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ABSTRACT

-

*

fﬁis thesis studies and serves to isolate trends in

transit travel characteristics over a ten-year time

interval. In particular, it addresses the problem faéing
the transportétion planner when he seté out to évaluate the\
‘effectiveness 6f a tranéportatidn system }ﬁprovement. The
problem is_usually compounded by the lack of a suitable' and
chronologically organized database. V

This study is a neighborhood-level aggregatg.analysié,
based on Edmonton Civic Census information and origin- -
destination data from the years 1971, 1976 and 198k, The
most important transportation system improvement in Edmohton
duriﬂg this time period was the opening of £he North Eaét
Light Rail Rapid Tfahsit Line in April, 1978. ' This line was
implemented as an'iﬁtegral part of the existihg tﬁansit i
-getwqyk in Northeast Edmonton and the focus éf fhis study is
to asée;s the impact of this improvement.

v

The investigated parameters included the number of work

-

trips by mode, mode split, scheduled transit ‘travel time,
bus stop density and zonal demographics. The study was
limited to the analysis of morning peak’ period work trips

'betweéﬁ\éeiegggg study area origins and dowhtown :and/or

—

university area destinations.
The techniques used to identify trends in transit

travel characteristics include regression analysis, the

- .
analysis of regression scattergram envelopes, the



1

presentation of statistics on a geographic base, time series’
éomparisons and.control area comparisons amongst study.areas
and study area subsets. The-use of gréphic and caftographic
presentation has been emphasized and has proved to be an
effective research tool.

'Regression analysis-hasﬁproved that of.the pa;améters
tested, scheduled transit travel timeAaﬁd average household
income have the best linear interrelationship with‘hode
-split. Cartqgraphic presentation has shown that high mode
split areas are generélly lpcated along major transit
corridbrs or. transit cenﬁers. During the ;ime period 1976-
1981, morning peak work trip mode split from the northeast
study area showed a net increase of 5-7% 6ver an area that
is without light rail transit influence.

 The implemenﬁaﬁion of light rail transit has
significantly reduced transit travel times to major
destination areas and thefé is evidence tb suggest that this

sytem- upgrade has influenced morning work trip mode choice.

vi



ACKNOWLEGEMENTS

The Author wishes tplekpress his gratitude and
apprégiation_to the following individuals and agencies:
Professor J.J. Bakker of the Department of Civil Engineering
at the University 6f Alberté, for his guidance, advice and
interest thr6Ugﬂ;ut this study;

Mr. T.O. Clement, for his paﬁience and advice during the -
initial stages of this research;

- Mr. Martin Scott of the Department of Geogrébhy‘at the
University of Alberta} for his assistance in~procuring
suitable computer mapping software;

Professor S. Teply and K.O.;Anderson of the Department of
Civil Engineering at the University of Alberta for éheir
comments and suggestions at opportune time;; o

The City of Edmoﬁton Transportation Department, for
financial support of this thesis in the form of a research
contract and for the provi;ion of data used in this thgsis;
The Natural Séiégcés and Engineering Research Couneil of .
Canada, for’financial assistance in the form of a
Postgraduate'Scholarship during tﬁe course of my graduate
studies;

and‘my wife Patricia, for her invaluable patience and
understanding througout;t@is;ftuay. |

5 : o,

vii



TABLE

1.0 INTRODUCTION .:sceesessss

.

1.1 Problem Statement...

1.2 Research Objective..

1.3.Scope;.....35.......

0}

CONTENTS -

1.4 Organization of\theamhgsis

ot

LITERATURE REVIEW. ... 0 e eeeeew

2.1 The Metropolitan Edmonton Transportatidn

Study.}..;.........................3..:..

An Iﬁvestigation into the Modal Split

Relations in the'Ciﬁy of Edm

onton.......

Density of Bus Routes in North Edmonton.

The 1971 Origin-Destination Study.

Work Trip Generation Models.......

Cartographic Presentation.........

METHODOLOGY...........}...............

Geocoding.....

The Selection of the Aggregation Leve

i

3.1 The Selection.of the Time Segment.

" Preliminary Analysis and Selection of

1.

P

Control Areaé....:.........;.....,.....

PAraAmMEe Y S e ceoosocoecsassscasosansoessesas

viii.

1

[
H

ey

.

Page

cel

e 12

..13

..19



ix

o . i

» Page
4.0 INFORMATION BASE.....cotuenenavonscs e .....28
4.1 Civic Census Records;.....;.?-.‘.....;Z..{.......28
4.2‘Federal Census Records..,.,{....f.....; ...... e eea32
4.3 Information Provided by the City of Edménton.....32
4.3.1 Origin-Destination Data.L .......... Cieeeee 32
4.3.2‘Bus Stop Locations.......;.. ............. %.33
4.3.3 Scheduled Transit Trével Time..oooeoeennenn 33

4.3.4 Zonal Areas...... .....;.;...:.....;.;.J.}..34.
5.0 DATA MANAGEMENT . .+ evvuenencnenenss e e v...35
5.1 1971 Reference Parameters.,...... ceesaaenn “evee..35
5.2 1976 Census Record Extractién ......... ceesassoess36
5.3 1981 Census Record Ektraction...;......,.........37

5.4 1971 TTip TaAbleS...euesrneneeocnoenenenenenns ce...38

5.5 1976 Trip TablesS....... ceces e eee e ..;.;;....41_
5.6 1981 Trip TableS......... et i, 41
5.7 Mérging Statistics...l...... ...... ,;.;...ﬁ.......42
5.8 Estimation.bf Modal Percentages........ e easne e 43
6.0 DATA ANALYSIS...... e .
6.1 Regression Analysis........cc0.. Ceeeeeeiaaaeeas ..45
6.2 Tﬁe'Analysis of Regression "En§elopes“.,..;....f.50
6.3 The Presentation of‘Zénal'Statistics on a |
Geographic Base€.....eeoeeeess ........f.i.... ..... .53
6.3.1 Mapping Alternativeé; ..... ..;......... ..... 54
6.3.2 Cbmputer—Aidéd_Design...7 ...... edessseeeanddd

A



o ‘-Page
6.3.3 SYMAP...evoeveuene ceeann e Ceeere e 57
6.3.4 GIMMS .« veneennnneennnnns e .....58°
6.3.5 Mode Split to the Centrél Area.............60
6.3.5.1 1971 Versus 1976...Q...,.,...;{};;;ep‘
6.3.5.2 1976 Versus 198l...... e .60
¢6.3.6.Mode Split to the C.B.D......ene.s e .. .63
~  6.3.6.1 1971 Versus 1976...:....... e, ..53
6.3.6.2 1976 Versus 1981..... e .63
6.3.7 Mode Split to the University Area....oee... 63
6.3.7.1 1971 Versus 19?6.......7.......,u..64
6.3.7.2 1976 Versus 1OBL. e e, ....64
6.3.8 Average Household Income, 1980;....... Seo..64

- 6.3.9 Scheduled Transit.Travel Time to the
C.B.D. and University.......... e, . .64

6.3.10 Bus Stop Density and Employee

Denéity,.........J....,.‘ .......... ....L...6§
6.3.fT\E;rors?in Thematic Mapping.; ..... ...;.....66.
6.3.12 SULEACE TIenrnevnenennns Y S
Time Series Comparisons..... e eeer e -; ..... 69
Control Afea Comparisons...........7.;.:...;.....77
6.5.1 Group»Comparison.;.... ..... N Iy £ -
6.5.2(Area—wide‘Comparisoﬁ......f..:....... ..... .81
6.5.3 One-on-one Comparison...... creeens .u.;,.;..85

6.5.3.1 Zone 86 (Eastwood) Vs. Zone

432_(Westmount).........;.....;....86'



.6 5 3. 2 Zope 211 (Delwood) st Zone

¥

95 (Meadowlark).‘............

Cay -

- 6.5.3. 3 Zone 156 6C1arev1ew) Vs.

"51484 (Prlmrose);..i..;......;

6;553;4'éﬁmmary'ofﬂIndiQidﬁal Zone

~
oox

»
e

3

. COMPArisSons....«.e.s.

7.0 IDENTIFIABLE'TRENDS..,.................

7.1 Demographié TrendS.:eceececososssss

Development. ...

8.0 CONCLUSIONS AND RECOMMENDATIONS“FOR‘FURTHER

The Effect of Transit Travel

. A
e o e v ®

Transit Trip Production............

Mode Split TrendsS......eceeoeceesss

.Time..

Implications With Respect to L.R.T;‘

RESEARCH - « ¢« e e e s et enonennnnnefoecacnsonens

[

e

ik,

APPENDIX A:

APPENDIX B: DATA MANAG

APPENDIX C:

APPENDIX D:-

EMENT

K}

'"f/f

FILE INDEX AND

£

Al

i ’
|
+ .
A E
‘4
Rty
&

P

PIME SERIES TABLES ... cecoieeanaesnes

)

REFERENCE LIST..................................

.DOCUMENTATION..........;............,

-CHOROPLETHIC MAPPING.,..fliﬁ......f..

SCHEDULED TRANSIT TRAVEL TIME CONTOURS

Zone

Page-f""

;.87

...87

..89

..89

-+ 96

.100

~;102

<111

122

¢ e 138. s /



LIST OF TABLES \

X
Mode'éplit Vs. Average Household Income,
1T 0
Mode>Split Vs. Scheduled TrénSit Travel .
Time tO the Central AYe@....eeeesceeseesss

Traffic Zones Which Display Constant -

BOUNAAT1@S . e e oo et ooseeseoscconseccesoioncesa

Peak Period Transit Work Trip Production
(1971-1981) Desstination: Central Area....

Peak Period Transit Work Trip Production -

(1971-1981) Destination: Central BQ§iness

District...;............;........f........
Peak Period Transit Work Trip Production

(1971-1981) Desiination: University Area..

Control Area .omparison: Percent Change

Statistics...cciiiiiiiiiettiiiiiiineitonns

J % /}J

Trends in“Mode”Split - Northeast Study Area

Trends in Mode Split - West Control Afea....

Txii

- Control COmMDAriSOn ZONES.eeeeseeeeeeeeesann

. Page

.47

.76

. .80

..84

C\



Figure

2.1

Page
1961 Modal Split RelationShipS.......eeessoss T
Alberta Unemployment Rate (1966—1@84)..,.,f;..,..17
AlbertajUnemployment Rate”(1982¥i983)..;;.....r..17
.Buiiding Permit Values for'Met;o Edmoneou
(1968-1984) .. vuvnnnn. e };...;.;;..j ...... .18
‘JM:E.T.S. Zone System......;_ ............. Ve eeeesa20
1§7l Traffic Zone System.....oeses e Ceee 22
1981 Traffic: Zone System....... A '}:..f.,..,za
Study Areas aq%%Selected,bestlnatlons R 26o
Regre551on Plot of Mode Split Vs. Average
Household Income, 1980 \\\\ ....... g.....ml....,..48
~ Regression Plot of Mode Split Vs Scheduled
Tran51t Travel Time to the Central Area...... :...49

LS

M

LIST OF..FIGURES )

Regre351on Envelppes of Mode Spllt Vs.

Scheduled Transit’ Travel Tlme, N.E. Study"

Area..«se. e cs e ccss s e s s s as s e e s e a0 e e e e e
Mode Split to the Central Area 1976.ﬂ..: ..... v
Mode Spllt 'to the Central Area 1981.,....:.....,. '

Surface II Plot of Mode Split to the Central
Area.-......-................3...-... -------- "o-
‘ N o 3 .
Representative Sample of Bar Chart Plots.........

Peak Period Transit’Work Trip Production

(1971-1981) Desfination: Central Ayrea............

7

~

xiii .



Figure

6.9

6.1’b.

6.11

6.12

. Peak Period Transit Work T;ip Production

Peak Period Transit Work,Trip'PrOQuction

" (1971-1981) Deétination: Central Business
District.......................,....,.....,.
' j
(1971-1981) Destination: Uﬁiversity,Area.L.}
Trends in Mode Split - Northeast Study Area.

¢
Trends in Mode Split - West Control Area....

xiv

‘Page

«...75

ee..76
LK) 583

....84



CENT

CORR.
'EMP.
HSEHLDS.
km
L.R.T.

" METRO

M.E.T.S.

MSE
N.E.
P.L.U.S.
POP.
S.W.

UNIV.

U.T.P.S.

Employees

8%

LIST OF ABBREVIATIONS

Computér—Aided Design
Central Busiriess District (Traffic Zones 12 and .
14)

Central Area (Traffic zones 11, 12, 13, 14,~21,

22, 31 and 32). o e

Correlation Coefficient

Households

Kilometer\ _ .
Light Rail Transit ‘
Métropolitanv'. : .

o

Metropolitan Edmonton Transportatibn Study

Mean Squared Error

Northeast

Population and Laﬁd Use'System
Population

Southwest

University of'Alberta/Health Scienceé Area
(Traffic Zones. 603, and 604) |

Urban Transportation Planning System

~ } /

4

XV o ’ ' L



1.0 INTRODUCTION .

1.1 Problem Statement

t

Increasing urban travel demand usually results in‘én

upgradiné of transportation systems and facilities. In

- every urb;ﬁ center, economic grqwth and the outward

expansion of fesideﬁtial_deveIOpment places strain on the

) : _ .
existing transportation facilities which lead to majof‘
destination zones:‘;A transportation planner must therefore
be able to recognize trends in tFavél behavior and predict:
Fhe'probable impact of~r§sidentiaivand:econoﬁic gfowth.

4 Aftef a‘need for improvément has been recognized- and a
trénsportation system has been upgraded, it is 'beneficial to
assess the impaét.of‘£he System.improvemeﬁt. _This impact
assessment should be thought of as a measurgmeng of tﬁe
-résponse,of_the urban traveller to his or her new . |

i

transportation system.

The probiem is, the;efore, how does the frénsportaﬁidn
plénnef measure th‘ effectiveness or impacé-of his |
;ransportatioﬁ sysﬁ‘m improvemént? | -

The isolétion gf trends in tfavel chafactefistics is a
formidable taék probébly best suited to a.disaggregate
analysis over discrete time interyals; Civiq censds e
information ‘is a readily aQailab;e §6urce'of transportatipn—
related data, but an aggreéate ahaleis tends t;'"blendfﬂand

mask individual travel characteristics,  thereby introducing

a reliability problem. Unless an urban -centre is prepared
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to introduce‘a‘regular schednle of disaggregate analyses, an
aggregate analysis of censue information provides_thé base

: /
" for the identification of trends in urban travel ;

-

characteristics. o e ¢ : " . (
" _ CL § ' o
Once trends .in transportation-related parameters are '
‘discovered, the problem converts to one of :asking if the o,

trend is system-related or a function of.demographiCVand/or‘

'
- - >

economic change.

1.2 -Research Objective * ‘ o e

The objective of this thesis is to “study trends in

transit travel\characteristics and, in particular,. assess

.. the impact of the implementation of light rail transit in,

-~

Edmonton. ‘ - i .

' . » . PR

In order to provide~a reliable analysis this study must

consider the following generdl guideljines: ' R

i -

;(i) The .analysis should inc¢lude a time segment‘thchw
adequately;depicta'bre-L.R.T.gand post-L.R.T. o

periods. ) » ’ ) .

‘The tlme segment should incdlude a perlod when ..

¥ . .

”economlc growth rates are relatlvely constant ~

’
RS

An’ aggregatlon level should be chosen at a small
- ! '\'
enough level to ensure  that the masking of

¥

1ndiv1dual nelghborhood behav1or is- mlnlmlzed

- -

£y

v
,

. .

~




‘characteristics is the transit trip. This introduces the
concept of trip purpose and how trip purpose affects
transportation system éemand. It is well known that transit
demand is heaviest during weekdays ihiﬁhé morniné and
"afternobn peak hours. This demand is cohsistent with work
trip movement. Work tripé have, in thé»past, Béen defined
to include trips by post-secondary studenté and have beén
found to comprise approximately 75% of morging peak hour
tfips (City of Edmonton T;ansportation.Management—TSR/62/84,
1984). The stability and fegularity'of»the'work trip in the
' morning peak period has made it popuiar in work trip

modelling. ‘For this reason, this research will utilize

. morning peak period work trips in its analysis.

=, T o
Geagraphically speaking, an analysis of the entirety\of'

- ﬂetropolitaﬂrEdmonton would be too, extensive given the time.
- . ~ I ~ N 4 '

- L .
PP

available for this study. The analyses‘in this research are

3 Ay

* limited to three study areas: i -
(i) No-theast Edmomton ~ directly under the

. ~~“luence of Llﬁ.T.%deVeldpment.

"

.(ii) Weét . “ton - not currently under the "
° o in: ace of’L.R.T.;‘a ébnérolﬁérea
B i . , .
i (iii )\ Southwest ‘Amonton —.nOt curféptly under thg g
< N infiu 2 of L.R.T., %ut schgduléd fof-

o,

& "

fes - planned ..R.T. .avel- -ment.

v The third limit impcosec is that of work trip
. destination. 1In this resear >, onl - three major destination

-\

. areas will be_considered:



(i) The Centrel Business District
(%i) The Central Area - which 1ncludes the Central
Bu51ness Dlstrlct but'also the Government
Centre,and,the area inbetween.
(iii) The Univensity and Health Sciences Center.

' ) . . s .
The study areas and major destilnation zones are

discussed in detail in Section 3.5.

<

1.4 Organization of the Thesis

Section 2 reviews previous.research'and modelling that

is related to the present study.

Section 3 outllnes the. methodology and the selection of
parameters, aggregatron level and control areas consistent
with' the research ohjective. B

Section 4 describes the information baselwhich was

~available for this study. - S 2
- I - -
Section 5 discusses the data management. techniques
utiliZed to prepare‘individual statistical\summaries in the

flnformatlon extraction phase. ' ' E

{ Sectlon 6 presents the ana1y81s technlques whlch were

fgemployed; , ‘ v - o B

Ped-2
.

Section 7 discusses the trends which were identified in
T cy . -

LR

the analysis phase.

AT -

“Section 8 presents the conclusions arising from this

research and outlines further research needs.

-~
L



2.0 LITERATURE REVIEW

-

This thesis déals‘with the extra#tiqn, analysis aﬁd‘
presentation of census information.‘ In'Eémonton} the civic
cenqgs'is an annual undertaking which is used by Qarious
city departments. ,Héme—to—wofk movements are monitored by
Aorigin—destination surveys which have been conducted in
five-year intervals since %961.

A major Federal Census is also held every ten years
(1961, 1971, 1981 etc.’ in Canada, with minor samples taken
at five year intervals. | The fedefal census serves to check
demoéraphiq pattefns and provides infbfmation about socio-
economic pattgrns.'blt has recently become poésible!to
assign co-ordinate values to street addresses and aggrégaté ’
statistics into various zonal systems. This geo-coding
process, which will be discussed further in subsequent
~chapters, enables compariéons and corrg}atigés to be made

between data sources.

[

‘There have been a number of resegréh projects and
studies that have used Edmoﬁ%on census data as part of their
information base and have addressed puﬁlic transit issﬁes;
This chapter will serve to.reQiew these'studies and othér
literature associated with the cartographic presentation of
data,f; |

'

2.1 The Metropolitan Edmonton Transportation S£udy

In 1963, the Metropolitan Edmonton Transportation Study

T



(METS)(I) was conducted by the Edmonton District Planhing
Commission in co—operation with the Alberta Government. The
study, which was cdncerned with the definition of travel
;haractefistics in Edmonton, used 1961 civic census data
complete with origin—destination_informatioﬁ. This stqu
introduced. the METS zone sYstem which was Widely used in
subsequent works. For convenience, the zonal boundaries
were selected to conform with 1961 enumeration areas.
Relation§hipé between mode split and variables such as
district income, district cars per dwelliﬁg unit and
district time differential Qere idenfified. These "transit-
determinant-relationships” were arrived*aé'by regression
analysis, the results of which are shown iﬁ Figure 2.1.
District statistics refer'to;the aggregation of METS zone
‘polygons into larger areal uﬁits. The stgdyffound phat of
all faétors affecting transit use in 1961, compafative
travel time was the most significant, followed by automobile
availability. ‘

The METS thdy_récognized in i961 that if pubiié
transit were to be considered as a viable alternative to.
automobile trips in the future,_initial steps should be
taken to improve the working eﬁéi;onment of central-destined
t;ips. The éxﬁent of transit usage in_fhevfuture was‘

considered to be strongly linked to the level of service

which public transit-had to offer.

o
1

C Y-
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Figure 2.1 1961 Modal Split Relatiohships :
Source: Metropolitan Edmonton Transportation Study, June, 1963(”




2.2 An Investigation into the Modal Split Relationships

in the City of Edmonton

In a theéis presented by Rhyason (M.Sc. Thesis,
1967)(%) éensus and origin-destination data from 1961 and
1964 were used to investigate transit travel characteristics
in Edmonton.

The majo%\portion of the 1961 information waS‘cbllected
in conjunction with the 1961 civic censui and récdrded in
book form. A ten percent sample was extracted from the
books for the METS study‘and then used in Rhyason's study,
and "twenty-five percent of the trénsit users were given"v
separate interviews. «

The 196£ origin~destination sufvey qu'collected'onAIBM-
markfsense cards which .were coded ‘and t:ansferred to
computer as a 97 peféent sample. Rhyason made usé of
economic status and travel time infofmation to establish
modalbsplit relationships using 1961 and 1964 information-as

a base. These relationships were presented in the form of
A4 ’ ’ .

curve families of mode split Versus travel time ratio,

stratified by#an income indicator. Rhyasqn's conclusions

have_béén wéll-doéumented and are rewrittgnviere because of

‘their relevance £o this study:

(i) "The radicai changes in.ﬁfansit-roﬁtes did not
Afféct‘the modal split réiationshipg even though
they did result in an increased modal split by
reducing travel time. _Thus*the effect of

v

transit changes can be measured using the mode



i VN o ’. ’
split relationships.™"

v(ii) "Economic status a;a relative travelitimes are
the chiéf factors affecting the choicerof'mode
in Edmonton." - | -

(iii) "The modal split relationships in,Edmonﬁon are
dependent on ﬁhé area of empldyment within the
Cc.B.D."

‘(iv)'"Parking plays an imporﬁant role in @6dé spiit."

(v) "House sale value, which is easily obtained in
Edmonton7 can be}psed as a reliable measure of
economic status.".

(vi) “"Relative travel time can be measured with equal

reliability by both travel time difference and

. * travel time ratio."

Al

2.3 Density of. Bus Routes in North Edmonton

Gill (M.Sc. Thesis, 1969)(3),chése to examine
relationships between moge split and ﬁrayel'time factbrs.
Other factors affecting choice'of.hodg such as walking
distanqe to bus stops and ‘excess time factors were examinéd
and'ﬁsed to suggest fqture‘rpute ;bcatiéns.'

The tfaffic zone system useds for Gill's analjsis was a
METS zéde sYstém sliéhtly‘modifiéd to compensaté fgf
éxpanding 1§nd usé\development. Data used for thi; study
was»acquirédiprimarily throuéh field surveys, and 1967
;origin4aestination infofmation was used to compute mode

split. The study is relevant to the current research in

N . 3



1

that mode split relationships were 1nvestlgated for origin-
destination subsets only. A spec1f1c study area was
selected and only mornlng peak perlod trlps to the central

bu51ness dlstrlct were used in the analysls. Glll also used

-

regre351on analysis to determlne mode spllt relatlonshlps

»

-One of his planning recommendations was that "every effortv

~

should be made to reduce total travel time."

2.4 The 1971 Origin—Destination'Study

¢

Tn July 1974, the Studies and Research Section of the
City of Edmonton Transportation Planning Branch released .a

_summary of origin-destination  information which was .

bl

~

collected in conjunction with the l97l'civic census. The
1971 Origin- Destlnatlon Study(4) was based on 130 000

Au
questlonnalres completed by home interview: Data was -

processed by an optlcal card reader and although some

-

dlfflcultles were encountered durlng the 1nformatlon

C e

transfer process, sufficient” check procedures and lteratlons
| werevperformed'so as to consider thé data set.as a 100+
percent sample. The 1971 origin—destination surveyf“ 5
represented the most detalled 1nVentory«of transportatlon—
related statlstlcs ever assembled in’ Edmonton., For the -
first -time in Edmonton, thegprocess of geocodlng .was used.to.
assoc1ate a co- ordlnate value w1th a street address:

Edmonton has utilized many dlfferent zonal systems in’ recent

years and zonal boundarles,have changed, primarily to-

compensate for changing land use patterns. . This dynamic



sta;e_nampers the'analysis of trends based on aggregated
statistics. Onerof the great benefits ‘'of the geocodind
pﬁOcess is that statistics can be easily aggregated into~any
spatially—defined zonai system;'?This allowed for the simple
aggregation of statistics ;ﬁtc any desired zone system.

The stddy presented statistics in:three geographical
sub-area systeﬁslnamely,‘traffic zones, traffic districts
and P.L.U.S. areas.. It»was~recognizea-that-M.EiT.S. zone
‘aggregations'woulatalso*be'required for comparison purposes;

/

however, in 1971 traffic zones were established by the Clty

of Edmonton Englneerlng and Transportatlon Department.

Traffic districts degcribe an upwards aggregation of traffic™"
sones. To allow for simpler aggregation, traffic zone

numbers are coded in a hanner which links its,associationE
with its district. .P.L.U.St,areas were . established by the
City o% Edmonton Planningibepartment in 197ll .

The tabulatlons contalned within the study report
prov1de 1971 information- onr % B —

f(i) General characteristics snch‘as population,
‘employees, employment, number of dwellings,
persons per awelling, oars per dweiling and -
bedrooms per owelling{ “

(ii) Under 18 years of age,population.breakdown.

(iii);Qver 18 years of age population breakdown,
o (iv) Work trip departures. A
(v) Work trip arrivals.

_(vi) Areas of the.geographic sub-areas (polygons)

11
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These tabulations represent the only:.known aggregated

source of 1971 demographiolinforﬁationu 'Attempts to locate
. Y- T . : : K .

the original magnetic tape files were. not sucéessfulﬁ

-~

2.5 Work Trip Generation Models

,;2‘
"’

J
'

In 1977, “lement( ) presented a the51s entltled "WOr‘
Trip Generation Models whlch was.concerned‘w1th the
development of work trlp generatlon models:' These models-
would enable transportatlon planners to forecast the trlp
generation phase of the tradltlonal four—step transportation
model. Clement restricted his work,to the analysis of.peak

hour work trips whlch 1ncluded trlps made by post- secondary

s

students ,The justlflcatlon for thls restrlttlon is based

-

on the Clty of Edmonton Transportatlon Plannlng Branch

‘estlmate that 85% of mornlng peak hour trlps by all modes

are work trips.- '

1 . ‘ . R R

'Clement_identifiedkf0ur types of trip»makers:
ii) "those who have a choice of travelling'by

automobile or by transit”

(ii) "those who are captive to the transit mode”
(iii) "those who are captive to the auto-driver mode"

(iv) "those who are captive o the auto-passenger

e : - e

" mode". .

.

FOr the purpose of trip generatlon modelllng, Clement

-~ , ~

dlstlngulshed between choice and captlve transit rlders ‘and

- v

“consldered auto—passengers as temporarlly—lndulged tran51t

',rlders, walk trlps were not used in the inter- zonal
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modelling process, since it was assumed that walk trips were

destination-oriented. Previous studies(z) have shbwn‘that
mode splits for C.B.D. destination zones are'typieally 3%

higher when walking and other trips are excluded.

The 1971 census and origin-destination surveyimentioned
in the previous section formed the;information‘base.for.
, Clement's‘research."‘This data was extensively used for the.
‘calibration of his trip generation models. To make -the
reader aware of the spat1a1 distribution of transportatlon-
related statlstlcs, he presented data on a geographlc base

u51ngwself—developed’gomputer—mapping software.,;These - >§)

thematic maps were based on the traffic zone level of ’

aggregation and utilized polygon co—ordinate files from the

census geocoding\process. Previous census 1nformat10n was .

not avallable in a. geocoded form; therefore Clement could

’

not use computer~a1ded thematlc mapping to analyze trends in

transportation—related statistics. It_became‘apparent to

the authorjthat for subsequent'eensus years in which the . R
geododing process was used, the sw1ftly produced graphlcs

could constltute an’ effectlve analys1s tool for thls‘

‘purpose, -.-_— ‘ o i. / L

»

2.6 Cartographic Presentation

Jacques'Bertin(s), in a paper entitled “Cartography in .
the Computer Age" discusseddthe importance of graphic
representation.

