for constructing the
agpregates. Reported total U, 5. population excludes Alasks and Hawaii.

Figure6. Aggregate trends in suburbanization. Source: B&mow, 2007, p. 777

Note rectanglesddedfor pointing out the data

An adapted version dheclassic distance decay curi@ark, 1951 also see
McDonald 1989)can be seen in Baunow's (2007) spatial distribution of metropolitan
population model:
Log FD; = + b D;*™+ c ;™ + §,
whereb turns out t o b erangefrgranegative to positive. v al u e ¢
Population density (PP measured as population per square nmi€ensus tract i
in MSA j is defined as a function of distance from a given census tract centroid to the
CBD (D), andfrom centroidto the neareshterstatenighway (3"7). For the year
1970 and 1990, for a total of 36,250 census tracts in 139 MSAs,-Baura 20Gv)

modelconcludeghatdependingn distance to the CBD, populatidensityis higher
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neaf the highwag and that the density lowered on an average by 1 to 2 percent with
each additional mile away from the highwde results show consistent pattern between
highway and residential locatiowhich in turn is influenced by highways.

BaumSnow (2007) takes éntraditional land use model further to incorporate
various other predictor and explanatory variables. The long difference estimate or long
difference regression using ordinary least squares and instrumental variables estimates
forms the basis of his condion that the intestate highwaysausesuburbanization
(further details on thifollow). Theinstrumental variables method is used to estimate
causal effect between response and ptedexplanatory variablgSteiger 2009 also
see Angrist et al., B8)’. The main specifications used in the estimates are:

@l 0°FNoH 1dpr @ yarbi+ sipw+ Pl o"GN- G

The change (between 1950 and 1990, applies to all the variables) in constant
geography centradity population in a MSA iN<) is a function of change ray;, number
of Arayso (roads with higher speed than re
business district to a highway in the outer area of th8) ditya given MSA, iy, the
radius of the constaigeography catral city; w;, change in the mean log annual incdme
adjusted (balanced and controlled) to counter the differences in income between suburban
residents and generally less rich central city populationNastgd MSA population,

whereas Gi is the Gimiodficient of income distribution (Baursnow, 2007).

® How near is "near" is not specified.

" Detailing further the method used in an econometric study by B#nmw, an economist, is
beyond he scope of the present literature review.

8 For detailed methods see BaBnow (2007a), the separate methodology paper.
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TABLE IV

LoNG-DIFFERENCE REGRESSIONS OF THE DETERMINANTS OF CONSTANT (GEOGRAPHY
CENTRAL Crty PopurLaTioNn GROWTH, 1950-1990

Large MSAs in 1950

Change in log population in constant geography
central cities

OLS3 V1 v2 Iv3 Iv4 Vs
Change in number of —.059 —-.030 —.106 -.123 -.114 -.101
rays (.014)**  (.022) (.032)**  (.029)** (.026)**  (.046)*
1950 central city radius 080 A11 113 106 125
(.014)** (.023)**  (.023)** (.023)**  (.021)**
Change in simulated log  .084 048 -6.247 -.137
income (.378) (.417) (6.174) (.480)
Change in log of MSA .363 424 374 405
population (.082)** (.094)** (.079)**  (.108)**
Change in Gini coeff of —23.416
simulated income (23.266)
Log 1950 MSA —-.062
population (.062)
Constant —.640 —.203 —.359 —.588 4.580 -.611
(.260)* (.078)* (.076)**  (.281)* (5.091) (.265)*
Observations 139 139 139 139 139 139
R-squared .39 .00 .01 .30 .33 37

Notes: In columns IV1-IV5, the number of rays in the 1947 plan instruments for the change in the
number of rays. Standard errors are clustered by state of the MSA central city. Standard errors are in
parentheses. ** indicates significant at the 1 percent level, * indicates significant at 5 percpnt level. Summary

statistics are in the Appendix Table. First stage results are in Table II.

Figure?. Long-difference regression using ordinary least squares (C&&@)rce: Baursnow, 2007, p.

791

Note RSquaregrectanglesaddedfor pointing out the data)

Figure7 shows the results of the long difference regression, partly based on which

BaumSnow concludes that a third of the decline in the central city populattbe in

United States can be attributed to the freeways. Each new freeway reduces the constant

geography

approximately 9% decline in central city population. Moreover, populatiorajor

centr al city

popul ati on

by

about

central cities declined on average by 28% between 1950 and 1990. These declines came

about despite net migration in the MSA. Furthermore, the highways built specifically to

link CBD to the outer areas had a higher impact on lowering the centrpbgityation

density than otherwise. Based on his moBalymSnow (2007stimates that without

the interstate freeways, aggregate central city population would have increased by 8%
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instead of falling by 17% over the four decades between 1950 and 19906 @y,
2007).

Similar to the observation of Taylor and Burchfield (2010) in the case of
Vancouver's growth discussed above, the study by Bawow (2007) clearly finds a
difference between coastal ciflesd the inland citiek the former did not spravels
much as the latter given the geaghical constraints they faced. Bax8now (2007)
explains:"this is consistent with predictions from a land use model in which the space
into which the metropolitan area can expand is exogenously restrictd@3{p.

While reviewing the seminal work by Baunow (2007), it is important to note
that Cox et al. (2008) criticigbde study by Baursnowon various counts. Their critique
is based mainly on seffelectiontheorpr nd on oOwhat i s generally
Baum-Snow'sstudy does not take into consideration that the suburbanization is related to
consumer preference, and tBaumSnow'sstudyignores larger trends of rising wealth,
and improvement in transportation and communication technologies. Cox etraingefe
to Jackson (1985) on streetcar suburbs, also note that the growth of the suburbs relative to
central city was seen well before 1950's, thus refuting the conclusion of 8aowm
(2007) that the interstat@ghway construction caused the suburbanisaBtreetcars did
allow for growth around the central cibeginning inthe late nineteentbentury (see
Cervero & Radisch, 1996 amidheeler,2010) These areas wekaown as streetcar
suburbsand hadelatively high or mediunpopulationdensities (Newan& Kenworthy,
1999).What is significanthoweverabout the BaurSnow (2007) study is that it shows
thathighways contributed tothird of the decline in aggregate central city population

relative to population in the overall metropolitan a@ax et al.(2008)maintain

® These were the MSA's within 20 miles from a coast, major lake shore, or international borders.
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however that people moved out thesuburbs simply because they coulds income
rise, peoplean afford tachoose mobility by automobilendcommute larger distances
withouta problem.Cox et al.assert that the public sector infrastiure (freeways and

such) follows peopleanddoesnot lead them tthe suburbs.

2.4.3 Environmental and socioeconomic impacts of urban freeways

2.4.3.1 Environmental impacts of urban freeways
The literature in this area is vast with many studies pointing tadherse effects
of freeways on the environment. Since this is not the immediate subject of the thesis, this
section presents a brief summary of the impacts of freeways on the environment.
Combustion of fossil fuah internal combustion enginesantomoblies is the
main source of environmental impact of freewégseene, 2004; Kenworthy, 2008)
Passenger transportation accounts for 70% of transport emissions (Environment Canada,
2009; Schippe& Fulton, 2003). 4050 % of a Toronto hedramsehol do
transportation (Norman et al., 2006). Urban freeways proyilatform for higher
driving exacerbate the pollution and greenhouse gases generated by transpbigatien.
8 shows thenverserelationship between population density and the greenhouse gas

emissions for major international citiééennedy et al., 2009)
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Figure8. GHG emissions from ground transportation fuaislpopulation density. (Source: Kennedy et al.,
2009)

Similar to Kennedy et al., Newman and Kenworthy (1989a and 1989b) in their
seminal work on correlating density and gasoline consumption shotidiatver the
density,thehhigher would be the gasolinersumption and vehicle kilometre travelled
(VKT). High VKT contributes to environmental degradation through greenhouse gas

emissions Greene, 2004&Kenworthy, 2008also see Newma& Kenworthy, 1999).

2.4.3.2 Socioeconomic impacts of urban freeways

When the firsurban freeways were btilsuch asinterstate freeways in 1940s
and 1950s in the US), the engineers did the planning and were focused on the traffic
related aspectsnd werenot bothered by othassues. Consequentlspcial impacts on
the communities werignored (Altshuler, 1965Lonstruction of freeways in already
built areas have high social impacts as they often displace and disperse communities
(Harvey, 1996 Gauthier, 200P The chief planning engineer of St. Paul, US, George
Herrold, who was in Isi eighties in 1940'iad opposed the freeway that were to cut

through a traditionallyolack community Hedescribed theocioeconomidtmpact as "[it]
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requires the moving of thousands of people, who must give up their homes, churches,
schoolsneighboursnd valued social contacts, who lose the institutions they have built
for their pleasure and profit" (as cited in Altshule®65b, p.43).

Similar (moresuccessful) resistance was built to a freeway plan cutting through
Chinatown in Vancouver (Pendakdi972; Ley et al., 1992). In sum, urban freeways
destroy urban fabric and dislocate its inhabitants who are more often than not poor and
face difficulties in securing new housing (Altshuler, 1965).

Once the urban freeways are buiitey may discourage pple to live in
surroundingarea due to factors such as increased noise, and worsening air quality. Thus,
as freeways are constructed, people would move out of the neighbourhood adding to the
lowering of population density, as evidenced by Bg&mow (2007. In addition to the
nuisance aspect of freeways, the noise and air pollution caused by the automobile traffic
of the freewaydegradeshe quality of life(Newman & Kenworthy, 1999ltshuler,

1965)

2.5 Structure of Canadian Cities

Various studies explorie extentto whichthe concept of monocentric city is
applicable to Canadian citiemnd result vary depending on the context and the cities
studied. Shearmur et.#2007) concludé that metropolitan areas of Montreal, Toronto
and Vancouver are polyceiator "polynucleated"), although with higher concentration
of employment irmsmall number of centers. Another study on the same cities by
Shearmur and Hutton (2010) ndttat the employment is concentrated in more or less
strong centers followed by fewpbs in the surrounding areas in a "concentric" manner.

