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The Journey to work s a fundamental aspect of human ecolo
profound impacts on:
1) the image and structiure of urbanized areas through the requirement
tor and location of arterial roadways and public transit rights
of way which in turn affect adjacent land use;

2)  the quality of life in the urban environment through the noise and
air pellution generated by comnuters;

3) the increasing rate of consumption of 1imited fossil fuel rescurces;

4} the expenditure of public funds for transit systems, transportation
corridor improvements and maintenance;

5)  the expenditure of private funds for transit fares or owning and
operating private automobiles;

) the loss of time spent on commuting which could have been devoted
to other, more enjoyable or productive persuits.

In order to minimize and rationally plan for commuting, it is necessary

to understand the many factors affecting the length of the worktrip or

the travel time separation between homes and jobs. This thesis attempts

to further that end, and it is divided into three principle areas:

1) An analysis of the factors affecting the separation of work and
residence;

2) A discussion of the development of mathematical spatial interaction
models which may be used to predict the separation between work
and residence; and,

3) A case study of the work-residence separation of employees of an
industrial area in Winnipeg.

The work outlined above could not have been completed without the support

and assistance of many individuals. I would like to acknowledge my

indebtedness to:
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The Transportation Development Agﬂncv of tho Canddiar Government
BN £ ™
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for their finenciasl support in

The managers of the firms in Fort Garry Industrial Area No. 1 who
gave of their time onﬂ provided the majority of the data required
for the case study;

! o

The Streets and Transportation Division of the City of Winnipeg who
provided 1571 travel time data; '

Frank Huccomanno, whose thes 's S
23

rggested many of the procedures em-
ployed in the case study; and finally

To my wife, Sheila, for her continuing patience and assistance.



CHAPTER I

FACTORS AFFECTING THE SEPARATION OF WORK AND RESIDENCE

v

Introduction

For any given place of work, there is an unique frequency distribution
of its empioyees residing at various time-distance intervals away. This
work-residence separation distribution is the product of two basic
factors; the distribution of the supply of suitable residential opportu~
nities around the workpiace, and the demand distribution of employee

work trip travel propensities.

The residential opportunity distribution is uniquely determined by the

surrounding land development pattern and transportation system. Generally,

opportunities increase as the area of development around the work trip
destination increases, and then they fall off as the limit of urban

development is reached.

At the metropclitan level, the opportunity distribution is affected by
several parameters of urban structure. For example, average opportunity

spacing increases with city size, spread and land use uniformity, and it

decrecases with increasing population density, compactness and intermingling -

of Tand uszes. A city's transportation infrastructure also affects the



the opportunity distribution, especially when it is measured
in tevms of travel time, through the directness and speed of the com-

muting modes and routes it provides.

The orzartunxuy distribution will be different for each commuter, or
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each relatively homogenous group of
or origin, according to individual definitions and perceptions of what
is a suitable opportunity, as well as the relevant characteristics of
the residences and workplaces which are available. For example, what is
a suitable empleyment opportunity will vary according to the jobseeker's
occupation,\ xperience and salary expectation. Similarly, a suitable
resicential opportunity will be determined by the individual's income,
socic-economic status, famiiy size, 1ife cycle stage, tenure preference,
taste for dwelling typeﬁlneighbourhood‘services’and amenities. Oppor-
tunities may also be restricted for some individuzis by virtue of racial

discrimination or some fovrm of subsidization.

The second major factor involved, the distribution of work trip travel
propensities, measures the willingness and ability of commuters to
expend time, money and effort in travei?ing_to work. As a result of
travel impedance, most people prefer to travel as little as possible,
while a few are willing and able to travel further. Work trip travel
propensity is largely dependent on psychological or subjective factors
such as attitudes toward work and home, and enjoyment of travel. These
factors vary considerably throughout the population and are difficult to
quantify. Since work trip travel involves money costs, ability to pay or
income is to a large extent a quantifiable determinant of ebility to
travel. Similarly, factors such as occuvation, sex, education and Tife

cycle stage which are correlated with income may be indicative of travel

nNo




-Mathematicai models of work-residence separation or work trip inter-
action novmally include only the two basic factors as independent vari-
ables; that is, trip ends or trip end opportunities and trave! time or,

in some cases, intervening opportunities, as an inverse measure of

travel prepeénsity. The remaining factors ave accounted for by adjustment

h)
3

timation of empirical parameters, or the disaggregation

2]

variabies, the

Fes

of the model fer specific geographic zones or population groups.

The objective of this chapter is to gain further insight into the vari-
ables affecting work-residence separation and the manner in which they
interact. As such, it serves partially as a basis for Chapter IT. which
discusses tne theoretical basis for several analytjcaT spatial inter-
action models and the role of the variables and parameters used in
;etoping them to reliably predict commuting patterns. It alsc serves
as a basis for identifying those factors which indicate promising
directions for effective planning po]icies'aimed at reducing average
commuﬂing times, thereby conserving energy, time and mohey forvindivi—

duals and society at large.

Travel Impedance and Work-Residence Separation

The spatial separation of an individual's place of work and his resi-
dence is, within the Timitations imposed by the distribution of such
places, a consequence of a pair of complex personal decisions. It is a

te of this thesis, and a great deal of other re-

o

fundamental postui
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and temporal separaticn between the two Tocaticns. In.the words of J.

Douglas Carroll, Jdr.,

.o.while many factors are involved in the selection of homes

and places of work, the persistence of the desire to minimize

the distance separating workpiace from home acting through

each individual worker may be the single element which can

create pattern out of the ageoregate choices of large numbers

of workers. It is, of course, cbvious that these choices are

differentially Timited for each individual worker so t?at

only in large aggregates can patterns begin to appear.
The pattern which is consistently observable is that employees of a
specific workplace diminish as a proportion of resident population with
increasing distance from that place of work. In other words, workers
are not indifferent to the Tength of their work trip in the selection of
their residence. This is not to say that workers as individuzls or zs a
group select their homes and jobs in such a way that the journey tc work
is minimized; however, they do as a group tend more toward minimization

than indifference,z

One of the most fundamental factors affecting the separation of work and

residence is the quality of separation itself, which tends towards
H

1 J. Douglas Carroll, Jr., "Home-Work Relaticnships of Industrial
Employees," (Ph. D. dissertation, Harvard University, 1950},
p. 21, quoted in Leo F. Schnore, "The Separation of Home and
Work: A Problem for Human Ecology," Social Forces 32 (December
1954): 337.

2 John R. Hamburg et al, "Linear Programming Test of Journey-to-
Work Minimization," Highway Research Record 102 (1965): 67-75.




minimization. There is inherent in traversing physical distance a cost,

)

an effort, a disutility, which is usually termed travel impedance. To
the individual this may have many components; including, time lost to
other activities, cut-of-pocket cosfs and physical effort or discomfort.
AT of {hesé tend to inhibit travel and'presumabe result in a Timita-
tion of the total time spent fréve11ing by each individual. Sinée
neariy half of all trips from home are made to work, " ! it is not un~
reasonable to expect that this desire to Timit travel onld Tind common
expression in an attempt to reduce the separation between an indivi-

dual's home and his place of work.

The actual separaticn between work and residence may be measured in a
number of ways. The length of the worktrip itself is probably the best
gauge of evfective separation; although, on some occasions, the straight
line distance between home and work is used aé a proxy. Trip length is
usua}]y expressed in terms of over-the-road distance or trip time. In

order to account for speed variation, congestion effects, and in some

cases, terminal delays, time is generally the preferred measure.

In terms of the traveller's immediate perception, trip time and out-of-
pocket costs are undoubtedly the most important measurable deterrents to

travel. While some attempts have been made to combine time and costs

1 John F. Kain, "The Journey-to-Work as a Determinent of Residentiai
Location," Papers and Proceedings of the Regicnal Science Asso-
ciation ¢ (1962): 139.

Y
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place a uniform and meaningful dellar value on time. For this reason,

for a given mode of travel one often assumes that cut-of-pocket costs,
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and scmetimes terminal delays,

re either approximately equal fox
travellers or are of secondary importance to them in comaprison with
actuai traveiling time, Travel time. thén5 is widely abcepted as the
most convenient and meaningful measure of effective work-residence -

separati on.

The variation in average travel time .for various groups of wdrkers or
work-trip situations can, therefore, be used to draw conclusions about
the many worker and urban characteristics which 1nf1uence'home~job '
separation. Alan M. Voorhees and Associates used data from a number of
cities in the United States and Canada to analyse the factors affecting

1 . . :
th“ Tength of urban worktrips.’  They found that the average worktrip

Tength in most cities wes between ten and fifteen minutes for automobiie
drivers. They also synthesized a representative auto~driver worktrip
travel time distribution for an average North American City. This

distribution, presented in figure 1, can be shown to approximate a gamma

distribution,z
1 Alan M. Voorhees and Associates, Factors and Trends in Trip
Lengiha, National Cooperative Highway Research Program, Report
No. 48 Ldsh1ngt0r Highway Resear h Beard, 1968); and Alan

M. Voorhecs and Asscciates, Factors, Trends and Guide-lines
Related to Trip Lenuuh, Nat10ﬂal Cooperative Highway Research
Program Report lo. 89 (Washington: Highway Research Beard,
1970).

2 The gamma density function takes the form: ?(t) %<§i(t a
~ where f(t) = the relative frequency of trips of duration t
K = a constant
e = the base of the natural Togarithm (2.71828)
T = average trip duration
5.7 the standard deviation of trip duration.

i

'z
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FIGURE 1: Auto-Driver York Trip Distribution, Erie, Pa.
Voorhees and Associates, "Factors and Trends",.

(Source:
Appendix B)



© At first glance, the distribution appears to contradict the notien that

there is a desire on the part of workers to reduce home-work separation,

since there are very few of the shortest worktrips. The reason, of
course, is that normally there are few residences in the immediate

- proximity of places of work. One of the most important factors affect--

ing the separation of home and work is the distribution of residential

opportunities with respect to workplaces, or vice versa.

The Work-Residence Opportunity Distribution

Historical Tand development pattefné, traditional zening practiées,
economies of scale and proximity, and many other factors have over the
years produced urban landscapes composed of residential districts
distinct from employment districts. Many North American cities have a
centra1 core devoted aTmost exclusively to commercial and office use,
which is surrounded by residential development except for a few sectors
dedicated to industrial use. Even where there are residences in proxi-
mity to jobs, very often the types and prices of the residences are not
suited to the requirements of employees working nearby. As a result, we
have downtown office workers commuting to new housing in the suburbs
while industrial workers from inner-city neighbourhoods commute to

suburban industrial parks.

The development pattern described above significantly Timits the oppor-
tunity for a worker to find a suitable residence close to his job. It
is not surprising, then, that many concerned with urban transportation

problems have advocated altering current development practice to place




. . . . , ]
appropriate housing in close proximity to employment centres. Edward

M. Bergman has even suggested that a performance standard for resi-

o

dential zoning be the radius of a reasonable commuting distance from an
. ’ 2 ' . . . .

employment centre.” In other words, if a proposed residential develop-

ment of a certain type and affordability were located more than a given

distance from a centre employing sufficient potential consumars of such

housing, the necessary zoning would not be granted.

The impact of the current distribution of homes and jobs on the length
of worktrips is & factor which must be given careful consideration in

analysing any apparent desire to reduce work-residence separation.

Voorhees and Associates have also defined a worktrip length opportunity
distribution, which is based upon the frequency distribution of the
travel time separation between all potential homes and jobs in various
North American Cities.3 This distribution, shown in figure 2, appears

to be approximately normal in form and is largely a function of city

structure and transportation network speed.

1 See for example, Wilfred Owen, The Accessible City (Washington:
The Brookings Institute, 1972) and Hans BTumenfeld, Canadian
Planning Issues (Ottawa: Canadian Institute of Planners, 1976)
p. 1.

i

2 Edward M. Bergman, Eliminating Exclusionary Zoning: Reconciling

Workplace and Residence in Suburban Areas (Cambridge, Mass.:
Ballinger Publishing Company, 1974), pp. 37-39.

3 Alan M. Voorhees et al, "Factors in Work Trip Lengths,"
Highway Research Record 141 (1965): 27.
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hinen the trip length opportunity distribution, or the population distri-
ution] around a barticu1ar concentration-of emp o;menﬁé is taken intc
account, it has been feund tnat the shortest feasible werkirip Tengths
ac predominate. For instance, Louis J. Keefer found that auto driver
trips per one thousand population, novmalized by plant emp?cymeni, for
worktrips to industriail plants in Pittsouméh end Buffalo were distri-
buted as indicated in figure 3.2 _Generally, the frequengy of trips ap»

pears to exhibit an exponential decline with increasing trip length.”

The necessity of considering an opportunity distribution'?or'worktrip
crigins can alsc be brought into perspective by examining two basic
interpretations of the apparent tendency to Timif wsrk»residence sepa-
ration. As we shall see in Chapter II, the difference between these two
interpretationg are manffest 1n_thc two fundamental spatial interaction

or trip distribution models, currently in use. In that emphasized by

1 Population distribution may be used as a rough proxy. for resi-
dential distribution. :

2 louis E. Keefer, Urban Travel Patterns for Airports, Shepping
Centers and Industrial Plants National Cooperative Highway
Research Program, Report No. 24 (Washington: Highway Research
Board, 1966) p. 82. '

The exponential distribution is given by (%) = he A where f(t)
the Trequency of worktrips of duration t, e is the base of the
natural logarithm and X is an empirically determined parameter.
It serves as a convenient generalized mathematical vepresentation
of travel propensity phenomena as suggested by its ana]yt1ca'
tractibility and the usuai shape of observed data. 1t provides a
widely applicable, statistically generated family of curves uhich
allows the user to select an optimal parameter value to sui
the case at hand, rather than estimating a separate model for
each application.




the Gravity Model, the separation between two points is assumed to
possess an inherent impedance where each adaitional unit of distance,
time, or cost serves to incrementally reduce the porbability of a trip

interchange.

Another assumption, embodied in the Opportunity Model, 1s~that'impedaﬂce -
will prompt ah individual to travel only as far as necessary and no
further. Under these circumstances, the amount oficompétition for
suitable opportunities cioserbat hand will determine the u]timaie dis~
tance at which satisfaétion may be achieved. It is difficult to as-

certain which approach best represents the actual perception and moti-

vation of trip makers, and undoubtedly, elements of both are involved.

Impedance and the distribution of suitable trip-end opportunities are
the most fundamental factors affecting the separation of work and re-
sidence; howeVer, there are other, more empirical, factors which mcde-
rate the basic relationships already described. These other factors
include observable characteristics of the urban structure, transporta-
tion system, place of work, place of residence, and worker population

involved.

Urban Structure

Mean worktrip length appears to be directly proportional to the size of
urban centre concerned. VYoorhees found that cities in the 100,000

popuiation range had average automobile worktrip lengths in the order of



ten minutes, while cities of approximately 1,000,000 had trip lencgths in
T i ) - i e
the order of fifteen minutes. And J. Douglas Carroll concliuded that
average work-trip lengih would be minimized for cities of about 10,000

: , - e s . o2
pecple where there was sufficient, diverse industry.

Reasons for a positive correlation between population size and increasing
Worktrip Tength are not difficult to postulate. Larger centres have a
greater number and wider distribution of residential and work opportu-
nities increasing the average opportunity, or potential, Iength for
worktrips, Thjs; combined with better traﬁsportation facilities,
greater specialization of‘residentia1 areas., and concentration of in-
dustry, increases the probability of longer trips to work. In Targer
centres there is a fluid labour market and a greater proportion of
workers, new to the job, who probably have not adjusted their work-
residence separation to a personal optimum. On thé other hand, in
smaller centres, available residential and employment opportunities are

usually situated. in closer proximity and the labour market is generally

more stable.

The density and spread of urban centres also affect average worktrip
‘length. Trip Tengths are typically shorter in compact, high density
cities such as New Orleans and longer in low density, scattered deve-

lopment of the type found in Fort worth.3 Voorhees and Associates

1 Voorhees et al, "Factors in Work Trip Length", p. 26.

2 J. Dougias Carrolil, Jvr., "Some Aspects of the Home-Work
Relationships of Industrial Workers", Land Economics 25
(1249): 420. :

3 Voorhees et al, "Factors in Work Trip Length", p. 26.



suggest that average worktrip distance is almost a linear function of
‘the average distance workers reside from the Cen
In cther words, mean trip length is a function of the radius of gyration
'of:a city's population. They also conclude that in a city growing by an
extension of population and'emp1oyment‘at the periphery, workirip length
is directly proportional to populati w; In a city growiﬁg by infi]fiﬂg
vacant 1andvat roughly the same density as the LerUnewng built up

area, the aVGrage trip length w171 not change significantly. While, in

a city which grows by increasing existing densities, the average trip

. . l
tength will decrease.