"A properly %gndueted research study includes an



experimental stagé,in the course of whieh the
manipulation of data brings out the internal relations
of the subject matter. During this‘stage the research

worker can use both mathema

\

tics and graphical methods,
-«- a collection of properly constructed maps is an

experimental tool with which to discover groupings,

s

classifications correlation and towdefine regions."
Bertin recognized the ability of the human eyé to

communicate spatial variation in an "instant of ‘

perception"”. He listed important observations of reader
‘behaviour; two of which are restated here:

’ (i) "The observer is able to Dbase his‘reflections on

° .

the-totality of the data which has been
éu:&eyed." '

(ii) ™The observer is able to make groupings at all
: '

t
N

-levels"”. ’ R

The ability of the human eye and-brain to visualfy
L [ ' . '

process information has been well documented. One of ‘the

problems facing graphic information processing in the past

was the_ labor-intensive task of prepafing cbmparative

N

maps. The computer has remedied this situation by making it
possible to produce high—quality images swiftly using .

minimal resources, thereby allowing tlie researcher.more
. - ~ { \ -~
[ ‘

. Lo

freedom to perform graphical analysis. -,
h Beftin,(7) in a paper entitled "Visual Pérceptiéh and
Caftographib Transcription", 'envisioned rapidly produced . .

~

"detailed, comprehensive monochrome maps which



systematically explore;the range of values covered by
specific parameters .+.". He identified three main'map
fnnctionsf
(i) information storage
(ii) infornation processing‘
(111) communlcatlon. L - . -
- This research will. rely prlmarlly on' the last “two map
4pfunctions to help investigate trends in travel |
characteristlcs in Edmonton. Bertin's‘focus is.primarily on
the problems and theory associated w1th thematlc. |

\

-cartography. Most of ithe above mentloned theory can be

applled to graphlcs of any kind, -including'simple‘x—y“plotsf':

and bar charts. ‘For the appllcatlon of thematlc cartography

to be useful, a full understandrng of error'and‘map accuracy -

is requireda Thematic (choroplethlc)?maps all'diSplay a-

generallzatlon of thé real world and as such, can: 1ntroduce

_b1as and error 1nto the communlcatlve process.’ An excellent

reference on the problems assoc1ated with. thematlc mapplng

N v '

is presented ln a paper entltled "Error on Choroplethlc

! N

Mapsi_Deflnltlon, Measnrement Reductlon by George F. Jenks

'and_Fred:C; Caspall.QSX"

15
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‘

3.0 METHODOLOGY

'

\ ~

This section will outline_the methods and approach used

n ’

to determlne trends ln transit;travel characteristics. The
cﬁosen level of aggregation WiLl,be'lntroduced and :
'discussedl‘\fhe research guidelines'Qilllbe,restated and the :
;measures‘oﬁjeffectiveness.requlred'to assess L.R,T.rimpact
will bé'iistéd. ) S . j e P ';

~3~.1«;Thé Selection of - the Time‘Segmentf

Geocoded census data[\completeéwith origin—destination

‘ 1nformat10n was avallable for the census years 1971 1?76;

’

and 1981 Edmonton ] light rall tran51t llne wasr . , .

1naugurated on Aprll 22 1978 therefore, the comparlson of.

1976 -and 198l data would adequately reflect pre- L,R T. and,

P ~

) ~post—L.R.T. condltlons.: The 1nclu51on of'l97l data would~“

’

help to 1dent1fy trends over a ten year perlod . If thlS .

perlod also represented a state of constant economlc growth

-~

the-selectlon criteria mentloned.ln_Sectlon 1.0 would,be' '

vo.

>

-~ satisfied. . R C \
. . . B N X

Figure 3.1, Figure 3.2‘and_Figure 3.3 illustrate
summaries of-Alberta unemployment rateés and Edmonton "
- : . ; : ) e

building permit values inzrecent Years. TheffiQUres e

\ T

illustrate.a growth perlod which was. followed by ‘a dramatlc

Iy -

decllne in 1982. The period for whlch data was avallable

was also seen to display economic stab}llty.v The_t;me .

segment -1971-1978 was, therefore found SUitaEle'fqr_thel

-
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evaluation of trends in transit.travel characteristics:

3.2 Geocoding

. Geocodlng was descrlbed in Sectlon 2 4 as a process by
which households coded by street address are converted into

“a geographlc locatlon. It is a system by'whlch basic

household .units are referenced to a ‘common geographlc
datum. This land- related system was. 1ntroduced 1n Canada by

Statistics Canada in 1971. A one—to—one correspondence

‘exists between a street address (hence statistic sample) and

¥

an’ X- Y co- ordlnate whlch jin Edmonton, is based on- a srx

-t

.degree Unlversal Transverse Mercatqgr grld - Zonal~systems of'

any type are then created by spec1fy1ng co- ordlnate strlngs,'

whlch make ‘up.-a polygon network. The process of aggregatlon
is achleved by matching an X-Y co- ordlnate w1th its
‘-partlcular zonal polygon.A _ .
_'InvEdmonton, this process has been carried outifor the
federal and civic census years’l97l- 1976 and 1981 and
aggregatlon has been achleved for a number of zonal systems

3. 3 The Selection of the Aggregatlon Level

‘In recent years, “the City of Edmonton has used two main
:zonallconflgurat;onSﬁto &
.tation;related statistics.

The Metropolltan Edmonton Transportatlon Study(l)

r(METS), used a zonal conflguratlon .as shown in Flgure 3. 4

in the analysis of transpor-. =

19
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'Figure 3.4

M.E.T.S. Zones: ' -

Source: Mefropollfan Edmonton Transportation STudy, June, 1963

(Not proTec‘l’ed by Copyright).

(1

)

20



The METS zones were also used/in the 1964 origin-destination
survey and in Dale Brian Rhyasons' M.Sc..Thesis. (2)

| In 1971 the City of Edmonton_Engineering_and
Transpo;tatidn Department'introduced a ngffic Zone System, .
"as shown in Figure %.5. This zonal system, whichimight be
better classified as a transéértétibn zoﬁe syﬁtem, ﬁas been
used in every major origin-destination stq@y since 1971,
with only slight.modifiéééioﬁ;.‘*Figuref3;6’illustrates the
traffic zones associated with.the 1981 civic census.
| The traffic zone system has been used in this analysis
because of its predominance in the time segment involved in
this study; This zonal system displays‘a neighbonhood level
of aggregation, small enough to display neighborhdod
trends. The disadvantageé of using this system is that

sample sizes can sometimes be too small to be statistically

significant.
o)

o

-

3.4 Preliminary Analysis and Selection of Control Areas

R t‘ . v
In order to assess the impact of light rail transit on’
transit travel characteristics a region north of the North

Saskatchewan River and east of 97 Street was chosen as a

s

study area. The northeést'light rail transit line
diagonally4bisec£s this quadrant of the City of Edmontoh.

The objective of the préliminary analysis was to examine. a

variety of transportation-related parameters and to select a

control-area which would exhibit'similarity and stability
4

‘when compared to the northeast study area. Comparisons

21 -



Figure 3.5 1971 Traffic Zone System
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between the study area and the control area could then

"

reveal differences in travel characteristics between regions

which are under the influence of L.R.T. and regions that_are\«

not. Such a comparison would be made under the same general

economic conditions and would only be subject to tﬁe
variability that exists between Edmonton communitiesv
Parameters used for the selection of the control area
included population trends, population dehsitjﬁfigures and
~socio-economic status. Considefation was also given to »
“'barriers"found within the city, such as railways, industrial
areas and the North Saskatchewan River. Other barriérs t6"x
traffic movemeﬁt ingludé roadway capacity constré}nts and
regions with highwgocid-economic status. R
The prelgmina;y analysis revealed two contfél area
alternatives:
(i) a western area including the Mayfiéld,
Britannia, Jasper Place, Westmount, Doveréoﬁft;
Primrose and Callingwood communities;
(ii) a south-east area including the Bonnievboon,

-

Ottewell, Parkallen, Belgravia and Millbourne -
~. communities.

Similarities with the N.E. study. area were preseht in

both alternatives. The western control area was selected
. : oL

1
e

for the following reasons: S
(i) The western area is‘similar to the study area in

that a river crossing is not required to _reach
. ¥

4

the C.B.D.
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(ii) The western area is similar to the study.aféa_in

that a river crossing is requiréd to reach the

v

;ﬁniversity/health-sciénces area.
(iidi) The western area will serve as better éontrél
area for future planning purposes in‘that\L%;
"will remain virtuélly unaffected by a proposed
southern L.R.T. extension. |
(i&) It was felt that growth in the, Primrose area
closely approximates growth in ﬁﬁe study ar=a.
The .data gzilection phase of this research has also
'igélpded statistics from a region south of ‘the North
Saskatchéwan River and west of 104 Street, since future
L.R.T. develbpment i§ proposed for this area. The study
area, the western;contrdi area and tﬁe squthweétern future
study %ééé are shown in Figure 3.7;

)

3.5 Parameters-

e . : : '
The objective of this research,..stated in Section 1.2,

was "to study trends In transit travel characteristics and,™

AT

in particulaf, assess the impact of the implementation of
light rail transit ‘in Edmonton". The information required

to assess these. trends falls into four general categories:

&

(i) demogréphic_datg
(iij trip-related informa;ioh
(iii) transportation Systﬁm'infqrmafion '

(iv) géogréphical information:’

- Demographic parameters aggregated on a traffic zone
ay : ' . . K L . :

3\,
\
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level include:
(1) population
(ii) employees . ’ . -

(iii)'households

:

(iv) average household income:

Trip information parameters, also aggregated on a

traffic zone level include:.

1

(i) morning peak period work trips .to the central

business district -
' (ii) morning peak period work trips'to the central' .

- *  area . - A
. ! ) i ' : L ' . L
(iii) morning peak periogd WOrk_trips to. the university
. / B

Y

area

-

’

(iv) ‘mode split to the above-mentioned destination

areas. .

Transportation system information is limited in this

study to:

(i) a measure of transit availability,'namely,,thé
number of transit stops per zone,

(ii) scheduled transit travel time.
Geographical infpfhation inclades zonal areas from

‘p'which density étatistigs cén_be determined. Thé& souxce of

this information will: be discussed in detail in Section 4.

O



"detaiL.J LT ..

Ve

A"4}1}Civic Census\Records:

" through three sources: Co to

-~ .7 ,4.0 INFORMATION BASE A .

fThe.statistiCS'used for this‘analysis'weré_availaole

(1) C1v1c census .records

N . ,

(11) Federal Census records R

~ . B
N "

(111) C1ty of Edmonton Transportatlon Departments.

w
- -
. '

,‘:Thls sectlon will descrlbe each one of the data sources in

.. - . . . B .
. . B N - . N A ’ -

N -

In Sectlon 2.0~ 1t‘was mentloned that in Edmonton, a

' . -
, -~ - ) - L

-civie. census 1s performed ‘Once_ a year and thet, at flve—year

‘

Al
t

1ntervals, orlgrh\destlnatlon 1nformat10n 1s collected The

N
\ .

orlgln—destlnatlon‘su:vey “forms the prime data source for
transportatlon related research _— Lo

;
~ ~

.f"f‘Thls study has used demographlc and orlgln destlnatlon

e -

1nf0rmatlon from 1971 1976, and 1981 civic census'records.
The 1981 census questlonnalre re’tesents the most 1n depth

summary of transportatlon—related 1nformatlon ever asembled

; s . -

'Aln Edmonton. The questlons pertaln to the status of the

7

. -, . N
dwellingf occupants and the work travel hablts of the

~occupants.’ Specifically, the IolloWing’infqrmationhis

available: 7 ' o S

- -

- household addressf

- ownership status

- vacancy status .

<n,



) '
- dwelling type BN -
- number of cars in thé\h6u$ehold\",ﬁ'J"_li\ K ’

~ - - number of ‘persons in the household
For each occupant, the.foliowihg]statistics~aré )

29

available: _ I _lf“ S S ?
) - year of birth’ ‘ <.7"‘ ‘ T S l

’ - schoél tax supéort \

' - marit;l_status'v o ' : .

) —ﬁgccupaﬁionhéﬁatgs. S A :

R lehéﬁﬁ of fesidénce o - — . .
L "4;§o£k’§§stination aadregs _
J'-,' j:’mdde of'tr;yél;  : . N - ‘
e Qork'étgrtzgimé | '
-7 ~':— Qérk énd time i ‘

‘The §e5c§dihg proceésfhas_beén_pgrformed on tﬁe 19Bi
census éata’so ﬁhaﬁ ﬁodseﬁbld éddresse$;are‘feferenced'5y .'ﬁﬁ
traffic zobe number, traffic district'?umber ande.E:T;é.
zbne number. An XéYfCO-Q;dinate\for egch ﬁopseholdiis also
availéble}‘  - |

The i98; Qccupaﬁiqn'status is deed fdr eléven- . |
categoties: ‘ - :, . | . ; IR :;

O‘£~pnefschooler - | ) —
1l = kindergarten‘fo grade 6

5 ; gfade\7 to 9 (Junior‘High)‘ ) {

3 = grade 10 to 12~(Senior'High)

4 = pést seqéndary_ | '

‘5 = homemaker

’



-6 = employed full-time ) .

7 =‘employéd part-time )
'é =ihnemployéd} | | o '
k‘9'= retired : !
<10 = ogher - e

The mode of travel section of the 1981 origin-

destination survey ‘included seven coded responses:

-,

i

car driver )

t

-1

-~

2 = car passenger

TN . \ : )
'3 = transit and/or light rail transit

*4 = park and ride

5 =.walk % . ‘ ' : -
’6 = other ’ B

. e v
7 = invalid code or blank.,

_ . o ,
Pre-198l1 census questionnaires categorized occupation

status as either employed, housewife, student, retired or

dnemployed. Mode choipes‘were restricted to auto-driver,
transit, walk and other modes. The advent

5

'auto—passenger,
of light rail tranéit-in 1978 ﬁrompted the'inclusion.bf'the'
"traésityénd/or light rail transit" category in’1981. :in
.Qfder ténacéuraﬁeli aséess trenas in,transit travel

characﬁeristics,,it is impenative that there be uniformity

A

in CenSUS'questionnaires'over the chosen time segmeﬁl,-flh
1981, trénsit and light rail transit have been brought

together into one category as code 3. From a management

il

perspective, this enables one to separate the total transit

.component from the ‘other available modes. .This-is also .

30
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conSistent Wlth the 1ntegrated operational aspects of the
bus feeder system which is applied in Edmonton.' To fully
understand the choices available to the public transit user, -y

it 1s felt that other categories are requ1red : The-possible

ch01ces_cou1dibe: Coe T ' L .

0 ;‘invaliducode or blank -
\ .1 = auto-driver
2 ;Jauto—passenger ‘

3= bus“transit
‘4 =-light rail transit (walk on)
5f=~bus tran51t plus light rail tran31t

6 =<park_and ride.busgtransit”

»

7 = parkfand ride light rail transit

8 = auto-passenger plus bus. transit

9 = auto passenger plus light rail transit
10 = walk
11 = other (bicycle, motorcycle, etc.y

This choice pattern requires a two byte field but it allows

7

a more detailed analy51s of mode chOice. A comparison w1th

1981 data could be made by simply aggregating responses.

Itfhas been suggested that 1976 census‘information

« L P

“contaihs some omissions and coding errors, Problems
~ s X N

occurred duringqthe transfer of questionnaire information to
magnetic tape,'resulting in a loss of information. Exact
documentation -0f the extent of the problem is not available,

however, 1t 1s known that there were approx1mately 6200

undeCipherable addresses assoc1ated w1th the 1976 origin—o'



.
4

.destination suyrveyw ¢
P . . . . [ ,.

o o . ’
’ . . Le .- ‘ r ¢ . . )
- . . . . . . Mo

Q.ZQFederal Census.Recofdsh S

t

' -

sample of 1nformatlon concernlng age, sex, marltal status,

- N -
v

mother tongue, number of occupants per dwelllng and type of‘

dwelllng In the 1981 Census of Canada a 20% sample of the

e populatlon was asked for more detalled 1nformatlon

¢
» -

economlc characterlstlcs ..

’

Of partlcular 1mportance to thls study was the averge

.annual household 1ncome of study area re51dents. Thls

statlstlc would act as a- soc1o economlc %hdlcator ~and \

§

prov1de a ba51s for comparlson between trafflc zones.

Average annual private household income. for 1980 _based‘on a

20% sample for census,tracts,,was extracted from Statlstlcs

~

Canada s report 95 949, ‘volume:3 profile series~"B"

selected social and economlc characterlstlcs for Edmonton.
X o ) .
-

4.3 Information Provided by theVCity-of Edmonton

: B I 3
4.3.1 Origin-Destination Data

=

Work trip informationrcoliected in the origin-

. destination portion of the 1971, 1976 and 1981 civictcensusb

- T

quest}onnaires has'been processed and converted into “trip,'

tables ‘ TheSe data flles are organlzed by time and mode

and represent the 1nternal movement . of Edmonton residents.

- \/ .
. \ 4
|

‘- once every ten years Statistics Canada co%}ects a 100% .

concernlng rellglon, educatlon, 1ncome and other soc1al and~-

32



4.3.2‘Bus,5top Locations - o o

~Edmontbn Transit keeps on file ayrecord of bus stop
'locatlons w1th1n ‘their jurlsdlctlon. -As an indicator-of
tran51t-ava11ab111ty, ‘it was dec1ded to determlne the bus

stop den51ty w1th1n trafflc zone' areas.» The 1983 bus- stop

1ndex locatlons were - plottea on a large scale c1ty map &and-

P ’

trafflc zoné’ boundarles were superlmpbsea yleldlng the

4 I

requ1red den51ty statistic. - S - N

r

413.3;Scﬁeduled Transith;avelffime

‘ In:Qrder'to facilitate ehe'analysis of t;anSit travel
charactefieties,-zonai tranelt_travel times based en 1976
ahdal9Bi:Edmonpbn Transit scﬁedulee were added to the
informatien pasef' Diffefent reute‘aiternatives'were
examined.aﬁd totalet;avelotime'on ﬁransi£ inciﬁdiag
Itfanefers.waS'recorded..;Walk and'waig timeefwere-not
ineiudedfin this statistig. l9éi idfdrmatian sourees
1ncluded ‘an Edmonton Tran51t route- gulde for winter - 1980 and
a set of route sEﬁédules for” fall, 1979. Thls‘lnformatlon
is intended to reflect conditions:existing durihg'the 1981 -
census- taklng perlod

11976 information .sources 1ncluded a 1977 Edmonton
Tran51§ route guide and~route schedules for April 1976,

-September 1976 and Apri1-1977}4-Light,fail transit was not

\

OperatiOnal at this point -in time.

'Saﬁple points used in the extraction process consisted

33

Ny



\
of major intersections and»t;anSfer,pints. Rout;s used ﬁnA,
the determination of travel times wé;e,“dn thé opinioﬁ of

‘., the author, alternatives which would.appeélwto a majority of

transit patrons., Factors considered. in selecting route

included number of transfers and directness of

r A
S

altérﬁatives
path.. Travel times afé bésed on A.M.fpeak ﬁeriod trips
thch utjlize difebtlexp}ess routéé whehever possible.l When
,a considerable waiking distance,sﬁqﬁ as 500 meters or
ér¢ater'se§§rated the patron f;om a direct expréss route,‘it
‘was assumeatthat "front déorf collector servicefwould be
uséd. Travel time contours were then sketched using tﬂe
,e%trapted va}ues as a base,fo; direct interpolation
ﬁethods. A traffic zone system base map.was then.

. ’ ’ : - i
‘sﬁpériﬁposed to‘depermine the approximate scheauled transit

travel time for traffic zZone centroids.. Appendix A contains’

reprdductiOns of the tra?el time contour sketches.

4.3.4 Zonal Areas

Thé gedcoding process ﬁentionédvearlier aggregates
statigtics into a framerrk of aréal units. The aggregation
level chosen for this study is based on‘&he traffic zone
system as de;cribed by a pélygon file of X—Y-co—oréinates;
Zonal areas were computed from this file and included in the
information base'so that density statistics could be

determined.



5.0 DATA MANAGEMENT )

o

»

The daﬁa'and information contained iﬁ the preceding
chaptef~had to be'assembied in a managéable form for
analysis. Tabular information had to‘be coded and
extraction software‘w&s wriﬁten to transfer census.
.information into condensed data files. The University of
Albefta computing facilitieg were used for data ménagement
fgnctiéns. For each of the three census years under. )
investigation, demographic and trip ‘information was
collectedtqu stored on file. Parameters such as’
‘popuiation,vhouseholds and empioyées per trafficvzone’were
either coded from pfinted summariesAbr extragted from larger

data sets. An index of files and documentation of

extraction programs is. included in Appehdix B.

< P

5.1 1971 Reference Parameters

1971 reference'paraheters;yere oﬁféined from the
previoﬁsly—mentioned épmmary entitled "Th; 1971 Origin-
Destination Study” wﬁich was produced b; ThelCit§ of
Edmonton Transportation"PlanninghBrénéh in Julyh 1974;(4)
PopuIatiéh, household and emplpyee statistics were coded for
traffic“zones within the three éiudy éfeas. ~The 1971 census

X -
information represents a survey sample of clbse to 1oq

percent and formed*ﬁye data base for T. Clements' research

in 1976.

35



5.2 1976 Census Record Extraction

Computer programs were developed to extractidemographic
.information from 1976 census records. The 1976 data file
CEN.76. CONV MZ.02 (which is a concatenation for 1976 census
information geocoded for M.E.T.S. zones, version two) was
supplied on magnetic tape and is flled at the University of

S

Alberta magnetic tape llbrary as volume L128L0O, rack number
i
007407, The data file consisted of 166 620 records, each
repreeentlng a civic household and coded into the following
zonal systems:'
(i) census tract number.
(ii) enumeration area
(iii) traffic zone origin
(iv) M.E.T.S. zone origin
(v) M.E.T.S. district origin
(vi) destination traffic zone
(vii) destination M.E.T.S.'zonew
(viii) destination M.E.T.S. district:
The fecord layout of file CEN.76.CONV.MZ.O2 is contained ln
Working Paper No. 2 in the_Transportation Engineering
Library, Department oijivil Engineering, University of
Alberta. |
A Fortran program called "EXTRACT" was developed to
extract population, household and employee statistics and
ClaSSlfy each record 1nto one of three output files

correspondlng to the three study areas. EaCh output file

then contained a reduced data set contalning selected

]
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parameters for study arquhouseholds" d was then sorted on
the basis éf.ascending traffic zone ﬁumber. The pubiic
utility_program *SORT,QQS used for this purpose.

Another fortranlprogram called "ACCUM" was developed to

aggregaté traffic zone statistics. Occupation codes ‘1

(employed) and 3 (student) were used to accumulate empioyee

statistics under the assumption that the 1976 "student"

‘classification includes post-secondary students. Post-—

spgondary students have been included in past wdrk;trip,
analyses as employees.  Output from program “"ACCUM" was

printed and stored on magnetic tape for. subsequent use. '’

5.3 1981 Census Record Extraction

In July 1983 the data file cgNsus.sl.CONv.Vz (which ii>
a concatenation for 1931 cén#us infofmationAgeocbded, |
version 2) was supplied on a maéhetip tapé'filed at the
University of Alberta magnetid'tape library as §Qlume
L129L0, rack number 007432. This data file consisted of
213,665 récords and was coded acéording to census tracts,
sub-census tracfs, enumeration areés and traffic zdnes.

. . ,

The recofd layout of file CENSUS.81.CONV.V2 is
contained in Working Paper No. 3 in the T#anspbrtation
Engiﬁeeriﬁg Library. This dataifile differs from the 1976
datg'file in many ways. 'The,data typés_include'characte:
information as well as half and full—word_binéry. Each
}écord in the 1981 filevéées not necessarily codstitutg
information for oné household. A "cdhtinuation flag"‘

]

,
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identifies whether or not one record per household.ie
used.' The recerd structure for the 1981 fiie is .
significantly different from the record structure uéed in
the 1976 file. The file CEN.76.CONV.MZ.02 used a fixed HU\\A
length blocked structure wherebyﬁeacu record was.of;a fixed
length and short records were padded ‘with zZeros. The 1981
f11e utlllzes a.varlable length blocked record structure
which is prefaced by a 4-byte descriptor whlch‘descrlbes the
Leugth of eech record. Variable-length records usually
require more processing time since aescriptors must be ‘ K;; :
uncoded for each record read. ' / \_~ /

"The 1976 version of program EXTRACT was modified ts .
_ eccept the. 1981 datafile. Pertinent statistics were - ~
extracted and householde were classified into outpuﬁ files
”represenciug each of the three study areas. Each,of the.
three files were serted_and aggregated into,trafficfzones
using a‘modified versien of program "ACCUM"; -Occupetron
codes used for the 19é}bcensus aggregation incluQedxcode 4
(post seccndary),'code 6 (employed full-time) and‘code.7.
(employed parc—time). | |

5.4 1971 Trlp Tables _

- ! A

A review of the information contalned on Clty of . }

Edmonton Transportatlon Mangagement Department Eegnetlc
tapes uncovered a serles of trlp tables from the census year -

1971. These\tables are based on the traffic zone 1evel,of

aggregation and correspond to a zonal system which is



consistent with the afore- mentloned "1971 Orlgln;Destlnatlon T
Study" (4) : | -
The tables are stored at the Unlver51ty of Alberta
magnetlc tape llbrary on rack 002832 volume GT2832.~ This"
tape contalns twenty—four trip tables clasSified by mode and_

.time'period, The last 51x data sets class1fy work trlps
aocording to captlve - or cho;ce alternatlves..“The trrp'
information used in,thls‘study,consisted‘of the beak period{
data sets: ' | | V
(i) PEAK.AUTO:NUMBERS
(ii) PEAK.PASS;NUMBERS
(iii) pEAK.Bus,NUMBERS
(iv) PEAK .WALK . NUMBERS
'éﬂ A detalled analys1s of the record structure revealed
that the trlp tables are in the form d&f a'3l3 r 320 array:
Tij where i = destihatioh;éone>u. |
| 'ahdej = origin zone. .

The array is stored as 16 records each oohtaining 6260d
integer halfewords. Thé;data strﬁctbrelof this tape is
consistent with the mannervinwwhioh.higher—dimehslodal
arrays'are'stored in memorygi.

."Storaée is arranged'as if'the-firSt'subsoript‘were

varied most rapldly and the last subscript varied least

rapldly "(9) .

The record structure of the-l§7litrib tableszwas: SR

_ : R . o S R
verified by examining the input requlrements‘for anuold : i f%j‘

o
e

computer ‘program called "TABEXTAGG" which was filed ohﬁtape



\

library rack- 001881, volu@e GTlSBllL Thié”extraction‘program
was designed to read fhé‘above—mentiongg trip tables .and led
to the discbvery of a zone vector file on the same tape.

