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mdel for intercil:y h\ls travel dumd in, Nawfoundli.nd. This 1nvolvad W ¥
the' useof " anmely Pﬂhlluhed Gensus data and ine :hamnticll techn&qneu

" to predigt Tordiansiyea’ péssenger’ £low volumes,

Modelling was &t the trip “and trip distrib

. ~tlon atages of i on plannt Trip it vas.. lqhievad T
using ‘a library ‘computer prngrm for mul:iple 1£nan ragrnllm\ ;
analysis. ~During this stage, -the, most appropriate :nfﬁ: zons gize

was ‘assessed. Results were that an aggregltinn of censis, areas’ vas

.proven more ‘than llngln m s in zelat}ilg

“and aphic data, 'Trip /' fbu was de t by, applying St B

the gravity model. A campur.ef yrogran, which 1n|:1\lded t!lting nf/the e
. gravity hodel outpit, wes d.eveloped and. wri::en by the .u;hor for ‘this:

uaaarch, A statistical criferion called the chi-square test. vas

successfully applied in analyzLug output Af the guvltx- model.. ' This -~ &

et gﬁaxam’: e Closeness Betveen gravity model and observed”
passenger dm. and was ;yudgad superior to. the visual ma:hud of deter- A y
mlning vhgn the gtavit# mdeu! col\sidEZed culibtlted. The chi-squlre i Wt

statistica vere aleo g plied fa n\wlyn!.l of test year data.

Testing. of, the mpdel was -chuved through comparison of predicted

pasaenger data tih data callactad by actual ounts during surves,

% periods of four cnn' cutive years fellovi.ng the base year. The mndel Py

pudxn;ed a linear ;ncreuse tln udnship over the.test -years ,,,'wheruh
i
the adtual ‘data nhured that fluctiations were present. jturu re_lluung/
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. " - 'CHAPTER ONE

* INTRODUCTION

'The island of m}famdln;d,g}aé_f'ue: settled along the coastline

whete people sought -to, be close to the fishing grounds. From the = -
yew;enuenth to. twentieth centufies, tiny vvilllges and twnlfr;'on.equencly "
sprang up 1n very remote locgtions such that :h}re exists today a spread
*_of more thun 500,000 people over & ribbon of 6,000 miles,
After entry of the pl‘ﬂvi.m:e info confederaiidh 171949, a ‘plan
. vas davcloped to overcone the isolation of coastal communities by’
- bist1ding pE the Trans Cinada Htghay viich wds' conpleted {n 1955. This

' brought into existence a tnnspar:a:ian artery. or corfidor crossing the

1lllnd/fl‘lewln’mﬂ1md end uervil:ing the major pnpulut on centres

Thia artery today, as illustrated in Figure 1, consist

Caniada Highvay, Ganadian Nationsl Reiluays (CN) snd alk services.’

Folléwing completifn of the highway tail passenger traffic began

L to a;:une. rapidly and thus the major carrier, CN, in:rndnced an

1n:erciw bus service. 1|\ Junuary, 1969 as a replacement fnr :\e

l’pusenger rrain. This syntem, whfch operutea between points along' the

! Trans Canade aighwgy, becand knwn _as the 'CN Roadcruiser’Service.'®

-, During igs FLret year of operation, thé buses carrisd some 180,000
plssengers whex‘ess ln’more tecent yeaz's up “to 235, OEID hl‘le used the

service, Initially’ pntron-;e grev at

- then 1ave11ed nff decuned and’ annmed ng‘h\ ln 1980 by six percent

¥ ;
_over, 1979. fat ” ekt . :
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buted: ta'bus nce and ithe tré ) bags  (don-fare) passen-

gers.

’hms sthee 1975, Too B

: co!c in 1976 af $3 556, 000 vhlla Tevenues gen:r.ced only 1,315, 000.