The relative concentration of empToyment and housing a]so affect trip _
length. Those cities w:th heavy concentrations of employment in the |
center generally have longer average worktkips than cities of similar
size and density where employment is more evgnly distributed. One might
conclude that the trend toward suburban industrial parks, particuiarly
if they are not too Targe,'w111 have a positive effect on reducing
worktrip length. There is already some evidence that industrial decen-.

tralization has reduced trip length for suburban commuters relative to

inner-city residents. Voorhees and Associates report,

The findings that were made for Detroit on a sub-area basis indi-
cate that dynamic changes are occuring over time in the length of
the worktrip. In 1953, the center city residents had the Towest
worktrip length and the highest housing cost. In the suburbs trip
lengths were higher but housing costs were lower. In 1965 the
pdbtern with respect to transportation costs was completely re-
versed. People in the centre city had higheg trip Tengths whereas
those in the suburbs had lower trip lengths.

1 Voorhees et 51; "Factors in Work Trip Length" p. 36.

2 Voorhees and Associates, "Factors, Trends and Guidelines,
p. 4. :




Unfortunately, the wocrkers who suffer lengthenad journeys to work as a

result of industrial relocation to the suburbs are those least able to

i

afford it. In a 197@ survey df emp]oyées of relocated plants in Toronto,
it was found that trip times generally increased for those earning less
than $9,000 per year while they decreased for high-income groups.] _This
resulted in a significant level of dissatisfaction and job change in the
Tower-income gfoups, It suggests the need for.a moro uniform distribu-
tion of Tow-cost housing as well as employment. It may also be desir-

able to retain considerable emplovment for workers with lower education

and skill Tevels 1in the inner-city area.

The Transportation System

The travel mode employed in the worktrip and the quality of the trans-
portation infrastruciure in a city appears to have considerable fmpact
on the spatial separation between home and work but relatively 1ittle on

the temporal separation.

Both Carroll and Leo G. Reeder found that the average distance travelled
in a particular mode increased with the range and speed characteristic
of it.z For example, those walking generally travel less than one or

two miles to work; those using public transit usually travel one to

T City of Toronto Planning Board, "Industrial Relocation and Tts
Impact on Employees", Assumption Study No. 1 on the Future of
Industry in the City of Toronto, June 1975, p. 35.

™

Carroll, "Aspects of Home-Work Relationships", p. 417; and

Leo G. Reeder, "Social Differentials in Mode of Travel, Time
and Cost in the Journey to Work", American Sociological Review
21 (February 1956): 59,




Tive miles, and tnose using private autos often travel in excess of five
miles. However, the distribution of time spent travé]ling appears to
remain zbout the same for all modes; with the possible exception of
public transit, which may take much Tonger when waiting time énd the

frequency of stops are considered.

It is interesting to note that time spent travelling to work has re-
mained relatively stable over the years. Indications from Chartles
Dickens' literature dealing with London arerthat peop?erwalked to wofk
in about twenty minutes, which is about the average time spent now in
getting to work by automobile in a comparably sized city of about two to
three million peop]e,]

Private automobile is generally the fastest, most comfortable and con-
venient mode and it is also the most expensfve. In recent surveys by
Statistics Canada, seventy-five percent of all commuters rode in a
private automobﬂe.2 It appears that the unsurpassed popularity of the
private automobile for-the Journey to work is due in large part to the
added mobility it offers. Some even suggeét that the lengthened journey
to work permitted by the automobile supplements or supersedes migration

wheve the motive is to seek new employment opportunities.3

1 Alan M. Voorhees and Salvatore J. Beliomo, "Urban Travel and
City Structure", Highway Research Record 332 (1970): 131.

2 Chris Hanlon, "Results of a Natiocnal 'Travel to Work' Survey",
Canadian Institute of Planners Forum (Januavry 1977) p.8

3 Kate K. Liepman, The Journey to Work (New York: Oxford Uni-
versity Press, 1944), pp. 10-19; and, Amos H. Hawley, Human
Ecology (MNew York: The Ronald Press, 1950) p. 337.
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With respect to access to individual modes, car ownership is the most

-

significant factor affec

¢t

ing choice of mode for € gtrip‘ Proximity
to transit service is generally important only tc captive transit patrbns
whe do not have access to a private automobi1e° In Canada, about fif-

teen percent of commuters use public transit; whereas., the majority have

) , ]
access to it for the worktrip.

The quality of a city's transportation infrastructure also affects the
average distance between jcobs and homes. Usually better public transit
systems and roadway networks result in greater average worktrip dis-

tances.

For instance, Los Angeles' extensive freeway system gives it larger trip
mites and shorier trip minutes than cities of comparable size. Voorhees
and Associates found that worktrip distance increases noticeably as peak
hour2 network speed increases while worktrip travel time decreases only

slithTy.S

It would seem that potential time savings in the journey to work are
being traded for increased spatial mobility. This does not necessarily
contradict the postulate that people attempt to reduce or Timit work-
residence sepavation. It simply implies that temporal separation is

movre the limiting factor; whereas, increased spatial separation may be

1 Hanlon, "National Survey", p. 8.

N

It should be clear that work-trip lengths are most sensitive
to the operation of the transportation system during the period
when most of the work trips are made, the congested peak hour.

3 Voorhees, Factors and Trends, p. 23.
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tolerated in return for a better job or residence. Such findings do,
however, refute the notion that urban traffic congestion can be reduced
by transportation system improvements alone and suggest that planning

compieme ﬂtary residential and employment opportunities in close proxi-

mity ma / be a more fruitful approach.

The directional distribution of workers' homes around an'emp1oyment
- center reflects the directional quality of the urban tﬂanbportat1on
system. -Employees tend to Tive in greater numbers and further away on
“those sides on which travel to work is the easiest. As Keefer notes,
Workers are reluctant to cross major travel barriers -- namely the
wide river valleys, spanned irreqularly by traffic crowded bridges.
Most liye on the same sjde of the valley as the p}ant, out of
proportion to the distribution of the population.
Similarly, there is usually a disproportionately greater number of work-
trips originating from the suburban side of a plant than the CBD <1de
This is undoubtedly an attempt on the part of plant employees to avoid
delays asscciated with érossing through the downtown area with its
numerous stoplights and considerable peak hour congestion. It could
also be the result of high-speed expressways, which cater to access in
the suburbs but deny it in central-city areas because of the Timited
land available for interchanges there and the operational priority

awarded to through traffic.

—t

Keefer, Airports, Shopping Centers and Industrial Plants,
p. 78.

2 This is Tess 1ikely if the plant is located further out into
the suburbs, since there would be some advantage to an inner-
city resident able to travel to work in the direction opposite
the major peak-hour flow.
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There is in most urban aveas a bui
system in favour of radial travel versus peripheral travel. The ex-
'cebtibn is in areas where ring roads or beltways have been constructed.
A radial bias is particularly evident in most public transit systems
where the majorjty of routes are'downtown'oriented and peripheral travel

requires several transfers.

Place of Work Characteristics

The stability of the wovrkplace and the type of industry involved can

have considerable impact upon work-residence separation.

Several researchers have pointed out the fact that older industrial
plants have a much more compact distribution of employee residences
about them than do recently-established or rapidly-expanding pltants.
New}firms or newly reiocated firms tend to draw workers from farther
afield at first. As time passes and convenient‘residentiaT opportu-
nities become available, permanent employees are likely to move closer

to overcome the cost and inconvenience of a long journey to work.

Those firms which are economica11y—stéb1e and employ predominantiy

‘older, permanent, full-time, single shift employees tend to have a closer

distribution of employee residences than those firms, which are Tess

economically stable or employ large numbers of new, seasonal, tempovravry,

1 Leipman, The Journey to Work, p. 15; Carroll, "Aspects of Home-
Work Relationships", p. 418; and Schnore, "Separation of Home
and Work", p. 338. : '
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part-time, or shift workers. It seems

commitment resuit in a reduction in commuting distance. In a study of

Cindustrial installations in Flint, Michigan, Schnore found that evening
-ana night shift workers actually increased in numbers with increasing

= E £ i o l * : . .
distance from their place of work. -Shift employees are often periodi-

ally hired, margfnal workers with Tittle seniority and perhaps rela-
tively 1ittie commitment to their jobs. It is also nossibie that their
unique distribution is due to a second job, possibly part-time agricul-
ture, or because of the ease with which they can travel to work during

off-peak hours.

It has been reported that employee work—fesidence separation varies with
the type of industry involved. - Technically specialized firms employ
highly skilled, highly paid workers who commute further than the average
worker. Beverly Duncan found that employees of firms specia1izin§ in
electrical machinery, printing and publishing, and chemical and allied
products come erm greater distances than those employed by firms
involved in textiles or fabricated me’ca]s.-2 Asfde ffom the possibﬁ]ify
of temporary local Tabour market shortages in specialized trades, the
most 1likely explanation for this phenomenon is that those employees with
higher incomes could afford to travel further to exercise their tastes

~and preferences for residential accomodation.

1 Schnore, "Separation of Home and Work", p. 339.

2 Beverly Duncan, "Factories in Work Residence Separation: Wage
and Salary Workers, Chicago, 1951, "American Scciological Review"
21 (February, 1956): 53.




Separation aisc varies with type of employment because of the current
preferences of different empiovers. large manufacturing
firms have generalliy. relocated te Tower cost land invsubufban industrial -
areas to accomodate expansion and the space reguivrements of modern
production line and material handling techniques. Warehousing and
distribution firms have in large measure followed them toward the peri-
phery and taken aavantage of the cheaper land and less congested sub-
urben transpertation termina]s. O0ffice employment, meanwhile, has
remained heavily concentrated in the central business district, although
there is some outward movement associated with the development of com-
mercial subcentres and suburban "office parks". Assuming most blue
collar workers still tend to reside in less expensive accomodation in
inner city areas while more affluent white collar workers reside pri-
marily in the guburbs) these trends indicate an increase in average
worktrip lengths for workers in the manufacturing and distribution

sectors relative to office workers.

The size of individual firms apparently has little effect on work-trip
Tength. In a study of Massachusetts manufacturing plans Carroll found
that only those firms with 5,000 or more employees showed a significant

increase in the average work-residence separation of their employees.1

In a more recent study of industrial plants in the United States, Keefer
also found that plant employment had relatively Tittle impact on trip
length, although larger plants did have a slightly wider distribution of

. . 2
employee residences.” Greater worker awareness of large employers, a

1 Carroll, "Aspects of Home-Work Relationships, p. 4i9.

N

Keefer, Airports, Shopping Centers and Industrial Plants,
p.73.

21




smaller proportion of plant empioyees which can be accommodated in a
Timited number of nearby residences, and labour market shortages due to
rapid company growth are all possible reasons why large individual firms

might draw workers from farther afield than their smaller counterparts.

Of more importance to work-residence separation, however, is large

industrial districts or concentrations of industrial plants. As pre-

viously indicated, the greater the concentration of employment oppor-

tunities, the Tess likely residences will be situated in proximity to
any individual plant, the greater will be competition for nearby resi-
dences and the more likely the transportation system will have been

designed to facilitate travel from greater distances.

Place of Residence Characteristics

In the Tong term and at a macro-scale, housing consumers, by virtue of
their collective action do exert some influence over the type and loca-
tion of residential units placed on the market. In the short term,
however, the ability of individual households to'find suitable residen-
tial opportunities in proximity to their places of work is severely

constrained by the supply characteristics of the existing local housing

market.

A location convenient to work is only one of many considerations of the
residential consumer. According to his needs, preferences, and ability
to pay, he seeks a varying quantity and quality of residential space.

Some of the other housing attributes usually-considered are number of



rooms, physical quality of the dwelling unit, lot size, neighbourhcod
quality, level of public services, taxes, type of tenure and afford-

ability.

Proximity to other centers of activity significant to daily Tiving might
alsc be cohsidered a determinant of residential location, since as
Carroll notes, "trips to work are short but shopping, school and church
trips are shorter.”l Michael A. Stegman reports simi?ar_findings and
also points out that suburban residents usually enjoy greater accessi-
bility to such services than inner city residents.2 It would appear
that as planners and developers have recognized that these facilities
are a necessary adjunct of residential 1iving, their resultant distri-
bution is now so widespread that they are acceptably close to the ma-
Jority of urban residences. Thus, while proximity to schools, parks,
shopping facilities, and other amenities might affect location within a
neighbourhood, their relative quality as opposed to proximity is more

Tikely to influence location within the urban area as a whole.

The demand for various types of housing is closely related to the socio-
economic characteristics of the consuming household. Although, as
sociclogist-planner Herbert Gans points out, ownership of a suburban

single-family dwelling unit is probably still the ideal for most North

1 Carroll, "Home-Work Relationships", p. 86.

2 Michael A. Stegman, "Accessibility Models and Residential
Location", A.I.P. Journal 35 (January, 1969): 28.
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espacially during the child-vr

cycle, an increasingly smaller percentage of housenclds can afford this

tow density tifestyle in the face of rapidiy rising housing costs.

Young adults and older couples whose children have grown up often prefer

s

to live at higher dernsities for reasons of economy and convenience.

i

[72]
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Lower income households ar @

m

-

~icted te renting, and sometimes
owriing, smaller guantities of urban space. Similarly, household income
often determines housing and neighbourhood quality, as well as whether
the accommodation selected is new or old. It is generally agreed that
affordability of the housing package is one of the key determinants of

residential Tocation.

The affordability or cost of a given residential package wili depend
upon the amount of space consumed, the Tocation rent, and the level of
quality and amenity sought. The price a household must pay per unit of
residential space will vary from one location to another according to
(ain because of location rent which is "an economic rent which tandlords
“can obtain from households for more accessible sites,“2 He assumes the
price per unit of residential space of a stated quality and amenity
decreases with distance from workplace because of competition to econo-
“mize on transportation expenditures around significant concentrations of

employment. Kain's location rent is based upon an urban Tand market

—

Herbert J. Gans, “The White Exodus to Suburbia Steps Up"
The New York Times Magazine (January 7, 1968), p. 94, quoted
in Stegman, "Accessibility Models", p. 27.

2 Kain, "The Journey-to-Work", p. 139.
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theory, which impiies that Tocation rents are very high in the center of
the city, deciine steeply with distance from the core, and level off

~

toward the outer fringes of the metropolitan area. Figure 4 graphically
represents the lecation rent function where (2 represents a successively

greater quantity of residential space than Q1 and so on.

While unit Tocation rents are Jowest at the periphery, it is also true,
as Stegman suggests, that accommodation at the peripheryxis generaT]y
newer, more functional, and possesses a higher quatity of environment
and level of émenity.] Unit housing values and costs, exclusive of
accessibility considerations, probably increase gradua]]yAwith distance

trom the core, much as illustrated in Figure 5.

The Tocation rent function is dominant, however, probably not so much
because of residential competition as Kain suggests, but rather because
of competition for central sites by nonresidential commercial and office
uses. The result of the combined phenomena is the fact that residential
lTocators can obtain more desirable land for housing in the outer rings
of the city at Tower prices than they would pay for less desirable land
closer to the central business district. In other words, a consumer's
incentive for residing in the suburbs is not only that he can obtain
more residential space for his dollar but that he can also obtain better
residential space on the average. The interesting aspect of this situa-

tion is that lower income households continue to reside near the urban

1 Stegman, "Accessibility Models" pp. 24-25.
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FIGURE 4: A Form of Kain's Location Rent Function

(Source: Kain, "The Journey-to-tork," p.141)

I

QW

—

O

Core

Miles Suburbs

FIGURE 5: An Illustrative Form for a Housing Cost Function

(Source: Stegman , "Accessibility Models, p.23)
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1

~core anc the reason 1s probably not so much to economize on transport-

ation costs, in view of increasing industrial decent?a1ization3 but
rather because of the traditional absence of sufficiently small, afford-
able quantities of residential space in the form of multifamily and
rental housing in the suburbs. This pattern is siowly shifting, how-

ever, and it is Tikely that a more homogenous distribution of income

groups will result as suburban densities increase.