Extraction program "TT71TRAF" was developed tc read, the
trip table, select-study'éreaftraffic zone origins and

’.

aggregate arfiva&s”into the following destination' zones:

(i) Zonesbwithiﬁ the centrai‘area (0011—0032);:bgth

"

. as a group and on' an individual basis

"(it) Zones désignated as the central business’

““gistrict (0012 and 0014) ‘

- \

-

N (iii)-University zones 603 and 604, both as a group

.,

‘and on an individual basis. o
. r

The*printed tables contained in Working Paper No. 6 on

v \

file in the Transportation Engineering Library, Department

of Civil,%hgiheerigg:’Univeréity*of Alberta, summarize’

o

"information exﬁractég from the 1971 trip tables.’iTabular
values correspbhd'po,trips'madevfromwselected’ofigins to

- selected destination zones and are ordered as follows for

each of the three study areas: \

(i) auto-drivér trips
';‘{ ‘ (i) auto-passenger trips o a

i1i) trar- - frips.'

gt . ~

(iv) ot™ = = wm»s.
(v) % au irivers - - : )
auto-passengers -
o ' .

transit. ..

others




~, . .
Y -
J

5.5 1976 Trip Tables"” N | S ' T

1976 trip tables were supplied by the Transportation

. D Al . K .o [} -
Management'Department of the City of Edmonton.. .The zonal.
. . N / . - .

sysrem used to describe this origin-destinatich information

Y

fis-consisgepﬁ with the 1979 Traffic Zone Plan.,
_ The,tables'are,eomprieed“of four distinct peak period

data sets, listed as follows: . ',;

‘

(i) AUTODR.76.Z0
(ii) AUTOPA.76.20 .
(iii) TRANPA.76.20 EESR : ,

(iv) OTHERS.76.20 <.

Each trip table 'is {dn the form of a 372x371 matrix.

¢

The first record of each file contains a full-wo¥d zone
- vector wbich lists contributihg zones. Each subsequent‘

record consists of 371 full-word 1ntegers which. represent

/
/

arrlvals at each 'of the 371 destlnatlon zones from a’ . .
| ' N e Y
spec1f1c orlgln zone. ' o :

o

- As er the 197; data, an extractién prograﬁ wgg

:developeduro select stgdy.erea Freffic zoéé origins, : )
_aggregate arrivals to majorrdestination ereas ahd compute ...,
modal percentages. Printed sﬁmmary tables are .contained in : .
Working Paper No: 5 on file in the Trapsportation

"Engineering Library, Debertment of Civji Engineering;

g

‘University of Alberta.

"

5.6.1981 Trip Tables

[y

‘.
&)

Gho L

In January 1984 the Transportation Management

Yo L



Department of the Clty of Edmonton supplled a condensed.

version of the 1981 orlgln destlnatlon trip matrlx. Thls

matrix was-~originally extracted by‘using thenU.T.P.S. (Urban

‘'

Iransportation Planning System) software package.'.The.
condensed’file‘contained,A.M; peak period work trips from

selected study area orlglns to downtown and unlver51ty

,destlnatlons and was supplled in auto drlver,'auto—passenger

v

and tran31t mode categorles. The ' .walk" and "other" modes,

‘'were not available in this table. " The data was transformed

N . -~

into a format which was compatible with 1971 and 1976 data

N

and modal percentages were,computed.' Printed summary tables

" are oontained‘in Working PRaper No. 8 on flle in the

' : -~
. . f

mransportation Engineering Library, Department of Civil
Engineering, University of Alberta. ' ' .

4

$.7 Merging Statistics . . .
: : - - ()

Two " condensed data files existed.for each census .year, -

T

one with demographic infarmation and:one wi:h trip-related

information. Trip information was further sep~r-._ed into

D
' L

two files, one with trip numbers and one with modal

‘percentages. The common link between files was the traffic
- zone number and it was 'a simple matter to merge zonal

statistics into a common. file. The three files'were‘thegf -

read sequentiall§.and a single output file was generated.

Thls 51ngle output flle became the ba51s for. the analy51s of

'census year stat;st;cs.’ Zonal areas were coded dlrectly

into eachwyearly»ontput f11e._ A simple Fortranhprogram then

42



computed‘pbpulatioh and 'employee density stetistics as Well“

as transit trips per‘huﬁdred househOlds.‘ K summary of all
) Y

~

of the statistics was then output in a free format file.

To each yearly summary fiie,,otherfzdnal pafameters’

were appended. These’parameters‘included:
- (i) scheduled transit travel times to the C.B.D. and.
) ' o : o

university‘
(idi) everage hodsehold’ih@ome,21?80-(added to 1981

file only)

\

(iii) bus stop densiti'(l981)
' The yearly summarY“files thus® formed the basis for

subsequent- analysis. Analysis software can require varied

“

forms of input'format. The free-format summary files are

easily reéd and transformed to meet these‘requiremenﬁs.

C
Co

5.8 Estimation of Modal'Percentages

"

Modal percentages are computed from trip tables

according to the ratio::

total MODAL trips to a particular destination zone ,
total number of trips by all modes to the same destination zone.

Y

“In this analysis, mode split is an estimate of the
prdportion'of transit work trips travelling to a specific'
‘destination»in A.M. peak perlods. ‘As such it is the

proportlon of occurances among a sequence of “n" trials.

.
N v

i The, variance assoc1ated with such a proportlon

\

decreases w1th hlgher sample sizes and’ may be approx1mated'

2

won
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by the'folLowing~rglatiénship(}o)§ o L oL
.- var (p) = p-pl (5.1) -

n

A

where p = modal percentage

‘n »totél trips by all modes

The traffic zone level of aggregatioh reé:esents_é

.system of small ‘neighborhood zones which ébver'a large range"

-

of genérated trips. AAmodé split estimate for a zone with

low trip p;oduétidn is less significaﬁt than:a %Qde split c,
eStiméte[fof’é zone'wiﬁh high trip_broduétién; In thié
;nalysis,-the total number of t;ips is{redﬁcgd to'ghe.get of

work tripé that are attracted to selected deétination zone

groups .of .the central business district, central area‘and-

uﬁivérsi;& area. -Genérally spgékiﬁg, fewefitfips are ﬁéde
to‘the{C.B.D. and university destinationé than to the
céntral %réa. o - N ‘ ’
,Thg.variance ;ssociated with mode éplit fdrfC.B«ngand ‘
universi;y»desﬁination§;is therefore typically higher than |
for central-destined frips..'Thé standard deviation of the.
prOportibhaI mode split is typically around 5—7§."To avoid
placingﬁemphasis on mode split sﬁatisiics thch'display,a
high variénce, a £Qlerance-Qf +15% was imposed on'the
standa}d deviation of mode split stafispics. All mode split
spéﬁistics?which, due tb'smallwsample size, display a-
staﬁdard-deviéﬁion-of +15% or greéterihave been rejec£ed ' :
from the sample. | ’ r

-



6.0 DATA ANALYSIS N

The avallablllty of a complete and manageable
v

1nformat10n base allowed ‘for the 1n1t1atlon of the analy51s
phase of this research. The<research objective restated
was: | |

.“eo studyftrends in‘transit'trevel‘charactefisties and,

ih‘pafticular, aseess_the impact  of ﬁhe implementation

of liéht rail trahsip_ln Edmonton". |

Thfee'analysis techhiqdes were uSed,to.satisfy this
objective. ' They were:

. (i) Regression analysis.

(ii) Graphical analysis

(iii) Control area comparisons

ru

"6.1 Regression Analysis - v , )
Regre551on analy51s was utilized to 1dent1fy p0551b1e
relatlonshlps between transit usage and the following :

‘1ndependent varlables. - ‘

population density -

1

- - employee density

average scheduled transit travel time

average household income ) :

o - - A ‘
bus stop density<« =~ _ . L ‘ .

The dependent variables used to represent transit usage’

A}

were
Q

(i) mode 'split to the central area

A



. (11) mode spl;t to. the central bus1ness district
(111) mode Spllt to the unlver51ty area.
The theory of regre551on analy51s 1s well explalned in a,

varlety of statlstlcal textbooks. The method employed. in -

thlS analys1s 1s to assume a llnear relatlonshlp of the form

’

X Yo = a '+ bx///
where Ye_=;an estlmate of ‘the dependent varlable

YX = the magnltude of the 1ndependent varlable

a" and "b" are the y-intercept and regression line

and
slope, respectively.

. The procedure used in this analySis.mas'to fit a
regression‘line to the observed values and determiue.the_
validity of the regression line“by‘ekamiuing the followihg
measures;. | r | |

ii) r2, the coefficient of determination
(ii4) mean squared error |
(iii) r. the correlation coefficient.

Software was available to qu1ckly and eff1c1ently
perform the regre551on, compute the- statlstrcal measures and
display the regression plot. The particular package used
was the Interactlve Statlstlcal -Graphics: Package (ST
Package) offered by Computlng Services -at the Unlver51t§ of
Alberta, and originally written by Jane F. Gentleman'and'

R.M. bunn of the Department of Statlstlcs at the Unlver31ty'

,of Waterloo, Ontarlo.

.46
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. _ . - 5
Regression plots were produced for each mode split-

destination area, year and study;area,‘where applicable.
Copies of the régression plotS:Can'be"found-in Appendiiq"B"
. ) - \
.of WO:kinngéper No. 10 on filé.in the Trahsportation
ﬁngineefiﬂg Libfary, Department.of,civil Engineering at the
Universitf of_Alberta.“ | |
No éingle independent variable was found to héve a

profound relationship with mode split. Of the independent
vgriablés tested, aVeraéé household inéome and scheduled
transit travel ti@e'tb the central area shoWed the strongest
interrelationshipf-A

A negatiVe;Cerelation exigts between‘mode'split and
average household in¢ome as shown in Figure 6.1 which shows
the félationsﬁip'fo; céhtral—déstinéd trips.’ A summafyvof’ .
mean squéred errors,ﬂcorrelaﬁibh cbefficienés and r-squared
- Values‘fquOWS: | | )

' o TAB%;}G.lo

Mode Split Vs. Average Household Income, 1980

TO /FROM MSE ~  CORR. . R-SQUARED

CBD/N.E. . 301 ~0.36 /~ . 0.127
CBD/WEST . 317 -0.49 - 0.245
CBD/S.W. © 324 -0.52 ' 0.272
CENTRAL/N.E. 61 ~-0.59 0.353
CENTRAL/WEST - . 188 -0.63 0.398
CENTRAL/S.W. 134 -0.72 .0.524

U .UNIV./N.E. T o158 -0.31 0.096
7 .UNIV./WEST - 331 . -0.20 - 0.039
_UNIV./S.W.: 252  -0.17 0.028

A heéative correlation élsQ exists between mode split
and scheduled transit -travel time. Figure 6.2 illustrates

\
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100- —— ' =

75~ . ) . : , :'fv.,:_‘;.

F(1,33) =
-~ 3§.295"°
| P= .20862E-5S
50— i )
MSE= 133,97
CORR (X, Y) =
-.72373

CONF. BAND
FOR E (Y)

25— FWIDTH= .85

a — T l
0 \ 18750 37500 56250 75000
' . PREDICTED Y = 85.16 -.0011956 X '
R-SQUARE= 0.52378

AVERAGE HOUSEHOLD INCOME, 1980 (dollars)

Figure 6.1 Regression Plot of Mode Split Vs. Average
Household Income, Southwest Zones, 1980
Source: 1981 Census of Canada, Catalogue 95-949, Vol. 3, Series B
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PERCENT BY TRANSIT

100 . .
75" i
F1,37)= )
.35.317
e P= .14901E-5
50 L, .
MSE= 78.507
coantx Y) =
.-.69883
CONF. BAND
, FOR E(Y)
25— FWIDTH= .95
0 I I T
0o . . 15 - 30 45 60

s ~ PREDICTED Y = 71.55.-1.0211 X' _
S R-SQUARE= 0.48836

4

SCHEDULED TRANSIT TRAVEL TIME (min.)

Figure 6.2 Regression Plot of Mode Split Vs. Scheduled
' Transit Travel Tlme to the Central Area, from
Northeast Zone§J§1981 :

- .



. | | . |
. this relationship for the N.E. study area in 1981. The

following summary shows that the linear 1nterrelat10nsh1p is
‘weak in the west study area
TABLE 6.2

ModeeSplit Vs. Scheduled Tran31t Travel Time

to the Central Area

it

_ ‘ @

FROM/YEAR - . MSE . - CORR. R-SQUARED
./1981 60 -0.61 - 0.371
N:E./1976 - 80 -0.70 0.488
WEST/1981 245 . -0.48 0.230
WEST/1976 184 -0.42 0.174
S.W./1981 242 ' - -0.67 ' 0.445
S.W./1976 239 - -0.47 0.221

';The}degree of linear interrelatiohship between mode
split ahd‘the selected independent variables is small at
this,aggregation level and no caq;al effects are impliea;
Ratherithan.look.forjdistinct reiationshipsfin a behavioral

‘environmeat,’it was felt that'a'general analysis of |

. regression envelopes should- be undertaken.

6.2 Tﬁe Analysis of Regression "Envelepes"

For each of the regreeeion plote éreviouslyimentioned,
an envelope was traced and envelopes ‘from otherfstudy areas’
and/or census years QereJSUperimposed to facilitate
'comparisops.q Statistics are preseated for C{B.ﬁ:, central
and university-deetiaatidna.. The central area includes the
Government Centre which enjoys sub51dlzed parklng,_whereas
the C.B.D. area (zones 12, aéé 14) typically does not . .The

rféults of the envelope superpQ51t;on ‘are displayed in



Appendix C of Working Paper No. 10 on filé in the- s
Transportation Engineering Library, Department of Civil
~ Engineering, University of Alberta. A representative
example is shown in Figﬁre 6.3.

The scattergram ehvelopesvgive.a graphical
interpretation of the range of data points and give ihéiéht
into the changes thatAﬁave occurred over the study period.
vuchic(11) usead gnvéiopes ﬁo illustrate ;ﬂe domain of
transit mode classes on capacity-frequency, cépacity—speed
andgcosF—capaciﬁy diagrams. In this‘study, £he'envelope
;epreSents a generaligatiOh of a aata set. Thropgh
superposition, a éomparison can Be madé_baged'on the
perceived éharacteristics'of the samples%  Th¢ analysis in
‘the preéediné section revealed that félétionshipsfbetween
selected‘variables“are“weak in nature. The scatter
laésoéiated wfth}the‘investigated relationships is
predic£able, sinééwthis study ‘is dealing witﬂ’behavioral
.SiaQel‘chéracteristics. This makes it diffic&lt to identify
trends by'éomparihg regression lines or by evaluating >
statistical indicétors.  Envelope anaiisis is.a simplisﬁic:
alﬁérnative which gives the reader-an inStahtaneQus~visual
iméreééibn of similarities or'differencesvbetweeh data sets.

The major,trenq§Muncoveredvby the analysis of the data

envelopes are:

R

-

(i) An increase in mode split for central destined

~trips from the northeast study area.between 1976

Yo

and 1981.

51



Northeast Study Area.
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* (ii) An increase in“ﬁ%de:split for-centrai)and"
. .

unlver51ty destllned trips from ‘the west study'

'

o R area between 1971 and 1976 w1th no 51gn1flcant'
‘i‘{'

change in 1981w%« ‘v! ._3 _ '@ -
. . . . ) R N

(iif) A decrease in tran51t travel tlme to the
downtoﬂh and to the unlver51ty ﬁ;om the
'vnortheast study area between 1976 and 1981.
,(iv)-A'decrease inftransit travel time to the .

s

Ce L -unlver51ty area from south"est origins between =

1976 and 1981. ' T S
Lo ~~ (v) An increase in mode split for unlver51ty—‘
N oo o destined'trips from the southwest studyx;rea

1 ‘-
between 1976 and 1981

From thlS simple 1nvestlgatlon of scattergram
envelopesr general tmends can be 1dent1f1ed Armed w1th a

N 4(4 . ¥

< preparatory understandlng of the database, this research now

N

I
. »

examlnes the use of graphlcal and geographlcal analys1s~l{,'w -

technlquesdj ‘ : . , e ' T

l‘{
. - . ) - . n(f{

2

: An assembled database does not, byfltself enlighteny

f’-,

e vanyone. In order to discover 1ntr1ns1c relatlonshlps ‘within
) } L

the database, a’ researcher must process the raw data and

2

~< . N

ppesent 1nformatlon 1n a fonm ‘which allows for 1nterpreta, R

S
> PN . »”

5 .
tlon. A carefully prepared summary table is useful for: the , »

conveyance ‘of . 1nformatlon, but relatlonshlps between S , A

’ : . ® kS
. _"‘..\‘, 67‘ ) . ) i

.o

aﬁ o e T L _ R o e e

G
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,// perceptlon of . real world data whlle at the sameé time

6.3, l Mapplng Altetnatlves

parameters are difficult to decode.

A carefully—prepared'graphic can allow‘for t. » visual

LA

!

'm1n1m1z1ng ‘the dlstort;on 1nherent in the decodlng

SR B ) ('ﬁ& :

process. uonal st&tmstlcs take onh meanlﬁg when they are

sl B
\presented_on#@vgeograpwipal base. L;terature states that

imore of three purposes (8) They are:
' Bl

« %(i) overrlew - 1dent1f1cat10n of general trends | \
(ii) tabular - a.souroeuof information |
(iii)bboundary - the comparison‘of shadingvpatternsibw
| w1th those of other maps . |

In_this research, transportation- related statlstlcs

have”ﬁeen“aSSemblediat tne‘traffgc zone level of aggregation
for the years 1971 1976.and 1981. ' The presentation of .

these areal statlstlcs on a. geographlc base allows for

4

v1sual analy51s of spatlal varlagagn and treﬁds.
g PR .

A

‘Q‘-

0

A varlety of computer mapplng packages%are available at

: w
" the University of Alberta and an'lnyestlgatlon was performed

to determine their applicabilityvto'this research. The
mapplng alternatlvés were: o

;F% ‘» (19 Computér-alded des1gn (CADDS * 4 by
v Computerv131on) ‘

N

(ii) SYMAP

.
v .
9‘ . . v'fil
: . PR - 9
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(111) SURFACE II

(1v) GIMMS

6.3.2 Computer—Aided Design

In 1983 the Unlverslty of Alberta acqu1red a computer—

alded de51gn (cAD) system.} Thls system, managed by the CAD-
Group, Department ‘of Electrlcal Englneerlng, Unnver51ty of

Alberta, was acce551ble to all reglstered englneerlng

students who had taken an 1ntroductory semlnar on - 1ts use.

. The system was manufactured by Computerv151on Canada™: /
T o
Inc. and the software used at the time was the CADDS .4 iy 'P\

. : - re.-
version.- The author became interested in this'alternative’
-wWwhen 1t was dlscovered that the system had mapp1ng
capabllltres The mapping software performed polygon

mar. . jement and attrlbute management fgnctlons After
" : \

c0mplet1ng ‘the 1ntroductory course, the author begap to

experlment with the CADDS 4 mapping softwﬁge.j,

>

The flrst task 1nvolved in produc1ng a thematic map was

the constructlon of a polygon network ~This: was achleved by

4

d1g1t1z1ng polygon vertices as shown on a l: 40000 base map -

"and connectlng these vertices w1th a sequence of nodal : -

N e

lines. When a nodal line network was completed, a command.

.was issued to create}polygons within the database.
Propertiestsuch”as area, perimeter and a polygon reference

number were automatlcally attached to each polygon : Ce

K3

generated ' It was then p0551ble to attach propertles and
o

property values to each polygon For exampl



<3

requlred tO'develop a database for three census years would

" - 56

possible to define a property called "modesplit” and assign
.a_value to‘it. A process called conditional marking could

be used to highlight polygons which satisfy Imgical : -,

condltlons 1mposed by the user.

Experlmentatlon with the computgr ~aided de51gn system

was dlscontlnued when it became apparent that the tlme Lo e

<

l

exceed the time allotted for this analys1s phase. Factors 5;,

4
whlch affected productlon included: ) q *1

(i) familiarization with an operating ;system 3pd

i

‘syntax

(ii) lack of trained consultants familiar.with the '
mapping software . i%f
(iii) system malfunctions and delays cauSﬁ@%by system

v

upgrading -
(iv) time consuming, hand-enter style of input
. -

procedures.
. [

An efficient means 0£%transferring data from the '
unlver51ty mainframe directly into the CADEmapplng system
would make this alternative v1able for one- man research. At
the time of 1nvestlgat10n, this option was ‘not readlly

available. This fac111ty has con51gerabie potential asla

research and information management tool since it_has the
D }
)\' N *
capacity to store transportatlon -related statistics" w1th1n a ' T

b

common geographrcally—related database. Thls would enable a

- - ‘

user to access, update and maintain an 1nventory of

transportahion -related information whlch could a551st
-

et - S .
" .% - . . & :
RS \’7”:3"} " ' K . ¢ . ‘_ ] At
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~-information was
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e

) -
)
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transportation pianhers in the future. .
. { ‘4

J

"6.3.3 SYMAP - " o L

The Harvard University's Laboratory fot Computer

1

Graphics and Spatial Ahalysis‘has developed a cdmputer

Ad*%he program versidn 5.20 is

mapping pregram called SYMA?_
‘available fof use‘thrOugh'Computing'ServiCes aﬁ_the

University of Alberta. 'SYMAP 'is an acronym for Synographic
. - »
Mapping System and was developed by Howard T. Fisher in

f}963. The'purposé of the séftwére-is t8 graphiqally display
areal data oa a line printer as either a cdqtéur, cénfb;man£
‘or proximal map. As such,‘it.Seeﬁed‘suitable for the .
presentagion. of the transportation-related statisticé used

for this research. , .

. : ..

Inveétigation into the use of program SYMAP revealed

that’geographié*co—ofdinate strings defining traffic zones

were to be used as an imput value. 'This data was available

iﬁ.thleorm(gfvpolygon files originally used for the
-géoéOding process. The SYMAP convention is to place the ;3
U o o ' i

_.Qrigiht&n*the upper left-hand corner of a map sheet and
- N ( . . . ‘ 7 B - . 3 . B

i

posi¢§Ve‘rncrg?gggs-qccur to the south and east. A simple

giéééiieq tvahe UpjvefsalvTraqsverse

é;fgéﬁor!cd—ordinati;3i§3;?$;ﬁalygbn'filesto'make'them‘

coﬁéistgnt with,fbéAgxm&?;éﬁnvenfiqn‘/,Non~gquraphiC» -

o 7iﬁput in“fréé—format qu’several test maps
v ) R

were produced. The use of. SYMAP was discontinued after

) . - “: :
: Pl A :
,trgqgﬁprm tion wa

‘

several test runs due to the poor resolution associated with

R
e
gy
< IRV .
\. . o . Y
Ty L
" v
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"line'printer output._ Software which had digital plotting
. . . : s - . !
- capabilities was scught. _ ‘ . . .

'6.3.4 GIMMS o - o , -

GIMMS is a flexible mapping system which is used to
agalyze geographic data and produce thematic maps and *,

. tabular information. The GIMMS systemAis‘agcesslble‘through‘
: ik .

RN
I's

Computing Services at the Universitf?of'Alberta and has -
digital .plotting capabilities. GIMMS (Vérsion 3.0) was R
¢

developed by Thomas C. Waugh:at the UniverSity of

: Edinburgh. This software was chosen for the gEOgraphic

A
presentatlon phase of thls research because it is 51mple to

S

operate .and has good plottlng capabi

'The first step ‘in the creatlon %f ‘a computer drawn R
o - ‘ .
choroplethic map is the creation of a basefile ‘or bdundary-

l ‘ . :
flle whlch is the geographlc base of the map Usually this

. (S
flle con51sts of polygons or zones whlch together provide a

-

recognizable geographic reference. The boundary file for .

£
Sor

this study consists of the traffic zone sysiem as described

23

s

“

by.polYgon'files‘used in the geocoding of civic census

data. A polygon file is nothlng more than a strlng of X-Y
co—Ordlnates which descxlbe a closed polygon zone.

. The co—Ordinate‘oase;for the polygon zones 1is the 6
degree'Universal Transverse -Mercator system. The polygon

.files Wwere transformed into a form acceptable to program’

4

GIMMS and.a,basemapvwas created using the *CREATEFILE
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o _ . ‘ }

- command referenced in the GIMMS‘uSers guide. This boundary-

C Y
'

flle becomes the reference for subsequent statlstlcal

..apping.

A'one—to—one correspondence must then be developedJ T
R . ./, . . )
" between each polygon zone and 'its relevant statlstlcs. It
is advantageous to sort both the polygon file and the

¢

sbatlstlc file into ascendlng numerlc order at the outset.-

U51ng the *MAP command w1th proper symbollsm options, a

I:\

-

thematlc plot descrlptlon file is created and sent to the

dlgltal plottlng system “An- example of a complete GIMMS

L&) .-rr LI

.v,' i ‘\
40

ﬁ«Appendlx C

¢ . ,xr,

oG

At The following parameters were dlsplayed)against a
traffic zone base:

(1) Mode Split to the Central Area (Zones 11-32

‘inclusive) for 1971, 1976 and 1981
(li)vModeiéplit toAthe:C.B.D;'(Zones 12 and 14) for
T 5;A197lu 1976 and 1981 - |
’;kiii)vModeTSplit to the.UniVersity Area (Zones 603 and
o '“'f.é04) for 1971, 1976 and 1981
| f(iv).Aderage;Household Income, 1980
(v) Scheduled Transit Trayel Time to the C.B!D.ifor,
. 1976 ana 1981 | | |
P ﬂvi)’Schedhledliransit Travel TimeAto the University
| ;for 1976 and 1981 ° |
(vii) Employee Density, 1971, 1976 and 1981
(viiil Bus Stop Den51ty, 1983 .. - \

© . A full set of colored thematic maps are contained in ,

. 'l»,.‘v:ﬂ. Vi fﬂr - : . . kz;?i;‘ g
command flle is 1ncludedn e . P



' Working Paper Eleven, on file in the Transportation

University of Alberta. Mode split statistics are presented'

Engineering Library, Department of Civil Engineering at the

¢

in 5- class intervals- whlch show overall trends and ‘in 10—

-~y
A

- class intervals Wthh present flner detail. 1971 and 1976

statistics,share5the same polygon base map and 1981

e

!

60

statlstlcs are presented on the 1981 polygon network. ‘;Zonesl"

N
5
*outs1de the three study areas have been a551gnegjg_null

value‘w1th blank shadlng. A v1sua& analy51s was performed

and similar statistics from different base years were

v

compared. >Representative samples are shown in“Figure 6.4

"and 6.5 and a complete 5-class grey~tone set is shown in

'”Appendlx C.

TP

6.3.5 Mode Split to the Central Area - - A
&) N

6.3.5.1 1971 Versus 1976 . - . ‘ .

The 1971 map shows an average mode Spllt of ‘
approxlmately SQ% with hlgher mode split occurrlng near the

v -

city centre. The 1976 map shows an increase in mode split

Ve

vabﬁes to between 60-80% along well serv1ced tran51t routes

and néar transit centres. o L

]

6.3.5.2 1976 Versus 1981 ' = | :

r:‘:1

Mode Spllt has 1ncreased .in all three study areas, but

,thermagor 1ncrease has occurred in the north east area in.

F

the\prox1m1ty of the L. RfT. rlght—of—way. West'and.

southwest study areas contlnue to dlsplay high mode split

v } ¥
t
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A

along well serviced transit routes and near transit centres. ,

6.3.6 Mode Split to the C.B.D.

<
Mode split figures for C.B.D. destinations are somewhat

less reliable than figdres for céntral»des;inedléreas
because of a smaller sample size. Zones which displayed'a

stahdard deviation of +15% were rejected from the sample.

_‘i{\

. R B }
6.3.6.1 1971 Versus 1976

The mode split’to the:C.B.D. in 1%/i seems to beffiig?
than mode spl%i to the central area. Mode split also’™

appears to be higher in the northeast than in other study
areas. An increése is evident 1in theiqasper Place area

r N

1,

between 1971 and 1976. B

\

6.3.6:2 1976 Versus 1981

On@é again,;an inCréasé in mode split in the northeast
is evident,‘pfimarily Qear'LaR.T. statidns and aéjoining thg»
L.R.T. line. _Mode split ﬁas also increased ih the southWestn
study aréa along thé transit cdrridor joining Kaskitayo,

Southgate and the'C.B.D.

N . . o
§ .

6.3.7 Mode Split to the University Area-

Since the’ number of trips to the university area is

quite small at the traffic zone level of aggregation, the
) o SR e oa®g e

o

L N 5 o . .:.‘:“g-., ) . N - ’E " . .
standard deviation of:.the mode split for' this statistics is

again higher than for central;destined trips.

&

%
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6.3.7.1 1971 Versus 1976

Mode split to the university in 1971 was found to be
relaé@vély low with the highest values found in the
northeast area. JIn 1976 there appears to be an overall
increase with highest values occurring near transit centres

like Jasper Place, Northgate and Westmount.