Bunting et al. (2002) report that with the exception of Vancouver, Toronto, and Calgary

36



(where a recentralisation trend is observed), Canadian cities have been lasing the
traditional centralitjfalso see Edmonstgii983).

In a study of QuebeCity metropolitan area, Vandersmissen et al. (2003) attribute
increased commute times between 1977 and 1996 to the lack of monocentricity. In
addition to reasons discussed above, sprawled metropolitaraaeeasre unsustainable
because of the increased personal automobile use whether it be to commute in a
monocentric or dispersed city situation (Filion et al., 1999).

It is important to note, however, that a consensus is foutie literature that
Canadiarcities are unlikeéheir counterparts ithe United States in many ways. Canadian
cities are not as "scattered" or dispersed due to lower levels of urban sprawl, which is also
evident in development patterns and employment growth (Schneider & Woodcogk, 200
Filion et al., 2004Bunting et al., 2002; Edmonston et al., 1985). In addition, the per
capita investments in highways@anada is considerably lower comparethtt in

United States (Condon, 2490

2.6 Urban Freeways in Canada - a brief historical overview

Toronto's Queen Elizabeth Way (QEW) was the first "superhighway" (provincial
road) of Canada (Stamp, 1987). It was gradually built starting in 193Xhifinst
segment opening in 1939. However, its extension to the east in the form of Gardiner
Expressway, whose construction began in 1854and was functional in 1964) came to
be the first multilane limited access freeway going through Toronto (Marshall, 2009; Lea
et al., 1968also see Guillet, 1966

Freeways in the province of Quebec firgpaaredn the surroundings of

Montreal (largest Canadian city up until 1970s) in late 1950s, Whesroute des
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Laurentideswvas constructed in 1958 in the northern part of MontAaatioroute
Metropolitain the TransCanada highway that passes throughritinstarted
functioning in 1959 (Transport Québec, 2007; Lea et al., 1968).

Unlike Toronto and Montreal, Vancouver lackser-city freeways thanks to the
public uproar against the proposaladfeeway network that was supposed to go through
vital urban neighbourhoods. Upon major protests against neighbourhood deterioration
whichthefreeway project would have brought about, the project was cancelled (Hayes,
2005; Ley et al., 1992; Goldberg & Mercer, 1986). The Granville Street Bridge is the
"only freeway-style highway" to be ever built in downtown Vancouver; the bridge had
eight lanes and opened in 1954, however the idea of downtown freeways was finally
dropped after almost twenty years (Hayes, 2005, p. 144). The-Cearexdla Highway
(opened in late 19s) and its northern sections, Upper Levels freeway that exists today
circumventghecentral city of Vancouver (North and Hardwick, 1992). Other major

Canadian cities did not have urban freeways up thegarly 1960's.

2.7 Conclusion

A review of the liteature has shown thseeways contribute to low density
developmen{sprawl)as well agheir resultingenvironmental and social impachs the
United States, a third of the decline in aggregate central city population can be attributed
to freewaygBaumSnow, 2007)An extensive study testing the impact of freeways on
population in central cities has not been conducted in Canada, where considerable
differences are found between citiederms of trajectories of population growth or
decline Although afew studies point to freeways playing a role in reduction of central

city population, nuch of the variationin populationpopulation densitiesave been

38



attributed taregionalplanning andand usepolicies To what extent might this variation
be due to feeways is not yet investigated.

The following thesis seeks tmntributeto the current body of knowledge by
analysingchanges in population density and its relationship to the freewalysinmer
citiesof eight Canadian citie§ his research also adtitsthe debateverthe reasons for

decline in central city populations.

39



3 RESEARCH/IETHODS

3.1 Study period and regions

A study period needed to be defined before selecting study &ieasthe
objectiveof the researctvas to compare the population density from thefpgeway
period and preserdand almost no urban freeways were constructed tinetihid to late
1950s the 1950s was chosen as the starting point

Eight Canadian cities, Quebec City, Montreal, Ottawapiito, Winnipeg,
Edmonton, Vancouver and Victoria were chosen because they were some of the largest
cities in 1956and because thtlas of Canad4dGovernment of Canada, 195bntained
land use maps for all these cities (and only for these ditiemasseeAppendix 1-
Landuse map usedo defineinner-city), which included landise classification that
seemed to be consistently done enabling an unambiguougidefof inner-city (further
elaborated laterOther maps from the same time frame were availabierfiber of days
were spent in cartographic libraries to find historic maps for all the census metropolitan
areas of Canada) but none seemed consistemiarerfrom the same source.

The year 1956 was chosen to match the year of the land use maps and because it
is a census year. Thus the study compares the population density between 1956 and 2006,
that is over a 5@ear period.

In 1956, the eight citiewith the highestnetropolitan populatiofrom largest to
smallestwere: Montreal, Toronto, Vancouver, Winnipeg, Ottawa, Hamilton, Quéligc
and Edmonton (Stistics Canadal956a). Of these cities, the current diuincludes all

but Hamilton, whichwasleft outbecause o&lack of availabilityof land use maps.
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Victoria was the thirteenth largest city (Statistics Canada, 1956a), yet it is included in the
study because it was an interesting case in terms of freeway (non) provision, and because
there were landse maps available from tiAd¢las of CanadaCalgary and Halifaxat 9th
and 11th position respectivaly 1956 were two other interesting cities that could have
been includedh the studyA lack of maps from the 1950s with consistent land use
classifiation (as discussed above) inhibited their inclusihmwever.

Since he cities included in the study are carefully seledtesly arenot a random
nor a representativeample thus they do napproximate a larger population; any
conclusions made would ply to the populatioitself, that is to cities included in the

study themselves.

Although the present study includes years before and after the urban freeway
construction, the beforaftercontrotimpact (BACI) design was not adopted for several
reasos. The BACI is a research design that allows for assessing the impact (I) of an
intervention such as a road construction before (B) and after (A) the intervention, while
facilitating its assessment and arriving at an inference by comparing the impaeded sit
with control (C) sites that did not receive the intervention or that were not affected by it.
The BACI is used tstudyvariousinterventionssuch asn medicine for assessing the
effect of new medication. In environmental impact studies, BACI hasusss=iio assess
human impacts on the environméRbedenbeck et al., 2007; Gotelli and Ellison, 2013).

The BACI can be used in a manipulative stiidgrward-looking, where the
study is started before the intervention and data is collected several timesdref after

the intervention- or in a noAmanipulative study, which is retrospective, in which case
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the availability of data from before the intervention could be limited (Roedenbeck et al.,
2007).Additionally control sites would need to be selectacktully, as "the control
|l ocations [é] must be a representative sam
that in which the impact i s expectedo (Und
The present study is nananipulative (that is, retrospective) and only a ledit
amount of data was available from 1956. The study explores how density has changed
between 1956, before the prevalence of urban freeways, and 2006 while the construction
of freeways occurred at various times during this fifty year period (Table 6ye$barch
mainly investigates the relationship between the change in density and the distance to
closest freewayThe present thesis was thaubefore and after studyd without
controls
The control site selection for a study such as the presemtauid be difficultas
factorsother than freewaythat influence density such as land use and other policies,
topography, the built environment in the control site would have to be comparable with
the impacted site throughout the fiygar period (Roedemlk et al., 2007)Also, at least
in Canada, no cities can be founihout freeways near theajor city centres.
Vancouver and Winnipeg are the closest to this requirewleerte freeways are further

from the inner cityand were included in the study.

3.2 Inner-city definition

The physical forms of the areas close to the centre were all established prior to the
freeway era and mass automobile ownership. Thus, a first step was to identify the pre
automobile, pré r e e imrgencitydi t o0 measur e andtharélaidnshipn c han

of that change with freeways.
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Various definitions have been used to delineate toitgifrom the rest of the city
and from the suburban argage Table 2)For the purpose of the preseasearch to
study changes in populati@ensity which is closely related to lande the innefcity is
defined as the commercial core and the surrounding inner residential area (Turcotte,
2008; Triggs, 2007; Ley & Frost, 2006). Administrative boundaries of the central
municipality of the censusietropolitan area were not used, unlike Bednow (2007),
because some Canadian municipalities were larger than others and some included
agricultural land (Turcotte, 2008). Therefore, such a research design would not
necessarily have compared the chamgeopulation in an area with similar basee land
use.

The commercial and inner residential areas were defined using the land use
classification from 1956 (for some cities 19%&)nd in theAtlas of Canaddand use
maps(Figure9). The innefcity census tracts wekasuallyidentified based on the
commercial or mixed use land and the ring of exclusively or almost exclusively
residential census tracts sharing a boadea vertex with the commercial/mixed use
census tracts (see Triggs, 2007). Contiguous commercial activity in residential census
tracts extended the inner residential area. Great care was taken to ensure that the same
criteria were applied in each of tBecasesTable 4 lists the criteria used.

This delineation of théennercity understudy was kept constant even if the site of
the commercial core or its size changed during the period of the stfelyed to as
constant geographialso see Baursnow 2007). Therefore, the study compares the
population density in 1956 inneity with the population density in 2006 in the constant

geography of 195&Relevant maps are includedAppendix 2
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Vancouver: Inner-city definition
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Figure9. Vancaiver: Innefcity definition
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Tabled4. Innercity definition - Commercial core and inner residential definition criteria

Area type

Definition

Commercial ©re
(CC)

a) 40% rule’ if almost half of the census tra@T) is commercialthen the tract
is considered commercial core;

b) In port cities (Montreal, Quebec and Toronto), the commercial yards are
considered commercial activity, thus included in commercial core cate(
(as per rul€a));

c) If one (or more) census tractasclosed by two C@acts then the one in the
middle is also considered CC (e.g. Montreal, 1956 CT 121 and 122).