The cnrr:wpondtng fixurel for the year '1980.¥ere respectively $3,552;000

(operating). and $2,250,000" (Fevame). . Host o) thése losses were nttrb

Anumber’ ot privately med “bus “companies 1n uldi:iwn to G

;'pmddg aurvicu to vn:iouumzeu of mioumumd. Thg salnv.n Commig~

don (1) 1o 1978 ‘reported this number as Nen:yrone, :he pm-mipsl

roukes: for Which are ;ghovn 1n ‘Figure 2. It wes ea:im:ad that' CN

Garried over thixcy percent of all, intercity bug puienzazu. Data with

Zegards to passenger ‘volunes carried betveen Btatians 16 not kept by .

the 'private ‘companies, w‘hareas ON has, been cquplliag such'on @ ragulnr

me nuuom;y of - ON patrons, ire l:uptive riders. A Burvey conducted
by the Canaddan Transport. Comntoeion durtng Avgust 1978 (2) toncluded

that eighl:y perunt nf all users full !.nl'.n four demgrnphic groups: -

) students, b) hmllawiva!, e) mle blue collar workers and d) unem~

" ployed persons. The trip Ppurposes were mainly for ‘Teasons’ of school,

medical treatment, hoppmg. ‘visiting and work or business.’ < -

" To-date, the fmcns:ing of intercity “bus travel demand, u

Navfmmdllnﬂ has- not been cc;tierl out ‘to any gm:

t‘ha demnd for busun or excr& llctim as- determined 'by CN 1s made

i~ simply on :he basu of p-s: yenr trends and seusunnl fluntunti(ma in:

ytent. | For example,







éicy bus

. curwl out’ by " -mux and |

ridership. Loag renge plaming regarding ‘the priorities for new plant

or improvemeénts to existing facilities are made on the basis of growth

rates'in pu'uue: volumes from pnﬂm. yu'n. " The .bu_{:y o reli-

l.bly predict future pu.en;gr travel demand. batnn stations wuld b!

‘en’ invalusble; asset to m:. The' ponsibility o

{ uquiraun( formed th.- buu fot “thil. investigation. The pmmé of

he study wuihenrou to develnrp fmd fest "a'model. to forecast !.m:er—

=nan ::-val demand 1n Newfoundland. '

¢ m md.'n obju;tive was tu mdal n1y um:uim md trip du:u-

bitton by tal.ll:ing pnlanur el 4 obtatned from ucht nma. ol

“the ujnr carrier; to rouu.nely census data

resullu fral this exercise could eu}innu/ the necesslty of & ﬁu&'

survey. Co!.nd.dent vith this objectlve was_the awllutie;l of statis-
 tfeal testing Lo order to :.-pm uuwuuum of output: from b
qrpuod ur.hn-:tul nchniqu-. il

Ia.a subsequent chapter of this thesis,. the complete passengér
-mi P cse AL L for model development s fully

,pmencea and described.. Analysis of data s conducted 1 i

 of ‘the mo 1-v

d-t" for four -

l:msqutlva ynrl lellw'l.ng ths ase yeut. Discussion of, res\llt- 1

el s

i ince ‘with- the threa: Fof _stages nf

v







P g

TM.B chap!er gives a !‘eu\mﬂ ni passenger ,dmnﬂd iumcuting tach

ot un-ch of current

g [
; ataues presentiy in se, ‘ss déternined throsgh
ki = 1ﬂzemm. ; :

\\_\/_ Lnln infumtlon on' various methﬂds nnd models d:valoped elnewheze

which nay. be Bpplicl'ble to this ,mdy Tlm ma;ﬁrity of these umiqueu

nre not. tefen’ed (n di!el:tly heulfta They contain’much pertln!ﬂt

‘ invsstig‘te Mmr-tun :agnrdi.ng tr‘ e! demand fﬂrecucing. For: ﬂmﬂ -

me the 11tetltute it was abv!.ous that numetnus clusiflcltl.nnl.

of: intetcir.y Pasaeiger forecascing models vere -1xgady davgloped for—

examle 7 yntpana. uorla 4 and ¢ ton proce- "
Ao\ g '