6.3.7.2 1976 Versus 1981 | ' -
In 1981, mode split increésed in the Mcadowlark and
Southgate areas with little chaﬁge elsehere. A slight

decrease i1 mode split was evident in Jasper Place and

Beverly areas.

L
TR ]

6.3.8 Average Household ‘Income, 1980

The northeast study area has the least- average

household income. The west and southwest regions

~

(particularly Lessard and Riverbend areas) display higher
income regions. -

*+6,.3%99 Scheduled Transit Travel Time’to the C.B.D. and

¢

University

.While wést and southwest study areas display slight
ihprdvéments if any, the northeast area shpws,a ten to
fifteen minute'decrease in'sched%;ed transit travel time to
the C.B.D.  : i T

'Scheduled transit travel time to the university area

has remained relatively constant in the west between 1976

) : . . s’ ’
’ M. .
C & ihe

64
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!

and 1981.  An approiimate ten—ninute decrease'in scheduled
transit travel time has occurred in southwest zone - south of
Whitemud'Drive in l98f{ Trips to the university .iva from
northeast zonee have decreased by "ten to fii 2en minutes
between 1976 and 1981. /

These findings show that 'a system upgradlng has taken
place 1n the ser&ice from Southgate to the Unlver51ty
between 1976 and.l981. 'The effect of llcht rail transit in
reducing travel time is highlighted by this form of

%nalysis.
: “'7' e .
“‘*q“od. o

e,

6 3 10 Bus Stop Den31ty and Employee Density

Bus stop den51ty statistics were seen to ‘be unlformly
o.
distributed throughout the study areas. Thls was expected

since in Edmonton, bus stops are placea-along routes at -

designed intervals which try'to constrain walking distance

" to a 450 m maximum. " Transit service is usually snppliedvto

new neiéhborhoods ae soon as they‘reach final development
*stages. | *

.Employee density was seen to be reasonably uniform
throughoat 511 etudy»areas in‘197l with hlgh den51ty
occurlng in the Ollver and Garneau areas, along Saskatchewan
Drive in the Strathcona area and along Jasper\AQghue near
82nd Street. "In 1976, employee density increased in the
northeast and southwest study areas ana little'changg

:occured‘betWeen 1976 and 1981 except_for.outward expansion}l

65
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'%76.3.11 Errors in Thematic Mapping
. ‘J 4 : N

o When displaying statistical quantities on thematic

maps, real datavalues are hidden,within a class inteféal,\

The map becomes a class generalization of the' real-world
information. The error assoc1ated with the generallzatlon

depends on the number of class 1ntervals selected and ‘the

ola551f1catlon method. AN "

. N .
The classification method is usually one of four main
types: . i : o

I

(i) equal intervals

. (ii) unequal intervals based. on "natural bréaks"
(iii) unequal intervals based on statistical groupings

(iv) mo interQalsf <lassless maps with quantlzed

grey-scale values. k Tl

Al

. : ) : a" ‘
.When a small number of classes are used the ertpr-

“ ‘ s TR . .
(dlfference between the actual value and t} ;:lasséfhferval 3 R

u“_
*mean) be ¢omes larger and the map becomes mpré genekallzed

" ‘-« E

Maps with a large number of classes also posé ‘a problem in-

P, .‘ r e ‘J.

that the eye s - ablllty to process multlpF&‘patterns is - L _ﬂ

llmlted 7 S :/ ' “~>: f~ o ,1AJ ) LoE
The selection of intef&als has;always been a'pfoblem‘ B

for cartographers. Clearly, one‘must‘avoidhthéiplaéement of

bias, known or unknown, into’'a map_preSentationf- ‘The methodl_______

employed in this research was to use equal class 1ntervals,a

1d1vrded into rounded groUps. For example, the~mode split

a

. _ Y
statistics range from O to 100 and in this analysis.five,mgfg ~2§;'

groups . of 20%_and,ten_groupsbof’lO%.Were used. for

s .
~ . 1



presentation.: It 1s known that thls method does not always

N
oo \ﬂ,

reflect the true dlstrlbutlon of the data- however, the map—.
.reader must be made aware of th1s fault so that “he’ does not

P assoc1ate the generalized statlstlc w1th “the tfue Value of
. . f,[,. a9 R .

@

oVerview of the spatiaI distribution-of transportation-' L

67

’the statlstlé The 1ntent 1n thls research I@*to prov1de an %

b _ o , ‘
o related statlstlcs. ‘The, flve class presentatlon of mode Lo
pllt achleves thls purpose - For map readersuwho deslre'a
:more detalled knowledge~of thelmode split . necific zones,.‘
. 1 edy 3 -
-fthe ten- class data maps arg avallable as - Juﬁafts" .
N " M : ‘e . .\‘;’ . . “
N -jsummarles.' ' < - L T e Lo o
N s e B
'6 3; 12 Surface 117 - ; e . SR :
Q. L d _i?\';. . “, B iy ‘w . )
Experlmentatlon was performed w1th the Sur@ace II :
) . - N 5 v"'. - " . . :
- graphlcs system, created by\Robert J Sampson, Research ST
o Assoc1ate, Computer Segylces Sectlon, Kpnsas Geologlcal

Survey at’ Lawrence, Kansas._ Thls program was des1gned to

produce dlsplays of spatlally dlstrlbuted data,‘elther 1n‘

(2 - M %,
3 . [

of perspective.block diagrams since,it'was feltithat'three—k

dimenSional.representations.COuld 'along<wlth thematlc_}{jig

“

) mapping, glve a v1sual sense of scale to transportatlon—“i' !

related statlstlcs.} After seyeral trial plots, an: example
2N .,
‘of whlch is shown in. FlgureOG 6,~use of thls software was

dlscontlnued 51nce the dlgltal plots appearec?cluttered an&

‘.?

: planlmetrlc contour form or in thJ form of perspect1Ve block .

dlagrams. Partlcular'lnterest waS'takenuln“the productlonvu f

.

‘.

1ncpmplete, The.geographlc patterns set forth by the- ;' Ce

s o
‘\.
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'[traffic.zone system was distorted by the third dimension,
:(“1 1Y 3 '~’ ) ' i . . "~
' leaving the. map neader dlSOrlented ’Software which could.
present the thlrd drmen51on 1n the. form of~ stacked ggbygoﬁ%l
prlsms would help tomsolve thls problem, 1f a plan view
‘,1llustrat1ng zopal shapez were‘?rov1ded as an Lnset ’
_ reference. A'ﬂl é
. beap0551ble usang. ‘ &
o . ,
. howeyer,htlme dfo not . allow fordéjpwf!mentatlon of thls o
_:" S -~ o - :; .‘ o B ‘.Q L - I . }:??)>ﬁ.
. type . "'J S D‘} e - ‘_'_'L": ‘_ ool 7 jﬁ;c, R e e ™
) 'T : ; "‘::?':. ‘. " o P 5“3'."“%_) . M"}-‘; ‘: v B -
“”g? : ¥ T P ‘a..%-ﬁ,ﬁ & - NI ,
B o, 0 6 4 Tlme Serles Analy51a? T gj @’ . .,“ .
1. , ) o . B - 11y b ‘%u.
" The yearly §&mmary flles for 1971 l@’ﬁ and 1981 were -
“‘\,‘fgq B 4 . . L.
-rmerged u51ng trag%lc zone ngmbers as a ®common 1dent1f1er~”.A
R “\}) h
AN Durlng the merglng§process, a tabular summary was produce@
toy L
fqr zones ‘which have_had a” de
. [wrd ) - ‘ {\,;;- . A
#w%ﬁ:toﬁl97l. e tabular summary is
. . The zonal statlstlcs chosen “for tabular presentatlon »y
1nclu§e: o ‘y;' ‘ R L 3,.,és‘:¥3?h .
(i) Populatlon-h' ’ ‘ ~
s -9 o : ‘ ) & -7
R (i) . Employees ' R ST s
(iid) Householqs» C S
«(iv) Acreage ’ )
i B . - . - ) ' . , ) B o .

t&&L\\\\ N (vi) Transit Trips to Selected Destination’ Zones

(v)fMode'Split'to SelectedvDestinationUZones
o (vii) Transit Trips per 100 Households»\
(viii) Employee Density

“\, .. Values in the tabular summary coded with .-1.0 indicate

69
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24

)\

‘ordlnate values found in the polygon files assdc1ated w1th ';;

" ds the“Bellevue Highlands distrlct) a complete re—”

'w1€h znnes that have had constant boundaries over the chosen

[O 2
70

n51t trip" sample Size
S K

't a mode split estimate.

missing d _a. In many cases t

was_toc s. 11 to effectivelyjre'A

Ar 1naLy31s of the tabular summaries indicated that

acreage values for all traffic zones were not constant over
’ .

uthe time * period chosen. Acreage has been computed from CO—

9

the census geocoding process. TraffiC'zone boundaries Thave

not remained static _over .the tlme segment. Minor

» - « T

developmént and redevelopment w1th1n thevzones and to agé@%«

t
vt

’w1th enumeration district boundariess In other cases“(such

R

I

,,l
4

lorganization o? zonal boundarles has occurred.. -

,-:tt? . . = ,
! An effective time -series compariion qould only ‘be. made -

/'P

RPN
a ]

-

time segment ‘An arbltrary acreage .tolerance ofiplusgorr PR
mlnus ten acresfwas imposed on the tabulaz summary list and

F follow1ng traffic zones as. shown in TabLe 6.3 met the-
E . ~ .
criteria. S . : .

é_1¢~ : - L, = ' c e oo
In,this-reduced set;bf 41 zones, bar charts were
. - . ,’ ', - .-
prepaned outlining trends in zonal statisti%s. An LBM

\—\ -

»modificatipns have sometimes been;mad&kto compensate forf“. g

ER— ’ ot -

personal Tomputer with ENERGRAPHICS (Enertronics Research SRR

C L. .-

Inc.,‘St LOUlS, Missouri) software and a Hewlett Packard

7470 plotter was used to produce multiple bar charts. VA i\

v .- ' v

repreSentative sample is shown in Figure 6.7'and a complete °

set of charts 1s contalned in Working Paper 12 cc ined 1n

) the Transportation Library, Department of Civil\Engin'sring

-

¢ B
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>l r 72 1.
o  TABLE 6.3 T o
3 ng . o - o E IO g‘h
- Traffic Zones‘whﬁch'Display Constant Boundaries v ‘ W
5 N BN e "., v i v “‘. .\V? .
Northeast . o West . Southwest: S
Zone . Cammunity - : Zone Communi ty i Zone Camunity .- PR
84  Woodland \ 411  Dovercourt S 605” vGarneau . S
85  Delton - , 421  Woodcroft - 611 - Belgrav1a
86 . Eastwood + ., ' 423 sSherbroockesi. == 632 ©  Landsdowne e
91 Norwood West - 424 - North Inglewood .. 633 MichenetiPark ';ﬁ%'
92 = Norwood East o 432 ‘Westmount . 651 Royal-Garden R
101 . Queens' Avenue o 433,,fGroatNEstates ~. 681 ... Pleasant V19W»jf
'103"jStad . :” 434 '_Groat _Estates % ff“§82 ’ Pleasant Vlew 2
.. 131 ::Bever¥ North g 441 gVictoria Pamk 691 _ McKernan ke -
e 1328 Beverly S 444_;~ Oliver "*° = = €92 ~ McKerhan - S
T 201  Belvedere © 46} McQueen - - % 694 Martin Estate SR
' . 212 Balwin | -North.Glenora ¢ o <L
222;-.Londonderry050uth o West Croft “ ' = | . o
, 273 . 'Killarney " ﬁpjfa Glenora: %;1- e B
;.z~f7_z_1| North Delton - .77 ""¥71  Mayfield -~ - . #*
o SN - B - cw 473 YoungsgM T . T -
' . B . z_,'.‘*:,&"7'494 Balmoral” ¢ -, . v o
. ST 0 e 511 Elmwood - ° - '”_ . et )
3 , o | T 5
at~thelUniVersity of Alberta. Visual inspection-of the
»charts allow the reader to géih a sense of .scale ancd 'Jw'yj“ e
proportlon which is not readlly evident in’ summary tabi? ? )
] ' The  time serles_analysls technlque a551sts in the
1dent1f1catlon of changlng tran51t travel characberlstlcs in
.') 'y .
dlscrete géographlg locatlons w1th1n the study areas. . The s
V. . S ) . . - .

genefal trends that are ev1dent amongst older, establlshed

'."..w ’ . \ } . ) : P .l ‘- '

zones are.ir R I :, N
\ N [ "»‘:i?“ & : ra LT R
: "j ot Q& . .
e SN {1) decllnlng populatﬁé% | o

(11) an 1ncrea51ng number of employees'

o (111) aﬁsllght 1ncrease in the number of households “

’--“‘ .
(1v) -a decrease in the number of zonal tran51t work,

R

\trrps made in A.M. peak condltlons.\
v . . . *

The time ‘series 'summaries show a decrease in population .
. - ’ , . o . - .4'

-
[



per hOusehold and an increase 1n employee dens1ty over the

e v e %) J

period 1971 1981 whlch is . con51stEnb with the known tendency \\\M

B towards smaller families and two income households. ,
Assoc1ated w1th the popylathn"decline in older, established
,, L, e

_j' zgﬁgs is a decrease 1n the number of A M Jpeak work tran51t .

. u»,» 5‘?. . .
Y . S
w0 trips. The percentage of trip—makers u51ng the transit mode !
“{;‘ .“L L ' . -g . E) N b Fy w
'has, however, either remained constant or rncreased over the :
. /" 'm K S ‘m' " . 5 .
. time segment. ”ft’is prESumed that as aucommuni%y grows : -‘@fj‘
& L A RS R - U

'm'“lq%r the houseHol§ ﬁamlly 51ze grows smaller. The number,@ LT

-

oio 4.‘ S PR S, gu “a r

wqu trlp$ declapeuasgsenior family members retire and -

. 4'>l '.~ e 2 "-.4 . "’-\' 0 A0y
post secondary students leaVé home, putting less demand on

o .- o

s " A. M‘ peak translt work trips \ The question of whether total

) o

trans1t ridership has declined on a regional ba51s then o JQ

. arises. The cohorts which have grown out"_of thelr orlgin ’

id

. zonawmust migrate out ‘SF.. the city or reloc%te W1th1nfgity
- : (25 » W
%&; - boundaries. Over the “time period selected for this study,
e . . e
| ‘ reSidehtlal growth has occurg@d on Edmontori's periphery in
*‘. such areas as Millwoods, Hermitage, Castledowns and Prlmgose ’

\
to name a few. ‘ ,
A

It'is.beYOnd the scope of this‘reseafch'to'determinef

the mlgration behaviour of tran51t riders. Time-series

- 1nformation[ however,ﬁallows the,determination of transit

= work trip production statistics for an entire study area’
over the period 1971 1981 These statistics are summarized

in Tables 6. 4 6 5 and 6 6 and are deplcted in Flgures 6.8,
. , : Can
. §é 6 9 and 6. 10 ’on the follow1ng pages, _ ‘ '
" ' . L b ¢ o T _‘v ‘., _1 L . : _'.:,4\,‘_‘ m‘ .-

. .
P
SO 1] -
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Figure 6.8 Peak PerloogTran51t Work Trip Productlon (19715]5'1ﬂ
fi,-§1‘: : 1981) for Central Area Destinations L
- v S ) . N T
P\ ) e
2 ) ) -
, L : TABLE’ 6.4
Peak Perlod Transit Work Tr@@wproduéfaon (1971 1981)
’ DESTINAT\, bh, CEvaAL AREA \ Co
P , . —= T IS
@ﬁv%g"/. ‘Northeast‘ | “.,West ‘ ,Southwesty;  ‘
1971 . \ 2113 . . 1984 - » 841
D N . ) X
1976 - 2077 1996 1416
. . e . : . \ :Q .
1981 . * 2774 2345 © 1659 .. *

mornlng peak perlod

Ddring the-selected time-segment,

transit work trips destlned to the central area. have

Tﬁe northeast area showed a slight (1%) decrease

in 1976 but showed an, above average (33%) 1ncrease ‘between

1976 and 1981. . 4 v o+ 4 .
‘a‘ . o ' v A ’ .. A 4 s
; . Lo PLE
Y d,‘ 7 "“d - ‘ !
RN - C
: ‘ ~ )
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- A M. PEAK TRANSIT TRIP PRODUCTION
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150-
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- 30
vo . - L
ST CDESTINATION : C.B.O. = ©
. ) 5 . . : ) . N B ':‘{]-‘- .

oo . e . L& .
%ﬁigure G;é“PeakMPefiod Traneit Wofk:Trip Proddction.(197l—
Jf;ﬁ 1981% for C.B.D. Destinations .
b , . . V
- - TABLE 6.5 -~
Peak Period Transit Work Trip Produetionb(lb71—1981)
o o7 ?ESTINATIONE CENTéAL BUSINESS.DISTRICT
, Northeast k o EEEEI S Eggthwggt
1971 S sao . ase . oam
1976 '5?-1» YA " YT B 212

)Except for the southwest areayrmovnlng peak perlod
tran31t work ‘trips to the Central Bu51ness Dlstrlct have
decreased between 1971 and 1976 All sti’y areas Qﬁow a -

sllght lncrease between 1976 and 1981

-~ . . . v .
’
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A. M PEAK TRANSIT TRIP PRDDUCTIDN

", 2000
o = == 1076 B 1061
1500 - o
\
g 1
: [
‘o0 .
W R
» e
o : — _
NE. WEST . - S.W. o Ca .
- DESTINAgION : UNI SITY | .
o Bk I S f
A . . \\ /';ﬁv ’ ’oJ‘ ) "“' ' ! \l‘ L:/‘- . ,
. Figure 6.10 Peak Period Tfam31t Work. Trlp Productlon (%971— .
Y Lo
1981) for Unlver51ty Destlnatlons \
g
/ J : ST o : ! Pg’
: N TABLE 6.6 . ‘ Lo s
. O ' . 4 i@ ‘%S R . )v‘ . “‘; ) .
Péak Period Tran51t Work TrlpvProductlon (1971 1981) ¥
DESTINATION ’UNIVERSITY OF ALBERTA ' ~-ﬁ;;.y. o
po : o T R
Northeast West ' - 'Southwest _
1971 274 350~ 588 7,
o Vo R 1o . : oL . e
e T S R : . o o .
1976 - - & . 365 516 © . . o911 vy -
, 1981 L & 449 730 - S 1411
The number of nértheast based mornlng peak perlod "-"5

. tran51t work trlps has 1ncreased by approx1mately 28% per

¥
year..

- areas ar§‘43% and 55% respecti§¢1y.

Slmllar 1ncreases for the west apd southwest study

:
v Rl

r\. ‘\
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The time series analysis of A.M. peak period'transit

trip- productlon over the study reglons has identified that
- - f

the number of work trips to central destinatlons has

o ‘ :

increased over the study period and that the most

.significant increase has occurred in' the northeast area.

Trlps to the central business dlstrlct have 1ncreased

-«

between 1976 and 1981- however, a suhstant1a$ decrease was?

vl

.Observed between-1971 and 1976 1n,the nortgeast’and west

study areas.d Unlver51ty destlned transmt;

"*~’d)-

steady 1ncrease "over the study perlod fr@

Ly"

'areas, w1th the sbuthwest a ea’showxng\the,

per year’) of 1ncrease._ , v

Gl
e

S e e - N . . ‘ . .
Ry X L . o B

6.5 Controﬁ%Area’CompariSOns

" : )l.’ . .
The control area comparlson analysgis techn‘%%e was used o

. ) W

to study and 1dent1fy the inherent characégrlstlcs of - ;
/ .

regions whlch could bqﬁpategorlzed as either w1th1n or

i.without the‘lnflJence of light rail:tranSIt deveIOpment,
1

‘currently without light rail transit influence.

e .
N . The western control area was chosen 1n the- prellmlnary

e R

analy51s and control area selection” phase as a reglon whlch

<
- N .

dlsplayed eharacterlstlcs whlch were 51m1lar to the

aoa 0

enortheaet'study\area; The'southwést control area has less
in common with the;study areaf however, . it was selected more.

"‘as a spec1al 1nterest area in that llght rall transit

- : g
development is proposed for that reglon 1n the 1mmed1ate

future.'-Both the western and southwest control areas are

Al

B U

i

%7.

o

T
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. N
6.5.1 Group.Comparison j 
In the .comparison process, similar zones from the study
area and the western‘control area ware analyzed to see what - i
‘ L ' G
: ) . S ‘ -
changes have occurred in demographic and trip-related égg
ot : . a (f)
- L . v
statistics. The selection of "similar" zones was based on,
the .following criteria: : .
- (i) socio-economic -status S e e : R
v Y :
(ii) employee den51ty , 5 .
(iii) 51m11ar demographic prOflleﬁ S . .'”d"f;”-fkﬁ
Oonly zones which displayed ebilo acre, tolerance; in
-écreage were"included invthiS“comggfiégnfu'The;soeio— R
X '=econom1c 1nd1ca§pr chosen was 1980 ayerage Hohsehold income,
. 57‘7}" Qa . ) . . B
obtalned from the 1981 Census of Canada. The follow1ag L Sk
A E T 2 4 -\ .
table llstsﬁzones from the etudy area and the control area,‘ .
softéd‘by_increasing annual Holusehold incoméy‘
" e g Lo ’ ) 8 ..
e - . 7 e TRBLEGE.T x0T
¢ Control Comparlson Zones 7 . ' ;V@A""
R ' N?E.«Study Area :- B | West Controi’Area*. B :L: ,
. - d : . - . Wl
o ‘ ’ ! o . ) R .. . R e .-'\.v.)‘
. Zéne o ~Average . wZone S Average ' ;rt,. .
. Household Income = - o Household Income- ]
.. 101 ... +.18,700 | o 412, - » l8,700 S
- 85 .0 % 21,400 oo -, 434, - -.19,;300 . L
92 ' 21,700 LT 473 -7 21,100 - oo
. 84 . 21,800 ' 4431 - .22,200
91 - S . 22,100 . . 444 22,200
" 86 ‘ ;_u 22,300 , 432 ' -~ 23,900 .
132 S VeRh 22,500. 0 . ... 433 23,900
o273 23,900 S - N Lo
201 24,000 - . . T & S U
2.
\ \\\ . 7 >



‘From the tabular summaries ‘produced for the' time series

analysis, percent change statistics were computed for the

above-mentioned zones. These.statistics are presented in

. LJ .
Table 6.8, shown'on the following page. « This tabular

Qy “.

summary 1ncludes two zones from the western control area
ke , ‘ s
ks (zones 444 and 473) whlc have 51m11ar ‘income - - . oo
"- £ v %‘ . f'“' Ve e " . - - .

aracterlstlcs but do not f1t into a decreasln% demographlc

) .hpattern An avera@e value is presented wlth these zZones |

"y ‘f'i.' ) i W o .

l@» excluded and the follOw1ng trends are ev1dent.- 4
T . : . w\ v w@ : _
v . (1) Populatlon 1s decrea51ng in both. ameas at a rate
" - B .-\)‘ L <
of approx1mately lO% per 5 year 1nterqyl Rt

The number of employees per zone is

@ i~
‘rncreasing. Mﬂ§t of the increase . occured
" o . . R ’ 4

‘:between 1971 a’nd 1976._ o “ .

The number of households per zone is constant

; v T o : . LTy

“over the selected time perLod . . o .
3 ‘,.' '\

"Mode spllt to the C B. D dropped or remalged

constant between 1971 and 1976 and 1nrreased

Cfbetween 1976 and 1981. wThe'study area showed af,"p

L,

/sllght (7% on average) advantage over the' -

Tucontrol area between 1976 and 1981 ‘. R -'@a:_'ﬁn

(v) Mode spl%; to the central area has lncreased by | -
appréxrmately 12 15% over the tlme perlod 1971—

W

1981." There seems to be no appre01able

.“n

Ny

- P

*'dlfference between study anﬁﬂgontrol area.‘

u" .
)

(viﬁ,Mode spllt to the unlver51ty a&ea 1mproved 1n B

J

- both’areas by approx1mately 10% between 1971 and
. (R Lk
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1976. No appreciable change occurred\betWeen
. /

/

-

1976 and 1981. i _ /

The reader should realize that the average values used

to provide

the ébove—mentioned trends are based on a small

sample of zones that are similar in terms of income and

demographic behavior. The sample size is limited due to two

-

primary. reasons:

(i)

(ii)

A lack of zénal boundary continuity. Acreages
were not constant over the time period selected
due to boundary changes.
An ambiguous demogréphic pattern. This is

*
typified by an unusual "peak" or "valley" in
1976 population figures. The unreliability of
certain‘1976 census data has been bréviously

“discussed in Section 4.2.
\ .

6.5.2 Area-wide Comparison

"If one
treats each
independent

‘sample size

disregards the above-mentioned'problems and
zonal mode split statistics as a discrete sample
of zonal boundary characteristics, a much larger

is developed. The only constraint placed on the

samplé is that it should cortain zones which are established

with respect to residential development, over the time

period 1971

—-1981. This sample is identical to the tabular

summary used in the time.series analysis. Average mode

split values were computed for northeast and west peak

period trips to C.B.D., central- and university

b

81



destinations. Tables 6.9 and 6.10 illustrate the change in.
moae split over the time period and the differences between
the study and control areas. Figure 6.11 and 6.12 display
the statistics in graphical form.

These tables, which are based on a muc. "1 saﬁpie.
than previously discussed in this SeCtiOH,'i”“nfify the
following trends:

| ﬁ (i) Mode split has always been higher in the
northeast study area.

(ii) Transit usage has generally improved or remained
constant over the time period 1971-1981.

(iii) Mode split to the C.B.D. from the study area
increased by 13% between 1976 and 1981. The
equivalent control area statistic was 6%.

(iv) For central-destined trips, the study area shows
an increase of 12% between 1976 and 1981. The
equivalent control area statistic wés 7%.

(v) The most significant improvement for university—
déstined mode split occurred between 1971 and
1976. An 18% increase in mode split was
réalized in both areas within this‘time
period. During 1576—1981 the western control
area has shown further improvement whereas mode
split iﬁ the ﬁortheast area has remained

constant at a higher rate.
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Figure 6.11 Trends in Mode Split, Northeast Study Area

TABLE 6.9

Trends in Mode Split - Northeast Study Area

Destination
C.B.D. Central University
Average Mode Split 1971 48% 40% 38%
Average Mode Split 1976 47% 49%  57%

.

Average Mode Split 1981 60% .61% 55% -
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Figure 6.12 Trends

'Trends in Mode

Average Mode Split 1971
Average Mode Split 1976

Average Mode Split 1981

. [N

-n = 35 zones

i

in Mode Split, West Study Area

e
TABLE 6.10
Split - West Qontrol Area
Destinatioh
C.B.D. Central University
'o32% 308 19%
36% 38% - 37%

42% - 45% - 42%



Light rail transit patrons who are destined to the
university area are, in most cases, required to trahsfer\.
twice during the durétion of théir trip. These transfers
occur between the bus feeder and light rail tréhsit and
between light rail tgansit and é universiﬁy bus seryice._'
The ﬁigh'frequency of serviée on the light rail transit line
minimizes the detrimental effects of the first transfer;
however, it is interesting to ndte that N.E.-based mode:
éplit to the university remained constant at approximately
56% between 1976 and 1981. At:-the same time, C.B.D.-
destlned mode gplit 1ncreasea by 13%, from 47% to 60%.
Clearly, C.B.D.-destined trip-makers found the publlc
transit mode to be more attractive in 1981 than university-
destined trip-makers.

The double-transfer problem may have a negative effect
in this instance; however, the university has a parking
. service which can strongly affect mode choice. Stafé'is
given priority'in a system where demand has always exceeded
supply and parking rates are low, compératively speaking.

It is postulated that, compareé to downtown trip-
makers, fewer university-destined ;rip—makers wéuld switch
from the choice automobile mode to.the choicé transit mode
' because of the double-transfer problem and thelavailability
of reasonably-priced staff-parking.