There exists, at the present time, a debate by residential location
theorists over the importance of the accessibility or Jjob proximity
factor in determining residential Tocation. The accessibility based
economic models of Alanso, Harris, Kain, Lowry and Muth imply that the
desire to be close to work is the key factor, which arranges the dis-
tribution of worker residences into a rational pattern;l- Théy do reu 
cognize, however, that residential space is not an inferior good and
assume that households will trade off increased journey to work expen-
ditures for decreased unit site expenditures in accordance with their
preference for low density 1iving and ability to pay for larger amounts

of space.

1 William Alonso, "A Theory of the Urban Land Market" Papers

- and Proceedings of the Regional Science Association 6 (1960):
156 and Location and Land Use: Toward a General Theory of
Land Rent (Cambridge: Harvard University Press, 1964);
Britton Harris, Basic Assumptions for a Simulation of the Urban
Residential Land Market {Philadelphia: Institute of Environ-
mental Studies, University of Pennsylvania, 1966);
Kain, "The Journey-to-Work"; Ira S. Lowry, "A Model of Metro-
polis", Memorandum RM-4035-RC (Santa Monica: RAND, 1964), cited
in Stegman, "Accessibility Models", p. 29; and Richard F. Muth
"The Spatial Structure of the Housing Market" Papers and
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Another group of researchers, inciuding Butier et ai, Cantanese, Gold-

. o~ A T g iy Ay e oy g [y S
enge the importance of the

[

tu

stéin and Mayver, Simmons, and Stegman, chal
'joﬁrney to work in residence choice and the value of workpiace based
residential mode?s.1 They would prefer alternative models which explain
a household's residence location primarily on the basis of household
tastes and preferences, particularly for neighbourhood characteristics,
with Tittie regard for place of work. They contend that their empirical
evidence shows that the quality of the neighbourhood, in terms of socio-
econcmic status, race, crime, density, home ownership and similar fac-
tors, is the most important determinant of residential location. While
some of their research does indicate limited asscciation between job
change and residence change and a lack of emphasis on reduced commuting
as a motive for moving, their work is far from conc]usive.2 Very little
has been done to actually determine if workplace is actually further or
nearer as a result of a move, irrespective of the stated rea%ons for the

move. In more recent work, Barry M. Moriarty and H. James Brown found

1 E.W. Butler et al, Moving Behavior and Residential Choice:
A Naticonal Survey, National Cooperative Highway Research Pro-
gram, Report No. 81 (Washington: Highway Research Board, 1969);
A.d. Cantanese, "Home and Workplace Separation in Four Urban
Regions", Journal of the American Institute of Planners 37
(September, 1971): 319-325; S. Goldstein and K. Mayer,
"Migration and Journey to Work "Social Forces 42 (May, 1964):
479; J.W. Simmons, "Changing Residence in the City", Geogra-
phical Review (October, 1968): 637; and, Stegman, "Accessi-
bitlity Models".

2 Some evidence to contrary in cases of plant relocation is
provided in; Toronto Planning Board "Impact on Employees:",
p. 44.
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that neighbourhood quaiity and workplace fccation were both jmportant

. elements of the residential Tocation decision, although each emphasizes
one factor over the o“ther.1 Pernaps, though, this is indicative of
reconciliation between the two groups anc of an understanding that with
increasing affluence and mobility, neighbourncod chara b eristics nar-
rowly circumscribe what is considered to be a suitable residential
opportunity, wnile attraction to workplace still creates an orderly

pattern of choice among more limited competing suitable opportunities.

The quanfity, as well as quality, of available housing affects home-work
separation. With increased vacancies and available units, the opportu-
nities for finding a suitable residence in-proximity to work is increased.
If the housing market is tight and opportunities are limited, there is a
good chance that one's initial choice of residence will not be optimum

in terms of place of work locaticn or housing package preferences. This
s particularly true in Tight of the fact that when supply is 1imited,
what housing is available is usually marginal in terms of quality.

Later, during a high vacancy period, adjustments may occur either in
terms of moving closer to work or perhaps further away, if this is

necessary to obtain the desired standard of accommodation.

1 Barry M. Moriarity, "Socioeconomic Status and Residential
Locational Choice" Environment and Behaviour & (December,
1974): 448-469; and, H. James Brown, "Change in Workplace
and Residential Location," Journal of the American Institute
of Planners (Jdanuary, 1975): 32-39.




1t should be noted that the rental market situation will often be

different from the home ownership or condominium market. Locational

use

jat]

adjustments will usually occur sooner in the rental mavrket becs

renting households are usually more mobile.

It should also be noted that choice of residence and adiustment is
dependent upon the household's limited perception of the market. The
consumer has imperfect knowledge and is only aware of those vacancies
which he sees advertised or which are brought to his attention by real
estate agents. These, of course, represent only a portion of the total

vacancies at any given time, and as a result intra-urban migration be-

haviour is, at best, only intendedly rational.

lousehold Characteristics

0f the many factors affecting work-residence separation, several of the
most important relate to the socio-economic and psychological character-

istics of the worktrip-making household.

Average worktrip length has been found to vary in a fairly consistent
manner with household income level, and it has been suggested that
models attempting to explain the spatial interaction between work and

residence be stratified or disaggregated according to income levels.

(8]
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Duncan, Kain, Fisher and Scsslau, and Voorhees are among those, who
found thai average work-residence separation increased as household

“the explanation for this

income increased.l However, Voornees suggests
does nct seem to 1ie in the fact that high income groups have a greater

propensity for travel, but instead is due to the spatial distribution of
residential areas and employment for different income groups." In other
words, there has historically been a greater physical separation between

homes and jobs asscciated with higher income groups than between those

of lower income groups.

This does not deny the fact that households with higher incomes are more
able to trade-off increased journey to work expenditures for Jower unit
site expenditures, as suggested earlier in this chapter, and as indi-

cated in Alonso's equation:

Y=}\(t}+qP(t)+2P1 Z,
1
where Timited income, Y may be expended on commuting transportation
costs, K(t), whﬁch are a function of work-trip 1ength; t, or on housing
costs Tor a quahtity, q, of housing at unit Tocation rent, P(t), or on
all other household expenditures,ji Pi Zi’ of price, Pi’ and quantity,
i

21.2 One must conclude that the higher the family income, the more

1 Duncan; "Factors in Work-Residence Separation", p. 50; Kain
"The Journey-to-Work", p. 148; R.J. Fisher and Arther B. Sosslau,
"Census Data as a Source for Urban Transportation Planning",
Highway Research Record 141 (1966): 52; Voorhees, Factors,
and Trends, p. 18. .

2 Alonso, Location and land Use, pp. 19-21."




flexibie the Tocation of residence with respect to work. Whether or not

this actually results in a longer worktrip depends to some degree on the
d

istribution of homes and jobs suitabie to a given income

As has already been suggested, increasing industrial decentralization
ngthened the workirip of inner city blue collar workers relative
toe suburban white collar workers. This has been largely because of the
increasing standard of living and relative availability of the private
automobile, as well as flat fare public transit service. It is probable
that the impact of income on trip length has diminished over thé Tast
few decades. However, there is a good chance that with impending fossil
fuel shortages, more expensive gasoline and wider usage of zone to zone
transit fares, ability to pay may reassert its importance as a factor

governing worktrip length.

Much of the work associating work-residence separation with income levels
“also examined occupatipna] differentia]s.l- Generally, it was found that
average separation increased with occupation status level according to
-the following hierarchy: professionals, managers, sales workers, cleri-
cal workers, craftsmen, operatives, labourers and service workers. The

order of these occupations corresponds roughly with the average occupa-

1 See for example, Duncan "Factors in Work-Residence Separation",
p. 50, Kain, "The Journey to Work" p. 148; Fisher and Sosslau,
“Census Data", p. 54; James 0. Wheeler, "Some Lffects of Cccupa-
tional Status on Work Trips", Journal of Regional Science 9 ‘
( April, 1969): 71.
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“pational income from highest to lowest, with th

significant exception

D

that craftsmen and operatives earn more on the average than sales and

The fact that sales and clerical workers tend to reside further from
their jobs, than income considerations alone would suggest, is con-
sistent with the notion that separation is largely determined by the
distribution of suitable residential opportunities. Sevéra1 socio-
logical studies indicate that residential areas are stratified or segre-
gated according to socio-economic status.1 This is the result of a
desire on the part of 1ndividua1 home seekers to increase social access-
ibility to compatible neighbours of equal or higher status and maintain
social distance froh those they consider to be of a Tower status.
Usﬁa]lv peopié prefer to Tive in'neighbourthds and houses of similar
quality as those whom they perceive to share similar values and aspira-
tions and who have similar or socially desirable, educatiocnal, family or
occupational backgrounds. Thus.-it is not surprising that white-collar
sales and clerical workers tend to live close to white-collar managers
and professionals, while craftsmen and operatives live close to other
blue-collar workers and exhibit a corresponding worktrip distribution
pattern. In Beverly Duncan's words, "it would probably be possible to

reproduce approximately the observed pattern of differentials in work-

1 Several such studies are summarized in Moriarity, “Socio-
economic Status". '
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bers will reside in that

tible with their socio~economic 1eve1.”1
Many consider occupation to be the single most important factor of the
several that enter into a determination of socio-economic statu52 and
occupational prestige is often a major factor affecting household Toca-
ticn. Given this, it would seem reasonable to disaggregéte spatial
interaction modeis relating homes and jobs according to occupation as an

alternative to income.

Journey to work characteristics are also frequently differentiated by

:face,3 This is espacially valid in many of the large urban areas of the

United States where the presence of racial discrimination represents a
major market imperfection, which distorts the spatial demand for resi-

4

dential space by both whites and non-whites."" Increasingly in these

areas, whites fiee to the suburbs from neighbourhoods of changing racial

1 Duncan, "Factors in WOrk~Residence»Separation“, p. 57.

2 See for example, Paul K. Hatt, "Occupation and Social Strati-
fication", American Journal of Sociology 55 (May, 1950):
533-43 and J. Reiss et al, Occupations and Social Status,

The Free Press of Glenco, New York, 1967.

3 See for example, Duncan, "Factors in Work-Residence Separation”
p. 50; Kain, "The Journey-to-Work", p. 145; Hamburg, Journey-
to-Work Minimization, p. 74; Voorhees, Factors, Trends and
Guidelines, p. 13.

4 Kain, "The Journey to Work", p. 158.
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mposition in central areas close to theiv jobs. HMeanwhiie non-whi

LeESs,
regardless of income, are restricted to Tiving in central city "ghettos”
'and sometimes must reverse commute to fringe areas to find jobs. On the
whole, average separation 1s usually tess for non-whites, and those
employed in the suburbs have longer commuting distances than those

empioved centrally. This is just the reverse of the pattern observed

for wnite commuters.

While racial segregation is generally not as serious a problem in Canada
as it is in the United States, there are, nevertheless, ethnically
distinct areas in many Canadian cities where residents of similar ethnic
origins reside as a group for mutual support and social, cultural, and
Tinguistic accessibility. This is often the case with the Chinese,

iiians, French Canadians in English-speaking provinces, and English

b3

3

It

a

Canadians in predominentiy French-speaking areas. This phenomenon
represents a major distortion in the housing market and limits the range

£

of suitabie residential and sometimes work opportunities for such

groups.

Differing average work-residence separations have alsc been observed for
the sexes. In general, women tend to Tive closer to their jobs than

' 1 . . . - .

men. [here are several possible explanations for this phenomenon. One

is that married women are often secondary or part-time wage earners

1 See, Duncan "Factors in Work-Residence Separation” p. 53; -
Kain, "The Journey-to-Work", p. 146; Fisher and Sosslau..
“Census Data" p. 52.
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whose commitment to home and family is greater than that of the
.

-spouse,i As a result finding a job may not be that critical for them
and they can afford to wait and find a job convenient to home. Ancther
possibiiity is that in families with two incomes, the husband and wife
often work in the samne general area, and as a result, there is a greater

incentive for them to live close to that location. A third possibility

relates to the mode of travel employed most often by each sex. Reeder
found that worktrip travel times for men and women were not signifi-

cantly different, however women rely to a much greater extent on public
transit, whereas men used private automobiles for the most part.2
Their dependence on slower public transit may account for a reduced

spatial separation between homes and jobs on the part of women workers.

Marital status, life cycle stage and family size are other variables
which éppear to affect work-residence separation. For the most part
these relate to supply and demand for residential space. Fisher and
Sosslau found that adults in the 25 to 44 age group tend to travel
slightly farther than younger and o]der’groups.3 This is, no doubt,
because of additional demand for residential space during the marriage
and child-rearing phase of 1ife and the adoption of a suburban 1ife-

. P 4 .
style, ‘as suggested by Brown. Increased separation from work also

1 This tendency to work closer to home would also apply to other
secondary wage eavrners; such as, adelescents, who are still
Tiving with their parents. In households with several incomes,
residential Tocation is Tikely to be determined on the basis
of proxmity to the job Tocation of the primary wage earner.

2 Reeder, "Sccial Differentials", p. 60.
3 Fisher and Sossiau, "Census Data", p. 54.

4 Brown, "Changes in Norkp'lace”g p. 35.
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covrraelates with family size and income earning power which are usually

close to their peaks during the 25-44 age period. Inéreasing family
size results in additional demand for indoor and outdoor residential
space while increasing earning power facilitates attaining it. This is
only true up to a point however, since Kain observed that families of
five persons or more tend to live closer to the center of the city and
consume smailer quantities of space, probably because of pressure on a
Timited income created by providing 1ife's necessities for a large

family.

Single persons and couples, either before or after raising children,
tend to reside closer to downtown activity centers where suitable apart-
ment accommodation is normally concentrated. As a result their trips to

wovk, often located in the central business district, are siightly

shorter than those of suburban commuters.

There are, undoubtedly, a number of other socio-economic factors which
might distort or moderate theoretical patterns of work-residence separ-
ation. For example, one of these might be szsidization of homes and
jobs. Workers, whose homes are provided or subsidized by their em-
ployers, inheritors of a family business or dwelling unit, workers in
government jobs, and residents of public housing are all cases of
households, whose Tocational decisions are constrained or altered to

some degree by the atypical opportunities available to them.

1 Kain; “The Journey-to-Work", p. 150.




.Beyo wd purely socic- nomic considerations, one musﬁ'consfder the
psychological characteristics of commuting households and their in-
Tluence on worktrip length. In the middle ages, it was common practice
for creftsmen and artisans to work in the cottages where they lived.

s of sweat shop labour during the In-

Y
r')

Later as a vesult of the abu
dustrial Revolution, aversion to daily work became guite commornplace;
and when they could, workers put the scene of the day's toil out of
sight and out of mind by 1iving apart from it. Even today, there are,
undoubtedly, many who see their jobs in this light, and as a result,
Tive farther from their workplace than they otherwise might. On the
other hand, there are probably many who are so involved in their work
that they find it difficult to separate themselves from it physically,
as well as mentally. It would be extreme?y d1Ff1bu1t t0 assess current
attitudes towards work accurately and then pre dxct the resultant imﬁact
on worktrip Tength, but it does seem logical that such factors wouid

lay a role in a household's 1ocational decision.
p

Identification with a particular community or geographic area is another
psychological factor which may influence work-residence éeparation. As
mentioned earlier, Keefer found workers reluctant to cross major travel
barriers such as river valleys and so 1ived in disproportionate numbers
on the side nearest their place of employment. It may be that identi-
fiable physical barriers not only represent a real time delay in com-
muting but also constitute psychological barriers or perhaps, just

convenient recognizable boundaries, within which workers prefer to



confine theiyr commuting activity.

unusuaily strong veluctance to make worktrips between MHinneapolis and

]
H

St. Paul. He suggests this is due to a strong cu

cation, not just because of the barrier effect ¢f the Miscissippi River
|

separating the two cities, but rather because of their distint iden-
tifiable city centers and the impact of each having ceparate newspapers
and other media. In other words,. workers more familier with oppor-
tunities in their own community are Tikely to have both their wovrktrip
origin and destination in that community irrespective of the fact that
closer opportunities may be available in adjacent areas. Vocrhees
suggests that similar travel patterns may be observed in other urban
areas with muitiple city centers and that this phenomena accounts in
part for the need for “socio»econonic adjustment factors” to calibrate

gravity models so they dupiicate observed commuting.