.. In’ gene!ll r.hara wnta nn telltl.ve indicatlol\s mor. pnmf thlt

e was better tlun the. ~f:_




; m methods of Bode1’ dey ntly 11 Erated end .

tharwahly rlheussed were :hnae of the An:of Public Rouds

BPR, f ¢ (3) o (1)

1’ g, ngaratian

2 Tnpﬁunrumuon K :

3) Mmm Split:

S4) Trdfeic Assigmment

this Jmay concgm' oly inp ](muuon' aind e diuénbuuan, g

are fot Pt dnthis

\
" séction, af :.twy are thorou;hly dluuua eﬂ in the lubuequent ch.p:en,

o
n overal (4). (8)..are as. followst

ganenl “approach (3

““Land ‘Area Tr!.p Rate .(namis

Cross Clae

ﬁ.cltim Anllylir

hgrusion’Annlyaiq

‘e ‘objective oE trip xenenmm Annlyiiu 1{ t}r‘pnwidz a mmmd
‘of amncmg the 'mmbar of trips tlut i hagin/:x end tn :nc\: areal

nit uch @8 a’ :tafiic zonei. OF f.lse methud’ lv[illble for perﬂnmﬂ.ﬂ




ship between two or more, related items, called variables, may be

exeressed in an optisum matten e . gorn,-The que

-is on].y a8 accyrate AM as mful as the validity of “the nndnquing

zeum.bleu 5 of results nhuined Discussion of ﬂmu iq»xtznt

) The xnmnnmg_mnnnmu noan d
J) ‘The C@Gtuq wtllnll‘.i!l ml
mc-nvity Model| L

EOS! pwuhx méthod of tzip diltximlon/wllu umuuy Some

4)'

Aorm i‘i the gravity model. hid model is“an )‘mmqy to lum:ou'u nodel

“the gr/ nal att bemecnbndi.elinlpueeul

f\ln:tinn DE fblix mass: and me dilmlx hlt\non them. lnn!.er (9) ‘used

t.hh vexy congept “for- r.up dur.:i.butiun 1n nh ctudy of air travel




the: anm g petind - dence fran\ztudie- of vorl \:t'a'va'l pattéms 1n
nnltimmrs (5) and. Wincmls%n (10) indicute that r.harel i ‘some ‘basis

nnklug the connl:unt trdvel dar.atrenca nn\nnpciun.

' Travel &Atr_emu may jatsobe 1nﬂuem:ed by vnm.a docisl. ad
er.mwmi y

e | afE

of such are ted

fﬂ!‘ throngh Che
use 6{ zone to zons, Ad*mtnent factors 1n’ :ﬁe guv!.ty mcdel fcmla.
i Genernlly, n Targe u:bml areas i

m fuctors mny be'; S
uheren m emaller urban’areas for o€ capei they a:a no: Feduired (5).‘

Experiznu hus ahwn :lmt 1: i.a inr the; large tzaiﬁe senerucore oY -
iwhich . the gruvity model cI

1p nrchmges mut e ndj\lued

the. grxvil:y mdel provide

for theee

ju.und 1t fecessiry.to ine 1ti|em (s) o

justients; vary fov | uum. havg\.

& m presen:e of auch. [nbntaclaa aa mnuntsinﬁ riveta uxge Qpen

The

adj u.:!m'nt .

{3 ne;wnik ¥hich




ma

Each cémanenrof the aystem is ﬂeec:i‘bed as a termilu

dntize: uystem.

[Origin pteauure,

:\.g trlp d.s made,




and nssigmpn 2

!l\mal—Qulml:, Ktuf:-SARC and eha BPR.

It vas’ munpeg

q,pinion 'uu Litiesr ‘graph model has. over o:lur models: such as :hole of 8




(modal qm: tern)

s [(ﬂp

eduu:e :Am)

3].’]0'. lZB 0. 339}




such worka ag that of aunett, Ellia. RAM& and Ptu'kogx (19’),

nannu




Normally in experimentation, tl\a. problém is first defired through

‘of, the stwdy b, H me'w:‘nep is éa dinosav

nbaerval:ions or'data’ x'equh‘hd. Msu\lreuants are lullly :lken in a

fn w‘hich control P pructicluy inpoasible;

I urdez to carry out an

[0

" s

& 'telatianship betweéen the vlrilblea of i.'nturest. Hnthmu:iml mcael.s. '

8 under.