-

6.5.3 One-on-One Comparison

In a further attémpt to determine trends in transit
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" travel characteristics, a'oneJOn—one zonal comparison “was
$
undertaken. Ind1v1dual zones in the study and control areas

-

were selhbted based on the follow1ng attrlbutes
4¢'\,.
(i) employee den51ty N

} | C(ii) demographicvpfefiles'

| A(iiif similar distances to”destihapions.(radial‘te,
C.B. D ) e |

4?. (iv) average household income (1980) B

Three zone palrs have been selected and are presented

'in erder of increasing dlstance.from the central buSLness

dlstrlct

6.5.3.1 Zone 86 (Eastwood) vs;‘Zone 432 (Westmdunt)

¢

Zone 86 Zone 432
employee density 1981|' : A 6vémp;/acre 10'emp,/dcre 
demographic profile : i . declining : ‘declining
radial distance to C.B.D. | 4.5 km 4 ¥m -
avg. household income (1980), B 22,258 o j23,923
$ TRANSIT C.B.D. (71-76-81) 44- 62— 73 63-65-74"

% TRANSIT CENT. (71-76-81) 48-62-72 . 54-67-76



-

6.5.3.2 Zone 211 (Delwood) vs Zone 495 (Meadowlark)

Zone 221 4 Zone'495

"ehpleyee density 1981 7 emp /acre T 6 emp./acre
'demegfaphic prefile ‘ : . " unatab;e"'f declining'-
tadial.distanee~to.é.3}D. | - 6.4 km : . ‘-6.0~km!°
avg. household incomei(l9éO) O sa,o1 33,387
% TRANSIT C.B.D.: (71-76-81) “  42-30-70 '28-34-25
3 TRANSIT_CENTQ (71-76-81) 34-42-56 22-24-26

.6:5.3;3 Zohe'156 (Clareview) vs Zone 484 (Primrese)

o

| | zZone 156 Zone -484
.‘empleyee;density,i981 . 4,eﬁé;/acre ~ 7.emp./acres
"popqlaiion, 1981: - ”_ 2297 - " 4056
“-employees, 1981 TP o e 2071

radial_distancefto C.B.D. ‘f;_;g,6 km 9.6'kh
.1ayg.'hodeehold income (1980) K28,§7; ’ ~31}135"

§ TRANSIT C.B.S.y(lQBi) B 36k a5y
& TRANSIT CENT. (1981) .7 eoy - o 328,

”
*

6;5‘3}4~Sumﬁary of‘Individualiione Coﬁpafisohs

- The' flrst zonal comparlson shows two zones whlch are.
51m11ar, except that the Westmount zone has a hlgher
employee EEHEIt¥\\\Both zones have excelleﬁt tran51t serv1ce

1n thaty;;;y are adjacent to transit termlnals:- These zones

v alsoAsh, 51m11ar (hlgh) mode spllt statlstlcs for 1976 and

1981.
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The second zonal comparison illustrates two zones which

are further away from the C.B.D. The Meadqwiark zone shows -
" v 4 . . . ’
low mode split figures despite its proximity to a transit

centre. The northeasterly zone shows higher mode split

figures overall and shows a major increase between 1976 and -

1981.

» ~

Finally} the third comparison. itemizes two zones which

are 10 kilometers away from the C.B.D. and are in regions4of

LA : - . f

recent development.v'Employée“dehsity was found to be much
higher in the P;imrose‘dfea; hbwever,'the ratio of

popuiation to employees was identical at'2.0;n>1930\averagé'

’

household income. was slightly highér in Primrose than in the .

Clareview area andtthe‘ClareQiew area has a higher-;evel of

‘transit .service. Séheduled transit tfével time downtown

- r

(1981) for Zone 156 was approx1mately 30 mlnutes whereas

Zone 484 had a travel time of approx1mately 40 mlnutes.f
. Mode split figures are s;gnlflcantly hlgher in the Clareview

Y

areas. o : ' ‘ ‘ ' .
Due to the inherent differences: between zones in

"~ different study areas, one-on-one zone comparisons are not

hd Y

'Very profitableJ The above comparisons seem to suggest that
* d - "" ‘ ’ - 3 3 » . .
transit travel time-and transit acce551b;11tyvare'1mportant

factors affecting mode split.
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7.0 IDENTIFIABLE TRENDS

During the data analysis phase, it became evident that.
certain trends have been developing over the time segment in
transit‘travel characteristics and demographic statistics.
This chapter will serve to summarize these trends and‘
rdiscuss their implications with respect to light rail

development, |in' Edmonton.,

7.1 Demographic Trends

General‘trends which Qere discovered amongst older, '
established zones included a declining population base and
an 1ncrease in the number  of employees per zone. The number
of households per zone in established zones has remained

Agenerally constant over the period 1971-1981. _There has

been a tendancy towards fewer people'per'household and more

~
o

employees per household. .

7.2 Transit Trip Production

Time series analysis has shown an apparent decline in
trané&t\trip production in older,.established zones which is
assumed to be associated with  the declining population
base. bThrough investigation into transit trip production
- for entire study areas 1t was found that the number of A.M.

peak tran51t trips to the cenfral area has "increased over .

the. study period and thf‘zthe most 51gn1f1cant increase has

T (

occurred 1n the northeast area. Tran31t»tr1ps to the
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central business district have decreased’ in northeast and

west zones between 1971 dand 1976 and increased between 1976

3 \
\

and 1981. University-destined transit trips have shown a

R

steady.increase over the study period, with the southwest

-

area showing the highest‘rate (55% per YQgr) of inqrease.

<1

7.3 Mode Split Trends

¢

It has been shown through regression analysis that no
clear linear‘relationship,exists beﬁweén mode split and the
investigated parameters, although evidence of negative

_ correlations with income . and scheduled transit travel time

exist.
Avsignificant increase in mode split to the central-~

area from northeast zbnes occurred.betweh 1976 and 1981.

Presentation of statistics on'a geographic base revealed

. ) ( ) T , ) ‘ . - ) . i . . L
that high mode split values were associated with zones that
Id » .

are near well-serviced transit routes and transit centers.

]

’ : . : b . C
Mode split has always been higher in the northeast area N

-

between 197lvand.i981 by’i0§ to 15%. Genérally speéking,

mode split has-imprved:or'rehained constant ‘over the study
period.

I ' :
“Control area comparisons have revealed that study area

mode'spii£ for*C.B.D.-destined trips increased 13% between

1976 and’ 1981 while control area mode split increased by

“ .,

only 6%. This gibes a net study area 'gain of 7%. Similar 3

statistics for central-destined trips show a study area gain

. . . s

of 5%. ﬁnivgrsity—deétined mode split'shbwed a'ﬁajor



i

improvement (18%) ip both study areas bétween-1971 and 1976.
o
The zone péiré analyzed in the individual zonal
comparison showed that the zone pair which was_close‘to the
C.B.D. and had good transit éervice~showed no appréciable‘
. difference in mode spiit values. .The zone pair which was an
 intermediate (6 km) distance from the C.B.D. showed a higher
mode split in the northéas£ern zone and‘a 1ar§er increase in

mode split between 1976 and 1981. The peripheral zone pair

showed a much highef mode split in the northeast zone.

7.4 The Effect of Transit Travel Time

Envelope analysis and the presentation of statistics on
a geographic base has revealed a decrease in transit trévéi
time (ten to fiftgeq minutes) to ﬁhe downtown and university
between 1976 and 1981, which is associated with the
implementation of light rail transit. The ana}ysis has alsb~:
" identified a éecrease in travel‘time to the university area
from southwest.origins between 1976 and 1981. This decrease‘
is most apparent in iones south of Whitemud Dri;;/and ds
assumed to be caused.by a transit system upgrade in service
from the Sopthgate transit terminal to the‘University.

In 1969, Gi11(3) reporté& that "every effort should be
made to reduce total travel time". iHe'went on to mention
that caréful location 6f bus stops and‘ﬁhe implementation of
~direct routes without transfers or direct routes with timed
‘transfers could achieve this goal. 1This research ﬁas shown

that of all the parameters investigaﬁed, income and



scheaQ1ea'
-liﬁeaf.ihtéfrélation‘with the mode split variable in a

.reéression ahalysis. 4fhe presentafion of statistics on a
geographic base has shown that high '‘mode split zones occur
pfima;ilyvéiong well-serviced transit corfidors. In'the‘;_

morning peak period environment which has been used in this

study) the frequency of service is excellent with'heédways

of five tqffifteen minutes along such corridors. Prob;emsi‘

associated with échedule reliability are minimized under
{éucﬁ'conditions. The zénes which display high mode split
are typicélly in afeas which do not require a transfer.
Transférs,,when required, . are either timed or are connecﬁed

to a route with frequent service, thereby minimizing,
o o |
transfer time.

v
\

7.5 Implications With Respect to L.R.T. Development

1

The implementation of an integrated light rail transit

system in April, 1978 represents the most’ important transit
.system improvement in Edmonton's histcry; Unlike other
metropolitan cities which use light rail transit, Edmoénton

has not encountered high density residerntial development

along the rail line or near transit stations because of the

nature of thg righf—of—way and cufrent‘leaging ' .
arfangements. Ridership is "collected" from a net&ofk of
bus feeder reutes and park—and-ride paﬁronsvffgsfoufer
residential'expansion zones. |

The trends which have surfaced during this research

transit travel time display the highest degree of
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have 1mp11cat10ns with respect to llght raxl tran51t'

&

developmerit in Edmonton.% Aftér the 1mplementatlon of the .’

Northeast nght Rail Rapld-Tran51t L;ne, northeast area mode

split to the downtoWn“a%ea in@reased by‘ten toffifteen'

?

percent as evidenced, by a comparlson of 1976 and 1981 census\

o5

1nformat10n. Control area comparlsons have shown a net

increase of 6% over a similar area in West Edmonton between

w
..

1976 and- 1981. - o .
Non- system relatedcfactors which might place the.
northeast study arearln an advantageous position concerning

the capture of transit patrons inclnde:
@

with’ captlve rldershlp

(ii) more rapld re51dent1al growth in outer northeast
zones.
- \
The control comparlson which was based on a small

subset of zones whlch have 51m11ar 1ncome.and demographlc

profiles seemed to diSprove these suggestions. This

cOmparison showed that for northeaSt—based peak period work

trlps destlned for the\C B. D., net gain in modeisplit'Was9f
still 7% hlgher on average than_ the 1dent1cal western—based

statlstac.' Thls trend ls 51m11ar to . the control area

compar-son whlch 1ncluded zones with dlsglmllar 1ncome and

(2N

o ¥ N
demographlc proflles.
= i L ” i I
The nature of theﬂ1981 census qdéStionnaire is such

Y

(i) lower income levels, which is usually associated .

I

.93
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that 1t does not allow for the separatlon of tran51t system

-

components “in the northeast area. ‘This is in keeprng with

-—
K3




6§he concept that.light rail transit is an extension and
dntegrai part‘of the existing transit system (only the
‘hardware used is different)d Thls makes it 1mp0551ble to
separate those who use only bus transit to travel downtown
from those who use llght ra11 transit with bus feeders.

Thus, thls analysis @an only suggest that the northeast

study area transit system appears to be more attractlve to

peak period work trip commuters than the trans1t system

the west control area.

\
The mode split differenee of 5-7% between areas
represents only a slight trend towards higher relative mode
split in the northeast area. The non—sfstem related
dlfferences between study areas whlch cannot be quantlfled
by this research should, in theory, ‘reduce the 51gn1f1cance
-of this statistic. However, given that the Q;stern transit
system has not degenerated over the period 1976-1981, it
seems that light rail! transit has had positive impact with
respect\to attracting transit patrehs.
“In D;B. Rhyascn's t-esis (1967)(2) it was menticned in
" the conclusions that:
"padical. changes/}n the transit routes.did not affect

the overall modaZ split relationships. However the

_changes in the transit route system did increase the

percentage of employees using traneit by decreasing the

transgit travel time from moet zones."

s

As previously discussed, the introduction of light rail

transit has brought about a marked reduction in transit
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travel times to major destination areas. This attribute,
when combined with accessibility , efficient transfers and

frequent service would tend to increase transit ridership.
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8.0 CONCLUSIONS AND RECOMMENDATIONS FOR FURTHER RESEARCH

4
This goal of research was to study the changes in

transit travel characteristics in Edmonton between 1971 and
l981\and to assess the impact of the implementatioh of ‘the
ﬁortheasﬂ LightiRail Rapid Transit Line. Associated
demographic information was analyzed and mode split]wag used
as an indicator .of transit usage. The information base for
this study was comprised primarily of 1971, 1976'add 1981
‘census data including geo-coded ofigin—despinatioh data.
Other information used included scheduled transit travel
times, but stop location data and average household inéomé
statistics.:

An associated benefit of this research was the
extraction, review and consolidation of transportation-
related information into a s;ngle information bésevcomplete
~with graphical presentation.

Simple linear‘regression analysis proved that no sing;e
variable has a profound relationship with mode split,
although some interrelationship exists with incqme and
travel time. The analysis éf scattergram envelopes is a
swift, efficient method of detefmining relationships and
trends amongst variables. The presen;ation,of statistics on
a geographic base allowed the spatial’analysis of T
variabies. Time series analysis helped to identify

anomalies and trends while control area comparisons helped

to define net increases in mode split statistics. One-on-

96



one zonal control area comparisons were found to be less

v

than profitable due to the inherent differences between
zones. . » ‘ \

The -analysis fechnique; used in this"researchnhas
b;ought forth the following conclusions:

(i) The implementation of light rail transit has
helpea to increase morning peak. period mode
split to downtown destinations. The magnitude
of this %Ppact was seen to be five to seven
percent higher than areas withqut L.R.T.
influence.

(ii) Modé split in study éreas was found to have
either remained éonstant of improved over the
study peribd.

(iii),Older,:establish%d zones have demonstrated
declining populaéion and trénsit trip production
over the study period.

(iv) Transit trip production aggregated over entire

.study areas which include zones of new
development has increased over the 'study period
for all destination a:eés_yith one exception.
Transit trips from northeast and west origins to
the central busines§ district décreased between
1971 and 1976. The most significant gain in
transit rideréhip downtdhn occurred‘in the
northeasﬁlbetweeﬁ 1976 and 1981.

(v) High mode spiit zones tend to be located near
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" (vi)

(vii)

(viii)

" upgrading.

major transit corridors or transit centres.
Regreésion analysis has shown that of the
parameters examined, average household income
and séﬁeduledvtransit travel time have the
highest degree of linear interrelationship with
mode split. Employee density arid bus stop
densities were found to be unlformly dlstrlbuted
amongst the study areas. R
Scheduled transit travel times have decreased

over theé time period as a result of system

LA

5

The use of graphici to process and convey

information has greatly assisted in the

evaluation of transit travel characteristics in

Edmonton.

. . [ 4
This study has also drawn attention to a number of

suggestions

research:

- (1)

(ii)

which are offered as recommendations for further

.

It is recommended that 1986 cenéus information

?be added to the database used in this research

to as%ess trends'between 1981-1986. Allowance

will have to be made for the effects of economic
downturn experlenced durlng thlS perlod
1986 census questionnaires should differentiate

between public transit components in.a manner

.similar to the suggestion put forward in section

4.2. Componenté-could then be aggregated to

~



(iii)

(iv)

conform with earlier studies.

(
Further investigations into the relationship

between mode split and average household in¢ome,
transit trével tim;, and transit accessibility
should be made. ‘ | i
In as much as the extension of light rail |
transit to the Univérsi;y of Albérta has been
approved, it is recomﬁended that the future
impact of this system imprdvement be assessed
using the analysis techniques implémented in

this investigation.
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~

FILE INDEX AND DOGUMENTATION

- oa
.
1
.

"Duriﬁééthé‘dat;‘ext;agtioﬂ phase of thié fesearch;m
 g£tractidn softwére Qas wfitgen to condense information into
méqagehbie,uniﬁs" The Sbﬁréevinformation h;s.béen
' Lréferenged;in Section 5.0 of this report. Extraction
.%gggEiwére'ana‘éoﬁaehsgd data fileéihéveAbeen.étoreagon
magneﬁicttaée iﬁr;heﬁUniversityvof‘Alberta magnetic tape
library as ‘volume L172L0y'rack numbér 007533. A listing of

the‘filgs‘éontained on this tape is¢presehted in Table Bl

a

.and an éxplanation of the file contents follows.

B

DATA SET ONE

FILES: -  ° EXTRACT76

EXTRACiBl_‘ - o ' .

.FILE TYEEi FORTRAN PROGRAMS. |

PURPOSE:‘ fo extract pertinent information from geocéded
1976 and 1981 census files, convert and:
condense this.information into a usable form,

;catagorize‘households'into study area units and

preparé §ata for éorting and aggregation intd
zonal statisficsw”

REFERENCES: Working Paper No. 2, June, 1983

Wofking Paper No. 8, January, 1984

Working Paper No. 9, Spring, 1984

e e e e e e e e e e s e e - — — — — — — o~ ———
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DATA SET TWO

FILES: ~ ACCUM
ACCUM76
‘ ACCUM81

A
\

FILE TYPE:  FORTRAN PROGRAM
PURPOSE = To accept ceﬁsus data whiéh has: been extracted
| fréﬁ\geocodedICenSus files with pregram
"EXTRACT" and sorted into ascending traffic
zone‘order;_to accumulate {aggregate)

statistics into zonal summaries; to write

printed summaries and condensed output files.

REFERENCES: Working Paper No. 2, June, 1983
Working Paper No. 8, January, 1984

e .  — e - i —— ————— T T~ — S ———————— o ——— — — ——— . 4 — -t - A ————— > —— — ———— ——

DATA SET THREE.

FILES: EMPOP71
EMPOP76
EMPOP81TRAF
FILE TYPE: DATA FILES -

DESCRIPTION: Condensed data files (output from program

ACCUM), including household, poéqlation;and
employee statistics. Each recofd contains in
¢ -~ order:
(i) Traffic Zone Number
(ii) Hoﬁséholas per Zone

(iii) Persons per Household

(iv) Employees per Zone

- -



REFERENCES :

(v) Employees per Household

Working Paper No. 8, January, 1984

DATA SET FOUR

FILES:

FILE TYPE:

PURPOSE :

' REFERENCES:

TT71TRAF
TT76TRAF. "
TTBITRAF
FORTRAN PROGRAM
To read 197;, 1976 and 1981 trip tables, select
traffic.origin zones and aggregate arrivals

into specific destination zones.

Working Paper No. 5, September, 1983»

Working Paper -No. 6, November, 1983

v

Wbrking Paper. No. 8, Januafy, 1984

——— — ————— — ———- —— —— — ——  ————— T T % - - ———— " ———— = = M ——————

DATA SET FIVE

FILES:

FILE TYPE:

DESCRIPTION:

REFERENCES :

TT71DATA

" TT76DATA

DATA FILES

Trip tables stored in matrix form,.based on
traffic zone aggregation. A.ﬁ. peak data.
Wo:king Paper No. 5, Seppeﬁber 1983

3

Working Paper No. 6, November, 1983

114



DATA SET SIX | | L ey

FILES : NEW DESIGNATION . - .ﬂ" OLQ.DESIGﬁAfléN
 pT7INE 7 W§b71
CoTTTIW o © o wESTTL -
| © TT7ISW - ,fu‘“‘ SW71
TT76NE S TT7quf}NE+
TT76W B . TT760UT.W
TT76SW ‘ 5T7eoui.sw
TT8INE = NEBLTT -
' Tielw'— - W81TT ‘
_TTélsﬁ o swélTj
FILE TYPE: DATA FILES o ..

-
- bl

DESCRIPTION: Condensed trip information; arrivals at

selected destinations from Northeast, West and
sbgthWest study aréaAorigihs; A.M. peékfdaté
categorized by mode; éutput frbmgprograﬁs
TT71TRAF, TT76TRAF and TfslTéAr. | -

"oy

REFERENCES : Working Paper No: 5, September; 1983 - ”flf-ﬁ,

Working Paper No. 6, November, 1983

e e - et e —_—— . S ——_— ————_—— - —— o —— T — T e e L S e e e e o

 DATA SET SEVEN = K “
FILES: - NEW DESIGNATION ° . h_'dLb ?ﬁSIGNATiON‘ -
| TTP7INE L 'NEPER7TL
9 . e ' T
TTP71W . "° .~ WESTPER71
ree7is . . SWPER7L
rrR7eNE _. . TT76.NEPER

TTP76W . TT76.WPER



TTP76SW ~ TT76.SWPER

TTPSINE " " NESITTP
w0 : ,TTPélw | : W81 TTP
TTP81SW | SWB1TTP

FILE TYPE:  DATA FILES . | -

‘DESCRIPTION:‘Modal percentages for arrivals at selected

destinatiors from Northeast, West and Southwest
area origins; output from programs TT71TRAF,

TT76TRAF and TTS81TRAF.

REFERENCES: Working Péper_No.”S, September, 1983
Working Paper No. 6, November, 1983

—— b - ———_ O T —— — ————— v~ T ——— > P W~ T o T Y — — " v— P P> e > - —— - —— - —

DATA SET EIGHT

. FILES: ST71
| ST76 . .
. sT81 |
FILE TYPEY DATA FILES

DESCRIPTION: Free format data suitable for input to the

interactive statistic§l graphics package
(STPK) ; contains %@th’demographic and trip-
related statistics; the value (-1.0) wgé‘used
as a missing»value indicator.

REFERENCE: Working Paper No. 10, July, 1984



DATA SET NINE

FILES: NEW DESIGNATION OLD DESIGNATION

| DAT71 | DAT71.A
DATS1 - o EP81.T

FILE TYPE: DATA FILES .

DESCRIPTION: Data files including 1971 and 1981 zonal

areas. 1976 zonal areas are included in file
EMPOP76, referenced in data set three.

T T T o T e e o e e e e e e o e e e e e e e o = — —— - —_—— — ——— ——  — —— s ——

DATA SET TEN

FILES: VAR71
VAR76
VARSI

FILE TYPE: DATA FILES

DESCRIPTION : Files which give the computed standard

deviations of mode split (estlmate of
' proportlon) for’ all traffic zone peak work -
trips to selected destinations.
REFERENCE:  Working Paper No. 10, ‘July, 1984.

T T T T o o T o e o T e o e e o e e o L i = e e = = ————— . ——  —— —— -

DATA SET ELEVEN

-

FILES: TRAFPOLYGON
POLY83.BI
FILE TYPE: DATA FILE (BINARY)

.

DESCRIPTION: 1971 polygon file and 1983 polygon files; .

universal transverse mercator co-ordinate

strings Hefining zonal polygon networks; one



11y

record per polygon.

REFERENCE : Working Paper No. 11, July, 1984

DATA SET TWELVE

FILE: POLYREAD.GIM

FILE TYPE: FORTRAN PROGRAM

PURPOSE: To convert binary polygon files into GIMMS-
compatible input stfings; the usér must edit
the output file and manually append a slash (/)l
at the end of eacﬁ polygon string.

e e e e e o e e = = = = - o ——— —— —— - T T — > = = e = e M e S e e s e e e M e e e e e

DATA SET THIRTEEN

FILES: G71.BASE
MAPS : o \\
FILE TYPE: COMMAND FILES

DESCRIPTION: Command files for the production of a GIMMS

basefile (G71.BASE) and a GIMMS plot (MAPS).

Sy

REFERENCES: Working Paper No. 11,

Richer, S., "GIMMS Users Guide", Department of
Geography, Carleton University, Ottawa,

Ontario, October, 1978. °

e e e e o e o = 4 ot o " - — —— > $wn T o T e T A S S P M D e S S s e e e e s SE S S S

DATA SET FOURTEEN

FILES: BFILE71
BFILE81
FILE TYPE: DATA FILES

DESCRIPTION: Basemap information for GIMMS software;



locational data files.

"PURPOSE, : To provide a geographic reference for

‘statistical mapping.

REFERENCE: Richer, S., "GIMMS Users Guide", Department of

Geography, Carleton University, Ottawa,

Ontario, October, 1978.

——— - ———— " ———— ——_— —— —— i —— —— ———— — ——————— T — ——— v —— — — ————— ——— — - o ——

- DATA SET FIFTEEN

FILES: . GD1
s ~-..GD2
GD3

FILE TYPE: DATA FILES

DESCRIPTION: Exampleshdf-GIMMS input data, prepared from

free format files contained in data set

eight. This set contains 1981 aata as follows:

GD1 - 1981 mode split: to C.B.D., central'and

university destinations

GD2 - Employee density, bus stop density and

average household. income
GD3 - Scheduled transit travel time to downtown

and university destinations.

——— - ——— . —————— o —— - ———— " —— - —— ————— — " — . —— o —————— o — ——

)

DATA SET SIXTEEN

FILES : PL5.71.CBD
PL5.71.CENT

PL5.71.U

PL10.71.EMPD

PL5.76.CBD

PL5.76.CENT

PL5.76.U

PL10.76.EMPD

-

PL5.81.BSD
PL5.81.INC
PL5.81.CBD

PL5.81.CENT

119
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PL10.71.CBD PL10.76.CBD PL5.81.U

PL10.71.CENT PL10.76.CENT PL10.81.BSD

PL10.71.U PL10.76.U PL10.81.INC
PL6.76.TTC PL10.81.EMPD

‘ PL6.76.TTU PL10.81.CBD

PL10.81.CENT
PL10.81.U
PDG.BL.TTC

PL6.81.TTU

FILE TYPE: PLOT DESCRIPTION FILES

DESCRIPTION: Output from program GIMMS; plot description .

files suitable for use with the University of

Alberta's Digital Plotting System.

ABBREVIATIONS: BSD .

.\ ~CBD
CENT
"EMPD

~TTC

TTU

U

BUS STOP DENSITY
CENTRAL BUSINESS DISTRICT (MODE SPLIT)
CENTRAL AREA (MODE SPLIT)

EMPLOYEE DENSITY

_TRANSIT TRAVEL TIME TO CENTRAL:AREA

TRANSIT TRAVEL TIME TO UNIVERSITY AREA

UNIVERSITY (MODE SPLIT)



. PLIO T

)

Table Bl

Volume L17210

File Listing for Tape 007533,

INDEX
EXTRACTTE
EXTRACTS
ACGUM
ACCUMTS
aACCUMB
EMPOP T
EMPDPTE
EMPOPBI1TRAF

CTTTI1TIRAF

TT76TRAF
TT81TRAF
TT71DATA
TTI8DATA
TTTINE
TrTw
TT7isw
TTTBNE
TTIEW
TTTESW
TTSINE
Traiw:
TT8ISW
YTPTINE
TTPTIW
TYPTISW
TTPTIENE |
TTPIEW
TIPTESW
TTPSINE

TTPE AW

TIPS ISW
sT71

sT76

sTa

DATTY

DaTs

VARTY

YaRTE

vaRs 1
TRAFPOLYGDN
roOLYR] BI
POLYREAD GIM
C71.BASE
MaPS .
BFILET >
BFILES

cD!