Inner Residential (IR)

d) Census tractsnmediately surrounding the commercial core (sharing a
boundary or a vertexthat are marked residestare considered inner
residential; IR is one census tract thick (one census tract around CC);

€) Normally IR is only one ensus tract thick, but if there some commercial
activity in census tractaroundthose identified in (dand iscontiguous
from the core, theensus trads considereghart of IR;

f) If a CT is enclosed by two IR, then the one in the middle is also considerg
(e.g. Ottawa, 1956 CT 22).
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3.3 Study unit

The @nsus trac¢f was the unit of study and a total of 205 census tracts were

included from eight cities. A detailed breakdown by city is foun@ahle 5.

Table5. Number of census tracts included in the studymmary

Number of census tracts

Commercial Core Inner Residential
City (CO) (IR) Total
Quebec City 8 13 21
Montreal 29 39 68
Ottawa 2 12 14
Toronto 17 29 46
Winnipeg 5 15 20
Edmonton 3 13 16
Vancouver 4 8 12
Victoria 1 7 8
Grand Total 69 136 205

3.4 Freeways

3.4.1 Background information and various freeway definitions used

A freeway isdefined asanexpressway with controlled or restricted access,
whereas an expressway is a "divided arterial highway for through traffic with full or
partial control of accessUfbanAdvisors to the Federal Highway Administratb®68,

p. 136). The British Columbia provincial Digital Road Atlas (DRA) defines freeways as
controlled access roads which are typically dividedhile Desktop Mapping

Technologies Inc (DMTI) CanMap road netik defines expressways as usually having

19 A census tract is a geographic atleat is relatively small and stable and has a population of
between 2,500 and 8,000. Similar socioeconomic conditions are sought at the time of creation of census
tract so that homogeneity can be found as much as possible within a tract. More orilespaulation
size allows for meaningful data comparisons (Statistics Canada, 2012).

" Freeways are divided using intermittent barriers or by having a paved or unpaved, or some other
means of dividing the opposing directional flows of traffic.
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four lanes with very limited access to adjacent land uses (Setton et al., 2005). Google
Maps and Google Earth follow extensive guidelines to identify freeways: "No crossroads,
stops, or agrade intersections; Acssible only through Ramps or Highway

interchanges; A Freeway ends at the first intersection that allowsangnaccess to the

road. Designate all segments before the crossroad as FreewaygaDisde, split road,;
Minimum of 4 lanes; Walking or biking n@llowed, except in rare cases such as

California in the U.S. Minimum speed limits that are around 65 mph / 120 kph." (Google,

2011, Priority section).

3.4.2 Freeway definition

Based on the prevailing definitions, freeways, for the purposes of the current
study, are defined as limited access hgpeed roadways. Such roadways do not have
intersections, thus access is provided only via limited entry and exit points. They lack
signalized intersections that further increase travel speed. The term freeway rsthged i
present study for any roadways that meet the above definition, even if they are referred to
by other names (expressway, highway and such) in different contexts 6lcibals the
freeways included in the current study. The DMTI classification pfessway fits the
definition of freeway defined above for the freeways used in the present study, therefore

DMTI spatial files were used to calculate the distance to freeway.
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Table6.

Urban freeways included in the study

City Freeways included in the study (as presentin| Year of
2006) opening
Quebec City Autoroute Charest 1962
Autoroute Laurenénne 1963
Autoroute Felix Leclerc 1972
Autoroute Dufferin Montmorency 1976
Montreal Autoroute Metropolitain 1959
AutorouteBonaventure 1967
Autoroute Ville Marie 1972
Ottawa Queensway 1962
Autoroute de la Gatineau 1964
Toronto Gardiner Expressway 1964
Don Valley Parkway 196166
Winnipeg Perimeter Highway (parts) 1955
Transcanada Highway 1962
Edmonton Yellowheadhighway 1970
Sherwood Park Freeway NW Post1970
Highway 216 Post1970
Whitemud Dr. NW (city) Post1970
Vancouver TransCanada Highway (highway 1) Late 1950s
Upper Levels Highwaythis is a newer segment 1975
of the same freeway as above, highway 1)
Victoria Patricia Bay Highway 1960
Island Highway 1966

Sources: Montreal, Queb@ity & Ottawa: Transport Québe@007 and Lea et al. (1968Y,oronto:
Marshall (2009)Lea et al. (1968andMinistry of Transportation, Ontario (2@); Winnipeg: Lea et al.
(1968); EdmontonTransport Canada (201a8hdAlberta Transportatiof2011) somefreewaysincluded

for Edmontorwere opened in parts and the latest were opened before\2&@tbuver: Hayes (2005), Lea
et al. (1968) and North andartiwick (1992); Victoria: Lea et al. (196§50omeof the years of opening are
from Wikipedia and other websiteSreeway amesareas indicated in DMTI network shape files used for
the study).

3.4.3 Freeways included in the study

Table 6does not listll theexisting feeways in the named cities. Instead, it lists
thefreeways that passed through or were close titiex-cities and were therefore

included in the present studi/hile freeways in Winnipeg, Edmonton, Vancouver and
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Victoria did not enter or gditough the inner city, in the rest of the cities, a couple of
freewayspenetrater go across the inneity while others remaim the peripheryin
QuebeCity, two out of four freeways Autoroute Laurentienne ar&ltoroute Dufferin
Montmorency-- ente the innefcity. Autoroute BonaventurandAutoroute Ville Marie
enter the inner city of Montreal, whikutoroute Metropolitaimemains outside the inner
city. Both the freeways included in the study for Ottawa enter the-tityealthough the
Queenswaylsopasses througih. In Toronto, the two freewayacluded in the study

together go across the cityigure10; see appendix 2p to 2w for mapsall the citie$.

Toronto: Inner-city census tracts with freeways

e Census Tract Centroid
=—— Freeways
1 Commercial Core Census Tract
D Inner Residential Census Tract
g_‘—!_‘—g—j”mw [ 11956-2006 Census Tract boundary matched

Figure10. Toronto: Innefcity census tracts with freeways
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3.5 Data sources

Population counts were obtained fra®56 and 2006 censuses carried out by
Statistics Canad@d 956b t01956; 2006a). 1956 census information was available only in
hard copy therefore the relevant data was transcrii¥ib Census data was obtained in
electronic formThe shape files (ArcGlfrmat) for @nsus tracts boundesand water
bodies were obtained from Statistics Can@f¥6b) The $apefiles (ArcGIS format)
for freeways (also crosshecked with Google Maps), parks and additional data on water
were obtained from Desktop Mappingchaologies Inc (DMTI)arecognizedyeospatial

dataprovider(DMTI Spatial, 2006)

3.6 Distance to closest freeway calculation

Although the study is inspired by Bat@mow (2007) the measure of the freeways
differs betweerBaumSnow'sstudy and this one. Asentioned earlier, in 1947 the US
federal authorities planned a web of irséaite freeways connecting the population
centerswhichwas not the case in Canadlathe present study, which is much smaller in
scopeonly four of the eight cities included the study had freeways entering or passing
throughthe innefcity. The approach of distance to closest freeway, Wesefore,
adopted for this researd@nly the freeways closest to the centroid of a census tract are
therefore used in the study (Table 6)

The distance to the closest freeway was meaduradthe centroid of a census
tract to the closest freewdss present in 200@jsing a straight line distance (also see

Funderburg et al., 201@)sing Analysis tool (Near) in ArcGIS
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3.7 Population density calculation

Population densitydefined as population living within a given boundary divided
by its areawas calculated fatheyears 1956 and 2006ince the 1956 census tracts
boundariesvere not available ielectronicformat, Georeferencing in ArcGl#as used
to digitizethe hard copy map3he digital 2006 census tract boundaries weea
compared with digitized maps of 1956 boundaries; some 2006 census tracts were merged
to match the 1956 boundaries, so that the same land areas could be confyeaiedarel
the area used for calculation of densities in 1956 and 2006 is th€isamand area

from 2006)(seeFigurell; Appendix 2h to 20 for maps all cities)
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Figurel1l. Victoria: 1956 and 2006 census tract boundary matching

Note: Victoria_b_2006s the 2006 boundary; aftherboundaries arthe matchecboundariebetween
1956 and2006.

Inland water bodiesand parks$arger than 10 hectares were removed from the
area of the census tradtsfore calculating the densibgcause they artificially lower
density figures (as it wdand which could not be built upon in general). Since this
research is focused on comparing densities, it was important to take this step in the
density calculation. The areas of parks and water bodies were calculated using land use
information of 2006.

For dties where highways penetrate the irogy, it is debatable as twhether

the area used by freeways shoulcekeluded fronthe densitycalculation First,
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calculation of the exact space taken up by freeways is technieajidifficult: the

numberof lanes need to be considered as well as changing number of lanes within a
given freewayAn approximatiorcould possiblybe made based on approximate length
however Second, since urban freeways were hardly present in 1956, removal of the area
taken upoy freewaysas they are in 2006yould inflate the densitgalculation for 1956

to some extenBesides,fipeople were expropriated and houses or entire neighbourhoods
were destroyedue to the space taken up by freewalye effect of freeways wouldeh

be reflectedat least to some exteim,the loss in densityzor these reasonthe land area

taken up by freewaysasnot removed fronthe density calculation.

3.8 Statistical analysis

Linear regression was ustat the statistical analysishere the reponsgor
dependentyariable was the loss in population density from 1956 to 2006. While absolute
loss was used for most of the analysis, relative lossalsagmployed. Two explanatory
(or independentyariables were used: Distance to closest free®&H) and population
density in 1956 (PD56)

Variance partitioningmore preciselygommonality analysis was used to partition
the variation in the response variable (as calculated by the mulfiper®ng the two
explanatory variables (Reichwein Zient®Krhompson2006). Variance partitioning
allows for interpretation of results when using a multiple regression model by separating
the unique (U) and sharé8) (also referred to astersectingcommon or joint
contributions of each of the two explangteariables. The following formula was used:

R%ocr + pose= Uncr + Uppss + Socr and poss

where:
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Socr and Pose R ocFonly) + R%Pos6 only - REoCF + pose)
Ubcr= R%pcFonly) - Socr and poss and
Uppss= R%Pps6 only - SoCF and PDs6

Variancepartitioning, also referred to as hierarchical partitioning, is considered
informative only for predictive oexperimental researchs it can allow variable
selection based on the unique contribution of a varidltlemethod is criticied when
used in explanatory or causal reseaeshthe level of importance given to the variables
by the method can be misleadifRpdhazur, 1982)

Two approaches to variance partitioning can be found: incremental variance
partitioning ad commonality analysis (CA). The former is criticized when used in a
causal model (the increments and the controlling of variabldso#neriticized). The
present research usibe latter, the CA approach, therefore further discussion here will
focusfor the most parbn this approach.