One last psychological factor which might be considered is that which
Keefer terms the worktrip "time-space transition”.z The journey-to-work
offers the individual a chance to change mental gears; to plan his work
day activities, or sltowly unwind. Assuming that this is an integrai,
and perhaps healthy aspect of commULrno, it may subconsciously affect
worktri p length according te the amount of time an individual feels he

requires to adjust to new environments and activities.,

1 A.M. Voorhees et al "Factors ‘in Work Trip Lengths", Highway
Research Record 141 (1965): 34.

2 L.E. Keefer in an appended discussion of A.M. Voorhees et al,
"Factors in Work Trip Lengths", Highway Research Record 141 (1865)
O - /
40.

3

\3



The appeal of this opportunity for mental preparaticn or relaxation is

probably represented in the extreme by the cheerful, long-distance, rail

commuter, whe sees his trip as an opportunity to do additional work,

read the paper, play cards, or just socialize with travel acquaintances.

B
o



ANALYTICAL MODELS OF SPATIAL INTERACTION

Human Interaction and iodelling

The degree of interaction, in terms of communication or travel, between
two population concentrations increases as the potential for inter-
action, or the number of attractive terminal oppertunities, in the two
locations increases and decreases as the degree of separation between
them increases. In the context of the journey to work, this means that
a larger volume of werkirips is Tikely between zones which contain a
Targe number of residential origins and emp1oymewt dest1ndt|on¢ and

which are conven1ent to one another.

As shown earlier, empirical evidence also supports the converse of the
above relationships in circumstances where a given amount of interaction
is essential, as in the case of the worktrip. Over the Tong term,
individuals have control over the location of their trip ends, and they
are more likely to locate their home or Job in a zone which contains a
large number of suitable residential or employment opportunities, and

which reduces or Timits their work-residence separation.

Jver the past century of 50, there have been various attempts to mathe-
matically interpret or "model" this basic pattern of human spatial
interaction. With respect to tripmaking, these models take the general
form:

o= T, x P(Aj)
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where: T. . is the number of trip interchanges between

Ti is the number of trips generated in zorne i; and,

P(Aj) is the probability of the destination being in zone

The destination term, P(Ajjﬁldistributes the trips originating in Zone i
among the possible destination zones and accounts for both the attrac-
tive qualities of zone j as well as the element of impedance due to the
spatial separation between i and j. In this configuration, the model is
a trip distribution formula. It has been used by social scientists
interested in analyzing and predicting social and commercial inter-
action, particularly migration flows. More recently, it has been used
by transportation planne}s to predict zone to zone movements as an

intermediate step in determining design traffic volumes for specific

transportation facilities.

The fundamental spatial interaction re1ationship may also be cast in a

residential location or growth allocation format. These models may be

considered to take the general form:

where: Ri 3 is the number of residences in zone j beélonging to workers

employed in zone i;
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D_E is the total demand for residences of workers employed in
zone i; and,

P(Sj) is the probability of a suitable residence being sup-
nlied in zone J.

The residential supply term, P(Sj), allocates the demand for residences
of workers employed in zone i amohg the possible residential supply
zones and usually accounts for the attractive residential qualities of
zone J as well as the comnuting impedance between i and J. Over the‘
past few decades, this type of formulation has been employed by Tocation
theorists and urban planners as a means of analyzing and predicting the
residential distribution of workers around employment centers. Given
that the location of industrial and commercial employment centers is to

-
H
H

a arée degree Timited by transportation facilities, econoinic, and other
relatively permanent and predictable factors, if a satisfactory formula

for distributing popu]ation growth with respect to assumed future em-
ployment centers is availabie, it is possible that useful generalized

urban Tand use models may be derived.l

The ultimate objective of spatiai interaction modelling efforts is
usually to come up with a formula which reconciles a requirement for
simplicity and economy, in terms of the input data and calculation
necessary, with a desire for a correct mathematical interpretation of
underlying causal relationships. Such a model might be termed analy-

tic as opposed to synthetic in nature.

1 H. Blumenfeld, "Are Land Use Patterns Predictable?" Journal
of the American Institute of Planners, 25 (May 1959):  64.
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ral synthetic interaction models have been built upon arcwWth factor,
expansion, or trend projection methods, as well as various curve fitting
techniques such as multiple regression analysis. Such models are useful

in the absence of more analytic formulations and have helped to exnlor

(D

the importance of the various factors involved. Hewever, they are
normally very empirical in nature with large imput data requirements,
and they are not very intuitively satisfying. Generally, any agreement
between observed and predicted levels of interaction is not because the
model represents the underlying forces at work but rather because it is
formulated and amended almost by trial and error to handle numbers so

that agreement is reached.

The same has been said of some of the more analytical models of spatial
interaction derived by analogy with physical phenomena. Recently how-
ever, such models have been refined and given a firmer theoretical base
through derivation from elementary probability and statistical theory.
Mode]svof this nature fall into two basic types, the Gravity Model and

the Opportunity Model.

The Gravity Model

The earliest known explicit formulation of the gravity concept of human
interacticn was made by H.C. Carey during the first half of the 19th
Century. He stated:

»Man the molecule of society is the subject of Social Science . . .

The great law of Molecular Gravitation (is) the indispensible
cendition of the existence of the being known as man . . . The
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dence, as well as by W.J. Reilly based on evidence of retail frade area

influence,

In the 194C's, J.Q. Stewart and G.K. Zipf generalized the gravity con-
cept by returning to the original fermuiation in terms of Newtonian
Physics, namely that the ”force” of interaction between two concentra-
tions of population, acting on a line joining their centers, is directly
proportional to the product of the populations of the twe centers and
inversely proportional to the square of the distance between them

Mathematically, this yields:

whevre F_i . is the force of interaction between concentrations i and J.
5

1 H.C. Carey, Principles of Social Science (Phitadelphia: J.B.
Lippincott and Co., 1858-59) as quoted in G.A.P. Carrothers
"An Historical Review of the Gravity and Potential Concepts of
Human Interaction™, Journal of the American Institute of Planners
22 (Spring 1956): 94,




T o e st P R S L. 2 4 - .,
Following the analogy Trom physics the ensrgy of

two centers resulting Trom this force would be:

where Ei j is the energy of interaction, and k is a constant of propor-
3

tionaiity, equivalent to the gravitational constan

t of physics,

Zipf, Stewart and others tested this formulation empirically, measuring
the energy of interaction between pairs of cities by a variety of chayr-
acteristics such as telephone calls, bus passenger movements, newspaper

. s . . 1
circulation and the Tike.

The distance factor in the gravity concept has been & source of consi-
derable debate. Several researchers have suggested that the impact of
distance is not uniform and its relationship in the basic equaticn is
not a simple inverse one, but one in which distance is raised to some
power other than unity. Various éxponents from one half to over three
have been empirically tested. T.R. Anderson has suggested that the
exponent is itself a variable, inversely related to the population of
the attracting center,2 On the other hand, J.A.P. Carrothers suggested
that the exponent may be an inverse function of distance itself, since

the impedance per unit of distance against interaction caused by short

1 Cited in Carrothers, "Review", p. 95.

2 T.R. Anderscon "Intermetropolitan Migration: A Comparison of the
Hypotheses of Zipf and Stouffer, "American Sociological Review
20:33 (6/55): 291.
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Stewart and S.C. Dodd alsc suggested modification of the numerator of
the basic equation to account for certain areas wherc the population

£ q 4 M : £ o 2 ¢ . 5oLt
seemea Lo exert an undue infTluence on interaction.” They added multi-

pliers to the population variables to account for these observed dif-

ferences in influence resulting from differences in population char-.

acteristics. They interpreted the multipliers to be a measure of a

particular population’s capacity for interaction.

In the middle 1950's, A.M. Voorhees began applying the gravitaticnal
principle to traffic inalysis.” This initiated an important chapter in

the development of the gravity model in which it was repeatediy tested
on the masses of data collected in metropolitan traffic origin and
destination surveys. Voorhees used time of travel as the most meaning-
tul measure of travel separation and classified movement by mode of
travel to account for differing speeds. At the same time he suggested
classifying trips according to their purpose or destinaticn and began
measuring the attractive influence of the destinaticn in terms of popu-

Tation, empleyment ov vretail sales floor area.

1 Carrothers, "Review, p. 97.

2 Cited in Carrothers, "Review", p. 97.

3 £03
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Alan M. Voorhces "A General Theory of Tra fic Movement",
Proceedings, Institute of Traffic Engineers, 955) pp. 46~56,
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where T, ; is the number of one-way trips from origin zone i to desti-
ty

nation zone j:
T_i is the number of trips generated at origin zone 1;

Aj is the measure of attraction for zone Js

D is the impedance between zones usually in terms of travel

1]
time; and

X is an exponent to which Di s raised which varies according to

3

trip pur‘pose.i

Accounting for the element of pro ortionality above the model becomes
g .

for the whole region:

oA T
ot x
T, o= T —Ld
i, i
A .
<d
Q '_‘ Av4
471,
4. —_

The value for x for each trip purpose is determined through a calibra-
tion process where predicted interchanges using a triai exponent are

compared with actual interchanges from the origin-destination survey and

Usually the exponent decreases as the trip purpose becomes more
important and is Towest for work trips indicating that people
are willing to travel further to work than for other DUYPOSES.

-~
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appropriate adjustments made. In actual operation
be tterated to ensure convergence of the predicted total trips atiracted

to a given zone

Since the values, adopted for Aj and %, are based on a study of existing
Tand uses and trip purposes, this model may be considered somewhat

analytic. It is still, nonetheless, a synthasized model of trafs

ic

b o

behavior, aibeit one based on a careful analysis of ex isting relation-

ships.

Besides the important consideration of whether or not model parameters
estimated from an existing situation will hold good for future pre-
diction purpeses, Voorhees' model has a number of cther shortcomings
One of these is that the model is valid only for the city in which it
was calibrated. In different ciiies the value of x determined for a
given trip purpose was found to vary considerably, consequently the
model is not transferable and a comprehensive origin-destination survey

is required for each city in which it is applied.

There is also considerable debate as to whether or not a single impe-
dance exponent, which in fact represents an average for an entire metro-
politan area, is applicable to movements between individual zones. A
number of other researcheré have empirically computed different friction

factors for each zone pair and obtained better conf@rmi ty with observed

1 The model equation itself ensures that predicted zonal genera -
tion will @oval actual oenerdtion°




preliminary evidence that nearby activities were incovrrectly more

He suggested that the £

impedance factor may have to be modified to account

for variations in the spportunity distribution.

The conventional method of handling the problem out}ined above, and a

L
i

variety of other discrepances between prediction and observation in
large metropolitan areas. has been the introduction of zone to zone
socio-econemic adjustment factors in the numerator of the gravity model,

g

which then becomes:

where Fi j is a generalized impedance factor, originally of the form
5

F. . =1D ~, and

i, 157
K; . is a zone to zone socio-economic adjustment factor.

The Ki i term is empirically derived based on the ratic between origin-

destination survey results and preliminary gravity medel vesults. It

1 Voorhees et al, "Factors in Work Trip Lengths", p. 29.
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sary. Cne ig¢ that trip purpose stratifications used are not precise
encugh. For example, all work trips produced by & particular zone may
in reality be made by industrial workers, and when distributed by the
gravity modei, the Targest proportion of these would be sent to nearby
empioyment centers revardiess of whether ov not the employment there was
industrial in rnature. Related to this is the suggestion that high
income groups have a greater propensity or ability to travel, and,
therefore the population of zones with unusually high incomes might
travel further than normal to their places of work, shopping cr recre~
atione1 Another suggestion is that particular zones have strong ties by

A

their cevelopment, nhistorical community identi-

4

virtue of the timin

g .C)

O

fication, or media-generated opportunity awareness.

The conventional form of the dravity model resistance factor, Fi i = Di 3
. s ]

also presented problems. It did not give a good fit with observa-
tions, when particularly short or long, trips were involved. Since F i3
E
approaches infinity as D1 i approaches zero, the value of x is strongly

dependent upon the sizes of the zones into which a city is dividedo2 In

1 One might note that K-factors bear some resemblance in form and
purpose to the pobulation multipliers used earlier by Stewart
and Dodd. .

2 John T. Lynch et al, "Panel Discussion on Inter-Area Travel
Fermulas", Hig ey Research Board Bulletin 253 (1960): 136.

[$2]
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wWhnere e 1S tne bpase of the natural logorithm, and

Leter work has confirmed the generdl validity of this Tinding and a
majority of subsequent modeling efforts have used exponentiatl functions

in the impedance factor.

Besides the difficulties mentioned above, a Trequent complaint against
the gravity model is that a concept of appiied physics is being used to
describe human behavior. Intuition suggests that it should be pessible

to develop an interaction model, which is somehow more Tfundementally

related to actual behavior. The development of the opportunity model

offered a response to this criticism.

The Opportunity Model

The intervening opportunities model, or more simply the opportunity

‘medel. was first conceived by a sociologist, Samuel A. Stouffer, in the

1930's. t assumes that:

I K.H. Dieter, "Distribution of Work Trips in Toronto", Journal
of the American Society of Civil Engineers 88, CPI (August
1962): 9-28.

N

F. ; varies between one and zero as D, ; varies between zéro and
inFinity. ‘ e :

(&)
™~



13 -

I 75

O Y
OpoGy

a Y a

where AY is the number of persons moving from an origin o & circular
band zone AS;
A5 is the width of the circular band with an inner boundary
AS/2 units of distance from the origin, and outer boundar
S+ A S/2 units from the origing
A X is the number of opportunities within A S ;
X is the number of intervening opportunities, that is the_
accumulated opportunites between the origin and distance 5; and,

s

a 1is a constant of proportionality.

Stouffer and others tested his interaction model on intracity and
intercity migration data and generally found that agreement between

. , . . . .2
observed and predicted levels of migration were ncouraging.

T Samuel A. Stouffer, "Intervening Opportunities: A Theory Relating
Mobility and Distance", American Sociological Review 5 (December
1940): 846.

2 See for example, Margaret L. Bright and Dorothy S. Thomas,

"Interstate Migration and Infemven;ng 0npor+u1'uies“5 American
Sociotogical Ranlem 6 (December 1941) 773-783; Eleanor C. Isbell,
. / a
"Internal Migration in Sweden, and Intervening Qpportunities".

) 3

American Sociological Review 9 (December 1944) 627-639; and,

Frad L. Strodbe ck, "Equal Opportunity Intervals: A Contribution
to the Method of Intervening Opportunities Analysis", American
Sociological Review 14 (August 1949): 490-497. ' -

1
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tunity medel views migrat

that mafter, as people choosing among aliernative opf

- than as a mass of populaticn overcoming the distence, and
as such it is more anaigous to actual human behavio It does not
specifty a direct and invariant relationship batween interasction and

1

distance. Any relationship which

[

Q€8 €XA1ST TS gepenaent upon an aux-

iliary relationship expressing intervening opporiunities as a function

It should be clear that the definition of what constitutes a suitable
opportunity is critical to the success of the model. In ovder.for
opportunities to be considered competitive, they must be essentially
similar. In practice, normal sources of data do not permit a definition

which 1s that precise, and proponents of the model tend to use this as

an excuse for discrepancies hetween observation and prediction.

It should also be recognized that for an opportunity to intervene, or be
considered, there must be prior knowledge of its existence. This is
dependent upon the level of communication in the area which is itself a

. . . 2
function of opportunities and distance.

~The intervening opportunities concept was first applied to trip distri-

bution by Morton Schneider working in Chicago in the late 1950°'s,

1 This auxiliary relationship is simiiar to the opportunity dis-
tribution developed by Voorhees and referred to in Chapter I.

¢ QOperation of the gravity concept may also be considered depen-
dent upon infermation exchange in that the traveller must be
aware of the attractions, or opportunities, availabie in the
destination zone. ,
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Schneider's formulation was considerably different irom Stouffer's ana

inciuded the notion of probabiiity for the first time. He postulate

that
. . the probability that a trip will terminate within some volume
of destination points is equal to the probability that the volume
contains an acceptable destination, times the probability that an
acceptable destination closer to the origin of the trip has not
found. '

Since the probability of termination will depend on the distribution of
the volume of destination pointsa the mathematical statement in terms of
Timitingly small quantities is:
gp = (1 - P) L dV
where P is the probability that the trip has terminated within the
destination volume, V, lying earlier in the order of conside%ation and,
L is the probability of destination acceptability at the point of

consideration.

