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CHAPTER |

INTROBUCTION

A) STATEMENT OF INTENT

SINCE THE EARLY 407s, THE STUDY OF THE LOCATIONAL PATTERNS
OF WORKMEN'S RESIDENCES AND WORK PLACES HAVE BECOME VERY MUCH 1IN

VOGUE WITH URBAN RESEARCHES, THE END RESULT OF THIS CONCENTRATED

EFFORT HAS BEEN A CONSIDERABLE VOLUME OF LITERATURE, ASSESSING THESE
PATTERNS FROM DIFFERENT POINTS OF VlF.'W;;-l THE STUDY FORMATS HAVE
VARIED FROM DETAILED DESCRIPTIVE ANALYSIS OF CAUSES AND EFFECTS, TO
ATTEMPTS AT FORMULATING CAUSAL MODELS:WITH THE CAPACITY FOR SIMULATION
AND PREDICTION,

As URBAN STRUCTURE HAS BECOME INCREASINGLY COMPLEX, THE USE OF
THE IN=DEPTH DESCRIPTIVE APPROACH HAS BEEN REPLACED BY THE USE OF
DYNAMIC MODELS, TOWN PLANNERS ARE NO LONGER ASKED TO CONSIDER

DEVELOPMENT PROPOSALS IN THE LIGHT OF ONLY DRAINAGE, AMENITY,

COMPLIANCE WITH A DEVELOPMENT PLAN OR ZONING, |NCREASINGLY, THEIR

TERMS OF REFERENCE INCLUDE THE INTENSITY, DISTRIBUTION AND TYPE OF
TRAFFIC FROM A NEW DEVELOPMENT, WITH RESPECT TO THE LOCAL ENVIRONMENT

AND THE EXISTING TRAFFIC FLOWS AND THE CAPACITY OF THE ADJACENT ROAD

IBasic concEPTS AND CONCLUSIONS OF IMPORTANT LOCATION STUDIES
ARE DISCUSSED IN CHAPTERS |1 AND lll,

-1 -
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NETWORK. = THE DEGREE OF COMPREHENSIVENESS IMPLIED IN THIS APPROACH

NECESSITATES CONSIDERABLE KNOWLEDGE OF EXISTING AND FUTURE LOCATIONAL
1

FORCES AND THEIR INTERACTIONo' |N ORDER TO MODEL INCREASING URBAN

COMPLEXITY ALL FORCES MUST BE [SOLATED INDIVIDUALLY, SO THAT IN

ABSTRACTION ONLY THOSE FACTORS FROM THE TOTAL ENVIRONMENT, WHiCH ARE
NECESSARY TO SOLVE THE PROBLEM ARE CONS}DERED. MODEL’ANALYSIS
FACILITATES THIS ABSTRACTION PROCESS WHILE AT THE SAME TIME PRESERVING

THE TOTALITY OF THE PROBLEM,

THIS STUDY WILL FOCUS ON THE EFFECT OF THE LOCATION OF A

PROPOSED INDUSTRIAL. SITE ON ITS WORKER RESIDENI‘AL DISTRIBUTION,
WITHIN AN URBAN AREA«%} THE STUDY ASSUMES AN URBAN AREA WITH AN
ESTABLISHED DISTRIBUTION OF WORKERSY RESIDENCES AND WORK PLACES., IT
ASSUMES FURTHER THAT THE WORK FORCE REMAINS FAIRLY CONSTANT WiTHlN
THIS URBAN AREA, IEe THERE IS NO EXCESSIVE |NCREASE OR DECREASE IN THE
NUMBER OF WORKERS DUE TOGHIGH IN OR OUT MIGRATIONg EITHER BEFORE OR
AFTER THE PROPOSED SITE IS ESTABLISHED, THE URBAN SYSTEM, THEN, IS IN
A STATE OF DYNAMIC INTERNAL EQUILIBRIUMe THE PROPOSED INDUSTRIAL SITE

IS ESTABLISHED AS A PLANNED UNIT AND CONSISTS OF NUMEROUS FIRMS, MOST

OF WHICH HAVE BEEN RELOCATED FROM OTHER AREAS OF THE CITY, PLUS A FEW

Tp, No M. STARKIE, TRAFFIC AND INDUSTRY, A STUDY OF TRAFFIC
GENERATION AND SPATIAL INTERACTIONs. (GEOGRAPHICAL PAPER No. 3,
LONDON: L. ONDON SCHOOL OF ECONOMICS AND POLITICAL Science, 1967),
PPa 21 "'22

2ACCORDING TO THE SHORTER OXFORD ENGLISH DICTIONARY (THirD
EoiTion, 1956), THE TERM "WORKER" IS APPLIED TO,

"o0eONE WHO WORKS IN A CERTAIN MEDIUM AT A SPECIFIED
TRADE, ETCo OR IN A CERTAIN POSITION OR STATUS,"
L4 [\
APPLYING THIS DEFINITION BROADLY, IN THIS STUDY WORKERS REFERS TO ALL
OCCUPATIONAL TYPES, IE, MANAGERS, OFFICE PERSONNEL, AS WELL AS LABOURERS,
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INDUSTRIES RELOCATING FROM OUTSIDE THE CITY LIMITS, AS WELL AS A FEW
NEWLY ESTABLISHED INDUSTR!ES»‘l THE INTRODUCTION OF THIS INDUSTRIAL
SITE CAUSES AN IMBALANCE IN THE INTERNAL URBAN SYSTEM., THE QUESTIONS

GENERATED ARE: WHAT WOULD HAPPEN TO THE SYSTEM IN TERMS OF WORKERS!?

RESIDEN%IAL DISTRIBUTIONT WTLL WORKERS WHOSE JO0BS ARE DIRECTLY
AFFECTED BY THE NEW INDUSTRIAL SITE MOVE CLOSER TO THE NEW JOB OR WILL
THEY REMAIN AT THEIR PRESENT ADDRESS PREFERRING TO SEEK A JOB MORE
NEAR AT HAND? WILL THEY CHOOSE TO TRAVEL THE EXTRA DISTANCE TN ORDER

TO MAINTAIN THE "STATUS QUO"? WHAT EFFECTS, IF ANY, WILL THE NEW SITE

HAVE ON ADJACENT RESIDENTIAL AREAS AND OTHER WORKERS WHOSE PRESENT
JOBS ARE NOT DIRECTLY AFFECTED BY TRAVEL DISTANCE TO THIS NEW
DEVELOPMENT? CAN THE TERM "WORKER" BE USED TO COVER ALL WORKING
INDIVIDUALS OR WILL LOCATIONAL DECISIONS BE AFFECTED BY THE SOC|(0O-
ECONOMIC CHARACTERISTICS OF EACH OCCUPATIONAL GROUP, EG, MANAGERS,
CLERICAL PERSONNEL OR LABOURERS? THE MOST IMPORTANT QUESTION 1S3
CAN THE NEW RESIDENTIAL PATTERN OF THOSE WORKING AT THE SITE BE

PREDICTED; IF SO CAN THIS PREDICTION BE QUANTIFIED IN TERMS OF A

FORMULA AND FURTHER GENERALIZED TO EMBRACE ANY SIMILAR SITUATION?

1USE OF THE TERM——A "PLANNED UNIT", IMPLIES THE RESTRICTION
OF AN INDUSTRIAL SITE TO AN "INDUSTRIAL PARK" LAYOUT., HOWEVER,
USED IN THE CONTEXT OF THIS STUDY AN INDUSTRIAL SITE CAN VARY FROM
A SINGLE LARGE FIRM TO A LARGE NUMBER OF SMALLER, SCATTERED FIRMS.
THE ONLY RESTRICTION PLACED ON SCATTERED FIRMS IS THAT THEY MUST ALL
BE ESTABLISHED WITHIN A FEW YEARS OF ONE ANOTHER, AND ALL MUST BE
LOCATED IN A RELATIVELY COMPACT AREA OF THE CITY, SO THAT A COMMON
CENTROID CAN BE USED IN THE ROAD NETWORK TO DENOTE A FOCAL POINT
OF TRAFFIC GENERATION,
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B) ScoPE AND APPROACH OF UNDERTAKING

ESSENTIALLY THIS UNDERTAKING IS A STUDY IN METHOD, WHICH

EXPLORES A BASIC HYPOTHESIS AS IT RELATES TO AN INDUSTRIAL CASE STUDY.

THE HYPOTHESIS 1S HIGHLY ABSTRACTED AND 1S BASED ON A LIMITED SET OF
VARIABLES, TAKEN FROM A COMPLEX ARRAY OF CAUSES AND EFFECTS.

As A RESULT OF THIS LIMITED INFORMATION BASE A GENERAL
FORMULA, WHICH WOULD BE THE END RESULT OF ANY STUDY I[N METHOD, IF IT

WERE“CARRIED TO COMPLETION, IS OUTSIDE THE SCOPE OF THIS UNDERTAKING.

THOUGH THE MODEL IS DERIVED BY MEANS OF A QUANTITATIVE ANALYSIS, IT IS
IN PART A DESCRIPTIVE MODEL AS OPPOSED TO A MODEL OF A CAUSAL OR
EXPLANATORY NATURE.! THUS IT IS ONLY AN AID FOR FURTHER MORE REF INED
RESEARCH AND IT PRECLUDES CONCLUSIVE ANSWERS TO THE QUESTIONS POSED
EARL IER,

THE STUDY IS DIVIDED INTO TWO GENERAL LEVELS OF ACTIVITYe
FIRST, A BROAD INFORMATION BASE, EXTRACTED FROM THE LITERATURE, IS
ESTABL ISHED AND SECONDLY, FOUNDED ON THIS ESTABLISHED KNOWLEDGE, THERE
IS THE MODELo THE INFORMATION BASE IS, ITSELF, DIVIDED INTO TWO
CHAPTERS, CHAPTER i1 AND CHAPTER |llo CHAPTER || DOCUMENTS THE

NUMEROUS VARIABLES ASSOCIATED WITH INDUSTRIAL~RESIDENTIAL LOCATION

THEORYe THOSE VARIABLES THOUGHT TO BE THE MOST SIGNIFICANT As

ILOCATIONAL FACTORS ARE ANALYZED IN THIS SECTIONe THE OTHER SEGMENT

Yt 1s iMPoRTANT TO DISTINGUISH BETWEEN MODELS THAT CONTAIN
CONTROLLED AND PROVEN VARIABLES AND THOSE THAT DO NOT. I[N GENERAL,
THOSE THAT DO ARE EXPLANATORY AND THOSE THAT DO NOT ARE DESCRIPTIVE,
IT 1S FREQUENTLY NECESSARY, HOWEVER, TO CONSTRUCT DESCRIPTIVE MODELS
AS A PRELIMINARY STEP IN THE DEVELOPMENT OF AN EXPLANATORY DECISION
MODELs REFER TO: RUSSEL ACKOFF AND MAURICE SASIEN!, FUNDAMENTALS OF
OPERATIONS RESEARCHo (LONDON: JOHN WILEY AND SONS INC., 1968), P. 61




OF THE INFORMATION BASE, CHAPTER |ll, REVIEWS THREE MAJOR TRIP
DISTRIBUTION MODELSo. THE FUNDAMENTAL CONCEPTS ON WHICH THESE MODELS
ARE BASED, AS WELL AS THEIR POTENTIAL FOR PREDICTING LOCATION PATTERNS
ARE ANALYZED IN THIS CHAPTER. THE MAJOR FEATURES OF THESE TRIP
DISTRIBUTION MODELS ARE SUMMARIZED IN TERMS OF THE ADVANTAGES AND
DISADVANTAGES OF EACH METHOD TO SERVE AS A FOUNDATION FOR THE PRO-
POSED MODEL. THE SECOND MAJOR PART OF THE THESIS, THE DERIVATION OF
THE MODEL, IS ALSO DIVIDED INTO TWO CHAPTERS, CHAPTER |V AND CHAPTER V.
CHAPTER |V CONDENSES AND INTERRELATES THE MORE RELEVANT FINDINGS OF
THE INFORMATION BASEo. FOLLOWING THIS ASSESSMENT, A HYPOTHESIS IS
PRESENTED WHICH FORMS THE BASIS FOR THE PROPOSED MODEL. THE MATHEMA~
TICAL REPRESENTATION 1S SUBSEQUENTLY DERIVED AND TESTED FOR ACCURACY
BY APPLICATION TO A CASE STUDYs CHAPTER V ANALYZES THE FINDINGS OF
THE CASE STUDY APPLICATION AND DISCUSSES POSSIBLE REF INEMENTS FOR
BETTER REPRESENTATION IN TERMS OF BOTH HYPOTHESIS AND TECHNIQUE.

IN TESTING TWO POSSIBILITIES WERE OPEN TO CONS!DERATIONo
FIRST THE MODEL COULD BE TESTED THOROUGHLY FROM A LARGE SAMPLE OF
INDUSTRIAL SITES AND WORKERS' RESIDENCES, WITHIN THE URBAN AREA OR
SECONDLY, A CASE STUDY APPROACH COULD BE UNDERTAKEN, THE FORMER
POSSIBILITY, WHILE MORE DESIRABLE FROM THE VIEWPOINT OF OBTAINING
UNBIASED RESULTS, ASSUMES THAT A CONSIDERABLE AMOUNT OF REF INEMENT
HAS ALREADY BEEN INCORPORATED INTO THE MODEL., THIS LEVEL OF REF INE-—
MENT CANNOT BE OBTAINED BY A FIRST ATTEMPT AT MODEL FORMULAT IONg
ESPECIALLY IF THE HYPOTHES!IS IS BASED ON A LIMITED SET OF VARLABLES,
FOR THIS REASON THE GASE STUDY APPROACH WAS. CONSIDERED THE BETTER

OF THE TWO ALTERNATIVES FOR THE PURPOSE OF THIS STUDY.




CHAPTER 11

INDUSTRIAL-RESIDENT I AL LLOCATION VARIABLES

A} INTRODUCTION

OuT OF THE MANY VARIABLES AFFECTING THE PATTERN OF
INDUSTRIAL~RESIDENTIAL DEVELOPMENT IN AN URBAN AREA, ONLY A SELECTION
IS INCLUDED FOR DISCUSSION IN THIS CHAPTER. THIS ASSESSMENT IS

BASED ON GENERALITIES OF LOCATION CRITERIA IN ORDER TO AVOID

_EXCESSIVE, ISOLATED . DETAlLSs VARlABLES LIKE, PROXIMITY TO FRIENDS OR

RELA%IVES, ETHNIC OR RELIGIOUS AFFILIATION, PROXIMITY TO SPECIFIC AREA
AMENITIES, SUCH AS A GOLF COURSE, ETCs, MAY AFFECT THE [NDIVIDUAL'S
CHOICE OF HOME AND WORK LOCATION, BUT ON THE AVERAGE THESE CONDITIONS
AFFECT ONE {NDIVIDUAL AND NOT THE OTHERe. DIFFIiCULT~TO~MEASURE DETAILS
ARE CONSIDERED NEGLIGIBLE AND ARE NOT bISCUSSED ﬂEREo CONSEQUENTLY,
THE VARIABLES CHOSEN FOR DISCUSSION IN THIS CHAPTER, HAVE ENOUGH
SIGNIFICANCE ON RESIDENTIAL~WORK PLACE LOCATIONAL DECISIONS TO WARRANT
ATTENTION.

THOUGH MUCH INTERACTION AND OVERLAP CAN BE EXPECTED IN A
DISCUSSION OF THIS NATURE, THE LOCATION VARIABLES ARE HERE CONSIDERED
IN 1SOLATION, |INTERACTION AND SIMPLIFICATION OF VARIABLES IS

ATTEMPTED AT A LATER STAGE OF THIS STUDY,.
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B) INFLUENCE OF INDUSTRIAL AND URBAN CHARACTERISTICS ON LOCATION
VARIABLES '
THE TERM "INDUSTRY", IN THIS STUDY, 1S USED COLLECTIVELY TO
FACILITATE THE DISCUSSION AND TO SIMPLIFY THE MODEL HYPOTHESIS, THIS

MACRO—-SCALE TREATMENT OF INDUSTRY MAY DECEIVE THE READER INTO BELIEVING
THAT ALL INDUSTRIAL FIRMS ARE SUBJECT TO THE SAME VARIABLES OF LOCATIONe
HOWEVER, BECAUSE ALL FIRMS DO NOT REQUIRE THE SAME INPUTS, THEIR
LOCATIONAL NEEDS ALSO WILL DIFFERs |N WINNIPEG, AS IN MOST NORTH
AMERICAN CITIES THE MANUFACTURING SECTOR OF INDUSTRY HAS UNDERGONE
THE LARGEST OUTWARD MIGRATION FROM THE CENTERe IN 1966 oNLY 30.2% oF
ALL MANUFACTURING EMPLOYMENT IN WINNIPEG WAS LOCATED IN THE DOWNTOWN
AREA.] THE FIRMS SHOWING THE HIGHEST RATE OF DECENTRAL IZATION ARE
LIGHT AND HEAVY MANUFACTURING PLANTS, MOST OF WHICH RELOCATE IN ONE
STOREY LAYOUTS IN SUBURBAN INDUSTRIAL PARKS,

AN IMPORTANT VARIABLE INFLUENCING THE LOCATION OF THIS TYPE
OF FIRM 1S AVAILABILITY OF LANDs ON THE OTHER HAND, CERTAIN INDUS=—
TRIAL TYPES DO NOT REQUIRE LARGE AMOUNTS OF LAND FOR EFFICIENT
OPERATIONs. IN WINNIPEG OVER 90% OF ALL CLOTHING MANUFACTURING
ESTABL ISHMENTS ARE LOCATED IN THE DOWNTOWN AREA. THESE FIRMS ARE
GENERALLY SMALL IN SIZE; OVER 90% HAD FEWER THAN TWENTY~F|VE EMPLOYEES.
OTHER SMALL FIRMS, WHOSE PRIME LOCATION IS DOWNTOWN, ARE: MANUFACTUR—

ING OF SCIENTIFIC AND PROFESSIONAL EQUIPMENT, JEWELLERY AND SILVERWARE,

1REID, CROWTHER AND PARTNERS LTDo, A MARKET ANALYS!S FOR
METROPOL ITAN WINNIPEGe (UNPUBLISHED REPORT: WINNIPEG, 1967),

Pe 310
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BROOMS, SPORTING GOODS, SIGNS, ETC.1 THE LOCATION CRITERIA OF THESE

FIRMS ARE BASED ON TWO MAJOR CONDTITIONS: 1) THE DOWNTOWN AREA,
ESPECIALLY ON ITS FRINGE, 1S CHARACTERIZED BY THE AVAILABILITY OF

VACATED, INEXPENSIVE RENTAL SPACE., SMALL FIiRMS IN THE PROCESS OF

BECOMING ESTABLISHED REQUIRE CONSIDERABLE CAPITAL. THEY CAN ILL

AFFORD THE LARGE INVESTMENT OF A NEW BUILDING IN A SUBURBAN LOCATION,
ALso, 2) NO FIRM WOULD ENTER THE INDUSTRIAL SECTOR WITH SUCH A DIVER-
SIFIED PRODUCTION LINE, SO AS TO OPERATE INDEPENDENT OF OTHER SIMILAR

FIRMSe A CENTRAL LOCATION FACILITATES INITIAL SPECIALIZATION AND

INTERPLAY BETWEEN VARIOUS SMALL FIRMS IN AN EFFORT TO CREATE ECONOMIES
OF SCALE., THE IMéORTANT POINT TO OBTAIN FROM THIS DISCUSSION 1S THAT
FIRMS, LIKE INDIVIDUALS CANNOT BE STEREOTYPED COMPLETELY IN TERMS OF
LOCATION CRITERIAes HENCE, THE RAMIFICATIONS FOR WORKER RESIDENTIAL
LOCATION MAY NOT BE NOTICED BY CONSIDERING INDUSTRY COLLECTIVELY.

JUST AS LOCATIONAL CRITERIA ARE AFFECTED BY INDUSTRIAL TYPE, f
THEY ARE ALSO AFFECTED BY THE CHARACTERISTICS OF THE URBAN AREA UNDER
CONSIDERATIONe ALTHOUGH THIS STUDY ALSO EMPLOYS THE TERM "WURBAN AREA"

IN A GENERIC SENSE, IT IS IMPORTANT TO EMPHASIZE THAT EACH CITY

EXPERIENCES DIFFERENT CONDITIONS BOTH IN TERMS OF HISTORICAL DEVELOP-

MENT AS WELL AS INIOTHER RELATED FACTORS. THIS COMPLICATES MATTERS
CONSIDERABLY IN THAT SOME LOCATION VARIABLES APPLYING TO NEW YORK

WOULD NOT NECESSARILY APPLY TO WINNIPEG. LLOEWENSTEIN, SPEAKING OF

THE DIFFERENCES IN INTENSITY OF DEVELOPMENT AS RELATED TO ALL TYPES

OF WORK TRI!PS FOR A LARGE AND SMALL CITY STATES:

T.I_BJ_DJ » Pe 324
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"THE HIGHER COST OF LAND IN THESE AREAS [@ARGE
CITIESJ NECESSITATES HIGHER DENSITIES WITH
RESPECT TO BOTH HOMES AND WORK PLACES, MORE-
.OVER, SINCE THE DISTANCES ARE LESS IN SMALLER
AREAS, STORES AND PLANTS CAN OCCUPY LAND AT A
RELATIVELY GREATER DISTANCE FROM THE CITY CENTER
AND STILL BE ALMOST AS ACCESSIBLE TO THE SAME
PERCENT OF WORKERS AND CUSTOMERS AS THEY WOULD
IF THEY WERE IN THE CORE. [N OTHER WORDSy; THE
MARGINAL ACCESSIBILITY OF THIS SPACE DROPS OFF
MORE RAPIDLY IN LARGE CITIES THAN IN SMALLER
ONES AND HENCE THERE IS A RELATIVELY GREATER
TENDENCY TO LOCATE BOTH HOMES AND WORK PLACES
NEAR THE CENTER IN LARGER CITIES, AS A CONSE~
QUENCE WE MIGHT EXPECT A GREATER PROPORTION OF
WORK TRIPS ORIGINATING AND TERMINATING IN THE
DOWNTOWN_ AREAS OF LARGER CITIES THAN SMALLER
cn‘uEs,"1

THIS STUDY ALSO TAKES A RATHER CONFINED VIEW OF THE CITY IN ITS
REGIONAL CONTEXTs FOR THE PURPOSE OF THE CASE STUDY THE CITY IS
STUDIED AS A SINGLE ISOLATED UNIT WITH LITTLE OR NO DEVELOPMENT OUT=-
SIDE 1TS ESTABLISHED LIMITS, HOWEVER BOTH INDUSTRY AND RES!DENCES
LOCATE WITHIN THE CITY WITH A VIEW TO THAT CONDITIONS IN THE OVERALL
REGIONs, REGIONS WHICH ARE NOT DEPOPULATED BY URBANIZATION, FUNCTION
AS AN IMPORTANT SUPPLIER OR MARKET FOR INDUSTRYs, FURTHERMORE THE
LOCATION OF ANY NUMBER OF LARGE CENTERS IN A REGION WILL SET UP A NET~

WORK OF ATTRACTION OR REPULSION FORCES FOR INDUSTRIAL AND RESIDENTIAL

LLOCATIONs THE PROXIMITY OF STo PAUL TO MINNEAPOLIS SETS UP AN
ATTRACTION POLE FOR INDUSTRY TO LOCATE BETWEEN THE TWO CENTERS.

WORK TRIPS LIKEWISE REACH A HIGH LEVEL OF INTENSITY IN THIS ZONE OF

Touts LOEWENSTEIN, RESIDENCES AND WORK PLACES IN URBAN AREAS
(NEW YORK AND LONDON: THE SCARECROW PrRESs, 1965), P, 266,

IT IS DOUBTFUL IN VIEW OF WHAT HAS BEEN SAID AND WHAT WILL BE
SAID REGARDING THE LOCATION OF INDUSTRY IN THE CENTRAL AREA OF A
LARGE CITY WHETHER THIS STATEMENT ALSO APPLIES TO INDUSTR!IAL WORK
TRIPS,
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C) HisTORICAL DEVELOPMENT

HISTORICAL CONDITIONS IN TERMS OF BOTH INDUSTRIAL DEVELOPMENT

AND URBAN STRUCTURE, ARE IMPORTANT ASPECTS EXPLAINING EXISTING RESI|DEN-
TIAL-WORK PLACE LOCATIONs CERTAINLY LOS ANGELES WHICH EXPERIENCED

MOST OF ITS DEVELOPMENT IN THE "AUTOMOBILE AGE"™ WiILL HAVE A PATTERN
SOMEWHAT DIFFERENT FROM NEW YORK, ALREADY AN IMPORTANT INDUSTRIAL

CENTER IN THE '"HORSE AND BugGy DAYS"., [T IS GENERALLY BEL {EVED THAT

THE VARIABLES STABILIZING INDUSTRIAL OR RESIDENTIAL LOCATION ARE
DEPENDENT TO SOME EXTENT ON HISTORICAL DEVELOPMENTe THESE VARIABLES
ARE INERTIA, CAUSED BY INVESTMENT; TRADITION, USUALLY BASED ON
HISTORICAL VALUES3 THE DESIRE TO BE CLOSE TO FRIENDS OR CLIENTS, AND
FINALLY TRANSPORTATION DEVELOPMENTSo2 THESE HISTORICAL VARIABLES ARE

ASSESSED IN MORE DETAIL HERE,

THE HISTORICAL INTERDEPENDENCE OF FIRMS
THE OPTIMUM LOCATION OF INDUSTRY IN THE NINETEENTH CENTURY
AMERICAN CITY WAS AS CLOSE AS POSSIBLE TO THE CORE AREA. |N THOSE

EARLY DAYS OF INDUSTRIAL DEVELOPMENT, NO FIRM COULD, BY ITSELF,

ENCOMPASS ALL STAGES OF THE PRODUCTION PROCESS, FROM THE IMPORT OF RAW
MATERTALS OR PARTS, TO THE DISTRIBUTION OF THE FINISHED PRODUCT., THE

MOVE TOWARDS HOR1ZONTAL DIVERSIFICATION OF PRODUCTION, WITHIN THE

SINGLE FIRM HAD NOT TAKEN PLACE, THUS THERE WAS A HIGH DEGREE OF

115;0., pPPe 145, 165, 172,

ZMARKET ANALYS1S, OPe ClTo, Ps 34,
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INTERDEPENDENCE BETWEEN NUMEROUS SMALL FIRMS EACH INVOLVED AT ONE
STAGE OF THE PRODUCTION PROCESS. FOR EXAMPLE, IF A LARGE MANUFACTURING
FIRM LIKE GENERAL MOTORS WAS DIVIDED INTO NUMEROUS SMALL SPECIALIZED

FIRMS, THE SITUATION WOULD BE SIMILAR TO WHAT EXISTED IN THE LAST

CENTURYe ONE FIRM WOULD MANUFACTURE TRANSMISSIONS, THE OTHER

ELECTRICAL SYSTEMS, AND YET ANOTHER THE CARRIAGE, EACH FUNCTION BEING
INDISPENSIBLE IN PRODUCING THE FINAL PRODUCT: A CARo. THIS DEPENDENCE
OF ONE FIRM ON ANOTHER, COMPELLED FIRMS TO LOCATE NEAR EACH OTHER 1IN

A CENTRAL [NDUSTRIAL DISTRICT, THIS DISTRICT COULD BE A GROUP OF

BLLOCKS, A SINGLE STREET OR EVEN A FEW LOTS DEVOTED TO THE PRODUCTION
OF SOME SPECIALIZED GOOD, LN MANUFACTURING THE GARMENT CENTER IN
NEW YORK 1S AN OUTSTANDING ILLUSTRATION OF THIS PHENOMENONo! AS WAS
MENT JONED PREVIOQUSLY, THIS HISTORICAL DEVELOPMENT CONTINUES TO

INFLUENCE THE LOCATION OF SMALL FIRMS IN WINNIPEGQ2

_’EkRLY WATER TRANSPORTATION
THE CONVENIENCE AND RELATIVE LOW COST OF WATER TRANSPORT NOT
ONLY ACTED TO ATTRACT URBAN CENTERS TO LOCATE AND GROW, IN PROXIMITY
TO WATER BUT IT ALSO INFLUENCED THE INTERNAL STRUCTURE OF THE URBAN

CENTER AFTER SETTLEMENT HAD TAKEN PLACE, THE SEARCH FOR SPACE WHETHER

IN 1870 or 1970 HAS ALWAYS BEEN CONDITIONED TO A LARGE EXTENT BY THE
MANUFACTURERYS NEED TO ASSEMBLE HIS MATERIALS AND DISTRIBUTE THE

FINISHED PRODUCT AT THE LOWEST UNIT COSTe HAD THE RAILWAY OR THE

1EDGAR M. HOOVER AND RAYMOND VERNON, ,ANATOMY OF A ;
METROPOLIS. (CAMBRIDGE: HARVARD UNIVERSITY PRrReESS, \
1959), p. 14,

2SUPRA, Po 8
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AUTQMOBILE NEVER BEEN {NVENTED ONE CAN EASILY IMAGINE RECTIL I NEAR~
SHAPED CITIES WITH INDUSTRIES AND NEARBY RESIDENCES SKIRTING THE
BANKS OF NAVIGABLE RIVERS,.

THE LAND BORDERING ON NAVIGABLE WATER HAS ALWAYS BEEN A

VALUABLE PIECE OF REAL ESTATEs |NDUSTRY HAVING THE HIGHEST RENT BiD
FOR LAND, IN THE PAST, ESTABLISHED ITSELF AS THE DOMINANT USE FOR
THIS LAND.1 IN NEW YORK AREA THIS PATTERN EMERGED AS EARLY AS 1850,

AT THAT TIME, THE MANHATTAN SHORES
OF THE HUDSON RIVER AND THE EAST RIVER WERE
LINED WITH SHIPBUILDING, SLAUGHTERING,
GREASE~RENDERING, AND SOAP-MAKING PLANTS
WITH IRON WORKS, ENGINE WORKS, AND PLANTS OF
MANY OTHER KIiINDSs THE BROOKLYN SHORE OF THE
EAST RIVER AND OF ITS TRIBUTARY, NEWTOWN
CREEK, WERE ALREADY BEGINNING TO BE CROWDED
WITH CHEMICAL AND PAINT FACTORIES, AND LATER
WITH PETROLEUM REFINING PLANTSe IN NEWARK,
THE BANKS OF THE OLD MORRIS CANAL BORE:AN.:
ARRAY OF TANNERIES AND LEATHER-PRODUCT PLANTSe
YONKERS AND POUGHKEEPSIE KEPT THEIR INDUSTRY
ALONGSIDE THE HISTORIC HUDSON, AND BRIDGEPORT'S
FACTORIES CLUNG TO LONG |SLAND SOUND AND ITS
INLETS,

SINCE LAND TRANSPORTATION AT THIS TIME WAS HIGHLY INEFFICIENT AND
COSTLY, INDUSTRIAL DEVELOPMENT CONFINED, AND HELD RESIDENTIAL WORKER

LOCATION TO THE CENTRAL URBAN AREA ADJACENT TO THE PLACE OF WORKo,

‘EARLY RAIL TRANSPORTATION
EVEN AFTER THE ADVENT OF THE RAILWAY, WATER TRANSPORT STILL

MANAGED TO MAINTAIN ITS ROLE OF SHIPPING MATERIALS BOTH WITHIN AND

1THOUGH TRANSPORTAT 10N CONSIDERATIONS WERE THE MOST
SIGNIFICANT IN LOCATING INDUSTRY NEAR WATER, THE EARLY ROLE OF WATER
FOR POWER AND SEWERAGE WAS ALSO INSTRUMENTAL. SEE: RAYMOND MURPHY,
THE AMERICAN CiTYs. (NEW YORK: MCGRAW HiLL Co., 1966), P, 341,

2Hoovaﬁ, OPe ClITey Po 36,

P
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BETWEEN URBAN CENTERS. HOWEVER, THE INFLEXIBILITY OF RIVER NAVIGAT!ON,
TOGETHER WITH THE FACT THAT ONLY A FEW RIVERS COULD SERVE THIS FUNCTION
SOON MADE WATER TRANSPORT LESS DESIRABLE THAN RAILWAY TRANSPORT,

THE HISTORICAL LOCATION OF THE RAILWAY MAINLINE IN THE

CENTRAL AREA OF THE CITY WAS A RESULT OF SEVERAL CONDITIONS., MOST OF
TODAY'S CITIES WERE SMALL TOWNS AT THE COMING OF THE RAILWAY., THE

ADVANCING MAINLINE CUT THROUGH THE SMALL CENTER AND THE CITY GREW

AROUND 1T. [IN MANY INSTANCES, THERE WAS NO TOWN AT ALL WHEN THE MA{N~

LINE WAS LAID OUTs THE RAILWAY, IN THIS CASE, ACTED AS AN ATTRACTIVE

FORCE, INDUCING THE FORMATION AND GROWTH OF A TOWN NEARBYo1 SINCE THE

STEAM ENGINE COULD NOT CLIMB GRADES GREATER‘THAN TWO FEET IN 100,
TRACKS WERE LAID OUT ON RELATIVELY LEVEL GROUND, USUALLY ON A RIVER
FLOOD PLAINes HENCE THE MAINLINE PARALLELLED THE RIVER CHANNEL. SINCE
THE RIVER USUALLY DIVIDED A COMMUNITY THROUGH THE CENTER, THE RAILWAY
MAINLINE DID LIKEWISE,

For INDUSTRY, WHOSE CENTRAL LOCATION WAS A RESULT OF RELIANCE
ON WATER TRANSPORT, THE ADVENT OF THE RAILWAY EMPHASIZED THE IMPORTANCE
OF THIS LOCATION, FLEXIBILITY IN RAIL TRANSPORT WOULD HAVE TO EVOLVE,

IF INDUSTRIAL AND RESIDENTIAL CONGESTION IN THE URBAN CENTER WAS TO

BE REMEDIED,.