The main points of criticisrof variance partitioning in generalits excessive
reliance on R, and thathe methodtannot be relied upon in the presence of
multicolinearity-- a high correlation between the predictor €xplanatory) variables.
The heavy dependence ofAf®ses a problem because two models can thesame or
similar R but the regression equation may not be the same, therefore use of orfly the R
ignores thenature ofrelationship between the variables.

CA is used to identify uniqgue and common effects of variables in a multiple
regression scenaribulticolinearity between two (or more) variables pose a problem
mainly because it could increase the shgmdcommon)contribution, thus lowerinthe

unique component leading one to erroneously conclude that such a variable is not
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important.Whether the joint effect is a result of multicolinearity or simply due to the two
or more variables being able to explain the variability of the dependent (onse$po
variable is confounded (Pedhazur, 1982).

The criticismis also related tthe problem associated with unigeentributionas
theuniquenessf a variabledepends on the variables present in the model. Any addition
or removal of variables changes thisqueness by varying degeseé would be better to
employ theterm usefulneskere, as théunique)componenshows the usefulnegsather
than uniquenes®f a variable in estimating the dependent variable (Pedhazur, 1982).

Anotherproblemis the negate shared componemwhich shows up from time to
time whena majority of the relationships between the two predictor variables suppress
each otherOther reasonfor the presence afegative shared componentludelarge
variability in the data, presence of outliers anehix of positive and negative correlations
between the independent variabl€hevan & Sutherland, 199Pedhazur, 1992

Variance partitioninghowever'is potentially useful in exploring multivartia
relationships both within one set of data and between similar sets of data" (Chevan &
Sutherland, 1991, p.94)Vhile taking the criticism into consideratiacgmmonality
analysis is useih the presenstudyto explorethe results and to ascertain treefulness
of the variables included. It is also employealbservethe relationships in a given
model (of a dy) and between similar models, i.eomparing results between various

cities.
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The unit of analysis was a census tract, and a total of 206sctasts were
included in the study. From this point forward, the terms population density is referred to

as density, and distance to closest freeway as distance to freeway.
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4 RESULTS

This chapter presents the results of the analydssefor gain irpopulation
densitiebetween 1956 and 2006 eightCanadiarcities'. This includes aggregate
summaries at the city levdResults of linear regression between loss in population
density over the fiftyyear period and a) distance to freeway, and b) populd&aaity in
1956follow. These tests were conducted for all the cities together (all the census tracts
included in the study) as well aslividually for eight cities.Thesectionthat follows
presents the results of the relationship between loss in density and distance to freeway at
different levels of density in 1958 he last section presents ttesultsof multiple
regression with distance to freeway as the response variablesarid desity and

density in 1956 as explanatory variables.

12 The aalysis of the densities and whether they are "high" or "low" are relative to the cities
included in the study and to the figures calculated by the present study, unless otherwise specified.
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4.1 Absolute losses in density
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Figure12. Absolute losses in density between 1956 and 2006 in the eight cities.

Note: The plot is separated by cities, then by Commercial Coreg@Cnhner Residential (IR) in
descending order of loss within each category of CC and IR. (Mtl = Montreal, Qc = Quebec City, Ott =
Ottawa, Tor = Toronto, Win = Winnipeg, Ed = Edmonton, Van = Vancouver, Vic = Victoria).

Seventyfour percent of all innecity census tracts in the eight cities combined
lost density (152 out of 20%Figure12). Higher losses were found in Montreal and
Quebec City, followed by those in flamto. While most innecity census tracts in
Toronto lost densitynearly all ofthose located in the commercial care some in inner
residential aregained (indicated by negative values for loss in density). On one hand,
Vancouver experienced only gaiin density (except for slight loss in one commercial
core census tract) as wallVictoria although the sizes of gains were smaller than
Vancouver. On the other hand, all census tracts of Ottawa lost déngilye(13;

Appendix 3). The highest loss (of over 43,000 person$jkmas in a census tract of
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Montrealandthe highest gain (of over 25,000 personskm oc c ur r edinnéen Tor or
city.

Appendix 3b includes the graph of level of density per census tract for all the
tracts for botHL956 and 2006and Appendix containsdensity diagram$or boththe

yearsfor all thecities.
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Figure13. PopulatiorDensity in Ottawa InneCity. (a) 1956; (b) 2006

59



Loss in density is not significantly different in commercial q&@€) than in inner
residentialIR) census tractd Student's-test was useabtconfirm the difference (or
not) between these two setscehsus tracts, although the data in the present analysis is
not a sample. Theetest for all cities together comparing the meanssdes in density in
commercial core and innegsidential census tracts indicated no differences at a
significance level 00.05. The tests at the city level indicated the same result, except for
Toronto and Montreal where with a significance level of 0.05 the loss in dentity in
two sets otensus tracteas not the sam@ = 0.0213 for Torontp0.0137 for Montreal
Forall the census tracts together mean loss in density in C81i& persons/km
and that in IR is 465 persons/kfn Similarlevels of differenceare found for individual
cities except for Toronto, where mean loss in density in GZ743persons/krh
(negative value indicating a gain in density) and that of IR582persons/krfy and

Montreal with mearossof CC being 1227 persons/krand 9730 persons/krhfor IR.

4.1.1 Aggregate summaries

A loss in aggregate population density atitireer-city level (cdculated as total
population ininnercity divided by total area) is observed in four cities: Montreal,
QuebeCity, Ottawa and Winnipeg over the-§8ar study period. In Toronto, the
aggregate population densiticreasedy a very small amour{®%), Edmonton
remained pretty much the same, and Vancouver and Victoria saw gains in degsitg (
14). Density in thenner-city of Vancouver increased by 84% from 19662006 Figure
14c) whereaghe loss in densitwas highesin Montreal'sinnercity (47%). The table of
aggregate population and thggregatgopulation density iprovided inAppendix5 -

Aggregatesummaries
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Figure14. Aggregate population density imnercities

a) Innercity population density in 1956 and 2006; b) Absolute loss in population density, from 1956 to
2006 in thenner-city. Negative numbers signify a gain; c) Percentage loss from1956 to 2006 (percentage

values are rounded up for visual simplicity).
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4.2 Relationship b etween Loss in density and Distance to freeway
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Figure15. Absolute loss in density as a function of distance to freeway.

Note: Most important losses were seen within a 4 km distance from the freeways. a) A &tepiiea
separates census tracts within 4km from the freeways and those beyond the 4km distance; b) Linear
regression model of all the census tracts in the st)d§ities identified; d) Commercial core and inner
residential census tracts distinguished.

Cenaus tracts located within a folkilometre distance of the freeways have lost a
greater amount of density than beyond this distaRigri(e 15a and h. Thus the etfct of

freeways is strong up to 4 kihis important to note that within the four kilometres of the
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freeway, the actual distance does not seem to miagteyx, whether a census tract is one

or three kilometre away from the freeway, high losses in density were experienced. Based

on thisvisualobservation, it is appropriate to study the census tradtat®avithin four

kilometres and those beyond that distance separately using a stepped flrngtice (

15a).

Table7. Regression results fetepped function, both for DCF <= 4km and > 4km. Response variable: Loss

in population density

95%

R_Squared Confidence Interval

and N Variable Coefficient | t-stat | p value 2.5% 97.5%
6036.1 3864.58 8207.71
2= 0.00 Intercept persons/knf 5.487| 1.48E07 persons/knf | persons/kn?
N=170 219.1 1370.25 932.12
DCF <= 4km persons/knd 0.376 0.708 persons/kni | persons/knd
-9642 -14680.87 -4603.07
2= 031 Intercept persons/kni -3.893|  0.00046 persons/knf | persons/knd
N=33 1271.6 601.09 1942.15
DCF > 4km persons/kni 3.858| 0.0005 persons/kni | persons/kni

DCF: Distance td-reeway N: Number of observations.

There was no correlation between loss in density and distance to freeway for

census tracts that are within four kilometres fromfteeway.The regression resultis

Table 7 (upper sectioshowthat withinfour kilometresof freeway the variable distance

to freeway was not statistically significaatt5% levelp > 0.05) However,it is

important to note thahe effect of freewaysrodensily is equivalent within the four

kilometre distancewherethe losses are prominent and concentrégglire15a). Some

gains were also seen within tfoair-kilometredistance ira fewcensus tracts,

predominantly in TorontdOverall, about 83% (170 out of 205) of the census tracts
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included in the study are found within the distance to freeway of four kilometres out of
which 79% lost density.

A distinct trend igound anong the census tracts located beyfma kilometres
of the freewaywith a moderately strong®Rf .31. A low p value p<0.05;Table 7, lower
section)indicateshigh significance levdior the variabledistance to freewagreaterthan
four kilometres In this group of census tracts, gains were observed closer to freeways
(betweerfour and six kilometrgsand moderate lossas WVinnipeg) further away from
the freeway Figure15c). It should be noted that the positive slope (coefficient 02127
persons/km) found in the group of census tracts beyémd kilometress largely
because Winnipeg census tracts lost demsifmostevery caseThese tractsverefar
from the freewaygthe freeway wagar from the inner city), anthereforerepresenan
exception as no other city the studyost density beyontbur kilometresor sofrom the
freewayqFigure15a and c).