1f L is assumed to be constant for specific kinds of trips or trip pur-
poses, then integrating the above yield:

pv) =1 -e

Thus the probability of a trip terminating in zone j is:

POL) - PIV) oLV L (VYS)

And the expected trip interchange between zones i and j is:

- LV LV
an“"i[e - € 3]

1 Chicago Area Transportation Study, Final Report, Vol. II,
July 1960, p. 111.
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Schinetaer's method was extensively tested for Chicago and Pittsburgh

data and was thoucght to show an accuracy and reliability for predicted

o L e . o R . -
trips as high or higher than the gravity method.” It also required less
e I 1

f 1

though the di

——d

adjustment to fit the model to observed data, a fficulty in

-

tetermining the correct L-factor ar purpcses was somewhat
comparable. UnTike the gravity model {mpedance parameter, a separate
value of L may be computed for different origin zones, so it is possible
to apply the formula successfu11y to smaller areas. However, the oppor-
tunity parameter, like that of the gravity model, is peculiar to the
empirical data from which it is derived and not directly transferrable

to other cities.

In practice, the L value is determined by taking the logarithm of the
basic equation to obtain the linear relationship:

SV o= a1 - p(v)]

-

Once surveyed trip origins for a given zone are arranged in travel time
order, empirical values for V and 1-P(V) can be plotted semi-logarithmi-
cally to obtain L, the slope of the resulting line. The L-factor can
also be estimated from other observed or assumed trip parameters such as
the average trip length and then adjusted by trial and error to obtain a

satisfactory fit.z

1 It was also found that intervening opportunities as opposed to
distance appeared to centrol the length of urban trips in London,
England as cited in Colin Clark and G.H. Peters "The 'Intervening
Oppogtunities‘Method of Analysis", Traffic Quarterly 19 (January
1965): 118.

2 Earl R. Ruiter, "Toward a Better Understanding of the Intervening
Opportunities Model”, Transportation Research 1 (1967): 51-55.




L may be interpreted as a measure of selectivity or és the probability
per individual opportunity of destination acceptance. Since Schneider's
model considers all destinations, not just those which are predetermined
to be suitable, it is the means of discriminating acceptable trip ends
according to zone of crigin and trip purpose. MNormally, empirically
determined L values are small, much less than one, and since people are
more selective in choosing a residence or place of work than a place to
buy groceries, L values for these purposes are smaller and resulting

trip Terngths greater.

If one were able to specify suitable opportunities precisely enough
beforehand, the value of L could be considered equal to one. This
permits an interesting comparison between Stouffer's formulation which
for Timitingly small guantities can be considered to be:

~1

dP =V © dv

and Schneider's, which can be written as:

P = eV ay.!

This is seen to be analogous to the development of exponential forms for
tne impedance factor of the gravity model where intervening trip volumes
replace time-distance as a measure of separation. Once again, the

exponential form has better mathematical properties since P(V) varies

1 The use of derivatives implies the existence of a continuous
function, which is not the case, since destinations are discreet
entities; however, if V 1s large, a continuous function can be
approximated,

-7
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ween zere and one, as V varies

ek

be

s = Fhat Cehnaidenic madal cap ha crimemee BT P L el
means tnat scnnelder’s nodal can be successtully ' to an unbounded

regicn.

In order to avoid the necessity for an adjusting parameter such as L and

to apply basic probability theory more directly, Anthony R. Tomazinis
developed an alternative competing opportunities trip distribution

model, which was applied to Philadelphia and Camden in the Penn-Jersey

Transportation Study.

In Tomazinis' model, cpportunities are equated with suitable land use
destinations cobtained from trip generation studies. With reference to
Figure 6, the total universe of such opportunities in a bounded region

i¢ denoted by N. A

[V}

ubpopuiation H is chosen which consists of ali
opportunities bounded by the areal equivalent of the travel time dis-
tance between an origin zone I and destination zone J. The probability
of a trip ending in zone J, a part of subpopulation H, is then given by
the conditional probability of randomly selecting a destination oppor-
tunity in J from N, which is at the same time an opportunity randomly
selected in H from N, or:

{ y = = = N = !
P(S;) = P(I/H) = Py/Py = /N = 7
H/N

where P(Sj) is the probability of stopping in zone J;

1 Anthony R. Tomazinis, "A New Method of Trip Distribution in an
Urban Area" Highway Research Board Bulletin 347 (1962): 77-99.




Figure 6: Selection of a Travel Time Bounded Subpopulation of
Destination Opportunities from the Universe Around an
Origin. (Scurce: Tomazinis, "New Method of Trip Dis-
tribution”, p. 79.)

Figure 7: Designation of Equal Time-Distance Intervals About an
"~ Origin. (Source: Tomazinis, "New Method of Trip Dis-
tribution", p. 80.)
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J is the opportunity subpopulation in destination zone Js

H is the opportunity subpopulation within travel time district H;

N is the tetal universe of competing opportunities.

IT the region is divided into a number of concentric equai time distance

bands, as in Figure 7, then the probability expressed above is given by:

Ly ]
= Y
P(SJ) l_ J+X+‘{JLYJ
wnhevre W+X+Y=H; and

WHX+Y+Z = N

After computing P(Si) for every destination zone and then normalizing

(&

them such that:

where Ti is the total number of trips generated at origin zone I;
and,
P'(Sj) is the normalized probability of a trip stopping in
in destination zone J.
In an application to later data, Tomazinis found that his model pre-
dicted well, given its stochastic nature, but it tended to over-estimate

longer trips. To adjust for this, he introduced the concept of the
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probability of satisfaction, which he defines to be the ratio of trin
destinations outside of the time district being considered to the total
destinations in the region. In the case of rigure 7, this would be:

Z

WHX+Y+Z
P(Sj} is now defined to be the product of the probability of the dis-

trict P(Y) and the prebability of satisfaction or:

.
pisy - |1z g
J [ W+X+Y | WEX+EY+Z Y

L 1L

Tomazinis model avoids the use of an empirically-derived parameter and
is relatively simple to employ. It dispenses with the need for expen-
sive calibration manipulation and is, in theory, directly transferrable
tc other cities. It also appears to have a firm basis in probability
theory, although the fact that initial P(Sj)‘s do not add to one and the

necessity for a "probability of satisfaction" are intuitively disturbing.

If the opportunities'consfdered are in any sense to be competitive or
"randomly selected" their designation must be suitably precise. If trip
generation data available does not permit this, then the use of an
adjustable parameter may be attractive, 'so that observed travel patterns

can be duplicated.

The model might be also criticized on the grounds that it must be ap-
plied to a bounded region, and because opportunities closer to the
origin within a particular time-distance district are more Tikely to be

selected, its potential accuracy depends on the Tevel of time-distance

o
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n actually used. Because of perception limitations on the
part of the travelling public, a travel-time interval of five minutes is

.. , ]
probably the minimum that can be employed.

The Entropy-Maximizing Model

In the Tate 1960's, Alan G. Wiison applied the statistical concept of
entropy maximization to the derivation of interaction models, especialiy
the gravity model, and in so doing has produced a "family" of models
with a firm theoretical basis.2 Entropy here is considered to be a
statistical measure of uncertainty or ignorance, and it will be shown
that to maximize entropy in a system is to make the maximally unbiased
estimate about the state of a system subject to whatever is known about

it.

The true state of any particular system may be considered the most
complete or detailed specification of the system or its microstate, such
as the number of dots showing on each of two tossed dice. Any aggregate
specification of the system may be termed a macrostate, such as the sum
of the dots showing on the dice. Given only macrostate information, a
blind man would still be uncertain about the true microstate of the

system, but his uncertainty would be reduced to some degree; since a

T The realities of zonal aggregation and travel time perception
are not usually imposed on the gravity model, although the
statements, made above, are just as applicable to it.

Alan G. Wilson, "A Statistical Theory of Spatial Distribution
Models", Transportation Research 1 (1967): 253-269.
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Cparticular sum s only achievabie in a Timited number of ways among all
of the possible combinations or microstates of the two dice.
i

IT we Jet w. be the number of ways, or microstates, in which a parti-

3

cular macrostate can be achieved, as Wy increases, uncertainty with

respect to the actual microstate increases. Any monotonic function of

Wi can be defined to represent this increasing uncertainty or “"entropy".

Normally,

- 1
Si =k In (Wi)

where Si is a measure of entropy, and

K 1s an arbitrary constant.

)

T
i

it all microstates

el

f P |
WETE equiai

p; = 1/w.i
and the entropy equaticn would be:

S; = -k In (pi)

Usually, we do not know for sure that all microstates are equally likely,

but the maximum entropy principie dictates that in the absence of other

1 Other monotinic functions could be employed. but entropy for
compound events is additive where a logarithmic functien is
used and, 5. = 0 when there is complete certainty or we o= 1.



ormotion, we should give the microstate probabiiities equal weignt
ana assume that the outcome, which cen occur in the greatest number of
ways, is the outcome with the highest probability of occurrence. In
other words, we assume the broadest, flatest probability distribution
possible, consistent with given information. Any additional, but not

perfect, information is incorporated as constraints in the process of

EX}

maximizing the entropy ecuaticn, thereby obtaining the maximally un-

biased estimate of the state of the system.

The entropy concept can now be applied to the development of a spatial
interaction model. For example, we may wish to find the metrix of trip
interchanges, {ti,j} , Tor the journey to work during the movrning peak
hour, which is maximally noncommitted and unbiased, consistent with the
information at our disposal. Assuming the total number of trips ema-
nating from each orig.n, 015 and the number of trips terminating at each

destination, Dj’ are given exogenously we have:

T el " v
and T = 2%; 01 = jig; ;ég ;ég t i

i=1 j=1 'i:]J:

where T is the total number of travellers in the system.



other hand, would merely specify how many pecple travel between 1 and J
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that is 3t %S without regard for individual identitication. By ap-
Coisd
plying the combinatorial formula of statistics, it ¢ e shown that th
L . . . . o PRI . B o
total number of ways in which a particular distribution %’tﬁ 13 can
5J

and
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Incorporating constraints, the entropy iacgrangian to be maximized be-

Note that a third constraint has been introduced:

éf Y, %,
i\ ‘

bl
!
(4]

1 This and an alternate method of selecting travellers associated
with particular crigins which produces the same results are
illustrated in Frenk J. Ceserio, "A Primer on Entropy Nodci?1rq
dournal of the American Institute of Planners 41 (January 1875):
40-48,

. . L T A AR 2 fi R N o
d be an enumeration of who travels where. A pacrostate, on Ung
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where c. ; is the impedance ovr genereiized cost of Lrav
, .
origin 1 and destination J; and
Cis a fixed total expenditure spent on Lrips in the regions at any
given time.
Now the ti s, which maximize the entropy Lagrangian, L, and therefore

5

constitute the most probable distribution of trips are given hy the

solution of:

and the constraint equations. It can be shown that this yields:

Bc !
t. A. B. 0. D, 1.3
13‘.! J
|
- -
. 1< -fc. .
A]. = {JBJ. Dj e 1y
iy :_]
and By = §:A1 0; e'ﬂc1,J
' L - @)
-2 e’>\j
where A, = — and B, = —
i J D
i J

This is recognized as the familiar gravity model and so this
statistical derivation constitutes a new theoretical basis for it. It
should be noted that C in the impedance cost constraint equation need

not actually be known since the f3 - parameter can be found by the usual

T Wilson also shows the maximum obta1ned is a very sharp one and,
therefore the distribution (t } obtained is overwhelmingly the

most probabie in ”Statistica] Theory", pp. 258-260.

(3]
<



calibration methc

constrained, as above, A, and B. must be determined iterativelv as well.
v ) v

Without constraints, the entropy-maximizing derivation employed above
would nave resulted in all ti,jls having an equal number of trips, so it
is the constraints which produce trip distributions other than trivial
ones. It is possible then to analyse and refine the spatial interaction
model by systematically altering the constraints applicable to behavi-
oural variables. This enables derivation of a family of related models.
The fairly straight-forward refinement process employed is a major
achievement of Wilson's application of entropy maximization to inter-

action modeliling.

The trip distribution model, outlined above, was constrained with
respect to both the production and attraction of trips at origin and
destination zones. If Dj is replaced by wjg some index of attractive-

ness, not necessarily trip ends and we use only;

we obtain a model, which is only production constrained:

- - {oC. .
ty g = A 05 W e SR

1,
T1
< -fBc. .
: = i
where Ai i;LJ e 1,

The equation;
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now provides an estimate of frip ends at j, and since trip ends are an
index of activity by Tocation, it can be used as an activity location
E J

model. For example, it could be used to estimate the location of retail

o]

activity for a given population distribution where origin zone retail

FalN e
U,

c
@]
o
=
o
=
o
I
M
-
9]
<—-{-
Al
w
o
—_—
)
w

ient
1

expenditure determines the equiv

fe3]

It

floor area at destination zone j.

o~

Similarity, it is possible to obtain an attraction constrained model

vy

where Dj's but not Oi‘s are given externally. In this case,

J -
where | R. f L/‘w, e"[BCi;ﬂ ]
and wi is an index of attractiveness associated with origin zone 1.
This may be developed into a residential Tocation model:
ft "428 D, e ey g
J _

where residential activity can be allocated, according to the residen-

tial attractiveness of origin zones, Ni” and a given employment distri-

. e . 2
bution in destination zones, Dj'

1 See, T.R. Lakshmanan and Walter G. Hansen, “A Retail Market
Potential Model" Journal of the American Institute of Planners
31 (1965): 134-143.

2 MAlan G. Wilson, "Developments of Some Elementary Residential
Location Models", Journal of Regional Science 9 (1969): 380.




1

Wilson has suggested that the velationship between these three models

o

v linking them into a ouasi-dynamic forecasting
o 1

% )

{“IghL DL_ G/\} 'LGO.

F iy . . .
system.”  The residential Tocation model and trip distribution model,

for example, each produce different estimates of the journey to work,

but if O0; and D. are given, the doubly-constrained model best reproduces
1 po) } .

(]

survey year data. Its use in forecasting is, however, limited by the
reliability of independent forecast year trip and estimation It hay be
possible to use the Tocation model version to allccate pools of poten-
tial movers, & time period at a time, and then use the accumulated
output for the forecast year as input to a trip distribution process,
employing the doubly-constrained version. The common heritage of
Wilson's family of models has thus been a stimulus Teading to the deve-

lopment of more dynamic interaction models.

The characteristrics of the singly-constrained models outlined above
also assist in the interpretation of the recurring terms A,i and Bj‘ In
the production-constrained model, Ai is a competition term which reduces
most trips due to the increased attractiveness of any one zone. The
dencminator of A; or,

< -3 c.
< Wj e P 1.9

Cke

is commonly interpreted as a measure of total accessibility which in-
creases as travel times or costs decrease and attractiveness increases

for destination zones. It can also be interpreted as a measure of the

I Alan G. Wilson, "Advances and Problems in Distribution Madelling"
Transportation Research 4 (1970): 12.

<N
[Xw]



K
1

~competition that shops in j face from other retail centres as perceived

from 1, in the retail activity location context. The model term,

~

is then a measure of the relative accessibility-attractiveness of J

perceived from i. The B.-parameter can be given a similar balancing

Da
i Y
factor interpretation in the attraction-constrained model. where it

adjusts for the increased emissivity of any particular origin zone. In
a production and attraction-constrained model, it is impossible to write

both Ai and Bj independently, since both are acting together simulta-

neously. However, Ai"! is related to the accessibility of opportunities
-1

J

related to the accessibility of opportunities at the origin end as

at the destination end of a trip ss perceived from orign i, and B s

perceived from destination j.

Thus far, we have dealt with the origin and destination trip total
constraints. It is now time to consider Wilson's third constraint. He
claims that the preferred negative exponential form of the impedance
function jn his deviation of the gravity model arises because of the

nature of the generalized cost constraint equation,

fg by G, ¢C
'SJ
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which assumes that people perceive costs subjective Y in the same way
that they are measured objective]y.l Alternatively, it can be argued
that pecple perceive costs in a way in which the same marginal distance
on a long trip is valued Tess than on a short trip. In this case,
Wilson feels it would be appropriate to substitute Tn(ciﬁj) for Ci,j in
the constraint equation. The interaction model impadance function would

then become C. j"ﬁainstead of e 7 71,J. He suggests it would be appro-

3

priate to use this modification for interurban analyses where longer

trips become involved.