EARLY COMMUTER PATTERNS

ALTHOUGH IN ITS INFANCY THE RAILWAY ACTED AS A CENTRAL 1 ZING

FORCE ON URBAN ACTIVITY, IN TIME, THE NEED TO ALLEVIATE EXCESS CON-

ITHE PATTERN OF COMMUNITY DEVELOPMENT IN THE PRAIRIE
REGION OF CANADA HAS BEEN VERY MUCH INFLUENCED BY THESE CONDITIONS,
- SEE:  WEST~MAN. REGIONAL DEVELOPMENT INCs, THE COMMUNITY SYSTEM AN
WeEsT-MAN. (Branpon, 1971), Ps 6,




GESTION,

COMBINED WITH AN

BRANCH OUT FROM THE NUCLEUS TO THE FRINGE AREAS OF THE CITYo.

WAY DECENTRALIZATION FIRST AFFECTED COMMUTER TRAVEL PATTERNS.

DESCRIBES THE SITUATION AS FOLLOWS:

"SUBURBS, LIKE BEADS ON A STRING, REACHED
OUT FROM THE CITY ALONG THE PRINCIPAL.
COMMUTING LINESe THEIR OUTER LIMIT WAS SET

BY THE REACH OF THE COMMUTER TRAINS. THE
SO~CALLED "MAIN LINE" TOWNS WEST OF
PHILADELPHIA DEVELOPED IN THIS WAYo. SIMILARLY,
TOWNS JUST WEST OF BOSTON, ALONG THE BOsSTON

AND ALBANY RAILROAD, GAINED POPULATION THROUGH
THE GROWTH OF COMMUTING3 AND COMMUTER SETTLE~-
MENTS DEVELOPED ON THE STe LOUIS AND SAN
FRANC!ISCO AND THE MISSOURI PACIFIC RAILROADS
JUST WEST2OF STe LOUIS, ALONG THE RAILROAD
LINES RADIATING FROM CHICAGOG"]

14

IMPROVED TECHNOLOGY CAUSED THE MAINLINE TO

RatL—

MURRAY

THE EFFECT OF THIS DEVELOPMENT WAS TO PUT EFFICIENT, INEXPENSIVE

TRANSPORTATION WITHIN THE REACH OF THE AVERAGE WAGE EARNER, AND

RESULTED

CiTYe

IN THE OUTWARD MIGRATION OF THIS GROUP FROM THE CENTRAL

THE EXTENSION OF THE RAILWAY NETWORK HAD A DIRECT INFLUENCE

ON THE LOCATION OF INDUSTRY IN THE LARGER URBAN CENTERS. |NDUSTRY,

IN PART, FOLLOWED THE WORKERS TO THE SUBURBS, AND MANY OF THE

COMMUTER TOWNS THEMSELVES BECAME SITES FOR INDUSTRY,

THE BEGINNING OF INDUSTRIAL DECENTRALIZATIONo

SION, 1S, WHY DID THESE PEOPLE ABANDON THE CENTRAL CITY? THE

HAS IMPORTANT CONSEQUENCES

LATER.

AN

PERHAPS THE BEST ANSWER.MAY BE FOUND

THIS, THEN, WAS

INFREQUENTLY ASKED QUESTION WHICH ARISES FROM THIS DIiSCUs—

1MURPHY, OPo ClTo, Po 233,

ANSWER

IN THE LiGHT OF WHAT WILL BE DISCUSSED

IN THIS QUOTATION FROM
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lLEWis MUMFORD, ACCORDING TO MUMFORD THE CENTRAL METROPOL IS WAS AN
ACCUMULATION OF PEOPLE TRYING TO ACCOMMODATE THEMSELVES TO

e o «AN ENVIRONMENT WITHOUT ADEQUATE NATURAL
OR CULTURAL RESOURCES: PEOPLE WHO DO WITH-
OUT PYRE AIR, WHO DO WITHOUT SOUND SLEEP, WHO
DO WITHOUT A CHEERFUL GARDEN OR PLAYING SPACE,
WHO DO WITHOUT THE VERY SIGHT OF THE SKY AND
THE SUNLIGHT, WHO DO WITHOUT FREE MOTION,
SPONTANEOUS PLAY, OR ROBUST SEXUAL LIFEs THE
SO~CALLED BLIGHTED AREAS OF THE METROPOLIS
[FouND IN THE URBAN CENTER]] ARE ESSENTIALLY
"po WITHOUT" AREASe |F YOU WISH THE S1GHT

OF URBAN BEAUTY WHILE LIVING IN THESE AREAS,
YOU MUST RIDE_IN A BUS A COUPLE OF MILES
[USUALLY MORE]; IF YOU WISH A TOUCH OF NATURE,
YOU MUST TRAVEL IN A CROWDED TRAIN TO THE. OUT—
SKIRTS OF THE CITYo LACKING THE MEANS TO GET
OUT, YOU SUCCUMB; CHRONIC STARVATION PRODUCES
LACK OF APPETITE. EVENTUALLY YOU MAY LJVE AND
DIE WITHOUT EVEN RECOGNIZING THE LOSS.Y

BECAUSE WORKERS NEEDED TO LI{VE CLOSE TO THEIR PLACE OF WORK, THE
CITIZENRY WAS INITIALLY COMPELLED TO SUFFER THE INCONVENIENGCES OF A
CENTRAL LOCATION ——~ SMOKEy FOUL AIR, EXCESS NOISE AND CONGESTiON =-=—
ALL PRODUCTS OF CONCENTRATED, UNPLANNED INDUSTRIAL DEVELOPMENT., THESE
UNPLEASANT CONDITIONS DEPRIVED BASIC HUMAN NEEDS, HENCE PEOPLE WERE
INDUCED TO ESCAPE AT THE FIRST OPPORTUNITY, ALTHOUGH THESE CONDITIONS

HAD THEIR BEGINNINGS IN THE EARLY YEARS OF INDUSTRIAL DEVELOPMENT IN

AMERICA, THEY REMAINED A CHARACTERISTIC OF THE CENTRAL CITY UNTIL THE
LAST FEW DECADES .2
BEFORE CONCLUDING THIS HISTORICAL ASSESSMENT AND DISCUSSING

THE CURRENT SITUATION, ONE POINT MUST BE MADEo 10 UNDERSTAND THE

TOTAL IMPACT OF HISTORICAL AND CURRENT VARIABLES, IT IS IMPORTANT TO

N ewrs MuMFORD, THE CULTURE OF CITIES. (NEW YORK: HARCOURT,
BRUCE AND ComPANY, 1938), p. 325,

2HoovsR, OPo CITe, PPs 14~15
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NOTE THAT LOCATION THEORY |S BASED ON A NETWORK OF EVENTS, EACH EVENT
HAVING ARISEN AT A DIFFERENT TIME AND PLACE., ALTHOUGH THESE EVENTS,
(OR VARIABLES) ARE PRESENTED SEPARATELY, WHAT IS IMPORTANT IS THE

EFFECT CAUSED BY THEIR INTERACTION OVER TiME. HAD THE TRUCK BEEN

INVENTED BEFORE THE STEAM ENGINE IT IS UNLIKELY THAT SOME TOWNS WOULD
HAVE DEVELOPED AS THEY DIDo IN THE LOCATIONCOF INDUSTRY AND WORKERS!

RESIDENCES NO SINGLE DEVELOPMENT CAN BE ISOLATED FROM THE WHOLE

PATTERN OF CHANGE WITHOUT LOSING SIGHT OF THE TOTAL SITUATION

D) DEVELOPMENTS IN PRODUCTION TECHNOLOGY

THE ASSEMBLY LINE PROCESS

THE DRAMATIC ADVANCES IN INDUSTRIAL PRODUCTION TECHNOLOGY
HAVE RESULTED IN THE EMERGENCE OF A SERIES OF NEW INDUSTRIAL REQUIRE-
MENTS WHICH HAVE UPSET THE HISTORICAL PATTERNS OF LOCATIONe ALTHOUGH
FORCES OF OBSOLESCENCE HAVE DIFFERED FOR EACH LINE OF MANUFACTURE,
COMMON FEATURES HAVE BEEN EVIDENT., THE “GRAVITY FLOW' PRODUCTION LINE
WHICH CHARACTERIZED THE THREE STOREY INDUSTRIAL STRUCTURE HAS BEEN
REPLACED [N THE PAST THIRTY OR FORTY YEARS BY THE WIDESPREAD INTRODUC—

«

TION OF CONTINUOUS~MATERIAL-FLOW SYSTEMS AND AUTOMATIC CONTROLS IN

PROCESSING. LOOKING AT FOOD FACTORIES, REFRIGERATION TUNNELS AND BAKE
OVENS WITH MOVING FLOORS COMMONLY RUN MANY HUNDREDS OF FEET ON A

STRAIGHT LINE, OFTEN RUNNING LONGER THAN THE NORMAL CITY BILOCK.1

INTRODUCTION OF THESE DEVELOPMENTS, NECESSITATES A STRUCTURE WHICH

FITS THE PROCESS. THUS, BUILDINGS DESIGNED FOR GRAVITY FLOW HAVE BE=-

1|BID°, P. 31,
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COME OBSOLETE.
IN THE LIGHT OF THESE DEVEL.LOPMENTS, THE DISADVANTAGES
INHERENT IN OPERATING IN A LESS—THAN—IDEAL STRUCTURE HAVE GROWN

RAPIDLY TODAY., THE COMMON PRACTICE IN MANY LINES OF MANUFACTURE IS

TO FIND A STTE WHICH IMPOSES THE LEAST RESTRAINTS ON THE SHAPE OF THE
STRUCTURE, TO PLAN A PRODUCTION LAYOUT SUITABLE FOR MODERN PROCESSES

AND TO "WRAP" THE BUILDING AROUND THE LAYOUTo1

FIRM AMALGAMATIONS

As MENTIONED, THE CENTRAL CITY INDUSTRIAL DISTRICT WAS
ESTABLISHED AT A TIME WHEN VARIOUS SMALL FIRMS OPERATED INTER—
DEPENDENTLY. EACH FIRM WAS ONE LINK IN THE OVERALL PRODUCTION PROCESS,
TODAY SMALL FIRMS HAVE TENDED TO AMALGAMATE IN ORDER TO INTRODUCE
DIVERSIFICATION INTO THE PRODUCTION PROCESSe THE ADVANTAGES OF THIS

2
DEVEL.OPMENT ARE:
1) HIGHER ECONOMIES OF SCALE IN PRODUCTION

2) A MORE EFFICIENT MANAGEMENT STRUCTURE

3) THE REDUCTION OF THE POSSIBILITY OF FIiNANCIAL
OR LABOUR DIFFICULTIES CLOSING PRODUCTION PERMANENTLY

THE MAJOR CONSEQUENCE, OF {INTEREST, GENERATED BY SMALL FIRM

AMALGAMATION 1S INNOVATIONS IN INDUSTRIAL SITE DESIGNS. LARGE AREAS
OF LAND ARE REQUIRED TO EMBRACE COMPLEX INDUSTRIAL ESTABL ISHMENTS,

WITH DIVERSE, MULTI!-LEVELLED PRODUCTION PROCESSESo. THE AVAILABILITY

OF LAND, IN AN URBAN AREA DICTATES THE LOCATIONAL PREFERENCE OF THESE

1IBID., Pe 3le

2FOR AN ELABORATION OF THESE CONDITIONS REFER TO, JOSEPH L.

MASSIE, ESSENTIALS OF MANAGEMENT (ENGLEWOOD CLiFFs, NEW JERSEY:
PRENTICE~HALL |NCo, 19644.),
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LLARGE OPERATIONS,

L.AND ASSEMBLY

DEVELOPMENTS IN PRODUCTION TECHNOLOGY HAVE MADE A CENTRAL
INDUSTRIAL LOCATION SOMEWHAT OF A LIABILITYe [T IS EXTREMELY DIFF i~
CULT TO ASSEMBLE SUFFICIENT LAND iN THE CITY CENTER, TO MEET THE DE~-
MAND OF INDUSTRY FOR INCREASED FLEXIBILITY IN SITE LAYOUT. THIS
SITUATION IS MAINTAINED BY TWO CHARACTERISTICS OF CENTRAL CITY LAND,
1) LAND VALUE AND 2) LAND OWNERSHIP, THE HIGH COST OF LAND IN
THE CENTRAL AREA (TO BE DISCUSSED LATER) DISCOURAGES LAND ACQUISITION
FOR LOW DENSITY INDUSTRIAL USEe ALSO ADDING TO THIS COST IS A‘CORRES~
PONDING HIGH TAXATION RATE. HOWEVER, ASSUMING THAT AN INDUSTRY IS
PERMITTED BY EXISTING ZONING BYLAWS TO ACQUIRE LAND IN THE CENTRAL
CITY AND EXPAND ITS OPERATION iN ORDER TO TAKE ADVANTAGE OF MODERN
TECHNOLOGICAL DEVELOPMENT. ASSUMING FURTHER THAT ACQUISITION CAPITAL
IS NOT A LIMITATIONe NEVERTHELESS, THE MULTIPLE OWNERSHIP OF LANDS
IN THE AREA CREATES OTHER PROBLEMS. THIS FIRM WILL HAVE TO DEAL WITH
A MULTTTUDE OF SMALL LANDOWNERS IN ORDER TO ASSEMBLE THE REQUIRED LAND,
A HOLD OUT BY ANYONE OF THESE LANDOWNERS COULDIPROBABLY DELAY THE
EXPANSION PROJECT, IF NOT FORCE ITS ENTIRE ABANDONMENT o |

THE LIABILITY OF A DOWNTOWN LOCATION FOR FIRMS WISHING TO
EXPAND OR TO ESTABLISH THERE, HAS FORCED THESE F¥RMS TO Ldox TOWARDS

THE SUBURBS AND BEYOND FOR BETTER LOCATION POSSIBILITIES, FIRMS

1LACK OF PUBLIC SUPPORT FOR CENTRAL CITY INDUSTRIAL RENEWAL
HAS RULED OUT THE USE OF EXPROPRIATION BY GOVERNMENT OF SMALL LAND-
OWNERS FOR PRIVATE ASSEMBLY PROJECTS.

O s
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LOCATING AT A CONSIDERABLE DISTANCE FROM THE URBAN CENTER CAN USUALLY

OBTAIN LAND AT THE LOWEST COST, WITH THE LEAST EFFORT.

E) LAND VALUE AND TAXATION

LAND VALUE AS A FUNCTION OF LOCATION
IF A CITY FOLLOWS AN IDEAL DEVELOPMENT PATTERN WITH NO
IRREGULARITIES INTRODUCED BY SPECIFIC ECONOMIC OR PHYSICAL CONSTRAINTS
THEN IT CAN BE SAID THAT LAND VALUE DECREASES EXPONENTIALLY AS ONE

MOVES OUTWARD FROM THE CENTER, REACHING A LOW PO{NT IN THE AGRICULTURAL

LAND SURROUNDING THE CITYs THE SITUATION WOULD BE AS ILLUSTRATED IN

T Wuere P{(T) 1s THE PRICE OF LAND AT ANY GIVEN TIME=DISTANCE

Fiaure 1,
T, FROM THE CENTER, |NTRODUCING IRREGULARITIES, (EGe SHOPPING CENTRE)
TO INTERFERE WITH LAND PRICE, THE GRAPH WOULD HAVE A SERIES OF SMALL
PEAKS OR DIPS WHERE THESE IRREGULARITIES OCCUR,

HIGH LAND VALUE IN THE DEVELOPED CORE AREAS OF THE CITY
ATTRACTS ONLY HIGH DENSITY LAND USE. THE INCOME (OR SATlSFACTION)2
OBTAINED FROM THE LAND MUST AT LEAST EQUAL THE COST OF OWNING THE

LAND, NEITHER INDUSTRY NOR LOW DENSITY RESIDENCES CONSTITUTE HIGH

DENSITY LAND USE, ACCORDINGLY, IN TERMS OF LAND VALUES VERSUS INCOME

AND SATISFACTION, A CENTRAL LOCATION 1S UNDESIRABLE FOR THESE TWO

1THis THEORY OF LAND VALUE WAS PROPOSED BY WILLIAM ALONSO IN
HiS THESIS, LOCATION AND LAND USE, TOWARD A GENERAL THEORY OF LAND
RENT (CAMBRIDGE, MASS.: HARVARD UNIVERSITY PRESs, 1964), ppo 19-35,
THIS INITIAL PROPOSAL WAS LATER ELABORATED UPON, TO INCLUDE LAND
COSTS, COMMUTING COST, AND GOODS AND OTHER SERVICES AS A FUNCTION OF
INCOME, INFRA, PPo 24~25,

2THE TERM '"SATISFACTION" 1S USED HERE TO MEAN THE MONETARY
BENEFIT OBTAINABLE FROM THE USE OF A SPECIFIC PARCEL OF LAND,
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FIGURE 1. The Alonso function showing the decrease of

land value with distance from the city center.
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ACTIVITIES, THE EXISTING DEVELOPMENT PATTERN OF URBAN LAND TENDS TO
SUBSTANTIATE THIS THEORY. HIGH! RISE OFFICES AND APARTMENT BUILDINGS
ARE REPLACING OLD INDUSTRIAL AND RESIDENTIAL STRUCTURES. |N CENTRAL
NEW YORK, THERE HAS BEEN AN EXPLOSION OF OFFICE SPACE SINCE WORLD
WAR 11+ ACCORDING TO JANE JACOBS, FORTY MILLION SQUARE FEET OF FLOOR

AREA (40% OoF THE CITY'S TOTAL) HAS BEEN ADDED TO THE CORE AREAo

TAXATION

CLOSELY RELATED TO LAND VALUE 1S THE TAXATION RATE, WHICH
ALSO SERVES TO DECENTRALIZE INDUSTRY AND LOW DENSITY RESIDENCES. THE
TAXATION RATE IS BASED ON THE ASSESSED VALUE OF PROPERTY (INCLUDING
LAND); THIS VALUE, IN TURN, IS A FIXED PERCENTAGE OF THE MARKET VALUE
(OR WHAT THE PROPERTY WOULD BE WORTH IF OFFERRED ON THE OPEN MARKET).
SINCE TAXATION 1S A FUNCTION OF LAND VALUE, IT FOLLOWS THAT LAND
CENTRALLY LOCATED ALSO HAS THE HIGHEST TAXES .~

TAXATION HAS SPECIAL RAMIFICATIONS ON INDUSTRIAL LOCATION,
INDUSTRY UNLIKE RESIDENCES, MUST BE CONSCIOUS OF COMPETITIONe. IT
STANDS TO REASON, THAT INDUSTRIES IN A CENTRAL LOCATION OPERATE AT A
DISADVANTAGE WITH THE#XR SUBURBAN COUNTERPARTS IF ONLY LAND VALUES AND
TAXATION ARE CONSIDERED., HIGH TAXES MEANS HIGH OVERHEAD, WHICH HAS
THE EFFECT OF CUTTING INTO THE FIRM PROFIT, OR INCREASING THE PRICE

OF THE PRODUCT. FURTHERMORE, IN RECENT YEARS RURAL MUNICIPALITIES

1MABEL WALKER, BUSINESS ENTERPRIZE AND THE CiTYs. (CAMBRIDGE:
HARVARD UNIVERSITY PRESs, 1958), p. 67,

2A BRIEF DESCRIPTION OF THE VARIOUS TYPES OF LAND VALUE MAY BE
FOUND IN; THE APPRAISAL INSTITUTE OF CANADA, APPRAISAL REFERENCE
MaNuALe. (FIFTH EDITION. WINNIPEG, MANITOBA: THE APPRAISAL INSTITUTE,
1963), ppPo 1-1 TO 1-7,
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CLOSE TO URBAN CENTERS HAVE WAGED A CONTINUAL WAR WITH THE CITIES 1IN
AN EFFORT TO ATTRACT MIGRATING INDUSTRIES. IN ADDITION TO OFFERING
THE AMENITIES OF PROXIMITY TO THE URBAN CENTER, THESE MUNICIPALITIES

ALSO EXTEND GENEROUS TAX INCENTIVES. THE END RESULT IS TO AGGRAVATE

THE COMPETITIVE DISADVANTAGE OF FIRMS MAINTAINING A CENTRAL LOCATION.

THE -EFFECT OF LAND VALUE ON RESIDENTIAL LOCATION

ALTHOUGH AN INDIVIDUAL DOES NOT GENERALLY CHOOSE A RESIDENTIAL

LOCATION TO MAINTAIN COMPETITIVE ADVANTAGE, LAND VALUE DOES PLAY A

ROLE IN HIS ULTIMATE DECISIONs 1IN 1939, HOMER HOYT, WITH THE ASSIST-
ANCE OF THE UNITED STATES FEDERAL HOUSING ADMINISTRATION, CONDUCTED

PERHAPS THE MOST DETAILED STUDY INTO THE EFFECT OF LAND VALUE ON

RESIDENTIAL LOCATION»1 THE REPORT LISTS EIGHT COMMON ASPECTS OF HIGH

RENT RESIDENT AL AREAS.

1) HieH GRADE RESIDENT!AL GROWTH TENDS TO PROCEED FROM THE
GIVEN POINT OF QRIGIN, ALONG ESTABLISHED LINES OF TRAVEL
OR TOWARD ANOTHER EXISTING NUCLEUS OF BUILDINGS OR TRADE
CENTERS, '

2) THE ZONE OF HIGH RENT AREAS TENDS TO PROGRESS TOWARD
HIGH GROUND, WHICH 1S FREE FROM THE RISK OF FLOODS AND
TO SPREAD ALONG EAKE, BAY, RIVER AND OCEAN FRONTS, NOT
ALREADY USED BY INDUSTRY.

3) THEY TEND TO GROW TOWARD THE SECTION OF THE CITY WHICH
HAS FREE, OPEN COUNTRY BEYOND THE EDGES AND AWAY FROM
THE ""DEAD END ZONES", LIMITED BY NATURAL OR MAN—MADE
BARRIERS,

4) THE HIGHER PRICED RESIDENTIAL NEIGHBOURHOOD TENDS TO
GROW TOWARDS THE HOMES OF THE LEADERS OF THE COMMUNITY.

5) TRENDS OF MOVEMENT OF OFF ICE BUILDINGS, BANKS AND STORES,
PULL THE HIGHER PRICED RESIDENTIAL NEI1GHBOURHOOD I[N THE

1HOMER HoYT ET AL, THE STRUCTURE AND GROWTH OF RESIDENTIAL
NE1GHBOURHOODS IN AMERICAN CITIES. (WASHINGTON: UNITED STATES
FEDERAL HOUSING ADMINISTRATION, 1939), pp. 117-119,
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SAME DIRECTION,

6) HIGH GRADE RESIDENTIAL AREAS TEND TO DEVELOP ALONG
THE FASTEST EXISTING TRANSPORTATION LINES,

7) THE GROWTH OF HIGH RENT NEIGHBOURHOODS GONTINUES
IN THE SAME DIRECTION FOR A LONG PERIOD OF TIME.

8) DELUXE HIGH RENT APARTMENT AREAS TEND TO BE
ESTABLISHED NEAR THE BUSINESS CENTER I[N OLD
RESIDENTIAL AREAS.
HOYT FURTHER SUBDIVIDED THE RESIDENTIAL PATTERN INTO HIGH,
MEDIUM AND LOW-RENT AREAS, THE HIGHEST QUALITY LAND COMMANDS THE
HIGHEST VALUE AND HENCE PREEMPTS THE MOST DESIRABLE RESIDENTIAL LAND
INTERMEDIATE RENTAL GROUPS TEND TO OCCUPY THE SECTORS IN EACH CITY
THAT ARE ADJACENT TO THE HIGH RENT AREAS. L.OW INCOME GROUPS MOVE
OUTWARD FROM THE CENTER OF THE CITY AND TEND TO RELOCATE IN AREAS
1

VACATED BY THE MIDDLE INCOME GROUPS,

OF COURSE THESE FENDINGS, RELATING LAND VALUE TO RESIDENTI{AL

LOCATION DO NOT APPLY EQUALLY TO ALL CITIES, SINCE CERTAIN IRREGULARITIES

SUCH AS LAND SPECULATION AND INDIVIDUAL AS WELL AS REGIONAL CONSIDERA-
TiONy MAY APPRECIABLY ALTER SOME CONDITIONS, HOWEVER HOYTYS FINDINGS
ARE BASED ON EXTENSIVE DATA, AND DO REPRESENT THE PATTERN QUITE

ACCURATELY, GIVEN THE COMPLEXITY OF THE TOPi{C.

1THE RATE OF CONSTRUCTION IN GOVERNMENT SUBSIDIZED, LOW INCOME
HOUSING HAS OFFSET THIS NATURAL PATTERN CONSIDERABLY., THOUGH LAND
VALUE PLAYS A SIGNIFICANT ROLE IN THE LOCATION OF PUBLIC HOUSING, A
CENTRAL LOCATION IN DETERIORATED NE1GHBOURHOODS, BECAUSE OF ECONOMIC
LAND SUITABILITY FOR OTHER HIGH DENSITY USES, IS NOT CONSIDERED IDEAL
FOR THIS TYPE OF RESIDENTIAL ACCOMMODATION,
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F) THE EFFECT OF INCOME ON HOUSING LOCATION

S0 FAR EXISTING RESIDENTIAL LOCATION HAS BEEN ASSESSED IN
TERMS OF LAND VALUE, VIEWING THE SITUATION IN THIS WAY WOULD TEND TO

UNDERPLAY THE INDIVIDUALYS ROLE IN THE CHOICE OF HOUSING. |NDEED

WITHOUT LOOKING AT THE [NDIVIDUAL WHO PURCHASES THE HOUSE, ALL DIS—-
CUSSION RELATED TO THE EFFECT OF LAND VALUE WOULD BE [IRRELEVANT T0
THE STUDY.

RECALLING THE ALONSO "CONE" OF URBAN LAND VALUE FROM THE LAST

SECTION, A PRICING FUNCTION P(T) WAS OBTAINED WHICH DECREASED ALMOST
EXPONENTIALLY AT TIME—DISTANCé T, FROM A PEAK VALUE AT THE. CENTER OF
THE CITY. ALONSO ELABORATED CONSIDERABLY ON THIS SiIMPLISTIC MODEL BY
INTRODUCING INCOME AS THE DEPENDENT VARLABLE IN THE RESIDENT!AL
LOCATION JUNCTIONo

IF Q 1S THE QUANTITY OF LAND DESIRED BY A CONSUMER, THEN
P(T)*q Is THE TOTAL EXPENDITURE ON LAND. FURTHERMORE COMMUTING COSTS
ARE A FUNCTION OF DISTANCE; THE FURTHER ONE TRAVELS, THE HIGHER THE
COST. THIS FUNCTION CAN BE REPRESENTED’BY THE TERM K‘(’T)o1 AssuMING

THAT EXPENDITURES ON GOODS AND SERVICES ARE |INDEPENDENT OF DISTANCE T

FROM THE CENTER, THEN IT FOLLOWS THAT IF Z UNITS ARE PURCHASED AT A
COST OF $PZ PER UNIT, THE THIRD TERM WOULD BE PzZ, GIVEN THAT AN
INDIVIDUAL HAS AN INCOME OF Y DOLLARS, FROM WHICH THERE ARE NO SAVINGS

OR INVESTMENTS, THEN IT FOLLOWS FROM ALL POSSIBILITIES OF SPENDING

TALTHOUGH K(T) HERE INCLUDES ALL COMMUTING COSTS, FOR THE
PURPOSE OF THIS STUDY IT MAY BE APPLIED TO WORK TRIPS. THIS ASSUMES
SHOPPING TRIPS ARE CLOSE TO HOME AND THAT DISTANCE IS NOT A FACTOR}
ALSO THAT OTHER TRIPS ARE SPORADIC AND INFREQUENT AND CAN BE NEGLECTED.
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MONEY THAT
24) Y =P(t) @ + K(T) + P,2Z
|T ALSO FOLLOWS THAT THE COST OF COMMUTING DEPENDS ON THE LOCATION AND
COST OF LAND, AS WELL AS THE INCOME OF THE INDIVIDUAL,

OPTIMIZING THE EQUATION WITH RESPECT TO T WE OBTAIN}
A Y=Q°( P(T) = o( K(T)] + o( PZ]
{DT= ko] + £ o]+ 4.

28) e A [P(Tﬂ + o [K(T;) =0
& &L

WHERE T = Tgo
AT DISTANCE T, WE HAVE THE MOST ECONOMICAL POINT OF LOCATION RELATING
COMMUT ING COSTS AND LAND VALUES FOR A GIVEN INCOME LEVEL.,

ON CLOSER OBSERVATION OF THE THEORY, SOME OBVIOUS DOUBTS ARISE
AS TO THE VALIDITY OF EQUATION 2A. As HOYT FOUND, HOUSING QUALITY 1S
NOT UNIFORMLY DISTRIBUTED THROUGHOUT THE CITY BUT RATHER IS A FUNCTION
OF NUMEROUS CHARACTERISTICSe, THESE CHARACTERISTICS IN TURN AFFECT THE
LAND VALUE TERM P(T), ALSO GIVEN A CERTAIN INCOME, AN INDIVIDUAL MAY
DETERMINE HIS "To'  POINT ACCORDING TO THE FORMULA, ONLY TO REALIZE
THAT THERE ARE NO SUITABLE HOUSES FOR HIM AT THIS LOCATION. THUS
HOUSING MAY BE SEEN AS A COMMODITY FOLLOWING THE RULES OF THE MARKET
PRINCIPLE, AS A COMMODITY IT MUST BE PRODUCED, DISTRIBUTED, FINANCED
AND PURCHASED, THE LOCATION FUNCTION 1S AS MUCH DEPENDENT ON THE WHIMS
OF THE DEVELOPER AND THE IMPORTANCE OF THE BUYER'S VOICE IN THE MARKET
PLACE AS IT IS ON INCOME AND DISTANCE., THIS POINT IS ESPECIALLY

SIGNIFICANT IN LIGHT OF THE FOLLOWING DISCUSSION,




R R B R R B R B B P B R R R B R R e i S e R PR S R P s

26

G) SociaL VARIABLES IN RESIDENTIAL PREFERENCE

THE NATURE OF HOUSING DEMAND
IN THE PREVIOUS SECTION THE SUPPLY-DEMAND NOTION OF HOUSING
WAS IMPLIED BUT NOT DEFINEDe. UNDERSTANDING THE ROLE OF THE BUYER
REQUIRES SOME KNOWLEDGE OF THE DEMAND FUNCT4ON. ACCORDING TO

0. Es NELSON.l DEMAND FOR HOUSING IS A FUNCTION OF FOUR BASIC ELEMENTS.

D=F (P, T, PR, I)

WHERE - P = POPULATION CHARACTERISTICS
T = TASTE
PR= PRICE
1 = iINCOME

ALTHOUGH ALL FOUR ELEMENTS ARE COMPLEXLY INTER~RELATED, AND SHOULD
ALLSO BE VIEWED AS SOCIAL VARIABLES FOR THE PURPOSE OF THIS DISCUSSION

ONLY THE FIRST TWO Wikl BE CONSIDERED.