Losses closer to freewagwithin four kilometre3 were found in Montreal,
Quebec City, Ottawa, and to some extent in Toronto and Edmonton. While Toronto has
seenlargegains in density closer to freewsgyfEdmonton and Victoria have experienced
moderate gains at a distance of four to six kilometres. At the same distance, Vancouver
saw major gainslThe innefcities of Vancouver as well as Victoria, Edmonton and
Winnipeg did not have a freeway going throdlgem as opposed to Toronto, Montreal,
Quebec City and Ottawtarough which freeways pass at varying degrees

A variation ofFigure15b -- relationship between loss density and distance to
freeway-- was also plotted for only those census tracts that experienced a loss. However

the R changes only by a negligible amoufur(plotsseeAppendix6 - Relationship
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between loss in density and distance to freemayly for census tracts that experienced a
loss).

Commercial core and inner residential census tracts are also plotted separately
(Figure15d) with no visible difference between the two sets. This RIso not very
different-- 0.035 for commercial core and 0.055 for inner residential census tracts. Later

sections include more dhis.

4.2.1 Testing for Outliers:

The value of Rcould potentially be improved without the outliers; therefore,
tests for outliers were conducted to determine the presence of data points that may exert
high influence. Outlier diagnostics was run using R fetatice to freeway as
explanatory variable and loss in density as the response variable.

Highest loss and gain in population densityniifeed in the previous section
(Sectiond.V/Figure15) were identified as outliers using Cook's D valiog plotssee
Appendix7 - Testing for Outliers and were removed to test if the results would differ.
However, no real difference was found in tHfenithout the outliers (Rwith all data =

0.046; R without the outliers = 0.06).
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4.2.2 Commercial core versus inner residential census tracts
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Figurel6. Stepped function separating census tracts within 4km from the freeways and those beyond the
4km distance for a) census tracts in commercial core; b) census tracts in inner residential pamerf the
city.

The two types of innecity census tracts (conercial core and inner residential)
lost (or gained) density somewhat equalig(re15d). A stepped function, separating
census tracts at a distance to freeway of Akmcommercial core and inner residential
census tracts separately illustrates certain differences between the two BrgupslE).

The slopes of the two types$ census tracts within 4km of freeways differ: for
commercial core the slope is positive whereas for the inner residential census tracts it is
negative Figurel6a & b, left segment). The negative slope in the latter case indicates
that the losses in density are smaller in magnitude near the 4km mark: for IF589s 2
persons/krhand 10,04(ersons/krhfor CC'2.

At a distance to freeway further than fé&ilometres bothcommercial cor@and
inner residentiatensus tractshow a trendR* = .38 and .29 respectivelfigure16a

and b right segmers). The trend isimilar to thatseen for all the census tracts (see

13 Calculated using the equation, see Figure 12: CC = 1199.32411.2 IR =-937.7*4 +
6389.7
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Figurel5a). Even thoughhe commerciatore census tracts beyond the 4distance to
freewaycorrelate more with the loss in dety than the inner residential ones (iR.38
versus .29) the two%re not very differenfThe R is very similar for the census tracts
within 4km of the freeways for both commercial core and inner residential areas (0.017
and 0.02) Figurel6a & b, left segment)

Thus based on the above results and those in previous séttiatrs,for a
majority of cities under study the two groups of census tracts were not very djfférent

data from both groups are pooled in the following analyses.

4.3 Relationship between Loss in Density and Density in 1956
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Figurel7. a) Absolute loss in density as a functiordefsity in 1956 showing a positive relationship
between the density in 1956 and the loss experienced from 1956 to 2006; b) Stepped hfrtbion:
relative loss in densitgs a function oflistance to freewa note: graph (b) cuts theaxis at RLPD =4 to
providea better visual for the majority of the losses.

The positive slope of loss in density as a function of density in 18§6ré17a)
indicates that the areas with higher density in 1956 lost more populatiomther areas

over the study period.he dashed line in the figure represents 100% loss (slope = 1)
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indicating the highest possible loss in any given gemisact in the density. Thus no data
points can be higher than the dashed line.

To better consider the effect of initial density in 1956, which is reflected in the
relative loss in density, distance to freeway as a function of relative loss in deasity
plotted(Figurel7b). The results are similar to those for the absolute losses in density:
census tracts at or beldaur kilometres distance experienced highedativelosses
irrespective of their location within tHeur kilometre range; beyond this distance, a clear
positive trend in the relative loss in density is found, wittbR337, reinforcing the
findings of section 4.2.

Highest relative losses (origa in case of negative values) in population density
are seen in Toronte349% and14%); While the graph abov€&igurel7b) is drawn
without the outlier349%, theother high relative losses are not shown in the plot area to
make the plot more readalffer plots with all data pointsegAppendix8 - Relative loss
in population @énsity and distance to freewayoint to note here is that no real
difference in Ris observed for all the data points without the outli€r=R.004) and

with it (R*= 0.00005).

4.4 Individual cities

Variations between cities are prominent both in teofrtbe loss in density and its
relationship to distance to freeway (sectidrisand4.2). Thereforethis section presents

a closer looknto relationships at the city level.
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4.4.1 Relationship between Loss in Density and Distance to Freeway
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Figure18. Relationship between loss in density aigtance to freeway in individual cities.

Edmonton exhibits the highest correlation between loss in density and distance to
freeways among the eight cities with ahdR.79 Figure18). Census tracts closer to
freeways experienced losses and those further away from the freeways saw gains in
density. Here, the breakpoint between losses and gains is at three kilometres distance
from the freeway.

Ottawa shows a modeearelationship between the two variables with 4R
.22. All census tracts included in Ottawa were within approximately 1.5 km of a freeway,
and lost density. Montreal and Toronto, although exhibiting almost no relationship with

distance to freeway, ainteresting with respect to the spread of the loss in density.
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Montreal experienced losses in almost all irtigr census tracts, with losses scattered
within four kilometres distance. While about half of the census tracts saw losses in
Toronto, othergxperienced major gains within a distance of 2.5 km from the freeways.

The rest of the cities do not individually display a close relationship between the two

variableg(for plotsseeAppendix9 - Individual Cities- LPD vs. DCH.

4.4.1.1 Commercial core versus inner residential census tracts
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Figure19. Relationship betweelmss in density andistance to freeway Commercial core and inner
residential census tracts separated for a) Montreal, and b) Toronto

The means of losses in density (secdal) for commercial core and inner
residential censusdcts were different for Montreal and Tororbencethe relationship
between loss in density and distance to freeway was plotted separately for these two
cities. While the spread of loss in densityoss the distance to freeway is almost uniform
in Montreal, the intercept and the coefficient of distance to freeway (slope) is slightly
higher in commercial core than in inner residential census ti&gisr€19). In Toronto,
the commercial core census tracts almost all gained in density and those in inner

residentialarealost. Although R isn't very different between the two grougfsToronto
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(0.06 for CC and 0.07 for IR) the opposite direction of the slopes (nefatiC& tracts,
resulting from the overwhelming gains, and positive for IR tracts from predominant
losses) isvorth noting.In commercial core, more gains are observed as one moves away
from freeways (up to approx. 2.5km), and inner residential cerestis exhibit losses at

a distance further than those seen in commercial core (just over 4km).

4.4.1.2 Testing for outliers
Since both Montreal and Toronto exhibited outliers, the relationship between loss
in density and distance to freeway was plotted withoeioutliers. The difference in’R

however, was negligiblddr plotsseeAppendix 10- Testing for outlierat City Leve).
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4.4.2 Relationship between Loss in Density and Density in 1956

Population Density in 1956, persons/Sgki
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Figure20. Relationship between loss in density and density in 1956 for individual cities

Figure20illustrates the relationship between loss in density and the density in

1956 for selected cities. The relationship is positive in all cities except for Vancouver and

Victoria; census tractsith higher 1956 densities lost more populatimer the study

periodthanthosewith lower initial densities. The %f Montreal and Quebec City were
particularly high, with .63 and 2Zrespectively. Victoria and Vancouver are exceptions,

where in the forrar case, the gains in density do not seem to be related to the density in

1956. Vancouver saw gains where density in 1956 was alreadyirhigle range of 8,000

to 11,000persons/krh Again, all losses are below the dashed line (slope of 1). The

relationship for the other cities was low to moder&ie flotsseeAppendix 11-

Individual cities- LPD vs Density in 1958.
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4.5 Relationship between loss in density and distance to freeway at

different levels of Density in 1956

Four subsets of census tracts were created based on the value of density-in 1956
less than 10,000; between 10,000 and 20,000; between 20,000 and 30,000; and above
30,000. The relationship lve¢en loss in density and distance to freeway was plotted,
however, no correlation was found between the two vasabldifferentlevels of

density in 1956For relevant plotseeAppendix 2 - Plots for subsets of data

4.6 Regression results with both variables

Previous sections covered simple linear regressions with one explanatory variable
at a time: distance to freeway, and density in 1956. This section presehtsakau
multiple regression with both explanatory variables in the model. Overall, multiple
regression does not provide much improvement over simple linear regressions with each
variable Figure21). For all census tracts together, and for Montreal, Quebec City, and
Vancouver, the Bquared with the multiple regression is practically the same as that with
only density in 1956. Variance partitioning reveals the ameach variable contributes

to the multiple Rsquared.
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Figure21. R-Squared values for various combinationgxplanatoryariables flistance to freewa{DCF),
density in 195PD56)]and response variabless in population density (LPD)]
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Table8. Regression results with explanatory variables density in 1956 and distance to freeway, and
response variable loss in population density

95%
Cities, R Confidence Interval
Squared . - Std.
Variable | Coefficient t-stat | pvalue| 2.5% 97.5%
and N Error

3980 -5378.40| -2582.42
All Cities Intercept persons/ki 709.00| -5.61| 0.0000 persinszl persinszl

(1) | R=0.67 m m
N =205 PD56 0.64 0.03| 19.37| <2el6 0.58 0.71
18.85 -285.89| 248.19
DCF ' 135.40| -0.14| 0.8900| persons/| persons/

persons/kni 5 3

km km
Quebec 230.60 -1638.68| 2099.90
: Intercept 889.70| 0.26| 0.7984| persons/| persons/

City persons/knt kit Kim?