Go2

(1-F]

PLS 71 CBD

PLE T1.CENT

PLS 71U
PLIO 71 EMPD
ceD
PLIO. 71 CENT
PL1O 7). L
PLS 76 C8D
PLS 78 CENT
PLE T6.U
PL1O .76 . EMPD
PL1O. 78 .CBD
PL1O.76 CENT
PL1O.7E .U
PLE 78 .TTC
PLE 76 TTU
PLE 81.850D
PLS 81 INC
PLE.81.CBD
PLE .8t . CENT
PLS. 81U
PLID.81.BSD
PL1O. 81 . INC
PLIO. K1 . EMPD
PL1O.81.CBD
PL1O.81.CENT
PLIO . B .U
PLE.81.TTC
RLS .81 TTU

FILE NAME VER® TYPE
LINE
LINE
LINE
LIKE
LINE
LINE

LINE,

1

1

1

1

1

1

1
tOLINE
1 LINE
1 LINE
1 LINE
1 LINE
1 LINE
1 LINE
1 LINE
1 LINE
1 LINE
tOLINE
i LINE
1 LINE
1 LINE
1 LINE
1 LINE
1 LINE
! LINE
1 LINE
1 LINE
t LINE
1 LINE
T LINE
1 LIRE
1 LINE
1 LINE
1 LINE
1 LINE
1 LINE
tOLINE
1 oLINE
t LINE
t OLINE
1

1

1

1

1

1

1

1

t

)

1

1

1

1

1

'

'

1

1

1

1

1

1

1

'

1

1

1

1

1

t

1

1

t

'

1

1

1

1

LINE S

—~L INE
LINE
LINE
LINE
LINE
LINE
LINE
LINE
LINE
LINE
LINE

size

LRECL OEV
68 L]
57 s
a8 1
4 1
Y 1
(X} 1
ss 3
S8 3
LY 3
104 2
(X 2
[ X} 1
12520 198
1484 44
(13 s
€2 €
62 s
. 82 3
62 [ 1
.2 [
[ 4
so .
so |
T4 [
74 [
Ta s
[ ] 3
[ ¥ ] [ 1
LX) a
£ 4
[} 2
(3] 3.
[ 33 4
82 a
s 4
78 [
sa 4
8 T
(X} s
8 1
282 11
3%e 13
(3] )
67 14
‘B8 1
1032 11
1032 1 PaGE
32 PAGE
12 PAGE
24 ‘a  PAGE
254 20 PAGE
254 21 PAGE
2%4 19 ¥ACE
254 19 PACE
254 21 PFACE
254 22 PAGE
254 21 PAGE
254 20 PAGE
254 22 PAGE
2854 22 PAGE
254 20 PACE
254 21 PAGE
284 23 ' PAGE
254 22 PACE
254 23 PAGE
254 27 PAGE
284 18 PAGE
254 2%  PACE
284, 2% PAGE
284 28  PAGE
2854 28 PAGE
284 22 PAGE
254 28  PAGE
284 23  PAGE
L 284 28 PAGE
284 27 PAGE
284 - 28 PACE
254 28 PAGE
254 27 PAGE

OATE AND TIME SAVED

MOV

NDVY .

NOV

NDY .

NOV

BLI:A

NOV
NDV
NOV
KOV

NOV .

NOV
NOV

NDV.
pEC

oeEC.
DEC.
DEC.
DEC.
DEC .,

DEC

DEC .
bEC .
DEC .

DEC

DEC .
DEC .
DEC .
DEC.
DEC .
DEC.
pec.
DEC.

1984

1984,

1884
1984

1984

1984

:80:14

LT-ER1

50
180
I I
IR RN
B

41

LEN(PFT) USERID

2 301F
4 301F
& JoIr
s 301K
7 301F
8 - 301F
] 301F
1 301°F
12 3o00r
13 301F
P4 J01F
16 I0F
27 IDIF
58 301F
50 JoYF
(3] 301F
82 301F
sa 301F
6s 301F
§7 aonr
(X 301F
69 301F
70 301F
72 onrF
13 Jo1F
78 301F
7e 301F
78 301F
78 301F
80 301F
L B 3017
%] J01F
84 J01F
s Jo1F
87 301F
ss 301F
1] 301F
“e 301F
L 301F
e 301tF
[ 3J01F
27 J01F
se 0P
100 Joar
101 301F
103 301F
108 J01F
106 301 F
108 301°F
109 JonrF
1y 301 F
413 . 30 F
L 301F
e 301F
120 JOIF
122 301tF
124 301rF
127, 301F
c129 3017
131 301 F
133 304fF
‘138 301F
138 °  301F
1480 301F
143 301F
148 301F
187 .. 304F
150 301F
ts2 . 201°F
i5S 301F
157 o r
180 301F
162 3o1rF
158 301F
167 301F
170 JOIF
172 301F
178 301F
177 3o01F
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APPENDIX C.

CHOROPLETHIC MAPPING R

AN‘EXAMPLE OF A GiMMS COMMAND FILE

*SYSPARM D1AGSE3 NOLIST .
*PLOTPARM CALCOMP '
sPLOTPROG

2NEWMAP 50 SO FRAME
SGIMMSFILE 11 BFILES
*DATMAN 442 1

SDATA STREAM 13 t (26X,F8.2)
SDEFINE PCBD=1 =

sSET 1 (PCED)

SEND ,

sSCALE S]2€s40

SORICGIN PLOTSE, Y

*TEXTY rusxvxon-z 7.S12E%0.3 ,ALPHABET= 18, EDMONTON TRAFFIC zou!s'
STEXT POSITIONS2,4,SI12ExC.4 ALPHAI[TIIS "MODE SPLIT YO - .
"UNIVERSITY. AREA - ltll'

"TEXT POSITIONZ30,5,SI2ZEx0O.25 ALPKABET=}2, 'DIAWN'IV A. J. THERTAULT®
SNORTHPT POSITION=S .0, J0. o, sxz:-: 0, NDRAW ’ - :
sLEVELS §

SINTERVALS EOUAL s . . -

*SYMBOL1SM AREA 10.0,0,60,1/0.35,2,0,140.35,92,0,1/0.27,2,0,3+0.27,
82,0,3/0.12,2,0,2¢0.12,92,0,2/0.0%,2,0,1+40.085,92,0,1/

.= LEGEND ‘ N

sSMAP 1

«END :

sgTOP ’ . , )

122 .
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APPENDIX D

TIME SERIES TABLES

EXPLANATORY NOTES:

- Trip information refers to work and post-secondary
school trips during morning peak conditions.

"r.T./100 H.H." refers to "Transit'Trips,per,Hundred
Households". - :

- Employee density ‘statistics are shown as persons per
.- acre.

. | ‘ . \
Missing or statistically insignificant values are
denoted by "-1.0". :
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EMPLOYEE DENSITY 6.43

ZONE  84. 1971 1976 1981
A R K
POPULATION 4571, 4057. 3768.
EMPLOYEES 1484 1622. 1806.
HOUSEHOLDS 1536. 1466. 1520.
ACREAGE 248. 247, 251,
%TRANSIT-CBD 57. 69. 75.
%TRANSIT-CENTRAL 48. 55. 67.
YTRANSIT-UNIV. 50. -1. a1,
TRANSIT TR1PS-CBOD. 24, 11. 15,
TRANSIT TRIPS-CENT. 107. a7. 73,
TRANSIT TRIPS-UNIV. 11, 5. 7.
T.T./100 H.H.-CBD.  1.56 . 0.75 0.99
T.7./100 H.H.-CENT. 6.97 3.21 4.80
T.7./100 H.H.-UNIV. 0.72 0.34 0.46
EMPLOYEE DENSITY 5.98 6.56 7.20
Z0NE 5. 1971 1978 1981
R R A R R
_POPULATION 4342, 4019. 3991.
EMPLOYEES 1611, 1787. 2121,
HOUSEHOLDS 1466 1489, . -T857.
ACREAGE 251. "248. 256
%TRANSIT-CBD 51. 45, 57.
%TRANSIT-CENTRAL a2, 61  60.
YTRANSIT-UNIV. . 42. 46. 57.
TRANSIT TRIPS-CBD.  24. 10. 'ﬁQQV‘
 TRANSIT TRIPS-CENT.  B1. 85. 82.
“TRANSIT TRIPS-UNIV.  10. 16.. 17.
T.7./100 H.H.-CBD.  1.64 0.67 1.21
T.T./100 H.H.-CENT. 5.53 5.71 4.95
T.T./100"H.H.-UNIV. 0.68: 1.07 1.03
: 7.22 8.29
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ZONE  86. 1971 1976 1981

3 o o o O o o K oK K o o ok o koo o o o o o KK o o .
POPULATION 3459. 3116. 2679.

EMPLOYEES ' 1310. 1433, 1452,

HOUSEHOLDS " 1052. 1109. 1101.

ACREAGE - 218. 215. 223, '
¢ TRANSIT-CBD 44, 62. 73. | ,
YTRANSIT-CENTRAL 48. 62. 72.
YTRANSIT-UNIV. a4. o aa. 57,

TRANSIT TRIPS-CBD.  16. 13. ) 11. .
TRANSIT TRIPS-CENT. 78, 8. 70,

TRANSIT TRIPS-UNIV. 7. 12. j 8. ~
T.T./100 H.H.-CBD.  1.52 ' 117, . 1.00

T.T./100 H.H.-CENT. 7.41 7.03 6.36

T.T./100 H.H.-UNIV. 0.67 1.08 - 0.73

EMPLOYEE DENSITY 6.02 6.66 ~ 6.50

ZONE 91, 1971 1976 1981
R R

POPULATION 5484. 4849, 4307.

EMPLOYEES 1695. 1891, 1837.

HOUSEHDLDS - 1884 | 1748. 1786.

ACREAGE 232. 229. 231.
%TRANSIT-CBD 67. B1. 75.

Y TRANSIT-CENTRAL 56. 58. ' 66.
¥TRANSIT-UNIV. . 42. 57, 53.

TRANSIT TRIPS-CBD.  43. 23. ' 5.

TRANSIT -TRIPS-CENT. 116.. 95. 92,

TRANSIT TRIPS-UNIV.  16. 6. 9.
T.7./100 H.H.-CBD.  2.28 1.32 ~0.34 '
T.T./100 H.H.-CENT. 6.16 543 5.15

T.T./100 H.H.-UNIV. 0.85 0.92 1.06

EMPLOYEE DENSITY ~ -7.31 8.24  8.39 ‘
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Z0NE 92, 1971 1981
KR K K K R K
POPULATION 4429, 3907. 3280,
EMPLOYEES 1377. 1606. 1654,
HOUSEHOLDS 1377. 1324, 1325.
ACREAGE 204. 203. 203,
%TRANSIT-CBD - 57. 50. 57.
%TRANSIT-CENTRAL 54. 58. 65.
XTRANSIT-UNIV, 40. 69. 40.
TRANSIT TRIPS-CBD. 25. 13, 17.
TRANSIT TRIPS-CENT. 5. 76. 99.
TRANSIT TRIPS-UNIV. 8. 22. 8.
T.T./100 H.H.-CBD.  1.82 J.98 1.28 .
T.T./100 H.H.-CENT. 6.90 5.74 7.47-
1.7./100 H.H.-UNIV. 0.58 1.66 0.60
ENOLOYEE DENSITY 6.74 7.92 8.13
ZONE 107, 1971 1976 1981
R K
POPULATION 3664. 3140. 2898.
EMPLOYEES . 876. 1166. 1359.
HOUSEHOLDS 994. 1100. 1277.
‘ACREAGE 149, 148. 148.
%¥TRANSIT-CBD 48. -1, 59.
%TRANSIT-CENTRAL 50. 73, 64.
%TRANSIT-UNIV. 64. 85. 83.
TRANSIT TRIPS-CBD. 14, 6. 10.
TRANSIT TRIPS-CENT.  53. 41. a4,
TRANSIT TRIPS-UNIV. 9. 13, 15,
T.T./100 H.H.-CBD.  1.41 0.55 1 0.78
'T.T./100 H.H.-CENT. 5.33 3.73 . 3.45
T.7./106-H.H.-UNIV. 0.91 1.18 1.17
EMPLOYEE DENSITY  5.87 7.87 9.18
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ZONE 103. . . 1971

EMPLOYEE DENSITY 12.80

1981

*******t*#*t***************.********lgzgt**#************
POPULATION 413. 480. 715.
EMPLOYEES 181. 242. 393.
HOUSEHOLDS 152, 198. 280.
ACREAGE . 64, 62. §0.
YTRANSIT-CBD -1 78. 83.
%TRANSIT-CENTRAL 51, 5. 79.
%TRANSIT-UNIV. - 58. -1, -1,
TRANSIT TRIPS-CBD. 4. 7. 5.
TRANSIT TRIPS-CENT.  18. .24, 27,
TRANSIT TRIPS-UNIV. 7. 3, 2.
T.7./100 H.H.-CBD.  2.63 - 3.54 1.79
T.T./100 H.H.-CENT. 11.84 12.12 ' 9.64
T.T./100 H.H.-UNIV. 4.8 1.52 0.71
EMPLOYEE DENSITY 2.84 . 3.88 6.59
‘ZONE 104, - 1971 1976 - 198 1
e e K R R
POPULATION 2271. . 2436. 2315.
EMPLOYEES 1183 1454, 1590,
HOUSEHOLDS 958. 171, 1247,
 ACREAGE 92. 70. 72.
%TRANSIT-CBD 50. 72.. 94.
 %TRANSIT-CENTRAL 57. 70. 76.
YTRANSIT-UNIV. 57, 61. 53.
TRANSIT TRIPS-CBD. . 28, 26. 5.
TRANSIT TRIPS-CENT. 163. 168. 135.
TRANSIT TRIPS-UNIV.  17. 27, 8.
T.T./100 H.H.-CBD.  3.03 2.22 1.20
_T.T./100 H.H.-CENT. 17.01 14.35 ©10.83
T.7./100 H.H.-UNIV. 1.77 2.31 0.64
1.20.80 21.98
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ZONE  105. 1971 . 11978 1981

R o K AR KKK R KKK RO KRR R i . .
POPULATION 2915. 1968. 2321. ’ | -
EMPLOYEES 886. U642 013, Jy\\
HOUSEHOLDS 1277 788. 1382.
ACREAGE | 190,y 146, ’ 155. |

~ %TRANSIT-CBD 34, | 31. 75.
YTRANSIT-CENTRAL 40. 33, 73. 1. '
%TRANSIT-UNIV. 55. 1. -1
TRANSIT TRIPS-CBD. 11. 5. | 9. o -
TRANSIT TRIPS-CENT.. 51. : 6. a0. PR
TRANSIT TRIPS-UNIV. 21. 4. a. : , (\;;)
T.T./100 H.H.-CBD.  0.86 0.63 0.65 \ 1

© T7.7./100 H.H.-CENT. 3.99 2.03 2.89 ¢ ~<; 
T.7./100 H.H.-UNIV. 1.64 0.51 0.29 ' -
EMPLOYEE DENSITY 4.66 ©4.40 6.53 . ~
ZONE  126. 1971 1976 . 1981 .
P S STRPUN 1 PP b _ o
POPULATION 5401. 4651. 4796.
EMPLOYEES 1736. 1974. 2294.
HOUSEHOLDS 1527, 1542 1802.
ACRE AGE 322. 318. 373, 3
%TRANSIT-CBD P54, 64. 50. .
ATRANSIT-CENTRAL  ~ 42.° 4. T os0. | )
YTRANSIT-UNIV. 32. - as. 50. '
TRANSIT  TRIPS-CBD..  26. .14, ‘ 13 /
TRANSIT TRIPS-CENT.  91. 77. 100. |

 TRANSIT TRIPS-UNIV.  14. : 9. 1. |

T.T./100 H.H.-CBD. 1.70 0.91 0.72 .
T.T./100 H.H.-CENT. 5.96  4.99 5.5 . N F
T.7./100 K.H.-UNIV. 0.92° 0.58 - ot : oA
EMPLOYEE DENSITY  5.39 | 6.20 6.15 //sﬁ' '

\ - ‘ o . ¥\ ,
. . T{":/ \,\ .




LA

EMPLOYEE DENSITY

ZONE  131. 1971 1976 1981
o O K
POPULAT ION 973. 870. 713.
EMPLOYEES 284, 340. 344,
HOUSEHOLDS 1229, 235, 224,
 ACREAGE 220. 218. S 211,
YTRANSIT-CBD -1, 1. ’ -ii
YTRANSIT-CENTRAL - 42, 52. 74
S TRANSIT-UNIW. -1, -1, -1,
TRANSIT TRIPS-CBD. 2. 1 29
TRANSIT TRIPS-CENT.  10. 15, 14.
TRANSIT ‘TRIPS-UNIV. 1. 2. 3.
T.7./100 H.H.-CBD. 0.87 0.43 0.89
T.T./100 H.H.-CENT. 4.37 '6.38 6.25
T.T./100 H.H.-UNIV. 0.44. 0.85 1,34
EMPLOYEE PENSITY  1.29 1.56 1.63
one 134, 1971 1976 1981
R L E TS PRS- RRRP-t fO
POPULATION 4815, 4295. - 3999.
EMPLOYEES 1524. 1783. 1924,
YHOUSEHDLPS 1261, 1267. 1369.
" ACREAGE L age Coea, T pes,
¥TRANSIT-CBD 57. 48. 54.
%TRANSIT-CENTRAL -~ 47. " 62. 58. '
¥TRANSIT-UNIV. 31. 60. 57.
TRANSIT TRIPS-CBD.  26. * 10. 13.
TRANSIT TRIPS-CENT. 99, 95. 69.
TRANSIT TRIPS-UNIV.  10. B 9. 12.
T.7./100 H.H.-CBD. 2.06 0.79 o:g$ o
T.T./100 H.H.-CENT. 7.85 7.50 504
T.T./100.H.H.-UNIV. "0.79 0.7 0.88 g
5.15 6.07 6.57
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ZONE 134, o197t 1978 1981
RS S s U 4
“POPULATION 3456, . 1227. © . 2487,

EMPLOYEES 1161. o520, .. 1330.

HOUSEHOLDS 927 360. 892

ACREAGE 359. 302. . 279,

%TRANSIT-CBD 64 -1, 33
'%TRANSIT-CENTRAL = 46. 42, .

XTRANSIT-UNIV. 33, - - 50. . 350

TRANSIT TRIPS-CBD. 14, R

TRANSIT TRIPS-CENT. 76. 9. a2,

TRANSIT TRIPS-UNIV.  10. T

T.7./100 H.H.-CBD. 1.51 IEEIEY ;ﬂ."_- 0.34

T.7./100 H.H.-CENT. 6.20° . s.28 a7

T.T;/1oo H.H.UNIV. ros ,'14.67 ' 0.87

EMPLOYEE DENSITY  3.23 . .~ 1.72 4.77

| ZONE 135, 1971 . T 1e76 1981

KK R R A R KRR AR

© POPULATION . -7~ 1487, 2946. - 3158,
| gelovess : a8t qoss. 1493.

HOUSEHOLDS .. 357.° . 824, 990"
© ACREAGE . 160, RERRTIE 138,

%TRANSIT-CBD . - B0. .- 5B, 78

KTRANSIT-CENTRAL  47. 39. 54.

- XTRANSIT-UNIV. 53. 55. -1,
TRANSIT TRIPS-CBD.  12. ’ A 7.
TRANSIT TRIPS-CENT.., 29. - 43.° 35,
[RANSIT TRIPS-UNIV. 8. N 3.
T 100 H.H.-CBD. 3.35 .  0.85 0.71
T./100 H.H O CTNT. 812 5.22 3.54
CLTU/100H L 2.24 0713 0.30

'EMPLOYEE D... T'  2.6% 6.43 10.82
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EMPLOYEE DENSITY

ZONE™  137. 1971 . 1976 1981
R A K 3
POPULATION 2573, 988. 2394,

- EMPLOYEES 826 - 388. 1193}
HOUSEHOLDS 641. v 265. 713.
ACREAGE 252. 232. 188.
%TRANSIT-CBD 69. R -1
%TRANSIT-CENTRAL 41. 55. 60.
$TRANSIT-UNIV. 33... . -1. 42,
TRANSIT TRIPS-CBD. s. 3. 4.
TRANSIT TRIPs-cENf. 56. -2, 46.
TRANSIT TRIPS-UNIV. 6. - 4. 5.
T.T./100 H.H.-CBD. ~1.40. 13 0.56
T.T./100 H.H.-CENT. 8.74 . 10.19 6.45
T.T./100. H.H.-UNIV. 0.94 .51 0.70
EMPLOYEE DENSITY  3.28 1.67 . 6.34
ZONE 191 1971 1976 1981
30 oK KK M N O K KR IO K R K K ok O i ko ok oK i o ok 3K o oK ol K K K ok kK
POPULATION - 295g. 3753. 5124.
EMPLOYEES 975. 1486. 2374.
HOUSEHOLDS RN 939. 1505,
ACREAGE 385. . 370. 422,
#TRANSIT-CBD 23. 43. 51.
$TRANSIT-CENTRAL 20, 30. 58.
%TRANSIT-UNIV. 13, 62. 56
TRANSIT TRIPS-CBD. 5. 4’ 5. 20.
TRANSIT TRIPS-CENT.  36. 36. 119,
TRANSIT TRI#S-UNIV. 3. 16. 19.
T.7./100 H.H.-CBD. 0.70 ©0:64 1.33
T.T./100 H.H.-CENT. 5.06 3.83 7.91
T.T./100 H.H.-UNIV. 0.42 1.70 .26

2.53 " 4.02 5.63
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EMPLOYEE DENSITY  4.62

wy

5.47

ZONE 192, 1971 1976 1981
KA K Rt
POPULATION- -- . 4757, 7598. 5141,
EMPLofEE§ s, 2888. 2466.
HOUSEHOLDS 1088, 1886, 1536.
ACREAGE = 293. 306. 284,
%TRANSIT-CBD 5. 25. 44,
%TRANSIT-CENTRAL . .26. - 35, 60.
XTRANSIT-UNIV. 5| 73. 53,
TRANSIT TRIPS-CBD. . . 10. 15.
TRANSIT TRIPS-CENT.  47. 98. 122,
TRANSIT TRIPS-UNIV. 1, 19, 18,
T.7./100 H.H.-CBD.  0.55 0.53 0.98
T.T./100 H.H.-CENT. 4.32 5.20 7.94.

“T.T./100 H.H.-UNIV. 0.09 1.01 1.17
EMPLOYEE DENSITY 4.92 . 9.43 8.67
ZONE 201, . 1971 1976 1981
R K XK A KK R XK K KRRt s
POPULATION. © 495%, 4746 4168.
EMPLOYEES 1480. 1725. 1830.
HOUSEHOLDS 1331, 1471, 1336.
ACREAGE 320. 315, ~ ooy 313
XTRANSIT-CBD 59. 13. - 59,
%TRANSIT-CENTRAL 43. 24, bu.
XTRANSIT-UNIV. 54, 70. 79.
TRANSIT TRIPS-CBD. 19. 1, 1,

 TRANSIT TRI;S-CENT. 80. 29. 74.
TRANSIT TRIPS-UNIV., 7. 7. 23.
T.T./100 H.H.-CBD.  1.43 0.07 0.97
T.T./100 H.H.-CENT. .01 1.97° 5.54
T.T./100 H.H.~UNIV. 0.53 0.48 1.72

5.84
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ZONE ~ 211, 1971 1976 1981
A K
POPULATION 5863. 6673. 4797,
EMPLOYEES . 1816, 2588. 2473.
HOUSEHOLDS 1340, . 1640 . 1364.
ACREAGE 317, o315, 342.

" %TRANSIT-CBD 42, _ 30. .70,
¥TRANSIT-CENTRAL 34, a2. - se.
$TRANSIT-UNIV. 32. ' 33, " B0.
TRANSIT TRIPS-CBD. 26, \' " 14,
JRANSIT TRIPS-CENT.  84. . 97.

TRANSIT TRIPS-UNIV. 11, 10. . i
T.7./100 H.H.-CBD. 1.9{t - 0.67 - © 1,03
T.T./100 H.H.-CENT. 6.27° - 433 7.
T.T./100 H.H.-UNIV. 0:.82  ~-.  o0.81 3.01
EMPLOYEE DENSITY 5.73 ‘8.21 7.24
ZONE 212, 1971 1976 1981
R KR K
POPULATION 5672. ' 6446. -4735.
EMPLOYEES | 1812. - 2578.  2383.
_ HOUSEHOLDS 1458, 1857, 1589, \
ACREAGE 377. '375. 376.

%TRANSIT-CBD a0. a8, 68.

C%TRANSIT-CENTRAL 28, = 49, . B2.
XTRANSIT-UNIV. . - 29. ' 56. AT \
TRANSIT TRIPS-CBD. 14, ' 14, 13.

" TRANSIT TRIPS-CENT.  63. ' 101, ° g7,
TRANSIT TRIPS-UNIV. 6. o . 9. 17.
T.T7./100 H.H.-CBD. 0.96 ' 0.75 ©0.82
T.T./100 H.H.=CENT. 4.32 5.44 6.10
T.7./100 H.H.-UNIV. 0.41 0.48 1.07

EMPLOYEE 'DENSITY -4.80 6.87 . 6.28



ZONE 221. 1371 1976

EMPLOYEE DENSITY  4.72 5.63

~

POPULATION 5204. 6025. 5350.
EMPLOYEES 1749, 2500. 2586.
HOUSEHOLDS 1315, 1755, 1694.
ACREAGE . . 369, 365, 445,
%TRANSIT-CBD T 52. a2.
%TRANSIT-CENTRAL 23.. 39. B2,
XTRANSIT-UNIV. 13, 62. T48.
TRANSIT TRIPS-C?D;_ 7. o 22, 11
 TRANSIT TRIPS-CENT. 57. 112. t 117,
TRANSIT TRIPS-UNIV. . 4. 13, 15.
T.7./100 H.H.-CBD. 1429 ) 1.25 0.65
T.T./100 H.H.-CENT. 4.33 6.38 6.91
T.T./100 HH-UNIV. 0.30 074 0.89
EMPLOYEE DENSITY 4.74 6.84 - 5.81
ZONE  222. . - 1971 1976 1981
R R S S
POPULATION 3688. .~ 3550. 3152,
EMPLOYEES 1175. ' 1450. 1601.
'HOUSEWOLDS - . 920. - 953, 957.
~ ACREAGE 243,  258. 248,
%TRANSIT-CBD .31, 32. 59.
¥TRANSIT-CENTRAL 2. 45, 55,
YTRANSIT-UNIV. 23, a2, 48,
TRANSIT TRIPS-CBD.  10. 6. 10.
TRANSIT TRIPS-CENT. 37, ' 67. 77.
TRANSIT TRIPS-UNIV. 9. 8. 1.
T.7./100 H.H.-CBD. ~ 1.09 -~ 0.63 1.04
T.T./100 H.H.-CENT. 4.02 7.03 8.05
T.7./100 H.H.-UNIV. 0.98 . ° 0.84 1.15
6.45
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IO BT eI e
POPULATION 1876. 7730. 6529.
EMPLOYEES 603. 3051. 2887,
HOUSEHOLDS 456, 2192. - 2007.
ACREAGE 368. 364, 396.
%TRANSIT-CBD 35. 49. 26.
%TRANSIT-CENTRAL . 35.. .47, 43.
%TRANSIT-UNIV. 50 35, 53.
TRANSIT TRIPS-CBD. 6. 22, 9.
TRANSIT TRIPS-CENT.  36. 128. 108.
TRANSIT TRIPS-UNIV. ° 8. 9. 16.
T.T./100 H.H.-CBD.  1.32 1.00 0.45
T.7./100 H.H.-CENT. 7.89 5.84 5.38
T.T./100 H.H.-UNIV. 1.97 . 0.41 0.80
EMPLOYEE DENSITY 1.64 8.38 7.29
ZONE  262. 1971 1976 1981
e S AP S A e
POPULATION 2582 4953. - 3918.
EMPLOYEES 885. 1978. 1676.
HOUSEHOLDS 653. 11304, 1095.
ACREAGE 324, 321. 301.
%TRANSIT-CBD. 29. 54. 70.
%TRANSIT-CENTRAL 24, 35. 45,
%TRANSIT=UNIV. 13. a5. 7.
TRANSIT TRIPS-CBD’ 9. 14, 7.
TRANSIT TRIPS-CENT.  30. 65. 55.
TRANSIT TRIPS-UNIV. 3. 29. 17.
T.T./100 H.H.-CBD. 1.38 1.07 0.64
T.T./100 H.H.-CENT. 4.59 4.98 - 5.02
T.T./IOO\H;H;-UNIV. 0.48 2.22 1.55
~ 617 5.56

'EMPLOYEE DENSIT Y
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Z0NE 272, 1971 1976

’