WiTson's argument that an exponential travel deterence function is an
inexorable result of the choice of a cost constraint is not totally
convincing. The vesult has at least as much to do with the choice of

In W., as a mathematica]1y convenient entropy function. The fact that
Wilson makes no conscious attempt to duplicate the negative exponential
decay of travel with increasing distance observed in most North American
cities is the basis of Curry's criticism that Wilson is using a "pos-
terior form of analysis". 2 In other words, one cannot use ones intui-
tion about travel behaviour to derive the entropy maximizing model. It
is only the result of the derivation, which can be given a behavioral

interpretation.

As in the case of previous interaction models, the interpretation and
stability of the f3-parameter in the deterence function is also a matter

of concern. /3 is inversely related to the average distance travelled

T Wilson, "Advances and Problems", p. 8.

2 L. Curry, "A Spatial Analysis of Gravity Flows," Regional
Studies 6 (1972): 134,
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and the total travel expenditure in a recion. In fact, /3 ic appro-

ximatel

- - 3= 7 P A A \ P I RPN v o ~ BTN
y equal to the inverse of the mean expenditure or distance tra-

velled. Consequently, it may be used as to provide a first estimate for
£ in the model calibration process.i ,G may also be viewed as an

inverse measure of propensity to travel. If 2 decreases, Tonger trips
ave more likely; whereas if /2 increases, smaller C;

more heavily.

As suggested eariiers/E has been found to be sensitive to the distri-
bution of destinations about the zone of origin. That is to say,/3
decreases as the distance of the trip origin from the Central Bﬁsiness
District or the largest employment centre increases or alternatively as
the mean opportunity spacing increases. Therefore, /f-parameters should
be origin-specific. This disaggregation can be achieved by employing an

crigin zone cost constraint equation of the form:

The impadance function then becomes:
(4. C. .
e151 Ty

where/34 is obtained by iteration for each origin.

1 €. Fisk and G.R. Brown, The Role of Model Parameters in Trip
Distribution Models Transportation Research 9 (1975): 144,
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Wilson suggests that a possible theorectice! basis for this procedure 1S

b

e
that [
i

Avevage income, in tuvrn, usually increases with distance from the Cen-
tral Business District. Since it appears that traveilers are not as
deterred by cost or travel time as opportunity spacing increases, an
equally plausiblie explanation is that urban travel is controlled more by

che distribution of opportunities, as proposed in the Opportunity Model,

-

than cost or travel time per se.

Fisk and Brown suggest that the assumption adopted in present model
applications that the (3-parameters remain constant between base and
prediction years is not justifﬁed.z Changes in/3i between base and
prediction years will depend on perturbations in average zonal expen-
ditures ovr travei time caused by changes in the attractivenass of
destination zones (or the opportunities available there), specific zone-
to-zone travel times, and other variables not explicitiy contained in

the model but which may affect travel behavio'ur.3

Given the possibility of the important role of opportunities, suggested

above, Wilson also attempts to derive Schneider's intervening opportu-

1 Alan G. Wilson, "A Family of Spatial Interaction Models and
Associated Developments", Environment and Planning 3 (1971):
18.

2 Fisk and Brown, "Role of Model Parameters", p. 144.

w

The apriori assumption of equal probabilities for ail possible

trip arrangements used in entropy maximizing may be wrong due te
bias in destination choice arising from unspecified socio-economic
considerations. If such bias is measurable, it may be incorporated
into the model as before through the use of Ki h factors within

9

the statistical mechanical formalism of an cbjective interpretation
of probability theory. ibid.
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the number of times they have been passed or have intervened. This
o 3
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procedure 1s inuuitively suspect anc Wilson suggests that this may be
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enough in itself o prefer the gravity model. owever, one wonders if

and incorporated successfully into an entropy meximizing formulation.

Although the opportunity model is apparently not readily amenable to the
entropy maximizing approéchs ft has enabled the extension of the gravity
model to realistically represent more complex travel situations and
permitted the application of economic evaluation techniques to chaﬂges
in policy variebles. This has been achieved largely through systematic
disaggregation of variables and the use of subscripts and superscripts
on parameters to achieve internal consistency. Wilson has thus far
successfully disaggregated the basic models with respect to trip pur-
pose, mode of travel, routes, impedance cost characteristics, and
traveller characteristics such as car ownership, income, and origin
]ocqtions Additional constraints have been added as policy decisions to
handle Timitations con destination zone parking capacity, route-capacity,

opulation density and the input/output flow of goods.
r h ]

A major benefit of this disaggregation effort has been the possibitity

:

of systemic integration of all of the traditicnal steps in the trans-

I Witson, "Statistical Theory", v. 268.
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etl focus on one basic interaction eguation and can be forecast in a

single cperatio This is, however, at the Tiwmit of the extent of
disaggregation which can be achieved. Fventually, the number of model

parameters wnich must be estimated increases to uncomfortabie propor

tions and there is the risk of Tosing statistical relevance as dis-

aggregated flows get smalier

As an alternative to disaggregation of probability or statistical
approaches as a means of improving the behavioural basis of interaction
models, Wilson suggests bringing matters down to the level of the in-
dividual decision-maker by applying the theory of consumer behaviour.
This assumes that individuals in the population have preference struc-
tures and exercise tavel choices which can be seen as the result of
maximizing personal utility functions subject to budgetary and time

constraints.

The major difficulty with this approach is the definition and measure-
ment of individual utility functions or aggregate utility functions at a
level where empirical estimation may be more feasible. There is also
difficulty in specifying the nature of travel as a good competing for
time and money expenditures. Obviously there are too many separate
trips to see each one as a good so that some aggregate or abstract level
of travel must be considered to remain within the bounds of computa~-

tional Timitations. Clearly what is suggested is aggregating individual

v el

travel behaviour as opposed to disaggregating group behaviour. For the

'S

Cime bu‘no. the Tatter scems more tractible.



CHEPTER 111

CASE STUDY OF [CMPLOYEES GF FORT GARRY INDUSTRIAL AREA MO. T - WINNIPEG

Objectives

o

In Chapter I, a number of factors and the manner in which they have been
found to affect the separation of work and residence were discussed. In
Chapter II, the application of some of these factors in thé development

of spatial interaction models was reviewed. The purpose of this Chapter

is to apply and test some of the observations, hypotheses and models

described in the Titerature to a situation in Winnipeg, Manitoba.

Obviously, it would be ihpossible to be as comprehensive as research to
date and Timitations of time, vesources end data availability must be
recognized. Consequently, a case study approach was adopted and a
Timited sample of workers surveyed to test a few of the more fundamental
aspects of work-residence interaction. Specifically, the following

questions were selected for investigation:

1) Is the worktrip travel time distribution similar to a gamma dis-

tribution, as suggested by Voorhees?

2) Is the opportunity travel time distribution similar to a normal

distribution?

3) . Is the worktrip per opportunity travel time distribution similar

to a negative exponential distribution?



S

r
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—~—

9)

Do white-collar occupation groups exhibit a greater average sepa-

ration than blue-collar groups?

Within the same time/distance interval, is there a greater pro-
portion of workers residing on the same side of the Red and Assini-
boine Rivers as their place of work than one would expect, given

+he Adctwihigtinn A- ;
thie distributien of resic

tential opportunities?

Within the same time/distance interval, is there a greater propor-
tion of workers residing on the suburban side of their place of
work, as opposed to the central business district side than one
would expect, given the distribution of residential copportunities?
Which of the following spatial interaction models duplicate the ob-

served travel pattern:

A . . -¥ .
a)  Entropy maximizing gravity model employing t; ; ~as an im-

5

pedance function;

. - . ~(5C. . .
b) Entropy maximizing gravity model employing e 8 1,3 a5 an o~

pedance function;




d)  Schreider's intervening UppOVLU”' ties medel?
Method

The first step in conducting the case study was to gather a sampl

ace of work to place of residence. Since this was riot
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reacily availablie, through the census or other sources at the time, data

was gathered in the field.

':)

Because it was clearly more efficient to obtain the data from a limited

number of employers rather than from a large number of empioyee resi-
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industrial area was selecte

afined

5)_

A
asnces, a we

0

Besides the central employment district, Winnipeg has six such distinct
areas; Fort Garry Industrial Park, Inkster Industrial Park, St. Boniface
Industrial Area, St. James Industrial Area, Transcona Industirial Park

and Tuxedo Industrial Park.

A portion of the Fort Garry Industrial Park, Area No. 1, was selected
because it was relatively compact, was contained within a single census
tract ana traffic zone, and contained a variety of firms. Area No. 1 is
Tocated in the Fort Garry community north of McGillivray Boulevard and

east of Waverly Street, as indicated on Map 1.

The Tirms to.be sampled were chosen on the basis of the year they esta-

biished in the area. The time frame, 19671 to 1971, was chosen because

78
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ot the availability of before and after census data. Also, since the
survey was conaucted in early 1974, this allowed a ménimum period of
about three years for employees to adiust their place of residence to
that of their place of work., Of the fifteen firms, which established in
the area during the sampie p&PiOd»vOﬂ?y Ohe declined to provide the in-
formation requested. Map No. 2 il1Tustrates the layout of Area No. 1 and
the names, Tocations and dates of the Tirms established there. It aiso
identifies the firms which were surveyed.

A manager in each firm was interviewed and asked to provide the fol-
lowing information:

1) The name of the Tirm and type of business conducted there;

2)  The date the firm Tocated in the area, the reasons for Tocating

there, an

. 1
pation.

This resuited in a totali

firms. Subsequently

Ximately 2.7 percent h

The number of employ

b

its previous location; and,

ees, their residential address, sex and occu-

sample of 778 employees from all fourteen
ound that twenty-nine employees or appro-
es which were rural or otherwise not

ress

Some of the firms surveyed showed refuctance to release the
exact addresses of their employe

es so the nearest "hundred

block" address was obtained.

a0
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approxamately 0.34 percent of the metropolitan work force. Tzble 1

The next step was to determine the workirin time separation for
each employee sampled. In erder to accomplish this, it was necessary to
determine the automobile driving time from the centroid of all City

he Tocation

[yl

traffic zones te that of zone 442, which corresponds with

of Fort Garry Industrial, Area No. 1. Automobile zone to zone travel

'

ic 01 eg street system during the 1971 A.M.

-t
Ll
py
]
el
)
=
=
=
prt

times characterist P
peak hour were obtained from the Streets and Transportation Division of
the civic adm'injS'i;zﬂa"r.'ifm._,,'i 1962 travel time data from the Winnipeg Area
mpioyed to vound out the 1971 data, which
did not contain travel times from all zones, as indicated in Table 2.
Relying primarily on 1971 information and knowledge of Winnipeg's arter-
ial street system, a series of travel time isolines or contours at five
minute intervals were plotted by hand on a city map. 2 The resulting

o0 "

travel time intervais are shown in relation to traffic zones on Map 3.

T It was assumed that all empioyees travelled by automobile since
-only one bus served Area No. 1 at the A.M. and P.M. peak. Mana-
gers stated this was not convenient for their employees and
estimated that 95% or more arrived by car.

A SYMAP computer graphics program was initially employed %o
interpolate travel time isolines; however, it was not ahle to
adequately account for speed differentials on major thorough-
fares.,
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FORT GARRY INDUSTRIAL AREA NO. 1 EMPLOYEE SAMPLE

ABLE 1:
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spective interval.
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metric centroid of the residentially-developed portion of the tract.

The resulting allocation is presented in Table 3.

Next each empioyee was assigned by sex and occupation group to a census
tract and hence to a travel time interval. The sample was divided into

three major occupation groups for each sex, as indicated in Table 4, and

each employee was classified according to tnw sex and occupation speci-
fied by his emp?oyevq!

The residence of each employee was then Tocated in a census tract

. , . 2 , -
according to the address provided.® Using Table 3, the employee sample
was grouped according to travel-time interval of residence, as well as

sex and occupation.

1 This process was facilitated by use of the "Occupational Classi-
Fication Manual, Census of Canada, 1971", Volume 1, Catalogue
No. 12-536.

2 This was accomplished using the " Winnipeg Street, Index. Census
of Canada, 1971". Where oniy the nearest ”hundred block" ad~
dress was provided, it was sometimes possible to assign any of
two or three census tracts. . In these cases, it was assigned to
the tract containing the greateSL number of potentially-suitable
addresses. Some s% eets and a ddwessus were not contained 1W
the 1971 index because they had not vet been dev veloped. Th
were assigned to the appropriate tract us:nq a commer~“ 11
available map and index for 1974.
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Table 3: Allocation of 1971 Winnipeg Census Tracts to H-Minute
Travel Time Intervals from Fort Garry Industrial Areg

Travel Time Interval

Census Tracts

0-5 minutes

5-10 minutes

10-15 minutes

15-20 minutes
- 20-25 minutes

25-30 minutes

88

501, 502, 503.

1, 2, 3,4, 5,6, 9, 10, 11, 12,
103.

7, 8, 13, 14, 15, 16, 17, 18,
19, 20, 21, 22, 23, 101, 102,
104, 105, 110, 111, 113, 114,
115, 116, 500, 510, 522, 530,
531, 532, 533.

24, 25, 26, 27, 28, 29, 30, 31,
32, 33, 34, 35, 36, 100, 112,
117, 520, 521, 534, 535, 5471,
542, :

37, 38, 39, 40, 41, 42, 43, 44,
45, 46, 47, 48, 49, 50, 51,
131, 536, 537, 538, 539, 540,
550, 551.

52, 120, 121, 122, 123, 130,

132, 133, 134, 140, 141, 142,
552, 553, other parts of 01d

Kildonan.



Group A Census Group 11 -

¢7 - Teaching
Dd tion 5

31 - Occupations in Medicine and
Health

21 - Occupaticns in Netural Sc1enc«=s3
Engineering and Mathematics

23 - Occupations in Social Sciences
and Related Fields

25 - QOccupations in Religion

33 - Artistic, Literary and Related

Occupations
Group B Census Group 41 Clerical and Related Occu-
pations
51 - Sales (Qccupations
Group C Census Group 61 - Service Occupations

81/82 - Processing Occupations

83 ~ Machinery and Related Occu-
pations

85 - Product Fabricating, Assembling
aha Repairing Occupations

87 - Construction Trades Occupations

91 - Transport Equipment Operating
Occupations

other - Materials Handling and Related
Occupations, Other Crafts and
Equipment Operating Occupations
and Occupations Not Elsewhere
Classified.

Hote: Census GPOUP“ 71, 73, 75 and 77 covering primary occupations such as
Fishing, Farming, Logging and Mining were not included because they
were not included in th» empioyee sample and were not considered re-
nresentative of oc ions in an urban industrial park.

O
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Percentages in each time interval and average work-residence separati

. Tet o N I A wacortad de Takia
were caiculated Tor each sex and occupaticn group, as presented in Table

Average travel-time separation was computed by assuming a travel time
equal to the midpoint of each interval for every employee residing in

2 .

that interval. For example, & travel time of 17.5 minutes was assumed

-

for ait employees in the ten to fifteen minute interval.

The worker population, residing in each trave] time interval, was

assumed te ba a suitable indicator of the number of residential oppor-

tunities available there. Accordingly, the working population in each
sex and ocauoat}on category was obtained from 1971 census tract in-

o 2 4 i A ] 3 i .I 2
Tormation and assigned to a time interval using Table 3. Percentages

in each time interval and average opportunity separation were then

calculated for each group, as shown in Taple 6.

Next, the number of Area No. 1 employees actually residing in each tima.
interval as a proportion of the opportunities available there was com-
puted. The number of employees in each time interval and category was
divided by number of workers, in thousands, residing in the same inter-
val and belonging to the same category. These figures were then nor-

-

malized; such that, the total in each sex and occupation group was one

I Statistics Canada, "Winnipeg, Population and Housing Charact-
eristics by Census Tracts‘ 197: Census of Canada", Series B,
Catalogue 95-753 (CT-228, Ju?y 1975) pp. 14-25,

90



Worktrip Travel Time Distribution for Fmplovee Samp’

0-5 5-10 10-15 15220 20-25 25-30
Min., Min., Min Min. Min. Min.
Males
Group A 1739 58 24 39 17
(8.8%)(20.1%) (29.9%) (12.4%) (20.1%) (8.7%)
Group B 13 22 42 14 20 17
(10.2%)(17.2%) (32.8%) (10.9%) (15.6%) (13.3%)
Group C 22 40 71 28 38 26
(9.8%)(17.8%) (31.6%) (12.4%) (16.9%) (11.5%)
Total 52 101 171 66 97 60
(9.5%)(18.5%)(31.2%) (12.1%) (17.7%) (11.0%)
Females
Group A 0 i ? 0 1 0
(0.0%)(25.0%) (50.0%) { 0.0%) (25.0%) ( 0.0%)
Group B 26 34 55 16 13 6
(17.3%)(22.7%) (36.6%) (10.7%) ( 8.7%) ( 4.0%)
Group C 6 14 15 4 5 4
(12.5%)(29.2%) (31.3%) ( 8.3%) (10.4%) ( 8.3%)
Tota] 32 49 72 20 19 10
(15.8%)(24.3%)(35.6%) ( 9.9%) ( 9.4%) ( 5.0%)
Total Sampie 84 150 243 86 116 70
(171.