Tk Am::eﬂy. there was no ‘control over, the envi;onm: in whir.h these

1abl curred nw- b

were, however 1nvestigated in-




"7 “Modelling Gf intercity bus passenger. travel demand in Newfoundland

has not'been Jarried cut to any great extent. Unique demo-

'+ graphic and geographic conditions comson to the province; cosbined with

-peculiar patterns of passenger travel, Are seldom encountered in other

" “transportation study areds. ' 4 P =

In oxfler to develop and teést ‘a: mde!. to 'toreuu uteniq lm

2 g e dmm“.n d, the c {ves were

Ppassenger zm. i obtatned £

um: records of the mujoz“

=-nm». to tauttnely puhlllhld census’ d-u. o2 3 .

) “To apply statistical zu;in. a8 & -ﬂmd_ of improvement to
e Fhbvisualy divaloped meith model1ing techni

used 1n the enalysis. '

£ ayiitable Hegite for ¢he Eirar objective would elintnate the’
essity of a field stmvey. . In addition o, Eliase sain objectlves,
t\m study fnvestigates the most -appropriate size for ‘traffic zomes
and -m d.unun the effect of levfaumnnd conditions 1n .mxn

o the spplied modelling ‘techiiques., .

%, nothing

HE SN

onite




such. for the census years (24). (255 As :ell:cr_ion of these tyo dutn

osedof: nndtJ.M.ug pnsnnger travel,”

sets vas mt intendgd fa! pu

'And"

mmm;u.j St highway.

jod in: thx- atudy tor. duvelnpun of a :mm lcing ‘aodl.

The- reason

 althoigh’




: 6nits “Yoife. ' Such’infomation

was’ slthared mmlllly for pertods during the umonthe. of August'dnd .
Novisber ait ﬁ.ncluded both. pass and Teyerve Passengerd, * (TheBp Thecifie

sumy peﬂod.s were: £xom hogust xsé o 2st and mwmn 1st to 30ch).




Passengers (thousands)- 7

it

T 0 1 T T
JAN: . FEB:MAR.: ' APRL

- SR rereon | T
MAY. ., JUNE - auLy ©

,.I.n.-d..,m. Total Wa,-....a-ﬁ- carried' ,:85_._& on hl,.nrunr:._r,l _m

ba L R




i

of the bne year 1976 will p‘udi.ca a muu.[jof. Forecasting revenue G

msenger fravel demand, for :\m cofreapondfng. time period; (Augst lat’

"o 21st) 4

a hori:en year.

Soci.o-zconmin Bua

¥lation densil:y was :henian not: px‘untlcnl. for thils rensou, angther - © [ 7Ty

hnsia was ne: to_aggreg

to bus passenger traveli . '.. .

The ‘moat cumuwnly u-ed

. travel deménd as ermt through ‘thei1l

papull:iun, 1. mlr force, ‘dvelling' unit

" tration md n:udmt entoll.unt in' lecanduty 1ns:ituun. Thaag virtabies -




; b -
= 21
7 Table 1 Sdcic-economic data soutces A3l ls 3
TG Tvallabie for
ot P i vear(s)

i

K Statistics Canada

*1© ‘Population, Labour, Force, 1971 and 1976

3 ) Dvelling Units, Bsploysent
% “statistics t?mtin ;7 Income . 1971
£ cu-pu-unh Limited " Income o ee £
B _NE1d. Stetddtics Agency. ‘Populltlon, ‘Labour Force; . - 1971 and 1976
SRk SC. . Duelling Units, Boploysmt ' . . _
; ; Studat, BeroLTasat it -, 7 my. :

Secondary Institites

Qdy

enrollnent, however

< & only s )
“small number of ¢ 3 mu:e ;
%  1ncqe was mﬁ.-m e XN

* Canada iocome data. to 3976 vllnel.