DEMAND AND POPUL.ATION CHARACTERISTICS

DIFFERENT GROUPS OF PEOPLE ARE ATTRACTED BY DIFFERENT HOUSING
AMENITIES. THE BACHELOR EXECUTIVE'S GENERAL PREFERENCE FOR AN
EXPENSIVE APARTMENT DIFFERS FROM THE MIDDLE INCOME FAMILY'S DESIRE
FOR THE HOMOGENEITY AND STABILITY OF THE NEIGHBOURHOOD UNIT:,»2 AND THE

SINGLE FAMILY DWELLING: THIS CONDIT4ON FURTHER LIMITS FLEXIBILITY OF

10, E, NELsON, THE EcoNOMICS OF HOUSINGo A LECTURE PRESENTED
TO THE ScHOOL OF PLANNING, UNIVERSITY OF MANITOBA, JANUARY 14, 1971,

2FOR AN ILLUMINATING INSIGHT INTO THE CONCEPT OF THE NE | GHBOUR~
HOOD UNIT REFER TO, SUZANNE KELLER, THE URBAN NEIGHBOURHOOD (A
SOC10LOGHCAL PERSPECTIVE, NEW YORK: RANDOM House, 1968), pp, 87-147,

e S
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LLOCATIONe THE HOME BUYER AND TO A LESSER EXTENT THE APARTMENT TENANT
MUST BALANCE THE AMENITIES OFFERED BY A CERTAIN LOCATION AGAINST THE
INHERENT DISADVANTAGES OF EXCESS TRAVEL TIME TO WORKe A POINT OF

COMPROMISE MUST BE FOUND BASED NOT ONLY ON INCOME BUT ALSO ON THE

INDIVIDUAL BUYER AND/OR HIS FAMILY NEEDS, TO THE BACHELOR PROXIMITY
TO A SCHOOL MAY BE IRRELEVANT TO THE FAMILY THIS ELEMENT MAY DICTATE

WHETHER OR NOT THIS LOCATION IS SUITABLE,

DEMAND AND TASTE

WHEREAS POPULATION CHARACTERISTICS ARE REFLECTED IN THE
PHYSICAL CHARACTERISTICS OF HOUSING (EG. NUMBER OF BEDROOMS, PROXIMITY
TO SCHOOL, ETCo) TASTE IS A MORE INTANGIBLE VARIABLE, THE BACHELOR
EXECUTIVE MAY HAVE THE SAME LEVEL OF TASTE AS THE MIDDLE=-INGCOME FAMILY,
BUT HIS SPECIAL NEEDS REQUIRE bIFFERENT HOUS NG,

IN TERMS OF LOCATION, THEN, GIVEN THAT A.HOME SATISF IES THE
PERSONAL OR FAMILY NEEDS OF THE BUYER, WILL THIS BUYER LOWER HIS TASTE
IN ORDER TO BE CLOSER TO WORK OR WILL HE PREFER TO TRAVEL FURfHER?
SOME RESEARCHERS BELIEVE THAT THE QUALITY OF HOUSING AS REFLECTED BY

TASTE, LOCAL INTRINSIC CONVENIENCE AS REFLECTED BY PERSONAL OR GROUP

NEEDS AND SOCIAL CLIMATE ARE MORE IMPORTANT IN THE LOCATION OF A HOME
THAN THE INCONVENIENCE OF THE JOURNEY TO WORK. OTHER RESEARCHERS
CONTEND THAT THE JOURNEY TO WORK IS A SIGNIFICANT VARIABLE IN THE

SELECTION OF A RESIDENTIAL SITE, ESPECIALLY FOR SETTING AN OUTSIDE

LIMIT TO THE DISTANCE BETWEEN HOME AND WORK.1 THE "PRINCIPLE OF LEAST

EFFORT! PROPOSED BY ZILF, AND THE MINIMIZATION OF WORK TRIP LENGTH, AS

THowarD LAPIN, STRUCTURING THE JOURNEY TO WORK. (PHILADELPHIA:
UNIVERSITY OF PENNSYLVANIA PREss, 1964), P, 152,




R R B B R B R e R R R R R S P e R R S o o R e R R e e il

SR B R B SR

28

1

INVESTiGATED BY CARROLL, ~STILL APPEARS VALID, HOWEVER, DEPENDING ON

INCOME LEVELS AND ASPIRATIONS IT IS MODERATED TO SOME EXTENT BY INTER-

VENING FACTORS SUCH AS TASTE AND ITS CLOSE RELATIVE - STATUS.2

THE STATUS OF HOUSING
ALTHOUGH HOUSING IS IN PART A COMMODITY IT IS ALSO A STATUS
SYMBOL, AS SUCH IT TENDS TO DISCOURAGE INDIVIDUALS FROM SELECTING AN
OPTIMUM LOCATION POINT SOLELY ON THE BASIS OF INCOME AND DISTANCE

VARIABLESs COLLISON FOUND THAT CLERKS AND SHOP ASSISTANTS TENDED TO

HAVE BETTER ACCOMMODATION THAN SKILLED MANUAL WORKERS DESPITE SIMILAR
INCOME LEVELS.3 OTHER STUDIES HAVE ALSO SHOWN THIS CORRESPONDENCE OF
HOUSING QUALITY TO SOCIAL STATUS.4

STATUS CONSIDERATIONS EMPHASIZE THE SOCIAL HOMOGENEITY OF THE
NEIGHBOURHOOD UNIT, MOST WRITERS HAVE FOUND THAT CLASS DIFFERENCES
ARE UNPOPULAR, ESPECIALLY BETWEEN SIDE NEIGHBOURS., THE MOST

INFLUENTIAL ASPECTS OF SOCIAL CLASS APPEAR TO BE OCCUPATION AND

ECONOMIC STATUSo TYPE OF OCCUPATION AND VISIBLE MATERIAL PROSPERITY

IINFLUENCED BY THE ZiPF CONCEPT OF MINIMIZATION OF ENERGY IN
TRAVEL, CARROLL SOUGHT TO SHOW THAT "ANY CHANGE IN WORKERS RESIDENTIAL
LOCATION WILL BE IN THE DIRECTION OF REDUCING WORK TRAVEL DISTANCE",
CARROLL PRESENTS THIS IDEA IN TWO WORKS HUMAN BEHAVIOR AND THE
PRINCIPLE OF LEAST EFFORT. (CAMBRIDGE: ADDISON-WESLEY Press, 1949,
AND MTHE HYPOTHESIS OF THE MINIMUM EQUATION AS A SYNTHESIS," AMERICAN
SocioLoGicaL REVIEW X11 (DEcemBer, 1947),

°For A BRIEF DISCUSSION OF THE STATUS VALUE ASSOCIATED WITH
HOUSING SEE: RACHEL ALTERMAN, "INTERVENTION OF VALUES IN THE PLANNING
ProcEss" (UNPUBLISHED MASTER'S THESIS, THE UNIVERSITY OF ManiTOBA,
WinngPEG, 1970), PP, 199-200,

3R. No MORRIS AND JOHN MoGEY, THE S0C10LOGY OF HOUSING
(LonpboN: ROUTLEDGE & KEGAN PauL, 1965), p. 123,

*FOR A LIST OF REFERENGES GCONCERNING THE FACTORS INFLUENCING
NE | GHBOURHOOD BEHAVIOR SEE: |BID., PPo 123-124 aAnp PP, 187-190,
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ARE PERHAPS THE MOST IMPORTANT SINGLE INDICES OF SOCIAL CLASSe
SIMILARLY, IN LIFE CHANCES HAVE OFTEN BEEN SHOWN TO INCREASE NE&GH—
BOURLINESSe SUCH FAMILIES FEEL THEY ARE MALL IN THE SAME BOAT"o1

CARRYING THIS IDEA ONE STEP FURTHER, KNOWLEDGE OF THE OCCUPATIONAL

MAKE-UP OF AN AREA MAY PERMIT A RESEARCHER TO ASSIGN CERTAIN SOCIAL
{NDICES TO THIS AREA, WHICH DESCRIBES THE AREA'S ATTRACTION OR RE-—

PULSION FOR PERSPECTIVE RESIDENTS.

H) THE Work TriP

"PATTERNS OF TRAVEL IN A CITY ARE AFFECTED BY AND IN TURN
HELP TO FORM THE CITYYS STRUCTURAL CHARACTERISTICS",2 THE INDIVIDUALTS
DECISION ON HIS RESIDENTIAL LOCATION AND WORK PLACE REPRESENT STRONG
CITY-FORMING FORCESe. AT ANY POINT N TIME, HOWEVER, THE ESTABLISHED
PHYSICAL URBAN STRUCTURE, ALSO CONDITIONS THE LOCATIONS OF TRIP ENDS,
TRIP LENGTHS, THE MODES AND OTHER ELEMENTS OF TRIPS MADE BY THE
INDIVIDUALs THIS CAUSE~EFFECT RELATIONSHIP IS AN IMPORTANT ASPECT OF
INTRAURBAN LOCATION THEORY.

S0 FAR THE DISCUSSION HAS FOCUSED ON THE PATTERN OF

INDUSTRIAL~RESIDENTIAL. LAND USE IN THE CITY AND THE MAJOR CONDITIONS

WHICH GOVERN THIS PATTERNe EXCEPT FOR A BRIEF HISTORICAL SKETCH, THE
ANALYS IS HAS CONCENTRATED ON THE ORIGIN AND THE DESTINATION POINTS OF

THE WORK TRIP, WITHOUT CONSIDERING THE LINKS BETWEEN THEM. DESPITE

1MorRRIS, OP. CiTe, PP, 122-124,

——

2LAPIN, OPo CITo, Pe 101,
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THIS APPARENT OMISSION THE STUDY HAS UNDERLINED.THE FIRST TWO OF THE
THREE BASIC ASSUMPTIONS COMPRISING THE TRIP=MAKING l'-'UNCTIONa.I

1) THE LAND USE PATTERN AND DEVELOPMENT IN
THE STUDY AREA.

2) THE SOCIO~ECONOMIC CHARACTERISTICS OF THE
TRIP-MAK ING POPULATION,

3) THE NATURE, EXTENT AND CAPABILITIES OF THE
TRANSPORTATION SYSTEM IN THE STUDY AREA.

THE FIRST ASSUMED VARIABLE WAS STUDIED IN TERMS OF [INDUSTRIAL—

RESIDENTIAL LOCATION CRITERIA., THE SECOND ASSUMPTION WAS STUDIED FROM

A PURELY RESIDENTIAL POINT OF VIEWs AN ATTEMPT WAS MADE TO ANSWER THE
QUESTION OF WHY VARIOUS GROUPS OF PEOPLE LOCATE DIFFERENTLYe. |IN THIS
SECTION, THE DISCUSSION OF SOCIO—ECONOMIC POPULATION CHARACTERISTICS
WILL BE EXPANDED IN ORDER TO EXPLAIN THEIR RELATIONSHIP TO WORK TRIP
CHARACTERISTICS. THE THIRD FUNCTIONAL ASSUMPTION WILL BE DISCUSSED
HERE_SOLELY IN TERMS OF WORK TR!P CHARACTERISTICS AND NOT N TERMS OF
THE CAPACITY OF ANY INDIVIDUAL SYSTEM TO ACCOMMODATE THESE WORK
TRIPS.

WORK TRIP LENGTHS CAN BE MEASURED EITHER IN UNITS OF DURATION,
TIME OR MILES OF TRAVEL. THE CONSENSUS AMONG TRANSPORTATION PLANNERS

IS THAT VARIATIONS IN TIME HAVE SIGNIFICANTLY MORE EFFECT ON TRAVEL

BEHAVIOR THAN DISTANCE°2 THE DECISION TO CHOOSE A SPECIFIC ROUTE
IS BASED GENERALLY ON THE COMMUTERS! DESIRE TO "cuT DOWN" ON TRAVEL

TIME. A RECENT SURVEY OF RESIDENTS IN RURAL MANITOBA ASKED THIS

Mo Jo BRUTON, INTRODUCTION TO TRANSPORTATION PLANNING
(Lonpon: HuTcHiINsON TECHNICAL EpucaTion, 1970), Po 78,

2INFRA, PP. 42 AND 53,
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QUESTION.1

"How FAR WOULD YOU BE WILLING TO
TRAVEL FOR THE ABOVE SERVICES IF THEY WERE
AVAILABLE IN ONE PLACET"

IT WAS FOUND THAT THE RESPONDENTS INVAR{ABLY EXPRESSED
DISTANCE IN TERMS OF TIME USUALLY TO THE NEAREST FIVE MINUTES FOR
CLOSE DESTINATIONS AND TO THE QUARTER HOUR FOR MORE DISTANT
DEéTINATIONS.

LENGTH OF WORK TRIP IS FOUND TO VARY WITH THE SI1ZE OF THE
CITY AND THE LOCATION OF WORKERS'Y RESIDENCES WITHIN THAT CITYoZ THis
OF COURSE 1S RELATED TO THE DENSITY OF DEVELOPMENT, TIME OF TRAVEL
AND THE EFFECT OF THESE FACTORS ON THE PROPENSITY TO TRAVEL. LAPIN
FOUND THAT COMMUTERS LIVING AND WORKING IN OUTLY®TNG AREAS OF THE CITY
TEND TO TRAVEL FURTHER THAN THEIR INNER CITY COUNTERPARTS.S ‘CONGESTION
CAUSED BY DENSITY OF DEVELOPMENT CLOSE TO THE URBAN CORE RESULTS IN
COMMUTERS SEEKING OTHER LESS CONGESTED ROUTESs LACKING ALTERNATIVES,’
DELAY MAY PERSUAADE TRAVELLERS TO CANCEL THEIR TRIPS ALL TOGETHERj; OR
FORCE THEM TO SEEK OTHER JOBS OR RESIDENCES,

THE PREVIOUS SECTION DESCRIBED A MATHEMATICAL RELATIONSHIP

BETWEEN INCOME AND TRAVEL TIMEs THERE 1S AN APPARENT CONTRADICTION

BETWEEN THIS RESULT AND THE FINDINGS OF THE PHILADELPHIA STANDARD

1CARVALHO-PAGE GrOuP, REGIONAL ANALYSIS PROGRAM, QUESTIONNAIRE
SURVEY, JUNE 8, 1971, THE WRITER WAS DIRECTLY INVOLVED WITH THE STUDY
GROUP WHICH CONDUCTED THE SURVEY. THIS FINDING WAS SUBSTANTIATED BY
THE OPINION OF OTHER MEMBERS OF THE GROUP AND (N NO WAY MUST BE REGARDED
AS A STATISTICAL FINDING OF THE STUDY.

2LAPIN, OPo CiTa, Po 112,

3!3109, Po 113,
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METRO AREA STUDY WHICH FOUND THAT SHORTER WORK TRIPS ARE THE
PRIVILEGES OF THE LOW AND RELATIVELY HIGH INCOME GROUPS, THE LONGEST
TR1PS (33 MINUTES) WERE MADE BY HEADS OF HOUSEHOLD IN THE $7,000 -
8,000 ANNUAL INCOME éRoup° THE GREATER THE DIFFERENCE IN INCOME
EITHER ABOVE OR BELOW,THIS AMOUNT, THE SHORTER THE NUMBER OF MINUTES
OF THE MEDIAN TR{P:‘

ALONSOTS INCOME FORMULA, AS WELL AS THE LIMITED AMOUNT OF
SUITABLE HOUSING FOR HIGH INCOME INDIVIDUALS, WOULD SEEM TO;ﬁENY THE
RESULTS OF THE PHILADELPHIA STUDY. THE CONTRADICTION HOWEVER, IS ONLY
AN APPARENT ONEs THE ALONSO FUNGCTION APPLIES TO ALL TR@PS; AdD THE
INFLEXIBILITY OF HIGH INCOME GROUP N RESIDENT!AL LOCATION APPLIES
ESSENTIALLY TO HOME OWNERSHIP. [NSTEAD THE PHILADELPHIA STUDY INCLUDES
ONLY WORK TRIPS CONSISTING OF A SIGNIFICANT PERCENTAGE OF BUSINESS AND
COMMERCIAL, AS WELL AS INDUSTRIAL WORK TRIPS. SINCE OFF#CE AND RETAIL
ACTIVITIES ARE LOCATED IN THE CENTRAL CITY ADJACENT TO EXPENSIVE
APARTMENTS THE SHORTER WORK TRIPS FOR THE WEALTHY CAN BE EXPLAINED BY NOTING
THAT A FAIR NUMBER OF THESE TRIPS HAVE BOTH ORIGIN AND DESTINAT1ON
POINT IN THE CORE AREA OF THE CITY.

WHAT EFFECT DOES THE SEX OF THE COMMUTER HAVE ON THE LENGTH
OF WORK TRIP? F, KAIN OF THE RAND CORPORATION PROPOSED THAT THE
TRAVEL PATTERNS OF WOMEN WORKERS DIFFERED FROM THOSE OFvﬁEN. He rFounp
THAT IN GENERAL WOMEN WERE MUCH LESS WILLING THAN MEN TO WORK AT GREAT

DISTANCES FROM HOME 92

Yg8i0., PPo 49-50

2CoLIN CLARK AND Go He PETERS, "THE VINTERVENING OPPORTUNITIES?
METHOD OF ANALYSIsS," TRAFFIC QUARTERLY, VoL. X1X, No. 1 (JANuARY, 1965),
Po 1070

R T R s
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SCHNORE STUDIED SIX PLANTS IN FLINT, MicHIGAN, AND CAME UP WITH
SIMILAR CONCLUSIONS.‘l THE RESULTS OF THESE STUDIES HAVE 0BVIOUS
LOCATIONAL RAMIFICATIONS, WHAT INFLUENCE DOES THE WOMANYS EARNING
ABILITY HAVE ON THE TOTAL HOUSEHOLD? |S THE WOMAN A PRINCIPAL WAGE
EARNER, OR IS SHE A SUBSIDIARY EARNER. WHICH MEMBER OF THE HOUSEHOL.D,
ULTIMATELY DECIDES ON A HOME LOCATION? IN VIEW OF THE NUMBER OF WOMEN
PRESENTLY IN THE LABOUR FORCE, AND THEIR PREDOMINANCE iN THE CLERICAL
OCCUPATION GROUP, THE BREAKUP OF WORK TRIPS INTO MALE AND FEMALE,
PRINCIPAL AND SUBSIDIARY WAGE EARNER MAY BRING OUT INTERESTING DIS-
CREPANCIES IN EXISTHNG WORK TRIP PREDICTION MODELS,

IF WE LOOK AT THE NATURE OF THE WORK TRIP AS DISTINCT FROM
OTHER TYPES OF TRIPS, SOME PECUFIAR CHARACTERISTICS BASED ON COMMUTER
BEHAVIOR ARE NOTED, INVARIABLY THE WORK TRIP {S HOME BASED., THE
ORIGIN POINT IS THUS RELATED TO ALL THE VARIABLES AFFECTING RESIDENTIAL'
LOCATIONo2 UNLIKE OTHER TYPES OF TRIPS, WORK TRIPS PLACE A HEAVY LOAD
ON THE TRANSPORTATION SYSTEM, BECAUSE OF THE GREAT NUMBER OF PERSON AND
VEHICLE TRIPS MADE WITHIN A LIMITED TIME PERIOD OF THE DAYo3 GENERALLY
THE WORK TRIP REACHES A PEAK VOLUME AT ABOUT 9 A.Me ON AN AVERAGE WEEK

DAYe THE PREDOMINANCE OF VEHICLE TRIPS WITHIN THE OVERALL WORK TRIP

1LAPlN, OPo CiTe, PPo 120-121,

2IN A STUDY TITLED, "THE STRUCTURE OF URBAN ACTIVITY LINKAGES
(Un1versiTy oF NORTH CAROLINA, 1966) G. C. HEMMENS EXPLORES THE
LINKAGES OF JOURNEYS AS OPPOSED TO SINGLE PURPOSE TRIPSe A SIGNIFI-
CANT FINDING FROM THIS STUDY WAS THAT INVARIABLY THE WORK JOURNEY
BEGAN AT HOME., HEMMENS ALSO DEFINES THE TRIP TO BE THE MOVEMENT OF A
MEDIUM FROM ONE POINT TO ANOTHER ONE WAY WHILE THE JOURNEY IS A SERIES
OF TRIPS BEGINN}NG AND ENDING AT A COMMON ORIGINo

STHE WINNIPEG AREA TRANSPORTATION STubY, VoL, 1, PPe 96~97,
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CATEGORY 1S HIGH COMPARED TO OTHER TRIP PURPOSES. WHILE PUBLIC
TRANSIT VEHICLES CARRY THEIR GREATEST LOAD DURING PERIODS OF WORK TRIP
DOMINANCE, AUTO OCCUPANCY FOR WORK TRIPS 1S LOWER THAN FOR ANY OTHER

PURPOSE. [N THE SAN FRANCI1SCO BAY AREA STUDY IT WAS FOUND THAT THE

AUTO OCCUPANCY FOR WORK TRIPS AVERAGED 1,5 PERSONS PER CAR, WHILE FOR
OTHER PURPOSES THE RATIO WAS 10901
WHAT EFFECT DOES THE WORK TRIP CHARACTERISTIC HAVE ON "MODAL

sPLIT"? ACCORDING TO BRUTON MODAL SPLIT MAY BE DEFINED AS:

"THE PROPORTIONATE DIVISION OF THE TOTAL
NUMBER OF PERSON TRIPS BETWEEN DIFFERENT
METHODS OR MODES OF TRAVEL. |T CAN BE
EXPRESSED NUMERTCALLY AS A FRACTION, RATIQ OR
PERCENTAGE OF THE TOTAL NUMBER OF TRIPS,"

3

E. Re WILSON™ IN A STUDY OF MODAL SPLIT DETAILS NUMEROUS REASONS WHY

PEOPLE CHOOSE PRIVATE AS OPPOSED TO PUBLIC TRANSPORTATION AND VICE
VERSA. GENERALLY, HOWEVER, THE MODE OF TRAVEL SELECTED BY AN
INDIVIDUAL IS A PERSONAL DECISION BASED ON THE INTERACTION OF FIVE
MAJOR FACTORs?
1) THE JOURNEY LENGTH: AS THE LENGTH OF THE JOURNEY
INCREASES FEWER PEOPLE ARE EXPECTED TO USE PUBLIC
TRANSPORT. BECAUSE AUTOMOBILES HAVE A HIGHER
OPERATNNG SPEED THAN BUSES, THE AUTOMOBILE HAS A

HIGHER MARGINAL VALUE OF TIME SAVED, AT GREATER
DISTANCES.

T aPIN, OPo CITo, Pe 67-69.

2
BRUTON, OPs CITo, Ps 150,

%, R. WILSON, JOURNEY TO WORK: MoODAL SPLIT. (LONDON:
MACLAREN AND Sons LTD., 1967), PP, 18-22,

4THE FIRST FOUR FACTORS WERE TAKEN FROM Mo Jo BRUTON, OPe ClTo,
PPo 152-5, THE FIFTH FACTOR WAS OBTAINED FROM A DISCUSSION ON THE
STATUS VALUE OF THE AUTOMOBILE IN ALTERMAN, OPo ClTo, PPo 213-216,
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2) TRIP PURPOSE: IT IS FOUND THAT HOME BASED
TRIPS GIVE RISE TO GREATER USE OF PUBLIC
TRANSPORT. THIS IS ESPECIALLY TRUE OF HOME
BASED WORK TRIPS TO THE CENTRAL AREA OF THE
CiTYe

3) InNcOME: THE USE OF AN AUTOMOBILE 1S DETERMINED
BY THE INDIVIDUALYS ABILITY TO PURCHASE AND
MAINTAIN THE VEHICLE,

4) DENSITY OF RESIDENTIAL DEVELOPMENT: AS THE
RESIDENTIAL DENSITY (OR EVEN TOTAL DEVELOPMENT
DENSITY) DECREASES SO DOES TRANSIT USE. THE
USE OF THE PRIVATE VEHICLE BECOMES VERY SIGNI-
FI1CANT OUTSIDE THE CITY NUCLEUS,

FINALLY

5) VALUES: THE CAR TO MANY PEOPLE SYMBOLIZES
PRTVACY, INDIVIDUALISM, PRIVATE OWNERSHIP,
POWER AND FREEDOMo, THE MOTIVATION OF HIGH
STATUS GROUPS TO USE PRIVATE TRANSPORTATION
IS AT TIMES BASED ON VALUES AND TRANSCENDS
BASIC THEORIES OF TIME AND COST.
BECAUSE THE MAJOR PURPOSE OF THIS STUDY IS THE DETERMINATION
OF A SPECIFIC LOCATION FUNCTION ONLY THE MAJOR ASPECTS OF WORK TRIPS
HAVE BEEN DISCUSSED HEREo. THE WORK TRIP, LIKE OTHER TRIPS IS SIMPLY
A LINK BETWEEN AN ORIGIN AND A DESTINATION POINTe FOR THIS STUDY THE
ORIGIN 1S THE WORKERYS RESIDENCE AND THE DESTINATION IS THE PROPOSED

INDUSTRIAL SITE. THE QUESTION NOW POSED IS: GIVEN ALL THE FACTORS

DISCUSSED IN THIS CHAPTER, WHAT CAN BE PREDICTED ABOUT THE VOLUME,

LENGTH AND ORIENTATION OF THIS LINK WITHIN THE CONTEXT OF AN ISOLATED

URBAN SYSTEMT

1) SynoPsis OF MAJOR VARIABLES

THE MAJOR VARIABLES INFLUENCING LOCATION THEORY, BOTH DIRECTLY

TReFer To: ThE WINNIPEG AREA TRANSPORTATION STUDY, OPo ClTo,
P P @ 36"“37 L]
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AND INDIRECTLY, ARE SUMMARIZED HERE., THEY ARE SIMPLY THOSE FINDINGS
FROM THE GENERAL INFORMATION BASE WHICH CAN CONTRIBUTE EFFECTIVELY TO
A GENERAL HYPOTHESIS ON INDUSTRIAL~RESIDENTIAL LOCATION PATTERN. THE
VARIABLES ARE AS FOLLOWS:
1) IN ORDER TO SIMPLIFY THE DISCUSSION "THE cITY" HAS BEEN

ABSTRACTED TO A LEVEL WHERE ALL CITIES MAY BE SAID TO EXPERIENCE THE

SAME CONDITIONS WITH EQUAL IMPACTo. IN FACT, THIS 1S NOT ALWAYS TRUE SINCE

LOCATIONAL VARIABLES ARE INFLUENCED BY THE EXISTING NATURE, INTENSITY
AND EXTENT OF DEVELOPMENT IN A SPECIFIC CITY, AS WELL AS THE cITY's
PLACE IN THE REGION,

2) ALTHOUGH FOR DISCUSSION PURPOSES VARIABLES HAVE TENDED TO
REMAIN ISOLATED THEIR LOCATIONAL INFLUENCE IS A FUNCTION OF THEIR
INTER-RELATIONSHIP OVER TIMEo LAND VALUE AFFECTS INDUSTRIAL DEMAND
FOR URBAN PERIPHERAL LAND., THIS DEMAND IS ACCELERATED BY INDUSTRIAL
REQUIREMENTS FOSTERED BY TECHNOLOGGCAL ADVANCES, ETCs

3) SPECIFIC INDUSTRAAL TYPES MODIFY OR STRENGHTEN THE EFFECT
OF THE VARIABLES, NOT ALL FIRMS EXPERIENCE THE SAME CONDITIONS.

4) HISTORY HAS PLAYED AND CONTINUES TO PLAY AN IMPORTANT ROLE
IN EXPLAINING THE LOCATION OF INDUSTRIAL AND RESIDENTIAL LAND USES.

5) FOR MOST FIRMS, NEW DEVELOPMENTS IN INDUSTRIAL PRODUCTION
TECHNOLOGY, HAVE CAUSED THE OBSOLESCENCE OF THE OLD CENTRAL CITY
INDUSTRIAL DISTR®CT AND HAVE NECESSITATED THE REQUIREMENTS FOR LARGE
TRACTS OF RELATIVELY INEXPENSIVE LAND FOR SITE DEVELOPMENT AND
EXPANSION,

6) HIGH LAND VALUES HAVE INITIATED A FUNCTIONAL CHANGE FOR
THE CITY'TS CENTRAL AREA., THIS CHANGE ENCOURAGES HIGH DENSITY DEVELOP-

MENT AND ACCELERATES INDUSTRIAL AND LOW-DENSITY RESIDENTIAL
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DECENTRALIZATIONo AT THE SAME TIME IT HAS BECOME GENERALLY A ZONE OF
HIGH RISE APARTMENTS, HOUSING RELATIVELY WEALTHY PEOPLE WHO ALSO WORK
IN THE CORE AREA.

7) THE INDIVIDUAL OR FAMILY CHO¥CE OF A HOME IS A FUNCTION

OF THE BUYERTs NEEDS, AS WELL AS THE ABILITY OF THE HOUSE AND LOCATION
TO FULFILL THESE NEEDS EFFECTIVELYo FURTHERMORE THESE NEEDS ARE RE-
LATED TO THE LEVEL OF SOCILAL IDENTITY IN A PARTICULAR RESIDENTI!AL AREA,

COMPROMISE BETWEEN INDIVIDUAL OR GROUP NEEDS AND THE COST OF PROPERTY

1S GOVERNED BY THE HOUSEHOLD INCOME,

8) SOCIAL STATUS, BASED USUALLY ON OCCUPATIONAL BREAKDOWN
PLAYS A SIGNIFICANT ROLE IN THE CHOICE OF HOUSING TYPE AND LOCAT!ONo
NE I GHBOURHOOD UNITS TEND TO BE SOCIALLY HOMOGENEOUS AND SEGREGATED IN
TERMS OF LAND USE. THESE CHARACTERISTICS DO NOT CHANGE APPREGCIABLY
IN THE SHORT TERMe

9) THE INDIVIDUALYS PROPENSITY TO TRAVEL IS A FUNCTION OF
TRIP PURPOSE, TIME IMPEDENCE, COMFORT AND COST AND IS FURTHER RELATED

TO HIS INCOME,
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CHAPTER 11!
SELECTED TRIP DISTRIBUTION MODELS
A} INTRODUCTION

MORE THAN THEORY IS REQUIRED IN ORDER TO UNDERSTAND URBAN
LOCATION PATTERNS, THIS IS ESPEblALLY TRUE IF THE RELEVANT FACTS ARE
DISCUSSED IN ISOLATION OF EACH OTHER., RECOGNIZING THIS NEED FOR
INTERRELATING AND SIMPLIFYING FACTS, RESEARCHERS OF URBAN TRANSPORTA-
TION, HAVE DEVELOPED SEVERAL MODELS OF ANALYSIS, THREE OF WHICH WILL
BE ASSESSED HERE. THESE THREE MODELS ARE GENERALLY BELIEVED TO BE THE
MOST FUNDAMENTAL IN TRIP ASSIGNMENTSe THEY ARE: THE GRAVITY MODEL,
THE METHOD OF SUCCESSIVE APPROXIMATION (THE FRATAR METHOD) AND THE
OPPORTUNITY MODEL (THE CeAsToSe METHOD AND THE TOMAZINES METHOD)o1

THE MODELS TREATED IN THIS CHAPTER APPLY TO THE OVERALL
SITUATION OF URBAN TRIP ASSIGNMENTS. THEREFORE UNLESS THE PRESENT
DISCUSSION REMAINS WITHIN THE FRAMEWORK OF BASIC IDEAS AND PRINCIPLES
BEHIND THESE MODELS, THERE IS A RISK OF GOING BEYOND THE SCOPE OF THE
STUDY. ESSENTIALLY THIS EXERCISE MOVES ONE STEP BEYOND THE DISCUSSION
OF RELEVANT ISOLATED VARIABLES TO THE LEVEL OF INTERRELATING AND
SIMPLIFYING THE FINDINGS OF CHAPTER ll. THIS MODEL ANALYSIS ESTAB-
LISHES A BASIS FOR FURTHER SIMPLIFICATION FOR THE HYPOTHESIS DERIVED

IN CHAPTER |V,

1C.A.T.S. STANDS FOR CHICAGO AREA TRANSPORTAT!ION STUDY.

38
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B) THE GRAVITY MoDEL

THE CONCEPT
ALTHOUGH THE GRAVITY MODEL IS FOUNDED ON THE LAWS OF
NEWTONIAN PHYSICS ITS EARLIEST APPLICATION TO HUMAN INTERACTION
RESULTED FROM THE WORK OF Ho Co CAREY WHO NOTED:
""MAN, THE MOLECULE OF SOCIETY, IS
THE SUBJECT OF SOCIAL SCIENCEs o o THE
GREAT LAW OF MOLECULAR GRAVITATION (1S) THE
INDISPENSABLE CONDITION OF THE EXISTENCE OF
THE BEING KNOWN AS MANo o o« THE GREATER THE
NUMBER COLLECTED IN A GIVEN SPACE, THE
GREATER IS THE ATTRACTION FORCE THAT IS THERE
EXERTEDo o o GRAVITATION IS HERE AS EVERY~
WHERE, IN THE DIRECT RATiH0O OF1THE MASS AND THE
INVERSE ONE OF THE DISTANCE,"
ESSENTIALLY THEN, WHEN AN INDYVIDUAL IS STUDIED AS A SMALL
ELEMENT OF A LARGER GROUP, HE IS SUBJECT TO EXTERNAL GROUP FORGCES -AND
ACTS WITH LITTLE INDEPENDENCE. HIS REACTION TO THESE FORCES IS WITH—-
IN THE REALM OF PREDICTION, THE TERM Y"MASS' REFERRED TO BY CAREY
COULD BE ANY VARIABLE OF ATTRACTION, SALES RECEIPTS, AIRLINE TECKETS,
VEHICLES OR PEOPLE. FOR EXAMPLE: SHOPPERS ARE ATTRACTED TO SHOPPING
PLACES; THE VARLABLES HERE ARE SHOPPERS AND SHOPPING PLACES. THE
NUMBER OF SHOPPERS IN DISTRICT A IS X PERSONS AND THE NUMBER ;OF SHOP-

PING PLACES IN DISTRICT B 1Is Y, IT CAN BE ASSUMED, BY THE GRAVITY

PRINCIPLE, THAT THE ATTRACTION OF SHOPPERS FROM A TO B 1S PROPORTIONAL

1GERALD A. Po CARROTHERS, "AN HISTOR4CAL REVIEW OF GRAVITY
AND POTENTIAL CONCEPTS OF HUMAN INTERACTION," JOURNAL OF THE
AMERICAN INSTITUTE OF PLANNERS, VoL. XXI1 No. 2 (Sprine, 1956),
Po 94. MOST OF THE HISTORICAL ASSESSMENT OF THE GRAVITY CONGEPT
1S BASED ON THIS BIBLIOGRAPHICAL REVIEW,
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TO THE PRODUCT X°Yo1 I'N EQUATION TERMS THIS ATTRACT}ON FORCE MAY BE

IDEALLY STATED AS

3A) | = K XaYs

WHERE K IS THE CONSTANT OF PROPORTIONALTTY
AND | THE FORCE OF INTERACTION.

CONTINUING THE ANALOGY, JUST AS THE GRAVITATIONAL PULL OF TwoO

MASSES DECREASES WITH THE DISTANCE BETWEEN THEM, SO DOES HUMAN INTER-

ACTIONe IN THE SHOPPER EXAMPLE, THE FURTHER DISTRICT A IS FROM B THE

LESS THE VOLUME OF SHOPPING TRAFFIC FROM A TO Bo |N EQUATION FORM:

38) | = K XAYB
Da-s

WHERE DA~B IS SOME MEASURE OF DISTANCE BETWEEN THE TWwoO
DISTRICTSs ALTHOUGH THIS SIMPLE FUNCTION HELPS EXPLAIN THE BASIC IDEA
BEHIND THE GRAVITY MODEL IT FAILS TO EXPLAIN THE ACTUAL INI;RACIIONo
THE CHALLENGE OF USING THE GRAVITY MODEL IS TO BE ABLE TO ACCURATELY
DESCRIBE THE HYPOTHESES BEHIND HUMAN INTERACTION. IN GENERAL THE
FORMULA EXPLAINING THE BASIC IDEA IS

3c) I = F_ (XA, XB)

F(p)

SUMMARIZING THE REASONING BEHIND THIS GENERAL HYPOTHES1S, CARROTHERS

STATES:2

1) To PRODUCE INTERACTION, INDIVIDUALS MUST BE IN
COMMUNICATION WITH ONE ANOTHER.

1UNLIKE THIS EXAMBLE, THE TERMS OF THE PRODUCT USUALLY HAVE
SIMILAR UNITS. IEs PEOPLE TIMES PEOPLE, ETCo

2|BID., Pa 9%,
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2) AN INDIVIDUAL AS A UNIT OF A LARGE GROUP, MAY BE
CONSIDERED TO GENERATE THE SAME 1NFLUENCE OF
INTERACTION AS ANY OTHER INDIVIDUAL.

3) THE PROBABLE FREQUENCY OF INTERACTION GENERATED
BY AN INDIVIDUAL AT A GIVEN LOCATION IS |NVERSELY
PROPORTIONAL TO THE DIFF ICULTY OF REACHING, OR
COMMUNGCATING WITH THAT LOCATIONo

4) THE FRICTION AGAINST THIS TRANSPORTATION OR
COMMUNICATION IS DIRECTLY PROPORTIONAL TO THE
INDIVIDUAL AND THE GIVEN LOCATION.