Note:

No. of Employees Residing in Travel Time Interval

2%)(20.0%)(32.4%) (11.5%) (15.5%) (9.4%)

Total
0-30
Min.

194
(100%)

128
(100%)

225
(100%)

——
-—
O I
O~
ks
~—

4
(100%)

150
(100%)

48
(100%)

202
(100%)

749
(100%)

travel time interval for each age and occupation category.

Average
Travel

Time
Min.

14.

-14.

14.

14.

13.

11.

12.

171.

The figure in brackets is the percentage of the employee sample in each

6

6

Ko/
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Tabie 6: Travel Time Distribution of Residentia® Opportunities (Winnipeg's
Worker Population) Avound Industrial Area No. i
Travel Time Interval Working Population
Average
Opportunity
Total Separation
0-5 510 10-15  15-20 20-25 25-30 0-~30
Min. Min. Min. Min Min. Min Min Min
Males
Group A 1,455 5,540 8,75@ 2,865 5,505 3,905 28,030 15.
(5.2%)(19.8%) (31.3%) (10.2%) (19.6%) (13.9%) (100%)
Group B 1,135 5,020 9,550 4,400 7,535 5,530 33,170 16.
(3.4%)(15.1%) (28.8%) (13.3%) (22.7%) (16.7%) (100%)
Group C 1,825 7,545 21,935 13,310 18,965 12,005 75,585 17.
(2.4%)(70.0%) (29.0%) (17.6%) (25.1%) (15.9%) (100%)
Total 4,415 18,105 40,245 20,575 32,005 21,440 136,785 17.
(3.2%2)(13.2%) (29.4%) (15.1%) (23.4%) (15.7%) (100%)
Females
Group A 605 3,555 6,070 2,500 3,010 1,970 17,710 15.
(3.4%)(20.1%) (34.3%) (14.1%) (17.0%) (11.1%) (100%)
Group B 1,245 6,520 13,490 5,535 9,060 6,565 92,415 16.
(2.9%)(15.4%) (31.8%) (13.0%) (21.4%) (15.5%) (100%)
Group C 485 2,435 7,480 4,855 6,370 2,785 24,410 17.
(2.0%)(10.0%) (30.6%) (19.9%) (26.1%) (11.4%) (100%)
Total 2,335 12,510 27,040 12,890 18,440 11,320 84,535 16.
(2.8%)(14.8%) (32.0%) (15.2%) (21.8%) (13.4%) (100%)
Total Sample 6,750 30,615 67,285 33,465 50,445 32,760 221,320 16.
- (3.1%)(13.8%) (30.4%) (15.1%) (22.8%) {14.8%) (100%)

Note: The figure in brackets is the percentage of resident workers in each travel
time interval for each age and occupation category.
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Chunared o ovdey that effective comparisons could be mace betwean
P - . o omne mTem R B s o o L oala s
aroups. the result can also be Witerpreted as a measure of the re-
£ N L e - . S e A Ca .y e g e e AN SR
lative frequency of travel propensities 1Oy each group, since the effect

of its particular oppertunity distribution has been eliminated.

informaticn and the average travel propensity for each group  is pre-

The distribution of sample employees with respect to possible psycholo-

1

al travel barriers imposed by the Red and Assiniboine Rivers and the

(‘)

gi
inner-city area was also investigated. The second, third and fourth

travel-time intervals contain census tracts on the same side of the two
rivers as Area No. 1 as well as on the opposite sides. Within the same

intervais, the number of employees, per thousand residential oppertu-

ities on either side, were compared; as shown in Tabie 8.

In determining the impact of the inner»ciiy area on the directional
distribution of workirips to Industrial Area No. T, it was necessary to
distinguish between those census tracts located on the suburban side of
the place of work, as opposed to those lccaﬁed on the inner-city side.
This was accompTished by drawing a straight Tine between the centroid of
Area No. 1, that is census tract 502 and the corner of Portage Avenue
and Main Street. The inner city was assumed to subtend an angle of
ninety degrees centered on this line. By projecting the sides of the
angle, it was possible to delimit suburban census tracts from inner-city
tracts. Then, within the same travel-time intervals, tha number of |
employees per thousand residential opportunities located on the suburban

"|H
iabla 9,

side was compared with the inner-city side and presented in
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talie 7; iravel Time Distribution of cinployes desidgences per 1,000 Residential

Opportunitie

No. of Employees ner 1.000 Workers Residing in Travel Time Interval

Average
Trave]
0-5 5-10 10-15  15-20 20-25  25-30 Total Fropensity
Min. Min. Min. Min Min Min. Min.
Males
Group A 11.7 7.0 6.6 8.4 7.1 4.4 45,2 13.1
(25.9)(15.6) (14.7) (18.4) (15.7)( 9.6) (100)
Group B i1.5 4.4 4.4 3.2 2.7 3.1 29.1 10.8
(39.3)(15.0) (15.1) (1 9) ( 9.1)(10.6) (100)
Group C 12.1 5.3 3.2 2.1 2.0 2.2 26.9 9.4
(44.9)(19.7) (12.0) ( 7.8) (7.5)( 8.1) (100)
Total 11.8 5.6 4.2 3.2 3.0 2.8 30.6 10.6
Females
Group A 0.0 0.3 .23 0.0 0.3 0.0 0.9 14,2
( 0.0)(29.8) (34.9) ( 0.0) (35.2)( 0.0) (100)
Group B 20.9 5.7 4.1 2.5 1.4 (.9 35.4 7.1
(59.0)(14.7) (11.5) ( 8.2) { 4.0)( 2.6) (100)
Group C 12.4 5.7 2.0 0.8 0.8 1.4 23.2 7.3
(53.4)(24.8) ( 8.7) (3.5) ({ 3.4)( 6.2) (100)
Total 13.7 3.9 2./‘ 1.6 1.0 0.9 23.7 7.2
(57.7)(16.5) (17.2) (6 5) { 4.3)( 3.7) (100)
Total Sample 12.4 4.9 3.6 2.6 2.3 2.1 28.0 9.6
: (44.5)(17.5) (12.9) ( 9.2) (8.2)(7.7) (100)

Note: The figure in brackets is resident employees sampled per 1,000 resident
workers normalized to total 100 for each sex and occupation category.
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i© cistributions were produced

These were compared

o PN Ny e e Ea P oy A Ty . £ . P . g
Using a common notation, the equations employed to calculate the fou:

theoretical distributions are, as follows:

2. Gravity todel (F ;=" 3%,5)

s

V. =

3. Schneider's Intervening Opportunities Model
b - s
[e L _ L (W, )]

V.
.. =LY e
i, ] 2 [eq_w _e~L(uH.,1.)]

pn

'

=

—t
-ty
(23
VA
-
=

l__
Lo ]

6 W. : . Wi !

< W+ W,




khere V. . is the voliume of trips from oricin , to
1
[N
the destination, Arsa Mo. 1 or rather the number o
anlove € Avea No. 1 p 14 n i me Sntoarval
empioyees O3 rea NG residing in time interval [
\ o dels F .z | Al g e o o e
Jj is the totel number of employee workirip destinations in
ire !
nyrea o i
b T oan st\f £ ALty < '- o '}'{'\,(‘\ i H‘U‘(\{ e 'v’-k’.)f‘"
. 15 an ThnaexX o1 WOyl ‘F amissivi oy the number of workers

residing in interval 1;

total number of workers residing in intervals up to,
but not incliuding. interval i, or the total number of
residential opportunities between Area Mo. 1 and interval
13

t, 3 is the travel time from the midpoint of origin interval i
94 ’
J

to the destination, Area No. 1; and

th

- , in e : s .
Xs 3 and L are model pavamcters determined by calibratin

U2

theoretical distributions with respect to the observed

distribution.

A number of modifications to the models discussed in Chapter II are
evident in the equations presented above. .stTys since the total
number of worktrips originating in any OTVPH origin interval is not
known, only destinations at Area No. 1 are constrained exogenously.
This means that these equaticns actually represent residential location

models as opposed to trip-distribution models.

Secondly, Schneider's Upportunity Model normally deais with an unbounded
region. In order to facilitate comparison with the other three models

on the basis of a closed system, it was necessary to normalize the



o

"probability of satisfaction”. Close examination of Tomazinis® formula
will reveal the fact that the number of trips pradicted as originating

in the interval closest to the destinaticn will always be greater than

PN B I T e < T S
the numbeyr pyealcled for any gney Intervail.

This is clearly contrary to Voorhees' observation, cited earlier, that
worktrip distributions generally approximate a gamma distribution.
Consequently, the ratio of trip-end cpporitunities in interval i to the
total opportunities in the region was employed as an alternative to the
ratic of opportunities outside of interval i to the total in the region.

-~ L

This new prebability ~f satisfection is at least as logical as Toma-

i)}

zinis' and results in a distribution more representative of actual trip-

making behaviour.

ATl of the models with the exception of Tomazinis' require calibration

and the estimation of empirical parameters.. For the first trial of the

Gravity Model with T. . % as an impedance factor, x was set at unity, and
5.

tor the first trial with e”ﬁtisj as an impedance factor, [3 was assumed to

be the inverse of the average trip-end opportunity spacing given in

Teble 6. The initial value for L in Schneider's Intervening Opportunity

Model was estimated from the sTope of the Tine defined by the equation:




Mext a cihi-square goodness of it test was applied.

values for each model requiring calibration were then adjusted by trial

iy
and ervor within two significant figures until the value of Y was

)

o ]
minimized.

As a null hypothesis, it was assumed that there was no difference be-
tween the observed frequencies and the theovretical frequencies derived
from the models. Since there are six travel time intervals, there are
Five degrees of freedom for the expected distribution produced by

Tomazinis' Model and four for the other models, which each empioy a

parameter calibrated from the sampie distribution. At a Tevel of

r
e - . s 2 . /yZ )
significance of 0.01, the critical values” for %5 are:

n 2
1 The chi-saquare statistic is defined to be'X? = 22:(f1 -ei)

i=i  e.
;

were T, is the observed frequency in interval i and e. is the
theoretical expected frequency in interval i. It can be appiied
te test the hypothesis that any given observed frequency distri-
bution was selected from a universe having any specified type of
multinomial distribution; provided that the total number of ob-
servations is large and each e, is at Teast 5.

2 These values are available from chi-square tables in any basic
statistics text.

100



[AVT4 - y
o= 15,0886
5,0.00
, ? ~
and XKoo= 13,277
4.0.01
or Tomazinis' Model and the other three models respectively.
[AYY " REEa - o . . o
IT computed values of ¥ exceeded these critical values, the nuli

hypothesis was rejected on the grounds there is only a one percent
probability that this would happen due to chance alone; assuming that
the hypothesis was true. The alternate hypothesis, that there is a
significant difference between observed and theoretical frequeancy

g

distributions, was then accepted.

A Kolmogorov-Smirnov goodness of fit test was also applied in order to

. . 1
confirm the results given by chi-square.

1

Each model was tested on four groups of employees:

1) males in professional and technical occupations (Group A);
2) males in blue-collar occupations (Group C);

3) females 1in clerical and sales occupations (Group B); and,
4) the total sample.

These groups were selected because of their sample size and the repre-

sentative nature of their distribution. The travel time distributions

1 The Kolwoqamov Smirnov test statistic is defined to be K= D.Jn
- Where D is the Tarcgest absolute difference hetween the chserved
CLmu1ﬁL1ve Fwequoncy proportion and the expeccea cumulative fre-
quency proportion in any interval, and n is the samplie size.
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for the workirip travel time distribution of Arvea io.

I employees and vesidential opportunities thy

ughout Winnipeg are

o]

$

compared in Figure & Making alicwances for the Timited number of dato
points provided, it is quite clear that the shape of the observed em-
ployee worktrip distribution does resemble a gamma type distribution and
the opportﬁn?ty distribution is roughly similar to a normal distribu-
tion. A major distortion is evident in the fifteen to twenty minute

travel time interval, which is due to the unusually Tow number of resi-

n

ct

the

i

4 indicete tha

[

dential opportunities available there. Maps 3

)]

majority of land in the fifteen to twenty interval s either undeveioped
or developed industrially. Given & more even distribution ¢f residen-
tial opportunities throughout the City, the observed distributions would
probabily be very similar to the»theoretica] curves. Figure 8 also
illustrates the disfribution of worktrips peY thousand opportunities
normalized, and it is seen to exhibit a negative exponential-like

dectine with increasing travel time, as suggested in Chapter 1.

The average automobile travel time for employees of Area No. 1, indi-
cated in Table 5, which is in the order of thirteen to fifteen minutes,

is representative of average automobile~commuting times for the city as

. ) , oo . l
a whele, as reported in recent surveys conducted by Statistics Canada.

1 Hanlon, "Travel to Work Survey", pD. 9.
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Figure 8: Work Trip Travel Time Distribution for Employees of
Fort Garry Industrial Area No. 1 Compared With the
Distribution of Residential Opoortunities (Working
Population) in Winnipeg.
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Meanwhile, the average oppovtunity separation o

Arps RN 7 Sc TE D it - LR N PN A
W Ea NG 1S 8.4 Minuces, inaicating S OLNeYe., as eisswhere

do attempt to reduce their journey to work.

Average work-residence separation for Area Ho. | erpioyess varies from
] . . 1
QP e ~t 3 Ll e iR T e JEa )
11.3 minutes to 17.2 minutes accordi ng to their employver.

T

of Tirms sampled relocated to Area No. 1 from some other tocation within

the City; usually in order to obtain land for expansion at a reasonable
price. It is clear, from the data presented in Table 1, that employees
[ those firms whose old Tocations were close to Area No . 1, have Tower

average worktrip travel times than employees of those firms new *o the

City or those whose old locations were further away from Area No. 1.

The date that each company located in Area No. 1 is also important.
Firms, which have been in the area longer, have employees who live
closer than those of more recently-established irms. Obvicusly, the
adjustment of residential location to a new place of work continues over

a fairly-long period; in this case, it is in the order of a decade.

The type of business conducted by a firm, in terms of the kind of em-
ployees it is Tikely to hire, also has a bearing on the average work-

residence sepavation of its staff. Those firms with high proportions of

1 The average travel time for Greening Donald Ltd. employees was
22.5 minutes; however, this represents only four workers and
was not considered tc be representative.
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temale or blue-coliar workers exhibit a closer distrs of emplioyee
A I pay/ -~ gop el e e Yt T DR U = ~ PR

residences than those with & Dreponderance o Oy wnite-coliar
workers.

. ~ S - PR ~ B N e R o o Je By o ey I
As suggested in the literature, females wevre found to have a tighter
I8 [ A P o\ - s - ~L . B T | " Ry - R
arstiribution about their place of work than males. The average separa-

tion for female empioyees o?_Area.Hog 1 was 11.9 minutes; whereas;.for
males, it was 14.6 minutes. This is not merely a reflection of differ-
ences in average residential opportunity spac ing for the twc sexes,
which were reasonably similar at 16.4 and 17.0 minutes respectively.
The normalized distribution of employee residences, per thousand resi-
dential opportunities for the two sexes, are compared in Figure 9. The
distribution for males is much flatter indicating their greater prc-

~

pensity Tor worktrip travel

1 If one assume< the samples of men and women described here were
drawn ndow1y Trom h\;obnct1cuf populations for each sex, a
test of statistic aT significance based on the standard error of
the difference of their means may be COﬂStFUCLEOc At a 99%
tevel of confidence, the difference of the means should not ex-
ceed 2.58 standard errors, if the population distri bui1ons are
identical. The difference computed, however, is 5.57 standard
errors so the null hypothesis is rejected and the average travel .
propensity for men and women can be assumed to be statistically
significantly different. Owing to the actual sampling method
used, however, it is not clear whether the sample CISLFTbut on
meets the criteria for the application of such | parameteric tests.
The result is no1eth@1cs< consistent with the appiication of the
nonparametric } 0]muqorov~sm)whov two sample test. At a 99% deqree

{

of confidence, the statistic K should not exceed a value of 1.63
whereas the value calculated is 2.34 and the null hypothesis 1is

again rejected
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“1
Employees

¥

h all occupation groups tend to reduce their work-residerce
separation below that which could result, i
homes from suitable opportunities at random, the attempt to limit the

Tength of the journey to work is sty rongest among blue-coilar workers who

nave the widest opporuun1ty distribution.