L Thepr rtment of o3 sad

y-tﬂ‘v:ld‘d fuum rdtng automobile x m.g vere -compiled

by: electoral dil:ril:t ml, and l]-lono! used in r.hil ll:udy' as ‘probhu were

um-u.n. L '_ "'vume.mu.a.nbu.




relating the bu7 puaen@e ‘and lnulfrecoﬂonic data. Dus Eo

fam 8l vwing t census 1visluns and luhdivisions hn been lnduded

‘as ‘Figure 4.

-ubdmtu s aa Vell

as'the total aubdtvisdon: The sas data as obtninad E:om Stattstics

Cafiada,-cor “mud saticd vhidh vas -ivslevnt to the'aodal’.

tiables. were |







e

map. The. wvas to dét thé ‘most appr size of the e

aresl it or traffic zome surrowmding each station. Three possible -
aresl inits vere devised: 3 i i ;

‘i) “the individusl commmity eonteining’ or serviced by a station /

A o rounding each station -
" ~ . . 2
i N ; .
of the s d
i > - s ; "
£ -mr*
> A ‘Common practice n mmz of travel demend models for llny :
% a,nuuuy tudies (9). (12), (i5) vas to use mﬂo—ecn‘.ﬂ.c data msso=

ciated with each uqummmm-. K ‘alternative vas to s

" divide the total study, area into a number. of EFaffic zones on the basis.

“of land-use, “In order:to deteruine ‘the mos mt:-ble wpmuh foz this

:hemullmltlx‘ o . : : o e S T T
AR At Y mudmm—mme. : : oot
T RLTRS zmu 5 7
% b) lnﬂmmn:d Commilten bt L e i :

m-mdu—mxm-(c-u_l)— g




Ao
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Host roadcruiser stops vere

\A: : - with the

of four on the west
ad Doylea.”
complete the data base; census. n:hdl.minn uruuu vere used for

coast: mmuu, $t. Fintans, South Ir)lnch “In order to

these, consequetly the four stops. were m-smu into two, resulting

ina l:uul of 31 stop: fvrmdslmllylil Por o:\nt cases whe're the .

aderuiser. u:mny -tvypad ta uamy dimtion; for: exemle Levts

Ianes (d;n 2)-—- -
‘This areal uait, md for mvenienu.

zZones, ‘included an aggre~"
E urm&n; each station top.

Using -

Ab&lvilbnl shown’ f.hlmﬂ. =idl, :a

stop was. ci:ehd This cireling was sradually umu “Eo include

‘other nbdivillm u :u the areas ht'lurnnlm ‘stops: were practi-

[IAY

“the 1976: censvis sap with :hr bus route, population of towns .-a census - .

26




21

" of£ the Trans Canads Highuay, 1€ 19 felt klut mop

1'e rély on-auto-
. “Bobile o private b..’- Y

ervlces and 46" niot uvnnm:: den o The areas '
% | are wnaxdma"to répresent potential u.vel demd fax, futtre. rnnd-—

& s

¥ [ ruteer services. .

 The' Cnnuptivn Bay. aréa of thi Avalon renmu- predcited mmm
e;capum

'm this highly papui.ua région;. usage of 'the madztuiler :
As very mited dwa to,the

t:lu: the bus Touts (Figurs 5) o

‘ot pun r.hrough the” nnunl cnmmmitiem Pe' ons uaing the' roads:

The ncneu finall!

=tt1=\i upon a8 xapueentnﬂvg of the catchiment

ritravel demand

. nave not -been included” in foml.ng tha zones,

mnmzsm in ’A Y







) (incorpornted cnmmxuea) 1 eneh of the, ‘one- formels £ for Case 2,
ed with ™+

, above. m; :h; Varidples
the major centies “in’dach Gensiis subdivisloPind hence. deleted the rural .