DEVELOPMENT OF THE CONCEPT
IN THE 1920's C. E, YOUNG,1 SUPPORTED AT THE SAME TIME BY

We Jo REILLY'S® WORK ON RETAIL TRADE AREAS, FIRST POSTULATED THAT

INTERACTION WAS DIRECTLY PROPORTIONAL TO ATTRACTION AT A DESTINATION
POINT AND INVERSELY PROPORTIONAL TO THE SQUARE OF THE LINEAL DISTANCE
BETWEEN THE ORIGIN AND DESTINATION POINT,

[N RECENT YEARS THE CONCEPT HAS BECOME MORE FORMAL AND GCOM—
PLEXe To R, ANDERSON3 FIRST EXPRESSED DOUBT ABOUT THE REL IANCE ON
THE SQUARE PROPORTH#ONALTTY FOR DISTANCE., HIS STUDIES LEAD HIM TO
CONCLUDE THAT THE EXPONENTIAL DEPENDED ON THE SIZE OF THE URBAN CENTER

OR AREA UNDER CONSIDERATION. HIS FORMULA WAS

30) 1IVy = K Py
Dru*

1C. Eo Youna, "THE MOVEMENT OF FARM POPULATION," |THiCA:
CORNELL AGRICULTURAL EXPERIMENT STATION, BULLETIN 4263 1924,

2w° Jo REILLY, THE LAW OF RETAIL GRAVITATION. (NEW YORK:
We Je REILLY CO., 1931),

3T, Re ANDERSON, "|NTERMETROPOLITAN MIGRATION: A COMPARISON
OF THE HYPOTHESIS OF ZILF AND STOUFFER," AMERICAN SOCi10LOGICAL REVIEW,
20:3 (Jury, 1956), pp, 287~291,
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WHERE  PJ = THE POPULATION AT DESTINATION POINT Je
(ATTRACTION FORCE)
DIy = LINEAR DISTANCE BETWEEN | AND J
AND & = SOME FUNCTION OF THE ATTRACTION FORCE AT Je E(= F(]/Pdﬂ

Jo Qo STEWART1 BEGAN TO DEVIATE FROM THE REGIMENTED MOLECULAR-
HUMAN BEHAVIORAL PREMISE OF THE EARLY MODELS, BY ASSERTANG THAT
POPULATION CHARACTERISTICS INFLUENCED THE DEGREE OF INTERACTION. His

FORMULA STATED

3e) Eitg = K UtPKI « UdPy
Dty

WHERE Ul = MOLECULAR WEIGHT OF AN INDIVIDUAL AT | BASED ON BEHAVIORAL
CHARACTERISTICS, SIMILARLY FOR UdJ,

THIS STATEMENT BRINGS UP THE CONCEPT OF "LIFE SPACEM; THE FACT THAT
CERTAIN INDIVIDUALS BECAUSE OF BACKGROUND INHABIT A LARGER SUBJECGTIVE
WORLD THAN OTHERSe THE INTERACTION POSSIBILITIES ARE ACCORDINGLY EN-
HANCED FOR THE INDIVIDUAL WITH SUCH AN EXTENDED LIFE SPACE. |N SHORT IF
AN INDIVIDUAL'S ONLY MEANS OF TRANSPORTATION WERE HIS LEGS, HIS WORLD
WOULD POSSIBLY EXTEND ABOUT AN HOUR'S WALKING DISTANCE FROM HOMEe. His

INTERACTION WOULD LIKEWISE BE LIMITED TO THIS RADIUS,

IN APPLYING THE GRAVITY PRINCIPLE TO TRAFFIC ANALYSIS, VOORHEES2

INTRODUCED ONE MORE REFINEMENT TO THE MODEL, BY EMPLOYING TIME RATHER

THAN LINEAL DISTANCE AS A MEASURE OF REPELLING FORCES,

L. Qe STEWART, "SOCIOMETRY," VoL, 11, 19483 anp
"GEOGRAPHICAL REVIEW", VoL, 37, 1947,

2ALAN VOORHEES, ""A GENERAL THEORY OF TRAFFIC MOVEMENT." THE
1955 PAsT PRESIDENTS AWARD PAPER, INSTITUTE OF TRAFFIC ENGINEERS, NEW
HAVEN, CONNECTICUT.
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HE ALSO SUGGESTED CLASSIFYING TRIPS, EMPLOYING THE GRAVITY

PRINCIPLE, BY PURPOSE, EGes SHOPPING AS SEPARATED FROM WORK TRIPS.

RECENT GRAVITY THEORY
RECENT STUDIES (N GRAVITY POTENTIAL THEORY SEEM TO REFLECT AN
UNCERTAINTY, WITH REGARD TO ONCE ACCEPTED CONSTANTS OF INTERACTION

THE LATEST MODELS ARE CHARACTERIZED BY A LACK OF THESE INTERACTION

CONSTANTS AND THE INTRODUCTION OF ADJUSTMENT FACTORS. AS A REPRESENTA-

TION OF TRIP ASSIGNMENTS THE PUGET SOUND TRANSPORTATION STUDY-l MODEL IS

INDICATFVE OF THIS SITUATIONs THE FORMULA STATES

3r) Tio = C Pt AJ Fiu Kiu
WHERE TIJ = TRIPS PRODUCED AT | AND ATTRACTED AT J
Pl = TOTAL TRIP PRODUCTION AT |

Ay = TOTAL TRIP ATTRACTION AT J

CAL IBRATION TERM FOR INTERCHANGE | -

Fiu

KiJ = SOCT0~ECONOMIC ADJUSTMENT FACTOR FOR INTERCHANGE I—J

I =1, 2, 3 ooe N WHERE 1 IS ALL ZONES IN AREA

C = CONSTANT OF PROPORTIONALITY

THE CALIBRATION TERM FidJ, ARRIVED AT ITERATIVELY, IS‘GENERALLY
FOUND TO BE AN INVERSE EXPONENTIAL FUNCTION OF IMREDANCE, USUALLY TRIP
TIME To |TS USAGE IS EXTENDED AND GENERAL {ZED BY USING A TABLE RATHER

THAN A FORMULA. |INDIVIDUAL VALUES ARE RELATED TO INCREMENTS OF TRIP

TIME. THE F~FACTOR CHOSEN FOR EACH INTERCHANGE IS THUS A FUNCTION OF

18urEAU OF PusLic RoaDs, UNITED STATES DEPARTMENT OF
TRANSPORTATION, URBAN TRANSPORTATION PLANNING, VoL, |V (WASHINGTONS
GOVERNMENT PRINTING OFFiceE, 1970), PP, 19-20,
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THE TRIP TIME FOR THAT INTERCHANGEa1

THE SOCIO~ECONOMIC ADJUSTMENT TERM, KiJ IS APPLIED DIRECTLY
TO THE INTERCHANGE 1Jo THIS FACTOR IS ONLY USED WHEN A FEW EXTREME

SOCIO0~ECONOMIC VARIATIONS CAN BE DISTHINGUISHED.

ONE CAN SEE THAT THE DEGREE OF DETAIL DEMANDED BY THE F anD K
> FACTORS RESTRICTS THE GENERALITY OF APPLICATION OF TH!S MODEL, INHERENT

IN THE EARLIER {.ESS REFINED ATTEMPTSe

ADVANTAGES AND DISADVANTAGES

ACCORDING TO BRUTON ONE OF THE MAJOR ADVANTAGES OF THE GRAVITY
MODEL IS THAT, "IT {S EASY TO UNDERSTAND AND USE"o2 IT WOULD APPEAR
THAT THIS STATEMENT DOES NOT TAKE ACCOUNT OF RECENT DEVELOPMENTS IN
GRAVITY THEORY. HOWEVER THE GRAVITY CONCEPT DOES RECOGNIZE THAT TRIP
PURPOSE 1S A MAJOR INFLUENCE IN DETERMINING TRAVEL PATTERNS AND
ACCOUNTS FOR THE COMPETITION BETWEEN DIFFERENT LAND USES,

A BASIC OPERATIONAL DIFFICULTY OF THE GRAVITY MODEL IS THAT A
CONSIDERABLE AMOUNT OF ADJUSTMENT AND MANIPULATION 1S REQUIRED TO
ACHIEVE SATISFACTORY RESULTSo. MUCH OF THIS ADJUSTMENT IS BASED ON THE
ASSUMPTION THAT TRAVEL FRICTION RATES FlJ, OR THE SOCIO—ECONOMIC

CONDITIONS REPRESENTED BY KIiJ WILL REMAIN CONSTANT UP TO SOME DESIGN

YEZAR.3 DEPENDING ON THE AREA UNDER OBSERVATION THIS ASSUMPTION MAY BE

INVALIDo

'ForR A DETAILED DISCUSSION OF HOW THE F~FACTOR IS GALIBRATED
SEE: 1BiDe, PP. 17-39

2BRUT0N, 0P, C1To, Po 112,

31BiDe, Po 112,
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THERE 1S OF COURSE A BASIC CONCEPTUAL ARGUMENT AGAINST GRAVITY
POTENTIAL MODELS, ALTHOUGH GRAVITY LAWS HOLD TRUE FOR THE PHYSICAL
CONDITIONS TO WHICH THEY WERE FIRST APPLIED, HUMAN INTERACTION MAY NOT
ADHERE TO THESE LAWS. |N EXPLAINING THIS DISADVANTAGE CARROTHERS
STATES:
My o o THE INDIVIDUAL HUMAN BEING CAN MAKE
DECISIONS WITH RESPECT TO HIS ACTIONS,WHILE
THE INDIVIDUAL MOLECULE (PRESUMABLY) CANNOT.
THIS DOES NOT IMPLY THAT INTERACTION OF
HUMANS IN LARGE NUMBERS CANNOT BE DESCRIBED
MATHEMAT I CALLY, BUT IT DOES MEAN THAT THE
THRESHOLD WHERE THE POWER OF INDIVIDUAL
DECISION~MAKING CRITICALLY AFFECTS THE RESULTS
MUST BE DETERMINED BEFORE THE CONCEPTS CAN BE
BROADLY APPLIED IN PRACTIGE." ]
IN ESSENCE THIS ARGUMENT APPLIES NOT ONLY TO GRAVITY CONCEPTS, BUT

ALSO TO ALL CONCEPTS WHICH ATTEMPT TO DESCRIBE HUMAN BEHAVIOR PATTERNS

MATHEMAT I CALLY,
C) THE FRATAR METHOD OF SUCCESSIVE APPROXIMATIONS®

THE CONCEPT
THE FRATAR METHOD 1S USED FOR ESTIMATING THE FUTURE DESIRED
MOVEMENTS OF TRAFFIC WITHOUT REGARD TO EXISTING ROUTES, ACCORDING TO
FRATAR, THE MODEL LENDS ITSELF MORE READILY TO ANALYSIS BY A METHOD OF

SUCCESSIVE APPROXIMATIONS THAN DOES THE PROCEDURE OF TRIP DISTRIBUTION

1CARROTHERS, OPe CiTao, Pa 99

2THE METHOD DESCRIBED HERE HAS BEEN APPLIED PREVIOUSLY TO OTHER
ENGINEERING PROBLEMS, EXAMPLES: WATER SUPPLY, SEWERAGE, IRRIGATION,
ETC. |N HYDRAULIC STUDIES IT IS BETTER KNOWN AS THE HARDY CROSS METHOD,.
THE FIRST APPLICATION OF SUCCESSIVE APPROXIMATION TO TRANSPORTATION WAS
UNDERTAKEN BY THOMAS Jo FRATAR, "VEHICULAR DISTRIBUTION BY SUCCESSIVE
APPROXIMATIONS," TRAFFIC QUARTERLY, VoL. VIll, No. 1 (JAanuarRY, 1954),
PP, 53-55,

e R 2 P P [
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ON COMPETITIVE ROUTES-1

THE METHOD FOR PREDICTING FUTURE INTERZONAL VOLUMES BY SUCCESSIVE

APPROXIMATIONS 1S BASED ON THE PREMISE THAT, IFf CHARACTER AND GROWTH
CONDITIONS OF A TRAFFIC ZONE ARE KNOWN, OR PREDICTABLE, THEN IT WOULD
BE POSSIBLE TO ESTIMATE WITH EQUAL DEPENDABILITY THE TOTAL TRIPS THAT
WILL BE MADE TO AND FROM EACH ZONE, AS WELL AS THE DISTRIBUTION OF
THESE TRIPS WITHIN THE ENTIRE URBAN ZONAL SYSTEM. "BY THIS METHOD,
THE ANTICIPATED TRAFFIC OF EACH ZONE IS ASSIGNED TO THE DESIRE LINES
OF THAT ZONE ACCORDING TO THE APPARENT RELATIVE IMPORTANCE OF EACH
DESIRE LINE"o2

THE BASIC PREREQUISITE OF THIS METHOD IS A THOROUGH ANALYS.AS
OF THE URBAN AREA ON A ZONAL OR DISTRICT SCALE., |F THE FOCUS IS ON'

WORK TRIP DISTRIBUTION BETWEEN TWO DISTRICTS, THEN EACH DISTRICT MUST

BE STUDIED TO DETERMINE THE NUMBER OF POSSIBLE JOB SITES EACH WiLL HAVE

AT SOME FUTURE DATE. QUESTIONS SIMILAR TO THE FOLLOWING MUST BE

ANSWERED FOR EACH DISTRICT, TO ARRIVE AT SOME EXPECTED FUTURE WORK TRIP

INTERCHANGE BETWEEN THEM, WHAT PERCENTAGE OF THE CITY'S OVERALL

INDUSTRIAL, COMMERCIAL, SERVICE AND BUSINESS ACTIVITIES WILL ESTABL ISH,

GROW OR DECLINE IN THESE DISTRICTS BURING THIS TIMET WHAT PERCENTAGE
OF THE WORK FORCE LIVES HERET |S AN INCREASE IN WORK FORCE EXPECTED
FOR THESE DISTRICTS? OF COURSE, IF THE SYSTEM WERE COMPOSED OF ONLY
TWO DISTRICTS iT WOULD BE RELATIVELY EASY TO KEEP TR!IP ASSIGNMENTS

BALANCED, IEe TRIPS IN = TRIP OUT, [N A LARGE URBAN SYSTEM WITH MANY

181D, PP. 54-65,

For A DISCUSSION OF "DESIRE LINES", SEE iBlDe, Po 54s:




R L e e s e e

R R R T R

47
DISTRICTS, SUCCESSIVE APPROXIMATION IS USED TO BALANCE THE SYSTEM.

THE METHOD 1S SIMPLY AN ITERATION PROCESS.

THE METHOD

ACCORDING TO FRATAR THE STEPS EMPLOYED IN THE METHOD ARE

AS FOLLOWS:1

"1, THE FIRST STEP 1S THE PREPARATION OF THE
TOTAL NUMBER OF AUTOMATIC TRIPS THAT CAN
BE EXPECTED TO ENTER AND LEAVE EACH TRAFFIC
ZONE OF THE AREA UNDER STUDY AT THE FUTURE
DATE FOR WHICH THE DISTRIBUTION 1S DESIRED,
THESE ESTIMATES MUST HAVE A POSSIBLE DIS—
TRIBUTION——NO ONE ZONE CAN HAVE MORE TRIPS
INTO AND OUT OF IT THAN EETER AND LEAVE ALL
THE OTHER ZONES COMBINED,

2, THE TOTAL TRIPS OF EACH ZONE ARE DISTRIBUTED
TO THE OTHER ZONES IN PROPORTION TO THE
ATTRACTIVENESS INDICATED BY EXISTING INTER=
ZONAL VOLUMES AND BY THE ANTICIPATED GROWTH
OF EACH OF THE OTHER ZONES.

3o THE DISTRIBUTION OF TRIPS FOR ALL ZONES WILL
PROBUCE TWO TENTATIVE VALUES FOR EACH INTER~-
ZONAL MOVEMENTe. THESE PAIRS OF TENTATIVE
VALUES ARE AVERAGED TO OBTAIN THE FIRST
APPROXIMATION OF THE INTERZONAL VOLUMES,

1lem,,, Pe 62,

2THESE ESTIMATIONS CAN BE MADE ON THE BASIS OF VARIOUS TRENDS
AND THE PROSPECTIVE CHANGES IN THE CHARACTERISTICS OF THE INDIVIDUAL
ZONESo FRATAR SUGGESTS TWO APPROACHES FOR DETERMINING THE GROWTH
FACTOR,
1) A SINGLE EXPANSION FACTOR IS APPLIED UNIFORMLY TO ALL
INTERZONAL MOVEMENTSe THIS APPROACH IS VERY INACCURATE
FOR ZONES WITH NUMEROUS ACTIVITIES AND MULTI—-PURPOSE TRIPS.
2) EACH ZONE 1S EXPANDED BY MULTIPLYING IT BY THE ARITHMETIC
OR GEOMETRIC MEAN OF THE FACTORS REPRESENTING THE PROBABLE
TRAFFIC GROWTH OF THE TWO ZONES INVOLVED IN THE MOVEMENT.
HERE THERE 1S AN OBVIOUS DISCREPANCY INTRODUCED BETWEEN
THE SUMMATION OF THE EXPANDED TRIPS TO AND FROM ANY ZONE
AND THE EXPECTED TRIPS FOR THAT ZONE.




O S i R Py

RN

48
4. FOR EACH ZONE, THE SUM OF THE FIRST APPROXI-
MATION VOLUMES IS DIVIDED INTO THE TOTAL
VOLUME DESIRED FOR THE ZONE TO OBTAIN FIRST
APPROXIMATION GROWTH FACTORS TO BE USED IN
THE COMPUTATIONS FOR THE SECOND APPROXIMATIONS.
5. THE ORIGINALLY ESTIMATED TRIPS FOR EACH ZONE
ARE AGAIN DISTRIBUTED TO INTERZONAL MOVEMENTS,
THESE NEW ASSIGNMENTS BEING IN PROPORTION TO
THE INTERZONAL VOLUMES AND GROWTH FACTORS
OBTAINED BY THE FIRST APPROXIMATIONe. THE PAIRS
OF TENTATIVE VOLUMES OBTAINED BY THIS DISTRIBU-
TION ARE AVERAGED AS BEFORE, AND THE PROCESS
REPEATED UNTIL THE DESTRED CONFORMITY 1S OBTAINED."
ADVANTAGES AND DISADVANTAGES
THE MAIN ADVANTAGE OF THIS METHOD IS ITS FLEXIBILITY IN
ATTEMPTING TO DETERMINE THE GROWTH RATES OF THE ZONAL TRIPS. FEACH
AREA IS ASSESSED INDIVIDUALLY AND A SOCIO-ECONOMIC GROWTH RATE
SIMILAR (BUT MORE INVOLVED) To K(T) IN THE GRAVITY MODEL IS OBTAINED.
THiIS FACTOR INFLUENCES THE NUMBER OF EXPECTED TRI{PS IN AND OUT OF A
SPECIFIC ZONEo USE OF THIS METHOD ALLOWS MAXIMUM LEEWAY IN ASSIGNING
CERTAIN ACTIVITY PRIORITIES WITHIN GIVEN AREAS, THEREFORE THE ASSIGN=-
MENT OF ACTIVITIES MUST REFLECT THE GENERAL TRENDS IN URBAN STRUCTURE.
|F THE TREND FOR INDUSTRY 1S DECENTRAL!ZATION AND THE MAJORITY OF
WORKERS' RESIDENCES REMAIN OUTSIDE THE CENTRAL URBAN AREA, THEN IT
CAN BE ASSUMED THAT THE INDUSTRIAL WORK TR!PS FROM THE SUBURBS TO THE
CENTRAL CITY Wil DECREASE IN THE FUTURE AND INTERZONAL TRIPS IN THE
SUBURBS WILL INCREASE,.
THERE ARE TWO MAJOR DISADVANTAGES TO THIS METHOD. IT is
DIFFICULT TO DETERMINE ACCURATELY THE RATES OF GROWTH WITHIN EACH ZONE

AND TO EXPRESS THIS GROWTH IN TERMS OF INTERZONAL TRIPS. CHAPTER ||

INDICATED THAT INDUSTRIAL (AS WELL AS RES!DENTIAL) LOCATION 1S DEPEN-
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DENT ON A MULTIPLICITY OF INTERRELATED VARIABLES, EACH CHANGING IN
INFLUENCE OVER TIME AND SPACE, FOR EXAMPLE: MOVING OUT FURTHER FROM
THE CENTRAL AREA, INDUSTRY'S DEMAND FOR STILL LESS EXPENSIVE LAND IS

NEUTRAL 1 ZED BY COUNTER VARIABLES SUCH AS DISTANCE FROM A CENTRAL

MARKET PLACE ETCe. ALL THESE ASPECTS MUST BE CONSIDERED IF THE GROWTH
FACTOR 1S TO HAVE ANY MEANINGe. ALSO THIS METHOD DOES NOT ACCOUNT FOR

DISTANCE OR TRAVEL TIME. |T SEEMS REASONABLE TO ASSUME THAT TRIPS WILL

DISTRIBUTE THEMSELVES BY PURPOSE N ORDER TO LESSEN TRAVEL IMPEDANCE,

THE VALUE OF THE FRATAR METHOD FOR THE PURPOSE OF THIS STuby,

IS NOT SO MUCH BASED ON ITS ABILITY TO DISTRIBUTE FUTURE TR#PS BUT
RATHER FOR TWS CAPACITY TO BE INTEGRATED WITH SOME OTHER MODEL FOR THE

PURPOSE OF ADJUSTMENT01

D) THE OPPORTUNITY MODELSZ

BASED ON THE THEORY OF PROBABILITY THERE ARE TWO BASIC
TOPPORTUNITY" METHODS WHICH ARE DISCUSSED HERE. 1) THE INTERVENING
OPPORTUNITY MODEL (HENCEFORTH ALSO CALLED THE CoAoToSe METHOD) AND

2) THE COMPETING OPPORTUNITY MODEL (ALSO CALLED THE TOMAZINIS METHOD) o

THE CONCEPT OF INTERVENING OPPORTUNITIES

ALTHOUGH THE INTERVENING OPPORTUNITY MODEL RECEIVED ITS

GREATEST RECOGNITION IN THE CHICAGO AREA TRANSPORTATION STUDY (CoAcToS.),

1THE TOMAZINIS METHOD DISCUSSED LATER USES SUCCESSIVE
APPROXIMATIONS IN THIS WAY,.

2THE OPPORTUNITY MODEL, LIKE THE GRAVITY MODEL PRESENTED
EARLIER DOES HAVE A PHYSICAL ANALOGY, THE PHYSICAL LAW CONCERNS THE
PRINCIPLES GOVERNING THE DISTRIBUTION OF LENGTHS OF PATHS OF MOLECULES

IN A GASs CLARK, OPo ClTa, PP. 105-106,
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1T OWES ITS EARLIEST SOCHO—SCIENTIFIC ORIGIN TO STOUFFLER'YS WORK IN
POPULATION MIGRATIONo1 IN AN ATTEMPT TO REPUDIATE, IN PART, THE BASIC
IDEA BEHIND THE GRAVITY METHOD, STOUFFER SUGGESTED THAT THERE WAS NO

NECESSARY RELATIONSHIP BETWEEN DISTANCE AND MOBILITY BUT THAT "THE

NUMBER OF PERSONS GOING A GIVEN DISTANCE WAS A DIRECT PROPORTION OF
THE NUMBER OF OPPORTUNITIES AT THAT DISTANCE AND NVERSELY PROPORT t ON—

AL TO THE NUMBER OF INTERVENING OR COMPETING OPPORTUNITIESo"2

THE CoAoToSe METHOD USES THE PREMISE THAT TRIP PATTERNS ARE NOT

ACCIDENTAL BUT RATHER FORM AN ORDERLY PREDICTABLE PATTERN. THIS PAT~

TERN IS AFFECTED BY TWO CONTRAVENING FORCES, A REPELLING FORCE CAUSING
AN INCREASE IN TRIP LENGTHS AND AN ATTRACTION FORCE CAUSING A DECREASE
IN TRIP LENGTHS. THE FORMER 1S BASED ON THE LURE OF PARTICULAR REWARDS
. SUCH AS TASTE, WHILE THE LATTER DEPENDS ON THE '"NATURAL AND

UNIVERSAL" TENDENCY TO ECONOMIZE (EeGo THE OPTIMIZATION OF THE ALONSO
FUNCTION)? THE ACTUAL DISTRIBUTION REPRESENTS A BALANCE OR POINT OF

EQUILIBRIUM BETWEEN THE TWO FORCES AT A POINT (N TIME, FOR A GIVEN

PATTERN OF URBAN ACTIVITIES AND LLAND USES.

IsamueL A. STOUFFER, "INTERVENING OPPORTUNITIES: A THEORY
RELATING MOBILITY AND DISTANCE" AMERICAN SOCIOLOGICAL REVIEW, VOLo. 5
No. 6, (DeceEmBER, 1940), PP, 845-857,

2THE FORMULA IS¢
AY = A BX
AS X A
WHERE AY = THE NUMBER OF PERSONS MOVING FROM ORIGIN TO A CIRCULAR
BAND OF WIDTH ASe X = THE NUMBER OF OPPORTUNITIES BETWEEN
ORIGIN A DESTINATION S X = THE NUMBER OF OPPORTUNITIES

WITHIN THE BAND OF WIDTH AS AND A = A CONSTANT.

3CHICAeo AREA TRANSPORTAT!ON STuDY FINAL REPORT. VOLo |l
(JuLy, 1960), P, 81,
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THE CHICAGO STUDY ATTEMPTED TO QUANTIFY THE RESULTING PATTERN
OF THE TWO COMPETING TENDENCIES BASED ON THE ASSUMPTION THAT,

"o o o IN MAKING A TRIP, THE TRAVELLER
WILL SEEK TO KEEP IT AS SHORT AS POSSIBLE,
HOWEVER, THE TRIP HAS A REASON FOR BEING MADE
THAT IS PECULIAR TO THE PARTICULAR TRAVELLER.
THIS MAY BE STATED AS A REQUIREMENT OF THE
TRAVELLER FOR WHICH A SATISFACTION IS SOUGHT.
THE MORE SELECTIVE THIS REQUIREMENT THE LONGER
THE JOURNEY 1S LIKELY TO BE,"!

ELABORATENG ON THIS EFFECT OF JOURNEY LENGTH SCHNEIDER STATEDS
e o oTHE EFFECT OF DISTANCE MIGHT BE

EXPECTED TO MATTER VERY CONSIDERABLY IN DETER-—

MINING TRAVEL PATTERNS. THE IMPORTANT POINT

WHICH EMERGES TO THE CCOA.TOSQ] STUDY, HOWEVER,

IS THAT THIS 1S NOT THE CASE. DISTANCE DOES

NOT HAVE 1TS EXPECTED EFFECTS AT ANY RATE UNTIL

IT BECOMES LARGE , AND THE SLOPES OF THE OPPORTU-

NITY CURVES, IN GENERAL, HAVE A REMARKABLE CON-

STANCYs IT IS OPPORTUNITIES, AS SUCH, RATHER THAN

DISTANCE, WHICH PROVIDE THE CONTROLLING INFLUENCE"

THE METHOD FOR INTERVENING OPPORTUNITIES
TO ILLUSTRATE THE METHOD, THE CoA.ToS. STUDY PROVIDES AN

ANALOGY OF A TRIP MADE TO BUY A CARTON OF MILKe MILK AS A COMMODITY
HAS A LOW SELECTIVITY SINCE IT IS FOUND VIRTUALLY EVERYWHERE. |T CAN
BE ESTABL ISHED BY SURVEY THAT OF Y DESTINATIONS X ARE PLACES SELLING
MILK EoGo ONE OUT OF ONE HUNDRED OR 1/100, THE TRAVELLER THEN HAS A
1/100 CHANCE THAT THE NEAREST DESTINATION WILL BE A MILK STORE. IF

HE WISHES A PARTICULAR BRAND, SOLD AT ONLY HALF OF THE MILK STORES,

THEN HIS CHANCES OF A SUCCESSFUL NEAREST PICK 1S 1/200, THE CHANCE

]lBlD., P. 81, .

2MoRTON SCHNEIDER, WAS A MEMBER OF THE CoA.ToS. SURVEY STAFF
AND WAS THE CHIEF DEVELOPER OF THE INTERVENING OPPORTUNITIES METHOD,
IBID., PP, 81-92,
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THAT THE NEXT NEAREST DESTINATION WILL BE SUITABLE Is AGAIN 1/200,
HOWEVER, NOW THERE IS ALSO THE CHANCE THAT THE NEAREST DESTINATION
WAS SUITABLE, HENCE THE TRAVELLER WOULD NEVER HAVE REACHED THE SECOND
POINTo THEREFORE THE CHANCE OF STOPPING AT THE SECOND DESTINATION
WOULD BE THE CHANCE OF GETTING THERE (1-1/200) MULTIPLIED BY THE
CHANCE OF STOPPING THERE 1/200, or 1/200% (1-1/200). FOR THE THIRD
STATION THE PROBABILITY BECOMES

1/200 X (1-1/200)%

IN GENERALIZING THE FORMULA, THE PROBABILITY OF A TRIP STOP-
PING AT A GIVEN POINT DEPENDS NOT ONLY ON THE SELECTIVITY OF THE TRIP
(TERMED L) BUT ALSO UPON OTHER POINTS (V)LOCATED CLOSER THAN THIS
GIVEN POINT TO THE ORIGINo SO THAT THE CHANCE OF STOPPING AT A PARTI-
CULAR DESTINATION IS EQUAL TO THE PROBABILITY OF GETTING TO IT,
(1-L) V MULTIPLIED BY THE PROBABILITY OF STOPPING THERE, Lo

THEREFORE,

3¢) P=r (1-L) V
ZONES OR CLUSTERS OF DESTINAT!ONS ARE FORMED BY ASSUMING THAT ALL
DESTINATIONS AT ANY ZONE ARE AT A COMMON POINT — THE ZONE CENTER.
THUS, FORMULA BECOMES
3H) P=(1-L) V= (1-L) Y+ Wy
wieRe (1 =) V' * VY = TuE PROBABILITY OF STOPPING AT ANY DESTINATION
CLOSER AND INCLUDING ZONE Jo
(1 - 1)V ExcLubes zone o
P = PROBABILITY OF DESTINATION IN ZONE Jo
FINDINGSFROM THE CHICAGO STUDY DISPROVED THE ORIGINAL HYPOTHE-

S1S THAT THE L VALUE WAS UNIFORM BASED ON TRIP PURPOSE., AN ADJUSTMENT
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WAS REQUIRED TO VARY L WITH LENGTH OF JOURNEY AS WELL AS TRIP PURPOSE,.
THE FINAL RESULTING FORMULA IS,
LMAX
31) Plu= <5 (1-L)Y - (1-1) Vot Ve
LMIN
THE ORDERING OF V VALUES MAY BE ACCOMPL ISHED BY EMPLOYING ANY
OF THE THREE VARIABLESY DISTANCE, TRAVEL TIME OR COSTo DISTANCE IS
INACCURATE ESPECIALLY IN AN URBAN SYSTEM WHERE CONGESTION IS A PRO=-

BLEMe TIME DOES NOT INCLUDE BARRIERS SUCH AS TOLL BRIDGES.z. TRAVEL

COSTS ARE PROBABLY THE MOST INDICATIVE MEASURE OF IMPEDANCE, BUT THEY

ARE VERY DIFFICULT TO MEASURE HENCE THE COMPROMISED USE OF VTIME" IN
THE CHICAGO STUDY.

BASED ON TRAVEL TIMES, THE ORDERING OF ZONES WITH RESPECT TO
THEIR PROXIMITY TO A SELECTED ZONE OF ORIGIN WAS OBTAINED BY COMPUTER
ASSIGNMENT. THE COMPUTER, BY SEARCHING OUTWARD FROM ANY ORIGIN POINT
COULD FIND THE PATH WITH THE SHORTEST ELAPSED TIME FROM THAT ZONE TO

EVERY OTHER ZONEo3

THE CONCEPT OF COMPETING OPPORTUNITIES4

CONCEPTUALLY THIS METHOD IS VERY SIMILAR TO THE |NTERVENING

1 ‘ . _ o
_ A DETAILED.DISCUSSION OF THE NATURE OF THE L VALUE 1S FOUND
IN CoAsTeSe OPe CITs, PP. 82-92,

2
THIS POINT MIGHT NOT SEEM SIGNIFICANT IN A CITY SUCH AS
WINN¥PEG, BUT IN LARGER AMERICAN CITIES EG, Los ANGELES, TOLL BRIDGES
AND TOLL ROADS FORM A NOTICEABLE PERCENTAGE OF THE OVERALL TRANSPORTA~-

TION SYSTEMo

SA GENERAL SUMMARY OF THE METHOD USED FOR THIS PROCESS MAY BE
'FOUND IN APPENDIX Ao

4,
ANTHONY TOMAZINIS, "A NEW METHOD OF TRIP DISTRIBUTION IN AN
URBAN AREA," HIGHWAY RESEARCH BOARD, BULLETIN 347, JANUARY, 1962, PP.T77-99,
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OPPORTUNITIES MODELy WHILE THE CeAoTeSe APPROACH WAS BASED ON
"INTERVENING OPPORTUNITIES", THE TOMAZINIS APPROACH 1S BASED ON
"COMPETING OPPORTUNITIES", THE LATTER INVOLVES THE DIRECT APPLICATION

OF PROBABILITY THEORY IN CONJUNCTION WITH ASPECTS OF THE GRAVITY MODEL

AND FRATAR'YS TECHNIQUE OF SUCCESSIVE APPROX!MAT!ONS.‘
As TOMAZINIS STATES, THIS METHOD ATTEMPTS TO EXTRACT THE BASIC

DEFICIENCIES "WHICH OBLIGE RESEARCHERS TO EITHER IMPOSE EXTENSI|VE

PERSONAL SUBJECTIVE JUDGEMENT, OR TO EXPAND TRENDS AND RELATIONSHIPS

THAT THEY KNOW WELL NOT NECESSARILY HOLD TRUE FOR THE FUTURE«"2 (EGo

THE K-FACTOR IN THE GRAVITY MODEL OR THE L—FACTOR IN THE CeAeToSo

MODEL o )

THE METHOD FOR COMPETING OPPORTUNITIES

THE PROCEDURE FOR THIS MODEL IS BASED ON THE GENERAL FORMULAo3

34) Tiy

]

T'(G} X PJ‘

i

WHERE Tty NUMBER OF ONE WAY TRIPS FROM ZONE | TO J
TId(G) = TOTAL NUMBER OF TRIPS ORIGINATING IN I
PJ = ADJUSTED PROBABILITY OF STOPPING AT DISTANCE J.

THE PURPOSE OF THE PROCEDURE IS TO OBTAIN A FORMULA TO DESCRIBE Pdo

FIGURE 2 SHOWS SCHEMATICALLY AN URBAN AREA HAVING A POPULATION
Ne THE QUESTION (st How MANY TRIPS ORIGINATING AT O WILL HAVE DISTRICT

S AS A DESTINATION POINT, GIVEN THAT S 1S LOCATED AT TIME DISTANCE T

FROM THIS ORIGIN? THE TERMS S, H AND N ARE ALL ATTRACTION

1lsmo, Po 7.