(2) | R=0.94 m m
N=21 PD56 0.58 0.04| 15.92| 0.0000 0.50 0.66
1757 -3313.90| -199.55
DCF 741.20| -2.37| 0.0292| persons/| persons/

persons/knt 2 2

km km
Intercept ~2457.00 1542.00| -1.59| 0.1160 _5e5r§g.nss? eﬁiifsz

Montreal P persons/kni ) ’ ' P KNP P kM2

(3)| R=0.65 m m
N = 68 PD56 0.66 0.06| 10.88| 0.0000 0.54 0.78
-805.20 -1807.16| 196.72
DCF ' 501.70| -1.61| 0.1130| persons/| persons/

persons/kni 2 2

km km
Intercept 2894.12 2871.73] 1.01| 0.3350 -3;?(?-”55 gezrig.ng

Ottawa P persons/kn ' ' ' P K P K

(4)| R=0.25 m m
N=14 PD56 0.15 0.22| 0.72| 0.4890 -0.32 0.63
2145.18 -6209.46| 1919.09
DCF 1846.57| -1.16| 0.2700| persons/| persons/

persons/kni 2 2

km km
5542 91 -9632.76| -1451.65
Toronto Intercept persons/kid 2028.35| -2.73| 0.0091 persinszl persinszl

(5)| R=0.2 m m
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95%

Cities, R Confidence Interval

Squared Variable | Coefficient Std. t-stat | pvalue| 2.5% 97.5%

and N Error

N =46 PD56 0.50 0.17| 2.97| 0.0049 0.16 0.83
(Toronto, 434,05 1743.11| 2411.21
continued) DCF ) 1029.98| 0.32| 0.7473| persons/| persons/
persons/kni K K
3024.11 -4597.67| 10645.90
Winnipeg Intercept persons/kn 3612.53| 0.84| 0.4141 persinszl perSﬁnszl

(6) | R=0.22 m m
N =20 PD56 0.34 0.16| 2.16| 0.0457 0.01 0.66
34012 -1298.65| 618.40
DCF ' 454.32| -0.75| 0.4643| persons/| persons/

persons/kni K’ K’
2692 1273.44| 4110.57
Edmonton | Intercept persons/kn 656.60| 4.10| 0.0013 persinszl persinszl

(7)| R=0.89 m m
N =16 PD56 0.33 0.10| 3.34| 0.0053 0.12 0.54
1276 -1609.05| -942.49
DCF 154.30| -8.27| 0.0000| persons/| persons/

persons/knt K’ K’
2986.28 -6776.05| 12748.61
Vancouver | Intercept persons/ki 431550 0.69| 0.5064 persinszl persinszl

(8) | R=0.54 m m
N=12 PD56 -1.22 0.38| -3.18| 0.0112 -2.08 -0.35
251 68 -1900.62| 1397.26
DCF ' 728.92| -0.35| 0.7378| persons/| persons/

persons/kni K K
1181.20 -3934.43| 1572.03
Victoria Intercept persons/kid 1071.05| -1.10| 0.3200 persinszl persinsz/

(9) | R=0.07 m m
N=28 PD56 0.24 0.54 0.44| 0.6790 -1.15 1.62
216.73 -1144.06| 710.61
DCF ' 360.75| -0.60| 0.5740| persons/| persons/

persons/knd ! Kkm?

PD56 Density in 1956 DCF: Distance to Freeway; :NNumber of observations.
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The regression results (Taldg(1)) demonstrate that for all cities together, it is
the explanatory variable density in 19%856)that is highly statistically significant (p <
0.05, and is <246) with a coefficient of 0.64whereas distance to freeway is statistically
insignificant (p=089).In general, we can interpret the coefficient for the variable density
in 1956 as all else being equal, one unit increase in the density in 1956 would correspond
to 0.64persons/krhincrease in loss in density from 1956 to 2006.

In Quebec City, Moneal, Toronto and Edmontoidble8, (2), (3), (5) and (7))
variable density in 195@D56)is highly significant (p very much less th&m05) in
cases of Vancouver §€0.0112) andVinnipeg (p = 0.0457i} is significant but not as
much;in Ottawa and ¥¢toriait is highly insignificant (Table, (4) and (9))The
coefficients, as above, are positive and is highest for Montreal (0.66) follow@ddiec
City (0.58) and Toronto (0.50¥ancouver is an exception with a negative slope as
discussed in secin4.4.2

The explanatory variable distance to freeWREZF)is highly significant
statistically inthecase of Edmonton (p = 0) atmla lesser exteim the caseof Quebec
City (p = 0.0292) Between the twahelatter hasa higher(absoluteoefficient,-1757
persons/kmcompared to1276persons/kmfor Edmonton and can be interpreted as all
else being equal, with one ufine kilometrejncrease in distance freeway we can
expect an increase in density (or decrease in loss in density) by 1,757 perams/km
Quebec City and by 1,276 personsfikmEdmontonOverall, it is for Edmonton ani a

lesser exterfior Quebec City that both the variables are sia#iBy significant.
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4.6.1 Variance Partitioning

Variance partitionindor commonality analysisgttributes the contribution of
each explanatory variable to the variability in the response varkiglee22 visually
illustrates the unique @4r, Uppse and sharedr joint contributions (Sck and posp Of

each variable, for the eight cities together and for the individual cities.

Uper = 0% Eight Cities | ' _ = 0.89% Montreal |y, .= 1.97% Quebec City

SocF and Pose = 4.62%

Spcrand pDse = 2.79%

Uepse = 62% Uppse = 88.92%

R2ocr + pose = 66.62% R2bcr + ppse = 7 Rper + pose=-93.68%

o Ottawa Toronto Winnipeg
SDCF and Pse =12.86%

Spcr and PDs6 = 3.47% SocF and PDss = -2.13%

Ubcr
9.14%

2 o, UPD“ = 346% 2 9, 2 [
Reocr+ pose = 25.46% R*pcr+ pose =20.02% R%per+ pose =21.83%

Edmonton s —0.87% Vancouver Victoria
DCF and PD56 — -9/ /0 SoeF and PDss = -3-59%

Upcr = 58.7%

SDCF and PDS6
=2057%

Upps, =52.08% U’ ppse=
0.62% U per=3.15% 0.02%

Rocr + pose = 88.84% Upps, = 9.57% R2ocr 4+ pose = 53.57% Rocr + poss = 6.75%

Figure22. Variancepartitioning determinng the unique andharedccontributions of each variable to the
variation in the response variable.

Note: U' is the Rfrom SLR and U = (US).

Each rectangle ifigure22 represents 100% of the variability in the response
variable (loss in density) and the shaded regadagiether represent the proportion of the
variability explained by thenultiple regressionthe Rsquared for the twoariable model
(distance to freeway and density in 19565dR + posd. The individual ovals represent the
proportion of the variability in the response variable explained by each explanatory

variable separately.
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The ovals are drawn approximately proportidioeghe amount a variable explains
the variability in the response variable in the simple linear regression (SLR). For
example, the Bquared for Edmonton in the SLR model with distance to freeway was
79% and that with density in 1956 was 30%; variance jmanititg reveals that the unique
contributions of the former (&g is 58.7% andhat ofthe latter (Wpse is 9.57%, while
the shared component between the two variables (intersecting g¢egaPpsp IS
20.57%. The effect of adding a variable to arsexg model can also be observed, e.g.,
adding density in 1956 to the existing SLR model with distance to freeviay18%)
adds 9.57% (kbsg to the model. Thsunique contributions of each variablepdd,

Uppsg and shared contributionsd& and posp @dd up to the total contribution of both
variables togethet.e., to a multiple Rsquared (Bocr + posd of 88.84% in the example of
Edmonton.

In addition to illustrating the unique and shared contributions of each variable in a
multiple regression, vance partitioning allows for a snapshot view of the contributions
across different cities based the representations by the ovals. For example, in the case
of Quebec City, the contribution of DCF is very small while that of PD56 is large.
Similarly, in Qttawa, the overall contribution of both variables is moderate.

In the cases of Montreal, Winnipeg and Victoria (whexties ofR?, particularly
that of DCF, are negligibléhe shared contributi@rarenegative. The negative joint
effects indicate thahe predictor variables suppress each other, instead of being additive
which is the usual case (Chevan & Sutherland, 1991; Nally, 1996). The suppressing does
not have considerable consequences whemegative joint componentl@wy (Nally,

1996).
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For alleight cities together, density in 1956 explains the variation in loss in
population density with a high unique contribution, while distance to freeway offers
almost no explanation. The stepped function, revealing thekfilomnetrethreshold,
discussed irsection4.2 cannot be captured by variance partitioning esjRared here is
for the linear regression of all distances. It could, however, be done separately for

distance to freeway of-@km, and 4km and above.
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5 DISCUSSION

5.1 Loss in population density

While an overwhkning majority (74%) of the census tracts included in the study
lost density between 1956 and 2006, the magnitude of the losstdiffeeen citiesvith
Montreal experieriag highestoverall lossegFigure12). At the aggregatenercity
level, Montreal experiencetie highest absolute chaagn density (a loss of over 13
persons/krf) followed by Vancouver (a gairiose to4,000persons/krf), while the
initial densty in 1956 was almost 15,700 personsfkmMontreal and nearly 4,800
persons/krin Vancouvet®, Relative loss in population density is again highest in
Montreal (47%) closely followed by Quebec City (43%), then by Ottawa and Winnipeg
(34%each); Vancouver experiencdtie highest relativencrease in densit{84%) while
Victoriaincreased by nearlyalf thatamount(48%).