; ' 7eontribution. SN 2 i /‘ e & 7
o

different in value as Clse -2 dncluded the total of both the crgmized
The: ?;ahulnted»

‘..id 'unuz;’.:iiud portions: of each c»hnus suhrlivision-
m. for_ Lm:ntpotur.ed gammiun te presented in Appandsx A Table A-8:

It !may be ‘aoted in/this tabld, thac vmm for! the variable, Aveuge
2 and Case 3. This is’ becaise

_Houséhold :annme,. are equnl for foth Cas

f!.guzes for” tl|e \morguniuﬂ pouim were: not avellable ‘and. therefore
It vas ‘apsuted: that

. ted “com ﬂ.gllre. vere

the Average Honsehold Income. oE the :Cncorpul:nted cnmml.r.iea Prie s
onmuni t{e Eoch ;

&of, all'd
The 'passenger o—n matrix for énts

5 -n mnrggul:ad i :lu: pubdiv:llium
. . |
/ conomic

Tha next step was to de ViﬂE a uthnd nf ralall.n‘ r.lm um:1
nger 0-' matri: .

-s most uutnble £or appliu:fon to this Etudy.

up diuttibution y ehg gnMey mde!. (5). Such a’ election was mde

These 1ncl|lded mdellq.ng




'ﬂm basic purpoae of any: trip genention ptnceduu 1s"to pmvide

a factuel and rldon.l bma of inuc-s:ing triy enda” for ‘areal uni;

In nneznl there' irg, tvo ‘basic

. vighinia :rlnlportatian amdy area.
 One 18 € goxeun

vnl\les wof &'

directly the variable: nf dntérest by éxtra 1mon ofa hmm' i

b1= 15 tine” The agher, used i

trend vhete thie 1ndepmdant va

1s & causal :a;,r

d'euimnd
between :m variable of tntérése nda secwnd variabla, or

:na:. 15 the fnl:ure vdlea ot the mdependenf

sa: of var: .ue-, such

Varhblel wére lmmm oz, cauld be prechted the Vu’!nhl.e of intetast

.- could be. tenrlily detemhed. 4iThe, former 1}"amn ised foz sHort term

o prerlictimu and. plﬂ:iculnly to Anclude’ u.u aepg:dene vurlutian nlch




e 11na r t:gresiiun ECT

Vel i

w




;'Table 2 -Output of multiple linear regresdion program BMD PIR

S Y seatiatical Data s ¥
yr

. |probabilities A
regéehai_rin:mm‘mﬂcs‘ e
. tror-of Té coeffta:

cﬂvaxlance matrix’

correlation matrix

2 sedon’ aum of squares . scatter plntu
‘redidial sin’of squares
‘degreds. of freedom: .’

pastto the. regréssion. fhis variabls ia the oe wiich hgs :é‘

mﬂneun pln:inl fon coefficient with the depengent variable; . ' T

e P Fory

Blaveibatton i < '. i Rl

1 nnwn. Trip: di tr!.butian mdali enlble ‘the deumimtim




: ‘my. produced 1a zome 1 md .muced by :ﬂne E

“trips pxoduud by zane i

trips -tincml by zone. _1 2
enperically, derived travel deter:enl:e (eriction):
“factor which expresses the average area-wide ...
effect of spatial patntion on trip interchange
bétw:en zones"

aeectle sorie-to-zone udjuatmam: factor to
-allow:for 'theincorporation’'of the’ effect on
& traval pl:ta 8, of 8ocial and economic-linkages
;. mot. othervise accounted for by.the guv-l:y model
iomht’lm.

).un he cumpur.:d uah\g ‘the Above “formula; Twe 6f the blsi:*pl‘m— 3

!rlpu prnd\lced

Pl tnd utttn:ted Aj




v sy

. andy o proneuu nf trial And ndjnnuenx: 1s ‘contided until

attractdons’ (A e model. and-a.table of i

trip

tFiF fnt - . .."