2SINCE THE PROPOSED MODEL OF CHAPTER |V 1S BASED ESSENTIALLY
ON THE TOMAZINIS METHOD THE VALIDITY OF THIS CLAIM S CONSIDERED A

MAJOR ASPECT OF INVESTIGATION IN THIS STUDY.
3

BRUTON, OPe ClTa, Pe 117,

——
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FIGURE 2. Schematic diagram of the urban area for the

Tomazinis Method.
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(or OPPORTUNxTY)1 FIGURES. S IS THE TOTAL NUMBER OF OPPORTUNITIES IN
THE DISTRICTS H IS THE TOTAL NUMBER OF OPPORTUNITIES LOCATED WITHIN
THE GIVEN TIME ISOLINE (INCLUDES S) AND FINALLY N IS TOTAL NUMBER OF
OPPORTUNITIES IN THE URBAN AREA, {F THE DISTRIBUTION OF TRIPS FROM
ORIGIN POINT (0) 1S FOR WORK, THEN THE OPPORTUMITIES S, H AND N MAY BE
JOB OPPORTUNITIESe S #S THE NUMBER OF JOBS IN THE DISTRICT BEING
CONSIDERED AND H IS THE COMPETING JOB OPPORTUNITIES WITHIN THE SAME
TIME LIMIT FROM Oy THE ASSUMPTION 1S MADE THAT JOBS IN DISTRICT S
WILL ONLY COMPETE WITH OTHER JOBS WITHIN THE SAME TIME INTERVAL OF
THE ORIGIN Qo

BY APPLYING CONDITIONAL PROBABILITIES IT IS POSSIBLE TO
DETERMINE THE CHANCE THAT A COMMUTING WORKER AT O WILL CHOOSE A JOB
FROM JOB POPULATION S, IF IT IS GIVEN THAT JOB OPPORTUNITIES ARE
RESTRICTED TO THE H JOB SUB-~POPULATIONs CONSIDERING ALL TR!P PURPOSES
COLLECT¥VELY, THE PROBABILITY THAT A TRIP 1S ATTRACTED BY OPPORTUNITIES
IN DISTR#CT H BECOMES

P(H) = H/N

ALSO P(S) S/N
SINCE S IS A SUBSET OF H, THE PROBABILITY THAT BOTH S AND H ARE PICKED
IS THE SAME AS IF S WERE PICKED. THEREFORE,

P(SH) = 5 WHERE S N H
H

ALSO P(S/H) = P(SH) = S/N =38
P(H)  H/N H

1THE TERM "OPPORTUNITY" AS USED HERE MEANS THE CHANCE THAT A
TRIP WILL BE ATTRACTED BY A GIVEN AREA, THIS CHANCE iS D{RECTLY
RELATED TO THE NUMBER OF ATTRACTION SITES IN A GIVEN DISTRICT,
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SINCE THE TOTAL TR{PS DISTRIBUTED SHOULD EQUAL THE TRIPS
AVAILABLE IN THE DISTRICT OF ORIGIN THE SUMMATION OF THE PROBABILITIES

OF EACH DISTRICT WITHIN THE AREA, SHOULD BE UNITY.

Po =1
WHERE J =1,2, 3 4 o o ( ALL THE DISTRICTS INTO WHICH TRIPS ARE
DISTRIBUTED)
To oBTAIN PJ = 1 THE CONDITIONAL PROBABILITY IN DISTRICT J

IS DIVIDED BY ALL CONDITIONAL PROBABILITIES,
1

Pi 1 = Pi1 (S/H
3k) £ P1 (S/H)
1

ADVANTAGES AND DISADVANTAGES OF THE OPPORTUNITY MODELS

ACCORDING TO BRUTON, THE OPPORTUNITY METHODS OF TRIP DiSTRIBU-

TION ENJOY CERTAIN ADVANTAGESo2

1) THEY ARE BASED ON A LOGICAL CONCEPT IE, TRIPS LENGTHEN
ONLY BECAUSE THEY FAIL TO FIND ACCEPTABLE DESTINATIONS
CLOSER TO THEIR ORIGINe THIS REASONING CAN FLEXIBLY
EMBRACE A COMPLEXITY OF LOCATION VARIABLES, NOT RELATED
TO DISTANCE,

2) THE FORMULAS ARE COMPUTATIONALLY CONVENIENT AND WELL
BEHAVED MATHEMATICALLY, EMPLOYING AS THEY DO PROBABILITY
THEORY BASED ON LOGICAL ASSUMPTIONS,.

3) THERE 1S THE POSSIBILITY THAT ONCE THESE MODELS HAVE
BEEN SHOWN TO BE RELIABLE FOLLOWING THE CAL IBRATION
OF THEIR PARAMETERS, THE FUTURE NEED FOR COMPREHENSI|VE,
coSTLY ORIGIN-~DESTINATION SURVEYS WILL BE ELIMINATED,

ITHis METHOD IS NOT ELABORATED UPON, SINCE MANY OF THE ASPECTS
OF THE TECHNIQUE ARE REFERRED TO IN THE NEXT PART DEALING WITH THE
PROPOSED MODEL, FOR DETAILED INFORMATION THE READER MAY REFER TO
TOMAZINIS, OPe CliTe, PPo 77-99.

2BRUTON, OPo CiTo, PPe 124~125,

SESSENTIALLY THIS IS THE PRIME GOAL OF ALL TRIP DISTRIBUTION
MODELSe THERE ARE THOSE WHO BELIEVE, THAT GIVEN THE COMPLEXITY OF LO-
CATION VARIABLES (SOME OF WHICH WERE PRESENTED IN CHAPTER fl ), THAT THIS
GOAL 1S UTOP1AN, REFER TO HANS BLUMENFELDe. "ARE LAND USE PATTERNS
PREDICTABLE?"  JOURNAL OF THE AMERICAN INSTITUTE OF PLANNERS, VOLo KV
Noe 2 {MaY, 1959), PP, 61-66.
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THE INHERENT DISADVANTAGES ASSOCIATED WITH OPPORTUNITY
TECHNIQUES ARE APPLICABLE TO ALL THREE MAJOR MODELS DISCUSSED IN THIS
CHAPTER.| THEY ARE, NEVERTHELESS, DISADVANTAGES,
1) THE METHODS HAVE LOST THEIR SIMPLICITY AND THE
COMPLEXITIES OF THESE NEW METHODS HAVE NECESSITATED
EXPERIENCED STAFF AND LARGE COMPUTER FACILITIES.
THIS ISSUE IS BASICALLY OPERATIONAL.
2) AN ITERATIVE PROCESS IS NECESSARY TO ENSURE THAT
THE NUMBER OF TRIPS ARRIVING AT A PARTICULAR
DESTINATION ZONE REFLECTS THE NUMBER OF TRIPS
ESTABLISHED AT THE ORIGIN,
3) THE MOST SERIOUS OF THE DISADVANTAGES IS THAT,
THE METHOD CAN ACCOUNT ONLY FOR A RELATIVE CHANGE
IN DISTANCE-TIME RELATIONSHIP BETWEEN ALL ZONES
IN THE STUDY AREAo AS A RESULT, A MAJOR CHANGE
IN LAND USE OR IN THE TRANSPORTATION SYSTEM WOULD
MAKE FORECASTING INACCURATE.
4) THE INTERVENING OPPORTUNITY METHOD HAS THE ADDED
DISADVANTAGE OF QUANTIFYING THE SELECTIVITY FACTOR L
FOR GENERAL TRIP DISTRIBUTION,
5) THE QUESTION AS TO WHETHER COMPETITION IS LIMITED
EXCLUSIVELY BY TIME FACTOR PREFERENCES REMAINS AN
UNCERTAINTY OF THE TOMAZINIS METHOD.
THE MODEL THEORY DESCRIBED IN THIS CHAPTER MUST BE EVALUATED
IN THE LIGHT OF THE THEORETICAL INFORMATION BASE OF CHAPTER ll. THE
TWO LEVELS OF ACTIVITY SHOULD BE SEEN AS INTERRELATED IN AN EFFORT TO
ARRIVE AT A SUITABLE HYPOTHESIS TO SOLVE THE PROBLEM IN THIS STUDY.
THE INTERRELATING OF THE ACCUMULATED INFORMATION, WITHIN THE FRAMEWORK

OF THE PROPOSED MODEL THEORY AND ITS ASSUMPTIONS, FORMS THE BASIS OF

THE NEXT SECTION, AND THE FIRST STAGE OF MODEL FORMULATION.

1REASONS 1-3 ARE TAKEN FROM BRUTON, OPo CiTa., Po 125,
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CHAPTER 1V

THE PROPOSED MODEL

A) RESTATEMENT OF PURPOSE

THE MODELS THAT WERE DISCUSSED IN CHAPTER |l DEALT WITH

GENERAL PURPOSE TRIP DISTRIBUTION, (USUALLY HOME BASED) IN THE OVERALL

URBAN AREA. THE MODEL DERIVED HERE, REVERSES THE FRAME OF REFERENCE,

IN‘THAT IT SEEKS TO COLLECT TRIPS RATHER THAN TO DISTRIBUTE THEM,
INSTEAD OF HAVING NUMEROUS DESTINATION POINTS, ONLY ONE POINT IS
CONSIDERED, TO RECEIVE WORK TR#PS FROM NUMEROUS POINTS OF ORIGIN,

THE PRECEDING TWO CHAPTERS HAVE DEVIATED SLIGHTLY FROM THE
FRAME OF REFERENCE ESTABLISHED FOR THIS STUDYs THIS DEVIATION WAS
THOUGHT NECESSARY HOWEVER, I[N ORDER TO OBTAIN AN EXTENSIVE (INFORMATION
BASE FOR THE THEORY THAT FOLLOWSe. TO RE~ORIENT THE READER A RESTATE-
MENT OF THE STUDY'S PURPOSE (BRIEFLY MENTIONED IN THE lNTRODUCTION) I8
IN ORDER., THE PURPOSE OF THE STUDY, THEN, IS TO ESTABLISH A RELIABLE

METHOD FOR PREDICTING THE EFFECT WHICH A PROPOSED INDUSTRIAL SITE

WOUL.D HAVE ON THE RESIDENTIAL DISTRIBUTION PATTERNS OF ITS WORKERS IN

TERMS OF OCCUPATIONAL TYPES, |EesMANAGERS, CLERKS, AND LABOURERS,

B) ASSUMPTIONS AND THEORY

URBAN GROWTH RATE

FIGURE 3 SHOWS A HYPOTHETICAL URBAN AREA, WHOSE BOUNDARIES

59
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DEFINE THE LIMITS OF A "CLOSED SYSTEM". ESSENTIALLY, THERE IS NEITHER
INPUT NOR OUTPUT OF WORKERS ACROSS THIS BOUNDARY. ALL WORK TRIPS ARE
ASSUMED TO BE UNDERGOING A NORMAL (PREDICTABLE) RATE OF GROWTH WITH

RESPECT TO LABOUR FORCE AND INDUSTRIAL ACTIVITYse THERE IS NO UN—

EXPECTED SUDDEN INCREASE OR DECREASE IN SPECIFIC OCCUPATIONAL TYPES.
ALTHOUGH THE ASSUMPTION OF A NORMAL GROWTH RATE IS QUITE VALID FOR AN

ESTABLISHED URBAN CENTER (WITH DIVERSITY IN LABOUR AND lNDUSTRY) A

SIMILAR ASSUMPTION FOR THE INTERNAL RESIDENTIAL DISTRICTS COULD INTRO-—

DUCE ERROR. UNLESS DEVELOPED RESIDENTIAL AREAS #N THE INNER CITY ARE

IN A STATE OF DETER!ORATION1 AND SUBJECT TO RENEWAL, THEY ARE UNLIKELY
TO SEE-HIGH GAINS OR LOSSES IN SPECIFIC TYPES OF WORKER-RESIDENTS.

THE SAME CANNOT BE SAID OF THE SUBURBSo2 NEVERTHELESS, GIVEN A TEN=-

TDETER IORATION IN RESIDENTIAL AREAS MAY INDUGE ACCELERATED
CHANGE OF D1STRICT CHARACTER. AN EXAMPLE OF THIS SITUATION MAY BE
NORTH POINT DOUGLAS IN THE CiTY oF WINNYPEG., REFER TO: WINNIPEG
HousiNG AND URBAN RENEWAL DEPARTMENT, "NEIGHBOURHOOD |MPROVEMENT;
NORTH POINT DOUGLAS," UNPUBLISHED REPORT, WINNIPEG, 1968, FOR A
PERIOD OF TEN YEARS, THE LENGTH OF TIME USED IN THIS STUDY, A NEGLI-
GIBLE RATE OF CHANGE IN NON~DETERIORATING AREAS MAY BE ASSUMED.

2ALTHOUGH WINNIPEG, THE CITY IN THE CASE STUDY, HAS EXPERIENCED
LITTLE OVERALL GROWTH IN THE LAST TEN YEARS, VARIOUS INTERNAL RESI|DEN=
TIAL DISTRICTS HAVE UNDERGONE CONSIDERABLE CHANGE OVER THIS TIME PERIOD,
SINCE THE STUDY MODEL UsEs 1961 BASE YEAR DATA TO PREDICT WORKER RESI-—
DENTIAL PATTERNS IN THE PROJECTION YEAR 1971, GROWTH FACTORS ARE RE-
QUIRED TO ACCOUNT FOR CHANGES IN DISTRICT OCCUPATIONAL RESIDENTIAL
‘CHARACTER. ANY ATTEMPT TO PREDICT THIS CHANGE BY USING 1951~61 ceENsus
DATA, WOULD BE INACCURATE SINCE A SIGNIFICANT PERCENTAGE OF SUBURBAN
DEVELOPMENT HAS TAKEN PLACE IN THIS LAST DECADE (1961-71). Mar Vit,
IN APPENDIX E, SHOWS THE TOTAL POPULATION GROWTH RATE FOR YEAR 1961-66
FOR VARIQUS AREAS OF THE CITY, BUT OCCUPATIONAL TYPES ARE NOT SPECIF |ED.
INSUFFICIENT DATA AND NOT A MODEL LIMITATION MAKES REFINEMENT IMPOSSIBLE
AT THIS STAGE,
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YEAR OBSERVATION PERIOD GROWTH RATES IN ALL INTERNAL DISTRICTS ARE
ASSUMED NEGLIBIBLE FOR THE PURPOSE OF THI!S STUDY.

THE CENTRAL INDUSTRIAL DISTRICT (SHADED) SHOWN IN FiGURE 3
IS SURROUNDED BY SMALLER DISTRICTS OF SUBURBAN INDUSTRIAL DEVELOPMENT
CALLED INDUSTRIAL PARKS, THESE PARKS ARE SITUATED AT VARIOUS DISTANCES
FROM EACH OTHER AND FROM THE CENTRAL AREA., LARGE TRACTS OF LAND,
INTERSPERSED BETWEEN THE WORK AREAS, ARE DEVOTED TO VARIOUS TYPES OF
RESIDENTIAL DEVELOPMENTe THE QUALITY AND VALUE OF RESIDENTIAL PROPERTY
CAN BE ASSUMED TO FOLLOW THE CRITERIA ESTABLISHED IN CHAPTER [l THE
OCCUPAT IONAL MAKEUP OF THE RESIDENTIAL DIszICTs FOLLOW THE PATTERN
ESTABLISHED BY THE VALUE AND QUALITY OF PROPERTY AND [S BASED ON

SOCIO0~ECONOMIC CONSIDERATIONSa1

THE 1SOLATED STATIC SITUATION

A SIMPLIFIED, ISOLATED SUBSYSTEM FROM THE URBAN SYSTEM SHOWN
IN FIGURE 3 IS EXTRACTED. FIGURE 4 INDICATES TWO RESIDENTIAL DISTRICTS
R1 AND R2y LOCATED AT DISTANCE X AND Y MILEs RESPECTIVELY FROM THE
NEAREST ASSUMED JOB SOURCE, THE CENTRAL INDUSTRIAL DISTRICT, (CiDsg)
AN EXAMINATION OF THE OCCUPATIONAL BREAKDOWN OF DISTRICTS R1 AND R2
SHOWS THAT R1 IS OF CONSIDERABLY HIGHER RESIDENTIAL QUALITY THAN R2,

OCCUPATIONAL FIGURES FOR R1 AND RZ2 ARE:

TABLE |
OCCUPAT 10N R1 R2
MANAGERIAL 1,500 500
CLERICAL 1,000 1,200
LABOUR 500 1,900
TOTAL 3,000 3,600

1SUPRA, Po 22-29,




R R S R O I ™

63

Ri o S

’ il

LEGEND

RI,R2  Residential Origin District

ciD : Central Industrial District

FIGURE 4. Isolated urban subsystem indicating

_statbic conditiornt,
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THE CID HAS A TOTAL J0B SOURCE OF 4,400, GOMPOSED OF 1,200 MANAGERIAL
Joss, 1,500 cLERICAL JoBs AND 1,700 LABOUR JOBS. THE GENTRAL AREA
HAS NO WORKERS LIVING WITHIN ITS BORDERS AND, SINCE THE SUBSYSTEM IS

ISOLATED, ONLY THE 6,600 WORKERS IN R1 AND R2 COMPETE FOR THESE 4,400

J0BSe |T IS FURTHER ASSUMED THAT INDIVIDUALS WITHIN SPECIFIC OCCUPA~
TIONAL TYPES HAVE SIMILAR ABILITY AND FURTHER THAT THE JOBS (WITHIN

OCCUPAT IONAL TYPE) REQUIRE THE SAME INDIVIDUAL ABILITY AND OFFER THE

SAME REWARDS‘,‘l THUS aLL MANAGERIAL, CLERICAL AND LABOUR JOBS IN THE

CENTRAL DISTRICT ARE AT THE DISPOSAL AND WITHIN THE CAPACITY OF ALL

MANAGERS, CLERKS AND LABOURERS IN DISTRICTS R1 AND R2,

IF THE DISTANCES X AND Y ARE EQUAL, IT CAN BE REASONED THAT
THE DESIRE TO WORK IN THE CID IS CORRESPONDINGLY EQUAL FOR OCCUPA—
TIONAL GROUPS IN R1 AND R2, SINCE THE CENTRAL DISTRIGCT IS THE CLOSEST
JOB SOURCE THE 2,000 MANAGERS IN RT1 AND R2 wiLL BE EQUALLY COMPETING
FOR THE 1,200 VACANT J0BS. AFTER THE SITUATION HAS STABILIZED AND ALL
THE JOBS ARE FILLED, THE LOCATION OF MANAGERS, CLERKS AND LABOURERS IN
THE CID, 1S A QUESTION OF SIMPLE PROBABILITY BASED, NOT ON DISTANCE,
(siNCE X=Y) BUT BASED ON POPULATION NUMBERSe PICKING ONE MANAGER AT

RANDOM FROM THE WORK AREA THERE IS A 75% CHANCE THAT THIS INDIVIDUAL

ORIGINATES IN Rl,(jTSOO = §i] AND A CORRESPONDING 25% CHANCE HE
4

200

(]
Joms

ORIGINATES IN R2 [ _500 =
2000 4

1THls ASSUMPTION IS A NECESSARY STEP IN ASSEMBLING INDIVIDUAL
CHARACTERISTICS OF JOBS AND WORKERS INTO GROUP IDENTITIESe THESE
GROUPS CAN BE STUDIED, AS STATISTICAL INDIVIDUALS ASSUMING "ALL THINGS
BEING EQUAL,L"
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MULTIPLYING THESE PROBABILITY FACTORS BY THE NUMBER OF JOBS, THE
LIKELY COLLECTION OF WORK TRIPS FROM R1 AND R2 ARE OBTAINED.
TABLE |1

OCCUPAT ION R1 R2 . TOTAL
MANAGER I AL 900 300 1;200
CLERICAL 683 817 1,500
LABOUR 354. 1,346 ' 1,700

1,937 2,463 ' 4,400

THE WORKERS IN DISTRICTS R1 AND R2 WHO REMAIN UNEMPLOYED (1,063 anp
1,137 RESPECTIVELY) WILL SEEK JOBS IN THE SECOND NEAREST JOB SOURCE.

How DOES A DISTANCE DIFFERENT!AL AFFECT THE RESULTS? ASSUME
X> Y, ALL OTHER FIGURES REMAINING THE SAME. RECALLING THE ALonso
FORMULA FROM CHAPTER ll,1 TRAVEL cOSTS K(T) WERE ACKNOWLEDGED TO HAVE
SIGNIFICANT EFFECT ON L.OCATIONe PATTERNS OF TRAVEL IN THE CITY WERE
AFFECTED BY AND IN TURN AFFECT THE CITY!S STRUCTURAL CHARACTERISTICSZo
IN THE SECTION DEALING SPECIFICALLY WITH WORK TRIPS PROPENSITY TO
TRAVEL WAS ALSO MENTIONED AS AFFECTING RESIDENTIAL-WORK PLACE LOCATION.
THE MODELS DISCUSSED!IN CHAPTER |1| CONSIDERED TRAVEL DISTANCE A
DEPRESSANT TO JOB OR RESIDENTIAL DES|RABILITYs ASSUMING STATIC RESI—
DENT 1AL CONDITIONS, THE DESIRE TO FIND A JOB IN THE CENTRAL DISTRICT
IS MUCH GREATER FOR RESIDENTS OF RZ2 THAN R1 GIVEN THAT X 2 Y.

IF JOB DESIRABILITY COULD BE EXPRESSED IN TERMS OF A FACTOR D
WHERE D = F(X o Y) THEN THE FACT THAT X Z'Y WOULD MEAN THAT Dg2 > Dppe

DESIRABILITY HERE IS A MEASURE OF MARGINAL ADVANTAGE IN COST, CONVE~

NIENCE AND TIME GAINED BY PROXIMITY TO WORKe [N SHORT ALONG WITH

1SUPRA, Po 25,

2SUPRA;,' Pe 29,

R RN e
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OTHER CONDITIONS (ASSUMED CONSTANT HERE), THE DISTANCE VARIABLE ACTS
AS AN INCENTIVE TO SEEK A SUITABLE JOB, SINCE D IS ASSUMED TO BE A

FUNCTION ONLY OF DISTANCE. THE FACTOR IS THE SAME FOR ALL OCCUPATION

1

TYPES,' TABLE |l IS MODIFIED TO SHOW NEW WORK TRIP ORIGINS FOR R1 AND
R2,.
TABLE |11

OCCUPATION Rl R2 ToTAL

MANAGER I AL 900D1 300D2 1,200

CLERICAL 683D11? 817021 1,500

LLABOUR 354D1" 134.6D2" 1,700
4,400

THE |ISOLATED DYNAMIC SITUATION
UP TO THIS POINT THE SUBSYSTEM HAS BEEN CONSIDERED STATIC IN
TERMS OF JOB AND RESIDENTIAL MOVEMENT. TO EMPLOY PREDICTIVE THEORY,
AN EVENT HAS TO OCCUR WHICH, BASED ON EXISTING CONDITIONS, COULD"BE
MODELED TO REVEAL THE FUTURE EFFECTS OF THIS EVENT,
RELAXING TO A DEGREE, THE ISOLATION CONSTRAINT ON THE SuB-—
SYSTEM, A SEGMENT OF JOBS FROM THE CENTRAL INDUSTRIAL DISTRICT ARE

RELOCATED AS A UNIT IN A NEW INDUSTRIAL SITE CALLED A. (SEE FIGURE 5).

WHAT EFFECT WILL THIS HAVE ON THE EXISTING PATTERN OF WORK TRIP ORIGINS?

TTHE ASSUMPT1ON THAT D (EXPRESSING THE DESIRABILITY OF A
DESTINATION DEPRESSED BY TRAVEL IMPEDANCE) 1S THE SAME FOR ALL OCCUPA~
TIONS IS A KEY POINT OF INTEREST IN THIS STUDY. DO MANAGERS EXPER~
IENCE THE SAME DISPLEASURE AT TRAVEL AS DO LABOURS? DOES THIS DS~
PLEASURE REFLECT THEIR DESIRABILITY OF A JOB LOCATION TO THE SAME
DEGREE? AS A FIRST ATTEMPT, THE ANSWER IS ASSUMED TO BE "vEs", ALSO
USED IN THE CONTEXT OF THE ACTUAL MODEL THE TERM D IS NOT A CONSTANT
FACTOR, THOUGH HERE FOR DEMONSTRATIVE PURPOSES |IT IS IMPLIED AS SUCH.
TO ILLUSTRATE THIS EXAMPLE AND BALANCE THE PREDICTION TABLE, DIFFERENT
NOTATIONS ARE ADOPTED FOR D FOR THE THREE OCCUPATIONAL GROUPS.

D % D¥ & Dv




67

RI bl
\\
\\
<X’
- my
+ TN,
-
%"IQ \‘s_\\\ -1
v ~\‘~nrA !
Ll«r—‘?
I;E
. . .‘l .
cIo Y mi es R2
LEGEND
Ri, R2 Residential Origin Districts
ci0 _ Central Industrial District
r—ﬂ% . ‘ .; . . --
V4 Relocated Industrial District
FIGURE 5, Isolated urban subsystem indicating

dynamic condition.
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IT 1S ESTIMATED THAT INDUSTRIAL SITE A WOULD INCLUDE 50
MANAGERIAL, 200 CLERICAL AND 500 LABOUR JoOBS, MOST OF WHICH
WERE PREVIOUSLY LOCATED IN THE CID AND A FEW NEWLY CREATED JOBS,
FrROM FIGURE 5 IT IS NOTED THAT THE DISTR#CT RZ2 WILL BE MUCH CLOSER
TO PARK A THAN TO THE CiD. THE OPPOSITE HOLDS TRUE FOR DISTRICT Rl.

THE DESIRABILITY RATIO D2, ASSOCIATED WITH MARGINAL TRAVEL
DISSATISFACTION, WILL INCREASE FOR RZ2, BECAUSE OF DECREASED TRAVEL,
WORKERS IN R2 BECOME MORE COMPETITIVE FOR THE NEW J0BS IN As INDI-
VIDUALS WORKING ORIGINALLY (N THE SAME JOB IN THE OLD CENTRAL LOGCATTON
WILL REAFFIRM THEIR POSITIONS AT THE NEW SITE., OTHERS WHOSE PRESENT
POSITIONS ARE UNAFFECTED BY THE RELOCATION, INCREASE THEIR DESIRE FOR
A JOB IN A, ALL OTHER THINGS BEING EQUAL. ON THE OTHER HAND, RELOCA~
TION OF THE JOB SEGMENT IN A WILL HAVE A DEPRESSING EFFECT FOR WORKERS
IN Rlg IF DISTANCE XV 1is %oo FAR TO TRAVEL A DECISION HAS TO BE MADE
FBY WORKERS, WHOSE JOBS HAVE BEEN RELOCATED IN A, IN REGARD TO THEIR
WORK—RESIDENCE LOCATIONs DEPENDING ON 1) THE SUPPLY AND DEMAND OF
JOBS IN THE URBAN AREA, 2) THE INTRA URBAN LOCATION OF THESE J0BS
AND 3) THEIR QUALIFICATION REQUIREMENTS, THE AFFECTED WORKERS OF Rl
WILL EITHER 1) SEEK A NEW JOB CLOSER TO HOME3 2) SEEK A NEW HOME
CLOSER TO THE J0B OR 3) MAINTAIN THE STATUS QUO,

ALTHOUGH IN A FIRST ATTEMPT THE OBSTACLE OF TRAVEL |S ASSUMED
TO BE EQUAL FOR THE THREE MAJOR OCCUPATIONAL GROUPS THE DISTINCTIVE
CHARACTERISTICS OF EAGCH GROUP WOULD SEEM TO REPUDIATE THIS IDEA.

TRAVELLING THE X' DISTANCE BECOMES MORE DIFFICULT FOR PEOPLE
IN THE LABOUR—-CLERICAL GROUP THAN FOR THE MANAGERIAL GROUP, THE
LATTER ARE CHARACTERIZED BY TWO FACTORS TEND#NG TO LENGTHEN TRIP TIME.

1) A HIGHER INCOME TO MEET TRAVEL COSTSe
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2) THEIR SELECTIVITY FOR HOME AND WORK ARE HIGH
BASED ESSENTIALLY ON HIGHER STATUS, AND ASPiRA-
TIONAL DESIRES,

THE MATTER 1S COMPLICATED BY THE FACT THAT THESE TWO FACTORS, MOST
NOTICEABLE IN THE MANAGERIAL GROUP, ARE ALSO PRESENT TO SOME EXTENT
IN THE CLERICAL AND LABOUR GROUPS, ALTHOUGH THEIR EFFECTS ARE NOT AS
INCLUSIVE AND PRONOUNCED AS IN THE FORMER OCCUPATIONAL TYPE.

IT CAN BE EXPECTED, THEREFORE, THAT SOME CHANGES WILL TAKE
PLACE, THROUGH THE RELOCATION OF siTE A, THOUGH THE RATE AND EXTENT
OF CHANGE WILL NOT BE THE SAME FOR THE THREE GROUPS,

IF THE DISTANCE CHANGE X To X' IS CONSIDERABLE A JOB OR
RESTDENCE LOCATIONAL CHANGE CAN BE EXPECTED IN THE LONG RUNo STUDIES
HAVE SHOWN THAT UNLESS THE JOB SUPPLY EXCEEDS THE DEMAND, AN IND¥VI-—
DUAL WOULD PREFER TO CHANGE HIS PLACE OF RESIDENCE. TODAY'S URBAN
DWELLER EXHIBITS HIGH RESIDENT 1AL MOBILITY1WHICH FACILITATES A MOVE
TO LESSEN WORK TRIP TIME,

IF THE SOCIO—ECONOMIC FACTORS OF RESIDENTIAL HOMOGENEITY GOME
INTO PLAY IT IS REASONABLE TO ASSUME, THAT AN INDIVIDUAL WILL SEEK
A RESIDENTIAL DISTRICT ESSENTIALLY SIMILAR-IN OCCUPATIONAL CHARACTER
TO THE ONE LEFT BEHINDo UNLESS DETERIORATION HAS SET IN; THE EXISTING

OCCUPAT IONAL OR SOCIAL BREAKDOWN OF AN AREA WILL CONTINUE [NTO THE

1IN A STUDY CONDUCTED BY MARTIN MEYERSON ET AlLe, TITLED
Housine, PEopLE, AND CITiES, (NeEw YORK: McGRAw HiLL, 1962,) p. 54,
IT WAS FOUND THAT HIGH MOBILITY OF AMERICAN FAMILIES PROVIDES EVIDENCE
OF SHIFTING PREFERENCES DURING THE FAMILY LIFE CYCLE., ALTHOUGH 20% oOF
ALL AMERICANS MOVE EVERY YEAR, 2/3 OF THE MOVES ARE WITHIN THE SAME
METROPOL ITAN AREA AND THEREFORE ARE TO SERVE A CHANGED PREFERENCE FOR
SPACE LOCATION, DWELLING TYPE OR SOME RELATED DESIRE,

ST GO A e ek e
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FUTURE

BN CONSIDERING A RESIDENTIAL DISTRIGT IN TERMS OF PRESERVATON
OF CHARACTER AN OBVIOUS QUESTION %S: WHAT EFFECT, IF ANY, WILL THE

WORKERS, SEEKING NEW HOME LOCATIONS, HAVE ON THE CHARACTER OF THE

DISTRICT LEFT BEHIND OR ENTERED? |N THE HYPOTHETICAL SUBSYSTEM THERE
WERE 1,500 anDp 500 MANAGERS IN R1 anp R2 RESPECTIVELYse THIS IS THIRTY

AND TEN TIMES THE NUMBER OF MANAGERIAL JOBS AFFECTED BY RELOCATING

INDUSTRIAL SITE As IT IS UNLIKELY THAT A MIGRATION OF WORKERS OF THIS

SIZE WILL EFFECTIVELY ALTER THE OCCUPAT [ONAL PATTERNS OF DISTRICTS, RI

AND R2. THIS EXPECTATION IS ESPECIALLY SIGNIFICANT WHEN MANY RES!DEN-
TIAL DISTRICTS, THROUGHOUT AN URBAN AREA, ARE CONSIDERED AS ORIGIN
POINTS FOR ONE RELOCATED INDUSTRIAL SITE OUT OF HUNDREDS OF SIMILAR
SITES IN THE CITY. AGAIN THE ESSENTIAL ASSUMPTION HERE IS THAT IN A
CITY EXPERIENCING A NORMAL (BETTER STILL, SLOW) GROWTH RATE, THE
CHARACTER OF RESIDENTIAL DISTRICTS WILL NOT CHANGE APPRECIABLY IN A
TEN-YEAR PERIOD3 SO THAT EXISTING CHARACTERISTICS CAN BE USED FOR
PREDICTION PURPOSES,

IF THE HYPOTHETICAL SUBSYSTEM REMAINS ISOLATED AND RESIDENTIAL

MOVEMENT FROM R1 T0 R2 Is cONSIDERED UNL IKELY BECAUSE OF THE DIVERSE

NATURE OF THE TWwO DISTRICTS, THEN THE READJUSTED WORK TRIP ORIGIN
PATTERN SIMPLY REQUIRES NEW DESIRABILITY FACTaRS FOR R1 anD R2, THE

SITUATION IS SIMILAR TO THE STATIC SITUATION, WHERE X ;>\% AND ONLY

THE CiID wAs CONSIDERED. HERE INDUSTRIAL DISTRICT A IS CONSIDERED

WiTH X' VERY MUCH LARGER TRAN YTo THE RESULT IS THAT THE

DESIRABILITY (COMPETITION) FACTOR FOR R1 IS VERY MUCH LEss THAN FOR

R2. THE REDUCTION IN WORK TRIPS ORIGINATING IN RT couLp BE ATTRIBUTED
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TO PEOPLE SEEKING JOBS ELSEWHERE. THE CORRESPONDING INCREASE IN WORK
TRIPS ORIGINATING IN R2 COULD BE DUE TO
1) FORMER UNEMPLOYED PEOPLE IN R2 GAINING COMPETITIVE

ADVANTAGE AT THE NEW JOB SITE, HENCE FINDING WORK
FORMERLY HELD BY RESIDENTS OF Ri.