At the aggregate levelp$sesn densityin theinnercitiesof Montreal and
Quebec Cityconfirmthe hypothesis that alreadgnse places in 1956 would lageater
density Similarly, Vancouver and Victoria, twmnercitieswith some of the lowest
initial densities, gained density over the fiftgar periodconfirming the hypothesis that
those with lower initial densities witligain densityConverselyEdmontonwhich had
thesecond lowest initial densigttheinnercity level, contradicts this hypothesis, as

density increased bynly one percentver the study period

141n 1956, the density of the inneity of Montreal was the highest among the cities studied with
15,695 persons/kiwhich was significantly greater than the highest density found in the literature (core
area of Vancouwve 11,198 person&m? seeTable3); Quebec City, with the second highest density in
1956, had 8,376 personst’.
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Innercity of Toronto where thaggregaténitial densty was moderat€6,800
persons/krf) did not experiencaoteworthyincrease over the study period (9% relative
to the density in1956)he substantial increase in density in some census tracts was
offset by decrease in others.

It is possible that thebserved loss in density in some census tracts is the result of
people/residents being replaced by jod$hough data for employment was not available
for 1956, it is important to mention thaty density data would have helped assess if the
reduced popualtion density was compensated by increase@mployment density
particularly in the commercial cofeven if no clear difference was found in commercial
core and inner residential census tracts, except for Toronto where density actually
increased inthecommercial core)it is feasible that the land in the central area could
have become less desirable for living, and that businesseseiice outbidding
inhabitantsHowever, even if employment tooke place of the peoplas population
density reducedutif thosepeoplechose to movéo the suburbs in low density housing
which areconsideredinsustainable, then froemenvironmental perspectiveplacement

of population(residents)y jobs would still be a concetn

5.2 Relationship between Loss in Density and Distance to Freeway

A nonlinear relationship is found between loss in density and distance to
freeway.Census tracts with centroids within four kilometres of the nearest freeway
experienced major losses in denskig(rel5). Thisfinding confirms the main
hypothesis that higher losses in population density would be experienced in areas closer
to the freewaysThe findings can be understood in light loé direct impacts of the

freeways onnnercities, whichinclude air and noise pollution from additional traffic
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volume to and from freeways, and the nuisance of its construEtaoinkilometres

appears to be the threshold within which the adverse etittiseways can be felThe
presence of freeways in the vicinitydices the quality of lifend makea neighbourhood
undesirable to live in (Burchell et al., 2005; also see Frumkin et al., a@@4Gauthier,
2009. Additionally, expropriation andisplacement of people brought about by the
construction of freewayand other dismantling of built environmearegmendously affects
theinner-city fabric (Cervero et al., 2009; Henry, 2009; Burchell et al, 2005; Caro, 1974)
and could contribute to lowering pbpulation density (Altshuler, 1965). Thigght

explain the observed folrlometrethresholdoelow which major lossea densitywere
observed in the present study.

Effects of freeways can be felt in two main ways. First, as discussed, the
expropriationanddestruction of neighbourhoods for the construction of freeway reduce
the densityandthe very presence of freeways in the vicimtgkes a neighbourhood
undesirabléo live in. Secondas per land use theqrireeways allow people to opt for
housing n the suburbs as the freeways increase commuting sgdéedsthereduced
densitymay also bea result otheimproved transportation option.

Apart from freeways, ter factorsalsoinfluence density patterns, as discussed in
the literature reviewSuch factors includthe topographwf a city, built environment,
land useand othepoliciesand market and economic conditioii$is thesis, however,
does not address these or other factors that might be endogenous to the variables included
in the presetresearchThethesis therefore, does not make a causal claim related to
freeways and the loss in density, but raises an alagnowingthat prominent and

concentrated lossé®tween 1956 and 2006 are foumithin four kilomeresof freeway.
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5.3 Relationship between Loss in Density and Density in 1956 (PD56)

The results in sectiof.3 confirm the hypothesis that areas with higher density in
1956 would experigce higher losses. Montreal and Quebec City show the highest
correlations between loss in density and density in 1956 (secdd). The initial
density was higlm Montreal and Quebec City mostly due to prevailing types of housing
forms- the attached housing types known as "duplex" and "multiplex" that are more
typical of Quebec cities than elsewhere in Canada (see Filion et. al., 2010 and
Schoenauer2000) Thushigher losses are observed where the initial density was high,
confirming the hypothesis. Furthermordaeger share afhe population othese two
citiesgrewwhen the dominant mode of transport itz electricstreetcaor street
railway. Improvementsn transport facilities, namely freeways, alledfor faster travel
and enable people to live further apart from each other and from their employment
which couldexplain the decline in density (Giuliano, 2004).

Theaggregaténnercity of Vancouverwhich sawatremendous increase in
density over the study peripldas the highest density lev&as2006, amonghe cities
studied As reverse hypothesis, the areas that were less dense in 1956 gained in density
while those already dense lost it, homogamy the cities to some extent (also see Filion
et al., 2010; Taylor and Burchfield, 201@)e aggregate inn@ity of Edmonton is an
exception where the population densitglisiostthe samen boththe years of study,

1956 and 2006.
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5.4 Variance Partitioni ng

The relativeusefulnes®f each explanatory variabie explaining the variability
in loss in densitys interpreted using variance partitioniriggure22). Excep for
Edmonton and to some extent Ottawa where a relationship between distance to freeway
and the loss in population density existadling of density in 1956 (second variable) to
distance to freeway does not explain much more the variability in the loss in population
density.In cass of Edmonton and Ottawa, the multiplesguared explains more of the
variability in loss in density thraeither variable individually.

Quebec CityMontreal, andvancouver exhibit similar phenomenon where the
unique contribution of density in 1956 is significantly higher than that of distance to
freeway.Thusfor these citiesgdensity in 195@etterexplairs the loss in population
density from 1956 to 200Han distance to freewa$ame is the case with Toronto and
Winnipeg but with a lesser magnitude.the multiple regressionhé unique contribution
of distance to freewaig highesin Edmonton followedy Ottawa, which points to the
fact that it is this variable that has more effect on loss in density than the density in 1956.

Using variance partitioning it is clear that relative importance of the two variables
vary quite a bit between cities and thageneratlensity in 1956 is more important in
explaining the variation in loss in density than the distance to freéwhght of the
results of multiple regression, interpreted by variance partitiortiegStepped function
(presented in sectich?2), although not included in variance partitioning, becomes more
important as it suggests that within the variable, distance to freeway, higher effect on loss

in densty is found at a distance lower than f&ilometres
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5.5 Discussion at City-level

The individual cities included in the study were fairly different from one another
particularly with regards to the magnitude of loss or gain in density between 1956 and
2006 and relatedto thedistanceo freeway at which the logs gain occurred. Tis might
explain thdack of significance of variable distance to freewaden all citiestensus
tractsweremodelled togethefThis section, therefore, addresses particulastiesty
level, although we should remind ourselves that the present study attempted to find
correlation between loss in density and the two independent variables, distance to

freeway and density 1956d that the study is far from ascertaining causation.

5.5.1 Montreal

Montreal was the largest city in 193&d the largest innaity and consequently
containedhehighest number of census tracts included in the study. All the tracts, except
for three, lost density over the study period and the magnitude ofsthevés highest
compared to other cities in the study. Two highways go through the inner city and all the
censusriacts were within four kilometseof freeways. While no correlation is found
between distance to freeway and loss in density, the fact tisasloegere so concentrated
near the freeways is worth reporting.

A strong positive relationship between the lmsdensityand the density in 1956
provides a related and complementary explanation to the losses found in Montreal. Areas
that were high in deity in 1956decreasedonsiderably over the study period. The
variable density in 1956 was found to bestatistically significant variable in explaining

the loss over the study periaghile distance to freeway was insignificant.
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5.5.2 Quebec City

Except forone gain all census tracts in Quebec City experttloss in density
where all the tractaere within two kilometes of the freewaysCensus tracts in Quebec
City were closest to freeways with one centroid of a fi@lihg within a few metes of
the freeway as two of the freeways in the area penetrate the inneSinitiar to
Montreal, one would suspect that some phenomenon related to freeway, among other
factors wouldinfluence population density. At leasineother variable that might explain
the lossin densityis density in 1956. In Quebec (withdguared of 92%) it can be clearly
seen that where initial density was highagh losses were experienced and tracts where
the initial density was lower saw lower losses flattening the density to sderg.ex
Density in 1956 was also found to #statistically significant variable that could explain

the loss in density while the other variable, distance to freemas/not as significant.

5.5.3 Ottawa

Ottawa is the only city in the study that lost densitgllirthe census tracts in its
innerci ty. Ottawads census tracts Betbthee s ome
freeways included in the stughgnetrate the innagity while one of thengoesacross it
Although the present study did not look at causation of the loss in density, the extreme
closeness of the census tracts (witlgiproximatelyl.5 km) to the freeways point to a
close relationship between distance to freeway and the loss in densityengiy th
1956 inthecase of Ottawa was not very highghestin a census tract wasound
15,000persons/krf) compared to Montreghighest: 57,00@persons/krf) and Quebec

City (highest: almost 37,008ersons/krf) and the losses from 1956 to 2006 did no
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correlate much with the density in 195&ither of the explanatory variables was found

to be significant in explaining the loss in density.

5.5.4 Toronto

Toronto was a unique city in that some of its census tracts gained density while
they were as close akdometre to freeway andoverall most of the gains were observed
in the commercial core. None of the other cities showed this demarcation between
commercial core and inneesidential census tracts. The latter predominantly
experienced losseshe highespain is density among all the census tracts included in the
study was founéh Toronto with an increase of 25,000 persons per sq. km.

The gains in density could be correlated to some extent with the density in 1956
(an Rsquared of 20%) where tracts witdwer initial density gained and those with
higher density in 1956 lost although the lossiesensus tract levelere not very high
(below 10,00(ersons/krf). A Toronto census tract experiendbe highest relative gain
of all the census tracts in thiugy; this relative gain could be explained by the fact that
this tract was very sparsely populated in 1956an aggregate level, the losses seem to
have cancelled out the gains as overall gains in density for thediyarereonly 9%

(or just over 60 persons/krf). The variable density in 1956 was found to be significant

in explaining the loss in density while the distance to freeway was not.