J lengtlv £requmcy distributlnna are. then vivually compl!ad with

tripe jand. the asaunsd traval deeertence fuctc:a are’ taviaed R e

accordingly: A nev, set ot trig intezch:ngzn 15 calculited

:hgmrrmhnaﬂ. ¥ton ,,,; v e

ied with: the developueat £ necess

Phus four

-dj tment lu:on‘which uy be required ta pzoperly unhu:e

trlvel ps:terna. !uch factors n.y vesilt thzough gang:.phic

biss caused by top r ba rizu

ééoaéiicfxinxage..‘




ct on’ :rxja interchange’: 5

Travel deterrence factors: dertved: 67 a.city. or area of N

cnnp.rable stse e mey “be ‘used. ,

1 ibratd

'v:eu: ha. The _process o
orétihnges. for. the ba

mam trip):

travel deterre
caltbracion.

uip-

. percentage g:.my mm tz1pa fron the run. |
15 bety *g unulyzad B : .




dstributiod in..

- -This variation

¢ nf dist nu.

mir 1n1:1u1 vuluu are d;c mined thmgh muming ‘a

uutlj.ned 15

grlvlty model




Eadityds

a contiagency. table.’

The Ty; (:r:g-

Produced 1n Zone 1 and

_in the contingericy table

ta:

e i) is the

ot obse:vltiﬂns i the 15,

of nhserv-thnu 1n :he ‘)
)

‘xpected

“xow (vow total)

)hcnl\mn (colum e

referred to; as

Fiables tn which: he (requenc!es ate arranged.in Tove: o iand, Soluiung (fori-
16, an’0-D: table)" tablés.’ . i




| Table'3

- i
 Tnput ' imepuc i
-8) community, names ‘a) names- (zone riodes),
ity A zone-numbers md east \OEBt raute b
)’ zone. numbers i %

-:€) route ‘distance
@) ‘skcln'rée dtstances
&) 0D txip tniterchang :
), travel (deterrence factors
plotting. synlmluv
various formilae

“b):skin’tree distance table..
c) D—D Lrip interchanga tnhle

Mur_rlb\ltim over. di-l!

h) plo: of :z‘lvel deutnnca fld:nr
ddstance clas:

1) gnv!.ty mode: Btlp 1.nurchmga

‘Between.0-D and"graV

L) 0<D7and. gtnv:lty nmdel :rip length ¥

frequency d: ution gver
-distance.class.

i3

") chizaqudre. test betwesn 0D and’ ot
. graviey dodel tripa by dlatance
class . %

n) chi-aqnure ceeaivg







Test ' of independence-
o 3 - ~ The dis of trip ¢ and are first

presented 1n & contingency  table- (‘r-m A=7). The oull hypothesis is
tlu!. there n no ulnuouup ba:uu r.rlp- prw\md and -t:ru::ed by

luy zone. . This hypothesis Iem that the- pmnrzimll of :tlp- produced

by any zone “and nnrn:mdhy a pm:.unu z0me are me.ndene. The

anlqull:cd ehi-lqma 15 then & measure of nmuum hatvaen trly : Qe

and attractions.

Ing rder’ to mzam :he

{ ! \};: foralnnkimd funul m of :arvcd .nd up-ccul fr' umele- are.

3 thiea ‘used to caleulaed the r_hi—lqu-re cell vnnu. If he total-caléin,

e nua chi-square value of all’ colls ‘coublned'is atatistically sigaifi-

, thiea £51p ‘producefons and '

cent (larger. than. the eritical chi-squar

lttuctim m related. - 1111-! rclldu‘uhlp mld'&luucum tht there -

o gt -ut be reasons - for the p.:ticnhx pattern of :up occurrences.  Tn

from thau that




ua. the expected

h cell mllt hav& 2 m!.n!.llll value.of- Jive. Expected |

frequgncy i

tnq\u des. of Tees thar ﬁve are. not! regarded in the analysts.