2) PEOPLE, WHO WORKED IN THE CENTRAL DISTRICT, BUT WHO
WERE UNAFFECTED BY THE JOB SEGMENT RELOCATION,
LEAVING A PRESENT CENTRAL JOB TO FIND A JOB AT THE
NEARER SITE A,

OF COURSE THIS ASSUMES NO IN OR OUT MIGRATION OF RESIDENTS FROM EITHER

R1 or R2,

IF RESIDENTIAL MIGRATION RESTRICTIONS ARE RELAXED, SO THAT THE
SUBSYSTEM 1S NO LONGER ISOLATED, COMPLICATIONS ARISEes UNDER THIS
SITUATION THE RELOCATION OF INDUSTRIAL SITE A NEAR R2, AFFECTS NOT
ONLY RESIDENTIAL DISTRICTS RT AND R2 BUT ALSO OTHER DISTRICTS‘IN THE
URBAN SYSTEMe DISTRICTS, LIKE R2, WHICH ENJOY LOCATIONAL ADVANTAGES
TO SITE A BECOME ATTRACTIVE TO MIGRATING WORKERS FROM R1 SEEKING TO
REDUCE THE DISTANCE X! FROM HOME ToO WORKe THE ATTRACTIVENESS OF THESE
DISTRECTS IS RELATED TO THEIR EXISTING OCCUPATIONAL CHARACTERISTICS
AND THE OCCUPATIONAL CHARACTERISTICS OF THE MIGRANT WORKERS. AN

INCREASE IN DESIRABILITY OR COMPETITIVE ASSERTION OBSERVED AT RZ2 CAN

NO LONGER BE EXPLAINED IN TERMS OF EXISTING RESIDENTS OF RZ, BUT
NOW THE OCCUPATIONAL GROUP PATTERNS OF ALL DISTRICTS IN THE URBAN
SYSTEM HAVE TO BE CONSIDERED. MODELL{NG THE READJUSTED EQUILIBRIUM

PATTERN OF WORK TRIP TO SITE A IS THE BASIS OF THE METHOD THAT

FOLLOWS,

C) THE METHOD

AN ASSUMPTION WAS MADE EARLIER TO CONSIDER THE URBAN AREA AS
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’A CLLOSED SYSTEM, WITH NO COMMUTER TRAFFIC CROSSING ITS BOUNDARIES,
FOR CITIES NEAR TO OTHER POPULATION CENTERS ANASSUMPTION SUCH AS . THIS
WOUL.D NOT BE JUSTIFIED, FOR THIS SITUATION THE BOUNDARIES OF THE

STUDY AREA WOULD HAVE TO BE ENLARGED TO ENCOMPASS ALL NEARBY CENTERS

AS WELL AS A CONSIDERABLE PORTION OF THEIR UMLAND. THE ASSUMPTION
OF A CLOSED URBAN SYSTEM DOES NOT RESULT FROM A REQUIREMENT OR LIMIT=

ATION IN THE METHOD BUT RATHER IS AXRESULT OF THE NATURE OF THE URBAN

AREA IN THE CASE STUDY.I AND THE ADOPTI@N OF CENSUS TRACTS AS RESI|DEN-—

TIAL DISTRICTS OF 0RlGlNo2

CENSUS TRAGCTS WERE ADOPTED AS DISTRICTS OF WORK TRIP ORIGIN
SINCE THEY ARE DESIGNED TO BE,"RELATIVELY UNIFORM IN AREA AND POPULA-
TION o o o SUCH THAT EACH 1S FAIRLY HOMOGENEOUS WITH RESPECT TO ECONO-
MIC STATUS AND LIVING CONDITIONS » & o » DATA AVAILABLE FROM THESE
STATISTICAL UNITS ARE OF VALUE IN COMPARISONS OF SOCIAL AND ECONOMIC
FACTORS WITHIN AN URBAN COMMUNITY." THIS ASPECT OF CENSUS TRACTS 1S
IMPORTANT N THE LIGHT OF THE DISTRICT OCCUPATIONAL PRESERVATION MEN-
TIONED’EARLIER. ALSO SINCE CENSUS TRACTS ARECDEFINED UNIFORMLY ACROSS
CANADA, USING THESE UNITS FACILITATES THE EXPANSION OF THE MODEL TO
INCLUDEC INTER URBAN INVESTIGATIONS,

THOUGH STATISTICS CANADA DIVIDES CENSUS LABOUR STATISTICS INTO

NINE DISTINGT CLASSIFICATIONS, THE ADOPTION OF THE THREE COLLAPSED

1 .
THE STUDY AREA, WINNIPEG, HAS A VIRTUALLY UNPOPULATED UMLAND,
WITHIN COMMUTER DISTANCE. POPULATEON HERE CAN BE NEGLECTED.

2lF THE WINNIPEG UMLAND WERE CONSIDERED ORIGIN DISTRICTS WOULD
HAVE TO BE EXPANDED TO COVER RURAL MUNICIPALITIES AND SMALL INCORPORATED
CENTERS, AS WELL AS THE URBAN CENSUS TRACTSs THE IMPERCEPTIBLE REF{NE~-
MENT OBTAINED BY THIS [INCLUSION DOES NOT JUSTIFY THE EFFORT,

Scensus OF CANADA 1961, POPULATION AND HOUSING CHARAGTERISTICS
By CENsUS TRACT (WINNIPEG, BULLETIN CT=17,)
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CATAGORIES —— MANAGERIAL, CLERICAL AND LABOUR —— WAS NECESSITATED BY
THE NATURE OF SAMPLE DATA FROM THE CASE STuDY AND‘OTHER S0C 10~
ECONOMIC FACTORS ASSOCIATED WITH THESE THREE GROUPSg-l

FIGURE 6 SHOWS THE ENTIRE HYPOTHETICAL SYSTEM IN SCHEMATIC

FORMo ENCIRCLING THE PROPOSED INDUSTRIAL SITE (A) THERE ARE A SERIES
OF ISOLINESs EACH ISOLINE JOINS POINTS OF EQUAL TRAVEL TIME FROM THE
DESTINATION, INDUSTRIAL PARK (A)s THE TIME INTERVAL BETWEEN |SOLINES
IS DETERMINED BY HUMAN BEHAVIOR AS WELL AS THE MODE OF TRANSPORTATION

USED. TOMAZINIS, IN CHOOSING FIVE MINUTES FOR AUTOMOBILE COMMUTING,

REASONED:

"THE OBJECTIVE HERE 1S TO SIMULATE HUMAN
BEHAVIOR IN CHOOSING THE DESTINATION OF A TRIP
WITHIN A COMPLEX SET OF TRIP DESTINATIONS OF A
REGIONe THIS TAKES PLACE ON THE BASIS OF TWwO
ELEMENTS OF EXPERIENCE; EsGo, EXPERIENCE WITH
THE TRANSPORTATION SYSTEM CONSIDERED, AND THE
ABALITY AND SENSITIVITY TO COUNT AND UTILIZE
TIME IN SMALL INCREMENTSe WHAT IS IMPLIED IS
THAT ONE CANNOT HAVE A FIRST TIME CODE OF FIVE
MINUTES FOR A MASS TRANSIT SYSTEM WHERE ""WAITING
TIME" ALONE MAY BE MORE THAN FIVE MINUTES. |T
ALSO [IMPLIES THAT FOR AUTO TRAVEL OR MASS TRANSIT
TRAVEL ONE SHOULD NOT HAVE TIME CODES OF ODD
INCREMENTS (OF SAY, 6,25 MINUTES) BUT OF BLOCKS
OF TIME THAT ARE EASILY CONCE{VED AND FREQUENTLY
USED BY PEOPLE IN THEIR EVERYDAY ACTIVITIES}
EesGoy TIME CODES OF FIVE OR TEN MINUTES.

THIS CONSIDERATION OF SIMULATING HUMAN
BEHAVIOR HAS PROVEN OF SUBSTANTIAL IMPORTANCE
WHERE BEST RESULTS WERE ACHIEVED WIiTH TIME CODES
OF FIVE MINUTES DRIVING TIME N DISTRIBUTING AUTO
TRIPS,.

TOMAZINIS FURTHER OUTLINES AN ISOLINE INCREMENT FOR PUBLIC TRANSIT;

1FOR A MORE DETAILED DISCUSSION OF THE REASONSBEHIND THE
ADOPTION OF THE THREE OCCUPATIONAL GROUPS AND THEIR COMPONENTS o SEE
APPENDIX B,

ZTOMAZINIS, OPe CITs, Pe 82,

o
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- FIGURE 6, Schematic urban system showing industrial

site A as a focus for several districts of origin.
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HOWEVER, SINCE.COMMUTERS TO INDUSTRIAL PARKS (MOSTLY LOCATED IN
SUBURBAN AREAS) GENERALLY USE PRIVATE TRANSPORTATION THE NEED TO
CONSIDER MASS TRANSIT FOR THIS STUDY WAS DEEMED UNNECESSARY. FOR THIS
REASON, AN ISOLINE INTERVAL OF FIVE MINUTES WAS CONSIDERED APPROPRAITE
FOR A FIRST ATTEMPT,

FIVE CENSUS TRACTS, REPRESENTING RESIDENTIAL DISTRICTS OF
ORIGIN, ARE ALSO SHOWN IN THE FIGURE, LOCATED AT VARIOUS DISTANCES
FROM DISTINATION POINT Ao THE CENTROID OF THE TRACT DETERMINES INTO
WHICH TIME INTERVAL THE TRACT FALLSo. THE CENTROIDAL POINTS ARE NOT
NECESSARILY GEOMETRIC BUT ARE RATHER DICTATED BY THE SPREAD OF RESI—
DENTIAL DEVELOPMENT WITHIN THE RESPECTIVE TRACTo THIS ASPECT IS VERY
SIGNIFICANT IN THE LESS POPULATED OUTER AREAS OF THE CITYe

THE TERMS Hy, Ho ETCo, DESIGNATE ALL WORK TRIP OPPORTUNITIES
IN THE AREA WITHIN T1, T2, ETCo MINUTES OF As H, THEN, IS A POPULA-
TION FIGURE APPLIED TO ALL INDIVIDUALS WITHIN T MINUTES OF A WHO ARE
LIKELY TO COMPETE FOR A SUITABLE JOB IN THE PROPOSED INDUSTRIAL SITE.
THE H SUBPOPULATION IS ACCUMULATIVE, MOVING OUTWARD FROM A AT FIVE
MINUTE INTERVALS,IE. H21INCLUDES Hy HENCE Hi N Hpe ALso Hp N Hg,

Hz N Hg, Evc.

CONCENTRATING ON CLERICAL PERSONNEL FOR THE PURPOSE OF DEMON-
STRATING THE METHOD, INDUSTRIAL SITE A IS ASSUMED TO EMPLOY Y CLERKSo!
CHOOSING AT RANDOM ONE CLERK FROM THIS Y GROUP, THE PROBABILITY THAT
THE CHOSEN CLERK IS A MEMBER OF CLERK SUBPOPULATION Hip IS

P(H{) = Hy
i

1THE TERM "CLERKS" INCLUDES ALL OFFICE PERSONNEL




76
WHERE N Is THE ENTIRE POPULATION OF CLERKS IN THE URBAN AREA.
THE PROBABALITY THAT THIS CLERK IS ALSO A RESIDENT OF CENSUS TRACT 1

IN SUBPOPULATION H1 s

P(may = ﬁl

WHERE T1 IS THE NUMBER OF CLERKS IN TRACT 1,

GIVEN THAT THE RANDOM CHOICE WiLL ORIGINATE FROM THE AREA LESS THAN T1
MINUTES FROM A, IE. SUBPOPULATION Hi, THEN THE PROBABILITY THAT THE
CHOICE 1S ALSO FROM T1 IS CONDITIONALLY

P (T1) = TI

{H1) 1

WHERE H1 SUBPOPULATION INCLUDES THE CLERKS IN TRACT 1.
SINCE ONLY Hl IS CONSIDERED HERE, THIS EQUATION IMPLIES THAT THE
PROBABILITY OF A CLERK COMMUTING FROM TRACT POPULATION T1 1S THE
RAT10 BETWEEN CLERICAL TRIP ORIGINS IN TRACT 1 (1, T1) DIVIDED BY THE
TOTAL CLERICAL TRIP ORIGINS INSIDE THE AREA DELINEATED BY THE TIME
CODE OF THE DISTRICT OR ORIGINS (IEoH]) AND HAVING AS A BASIS THE
DISTRICT OF DESTINATION (A)o IN SIMPLER TERMS THE PROBABILITY THAT A
TRIP WILL ORIGINATE FROM A PARTICULAR CENSUS TRACT DEPENDS ON THE
RATIOBETWEEN THE TRIP OPPORTUNITIES IN THIS TRACT AND ITS COMPETING
OPPORTUNITIES WITHIN THE SAME TIME LIMIT OF DESTINATIONe FOR THIS.
EXAMPLE, CHOOSING A CLERK IN SITE A, THE PROBABILITY OF THIS CHOICE
COMING FROM TRACT CLERICAL POPULATION Tl WiLL DEPEND ON THE COMPETITION
FOR JOBS AT A BETWEEN CLERKS IN THIS TRACT AND OTHER CLERKS IN THE
SAME TIME CODE SUBPOPULATION Hl. As TOMAZINIS STATES}

"ACGORDING TO THIS NEW CONCEPT [bF

COMPETING OPPORTUNITIES] THE ATTRACTING

POWER OF [DESTINATION] 1S GCONDITIONED BY THE
NUMBER OF TRIP OPPORTUNITIES IN THE DISTRICT
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AND THEN ONLY BY THE TRIP OPPORTUNITIES
WITHIN THE SAME TIME~DISTANCE FROM THE
DISTRICT OF [BEST INATION] N1

CONSIDERING THE TOTAL NUMBER OF CLERICAL TRIP OPPORTUNITIES

IN THE URBAN AREA, DESTINED FOR SITE A, THE EQUATION:

4a) ;§P: = 1, 1S OBTAINED, WHERE PI = PROBABILITY OF EACH

CENSUS CENSUS TRACT IN CITY HAVING AN EMPLOYEE IN A 1 =1, Z, 3.0eN
N=25

THE SUMMATION 1S UNITY SINCE THE TOTAL TRIPS ORIGINATING FROM TRACTS
1705, Ty, T2 ..°T5, MUST BE EQUAL TO THE DESTINATION OPPORTUNITIES
IN PARK Ao N SHORT ALL Y CLERKS IN A MUST COME FROM SOMEWHERE 1IN

THE URBAN AREA,

To OBTAIN THE EQUATION é;Pl = 1, THE CONDITIONAL PROBABILITIES,
|
P‘( I_ ) ( Ig ) P ( I§ ) P ( 1&1) AND P ( I§?)
(rr) ¢ P (H2 ) °? (H2 ) °? ( H3 ) ( H3 )

MUST BE DIVIDED BY THE SUMMATION OF ALL CONDITIONAL PROBABILITIES,

[ (T1) (12 ) (18) (T4 ) (15 )
Py T Py P ey T T () TP ()
HENCE
48) P1 = P1_(T/H)

SPi(T/H)

1=1
IT SHOULD BE NOTED THAT THE DENOMINATOR OF THIS EQUATION, N
2 Pi(T/H)
1==1 ’
IS NOT EQUAL TO 1, SINCE THE TIME CODE suBPOPULATIONS (H) ARE Accumu~

LATIVE. (H2 1NcLUDES H1, ETC.), THEREFORE

1Ism., Po 79« IN THIS QUOTATION THE WORD "DESTINATION" HAS
BEEN SUBSTITUTED FOR "ORIGIN' SINCE TOMAZINIS WAS DISCUSSING TRIP
DISTRIBUTION AND THIS STUDY IS CONCERNED WITH TRIP COLLECTION
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£ PL(T) =1
J (H1)
BUT £ op2 TJ) £1

WHERE J ARE THOSE TRACTS WITHIN RESPECTIVE TIME CODES,

HENCE FOR TIME cobE 1

P{Tl) =711 = Pl
( HT ) H1
AND THE SUMMATION REQUIRED FOR THE ADJUSTED CONDITIONAL PROBABILITY,
Ep1=1,
For CobnE 2
P (I2,I8) = 12+7T3 =P2
(H2 H2 ) H2

AND éfPE = 1 - Hl

S——

H2
THE PROBABILITY THAT Hl 1S PICKED MUST BE SUBSTRACTED FROM H2 SINCE
H2 iNcLubeEs Hl,

SIMILARLY, FOR CoDE 3

P(T4, 15) = T4+ T5 =P3,
( H3 H3) H3
WHERE P8 = 1 -~ H2
25 H3

THEN
EPi(T)= £ri+ £P2 + £p3
(H)
=1+1~-H 4+ 1T-H = 3-H ~-H
H2 H3 “H2  H3
=3 - (Hl + H2)
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IN GENERAL FOR M TIME CODES,1

4c) Pi = P1_(T/H)

"

Ti/HL

M-M Hy-1 M=M
Hm=1
M-2 HM M=z Hu

THE ASSUMPTION THAT WORKERS, WITHIN SPECIFIC OCCUPATIONS, COMPETE

ONLY WITH THOSE WORKERS WITHIN COMMON TIME ZONES, REPLACES THE
DESIRABILITY (OR COMPETITION) FACTOR D IN THIS FORMULAo2 BAsbeLLY,
THE ASSUMPTION STATESS
CLERKS BELONGING TO GRour T1 COMPETE
ONLY WITH CLERKS IN Hl FOR JoBs AT A, HOWEVER

CLERKS T5 COMPETE WITH ALL CLERKS IN SUB-
POPULATION H3, WHICH ALSO INCLUDEs H2 ANnD H1,

THE COMPETING OPPORTUNITY MODEL , BRIEFLY DESCRIBED IN CHAPTER
I1l APPLIES TO TOTAL TRIP DISTRIBUT#ON, FOLLOWING AN ANALYSIS OF ALL
ORIGIN AND DESTINATION POINTS IN THE URBAN AREA; THE THEORETICAL
RESULTS WOULD REQUIRE BALANCING BY AN ITERATIVE PROCESS TO BETTER
REPRESENT EMPIRICAL RESULTSo3 IN A WORK TRIP DISTRIBUTION STUDY A
BALANCING FUNCTION CANNOT BE ATTEMPTED UNTIL ALL RESIDENTIAL AND WORK
AREA SITES ARE INCLUDED (N A CLOSED NETWORK OF ORIG}N=DESTINATION

POINTSs AN EXERCISE OF THIS NATURE, COULD {NTRODUCE THE FINAL REFINE-

MENT IN PREDICTING THE EFFECT OF INTRODUCING A. NEW WORK AREA INTO AN

ESTABLISHED NETWORK OF RESIDENTI!AL AND WORK PLACES. |T 1S DOUBTFUL
HOWEVER WHETHER THE REF INEMENT OFFERED BY THIS EXERCISE JUSTIFIES THE

EFFORT OF ESTABLISHING AND FREQUENTLY UPDATING THE NETWORKs

1
THE NOTATION M=2 TO M IS USED ONLY BECAUSE H1 WAS DESIGNATED
AS THE FIRST TIME CODE,

2|T 1S THE ACCURACY OF THIS EXCLUSIVE COMPETITION ASSUMPTION
IN REPRESENTING FACTOR D WHICH MAY INTRODUCE ERROR IN THE MODEL, THIS
ASSUMPTION DOES NOT SEEM TO HAVE A COMPLETELY LOGICAL. FOUNDATION, BUT
SERVES THE PURPOSE OF A FIRST APPROXIMATION. ADJUSTMENT MAY BE RE-—
COMMENDED FROM THE CASE STUDY TEST RESULTS,

STOMAZINIS USED THE FRATAR METHOD TO AGCOMPL iSH THIS,0PoCiTs,Pa80
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ALTHOUGH THE APPROACH ADOPTED BY THIS STUDY, WHICH FOCUSES
SOLELY ON THE PROPOSED INDUSTRIAL SITE, DOES NOT INVOLVE A TRIP
BALANCING FUNCTION, IT DOES REQUIRE A METHOD OF JOB ASSIGNMENT. IN

THE HYPOTHETICAL SUBSYSTEM EXAMPLE, THE PROBABILITY FACTOR WAS

MULTIPLIED DIRECTLY BY THE NUMBER OF JOBS TO OBTAIN TRIPS ORIGINATING
IN DISTRICTS R1 AND R2.' However CONSIDERING THE ENTIRE URBAN SYSTEM,

tF Y JOBS ARE PROVIDED AT A, WHERE Y IS A VERY SMALL PERCENTAGE OF

THE TOTAL POPULATION OF CLERKS IN THE CiTY, A STRAIGHT APPLICATION

OF THE PROBABILITY FACTOR WOULD BE IMPRACTICAL,

ExXaMpLE:

ASSUME A CITY HAS ONE HUNDRED CENSUS
TRACTS AND A CORRESPONDING CLERK POPULATION
oF 10,000.  BY APPLYING THE ABOVE METHOD, THE
PI FOR TRACT FIFTY 1S FOUND TO BE 00,0001, IF
THE PROPOSED INDUSTRIAL SITE HAS ONE HUNDRED
CLERICAL JOBS AVAILABLE, BY DIRECT APPLICATION
OF PROBABILITY, THE NUMBER OF WORK TRIPS
ORIGINATENG AT TRACT FIFTY Is

PiY = 100(0.0001) = 0,01 <L 1

UNLESS THE TRACTS ARE VERY CLOSE TO THE SITE,
WITH A HIGH PI VALUE, VIRTUALLY ALL TRACTS

WiLL HAVE NO EMPLOYMENT REPRESENTATION IN

SITE Ae Y WOULD HAVE TO EQUAL 10,000 BEFORE

THE FIRST WORK TRIP ORIGINATED FROM TRACT FIFTY.

IN A LARGE URBAN AREA WITH MANY CENSUS TRACTS, WORK TRIP ORIGIN PRE~

DICTION FOR ALL BUT THE LARGEST PROPOSED DEVELOPMENTS WOULD BE
IMPOSSIBLE,

THE ADOPTED TECHNIQUE USES THE PROBABILITY VALUES (P1) As

WEIGHTS FOR TRIAL ASSIGNMENTS. JOB ASSIGNMENTS TO THE INDUSTRIAL PARK,

FOR EACH CENSUS TRACT OR TIME ZONE, 1S ACCOMPLISHED BY MEANS OF A

TSupra, PP, 64-65.
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MONTE CARLO METHOD OF RANDOMIZATIONe' THIsS METHOD, BASICALLY, IS A
SIMULATION TECHNIQUE IN WHICH STATISTICAL DISTRIBUTION IS OBTAINED BY
USING A SERIES OF RANDOM NUMBERS. THESE RANDOM NUMBERS ARE USED AS
GENERATORS OF A NEW SET OF THEORETICAL DATA BASED ON PROBABILITY
FACTOR P!, WHOSE BEHAVIOR FOLLOWS THE METHOD ASSUMPTIONS.

FOR THE ENTIRE URBAN AREA UNDER STUDY, ALL CENSUS TRACTS ARE
ARRANGED ALONG THE ABSICCA OF A GRAPH {ORDER 1Is IRRELEVANﬁL AND THE
CORRESPONDING ACCUMULATIVE PROBABILITIES (ngl FOR EACH TRACT) ARE
PLOTTED VERTICALLYe A LINE HISTOGRAM SHOWN IN FIGURE 7 1S OBTA!INED,

N=S
NOTE THAT SINCE 2{Px =1, THE ORDINATE RANGES FROM O TO 1.0.2

WHAT 1S [MPORTANT IN THIS METHOD IS NOT THE ACCUMULATIVE
PROBABILITY BUT RATHER THE EXCLUSIVE PROBABILITY (P1) OF EACH TRACT
MIRRORED ON THE ORDINATE, THE LARGER THE PROBABILITY, THE LARGER THE
INTERFACE (P1, P2, P3, P4 AnD P5) AND THE GREATER THE WEIGHT FOR THE
RESPECTIVE TRACT OR TIME CODE, WHICHEVER 1S REQUIREDs SINCE THE NUM-—
BER OF CLERKS TO BE ASSIGNED TO THE PROPOSED INDUSTRIAL SITE Is Y,
THEN Y RANDOM NUMBERS FROM O To 1 musT BE GENERATED AND ASSIGNED TO
THE CORRESPONDING CENSUS TRACTS ON THE ABSICCA.

EXAMPLE:

FROM THE FIGURE, IF A RANDOM NUMBER

oF 0.55 1S PICKED, IT WOULD BE ASSIGNED TO
TRACT T2,

1"THE MONTE CARLO METHOD IS A LABEL CUSTOMARILY ASSIGNED TO
ANY PRODUCE USING STATISTICAL SAMPLING TECHNIQUES IN ORDER TO OBTAIN
A PROBABLISTIC MODEL OF SOME MATHEMATICAL OR PHYSICAL PROBLEM, REFER
TOs GUISEPPE Me DIROCCAFERRERA, OPERATIONS RESEARCH MODELS FOR
BUSINESS AND INDUSTRY (CINCINNATI: SOUTHWESTERN PuBe. CO0., 1964),r.861.

2THIS PROCEDURE CAN ALSO BE USED TO ASSIGN TRIP ORIGINS TO
TIME INTERVAL SUBPOPULATIONS:(H1, H2, ETCo.) BY GROUPING CENSUS TRACT

IN THEIR RESPECTIVE TIME INTERVALS,
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THE PROCEDURE IS REPEATED FOR ALL Y ASSIGNMENTS OF CLERKS. SIMILARLY,
ASSIGNMENTS ARE CONDUCTED FOR THE MANAGERIAL AND LABOUR GROUPS UNTIiL

THE NUMBER OF WORK TRIP ORIGINS EQUALS THE NUMBER OF JOBS AVAILABLE.
D) TEsTiING

SéopE OF TEST
THE UNIQUE METHOD INTRODUCED HERE TO PREDICT THE RESIDENT!AL
DISTRIBUTION OF INDUSTRIAL WORKERS IS BASED ON SEVERAL ASSUMPTIONS,
WHICH WITHIN THE CONTEXT OF THIS STUDY HAVE NOT YET BEEN PROVED, I[N

T
FACT TWO MAJOR ASSUMPT{IONS ON WHICH THIS LESS REFINED FIRST ATTEMPT 1Is

i
BASED HAVE BEEN QUESTIONED IN THE FORMATIVE STAGE OF MODEL DEVELOPMENT.
1) DOES TRAVEL TIME HAVE THE EFFECT OF EXCLUSIVELY
ELIMINATING COMPETITION, OR DOES COMPETITION
DROP OFF BY DEGREES MOVING OUTWARD FROM THE JOB
SOURCE?
2) ARE ALL OCGCUPATIONS AFFECTED EQUALLY BY TRAVEL
IMPEDANCE, OR DO SOME GROUPS FIND TRAVELLING
LESS OF A HINDRANCE THAN OTHERST?
THE NEED TO EXPLORE THESE AND OTHER QUESTIONS NECESSITATES A TESTING
OF THE MODEL'YS REPRESENTATIVE ACCURACY.

IDEALLY, TO VALIDATE THEORY, TESTING WOULD INVOLVE AN
EXHAUST I VE SURVEY OF MANY INDUSTRIAL SITES .FROM NUMEROUS URBAN AREAS.
THE SITES, OF COURSE, WOULD DIFFER NOT ONLY IN TERMS OF THEIR LOCATIONAL
CHARACTERISTICS, BUT ALSO IN TERMS OF THE NUMBER, SIZE AND TYPES OF
FIRMS OF WHICH THEY CONSISTo THE NATURE OF CITIES ALSO MAY HAVE THE
EFFECT OF ALTERING LOCATIONAL CRITERIA SO AS TO FORCE A GCHANGE IN THE
MODEL

THE EXTENT OF TESTING REQUIRED BY THIS "BURDEN OF PROOF" wAS

NOT ATTEMPTED AT THIS TIME. |IN VIEW OF THE GENERALITIES REGARDING




A R R R R P R R T i s,

84

COMPETITION, WHICH ARE ADOPTED AS FUNDAMENTAL ASSUMPTIONS ON WHICH
THE MODEL 1S BASED; EXTENSIVE TESTING, WITHOUT REFINEMENT, WAS CON-
SIDERED UNNECESSARY. |NSTEAD, A CASE STUDY APPROACH ON ONE INDUSTRIAL

SITE WAS THOUGHT TO BE MORE COMPATIBLE WITH THE UNPOLISHED BASIS OF

THIS PRELIMINARY HYPOTHESISe THIS TYPE OF APPROACH WOULD INDICATE THE
MOST OBVIOUS DEFICIENCIES IN THE METHOD, SO THAT THESE DEFICIENCIES
COULD BE CORRECTED AND A MORE REFINED PROCEDURE TESTED ON A BROADER

SCALE,

TEST AREA

TOo REST THE PREDICTIVE ABILITY OF THIS METHOD A PROPOSED
INDUSTRIAL SITE WOULD HAVE TO BE STUDIED BEFORE AND AFTER ITS ACTUAL
ESTABLISHMENT. TESTING COULD NOT BE CARRIED OUT FOR AT LEAST TWO
YEARS AFTER THE ESTABLISHMENT DATE OF MOST FIRMS, SINCE ONLY AT THIS
TIME WILL ANY DEGREE OF EQUILIBRIUM IN WORKER RESIDENCE BE NOTICEABLE.
IN ORDER TO SIMULATE THIS CONDITION, AN ESTABLISHED INDUSTRIAL SITE
WAS CHOSEN AND ANALYZED, USING CENSUS DATA FROM A PERIOD IMMEDIATELY
PRIOR TO THE ACTUAL INDUSTRIAL LOCAT!ON,

THE INDUSTRIAL SITE CHOSEN TO TEST THE METHOD WAS |NKSTER

I NDUSTRIAL PARK, IN NORTH CENTRAL WINNIPEG, (SEE MAP lo) THOUGH THE

PARK BECAME AVAILABLE FOR DEVELOPMENT IN 1958, iT WAS NOT UNTIL AFTER
1960 THAT MOST OF THE EXISTING FIRMS BECAME ESTABLISHED HERE. TABLE v,

LISTING THE SAMPLE FIRMS, GIVES SOME INDICATION WHEN MOST FIiRMS BECOME

ESTABLISHED HEREo. SINCE 1961 COINCIDED WITH THE DECENNIAL CENSUS, AND

CENSUS TRACT DATA, WERE REQUIRED TO CALCULATE PROBABILITIES, THIS YEAR

WAS CHOSEN AS THE BASE YEAR FOR PREDICT!ON-1

ITHouen soME FiRMS FROM THE SAMPLE WERE ALREADY ESTABLISHED 1IN
THE PARK JUST PRIOR T0 1961 (EG., DO-ALL COMPANY LTD.) IT WAS{ASSUMED
THAT THIS WAS NOT SIGNIFICANT ENOUGH TO ALTER CENSUS DATA. N
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LIST OF SAMPLE FIRMS

NAME OF COMPANY DATE ESTABL ISHED

TABLE 1V

REIMER EXPRESS LINES L.TD,
GEORGE SIMPSON MFGeC0LL.TD,
CENTURY CRAFT LTD.
WINNIPEG PHOTO LTD,
DoMinNtoN TANNERS LTDe
WESTERN ToOLS AND INDUSTRIES
SUPERIOR ENVELOPES LTD,
MACMILLAN, BLOEDEL LTD.
Do~ALL CoMmPANY LTD,

PARKE DAvVIS AND CoO. LTD,.
Davis CoNTROLS

DucHON BRrROS, SiGNS LTD.
GLESCO MANUFACTURING LTDe
Je We MILLS AND SON LTD
STRONG~SCOTT LTD,

INGRAM AND BgLL LTD,
ELECTROLIER CORP,.

MiD-WEST TRUCK LINES LTD.

1964
1969
1964
1964
1967
1965
1961
1962
1960
1961
1967
1962
1966
1968
1963
1969
1964

1965

ToTAL

86

NuMBER oF (FuLL
TiME) EMPLOYEES

180

46

23

189

136
76
48

100

13

14 *

1,037

*NEW INDUSTRIES ~ NOT RELOCATED FROM ANY OTHER AREA OF

THE CITY.
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WiTH THE BASE YEAR ESTABLISHED AS 1961, A TEN-YEAR STUDY
PERIOD, 1961-71, WAS ADOPTED AS THE TIME IN WHICH WORKER RESIDENTIAL
LOCATION WITH RESPECT TO THE PARK REACHED EQUILIBRIUMe MOST OF THE
FIRMS STUDIED WERE ESTABLISHED AT THE NEW SITE DURING THE PERIOD
1961-68, THE POST~LOCATION PERIOD 1968-71 GIVES A WORKER, DIRECTLY
AFFECTED BY THIS WORK PLACE RELOCATION, THREE YEARS TO DECIDE ON AN
ADJUSTED JOB~RESIDENCE LOCATIONs THREE YEARS ARE ASSUMED SUFFICIENT
FOR THIS DEc1suON.1 HENCE RESIDENCE~WORK PLACE LOCATIONAL EQUILIBRIUM
IS ATTAINED FOR THE PROJECTION YEAR, 1971,
THE GREATER WINNIPEG AREA HAS WITHIN ITS LEGAL BOUNDARIES SIX
DISTINCT INDUSTRIAL DISTRICTS EXCLUDING THE CENTRAL WORK AREA,
I)' INKSTER INDUSTRiAL PARK
2) ST. JAMES |NDUSTRIAL PARK
3) FORT GARRY |NDUSTRIAL PARK
4) TUXEDO INDUSTRIAL PARK
5) TRANSCONA |INDUSTRIAL PARK
6) ST. BONIFACE |NDUSTRIAL AREA
BESIDES THESE SIX DISTRICTS AND THE CENTRAL AREA, INDUSTRY IS LOCATED
SPORADICALLY THROUGHOUT THE CITY WHERE PLANNING REGULATIONS AND ZONING
BYLAWS PERMITs THOUGH THE METHOD COULD HAVE BEEN TESTED ON ANY GROUP
OF FIRMS IN THE CITY, PROVIDED DATES OF LOCATION OF ALL THESE FIRMS
WERE AT LEAST WITHIN TEN YEARS OF EACH OTHER, INKSTER PARK WAS CON-
SIDERED MOST SUITABLE FOR THE FOLLOWING REASONS:

1) ESTABLISHMENT OF SAMPLE FIRMS AS A UNIT WAS
COMPATIBLE WITH ADOPTED TEST PERIOD, 1961-1971,

YSEE POPULATION MOBILITY RATES, SUPRA, Po 69,

R B R R R S A R i R sy,
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INKSTER PARK HAS A COMPACT LAYOUT (SEE Map 11).
FIRMS LOCATED IN THE ST. JAMES AND FORT GARRY
PARKS ARE SCATTERED, REQUIRING CONSIiDERABLE
EFFORT TO DETERMINE THE CENTROID OF ACTIVITY FOR
TRAVEL TIME CALCULATIONS,

THE TEST PARK CONSISTS OF EIGHTY-FOUR FIRMS (SEE
TABLE V) VARYING IN SIZE OF EMPLOYMENT AND TYPE

OF ACTIVITYe THIS CONDITION ALLOWS FOR GOOD
CROSS~SECTIONAL SAMPLING, BOTH TUXEDO AND
TRANSCONA ARE DOMINATED BY ONE OR TWO LARGE FIRMS,
BIASING LOCATIONAL CRITERIA TO SOME EXTENT. (lEo
ALL JOBS ASSUMED EQUAL ON THE AVERAGE WITHIN RES~-
PECTIVE OCCUPATIONAL GROUPSo)

FINALLY,. AS ALREADY INDICATED BY TABLE IV oN

PAGE 86 MOST OF THE SAMPLE FIRMS WERE RELOCATED
FROM CENTRAL SITES. THE TEST AREA APPROACHES THE
HYPOTHET I CAL EXAMPLE USED N DERIVING THE METHOD,

THE CHOICE OF INKSTER PARK TO TEST THE MODEL HYPOTHESIS AND

THE METHOD DOES INTRODUCE POSSIBLE PECULIARITIES WHICH SHOULD BE

NOTEDo,

1)

2)

THE INDUSTRIAL SITE IS LOCATED iN AN AREA NEAR WHICH THERE
HAS BEEN A CONSIDERABLE AMOUNT OF NEW HOUSE CONSTRUCTION
IN THE LAST TEN YEARS. WITHOUT THE GROWTH FACTORS TO
ADJUST FOR NEW RESIDENTIAL DEVELOPMENT, THE CHARACTERI|S~
TICS OF THI1S AREA USING 1961 CENSUS DATA WOULD HAVE BEEN
PREDICTED ESSENTIALLY VACANT.