5.5.5 Winnipeg

Winnipeg wasxceptionalin the sense thatot only didno freeway go through
theinnercity, butalsotheclosest freeway, Perimeter Highwapasseslmostall around
the innercity at a distanceanging from aboutis to ten kilometes from the innercity

census tractAlmost all losses are registered in seeensus tractbetween 1956 and
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2006 Figurel5c). No correlation is found between distance to freeway and inss
density the losses in Winnipeg are unlikéher losses found in the studyths others
were approximately within the distance of four kilometres from the freeWas results
of regression indicate that neither distance to freeway nor density in 1956 was a

significant variable that could explain the loss in density

5.5.6 Edmonton

Edmonton lost density closer to freeway, witthnee kilometresand gained
further from it, making itheonly city that shows very high correlation between loss in
density and proximity to freewayhe gains seem to even out the losseseat
aggregae innercity level the density in 2006 remains pretty mtlolisame as it was in
1956.0verall, the feeways were within five kilomeds from the innecity census tract
centroids although the freeways remain outside of the innelGatysus tracts whethe
density was higln 1956(around 7,00@ersons/krf) lost moreover the study period (as
hypothesized) although some with medium density in 1956 ganoeeithan those that
had lower initial density. Overall, both distance to freeway and density invi€&s6

found to be statistically significant variables that could explain the loss in density.

5.5.7 Vancouver

Freeways in Vancouver did not penetrate the inner city and remained at a distance
of aboutthree to eight kilometredt is interesting to note that high gains were found at a
distance betweeiour to six kilometregrom freeway though no clear relationship is seen
between distance to freeway and the loss in demstitgggregate level, Vancouver
experienced high gains density in its innecity over the study period: 84% or close to

4,000persons/krh These gains were experienced in a manner contrary to the hypothesis,
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that is, higher gains were found in areas that had high initial deAkhwugh initial
density in Mancouver was much lower compared to cities such as Mgn@yeabec City
or Toronto.Density in 1956 was found to be statistically significant in explaining the loss

in density in case of Vancouvemd dstance to freeway was not significant.

5.5.8 Victoria

All of the census tracts from Victoria gained density although not many of them
(only eigh) were included in the study since the defined iroigrwas very small.
Freeways do not enter the inf@ty of Victoria and remain at a distance of about 2.5 to 6
kilometres Gains are found no matter what the distance is from the freéwsasych
variable distance to freeway was not found to be significant in expl&imenigss (or
gain) in density. Theassne was the case for density in 19%6¢ere the initialevel did not
seem to have any effect on the loss (gains) in density. Whether the initial density was low
(around 1,50@ersons/krf) or high (4,00(ersons/krf) moderategains werebserved

ranging from about 50persons/krhito 2,500persons/kr
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6 CONCLUSION

Three quarters of census tracts in eight Canadian-cites lost population
density over the second half of the twentieth century. While iomgpopulation loss
cannot be attributed solely to proximity to freeways, irsigr population density
appeas to bestronglyaffected by freeway until as far as four kilometres straight line
distance from the closest freew&ensus tracts in five cities experienced losses in
density within this distanc&hus a nonrlinear relationship is found beeen distane to
freeway and loss in population density.

The results of the present study imply that the undesirable effects of freeways
(such as air and noig®llution andemissions from motor vehiclém increased traffic
volume)are reflected by decreases irpptation densityvithin a fourkilometredistance
from freewaysThe displacement of people for theilding of freeways and voluntary
dislocation due to theonstructiomuisance can be important reasons for the decrease in
density.This finding suggestthat freeways should not be built closer than 4ikiareas
where higher densities are desired.

Beyond the threshold of four kilometres distance, a patterbservedvhere
census tracts at a moderate distance from freeways gained density {faostyver and
Victoria) and those further away (Winnipeg) lostth an R of .33.

At city-level, Edmonton shows a high correlation between loss in density and
distance to freeway with lossebservedloser to freeways and gains further away
(Figure18). While the others cities did not show any trend, losses in Montreal were

spread out within a 4km distance to freewagronto was distinct in that a marked
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differencewas found between commercial core and inner residential census tracts
Almost all of the former gained in density with gains increasing as we go further from
freeways (negative slopahd the latter saw almost all los§Egure19).

The relationship between loss in density and density in 1956 was strong for
Quebec City and Montreal {lef .91 and .63) suggesting that places with initial high
densities lost highdClark, 1951). Victoria saw all gains at all levels of density in 1956
Vancouver, with a negative slope, was opposite to Montreal and Quebeuchtihait
gained higher amounts where the initial density ale=ady high(Figure20).

Theaggregateénnercity population densitgoared in both Vancouver and
Victoria and to anuchlesser extent in Toronto and Edmonton (which increased barely)
over the study perigdhe aggregate densities declined in rest of the cities included in the
study. This study also demonstrates that the areas with higher density in 1956 saw higher
losses over the study period. Despite the fact that the density of Montreal and Vancouver
movel in the opposite directiorizetween 1956 and 200Blontreals innercity takes the
position ofsecond mostiensegwith density of 8,368 persons/kjrbarely behindhe
innercity of Vancouver(8,749 persons/kfjy whichhas becoméhe most densianer
city in 2006 among the cities included in the stutlghould be noted that Vancouver as
well as Victoria did not have freeways inside the inner citythag bothgained density
over the study periodHowever, the ame cannot be said abdedmonton and Winnigg
where freewaysalso did not penetrate the inner city.

A nortlinear relationship is found betwebsss in densityanddistance to freeway
where loss in density i[sigh and considerablg until four kilometres of freewaysd

the losses argpread throughout this distanédso, higher losses were found where the
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initial density of 1956 was very high confirming the hypoth#ss denser cities would
lose density over the study peridd¢karly allcities exhibited different effects with respec
to the two explanatory variables, loss in density and density in 1956. The main take away
from the study is th&lentificationof the fourkilometrethreshold within which
overwhelmingosses are seen &t least threeities (and overall in five citiesho matter
the distanceo freeway Beyond the threshold a trend is seen where gains are found at a
moderate distance to freeway and losses further away.

The resultsand the foukilometrethreshold, in particulamdicate thatreeways
should not be builwithin this distance in areas where high density is desired. The
population density would reduce due to displacement of people for the construction of the
freeway;people residing around the freewayay also move owtue to the nuisance of
constructionOnce the freeways are built the noise and air pollutialydiscourage
people from residing in proximity to freeways. Furthermore, building freeways
encourages sprawl, which leads to unsustainable land consumption and transport energy
use(Newman & Kenwothy, 1999)

Since the cities included in the presezgearctdo not constitutarandomsample
nor arepresentativene caution should be exercised when applying these results to other
cities in Canada, unless they exhibit similar characteristics as the cities included in the

presenthesis

6.1 Limitations

The limitations of the thesisvhicharise in part because of thmited scope of
the present mastepsoject need to be mentioned even thoulyl thesisvascarefully

researched angreparedThenumber ofcensus tractscluded for some innetities, in
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particular for Victoriawasvery smalldue to the way innecity was defined (based on
land-use in 1956)The small sizenay not have helped finding statistically significant
relationshipsAdditionally, alimited number of variableswasincludedfor the most part
due to lack of availability of relevant déftar 1956 such as job or income dataher
factors thatnfluence populatiomlersity also need to be considettedyet a well rounded
perspectivevhile testing and controlling for endogeneitywas very mucloutside the
scope of the present projebbwever Lastly the cities included in tretudywerefor the
most pariconsiderably differenfrom one another. As a resutgeneral conclusionas
difficult to draw, aside fronthe threshold ofour kilometreswhich was based on the

cities where the losses were observed below this threshold

6.2 Future Research

Recognising that distance to freeway is one of many factors that might influence
people's residential choice and that the air and noise pollution aastbé nuisance of
the construction of the freeway may be felt as far as four kilometres, we suggest further
research to investigate various other factors that may also play a role in the observed
reduction of density within a four kilometre distance friveeway. Whether the loss was
due to indirect effects (e.g., attractiveness of the suburbs) or direct effectddgree of
desirability of a neighbourhood) of freeway is not identified in the present research. A
study with comparable areas with andheut (serving as control group) freeways at a
distance of four kilometres using variables such as race, income, prosperity, crime rate,
city vitality, suburban growth ratend other socioeconomic variabtesild help

disentangle these effecW&/innipeg exyerienced lower losses but away from freeways
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(between aboudix to ten kilometres an indepth case study comparing the losses in
Montreal and Quebec City versus those in Winnipegld be useful and interesting
Other ways t@uantifythe impact of freways would be to measure changes in
land use using parameters such as changes in empldybelensity, commercial
building, residential units, new housing stock and property value. Other ideas for future
research include changing the time framstudybetween 1950's (similar to the present
study) and 1980s, before the wave of gentrificatioimmercity that brought back some
of the suburbanites to the city (see Smith, 198&houghaveragenousehold size
declined in all the cities included in theepenthesisover the study perigathange in
household size can be one of the variables considered in a future résattather
investigaésdecline in densitiedVhether the foukilometre thresholddentifiedby the

present study applies to oti@éanadian and US cities or not is also left to future research.
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APPENDICE

use maps usedto define inner -city

Appendix 1 - Land-

Appendix 1a - Montreal and Quebec City (1955)

Source: Government of Canada (1957)
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Appendix 1b - Toronto and Ottawa (1955)
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ATLAS oF CANADA
[
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Appendix 1c - Edmonton (1956) and Winnipeg (1955)
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Appendix 1d - Vancouver and Victoria (1955)
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Appendix 2 - Maps of inner -city boundaries and freeways

Appendix 2ao 2g- Inner-city definition showing Conmercial CorgCChand Inner Residential
(IR)census tractgor all cities

Note: In the following maps, the notatiténb_r.!' (as in Montreal_b_r_CC) indicates that the census tract
boundary shape file used for the mape cartographic boundary filédenoted by bjboundaries are
aligned with the land) and that 2006 boundaries are matched to those froifu&86ted by r)This is the

case throughout the study.

116



Appendix 2a - Montreal: Inner -city definition showing Commercial Core
and Inner Residenti al census tracts
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