/

POPULATION 4937. 5871, 3812.
EMPLOYEES " 1e82. . 2463. 2013.
 HOUSEHOLDS 1225. 1512, 1216.
ACREAGE v 289. 287. . 302.
%TRANSIT-CBD 38. Y ©y 5.
4TRANSIT-CENTRAL - 31. . . 44, //// 52.
%TRANSIT-UNIV. 28, T 61.
TRANSIT TRIPS-CBD.  15. 12, 14,
TRANSIT TRIPS-CENT. 74, 85. 97.
TRANSIT TRIPSSUNIV. 11, 21, 33.
T.7./100 H.H.-CBD.  1.22 . ~0.79 1,15
T.7./100 H.H.-CENT.. 6.04 5.62 7.98
T.T./100 H.H.-UNIV. ©0.90 . = 1.59 2.71
. EMPLOYEE DENSITY 5.82 8.57 6.67
ZONE. 273, 1971 - 1976 1981
R R A R
POPULATIDN 2404, 2081. . 1823.
. EMPLOYEES 889. 1037. 1062.
. HOUSEHOLDS 41, 728. 732,
ACREAGE 164. ~ 1es. 161.
%TRANSITCBD 66. 36. 5.
LTRANS1T-CENTRAL 54.° Bl 63.
KTRANSIT-UNIV. 70. 58. 44.
TRANSIT TRIPS-CBD.  21. C o, 10
TRANSIT TRIPS-CENT. 78, < 34, aa.
CTRANSIT TRIPS-UNIV. 7. 7. s
T.T./100 H.H.-CBD. 2.83 0.55 1.37
T.T./100 H.H.-CENT. 10.53 4.67 6.01
T.T./100 H.H.-UNIV. 0.94 1 0.96 0.55
EMPLOYEE DENSITY  5.43 6.36

6:60
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274, 1971

ZONE 1976
o o e R
POPULATION 3834. 4970, 2916.
EMPLOTEES ~ 1275, / 2055. 1507.
HOUJEHOLDS 1048, 1415, 1038.
ACREAGE o191, -190. 193.
%THANSIT-CBD .62 32. 27.
C%TRANSIT-CENTRAL - -37. 45, 58.
%TRANSIT-UNIV. 18. 8. 80.
~ TRANSIT TRIPS-CBD. 24, 7. 6.
TRANSIT TRIPS-CENT. - 81. 75. 79.
TRANSIT TRIPS-UNLV.‘ 2. 25. 16.
T.7./100 H.H.-CBD.  2.29 0.49 0.58
T.7./100 H.H.-CENT. 7.73 5.30 7.61
T.7./100 H.H.-UNIV. 0.19 1.77 1.54
EMPLOYEE DENSITY 6.66 10.84 7.82
ZONE 411, B 1971 -1976 - 1981
R R B R KRR K R KRR R R X R R R
POPULATION 3534, 3067. 2578.
EMPLOYEES SERTIEY 1371. 1369.
" HBUSEHOLDS o ger. 887. 880.
ACREAGE . 249, 245. 251.
XTRANSIT-CBD 28. 38. 33.
YTRANSIT-CENTRAL - 28. 37. 46.
XTRANSIT-UNIV. 35. 33, 47.
TRANSIT TRIPS-CBD. 11. 1. 5.
TRANSIT TRIPS-CENT. 54, 65. 43.
TRANSIT TRIPS-UNIV.  17. 13. 14.
T.T./100 H.H.-CBD.  1.23 1.24 0.57
T.7./100 H.H.-CENT. 6.02 7.33 4.89
gizB.T./1oo H.H.-UNIV. 1.90 - 1.47 1.59
5.60

EMPLOYEE DENSITY 4.7t

1981

5.45

W
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EMPLOYEE DENSITY

ZONE 412, 1971 1976 1981
R R A R
POPULATION 2888. 2456. 2130.
EMPLOYEES 1074. 1192, 1175.
HOUSEHOLDS 793. 786. 779.
ACREAGE 166. 164. 168.
%TRANSIT-CBD 43, 50. 72.
XTRANSIT-CENTRAL -’33, 39, 56.
%TRANSIT-UNIV. © 47, 51, 63:
TRANSIT TRIPS-CBD.  15. 8. 13,
TRANSIT TRIPS-CENT.  58. 39. 44,
TRANSIT TRIPS-UNIV. 27, 23. 27,
T.7./100 H.H.-CBD. 1 B3 - 1.02. 1.67
T.T.7100 H.H.-CENT.. 7.44 - 4.96 5.65
T.T./100 H.H.-UNIV. 3.40 2.93 3.47
EMPLOYEE DENSITY 6.48 7.26 7.01
ZONE  423. 1971 " 1978 *1981
R R R
POPULATION 3587, 3613. 2955.
EMPLOYEES 1402. 1639. 1553.
HOUSEHOLDS 1085. 1114, 1064.
ACREAGE 230, 233. 241,
%TRANSIT-CBD 31, 50. 60.
%TRANSIT-CENTRAL 18. 44, 55.
YTRANSIT-UNIV. 21. 46 . 69.
CTRANSIT TRIPS-CBD.  9.- 13, 2.
TRANSIT TRIPS-CENT. — 37. 69. 69.
TRANSIT TRIPS-UNIV. 8. 18. 25.
T.T./100 H.H.-CBD.  0.83 1.17 1.13
T.T./100 H.H.-CENT. 3.41 6.19 6.48
T.T./100 H.H.-UNIV. 0.74 .62 2.35
 5.98 7.04 6.45.
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' . e
20NE 424, 1971 . 1976 1981

. *******k**t*******t***********t**f*****************t***

8.46

POPULATION 2088. 1816. 1521,
EMPLOYEES 679. 815. 840.
HOUSEHOLDS 599. 580.
- ACREAGE = 190. 197,
"i%TRANSIchsu- 55 -1.
%TRANSIT- s, 53.
LAV ; g - s 32,
TRAN§IT TRIPS csﬁ~;g‘ T 6. 3.
“TRANSIT TRIPS-CENT. * 29. 31. 27
TRANSIT TRIPS-UNIV. 5. 6. 6.
T.7./100 H.H.-CBD. -~ 1.00 1.00 0.52
T.T./100 H.H.~CENT.’ 4.84" " 5.18 4.66
T.7.7100 H.H.-UNIV. 0.83 1.00 1.03
EMPLOYEE. DENSITY 3.37 : 4.29 4.27
ZONET 433, 1971 1976 1981
R
POPULATION 3903, 3657. 3372.
EMPLOYEES 1839, 2092, 2174, -
 HOUSEHOLDS 1610. 1707, 1748.
ACREASE 217, 206. 216,
%TRANSIT-CBD 63. 65. 73
%TRANSIT-CENTRAL 54, 67. 76.
%TRANSIT-UNIV. 28. 50. 33.
TRANSIT TRIPS-CBD. 41, 22, 32,
TRANSIT TRIPS-CENT. 162. 158. 133,
TRANSIT TRIPS-UNIV. 19, éo. 10.
T.T./100 H.H.-CBD.  2.55 1.29 1.83
T.T./100 H.H.-CENT. 10.06% '9.26 7.61
T.T./100 H.H.-UNIV. 1.18 1.17 0.57
EMPLOYEE .DENSITY 10.15 10.07



—_—
¥
ZONE 433, 1971 . 1976 1981
A KA K K 0
POPULATION ‘ 1935, 1621. 1491.
EMPLOYEES 682. 757. 839.
HOUSEHOLDS 596 595. 640.
; ACREAGE . 137. . 136. 138.
%TRANSIT-CBD 53. 4. 42.
%TRANSIT-CENTRAL 49, 42, 43.
"%TRANSIT-UNIV. ©32. 29. 30.
TRANSIT TRIPS-CBD. 9. 7. 5.
TRANSIT TRIPS-CENT. 59, 40. 30.
TRANSIT TRIPS-UNIV. 17, T, 7.
T.T./100 H.H.-CBD. 1.5 SRIT:} 0.78
T.T./100 H:H.-CENT. 9.90 6.72 4.69
T.T./100 H.H.-UNIV. 2.85 1.18 1.09
EMPLOYEE DENSITY 4,98 - 5.55 6.08
ZONE  434. 1971. 1976 1981
o A R
- POPULATION . 2676. 2478. 2211.
EMPLOYEES 1076. 1296. 1376.
HOUSEHOLDS 958. . 1040. 1068.
ACREAGE = - 153. 146 . 146 .
%TRANSIT-CBD 55. B6. 71!
* 4TRANSIT-CENTRAL 5q. 56. 70.
%TRANSIT-UNIV. 9. ' 41. 53,
TRANSIT TRIPS-CBD.  23. ' 21, 12.
TRANSIT TRIPS-CENT.  98. 76. 81.
TRANSIT TRIPS-UNIV. 8. 13. 18.
T.7./100 H.H.-CBD.  2.40 - 2.02 1.12
T.T./100 H.H.-CENT. 10.23 . 7.31 7.58
T.7./100 H.H.-UNIV. 0.84 1.25 1.69
EMPLOYEE DENSITY 7.03 o 8.7 - 9.45
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_EMPLOYEE DENSITY ‘

ZONE  441. 1971 1976 1981
A A
POPULATION 592, 541, 461.
EMPLOYEES - o ° 205, 261. 235.
HOUSEHOLDS 178. 181, 176i
ACREAGE 54. - 55, 53.
%TRANSIT-CBD -1, -1 -1,
%TRANSIT-CENTRAL 30.- . 46. 35.
%TRANSIT-UNIV, 17. : -1, 13.
TRANSIT TRIPS-CBD. 3. 2. .
TRANSIT TRIPS-CENT: . " 13, 9.
TRANSIT TRIPS-UNIV. 4. 0. 1,
T.T./100 H.H.-CBD. .69 1,10 0.57.
T.T./100 H.H.-CENT. 5.06 78 s
T.T./100 H.H.-UNIV. 2.25 0.0 ¢ s7
EMPLOYEE DENSITY  -3.77 474 4.45
ZONE . 442. 1971 1976 1981
B A
POPULATION 4487. 5152. 4657.
" EMPLOYEES * 2262. 2851. 3149.
HOUSEHOLDS 1971. - 2734, 2912.
ACREAGE 226, 223. 240.
%TRANSIT-CBD 47, ' 66. 70.
% TRANSIT-CENTRAL 45, : 64. 68.
%TRANSIT-UNIV. 31. 43. - s,
TRANSIT TRIPS-CBD.  53. a2 s
TRANSIT TRIPS-CENT. 238, L 271, 273.
TRANSIT TRIPS-UNIV.  33. 3. 43,
T.T./100 H.H.-CBD.  2.69 - 154 1.75
T.T./100 H.H.-CERE2 08, 9.9 9.38
T.T./100 H.H.-UNIV. 1.87 1.17 1.48
10.02 . 12.80.

13.12
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ZONE 443, . 1971 1976 1981
e P P T N
POPULATION 802. 1078. 979.
EMPLOYEES 357. 549, 607
HOUSEHOLDS' 473. 688. 681. -
ACREAGE 220. . 205. 204, 4
%TRANSIT-CBD BT, 16 45.
%TRANSIT-CENTRAL- 55, 39. 70.
¥TRANSIT-UNIV. . . 25, 30. 57.
TRAN%ff»TRIPS-CBD.' 19. 3. A
TRANSIT JRIPS-CENT. 47, 28 59,
'TRANSITi$§§PS:UNIV. a. 3. y 13,9
T.Tkziggéhﬁ%ijCBD. 4.02 0.44 1.32
T.T./100°HH.-CENT. 9.94" 4.07 8.66"
T.T./100 H.H.-UNIV. 0.85 0.44 1.9
| EMPLOYEE DENSITY  1.62 2.68 2.37
- §0Né 444, 1971 1876 1981 .
T S e S S SAR
 PQPULATION 2733. 3646. 3433,
,QEMPLngggfi" 1482." 2170. 2219: !
 BUSEHOLDS 1492 © 2278, 2325,
£SREAGE - - 60. w9, 60.
%TRANSIT-CBD 51, 51, 68.-
XTRANSIT-CENTRAL 48. 56 68.
XTRANSIT-UNIV. | 26. 53.. 63.
TRANSIT TRIPS-CBD.  69. " 28. 21 &
TRANSIT- TRIPS-CENT. 194, 192. 131,07
TRANSIT TRIPS-UNIV. 22, 23, 40.+
T.T./100 H.H.-CED.  4.62 1.§%f7§ 0.90 °
T.7./100 H.H.-CENT. 13.00 8.43 5.63 -
T.T./100 H.H.-UNIV. 1.47 1.01 1.72 Vg
EMFLOYEE DENSITY = 24.59 36.67 37.11 g
-‘ S
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’ g o ” b ' .
ZONE 461, 1971 1976 1981
) ***lt*****************x‘nk:&***************f**t************ ,
POPULATION 2424, - . 2212 1908. o
EMPLOYEES 7920 veB0. 926L o o
HOUSEHOLDS " 708, ‘ 720. 770, W
ACREAGE o 173, 172. 170.1‘ , .
%TRANSIT-CBD -~ 23, 22, " 50 |
| KTRANSIT-CENTRAL 26. . - 27, a0,
XTRANSIT-UNIV.  1&—" 59, .28, .
CTRANSIT TRIPS-CBD.. " :Q:ZT/ T~ 2. ' 8. , S :
'TRANSIT'TéIPS-CENTi‘T 33. 23" 7 .
:,}RANSIT‘TRIPS4UNIV.' . 5. 13. U8, .
T.1./100 H.H.-CBD. 071 .o 104 : - 1. -
5 T-T./100 H.H.-CENT, 4.66 | 3019 ‘ 4-?2‘ I - %Qj '
T.7./100 H.H.-UNIV. 0.71 .81 & 1.04 - .
EMPLOYEE DENSITY  4.57 ‘ 5.R0 ’5.44‘ A o
ZoNE 462 . . 197y 1976 © 1981 | S
*t*t.*ttttt*tn*tt*t*xmxtttttktt:#***t*#ttt*t*x*tt*tt**w
POPULATION - 2826. - 2590. 2427. -
EMPLOYEES 1074+ | 1183: . 1145,
© HOUSEWOLDS -, 829 .. 8s2. 930 S
ACREAGE : C213. 2177 208. PRI
XTRANSIT- cBD» .. 3. .- A 25. . ' e
XTRANSIT-CENTRAL 2. 38. 3. '
ATRANSIT-UNIV. - 9. 3a. ” V51 g h
TRANSIT TRIPS-CBD. 20, - 8.° N \
‘ TRANSIT TRIPS- CENT e 58. " 44,
 TRANSIT TRIPS-UNIV: 4.
:{7T'T /100 H.H.-CBD. 2.41 "
;TfT /100’H H.<CENT. * 7,00 b ) .
S5T.T./100.H.H. ~UNIV. ' 0.48 A .
'")EMPLOYEE DENSITY 5.04 X

o
~

,
™
e



.
I [%
LLARCE O

ZONE 463, © 1971 1976
K R
POPULATION 3002, 2631. 2518.
EMPLOYEES -, .1061. 1155 - 1377.
CHOUSEHOLDS® 3. @44, . o 929, 987.
ACREAGE ¢'”% i ?@9;:3 N .iw 239. g 243
XTRANSE Y- bt & \, A3, 2m. oY 43.
‘_%4ﬁANSIT?§£N%RALﬂfj.fdiej R 45 .
12, 7. 39.
I TRI 21. 4. 6."
TRAN4§I”¥RIPS CENT. 66, 38. 55.
| gTRANSET TRIPS-UNIV. 5. oo By 14
?;7 J /100 H.H.-CBD. 2.22° . "j;gféa 0.61
T.T./100 H.H.-CENT, 6.99 [ ~3.88 . - 5.57
T.7.7100 H.H.-UNIV. 0.53. 0.5 1.4
EMPLOYEE DENSITY®  4.42 4.83. 5.66
ZONE' <464, 41971 .+ 1976 1981
R KRR KKK
POPULATION . 3215.. 3167. 2754.
ENPLOYEES 1283, - 1586. 1417.
¥ "HOUSEHOLDS - 1073, 1172..° 1165.

_ ACREAGE :-‘ 3ooj - 299. 307.
- %TRANSIT-CBD . . 29. 33. 22,
 %TRANSIT-CENTRAL - 24, . 38. 31,7

‘~{ii%TRANSIT UNIV. A fii1._
| TRENSIT TRIPS“CBD 22" T, 8.
TRANSLT' TRIPS CENT. 64, 71, 51,
| TRANSIT TRIPS- uwiy. 16.." “21. o 22.
T.T./100 H.H.-CBD. ~ 2.05° - 0.94 $0.52 -
T.1./100 H.H.-CENT. 5.96 6.06 4.38
1.7°/100 H.H.-UNIV. 1.49 1.79 1.89
EMPLOYEE DENSITY . 4.27 5.31 4.61
ng ) F ,‘:'A'?ﬁ,}& |

1981

PN
325
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N
ZONE - 465. 1571 . 1976 1981
i S TR T A S
POPULAT 10N RRLEY 1032\ 877.
EMPLOYEES 50 443, 435,
HOUSEHOLDS . 300. 315, 295,
- ACREAGE- . 953, 215, 215’
' XTRANSIT-CBD 27. 23, 17.
%TRANSIT-CENTRAL 21 T ~23. 16.
¥TRANSIT-UNIV. = 4. . 21, 39.
TRANSIT TRIPS-CBD. - * 3. 3. 2,
TRANSIT TRIPS-CENT. 10, 13, 9. -
&RAN?IT’TRIPS-UNIV. S 4. 12!
T.1./100 H.H.-CBD.  1.00 0.95 0.68
T.7./100 H.H@%CENT. 3.33 4.13 .3.05
T.T./100 H.H.-UNIV. 0.33 1.27 4.07
EMPLOYEE DENSITY. 1.2 2.06 2.02
ZONE 471, 1971 1976 1981
0 R K R n
POPULATION 3613, 3085, 2649.
EMPLOYEES 1133, 1317, 1395,
HOUSEHOLDS 865, “g70. N . 883.
ACREAGE’ " 222. 220.
" YTRANSIT-CBD - 40, 242, o, 38
%TRANSIT-CENTRAL - 36.. 34 - 49!
,,%TRAﬁsfi+UN1v. | 38. . 31.
TRANSIT TRIPS-CBD.  14. 0. .o ..
TRANSIT TRIPS-CENT. 58 43, - 47.
CTRANSIT TRIPS-UNIV. 11, ‘8. - 10.
T;T,/yoofH.H.cho. 1.62 1.15 0.68
= T.T./100 H.H.-CENT. 6.71 4.94 5.32
T.7:/100 HfH:fUNIV. 1.27 0.92 1.13
EMPLOYEE DENSth~'». 5.11 6.00. 6.51

&
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ZONE 472, 1971 1976 1981
R A B 0
POPULATION . 607. 2263. 1928.
EMPLOYEES g, 982, 1006.
HOUSEHOLDS 652. - 646. 646.
ACREAGE. , 1€5. 184. 171.
%TRANSIT-CBD . 3t. :N- 30, .14, -
%TRANSIT-CENTRAL 30. 35, . a4, s
KTRANSIT-UNIV. . 27. . a7, :
TRANSIT TRIPS-CBD. T - KT D -
TRANSIT TRIPS-CENT. 26 . . 24, 26. 1
TRANSIT TRIPS-UNIV. 7 4. g
T.1./100 H.H.-CBD: .07 0.46 0. 15
T.7./100 H.H.-CENT. 3.99 3.72 4.02
T.T./100 H.H.-UNIV. 1.07 0.62 1.08
EMPLOYEE DENSITY  4.55 538 . 5.88
ZONE - 473. 1971, 1976 198148,
AU A AU I g
POPULATION 1398, 1570. - 1396. g o
EMPLOYEES 437, . B65.. 693
HOUSEHOLDS 342. . 466. 465.
ACREAGE . | 121. 1. 7 116,
© %TRANSIT-CBD 15 -1 IS
%"RANSIT-CENTRAL 27..... a7, 3.
%TRANSIT-UNIV. T, I PR 1
TRENSIT TRIPS-CBD. . 2. 4. T _
TRANSIT TRIPS-CENT.  17. 8. | o
TRANSIT TRIPS-UNIV. 1. - 2. * 3. o
T.7./100 H.H.-CBD.  0.58 0.86 ' 0.23
T.T./100 H.H.-CENT. 4.97 3.88 Y 2.3
T.T./100 H.H.-UNIV. " 0.29 * 0.43 085

Myoz

EMPLOYCE DENSITY  3.62 5.57 5.95

.
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ZONE 474, 1971 . 1976 1981

***************************#******1******!*‘***#***‘*** ) )
POPULATTON- - 2699. 2588. 2736, 7
. EMPLOYEES ‘ 901, . 1094, | 1562.
HOUSEHOLDS 707. 794. 1077,
ACREAGE 184. 225.
%TRANSIT5CBD 33. ~ 64,
_ %TRANSIT-CENTRAL 34, _ 65. .
%TRANSIT-UNIV. 20. ‘ 33.' . 38.
TRANSIT TRIPS-CBD. g, . 2 T
TRANSIT TRIPS-CENT.  34. 20. a5,
TRANSIT TRIPS-UNIV. 3. 4. - 6.
“7.7./100 H.H.-CBD. 1.13 0.25 '~ 0.65
7.7./100 H.H.-CENT. 4.81 2.52 4.18
T.7./100 H.H.-UNIV. 0.42 ~~ 0.50 ‘U,- 0.56
EWPLOXEE DENSITY 489 598  6.93
ZONE 475, 197 1976 1981
PSS SO P S
POPULATION . . 2664. 2635. 3522, .
EMPLOYEES 856. . 1131, 1930. L
HOUSEHOLDS 774 883, - 1511,
~ ACREAGE . 184. | 181. Coo214.
'%TRANSIT-CBD 45, a7, aa. -
: n‘%{RANSIT‘GENTRAL’ 43. . s0. . 53.  *
%TRANSIT-UNIV. T 33.
. ffif.¢TRANSIT TRIPS- cB. 9. - 8. 8. DR
C %RANSIT TRIPS: GENT 43, - .. 45 70,
TRANSIT TR]P NﬁV_,”"s._,;' R - 7.
T T, /100 H H. csﬁ’ .16 0.91 . 0.53
RS /100 HH. —cent” %556 “h T s0. 4.63
CUTLT./100 H.H.-UNW. 0,39+ ¢ ST 1) © 0.46
o EMPLOXEE&bEN%bTX_ ~"4¢“é€' S s Ce.03 -

>
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. 3\, .

ZONE  486. .. 1971 1976 1981
e S U T bt
POPULATION 973, 3043, 3978.

EMPLOYEES ~ . 230. - 1225, 2083.
HOUSEHOLDS 261, 891. 1288, '
ACREAGE _ 181, , gés. : 380.

. %TRANSIT-CBD SR SFYI 20.
%TRANSIT-CENTRAL. 19 _'57;, . - 30.
%TRANSIT-UNIV. 5. 26. 33.,

TRANSIT TRIPS-CBD. 2. =3 - 3.

TRANSIT TRIPS-CENT. 6 a2. 44,

TRANSIT TRIPS-UNIV. 1. ) T 6. © 12,

T.7./100 H.H.-CBD. ~ 0.77 0.23

T.T./100 H.H.-CENT. "2.30 3.42

T.T./100 H.H.-UNIV. 0.38 0.93

‘EMPLOYEE DENSITY 127 5.48

. A . UL .

PORULATION - 1954, - 1797. 2261, oo

EMPLOYEES 760. 853. 1295, 4 - -
" HousemoLDs . . 4 546 585.. - 800.

ACREAGE, L P T 227,

ATRANSIT-CBD . A U 36.

¥TRANSIT-CENTRAL . 26. - ~ 44, . 5o,

¥TRANSIT-UNIV. EET a4, a7.

. TRANSIT TRIPS-CBD. 2. P 5.

TRANSIT TRIPS-CENT.  29. 24, a1.
© TRANSIT TRIPS-UNIV. 2. 8. . 9.

T.7./100 H.H.-CBD.  0.37 017 0.63

T.T./100 H.H.-CENT. -5.31 C a0 5.13

-~ T.T./100 H.H.-UNL{,~’bz§7:T,' IR P LA W
EMPLOYEE DENSITY 4.40 ° 4.98  5.36

>

LA
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D
20NE - 492, 1971 yg78 1981
R R o R R K
POPULATION 2422,  2356. 2393
EMPLOYEES 785, // 1022. 1230. ’
HQUSEHOLDS. 685, 754. . gpp. :
ACREAGE 183 1g0. 222.
XTRANSIT-CBD.  25. . "85, E)
¥TRANSIT-CENTRAL  ~ 29. = .- B3 58.
%TRANSIT-QNIV. TR 54. 33.
_ TRANSIT TRIPS-CBD. 6. ' . 3.
& TRANSIT TRIPS-CENT.  30: - 20. 39,
TRANSIT TRIPS-UNIV. -2, N -
4;;§f1§¥iop H.H.-CED, FRTI | okgg'.' E
T T.7100 HoH.-CENT.. 436 h
T.T./100 H.H.-UNIV. 0.88 '
EMPLOYEE DENSITY 4.30 5.67 5.54
ZONE. 493: 1971 . ‘1976 1981
. R K K
& POPULATION 2936 . 2647. . 2990,
'”EMPLGYEES} ' 982. : 1136. . 1738.
, HOUSEHOLDS  ~ ~  g28. © o e3o. 1383,
;/;ACRE%GE T o 181, . 180. ' 217.
© XTRANSIT=CBD o 4a 26. 87,
%TRANSIT-CENTRAL '50. - s2, .72,
* XTRANSTT-UNLV. T3, ©oa0. 39.
TRANSIT TRIPS-CBD. 8. ‘ 6. 14, s,
TRANSIT TRIPS-CENT. 51. .~ 3g. 83.
TRANSIT TRIPS-UNIV.  10. - 8. 7. _ o
VT;T7/1OQ‘H.H;-CBD:‘ 0.86 0.65 1.01
T.T./100.H.H.-CENT. 5.50 3.87 6.00
®T.1./100 H.H.-UNIV. {08 0.86 0.51

"EMPLOYEE DENSITY = 5.43 6.30 . 8.0f .