THE RESIDENTIAL AREA TO THE SOUTH EAST OF |NKSTER PARK
WAS ALREADY ESTABLISHED AS A LABOUR CLASS DISTRICT WELL
BEFORE THE PARK WAS LOCATED. THIS ASPECT BIASES THE
MODEL IN FAVOUR OF THE "LESSER DISTANCE" FACTOR. THOUGH
IT IS UNLIKELY THAT LABOURERS HAVE LOCATED HERE IN ORDER
TO BE NEAR TO THE INKSTER DEVELOPMENT AND THAT ONLY A
SMALL PERCENTAGE OF THE LABOUR POPULATION OF THIS AREA
ACTUALLY WORK AT THE PARK, THE HIGH LABOUR CONGCENTRATION,
COUPLED WITH PROXIMITY, WILL GIVE HIGH THEORETICAL PRO-—
BABILITY RATES FOR EXPECTED WORK TRIP ORIGINS,

SAMPL ING PROCEDURE

OF THE EIGHTY FOUR FIRMS PRESENTLY LOCATED IN THE PARK, A

SAMPLE SIZE OF EIGHTEEN FIRMS WAS RANDOMLY DRAWNo ALTHOUGH EXPANSION

FORMULAS HAVE BEEN DEVELOPED WHICH MAY ALLOW THE SAMPLE DATA TO REPRE-

R
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TABLE V¥

FIRMS LOCATED I[N INKSTER
I NDUSTRI AL PARK

1e PETER'S PLUMBING & HEATING LTD.

2, Do-ALL CoMpPANY OF CANADA LTD.

3. DucHoON BrOs. SIGNs LTD.

5, EacLE DEVELOPMENT AND INVESTMENTS
I NDZEOSK!I |INDUSTRIES
MELNYK BROS, LTDe

6. NALEwAY FoODS AND CATERERS
To RAD10 HoLDING CORPORATION LTDo

¢

8. AUTOMATIC SPRINKLER CO0. OF CANADA LTD.
RopzeN CONSTRUCTION LTD.

9, STEINHAGEN VAULTS LTD.

10. GLOBE ENVELOPES WESTERN LTDe

11, Hybro SITE

12. PARKE DAvIs anND Coo. LTDe

13, LEAMINGTON TRANSPORT WESTERN LTD,
14, ABBOTT LABORATORIES LTD,

15, VICTORIA LLEATHER

16, Dispro DispLAY PrRODUCTS LTD,

17. TORONTO QUILTING & EMBROIDERY LIMITED

18, LonDON CONSTRUCTION CO,
NORTHERN FRUIT DISTRIBUTORS LTD,
Mib-WEST TRUCK LINES LTD,
CANDO SPORTSWEAR LIMITED

19. AETNA ROOFING

20, ManiToBA BEDDING COMPANY LIMITED




21,

22,

23,
24.,
25,
26,
27,
280
29,

30,

31,
32,

33,

35,
36.
376
38,
39.
40.
41,
42,

43,

R R S B A R P riis
N R R P R RSP 2

RS Bl

91

TABLE V (CONTINUED)

GAULTS LTDo, GERHARD KENNEDY CANADA LTD.
HEYMANN & ScHMIDT MASONRY CONTRACTORS LTD.
SUPERIOR ENVELOPES LTD.

EsL.TON INDUSTRIES LTDs
NAT1OoNAL PAPER GooDS LIMITED

MAN-MEN INDUSTRIES LTDo

STRONG-SCOTT LiMlTED

VOLKSWAGEN CANADA LTDe

I NKSTER AuTO BoDY LTDo
INTER-COLLEGIATE PRESS OF CANADA LTDo
Coca-CoLA LTDa

MACMiILLAN, BLOEDEL (MaNiTOBA) LTD.
MACMILLAN, BLOEDEL PACKAGING LIMITED

WE IDMAN BROS.LTDa

DoMCOR ENTERPRISES LTD.

SELKIRK CABINET LTD.

PRUDENTIAL AUTOMOTIVE PRODUCTS LTD.
SMITHYs CORNED BEEF AND SAUSAGE MFGo CO. LTD.
CADORATH PLATING COo LTD,

ArRM, MASONRY CONSTRUCTI!ON LTDe
GLEsCO FURNITURE MANUFACTURING LTDo
STANDARD TUBE & Toloe LIMITED

Jo Re WIRE AND METAL SPECIALTY LTD.
SWIFT ADHESIVES

REIMER EXPRESS

WINNIPEG PHOTO LTD.

B T R R P A P R R R TR
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45,

46,
47,
48,
49,
50.
51,
52,
53,
54.,
55,
56.

57.

58.
59,
60,
61,
62,
63,
64
65,
66,

67,

B B I R

TABLE V (cONTINUED)
ELECTROL IER CORPORATION
CENTURY CRAFT LIMITED
GEORGE De SiMPSON MF. COs LTDo
KILDONAN CANOE COMPANY
WESTERN TooLs & |NDUSTRIES LIMITED
FIRE HALL
NEPTUNE METERS LIMITED
GLOWA MILLWORK
AcME CHROME FURNITURE LTD,

GREB SHOES LIMITED

DoMiNION TANNERS LIMITED

DiaMoND METAL INDUSTRIES LTDe

EmiLs TRANSPORT REFRIGERATION

CHRYSLER CANADA LTD.

EAGLE DEVELOPMENT AND INVESTMENTS
WONDER WHIP CANADA CoO,
DAavis ConTROLS

Je Wo MiIl.Ls AND SON LTD.

CHAaMPs FiRE Foops

We Go McMAHON LTDo

HARDING CARPETS LIMITED

NAT1ONAL PROMOTIONS LTDe & SYNDICATE PRODUCTS LTD.

INGRAM & BELL LIMITED

Cisa COMPANY LIMITED
WooDs~DRYDEN PAPER BAGS LTD,

CONFEDERATION LIFE ASSOCIATION

SRR S S G

92
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68.
69,
70,
1.
T2
T3

T4

TABLE V (coNTINUED)
S1MPSONS-SEARS LIMITED
LAKEVIEW DEVELOPMENT
DENTS FooDs PROCESSORS LTD.
MAN1TOBA TELEPHONE SYSTEM
MIDWEST STORAGE AND DIiSTRIBUTING
KIRK INVESTMENTS LTDo.

CANFOR LiMITED
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*THE NUMBERS PRECEDING THE NAMES OF THE FIRMS IND$CATE THE LOTS
ON WHICH THE RESPECTIVE FIRMS ARE LOCATED., THE PLACEMENT OF THESE
LOTS, IN THE INDUSTR{AL PARK ARE SHOWN ON MAP ||, P. 89,
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SENT THE ENTIRE INDUSTRIAL PARK, THE STUDY SAMPLE WILL BE CONSIDERED
AS AN ISOLATED, DISTINCTIVE UNITo FOR THE PURPOSE OF THIS STUDY, THE
TERM "INKSTER INDUSTRIAL PARK" WILL ENCOMPASS ONLY THOSE EiGHTEEN
FIRMS LISTED IN THE SAMPLE. |{T IS REASONABLY ASSUMED THAT THE SAMPLE
DOES REPRESENT THE ENTIRE {NDUSTRIAL DISTRICT DESPITE THE LACK OF
STATISTICAL VALIDATION.

IN TOTAL TWENTY-TWO FIRMS WERE DRAWN FROM THE E|GHTY-~FOUR FIRM
POPULATION. THE FOUR INDUSTRIES DRAWN AFTER NUMBER EIGHTEEN, WERE USED
AS ALTERNATIVES IF PERMISSION FOR THE SURVEY WAS NOT GRANTED BY SOME
INDIVIDUAL FIRMSo, OF THE FIRST EIGHTEEN FIRMS SELECTED, ONLY TWO RE-—
FUSED THIS PERMISSION,

FOR EVERY INDIVIDUAL EMPLOYED BY EACH OF THE SAMPLE FIRMS,

THEIR OCCUPATION (CLASSIFIED LATER INTO MANAGERIAL, CLERICAL OR LABOUR)
AND THEIR CORRESPONDING PLACE OF RESIDENCE WAS OBTAlNED.1 THE
OCCUPATIONAL SAMPLE SIZE CONSISTED OF 52 MANAGERS, 154 CLERKS OR OFF!ICE
PERSONNEL AND, 676 LABOURERS. SEVERAL OF THE ADDRESSES OBTAINED FOR
THE ORIGINAL LIST WERE RURAL, ON THE ASSUMPTION OF A CLOSED SYSTEM
THIS GROUP (APPROXIMATELY 5% OF THE TOTAL)WAS OMITTED FROM THE FINAL
SAMPLE. HENCE THE FINAL OCCUPATIONAL BREAKDOWN wWAs 50 MANAGERs, 150
CLERKS, AND 633 LABOURERS, WITH THE OCCUPATION AND CORRESPONDING
ADDRESS FOR EVERY WORKER KNOWN, THE INDIVIDUAL ADDRESSES WERE PLACED

IN THEIR RESPECTIVE CENSUS TRACTS, BY OCCUPATIONAL TYPE, TABLE Vi

SHOWS THE FINAL SAMPLE SIZE BY CENSUS TRACT (AND UNORGANIZED

1SOME OF THE FIRMS SURVEYED SHOWED RELUCTANCE TO RELEASE THE
EXACT ADDRESSES OF THEIR EMPLOYEES., HENCE THE "NEAREST HUNDRED BLOCK"
ADDRESS WAS OBTAINED, SEE APPEND!X B FOR OCCUPATIONAL CLASSIFICAT!ON.

R N
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1 FOR THE THREE OCCUPATIONAL CLASSIFICATIONS,.

AREAS)
SINCE THE INFORMATION REQUIRED BY THE SAMPL ING PROCEDURE WAS

UNIQUE, THE SAMPLE COULD NOT BE COMPARED TO A LARGER POPULATION SIZE

TO ESTABLISH ITS ACCURACY IN REPRESENTING WORK TRIP ORIGIN BEHAVIOR

BY OCCUPATiONs THIS ACCURACY WAS ASSUMED AS PREVIOUSLY MENTIONED,

AND TABLE VI LISTS THE EMPIRICAL RESULTS ON WHICH THE VALIDITY OF THE_

MODEL WAS ESTABLISHED,

E) CALCULATIONS

ALL ROADS USED TO ANY NOTICEABLE EXTENT BY THROUGH TRAFFIC ARE
INCORPORATED. INTO THE ROAD NETWORK WHICH FORMS THE “VEHICULAR GRIDY
USED IN ANALYSIS. THE TRANSPORTATION FACILITIES WHICH FORM THIS GRID
ARE REPRESENTED BY A SYSTEM OF L{iNKS AND NODES WHERE A LINK 1S THE
TRAVEL PATH BETWEEN TWO ADJACENT NODES AND A NODE IS A POINT AT WHICH
LINKS INTERSECT. ACCORDING TO THE WINNIPEG AREA TRANSPORTATION STuby,
WINNIPEG CONSISTS OF 807 LINKS AND 547 NODESZ.

SINCE THE PURPOSE OF THIS SECTION IS TO DETERMINE WORK TRIP
ORIGINS, THE 9 A.Mo PEAK HOUR TRAFFIC WAS USED AS THE VOLUME ASSIGNED

TO THE ROAD NETWORKo3 THIS ASSIGNMENT FACILITATED BY THE USE OF THE

1MOST OF THE OUTLYING MUNICIPALITIES IN GREATER WINNIPEG, THOUGH
SITUATED WITHIN THE LIMITS OF THE STUDY, WERE NOT COVERED BY REGULAR
TRACT NUMBERS, THESE HAVE BEEN INCLUDED AS "UNORGANIZED" AREAS.

2
SEE APPENDIX A FOR DETAILS OF SPEED-VOLUME ASSIGNMENT TO ROAD
NETWORKe ALSO SEE WeAsTeSey OPe CiTe, PP. 8-13,

SaLL TRANSPORTATION DATA USED IN THIS STUDY WERE TAKEN FROM
WeAoToSe, THE METHOD OF TRAFFIC ASSIGNMENT EMPLOYED BY WoAoeToSo 1S THE
CAPACITY RESTRAINT TECHNIQUE. ACCORDINGLY, ALL TRAVEL TIME VALUES
ASSIGNED TO LINKS INVOLVE CONGESTION AT THE MORNING PEAK HOURo |BiDo,
PP, 52-55,




TRACT NUMBER™

1

2

10
1"
12
13
14
15
16
17
18
19
20
21

22

TABLE Vi

DISTRIBUTION OF OCCUPATIONAL TYPES BY CENSUS

TRACT AND UNORGANIZED
(SAMPLE FINDINGS)

MANAGER I AL
1
1

AREAS

CLER.ICAL

9

4

T S

96

LABOUR

23
22
14
19

12

13




TRACT NUMBER

23
24
25
26
.27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46

47

TABLE Vi (coNTINUED)

MANAGER 1AL

0

0

CLERICAL

0

1

o7

LABOUR

8
3

21

18

13

11




TrRACT NUMBER

48
49
50
51

52
53
54
55
56
57
58
59
60
61

62
63
64
65
66
67
68
69
70

71

TABLE VI

MANAGER 1AL

2

98

(conTinuED)

CLERICAL LABOUR
1 0
1 5
1 6
0 6
1 6
0 4
3 5
0 0
1 2
0 0
0 1
0 6
6 4
1 4
1 0
0 0
2 1
1 4
2 3
1 13
1 4
4. 2
6 13




TrRACT NUMBER

72
73
74
75
76
77
78
79
80
81
82
83
84
85

86

TA
T8
TC
TD
TE
TF
TG

GRAND ToTaL

TABLE VI (coONTINUED)

MANAGER | AL

6

5

CLERICAL

7

13

99

LABOUR

15

43
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COMPUTER1 YIELDED A SERIES OF TRAVEL TIMES (SKIM TREE IMPEDANCES)
BETWEEN ALL OF THE 124 TRANSFER NODES IN THE SYSTEMe THESE TRANSFER
NODES CORRESPOND TO TRAFFIC DISTRICTS, DEFINED BY WoAoTeSe AND SHOWN

oN Map illi,

CENTROID 114 CORRESPONDS TO THE LOCATION OF |NKSTER |NDUSTRIAL
PARK. THE TRAVEL TIMES FROM ALL TRANSFER NODES IN THE ROAD NETWORK

TO CENTROID 114 WERE OBTAINED. (SEE TABLE Vil)e THIS GAVE THE TIME

A COMMUTER WOULD ABSORB DRIVING FROM ANY GIVEN TRANSFER NODE IN THE

CITY TO INKSTER PARK DURING 9300 Ae¢Mo PEAK HOUR CONGESTIONo THE

TRAVEL TIMES WERE GROUPED AT FIVE MINUTE INTERVALS AND POINTS OF EQUAL
TIME (TO THE NEAREST FIVE MINUTES) FROM CENTROID 114 WERE CONNECTED,
THE RESULT Is MapP (Vs

HAVING DETERMINED THE FIVE MINUTE TIME 4NTERVALS {ALsSO cALLED
TIME GODES) FOR THE ENTIRE URBAN AREA, THE INDIVIDUAL CENSUS TRACTS
AND UNORGANIZED DISTRICTS WERE ASSIGNED TO THEIR CORRESPONDING TIME
CODES. THE PATTERN OF CENSUS TRACTS AND UNORGANIZED AREAS FOR WINNIPEG
IS SHOWN IN MAP V., THE SMALL CIRCLE WITHIN EACH TRACT AREA DEFINES

THE CENTER OF RESIDENTIAL DEVELOPMENT IN THAT TRACTe [HE SPREAD OF

RESIDENTIAL DEVELOPMENT FOR WINNIPEG 1S SHOWN ON MAP Vi, FOR WELL

DEVEL.OPED AREAS NEAR THE URBAN CENTER, THE DEVELOPMENT CENTROID CORRES~
PONDS TO THE GEOMETRIC CENTROID. THE CENTROID OF EACH RESIDENTIAL

DISTRICT WAS PLACED IN THE CORRESPONDING TIME CODE BY SUPERIMPOSING

MaP IV ON MAP V. EACH TRACT WAS THEREFORE ESTABL ISHED AT SOME TIME

1THE PROGRAM WAS WRITTEN BY DeAeMOIR A RESEARCHER WITH THE
CENTER FOR TRANSPORTATION STUDIES AT THE UNIVERSITY OF MANITOBA,
USING DATA FROM WoAoToSe
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TABLE VI

TRAVEL TIMES FROM ORIGIN CENTROIDS
TO DESTINATION POINT

UNORDERED
ORIGIN CENTROID

NUMBER

- 001
002
003

004

005 =

006
007
008

009

010

o011
o012
013
014
ors
.016
017
018
019

020

TIME
13
13
.6
14
16
15
12
13
LA
11

12
13
15

16

MIN,

16

17

18

18
20

21

ORDERED
ORIGIN CENTROID
NUMBER TIME (MINa)
114 0
110 3
120 4
109 5
115 5
102 6
11 6
113 6
118 6
99 7
107 7
112 7
116 7
123 7
101 8
104 8
17 8
121 8
106 9
108 9

102

|
|
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UNORDERED
OR1GIN CENTR

TABLE VII (conTINUED)

01D

NUMBER

021
022
023
024
025
026
027
028
029
030
031
032
033
034
035
036
037
038
039
040
141
042

TiME
21
18
18
18
16
17
20
24
20
25
25
25
20
20
20
22
24
23
23
25
24

27

MIN

G e A e s ol e LBt e

103
ORDERED
OrR1GIN CENTROID
NUMBER TiME_(MiNe)
096 10
098 10
009 11 1
010 11
097 11
119 11
007 12
011 12
100 12
001 13
002 13
008 13
012 13
080 13 21
082 13
122 13
124 13
004 14
103 14
006 15
013 15
o1 5
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TABLE VIl (coNTinuED)
UNORDERED ORDERED
ORIGIN CENTROID OrRiGiN CENTROID
NUMBER TiMeE (MiN, NUMBER TiMeE (MiNe)

04-3 27 084 15 %
044 29 003 16
045 25 005 16
046 18 014 ' 16
047 18 015 16
048 21 025 16
049 18 083 16
050 23 085 16
051 22 016 17
052 20 026 17
053 ‘25 087 17 29
054 23 017 18
055 25 018 18
056 24 022 18
057 26 023 18
058 26 024. 18
059 31 047 18
060 28 04.9 18
061 29 105 18
062 32 066 19
063 30 086 19
064 32 019 20 f
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TABLE VII (conTinuED)
UNORDERED ORDERED
ORIGIN CENTROID OR1GIN CENTROID
Numser Tive (Min. NUMBER Time (Mine)

065 35 027 20

066 19 029 20

067 21 033 20

068 22 034 20

069 20 035 20

070 24 052 20

071 23 069 20

072 22 088 20

073 21 020 21 1
074 23 021 21

075 27 067 21

076 27 073 21

077 31 048 21

078 31 036 22

079 32 051 22

080 13 068 22

081 15 072 22

082 13 038 23

083 16 039 23

084 15 050 23

085 15 054 23 29
086 19 : 071 23

087 17 074 23 ¥



TABLE VII (continuED)

UNORDERED
OR1GIN CENTROID
NUMBER TiME (MIN

088 20
089 27
090 23
091 25
092 27
093 31
094 28
095 31
096 10
097 (X
098 10
- 099 7
100 12
101 8
102 6
103 14
104 8
105 18
106 9
107 7
108 9
109 5
110 3

ORDERED

OrRIGIN CENTROID

R,

NUMBER TiME (MiNs)
090 23
028 24.
037 24.
041 24
056 ' 24.
070 24
030 25
031 25
032 25
040 25
045 25
053 25
055 25
091 25
057 26
058 26
042 - 27
043 27
075 27
076 27
089 27
092 27
060 28

106
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TABLE V11 {conTiNUED)

UNORDERED ORDERED
OrRIGIN CENTROID ORIGIN CENTROID
NUMBER Tive (MiNe NuMBER TiMe (MiNe
111 6 094 28
112 7 044. 29
113 66 061 29
114 0 063 30
115 5 046 31
116 7 ' 059 31
117 8- o7 31
118 6 078 31
119 1 093 31 10
120 4 095 3t
121 8 062 32
122 13 064 32"
123 7 079 32
124 13 065 35 ,____J_____
DESTINATION CENTROID 114
DESTINATION TRAFFIC 841

SOURCE: WinNIPEG AREA TRANSPORTATION STUDY
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INTERVAL FROM THE PARK. TABLE VII| INDICATES THIS FOR THE E{GHTY-SIX
CENSUS TRACTS AND THE SEVEN UNORGANIZED DISTRICTS,.
THE TIME CODE SUBPOPULATION (H) cOULD NOW BE CALCULATED BY

. OCCUPATION, THE OCCUPATIONAL POPULATIONS (T) IN EACH OF THE EIGHTY-

SIX CENSUS TRACTS AND SEVEN UNORGANIZED DISTRICTS WERE SUBSEQUENTLY
OBTAINED, 'THE OCCUPATIONAL GROUP BREAKDOWN BY CENSUS TRACT AND

UNORGANIZED DISTRICT, (TI) Is LISTED IN TABLE IX A AND B usinG.

EQUATION 4C) ON PAGE 79, 1

Pr = TI

M -

T
M=
T
z
1
—d

WHERE M =7

T 10 93 (86 + 7 = 93)

AND 1
THE FINAL PROBABILITY RATI10S WERE CALCULATED FOR EACH TRACT, FOR EACH
OCCUPATIONAL GROUPs THE RESULTS ARE SHOWN IN TABLEs X, XI AND Xli,

THE MONTE CARLO METHOD OF ASSIGNING WORK TRIP ORIGINS TO SPE—
CIF1C CENSUS TRACTS AND SUBSEQUENTLY TO TIME CODES 1S ACCOMPLISHED BY
USE OF A COMPUTER PROGRAM, INCLUDED IN APPENDIX Cs FOR LABOUR 633
RANDOM NUMBERS WERE GENERATED AND MATCHED WITH THE ACCUMULATIVE PRO-

BABILITIES OF EACH CENSUS TRACT, (SIMILARLY, FOR CLERKS AND MANAGERS,

ONE HUNDRED AND FIFTY ASSIGNMENTS AND FIFTY ASSIGNMENTS, RESPECTIVELY,
APPENDIX C ALSO INCLUDES A SAMPLE OUTPUT FOR THE MANAGERIAL GROUP,

THE ASSIGNED WORK TRiP ORIGINS WERE SUMMED FOR EACH TIME CODE FOR THE

THREE OCCUPATIONAL GROUPS. THIS GAVE THE PREDICTED NUMBER OF WORKERS
WHO RESIDE AT A GIVEN TIME DISTANCE FROM THE INDUSTRIAL SITEo. THE

LAST cOLUMN OF TasLEs X, XI AND XIl L1STS THESE FIGURES.

THe DATA OF TABLE IX A AND B ARE OBTAINED FROM THE CENSUS OF CANADA
1961, oPs CITs o '
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TABLE 1X A
OCCUPATION GROUP BREAKDOWN BY CENSUS

TRACT AND UNORGANIZED AREA
(CENSUS TRACTS)

TRACT

NAME NUMBER  MANAGEMENT CLERICAL  LABOUR  TOTAL
WINNIPEG CITY 1 - 146 500 966 1,612
2 150 379 615 1,144

3 105 540 1,200 1,845
4 40 211 621 872
5 102 350 1,510 1,962
6 184 626 1,701 2,511
7 229 513 1,011 1,753
8 131 300 437 868
9 115 338 769 1,222
10 73 186 1,073 1,332
11 26 70 357 453
12 30 156 857 1,043
13 271 44.3 687 1,401
14 97 306 418 821
15 81 390 694 1,165
16 107 419 870 1,39
- 17 133 359 546 1,038
18 24 51 268 343
19 76 194 1,044 1,314
20 65 a2 627 1,134
21 106 767 1,412 2,285

22 43 197 929 1,169



NAME

WINNIPEG CITY

TABLE iX A (conTINUED)

TrACT
NUMBER  MANAGEMENT
23 g
24 62
25 254
26 168
27 146
28 132
29 133
30 140
31 135
32 139
33 150
34 78
35 239
36 32
37 175
38 242
39 283
40 191
41 185
42 180
4.3 552
44 315
45 447
46 399

CLERICAL

83
322
1,333
522
751
317
458
446
455
928
783
548
1,428
168
920
740
514
680
761
572
656
375
251

231

LABOUR
360
552

2,114
552
1,203
348
471
533
369
1,317
815
676
1,003
203
356
489
424.
834
1,048
425
380
607
88

110

114

JoraL
460
936
3,701
1,242
2,100

797
1,062
1,119

959
2,384
1,748
1,302
2,670

403
1,451
1,471
1,221
1,705
1,9%
1,177
1,588
1,497

786

740
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WINNIPEG CITY

ST. BONIFACE

TRANSCONA

TUXEDO
BROOKLANDS
ASSiINIBOIA

CHARLESWOOD

FORT GARRY

EAsT KILDONAN

S R SR e B L

115
TABLE 1X A (coNTINUED)
TRACT
NUMBER MANAGEMENT CLERICAL LABOUR ToTaL

47 290 368 194 852
48 1,086 546 220 1,852
49 88 339 563 990
50 129 578 861 1,568
51 302 496 329 1,127
52 175 54.7 584. 1,306
53 115 371 652 - 1,138
54. 157 665 1,247 2,069
55 FIGURES NOT AVAILABLE

56 75 320 622 1,017
57 5 20 a1 116
58 224 44, 39 307
59 54 198 700 952
60 124 161 349 634
61 109 189 261 559
62 101 163 257 521
63 70 173 265 508
64 407 338 201 946
65 359 369 521 1,249
66 308 332 298 938

el




NAME

EAST KILDONAN

NORTH KILDONAN

WEST KILDONAN

OLD KiLDONAN

ST, JAMES

ST. VITAL

CENsUs TRACT SUBTOTAL

TABLE 1X A (conTiNuED)

116

TRrRACT
NUMBER  MANAGEMENT  CLERICAL  LABOUR  TOTAL

67 432 1,059 1,330 2,821
68 166 439 726 1,331
69 171 506 741 1,418
70 232 476 1,199 1,907
71 9 16 92 117
72 385 270 367 1,022
73 559 845 1,333 2,737
74 209 355 440 1,004
75 16 65 154 235
76 5 16 15 36
r 27 105 164 296
78 185 752 876 1,813
79 141 271 139 551
80 358 653 371 1,382
81 9.3 758 564 2,265
82 130 416 516 1,062
83 128 374 158 660
84. 295 470 231 996
85 157 269 400 826
86 208 605 969 1,782

16,062 37,116 52,928 106,106
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TABLE X B
OCCUPATION GROUP BREAKDOWN BY CENSUS
TRACT AND UNORGANIZED AREA
(UNORGANIZED DISTRICTS)
TrACT R

NAME NUMBER ~ MANAGEMENT  CLERICAL  LABOUR  TOTAL
EAsT ST. PAuL TA 56 118 234 408
WEST ST. PAUL TB 53 100 217 370
OLD KILDONAN 16 65 154 235
ST. BONIFACE 1,333 | 3,001 3,793 8,127
UNORGAN I ZED TC 524 670 804 1,998
TRANSCONA . 238 _ 1,008 1,997 3,223
UNORGAN I ZED 1 3 17 -
ASSINIBOIA 152 221 527 900
UNORGAN 1 ZED TF 28 60 178 266
CHARLESWOOD 225.. 375 572 1,172
UNORGANIZED TD 15 23 54 92
FORT GARRY o 887 986 1,332 3,205
UNORGAN I ZED TE 51 106 345 502
East Kitponan 1,077 2,333 3,095 6,505
UNORGANIZED 0 3 0 3
NORTH KILDONAN 241 492 1,291 2,024
UNORGANIZED 0 0 0 0
WEST KILDONAN 1,153 1,470 2,140 4,763
UNORGANIZED 0 0 0 0
STe JAMES 1,659 2,555 2,129 6,343
UNORGANIZED 0 0 0 0

ST VITAL 946 2,266 2,744 5,956
UNORGANIZED 28 132 470 630
UNORGANIZED SuB~TOTAL 755 1,209 2,302 4,266

GRAND TOTAL 16,817 38,325 55,230 110,372
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ALTHOUGH THESE TABLES SHOW THAT ASSIGNMENT OF WORK TRIP
ORIGINS WAS CALCULATED FOR EACH CENSUS TRACT, IT WAS FELT THAT A CASE
STUDY APPROACH DID NOT WARRANT TH!S DEGREE OF REFINEMENT. |IN A CASE

STUDY, JUSTIFICATION OF ANY CONCEPT IS DIFFICULTe THE MOST A RE-

SEARCHER CAN DO 1S TO TAKE NOTICE OF GENERAL RESULTS AND REAPPLY THEM
TO MORE EXTENSIVE TESTINGo, THE MODEL HYPOTHESIS/ IN THIS STUDY Is A

FIRST ATTEMPT AND IT WOULD BE DECEPTIVE TO BESTOW UPON IT A DETAILED

PREDICTIVE POWER WHICH IT¥MAY NOT POSSESSe ONLY BY TESTING THE THEORY

ON BROAD TERMS CAN DISCREPANCIES BE BETTER BROUGHT OUTs THERE ARE

APPROXIMATELY 55,000 LABOUR, 38,000 cLERKS AND 17,000 MANAGERS1 IN THE
WINNIPEG AREAs THE SAMPLE SIZE USED IN THIS STUDY Is 633 LABOURERS,
150 CLERKS AND 50 MANAGERS> OR 1.15%, 0440% AND 0.30% OF THE ENTIRE
LABOUR FORCE, RESPECTIVELY., THE SAMPLE IS OBVIOUSLY TOO SMALL TO
SUPPORT REF INEMENT

THEREFORE, THOUGH THE PREDICTIVE ABILITY OF THE MODEL THROUGH
A MORE REF INED SAMPLING TECHNIQUE COULD FOCUS ON CENSUS TRACTS, THE
ANALYSIS OF THIS STUDY WILL CONSIDER ONLY WORK TRIP ORIGINS FROM
INDIVIDUAL TIME CODESo [N SHORT, THE PI VALUE FOR EACH RESIDENTIAL

DISTRICT, 1S BUMMED TO GIVE THE PROBABILITY OF WORK TRIP ORIGINS FROM

THE TIME INTERVAL IN WHICH THE RESIDENTIAL DISTRICTS ARE LOCATEDo3

11961 CENSUS DATA.

21971 SURVEY DATA.

3 p
FROM THE THEORY ON PAGES 77~79, WHAT IS OBTAINED HERE 1S NOT
BUT RATHER

Z2

PH, = _23 P (TIL) For ALL I's [N Hy
1 T (H)

SIMILARLY FOR ALL HYs,
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CHAPTER V

ANALYSIS, CONCLUSIONS AND RAMIFICATIONS

A) ANALYSIS AND CONCLUSIONS
THE BAR GRAPHS, FIGURES 8, 9 AND 10, INDICATE THE THEORETICAL

AND EMPIRICAL RESIDENTIAL DISTRIBUTION PATTERNS, BY TIME CODES, FOR THE

THREE OCCUPAT IONAL GROUPS CONSIDERED, THE THEOREflCAL VALUE IS THE

VALUE OBTAINED FROM PREDICTION AND THE EMPIRICAL VALUE 1S OBTAINED
FROM THE SAMPLE DATA. THE LINE PLOTS, Ficures 11, 12 anp 13, sHow
BETTER THAN THE BAR GRAPHS, THE PRONOUNCED DISCREPANCY BETWEEN THE
THEORETICAL AND EMPIRICAL RESULTS, WITHIN THE FIRST FIVE MINUTE |NTER-
VAL (T<5). FOR ALL THREE OCCUPATION GROUPS THERE IS A LARGE POSIT;VE
IMBALANCE WHEN T 5 AND A MODERATE NEGATIVE IMBALANCE FOR ALL TIME
CODES WHEN T 25, THE INCREMENTAL DIFFERENCES ARE INDICATED iN TABLE
X{11 AND ARE PLOTTED FOR THE LABOUR AND GLER!CAL GROUPs IN FIlGURES 14