White-collar males do not actually travel any further than their blue-
collar counterparts; however, they have a much greater chance of ffnﬁiﬂﬂ
a suitable residence in proximity to Area No. 1, which is located in the
suburbs on the south side of the city. This is a reversal of the situa-
tion generally faced by employees of Central Business Districts where

blue-collar residences are traditionally closer.

The normalized distribution of employee residences, per one thousand

residential opportunities for males in the three occupation groups, is

1

presented in Figure 10. It suggests that the travel flexibility and

1 These travel propensity distributions were also tested to determine
it they are statisticaliy significantly different from one another.
Using the standard ervor of the difference between the means, the
aistributicn for males in Group A was found to be 510n1|1cantiv
different from that of Group B at a 95% Tevel of confidenc e and
different from thet of Group C at a 99% level. Group B's d%striw
bution was found to be significantly different from Group C's at an

80 % level of ”Oﬂleﬁ?CF Approximately the same results were obtained

using the Kolmogorov-Smirnov test.

\
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Figure 10: The Normalized Distribution of Employee Residences per

1,000 Residential Opportunities for Males in Three Occu-

pation Groups.
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position, cited in Chapter

mere than reflections of

residerices housing each groun.

Teble 8 indicates that the Red and Assiniboine Rivers constitute psycho-
Togical travel barriers to empioyees of Area Mo. 1. Vithin the ten to
fifteen and TiTteen to twenty minute travel time intervals, a greater
proportion of employees reside on the same side of the rivers as their
place of work than one would expect, given the distfﬁbution of residential

opportunities. This is not true of the five to ten minute interval, vhere

a nigher ratic of employees to opportunities was found in one census tract,

number 103, on the opposite side of the Red River. This small discrepancy

is not considered to be significant and is probably due to the area's con-

venient lecation immediately across a bridge and its high level of residential

amenity.

Table 9 shows that the inner-city area is also a psychological barrier
to Area No. 1 commuters. The number of employee residences per one

L

thousand oppoy ities is higher on the suburban side of Area No. 1 than

on the inner-city side within all applicable travel time intervals
except the five to ten minute zone. This interval is Tocated en irely
on the destination side of the Central Business District and commuters

residing there can take advantage of travelling against the major peak

hour traffic flow for their entire journey to work.



iodel also provides an acceptable
Tit when the emplioyee sample is disaggregated according to sex and

ccupation group.

Although the exponential form of the impedance function did not perform

~h

quite as well in the goodness of it tests, this does not imply that a

-\
£ A

function of the form t, i is to be preferred generally. The tests
9

were based on one sample only and the size of the zones involved were
very large. Previously cited research indicates that the exponential
form usually performs better for extremely short or long trips, which
woulc be more prevalent in a region divided into a greater number of

Zones.

Stetistically significant differences between observed and theoretical
frequency distributions were found for both Opportunity Models using the
Chi~square test and just for Tomazinis' model using the Kolmogorov-
Smirnov test. Schneider's version generally produced a closer fit than
Tomazinis', which is undoubtedly due to the adjustment permitted by the
L parameter in the former. Given the variation in travel propensities,
indicated previousiy, it is not surprising that the Cpportunity Models;
which rely doi 1y upon the distribution of opportunities, did not pre-

dict as well as the Gravity Models, which also consider travel impedance.
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The variation in oo found in Table 10 ¢ fur ~odivect
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evidence of variation in travel propensity. As the », 2. and L para-
. 3 s ;

v indiceted vresearch concluded that model parametsrs decrease
as the mean opportunity specing increases; which on a city-wide basis

occurs with increasing distance from the Central Business District. For

4]
(g2

the suburban industrial area under discussion, the parameters decrea

as the opportunity spacing decreases., This would seem to indicate that
there is no uniform relationship between travel propensity and oppor-
tunity spacing per se. Instead, Alan Wilson's theory that travel pro-

pensity increases with the trip-maker's income appears to be borne out.

Sources ¢of Ervor

It should be stressed that any conclusions, however appealing, reached
on the basis of a single, Timited case study should be viewed with some
caution. It is appropriate at this point to identify some of the

possible sources cf error introduced by the procedure undertaken above.

There is always some question as to whether or not the sample taken is
representative of the population under study. 1In this case, the popu-
Tation involved might be limited to the employees of Fort Garry Indus-

I ' '

trial Tirms which established in Area No. 1 bhetween 1961 and 1971.

Since a hundred percent sample of this population was attempted, the

only sampling bias possible might be due to nonresponse. However, only

=Y

pa—)
o)



in terms of their work travel propensties, and because nonrespondents

asonzable to assume that

>
(@]
s
o
=1
3
(e
—de
o
=
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g
0
ol

is representative of the population, as defined.

On the other hand, one might consider the population involved to be the
entire working force of Winnipeg. In this case, there is the possibility
of considerable bies due to the manner in which the sample was taken. The

-

sample was not drawn randomly from al

-
H
x

the workers in the city but Timited
geog dph?Ca ly end temporally accerding to the employer's Tocation. Such
a sample might be considered a judgement sampie, since the ement of the

researcher is involved in selecting the elements to be included. Judae-
ment sampies are suitable for pilot studies where further research is
indicated and where cost and convenience are paramount, as in the case at
nand. However, because the majority of the population was excluded from
the possibility of selection and consideration5 the sample, despite its
large size, is suspect; and the use of statistical methods based on the
laws of prébabiYitys such as the computation of sampling error, is

L 'l
questionable.

1 If our sample, or-strata w1th1n it, had been drawn randomly from
the working population of Winnipeg, it would be possible tc deter-
mine a s: mp%vno error or the prLc1s1on of derived population esti-

mates for a given Tevel of confidence based upon the samplie size and,

to a Tesser degree, the p“ODO&f‘O' T the population invelved, For

exampie, a random sample of 749 WTtF the d1s+“1LUrson observed herein

uouin De su f1c;e1t to estimate mean commuting times for all city
workers within - 0.7 minutes of the sample mean at a 99% level of
confidence.  However, since randomness was not assured, such cal-
culations are not particu?arly relevant.

—d
e
[&x



ror example, major differasnces in average income jevel, length of em-
- - s e e P s B S - P y
ployment, averace epporTunity separation and level of epnoviun ity aware-

ness chavracteristic of workplaces other than Fort Garry Industrial Area

No. 1 might significantly alter the work-residerce separation of the
population reletive to the sample. Stratification by sex and cccupation

group and accounting for a specific opportunity distribution in the

determination of travel propensities would eiiminate a great deal of

)

0 these

s

variation due acters.  However, whether or not the sample is
still representative of Winnipeg workers, despite the potential for
bias, could only be determined by test ing whether the distributions for

the sample population and the tota population are statistically signi-

re

[al)

ficantly different. As the appropriate total population parameters
not available, Ucl tests can not be conducted and the ohservations and
conciusions presented here must, strict ¥s be limited to empioyees of

Fort Garry Industrial Area No. 7.

There are also several possibilities for measurement bias or error in
the survey and analysis procedures employed. For example, the travel

time intervals described in Map 3 may not be compietely accurate due to:

1)  differences in zone to zone travel times between 1971, when that

data was computed, and 1974, when the employee sample was obtained;

Mo
~—

differences between zone to zone trave] times simulated as part of
NTﬂPiJOJ s transportation planning procedure, and travel times

actually cxperienced by the individual commuters;



3)  the difference in the Tocaticn of the ce 6472
S tha “andma e A S S S e o fmoos Ry
ant ne centrote of Inaustrial fres [FIO
western part of zone 442;

4) variaticns in intrazonal and terminal travel times net reflected in

the centroid to centroid travel time data employed; and,

inaccuracies due tg the interpolation of travel time isolines by

(&n]
—

hand using a limited number of data points.

In addition, there may be considerable information masked in the distri-
butions obtained because of the rather grosé Tevel of zonal aggregation
used. There was, however, a trade-off necessary between vefinement of
the distribution and the need to maintain sufficient observations fn
each time interval as well as the desire to approximate the travel time
perception of the individual commuter. Given the rather large intervals
which result, the use of the midpoint as an average travel time for the
employees or opportunities in an interval may not be a valid assumption,

if their distribution within the interval is skewed.

A further source of ervor may be inherent in the procedure used to
allocate census tracts to time intervals. Residential development in

certain tracts was actually spiit between time intervals, although it

ocated to the interval where the majority appeared to he

-—
3]

—
—

located. Some intervals may have incorrectly gained or lost both em-

ployees and residential opportunities in this process,
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cierical ervors on the pari of the firms provicing the sex, cccu-

pation and addresses ¢f their employees:

errors in assigning poorly-defined occupations to a particular

cern

w

Lis

jroups and

P
[Te)

errors in assigning addresses to the correct census tracts where

only the nearest hundred hlock address was available.

En

Finaily, the number of opportunities assumed for esach travel time in-

terval may be in error for the Tfollowing reasons:

1)

It was assumed that the working population in a particular interval
is a good estimation of the actuai residential opportunities avail-
able there. This is onty valid if there is a relatively-uniform

rate of worker occupancy and dwelling unit vacancy across the city.

Reasonably however, these must be expected to vary somewhat over

time and from one interval to another.

Workers T1iving in residential areas which developed between 1971

3

and 1974 were not reflected in the 1971 census data; however, these
areas identified on Map 4, were a source of potential housing for

employees of Area No. 1 in 1974,

"
avl

oo



B P I [ S RN "
obtained are invalid. Hany of the measurel

vent ervers specified are

either very minor, could be uniformly distributed ascross the intervals,
or could cancel one another. The very fact that the results obtained

generaily coincide with those of other researchers in the field is

significant confirmation of their validity.
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gased on the anaivses undertaken in previcus cha CeYs, a numbder of
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important cenclusions about the separation of work and vesidence and

their implications for urban planning can be put forward.

First, employees of a specific workplace diminish as a proportion of
resident population with increasing travel time-distance from that place
of work according to a negative exponential or rnegative power function.
Given that, it is possible to predict the residential, employment, ov

]

worktrip interchange distribution for groups of individuals.

Of the analytical mathematical models of worktrip interaction curren tly
available, the Entropy-maximizing Gravity Model is probably the most
promising in terms cf its pewformanceg its statistically valid theore-
tical derivation, its suitability for systematic disaggregation, and its
potential for integrated and dynamic modelling of transportation plan-

ning and residential tocation proces

Given widefy varying travel propensities between groups of workers, it
is still necessary to conduct origin-destination surveys to calibrate
model parametars. Systematic disaggregation of worktrip travel accor- -
ding to the age, sex, family size, income, occupation and perhapé zone

of origin of the Lr1nmcker may reduce the levels of adjustment required



and average travel expenditures will ensure the
necessity for some calibration. Furthermore, socic-economic adjusthent
Tactors may be required to account for inordinate Tevels of interaction
between certain zones caused by concurrent development, historical
community identification, social and ethnic ties, psychelogical travel
barriers, and the inertia of adjustment to major changes in employment
or residential opportunity distributions.

Additional work is reauired fto detevmine the best f

orm of travel impe-
dance function for different situations; a]t'ﬁoughs intuitively it

seems that a negative exponential function‘of travel time, or possibly
intervening opportunities, is mest suitable to intraurban travel, while

a negative power function of generalized travel costs is preferable for
longer interurban trips.

In Targe Canadian urban areas, including Winnipeg, most people are willing
to spend in the order of fifteen to twenty minutes 1n'getting to work,
aimost irrespective of the travel mode they employ. This means that

expenditures on transportation improvements designed to decrease or

maintain travel times will never be very productive. They simply en-

1 HanTon, "National Survey", p. 8.
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of syitabie opportunities about an o ¢oes have on dmpact on b
time. The more compact the opportunity gistribution, the
1 , .
- ) T [ D “ BN B e - ; oy <
average trip length This 5 OTHRat proviaing complimentary vresi-
e ] T o ~ P R - ~T e B RV IO N e et e
dential and empicyment opportunities in close proximity to one another
increases the chan T ved < ~ 1imit Uy A recent
increases the chances of reduct g ¢ Hmicing comn vrnﬂ A TECENT
policy repovt prepared by the Greater Vanccuver Regional District
states

... 1f trends continue, more pecple will be Tiving further away from
work, and the other places they want to go. The cost of providing
aaditional roads and public transportation to help more people travel
Turther and as fast as they now do is s:mDTy move than the region can
afford. Thus, only by bringing needed acL1v1t1es closer to home can
their accessibility to people be maintained.

At a metropoiitan level, there should be Tess emphasis on peripheral
growth and more on infill growth and increasing densities. Residentie
and employment concentrations should be limited in size, and dispersed

between cne another to create a fine grain urban structure

At a more detailed level it must be recognized that suitable residential
and employment opportunities are narrowly circumscribad for certain

groups and some have a greater propensity or ability to travel than

I Voorhees et al, "Factors in Work Trip Length", p. 26.

2 "Regional Town Centres: A Po?icy thort” ne Greater Van-
couver Regional District (Nov remb TCZS) p, 21.
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fo generalize somewhat, the commuting pattern chservable in most Norih

American cities today consists of blue coller inner cityv residents

istricts, while white collar sub-

Q.

travelling to suburban industrial
urbanites commute to downtown office jobs. Simply stated, there

are four possible alternatives to reverse this situation:

i. increase blue collar housing in the lprp
2. increase white collar employment in the suburbs:

3. increase blue collar employment downtown; or,

4. increase white collar housing downtown.

Clearly the situation is more amenable to change in new growth areas and

the first two options are by far the most feasible. There are some
encouraging signs of changes in this direction through the creation of
commercial subcenters and‘suburban industrial parks, as well as pro-
vision of more affordable rental and multi-family housing in the sub-

urbs. The Greater Vancouver Regionail District decided, "that it would

1 The creation of socio-economic “ghettos" must also be avoided
The objective is to increase access to all kinds of ocpportuy-
nities not to Timit ’

~
(78]



. cp - . oy P
ey oy o S N YN A e bl I R N e e
D8 TmMResSintie to achieve an Oveyrals OpUatTion

. o e -~y e EoSENE oS 1% e e L EN £y e b - - o
inoeacn part of the Regien, but that 2 rnlic: ‘
b 5 4 b T gl ) o s
S!U,A.L/&i(7]U*§xC!x3ul LSS AU LR same pace as thelr res
- 1.0 IS H.i
achitevapte,
Do s A R IS MK R - T T A e T en g e ime e Fvvr oy o1y v “qp g~
nesiaes imited CRROYTUNTIIES Tovr substantial TGQ&V&fOpmenus such as

in the central parts of cities is the space requirements of menutac-
turing and most other industry, as well as those of the larce portion of
the population in the child-rearing stages of theiy 1ife cycte. Land
values are so high in central areas that these uses are increasingly
eHminated,~ For all practical purposes, downtown oepportunities are
Timited to commercial, office, and service émp?oymentg as well as high

density housing catering primarily to singles and counies,

On the other hand, in newly developing areas there are a number of
planning measures that may be effective in premoting reduction in com-
2

muting.” These are:

—t
S

The creation of compact, self-contained communities with a balanced
range of employment and housing opportunities for groups of varying

income, occupation, family size, mobility and tenure preference;

1 "Regional Towm Centres", p.20.

2 Financial incentives and other implementation programs aimed at
balancing residential and employment opportunities are be--
yond the scope of this thesis.
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other employment, commerical and vecreation centres;

w

4)  The use of psychological travel barriers, where appropriate, as

boundaries for self-contained communities;

N
~—

The promotion of a high tevel of community identification and

opportunity awareness through active local news media; and,

6) The maintenance of a reasonable housing vacancy rate throughout the
city to allow individuals to find accommodation in the community

where their job is located.

Given limited experience with purposeful attempts at veducing worktrips

travel such as those described above, it is difficult to say what degree

w

of improvement might be achieved. While research to date indicate
providing more convenient, suitable opportunities to be the most pro-
mising approach to the problem, with freedom of choice and uncertain

psychological motives. there will probably always be a good deal of

commuting beyond optimal minimums.
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