“

¥
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ZONE 494, 1971 1876

EMPLOYEE DENSITY' 4,75 , 6.16

165

POPULATION 3883. . 4187, . 4036.
EMPLOYEES BEREIVS 2061, 2083, © - |
HOUSEHOLDS .. . . 811.. 1273, 1292, ;
ACREAGE - A\y‘ 289, 286. 282,
XTRANSIT-CBD = 28. 50, 43.
%TRANSIT-CENTRAL . .2, . 36.. R 48. -
FTRANSIT-UNIV. 10, 47. 64{::) -
TRANSIT TRIPS-CBD.  1%. | 17. 3.
TRANSIT TRIPS-CENT. 51. 82. 79.
TRANSIT TRIPS-UNIV. 8. ‘ 30. 41,
T.7./100 H.H.-CBD.  1.43 1.34 0.70
T.T./100 H.H.-CENT. 5.60 . .6.44 | 6.11
T.T./100 H.H.-UNIV. 0.88 . 2.36. 3.17
EMPLOYEE DENSITY 4.55 S 7.20 7.39
ZONE 495, ' 1971 1976 1981
L L L TP P S RIS o
POPULATION 4031, 13576. T 02956, c
EMPLOYEES - 1205. 1554 1648, A
HOUSEHOLDS 903. 807 897, -
ACREA&E ' - 25¢, 252, 237,
;%TRANSIT-CBD‘h 28 34. 25, e
%TRANSIT-CEﬁi%#f' 2o, | 24, 36.
XTRANSIT-UNIV. 17. ' 36. 57.
TRANSIT TRIPS-CBD. 13. 10. 2. .
TRANSIT TRIPS-CENT.  50. 44, 41.
TRANSIT TRIPS-UNIV. 9. 13, 55, -
T.7./100 H.H.-CBD.  1.43 C1.10 0.22
T.7./100 H.H.-CENT. 5.50 - 4.85 4.57
T.T./100 H.H.-UNIV. 0.98 ' 1.43 6.13
6.96



EMPLOYEE DENSITY 3.69

ZONE  496. 1971 1976 1981
K K
POPULATION 4511, 3940. 3382..
EMPLOYEES _ 1402. 1803. 1947.
HOUSEHOLDS } 1252. 1283, 1357,
ACREAGE 299, 296. 259.
%TRANSIT-CBD 5y 53. 52.
%TRANSIT-CENTRAL - - 30. 47. 53.
XTRANSIT-UNIV. 35. 56. 63.
TRANSIT TRIPS-CBD. 20. 18. 14.
TRANSIT TRIPS-CENT.  56. 67. 75.
TRANSIT TRIPS-UNIV. 23, 23 30.
T.7./100 H.H.-CBD.  1.60 1.40 1.03
T.T./100 H.H.-CENT. 4.47 5.22- " 5.53
T.T./100 H.H.-UNIV. 1.84 1.79 2.21
EMPLOYEE DENSITY 4,69 6.09 7.51
ZONE 501, aerr 1976 1981
R
POPULATION 3686. 3500. 1894.
‘EMPLOYEES 1256. 1617. 923.
HOUSEHOLRS 1024. 1040. 654.
ACREAGE .- 340 338. 229,
%¥TRANSIT-CBD . | 11. 21, 37.
%TRANSIT-CENTRAL 16. . 19 31.
YTRANSIT-UNIV. - 11, 26. 8.
TRANSIT TRIPS-CBD. 6. 10. 7.
TRANSIT TRIPS-CENT.  42.. 45. 29.
TRANSIT TRIPS-UNIV.  10. - 20, 3.
T.7./100 H.H.-CBD.  0.59 0.96 1.07
T.T./100 H.H.-CENT. 4.10 4.33 - 4.43
T.T./100; H.H.-UNIV. 0.98 1.92 - 0.46
4.79 4.03

166
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"o 1981 -

‘ZONE  502. 1971 1976
K K R K R
POPULATION 1124. 1028. 517.
EMPLOYEES. 331, 457. 232.
HOUSEHOLDS 287. v 204, 169.
ACRE AGE 222. 208. 145,
%TRANSIT-CBD 4. 7. -1.
%TRANSIT-CENTRAL 4. 9. 30.
%TRANSéﬁ-UNIV. . 6. 20. 27.
TRANSIT TRIPS-CBD. 1. 1 .
TRANSIT TRIPS-CENT. 3. 5. 7.
TRANSIT TRIPS-UNIV. 3. 9. S
T.7./100 H.H.-CBD.  0.35 0.34 0.59
T.T./100 H.H.-CENT. 1.05 S 1.70 4.14
T.T./100 H.H.-UNIV. 1.05 3.06 S 237
EMPLOYEE DENSITY 1.49 2.20 180
ZONE 5111_‘ 1971 1976 1981
R ST S S
POPULAT.ION 5743. 4915, 4425.
EMPLOYEES - 1758. - 2023, 2240.
HOUSEHOLDS 1365, =, 1320. 1443.
ACREAGE 318, 346 337,
_%TRANSIT-CBD 31. 23. 12,
4STRANSIT-CENTRAL- 28, 32. 33.
%TRANSIT-UNIV. 9. a1, 55,
TRANSIT'TRIPS-CBD.~ 20. 5. 2.
TRANSIT TRIPS-CENT.  73. ‘ 73. 5.
TRANSIT TRIPS-UNIV. 8. 90, 28.
T.7./100 H.H.-CBD.  1.47 0.38 0.14
T.T./100 H.H.-CENT. 5.35 - 5.53 4.09
T.T./1oQ,H;H.:uN1v. 0.59 1.52 1.94
EMPLOYEE D‘E@‘m 5.05 5.85 '6.64

167



ZONE  512. 1971 : 1976 1981
X O K K
POPULATION 1958, 2681. - 2645,
EMPLOYEES  612. 1352, 1581,

* HOUSEHOLDS 269, - 915. 985.
ACREAGE 171, E 3. - o 152.
%TRANSIT-CBD 0. 22. 36.
XTRANSIT-CENTRAL . 10. 3. 44,
¥TRANSIT-UNIV. = 22. - a8, 70.
TRANSIT TRIPS-CBD. 0. ‘ g, 9.
TRANSIT TRIPS-CENT. 12. . 54, 62.
TRANSIT TRIPS-UNIV. 11, .23 49,
T.T./100H.H.-CBD. 0.0 "‘ 0.44 ©0.91
T.T:/loogg.H;-CENT. 2.56 - 5.90 - 6.29
T.T./100 H.H.-UNIV. 2.35 2.51 497
EMPLOYEE bENslTY 3.57 . a.és‘ o~ 10.43
A DL UNIR. L UTUUAL. LA AP Jod
POPULATION 1889 L1451, 2328.°
EMPLOYEES " -587. % 636, 1275,
HOUSEHOLDS - 488. " 4. 772

.ACREA@E" | 207. - 250, 23,
%TRANSIT-CBD . - 15. . 3. 46,

. %TRANSIT-CENTRAL 6. - - f2. 22,
XTRANSIT-UNIV. - 9. 36, 61,
TRANSIT TRIPS-CBD.  .5. . 1. 6.
TRANSIT TRIPS-CENT. 20. ~ 7. 24,
TRANSIT TRIPS-UNIV. — 4.° . g, 43,
T.T./100 H.H.<CBD. * 1.02 ~  0.24 0.78
T.7./100 H.H.-CENT. 4.10 .68 3.11

T.T./100 H.H.-UNIV. 0.82 . 2.16 5.57
EMPLOYEE DENSITY  2.83 . 2.5 5.34

| . - o et

T

3
o

o)

-
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. ‘ . o
4 ZONE 514 1971 1976 1981

o 2 kK ok koK K o ok K K K oK 3 K K K K K I oK K K K o K ok ok o o

- .POPULATION 2172, - 1257. 1757,
EMPLOYEES 6ar. 502. 941,
HOUSEHOLDS | 502. 322. scs.

-. ACREAGE 215, - 201. . 187.
ATRANSIT-CBD 12 25. . 2g.
XTRANSIT-CENTRA. 5. 18. 2.
,%ThANSIT-UNIV. 6. ' 23, 54.
TRANSIT TRIPS-CBL . 5. 3. ‘ 5.
TRANSIT TRIPS-CEN 9 S, 28.
TRANSIT TRIPS-UNI\ .o RS 34,
T.T./100 H.H.-CBD.  1.00 . 0.93. - 0.9¢
T.T./100 H.H.-CENT. 1.79 3,42 5.53 ,
T.T./100 H.H.-UNIV. 0.20 0.93 5 6.72
'EMPLOYEE DENSITY  2.98 ~ 2.50 5.02 .,
ZONE 593, - 1971 - 1976 1981
R Tt LT P PN NP4 S e
POPULATION E15, . 1B16. - 1470,
CEMPLOYEES | 330, 645, . 664.

" HOUSEHOLDS ; 321. - 408. 414,

? ACREAGE - 20C. . 198, - 188.
XTRANSIT-CBD 0. 29, 10.
%TRANSIT-CENTRAL i 8. - - 20.

g ¥TRANSIT-UNIV. 12. 55, 55.
i f TRANSIT TRIPS-CBD. 0. o, 1. - e

© TRANSIT-TRIPS-CENT. IS 18. 17.

- TRANSIT TRIPS-UNIV. = 5, 27. 35.

T.T./100°H.H.-CBD. 0.0 . 0.98 0.24

 T.T./100 H.H.-CENT. 0.31 . I 4.11
T.T./100 H:H.-UNIV. 1.56 o B.60 - 8.45

. . iy )
EMPLOYEE DENSITY 1.63 - 325 . 3.53



ZONE 595,

- EMPLOYEE DENSITY

2.97

198

1971 1976
w***x*mtftpxy********x******x*************iw*;****mxw**
POPULATION 822. 1413. 1064.
EMPLOYEES 199. 548. 214,
HOUSEHOLDS 188. 361. 293,
ACREAGE 214. So214 189.
%TRANSIT-CBD" 0. 18. -1l

;"%TRANSIT‘CENTRAL 4, 21:..&3? SETN
%TRANSIT-UNIV. 8. 33. 57.
_TRANSIT TRIPS-CBD. 0. 2. 0.
TRANSIT TRIPS-CE&Tk 2. 10. g,

' TRANSIT TRIPS-UNIV. 2. 9. ©30.

" T.T.7100 H.H.-CBD. 0.0 0.55 0.0
T.T./100 H.H.-CENT, '1.06 2,77 2.39 '\‘
T.T./100 H.HZ*UNIV. 1.08 2.439 10.24
'EMPLOYEE DENSITY 0.93 (2.56 . 2.72
ZONE 602, 19771 1976 1981
R T T T T T )4 R o
POPULAT 10N 1732. 1517, 1366,
EMPLOYEES .509. 688. 692,
HOUSEHOLDS 503. 503. 480.
ACREAGE 205. 232. 215,

n“xTRANSIE-CBD 0. -1 25.

 %TRANSIT-CENTRAL . 8. . 23.
%TRANSIT-UNIV. 1, C -1, 7.

" TRANSIT TRIP§£CBD. 0. 0. '_/2.
'TRANSIT TRIPS-CENT. g, 7. 12.
‘TRANSIT“TRIESFUNIV. 2. 1. : 1,
T.T./100 H.H.ZCBD. 0.0 0.0 ‘ 0.42 =
T.T,/100 H.H.-CENT. - 1.79 .39, 2.50
T.T./100 HH.-UNIV. 0.40 0.20 0.21
| 3.22



e

" ,_hgﬁézsz

«
ZONE . 605. 1971 1976 1981
R K K K K 2
~ POPULATION 3256. 4178. 3780.
EMPLOYEES 936. 3164, 3151,
HOUSEHOLDS 1276. 2013. 2187.
ACREAGE - 134. S 144, 133,
¥TRANSIT-CBD. 64. . . .. 52, 62. -
%TRANSIT-CENTR%L 57. 49. 65,
XTRANSIT-UNIV. - 1. K 48.
TRANSIT TRIPS-CBD. g. 1. 18,
TRANSIT TRIPS-CENT. 51, 81. 106.
TRANSIT TRIPS-UNIV. 5. . 13,
T.T./100 H.H.-CBD.  0.71 0.55 0.82 .«
T.7./100 H.H.-CENT. 4.00 '4.62  4.85 .
T.T./100 H.H.-UNIV. 0.3 .55 0.59
EMPLOYEE DENSITY 57.00. . 22.00 RS
CZoNE | e11. 1971 1976 1981
R K R R R
POPULATION 3402. 2632. 2694. -
‘EMPLOYEES 1142, ‘ 1349, F ‘zf“
HgyéEHoLDs .v1062}‘- | 903. .. 1076
» 332. 330. L2317
XTRANSIT-CBD . 30. 14. RORRN T
| %TRANSIT-CENTRAL - 28. - 31 ._§§;}4“‘f:
¥TRANSIT-UNIV. T T TR
TRANSIT TRIPS-CBD. 6. . 2. 9.
TRANSIT TRIPS-CENT. 43, 3 25.
TRANSIT TRIPS-UNIV. 36. - o2t 24
T:T./100 H.H.-CBD. ~ 0.56  __. _"0.22 0.84 —
T.T./100 H.H.-CENT. 4.0 3.43 4.8
CT.T./100 H.H.-UNTV.  3.39 2.33 2.23
EMPLOYEE DENSITY =~ 3.44 4.09 4.98 .

Ay A
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) . “ . : .14‘. : :
. o RRE .
-ZONE 612. . 1871 21976 1981
******tt*t*t**********************kt**t*y***t**********

" POPULATION , 1853, . , 886, .7 1159,

CEMPLOYEES, .. .. . <404: - 401 0 529:s
‘HOUS€LOL55”“;n:j- 354 o288 L 311 ,
ACREAGE T 334, '_.', 311, I 3&@g : {714
%TRANSTT 6D R P "figﬁﬁ
FTRANSTT: CENTRAL T e 2,
KTRANSIT- UINIV. 290 L -3ml - .43,
TRANSIT. TRIPS ceb. LA 2 p,

| CTRANSIT TRIPS- CENT.‘f '9\' ' 5. .
Sty TRANSIT TRIPS-UNIV. _-34. © & 15.7! .
T 1000 HoH, -cBD. -+ 1.13-° S o.8s noow
CTLTM0p H.H. -CENT. 2.54‘;?; ;*Ivﬁ\;jTEfffu‘fﬁi‘. - ;
T.T./100 H.H.-UNIV. 9.50 . . 0838 10061, g

EMPLOYEE DENSITY L1210 q.29 =f5-'ﬂ”44

o S SR .
one > 632, . f, 1976 . 71981
:*:tnktttt*ﬁtta**xttnxq*t:::*tttk:ttt:ttxﬂt*tm}t:tt*ttt_
POPULATIDN : 3058. 7 . . 2478 . 2278
BT : }'j12¢, g@‘j,1136
- 3. s,
5 206, . 202,

“

VEMPLOYEES =
'HOUSEHOLDS .

ACREAGE - 3
ATRANSIT-CBB . ~24. . w Ao 33,

| ATRANSIY- CENTRALT 27, a2, 0 s
YTRANSIT- UNIV . 29, '19.' - " 85,
TRANSIT TRibs :cBD. 8. 5. B
TRANSIT TRIPS CENTl .53, 47.!'} - a8
TRANSLT {RIPS UNIV. 34, . B4 83 .
T.TL/100 H.HI-CBD.  1.02 - 0.81  .,.0.67 .
T.I/100 HHCENT. 6.75 - 6.38 0 . & 6,44
T.T./100 HH.-UNIV. 433 .. 8.68 12.48

'.mmﬂwepwsﬁ( -L¢a§’ 570 ¢ 5.62

. 1 . - -
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, LZONE” 63@& <97 1976 . q8t
L R ‘*:.*‘Qpi*x **~**.****t*******.f*tx***.f***.***tii**¢:*
<3’T'¢‘¢ POPULARMNIGS,, 998, .o 4747 ., . 1603,
_? EMPEn*«r'5¥7~ 95, 991, . . 951,
ﬁﬁ? ;%' “wouseroLD @Y. 308. o se3. &“;52§.
' *';$.‘ﬂ ACREAGE o .51, | TS
’ ’i 17-cBD ,’ -1,
 aTRANSIT- CENTRAL . 45,
. %TRANSITVUNIV ;;; -1e, ﬁ?&
A TRANSIT ”ﬁxP{ csa :ar{“”
¢ i ..Q ,RAN%%J TRIPS® CENT 5.,

" TRANSIT TRIPS- UNTY B 367
A 3; . T.7. /100 H.H. CBD o 0 o»'“"
AR 5 9 /1oo HH. -CENT, 1162

.g_y T T /1oo H.H. SUNIV S 11, 69
L EMPLOYEE DENSITY 1.87

TZONE . 834, T g7y

P EMPLOYEES - ~.788..
N 2 i
‘ &wxcf HOUSEHDLDS .t B19.

. ACREAGE T il jgj.
: "%TRANSIT-CBD - e

| XTRANSIT-CENTRAL 15.
%TRANSIT UNJV. o ‘-25;'
TRANSIT TRIPS-CBD. S
TRANSIT TRIPS-CENTi_ 26.
TRANSIT TRIPS-UNIV. = 17.

7.7./100 H. H.-cBD. 0.1 o

T,T ./100 H.H.-CENT. .4.20:

T.T./100 H.H. TUNLY. 2075, ot L

EMPLOYEE DENSITY 4.11 0 _L Y 5.23 .« ;5“15577
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LY

a

POPULATION "5 © 3486, 3651 . 3410. ,
EMPLOYEES - = ° | 83é.vf ,visjgs - 1849, :”{ﬁ$;+
~ HOUSEHOLDS™ . 7184, ;. X .985. 1093. : B
ACREAGE 2 a2l es) 690,
%TRANSIT=CBD, R | ToT24
%TRANSIT‘CENTRﬂi B M 23,
%TRANSIT- UNIV"“ 22 45: - ¥
ﬁ‘ \\hA\flt TRYPE cso . 2 s
S, TRANSYT TRIF@’CENT«’. 8. 39,
TRKNSE¥\TRIPS UNTy. 31, - | :&;1154_§/ .ifyi_
: T ngtﬁ H.H. ceol,‘ 0i28 ng ORI 0.46 e
"’%2*%éj-7 /10’ H.H. CENT Tt 05 - 3?§§&. @ 3.57“‘ s
LV T Frog MoK N .4ub@y$“;\ 3.8, | s8 &
f@f;*EMpLOYE DENSKEY - 1.16, . 1.88 Sw2i68
**-““@i?-«:,,59'15.:.’3?1&.‘&"u1?31*,m.,.*.'..l?Zf*.‘.w;,—"l‘i’flu- -
(POPULATION = =", 4536." "= ga5a. . 4156%,
"QEMPUOYEES o8 g3, ' 2296.

[«

ZONE 841, . 1971 1976

1981

****‘****!#****l&****#*********t****t**"****************

" 4283,
- »‘ 2

L HOUSEWOLDS . . 253, | o
= acreage” - 4 308,
U wTRaplocep” 16,
o XTRANSTF-CENTRAL: 13, ) A,
- XTRANSIT-UN1V. S . 40,
> TRANSIT TRJP5=FBD.' 6. EEEL N
TRANSIT WRIPS-CENT. 267" * * 2ya. |
TRANSIT TRIPS-UNLV. -2 BRE A
, T-T./100 H.H.-CBD. - 0.48 0.95
T F1 /100 H.H.:CENT. 2.23 7.57
1.5 /100 ﬂJH;-UNIV.‘;Q.OBVZ o w470
EMPEOYEﬁLDENsleA 5.8 13.84

S,

1381.W:if¢6‘
300.

60.

52. .

15, ¢
86. ~

y07.

6.23
7.75:
7.865



Zor 852, - 1971 .d iy
.

: v ftn*u«‘-****x**wt*t*ﬁt*-«f "y ,’iﬁ-&yii*m&k*t**m&**
O PIOIMTION T 1T ' : 4743.
' .OVEES 567. | s 2822
HOUSEHOLDS © . 419,  “—"1705. ' 1566.
ACREAGE - ars. 393, - 357,
YTRANSIT- céo Y29, o pg, 44,
XTRANSIT- CENTRAL 19, . 33 o asl
%TRANSIT SUNTV. g 31, BRI
: TRANSIT TRIPS- csD" VR S0 e
- i : B - C
TRANSIT TRIPS-CENT. . 14, e e LR SRS
TRANsrT TRIPS-UNIV. 5. 7 7By g 57
L g, e o
T T$/100 H.H.-CBD.  0.95 & b 59 u;Apzx .0.89.:"
T T.TL/100 HOW.-CENT. 3.34 e 93 7.54
‘ T . ) oy T . L. R Cat S o .
T.T7./900 H.H.®UNIV., %.19 S 3.05 S 3.84¢
TEMPLQYEE DENSITY  1.51 % g.ag *7.35
zone ess P ygri 0 g7 1981
" ST t**t**t“*‘#**'**l*““i**’g*#*********ﬁ***V**‘#‘******
@ 07 PORULATION 0 - i T 33r0.- - opes.
'ﬂ;MQOWEs B T 141177 qogq -
. HOUSEWOLDS . 108, 1010, 694,
ACREAGE .80 o285 03,
« .+ %TRANSIT-CBD. * ST I 55, BT,
[ ? . - , . ,‘ . -
) . %TRANSIT-CENTRAL 87. C 42, 46.
. _ R ST i
}J( b %TRANSIT-UNIV‘\ .1, 46, ' 57.
R A _ 4 L
’ TRANSIT TRIPS-ChD. 4. 12, : * 8.
. N T\ ‘o . -
fRANSIT TRIPS- -CENT.  12.- ¥ . 57. 34, .
TRANSIT TRIPS*UNIVTi 2,7 30, 47 S
TTT100 H.K.-CBD. 3i70mn 1.1 S e
T,T.7100 H.H.-CENT. 1111 - S 584w e 492
" T.T./100 H.H.-UNIVY 185 T 2,97 - 449
v EMPLOYEE DENSITY 0.43 - 5,53 . 5.39"
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JZONE 654, 1971 1976 1981
K K K K K K R K K
POPUL AT ION 5022. 9813, | 5181,
EMPLOYEES 146. f 13876 2595
HOUSEHOLDSW 1156. 2411, 1407
L WCREAGE 359, 3849 371,
gggRANsxT cso 18. {25, 28.
XTRANSIT-CENTRAL * 18, & 33, 36,
" ¥TRANSIT-UNIV. 19, o 25. 44!
TRANSIT TRIPS-CBD. 3. 7. 7.
CTRANSIT TRIPS-CENT. 54, 196 95.
0 T THANSIT TRIPS-UNIV. 28. . 4. 85,
L ij:>1bO H.H.-CBD.  0.78 ,fgi ‘ 0.7 % 0.50
?ﬁ oTTro0 H K-cent, BT T gy 75
E RANA CICHE o "2, azﬁaa“f%fi '2.65 : + 6,04
'lf‘ EMPLOYEE DENSITY.  3.97 N b, 095 . E é 99
i edt, 1971 1976 © 1981
TR R KRR AR KK
POPULATION 3022. 5178, - 72933, ¢
CEMPLOYEES 1181, 2\)725-.'~ 30,
[ ‘HOUSéHOLDS - | gqs. o 1869 1289.
‘ACREAGE - ¢ 228. 226. 221
B XTRANSIT-CBD 'y~ 43, - 45., 46
© CUTRANSIT-CENTRAL 33, .« & 1. 58.
\.VT%TRANSfT-UNIV. RS sl 69.
. TRANSIT TRIPS-CBD. ';%; - 14, 6.
. iTRANSIT TRIPS- CENT.‘,A59. S s, BT -
TRANSIT TRIPS-UNIV. 3t ;;g‘ 48; 'h81;_"
. T.7./100 H.H.-CBD. .- : ©0.47
S AR 00, HUH SCBNT . ¢ 85155 4.42
R TLT 100 HiHL-UNTV, 342 & 2.57 6.28
,EmﬁLquE DENSITY '5.18 12.06

7.38
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ZONE  682. - 1971 1976 - 1981
*****‘*.‘*****‘****t**. *“**ﬂ-ﬂ\******‘****f********‘*f*****
" POPULATION 2508 : 3854. .. 1763,
EMPLOYEES 903. 1800. © 860.°
HOUSEHOLDS 675. " 566.
ACREAGE . 168. 1643‘
%TRANSIT-CBD 43, -1
%TRANS&T-CENTRAL 30, 39, .
XTRANSIT-UNIV. | * " 22. 56.
TRANSIT TRIPS- B - . N
3@ R
TﬁéysxT TRIPS=CENT ., 25 SININTY
" TRANSIT TRIPS- ULV 15 27.
T.T./100 H.H. -CBD. 0;89 : " 0.53
1.7, /100gH.H. cENTLx“ ' 2,83

.'TT/1OOHH*BlbjI,‘“

s :..4‘; 77

EMPLOYEE DENSITY .5 530 égg@ . EH_Srzdﬁal
" ZONE 684. :w‘%”1971 o 19767 % Lok 1981

’ *t&*t*t*&ttt*#ﬁ*#i*lt:*t!t***ttt**t#k*****t***#****t#**
POPURATION o 2015, - 1791. 4082:
EMPLOYEES 604. ., . .746. o 2302._~
HOUSEHOLDS ~B00. . B43. 1830,
ACREAGE T ass. 137 473,
XTRANSIT-CBD 13. S 13 a2,
XTRANSIT-CENTRAL ~~ 25. a3 50,
ATRANSIT-UNIV. - 15, . 30.- b4
TRATSIT.iRIPS-CBD. o a. . 8. h
TRANSIT TRIPS-CENT. 15, v37. 0 - 84.
}fRANé}T‘TRIbS:ONIVJ:v R A '{103{
W Tk/100 HiH.-CBD. 0,20 . 0!62 . 0.4a

e N

T T /100 H H. CENT "3’.00

575 -7 4,59

e

@-vwf'“ ’ N . . -
’9 2 E-/w@ H.HI=UNIV. 160 %?‘39 80" S 5.83
EMPLOYEE DENSITY 3.87°  5.44° ©13.31
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. ZONE 691, © 1971 R 1375 BETYY
& **lt****l‘(*t*ﬂ”ﬂtt’i’t#t‘***i*#**lt***#***k**#*******#*t****

"POPULATION - 0013905, L 2026. . 3289.

CEMPLOYEES % .. j385. . q1se. O 2100,
HOUSEHOLDS . " 1424 5 <7 756, 1612.
. L Co e PR .141:.)‘;.2‘; ;{ & \
... ACREAGE T ho3# R X TS ATV
i ’ ' . ? - ; : R

] . . S
»

s 4 TRANSIT-CBD - R BT 2 80.
%TRANSIT CENTRAL weadgl, s ¢ v a8, s '“““5$r@
% ) e

%TRﬁNSIT -UNiv, ';": 3 e |
”TRANS‘T TRIRS*CBD B - L. s T a o wrpe

TRANSIT' TRIPS- CENT# *ezx PO 1 DR PRI 'Y -
w ¥ = :

‘{“‘L&TRANSIT TRIPS UNIV 145 Y TR 117 R PR
W oa.7./400, ﬁr+-cao.u 1 n&i“v';f {Q.galw_ R 7 F
C 172100 Ty H.-CENT, '§ 76 % . giea ,;&«"iz 92:§ﬁ;%"
Y 11,7160 Hift -UNIV . 4 0. %8 Coeds T o

.- o S Coe e S
EMPLOYEE DENSITn)‘a 6 21 . ©o5i2s T 9,27 Y
v ZONE . 602. N ey e 176 271981,
*******‘***‘**““****‘***‘#N*‘K}m**************‘*****'**

EMPLDYEES» . *a,f»19427 2207,. o «24915.,._,.-:;;*:1’”‘

‘-‘\‘1 ‘g“""y"-'

HOUSEHOLDS S Thess. o irea 2439,

g

ACREAGE > 248. - 247. - 243,
%TRANS17-CBD e g 700 o 69.
ATRANSIT-CENTRAL - 56. CES T
. %TRANSIT-UNIV. 24. .2, 5.
U, TRANSIT TRIPS-CBD,  23. 28, BEYE
TRANSIT TRIPS-CENT; 124, o 113, U166 L. .
TRANSIT TRIPS-UNIV. . 89. " 59, e
T.7./100 H.H.-CBD.  1.19 © o183t 0.98
T.T./100 H.H.-CENT. '®.40 657 6.8
T.T.7100 H.H.-d&iv.' £60 . 3.43 2.7
EMPLOYEE DENSITY  7.76 - 8.94 . 11.72
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ZONE 694, o171 978 1981
*********************.******************** f “'**********’*
POPULATION 2382, . 2121, 7% 2001:
EMPLOYEES - B78. 1055, 1142,
HDUSEHOLDS 779 . 835, 929,
ACREAGE - 143.. . 141, ©1as,

¥TRANSIT-CBD  ©  * 867 « "% 4. . 73

CATRANSIT-CENTRAL - . T+ 55, . B4,
ATRANSIT-UNIV. -~ 20. a0, . e
TRANSIT TRIPS-CBD. 10, -~ 15.. B R
TRANSIT TRIPS-CENT.  58. s s
TRANSIT TRIPS-UNIV. 28, S A 37,

h_.T:T:/1OO HfH.-CBD?ggfi? ' 1.Bof' o088
T.T./100 H.H.-CENT {{ESF 6.11 N 4
T.T./100 HH.-UNIV. 2157, ﬂ .3.83 3.98 .

" EMPLOYEE'DENSITY * - 614 ¢ 7.4 . 7.90

e 708 e 1976 : 1981
SO RN N e S
POPULATION . 4397, . 4448, - . 3876. - .
ENPLOYEES - 2309. - .3230. - 2990.
HOUSEHOLDS " '; ‘kféoaé; . 2430. 2408.
1ACR;AbEj - 170, L ,fﬁxggg. }i{ 167, ‘
%TRANSIT-CBD 52, . 86.
XTRANSIT-CENTRAL .. 49, 65.
STRANSLI-GNIV L7 - e 56
TRANSTTffRIPSfC§Q< R P 5. 23,
TRANSIT TRIPS-CENT. 131, R VSRR 159.
TRANSIT TRIPS-UNIV. 44, . - .39. Y a5,
T.T./100 H.H,-CBD.  1.52 | fy1(03' o 0.96

T.79/100 H.H.-CENT. 6.41 C 5.80 7 6.60
T.T./100 HH.-UNIV. 2,15 0 1.80, ¢ 1,87
EMPLOYEE.DENijTY 12,38 TR 17.90