AND 15, FROM THESE FIGURES IT APPEARS THAT LABOUR EMPIR|CAL RESULTS

FOLLOW THE CLOSEST TO THEORYy SHOWING THE LOWEST PERCENTAGE DEVIATIONS

AS OPPOSED TO THE MANAGERIAL GROUP THAT HAVE THE HIGHEST PERCENTAGE
DEVIATION.
THE INACCURACY OF THE MODEL IN PREDICTING EXPECTED WORK TRIP

ORIGINS CAN BE EXPLAINED FROM ESSENTIALLY TWO POINTS OF VIEW. {F THE

RESULT 1S ASSESSED FROM A PURELY MATHEMAT{CAL VIEWPOINT, THE DIFFERENCES
RESULT FROM THE BEHAVIOR OF RANDOM NUMBER ASSIGNMENTSs SINCE MORE
THEORETICAL THAN EMPIRICAL TRIPS WERE ASSIGNED TO THE FIRST TIME INTER-

vAL (TL5), THIS INTERVAL -ABSORBED MORE THAN ITS SHARE OF RANDOM CHOICES,
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TABLE X111

ERROR IN THEORETICAL ORIGIN VALUES
BY TIME INTERVAL

150

TIME INTERVAL MANAGEMENT CLERICAL LABOUR ToTAL
0-.5 v ; 15 + 29 +'138 + 182
5-10 + 1 + 3 - 12 - 8
10-15 + 7 - 5 - 28 - 26
15-20 _ -1 - 6 - 50 - b7
20-25 - 14 -~ 5 - 21 - 40
25-30 - 4 - 14 - 22 - 40
30-35 - 4 - 2 - 5 - 1
TOTAL 0 0 0 0

NOTE: POSITIVE INDICATES THEORETICAL VALUE IS GREATER THAN

EMPIRICAL VALUE,
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CAUSING A SHORTAGE OF CHOICE POSSIBILITIES FOR INTERVALS T ;>f5 MINUTES.1
LOOKING AT THE RESULTS FROM THIS PO{NT OF VIEW, ADJUSTMENT WOULD INVOLVE
CHANGES TO THE WEIGHTS FOR TL 5 MINUTES, AND ALL OTHER INTERVAL ASSI|GN—

MENTS WILL TAKE CARE OF THEMSELVESe THE OTHER VIEWPOINT PLACES THE ADJUST— Py

MENT FUNCTION BY DEGREE ON ALL SEVEN INTERVALS IN THE ENTIRE STUDY AREA.
THIS REASONING RAISES THE POINT THAT INACCURACY RESULTS NOT ONLY FROM A

HIGH Pl VALUE FOR TRACTS WHEN T<L 5 MINUTES, BUT ALSO FROM A PROPORT [ON=—

ATELY LOW Py VALUE FOR ALL OTHER TRACTS WHEN T > 5 MINUTES,

RECALLING THE BASIC METHOD ASSUMPTION ON WHICH THE MODEL IS

BASED MAY SHED SOME LIGHT ON THE POSSIBLE NATURE OF ADJUSTMENTe. IT

WAS ASSUMED THAT THE PROBABILITY THAT A TRIP WILL ORIGINATE FROM A
RESIDENTIAL DISTRICT, (OR A GROUP OF DISTRICTS WITHIN A TIME CODE)
DEPENDS ON THE RATI10 BETWEEN THE TRIP OPPORTUNITIES IN THE RESIDENTIAL
DISTRICT AND ITS COMPETING OPPORTUNITIES, 'COMPETING OPPORTUNITIESY
HERE MEANS THAT WORKERS IN THE CODE T <L 5 (H1) COMPETE oONLY AMONG
THEMSELVES FGR JOBS IN THE PARK, WHILE WORKERS IN TIME CODE T = 5-10
MINUTES (H2~HT) COMPETE NOT ONLY WITH WORKERS IN THE 5~10 MiINUTE
INTERVAL BUT ALSO WITH THE WORKERS IN THE INTERVAL T < 5, (H1)., THE

COMPETITION ACCUMULATES PROPORTIONATELY UNT!L WORKERS BELONGING TO THE

LAST GROUP, (H7-H6) WHERE T 25-30 MINUTES COMPETE WITH THE ENTIRE URBAN
WORK FORCE FOR JOBS AT INKSTER PARK. THOUGH THE ASSUMPTION APPEARS

LOGICAL., BASED ON THE FACT THE DISTANCE ACTS AS A DEPRESSANT

_FOR COMP@IITION, ITS VALIDITY MUST BE

1TABLE K11l SHOWS THAT THE IMBALANCE IN POSITIVE AND NEGAT I VE

DEVIATIONS ADD UP TO ZERO,




B R B R R R S s e i i

SUBJECT TO DEGREE OF INFLUENCE. |T APPEARS FROM THE RESULTS THAT
EXCLUSIVE COMPETITION WITH WORKERS OF ONLY THE SAME OR MORE CONFINING
TIME INTERVAL 1S INACCURATE. IN SHORT, IT APPEARS THAT WORKERS IN

TIME INTERVAL TL 5 MINUTES COMPETE NOT ONLY AMONG THEMSELVES BUT ALSO,

BY DEGREE, WITH WORKERS IN T 5-10, AND T 10-15 ETco THE FOCUS OF
ADJUSTMENT 1S TO MEASURE THE DEGREE OF COMPETITION BETWEEN INTERVALS

IN AN INCLUSIVE MANNER,

THE INFLEXIBILITY OF MANAGEMENT PERSONNEL N FINDING SUITABLE

HOUSING BASED ON SOCIO-ECONOMIC CONSIDERATIONS WOULD TEND TO SUPPORT

THE HIGH DEVIATIONS OF THEORETICAL AND EMPIRICAL VALUES ASSOCIATED
WITH THIS OCCUPATIONAL GROUP. THE SUBSTANTIAL NUMBER OF MANAGERS,
FROM THE SAMPLE, IN THE INTERVAL T 20-25 MINUTES 1S A REFLECTION OF
THE QUALITY OF HOUSING FOUND IN THIS AREAs A LARGE SECTION OF SOUTH
WINNIPEG, INCLUDING RIVER HEIGHTS, ROSLYN RoAD, STo JAMES-ASSINIBOIA
AND THE MORE DEVELOPED SEGMENT OF TUXEDO FALLS WITHIN THIS TIME CODE,
TIME OF TRAVEL OR RELATED COSTS 1S NOT AS SIGNIFICANT A CONSTRAINT FOR
THIS GROUP AS IT IS FOR LABOUR AND OFF | CE WORKERS.

THE DISCREPANCIES BETWEEN THE THREE OCCUPATIONAL GROUPS

INDICATES THAT THE EFFECT OF TRAVEL TIME ON COMPETITION 1S NOT THE

SAME FOR ALL WORKERSo. A SELECTIVITY FACTOR SIMILAR TO THE ONE USED
IN THE INTERVENING OPPORTUNITIES MODEL1 MUST BE INCORPORATED [N DE=-

FINING THE TIME INTERVALS, A CONSTANT OF FIVE MINUTES FOR ALL OCCUPA~

TION GROUPS OVER THE URBAN AREA IS NOT SUPPORTED BY BEHAVIORAL PATTERNS

BETWEEN OCCUPATIONS AS SHOWN BY THIS STUDY.

Tsupra, P. 52,
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How CAN THE FINDINGS OF THIS STUDY BE INCORPORATED INTO A
MORE REF INED TECHNIQUE? A CRUDE ADJUSTMENT TO THE THEORETECAL VALUES
WAS ATTEMPTED, TO BRING THESE VALUES CLOSER TO THE EMPIRICAL RESULTS
THE MANAGER!AL GROUPS, BECAUSE OF HIGH DISCREPANCY WAS LEFT UNADJUSTED,
WHILE THE LABOUR AND CLERICAL GROUPS WERE CONSIDERED CLOSE ENOUGH TO
WARRANT AN ATTEMPT AT A CRUDE ADJUSTMENT. FOR BOTH THE LABOUR AND
CLERICAL GROUPS, THE THEORETICAL VALUES WERE DIVIDED INTO THEIR GORRES-
PONDING EMPIRICAL VALUES FOR EACH TIME INTERVAL. THE RATIOS FOR THE
TWO OCCUPATIONS WERE PLOTTED AS INDICATED IN FIGURES 16 AND 17 AND
POINTS WERE APPROXIMATED BY A STRAIGHT LINEs FOR EACH TIME INTERVAL
A WEIGHT FACTOR WAS OBTAINED ON THE ORDINATE, WHICH WAS THEN APPLIED
TO THE THEORETICAL VALUES, (SEE TABLE XlVﬁ) THE ADJUSTED VALUES SHOWN
ON FIGURES 18 AND i9 WERE OBTAINED., A CHI-SQUARE TEST FOR "GOODNESS
OF FIT" WAS CONDUCTED ON THE ADJUSTED THEORET|CAL VALUES, AND THE
RESULTS OF THIS TEST ARE INCLUDED IN APPENDIX D,

THE SIGNIFICANCE OF THESE CRUDE ADJUSTMENT FACTORS IS A
FUNCTION OF THE COMPETITION WITHIN EACH TIME INTERVAL FOR EACH OCCUPA—
TION GROUP, TO DEMONSTRATE THIS RELATIONSHIP A NUMERICAL EXAMPLE IS

USEDe.

EXAMPLE:

FromM TABLE XI| oN PAGE134,TIME INTERVAL, TZ 5
CONSISTs OF 3,402 LABOURERS., SUBSEQUENTLY UNDER THE
EXCLUSIVE COMPETITION ASSUMPTION AN INDIVIDUAL LABOURER
RESIDING IN THIS AREA WILL COMPETE ONLY WITH 3,401
NE1GHBOURS FOR A POSSIBLE JOB IN |INKSTER PARK. UNDER
A MORE REALISTIC, INCLUSIVE COMPETITION ASSUMPTION IT
MAY BE THAT 5,000 LABOURERS FROM T 5-10, 3,000 LABOURS
FRoM T 10-15, 700 LABOURERS FROM T 15-20, ETC, WOULD
ALSO COMPETE WITH THE INDIVIDUAL IN THE FIRST TIME
INTERVAL FOR A JOB IN INKSTER PARK.COMPETITION FOR THIS
JOB DECLINES PROGRESSIVELY AT 5 MINUTE INTERVALS BEYOND
T = 5, BUT DOES NOT BECOME ZERO AS WAS PREVIOUSLY ASSUMED.
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TABLE X1V

ADJUSTED NUMBER OF EMPLOYEES

LABOUR CLERICAL

TIME TiME
I NTERVAL FACTOR POPULAT ION|I NTERVAL FACTOR POPULATION

0- 5 0.55 123 0- 5 0,57 28

5-10 0,90 187 + 5 5-10 0,78 29 + 4
10-15 - 1.24 9% + 2 10-15 1.00 18 + 2
15-20 1.49 104 + 2 15-20 1.22 29 + 1
20-25 1,96 73 20-25 1.44 26
25-30 2.27 30 + 2 25-30 1.66 2+ 5
30-35 2,60 10 30-35 1,88 6

2. 633 £ 150

"THE ADJUSTED POPULATION NUMBERS OBTAINED BY THE DIRECT
APPLICATION OF THE WEIGHT FACTORS HAS BEEN BALANCED TO EQUAL THE
UNADJUSTED SAMPLE TOTALS FOR THE TWO OCCUPATIONAL GRQUPS,
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THE RATE OF DECLINE IN THE PERCENTAGE OF COMPETING WORKERS IS A
FUNCTION OF BOTH, OCCUPATIONAL GROUP SELECTIVITY, AND THE SUPPLY-
DEMAND RATIO FOR JOBS IN THE CiTY UNDER STUDY. HAVING OBTAINED A

SET OF ADJUSTMENT FACTORS FOR COMPETITI|ON DECLINE, IT IS REASONABLE

TO EXPECT THAT THE PREDYCTHON CAPACITY OF THE METHOD INTRODUCED 1IN
THIS STUDY WILL BE GREATLY IMPROVED, AND APPLICABLE TO ANY SIMILAR

SITUATION,

B) RAMIFICATIONS

ALTHOUGH THE APPLICATION OF THE MODEL IN THE STUDY HAS BEEN
CONFINED TO INTRACITY, RESIDENTIAL LOCATION WITH RESPECT TO INDUS~
TRIAL WORK PLACE, THE POSSIBILITIES OF THIS METHOD DO NOT END HERE.
THE BASIC METHOD CAN BE APPLIED TO DETERMINE TRIP ORIGINS FOR A
MULTIPLICITY OF PURPOSES,

1) THE ORIGIN POINT FOR CUSTOMERS OF A PROPOSED
SHOPPING CENTER CAN BE OBTAINED BY USING AVERAGE
DISTRICT INCOME FIGURES OR EVEN TOTAL POPULAT ION
NUMBERS AS OPPOSED TO THE OCCUPATIONAL DATA USED
IN THIS STUDY.

2) THE EFFECT OF A PROPOSED HOSPITAL ON PATIENT
ORIGINS MAY BE OBTAINED GIVEN THAT THERE ARE
OTHER HOSPITALS IN THE AREA WITH SIMILAR FACILITIES
AND THAT AVAILABILITY OF HOSPITAL BEDS 1S NOT A
PROBLEM,

3) THE EFFECT OF A HIGH SCHOOL LOCATION CAN BE DETER-
MINED USING STUDENT DATA.

THE POSSIBILITIES OF APPLICATION, OF COURSE, ARE NOT CONFINED TO AN

ISOLATED URBAN STAGE. |IN TERMS OF REGIONAL INDUSTRIAL LOCATION THEORY,
THE DECISION TO LOCATE A GIVEN INDUSTRY IN ONE COMMUNITY OUT OF A
COMPACT CLUSTER OF SEVERAL, SIMILAR COMMUNITIES, CAN BE BASED ON

EXISTING WORKER RESIDENTIAL PATTERNS BY USING THIS MODELo CONSIDERA-
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TION OF THIS ASPECT WILL ELIMINATE WASTE OF TRAVEL TIME AND REDUCE
TRAFF IC CONGESTION ON THE ROADS CONNECTING THE COMPONENT CITIES OF THE
REGIONAL CLUSTER. ANY CHANGE IN RESIDENTIAL DISTRIBUTION IN THE'REGION

BY THE LOCATION OF INDUSTRY IN ONE PARTICULAR COMMUNITY CAN BE PREDICTED

AND INCORPORATED INTO THE REGIONAL PLAN.
0OBVIOUSLY ANY CHANGE IN THE FOCUS OF STUDY WOULD REQUIRE suB-

STANT IAL ALTERATIONS TO SOME OF THE BASIC COMPONENTS OF THE MODEL,

THERE MAY BE A CHANGE IN THE MEASURE OF THE COMPETITION VARIABLE, OR

THE CHANGE MAY INVOLVE THE MEASURE OF IMPEDANCE (NOT ALL TRIPS ARE

DISCOURAGED BY A SLOW RATE OF PRJVATE VEHICULAR MOVEMENT, EGo, SCHOOL
TRIPS)o THE TWO FUNDAMENTAL REQUIREMENTS FOR THE APPLICATION OF THIS
METHOD OF ORIGIN PREDICTION ARE:

1) THERE MUST BE SOME FORM OF IMPEDANCE TO TRAVEL
EGo WALKING, FLYING, DRIVING, ETC,

AND

2) THE COMMUTER MUST HAVE A CHOICE AMONG A NUMBER OF
SIMILAR DESTINATION FACILITIES, LOCATED AT VARIOUS
DISTANCES FROM HIS ORIGIN POINT, 1oEo, THE PROPOSED
DESTINATION FACILITY IS ONLY ONE OF SEVERAL ESTAB—
LISHED FACILITIES, WHICH PERFORM ESSENTIALLY THE
SAME FUNCTION,

DESPITE THE LIMITED SCOPE OF APPLICATIONiAPOPTED AS THE

BASIS OF TH]S PILOT STUDY, FURTHER REF INEMENT AND MORE EXTENSIVE TEST-
ING ARE JUSTIFIED BY THE POSSIBILITIES OF APPLICATION. THE FURTHER

DEVELOPMENT OF THIS TECHNIQUE COULD WELL S{MPLIFY AND SYSTEMATIZE THE

TASK OF LAND DEVELOPMENT AND OF CONVINCING THE PUBLIC AT LARGE, AS
WELL AS THE PLANNER, THAT THE PATTERN OF LOCATION PROPOSED 1S THE

BEST UNDER THE PREVAILING CIRCUMSTANCES,
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THE TRAFFIC ASSIGNMENT METHOD IS BASED ON THE CALCULATION OF
MINIMUM TIME PATHS BETWEEN ZONES OF AN ACTUAL ROAD NETWORKo ALTHOUGH
COMPLEX NETWORKS WOULD INVOLVE THE USE OF A COMPUTER, A MANUAL PROCE-

DURE CAN BE ATTEMPTED FOR SIMPLE SYSTEMS,.

FOR CODING PURPOSES THE ROAD NETWORK 1S BROKEN DOWN INTO A
SERIES OF L INKS AND NODES. A LINK IS THE ONE—~WAY PATH ON A ROUTE BE~-
TWEEN TWO INTERSECTIONS FOR WHICH INFORMAT ION CONCERNING LENGTH, SPEED

EXISTING VOLUME AND TRAVEL TIME IS OBTAINED AND STORED. NODES MAY

BE EITHER ZONAL OR INTERSECTION CENTROIDS, NODES ARE IDENTIFIED BY A

NUMERICAL CODE APPLIED SYSTEMATICALLY TO THE NETWORK, WHILE L INKS ARE
IDENTIFIED BY THE NODE NUMBERS AT THE END OF THE LINKo A HYPOTHETICAL
ROAD NETWORK DIVIDED INTO LINKS AND NODES 1S SHOWN IN FIGURE 20,

THERE ARE THREE MAJOR PROCEDURES FOR TRIP ASSIGNMENT . THEY
ARE

1) ALL~OR-NOTHING ASSIGNMENTS.

2) DIVERSION CURVE ASSIGNMENTS.

3) CAPACITY RESTRAINT AsélGNMENTs°
THE THIRD PROCEDURE, WHICH IS THE METHOD USED IN THIS STUDY, ACCOUNTS

FOR THE VOLUME CAPACITY OF THE ROAD NETWORK !N'CALCULATlNG THE LINK

TRAVEL TIME, THE CAPACITY RESTRAINT PROCEDURE ASS]GNS AN ADJUSTED
TRAVEL TIME TO A LINK WHOSE VOLUME CAPACITY HAS BEEN EXCEEDED BY THE

DESI1GN HOUR VOLUME,

FOR A NETWORK OF THE S1zE SHOWN IN FIGURE 20 MINIMUM PATH
TREES CAN BE ESTABLISHED BY INSPECTION. HOWEVER, EVEN IN NETWORKS
USED IN CONJUNCTION WITH SMALLER CITIES, A FORMALIZED TREE-BUILDING

METHOD IS REQUIRED,
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FOR THE HYPOTHETICAL NETWORK, IDENTIFICATION OF THE MiNIMUM
PATH TREE ASSOCIATED WITH CENTROID "1 |S DEMONSTRATED BY FIGURE 21,.
THOUGH THE CHART IS INCOMPLETE, THE MINIMUM PATH BETWEEN CENTROID M"1M

AND ANY OTHER CENTROID MAY BE OBTAINED FROM THIS TYPE OF INFORMATION.

THE TABLE IS ENTERED AT 1 AND THE NEXT NEAREST NODE IS READ AT THE TOP
OF THE COLUMN FOR WH¥CH THE MINIMUM PATH IS SHOWN, 1E. NODE "40", THE

TABLE IS THEN ENTERED AT |l WITH NODE 40 AS THE POINT OF DESTINATION

AND THIS GIVES NODE 39 AS THE NEXT NEAREST NODE, FoLLOWING THIS PRO-

CEDURE, THE MINIMUM PATH BETWEEN CENTROIDS 9 AND 1 IS ESTABLISHED AS

9 40 39 48 47 1

WITH A TRAVEL TIME OF 80,8 MINUTES
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FOR THE PURPOSE OF STUDYING GROUP BEHAVIOR WITH RESPECT TO
RESIDENTIAL=WORK PLACE LLOCATION AS IT IS AFFECTED BY SOCIO-ECONOMIC
CONDITIONS, THE WORK FORCE WAS DIVIDED INTO THREE BROAD OCCUPATIONAL
GROUPS: MANAGERIAL, CLERICAL AND LABOUR, THE CHOICE, FOR ANALYSIS,
OF THESE THREE CATEGORIES WAS BASED ON CERTAIN BEHAVIORAL PATTERNS
DISTINCTIVE TO EACH INDIVIDUAL GROUP AND THE TECHN!ICAL DIFFICULTY OF
MATCHING CENSUS OCCUPATIONAL DATA WITH OCCUPATIONAL DATA OBTAINED
FROM THE SAMPLEe. THE DETAIL OF CENSUS GROUPINGS NECESSITATED RE~

CLASSIFICATION TO FIT THE MORE BROADLY CLASSIFIED SAMPLE GROUPINGS.

Soci0~ECONOMIC CHARACTERISTICS

THE MANAGERIAL GROUP IS GENERALLY CHARACTERI!ZED BY AN ABOVE-=
AVERAGE [INCOME WHICH MAKES DECISIONS CONCERNING RESIDENTIAL LOCATION
AND TRAVEL COSTS MORE FLEXIBLE, THERE ARE FEW HOMES IN AN URBAN ARE
WHERE FACTORS OF PROPERTY VALUE AND TRAVEL COSTS PLACE THESE HOMES

BEYOND THE RANK OF A MANAGERIAL INCOME. BALANCING THE LOCATIGNAL

Y

ey

<3

A

FLEXIBILITY PROVIDED BY HIGHER INCOMES ARE TWO CHARACTERISTICS OF THE

MANAGERIAL GROUP WHICH STABILIZE RESIDENTIAL AND WORK AREA LOGATION
TO CERTAIN AREAS OF THE C1TYs ON THE AVERAGE MANAGEMENT PERSONNEL
HAVE A HIGH SELECTIVITY FOR THE SUITABLE JOB, ASPECTS OF PERSONAL

ASPIRATION AND ADVANCEMENT LIMIT THE DESIRABILITY OF AVAILABLE JOBS

TO THIS GROUP. |RRESPECTIVE OF LOCATIONAL INCONVENIENCE, THIS ASPECT

TENbS TO STABILIZE MANAGERS IN EXISTING JOBS OR DIRECTS MOVEMENT TO
ONLY THOSE JOBS WHICH BETTER SATISFY ADVANCEMENT POSSIBILITIES. THE
OTHER CHARACTERISTIC OF THE MANAGEMENT GROUP WHICH STABIL!ZES HOUSIN
LOCATION 1S A FUNCTION OF GROUP SOCIAL~STATUS BEHAVIOR PATTERNS,

STATED SIMPLY, THE FACT THAT CERTAIN HOUSING TYPES MAY BE WITHIN THE

G
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MANAGERTS INCOME DOES NOT MEAN SUITABILITY WITHIN A MANAGERTS SOCIAL
EXPECTATIONS. HOUSING AS A SYMBOL OF STATUS HERE OVERRIDES THE
COMMODITY ASPECT OF HOUSING IN ESTABLISHING RESIDENT AL LOCATION
CRITER1A,

THE UNIQUE SOCIO-~ECONOMIC CHARACTERISTICS OF THE CLERICAL
GROUP ARE BASED ESSENTI!ALLY ON LOCATIONAL LIMITATIONS IMPOSED BY
AVERAGE OR LESS THAN AVERAGE INCOME, AND ABOVE—AVERAGE STATUS
CONSIDERATIONS. THOUGH THE QUALITY AND STATUS OF HOUSING ACCOMMODA-
TION SOUGHT BY THIS GROUP IS H1GH, A COMPROMISE FORCED BY LIMITED INCOME
MAKES TRAVEL COSTS AND PROPERTY VALUES IMPORTANT TO THESE INDIVIDUALS,
PECULI1AR, TO THE CLERICAL GROUP IS THE HIGH PERCENTAGE OF FEMALE AND
SUBSID1ARY WAGE EARNERS COMPRISING THIS GROUP. IN GENERAL, UNLESS A
FEMALE WORKER IS THE PRINCIPLE WAGE EARNER [N THE HOUSEHOLD, RES|DEN-
TIAL LOCATION 1S NOT DICTATED BY HER SPECIFIC WORK DESTINATION.

THOUGH JOB ADVANCEMENT AS A FACTOR IN STABIL1ZING WORK PLACE
LOCATION CAN BE EXPECTED AMONG THE LABOUR GRdUP, ITS IMPACT IS CER~
TAINLY NOT AS SIGNIFICANT AS iN THE TWO PREVIOUSLY MENTIONED GROUPS,
BASED SOLELY ON ECONOMIC CONSIDERATIONS (IE. HOUSING COST, TRAVEL
COST AND lNCOME), THIS GROUP CAN BEST BE EXPECTED TO FOLLOW TRADITIONAL
LOCATION THEORY. |T SHOULD BE RECOGNIZED, HOWEVER, THAT INCOMES 1IN
MOST CASES EQUALING OR EXCEEDING THE CLERICAL GROUP INJECT INTO LABOUR
PERSONNEL NEW SOCIAL NEEDS WHICH MAY CAUSE READJUSTMENTS IN TRADITIONAL

TRAVEL PATTERNS,
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ACCORDING TO STATISTICS CANADA THE OCCUPAT IONAL BREAKDOWN OF

THE WORK FORCE 1S DIVIDED INTO NINE CATEGORIES,

1)
2)
3)
4)
5)
6)
7)
8)

9)

MANAGER 1 AL

PROFESSIONAL AND TECHNICAL

CLERICAL

SALES

SERVICES AND RECREATION

TRANSPORT AND COMMUNICAT ION

PRIMARY

CRAFTSMEN, PRODUCTION PROCESS AND RELATED WORKERS

LABOURERS

THE RECLASSIFICATION OF THESE NINE CATEGORIES [INTO THREE

BROADER GROUPINGS NECESSITATED ALTERATIONS IN DEFINITIONSe UNDER THE

ADJUSTED CLASSIFICATION SOME OCCUPATIONS PREVIOUSLY INCLUDED (N A

GIVEN CATEGORY WERE OMITTED, OTHER OCCUPATIONS WERE ADDED AND STILL

OTHERS REMAINED UNCHANGED, THE ADJUSTED CATEGORIES ARE AS FOLLOWS:

1)

2)

3)

AL INDIVIDUALS, IN THE SAMPLE WHOSE EMPLOYMENT
TYPE WAS LISTED AS MANAGERIAL, REGARDLESS OF
OVERLAP WITH PROFESSIONAL, TECHNICAL, SALES ETC.
CATEGORIES, WERE INCLUDED UNDER THE MANAGEMENT
GROUP, |INDIVIDUALS WHOSE SUPERVISORY RESPONSIBI—
LITY EXCEEDED THAT OF A FOREMAN WERE ALSO CON-
SIDERED UNDER MANAGERIAL PERSONNEL,

ALL INDIVIDUALS WHOSE EMPLOYMENT TYPE WAS GIVEN

IN TERMS OF THEIR PROFESSIONAL OR TECHNICAL COM—-
PETENCE (EGo INDUSTRIAL ENGINEER OR PLANT CHEMIST)
WERE OMITTED FROM THE SAMPLE.

ALL oFFicE PERSONNEL, EXCLUDING OFF {CE MANAGERS,
ARE INCLUDED UNDER THE CLERICAL GROUP, EXCLUDED
FROM THIS GROUP WERE INDIVIDUALS WHOSE AREA OF
OFF ICE RESPONSIBILITY WAS CLEARLY PROFESSIONAL




4)

5)

6)

8)
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(EGs CHARTERED ACCOUNTANTS, LAWYERS, ETCo.) AND WAS
STATED AS SUCH.

WITH THE EXCEPTION OF SALES MANAGERS AND WAREHOUSE~
MEN, ALL PERSONNEL RELATED TO SALES, WHETHER IN RE=-
CEIVING OR IN DISTR{BUTION WERE OMITTED FROM THE
SAMPLEs ALSO OMITTED WERE OFFICE PERSONNEL EMPLOYED
IN SALES,

ALL PERSONNEL IN SERVICE AND RECREATION, WITH THE
EXCEPTION OF PERSONNEL MANAGERS WERE OMITTED,

TrRuck DRIVERS, FOREMEN AND OTHER WORKERS WHOSE EM~
PLOYMENT TYPE ARE RELATED TO TRANSPORTATION AND
COMMUNICATION WERE ALSO OMITTED. FEXCLUDED FROM
THIS CATEGORY ARE AUTO MECHANICS OR INDIVIDUALS WHO
SERVICE TRANSPORTATION E£QUIPMENT .

ALL PRIMARY WORKERS WERE OMITTED.

THE CATEGORY OF CRAFTSMEN, PRODUCTION PROCESS AND
OTHER RELATED WORKERS, WAS COMBINED WITH THE LABOUR
GROUP. TO INCLUDE ALL SKILLED AND UNSKILLED PER~
SONNEL. IN PRODUCTION UNDER THE SINGLE LABOUR CATE—
GORYe THIS CATEGORY INCLUDES TECHN1CAL PERSONNEL
ENGAGED IN PRODUCTION AND CATEGORIZED AS PRODUCT ION
WORKERS, WAREHOUSEMEN, AUTO MECHANICS AND ALL THE
EMPLOYMENT TYPES SPECIFIED IN THE CENSUS TO BELONG
TO THE TWO FORMER GROUPS. FOREMEN ARE EXCLUDED

FROM THIS CATEGORY, AS ARE PRODUCTION MANAGERS,
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FORTRAN IV G LEVEL 20.1 MA TN DATE .= 72083 17/32/45
€ CALCULATFS ACCUMULATIVE PROBABILITY AND ASSIGNS 70 CENSUS TRACTS
0001 . DIMENSION APROB(T50),PROB(750) . .o o ... ..
: 5002 READ (5 ,100) APROB(1)
e D003 e __._302 FCRMAT( 0" 2F 104 5415)

0004 100 FORMAT (F10.5) _ '
B ST N IS NUMBER OF CENSUS TRACTS . . -
0005 READ(S5,101)N
- . 0006 e 101 FORMAT(IS) e -
0007 . DO 10 I=1,N
. UOOOB_M__M_“N,_k*"READ(S,IOO)PROB(I)
0009 10 CONTINUE
010 ... .. ... wRITF(é,laz)PRoB(l).APRUB(l) e -
011 102 FORMAT('0',2F10,5)
2012 . READIS,101INOB
0013 DD 15 I=1,NOR ' -
e 0014 APROB(I+1)=APROB(I)+PROB(I+])
2015 WRITE(6,102)PROB(I+1) ,APROB(I+1)
.C .. CHECK TD SEE IF FIRST PAIR ARE THE SAME
. D016 15 CONTINUE
0017 . _ ERDR=1.C-APROB{I+1) e o
0018 WRITE(6,102)ERDR )
. nol9 - IF(ABS{EROR) .6T,.0,01160 _TO 22
c RANDU SUBROUTIMNE PICKS RANDOM NOS. FRUM 0 TO0 1
e B M- IS NUMBER OF TRIALS e e e et e
0020 READ(5,1011 M
0021 U= 4T T e
0022 DO 21 J=1,M
D023 CALL RANDULIX,1YRAND)
0024 IX=1Y -
on2s ... . DO 19 I=1,N e e e —
0026 IE{RAND,LT.APROB(I})IGO TO 20
..0027 - 19 CONT INUE
0028 20 WRITE(64302)1APROB{I),RAND,!
0029 21 _CONTINUE-
0030 22 CALL EXIT
L003Y ... _END__ : 4
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SAMPLE OUTPUT
(MANAGEMENT)
RANDOM AccUMULATIVE TRACT Ranpbom ACCUMULAT I VE TRACT
NUMBER PROBABILITY NUMBER __ NUMBER PROBABILITY NUMBER
0,04-508 0,10362 1 0.,53668 0,53785 28
0.27045 0428460 3 0,57333 0,57503 33
0.,21703 0.28460 3 0,60986 0.61115 40
0.86810 0.90712 73 0.49916 0.50271 25
0.25532 0428460 3 0.50624 0.51396 26
0.,71907 0.72186 53 0.54500 0.54676 29
0.01649 0.10362 1 0.71382 0,71793 52
0.62732 064005 43 0437796 0.38382 8
0.61550 0.62118 42 0.84.331 0.84951 72
0.04714 0.10362 1 0.65825 0.66966 46
074339 0,74-355 62 0,35974 0,37032 7
0.03605 0,10362 1 0.23417 0.28460 3
0.52578 0452901 27 0.,16732 0.21008 2
0.83023 0484951 72 0,8964.0 0.90712 73
0.24.938 0.28460 3 0,87251 0,90712 73
0.,02423 0,10362 1 0,16748 0.21008 2
0.9009 0.90712 73 0,15230 0.21008 2
0,18772 0,21008 2 0.40651 040694 12
0.01766 0,10362 1 0,06837 0,10362 1
0.41647 0,4-3487 18 0.75164 0,75269 64
0.33991 0.34672 6 0.89455 0.90712 73
0.29118 0.31725 4 0.60249 0.60714 39
0.68790 0.69851 48 0.56403 0.56990 32
0.50680 0.51396 26 0,96177 0,96998 81
0.84964 0.90712 73 0,694.37 0,69851 48
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GLER1CAL GRrOUP

Time_CopE OBSERVED ORIGINS EXPECTED ORIGINS
1 20,00 28,00
2 34,00 33,00
3 23400 20.00
4 30,00 30,00
5 23,00 26,00
6 15.00 7.00
7 5,00 6,00
150,00 150,00

DEGREES OF FREEDOM = N-1=7 -1 =56

CHI SQUARE = 12,422

2
7( = 12,6 12,422 @o0D FIT
0,95

]

164 12,422 FIT NOT SO GOOD AS TO BE UNBEL JEVABLE

2
)< 0.05




LABOUR GRrRoup

TiME CODE

1

2

DEGrREES OF

CHI SQUARE

-—
-

i}

FREEDOM

= 21,186
12,6

1.64

OBSERVED ORIGINS

178

EXPECTED ORIGINS

86.00 123,00
220,00 192,00
105,00 97,00
120,00 106,00
58,00 73,00
35,00 32,00
9,00 10,00
633,00 633.00
= N-1 = 7=-1 =
21,186 )
g FIT NOT GOOD
21,186 )
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