The ggmz.;/f rmulalor the degiees of freéds agsociated with a-

teat of independence in.a contingency table

m seravin nodel’ repry acats the axpented

This teat i m,&p




“not’ clnse. 4n value.and a’ further ltenl’.im s, zequiud. ‘Thl.a &)
Eest 1150 de:en:n ‘those: clnses for. vhic ' the-0-D. anid guvi:y

model trips are furthut apart. Thil pzoeedute ll

facsintle

“to the 'visual' of: tirip. length

“Eons.

e).. After the first ﬂ:zrltlm of "the Btav‘ity ndg}. u perfnmd,

{ then: suhsequem: iterations wust be nade sntil 5o ' msacmt

dliiarlnen oceur bewgen ‘o ‘successive. {terations,  Tilps by
“ddutane class of the' ifigi Lteration; o

éxpectad (theoretical)’ inqluneu while trip £ the Gurrest

are, the ‘sbeerved frequen Ve ‘e

teot” ‘indicates” that no’ 'w




" ‘observed and predicted data. .

- pro

" lbt.hnds Flow Chart

- procedures fo!lﬂldhd-dmnf:hgnuuahnd-

These uum-d lauo—ecfmﬂﬂ: values for ‘each test year are used’

ummn—xp

The

tﬂ.p man:dm and attractions are then used as input to the trip
u.--:mmm program. Output of this program is compared statistically
“and. vlulully vith the Passenger data as colleoted for each test year.
m-lqunte testing 1s also applied in detecting ummm- between

Hnd:lflc-l:inn of the trip d.iltrﬂmtion

ll.o en; lel eulp-r!.lun of pl len!l

data. bng-nln successive

[test yogra. ‘-

u.uu k / pm‘nu & £low chart which ulu.cn

poruan nhu to the trip ggner-d.m -r_... vh‘nn the right Mndn b

 trip éistribution and model’ testing. . This dtagran provides continuous

orientation to the Feader-as the material is presented ia each chapter.

T T————
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. CHAPTER -FOUR

»{m&s_fs OF DATA

:uuu ta[rension mu.ym. Hnduung of !:hru Iepu:a:e ae:s of ‘areal '

Ehe :r-fnn :onet. m 1n:anr.1un vas to det:mi.ne whe:har the.

). should be limiced’co an mdgvuuu wmnl:y, an agxmgction

nitfes nn4 tutnl ‘areas or. an uggtegnt:{m of major. ce unil:}.en

g - convenience ‘these three data ‘sets were Tespectively naned Indlvidunl

:esle fon m.ly.u. thie fullumg czuem as ranmmnded hy “the

gk

S tlanet” o Oy

1) Ability o

abl

(of. nccumcy hiould, b 1nc1ud=d -

2} Togé ot viriabides only those var{ablés:which dre.ve

related ‘to the ‘dependént variable should be{permitted:to enter i '

0 the equations;




dm to- dssociation ber.mm dapunden!: nd indepéndent vn:La‘nln
In ofder that the _

*which' mily be c.ma merely by chance.
it lhculd e c

1 sl\ould -Tof be: inturm:l.xed in r.hu same. \mtiun.
w‘hich do. not wntain

Detstion of -Zexs trip v_nd zones: zone
m Becéssary char em-ucs. for. xple’ muna:uy devalepad

zvnei, s\x\mld be dﬂlB d.

a, constmc 18'cor

'Thi ny pind\lne some meomaunnm st regards * e

% vnrllblz.
to zones Fosgesing sull ‘fndependent. vetiable \xa.'l.uu. 2

then 1osic Huat be nnnsidned when

2 sms of lndepenrlznt vi




-, and discussion. :

variabl

They: are ?aferred to 'l.n uzlection of the lndcpenrlant

resultn.

of yredicdon o and in of

vl 3 :

lnrl “land uue (nr

due to suning! th ) £ bltvaen :zlpl T

sulo— cmmic v-rinbles) pusanr. in che reullltlnl

)

"m: of the

1) 'rhg‘mupenm - vn‘ilble 18 meuu!ed withuut\etrur.
2y Adtany siven valie of tha epend ymame the

Lot dependeat variable vnm are 1udepemhm:1y o Hadeily ol
dumbu:ad with zero mean,
Foi: i valuss of n.e

the dep:ndmr. varable:are’equal

depf,n\'lent “vardable the vmmne- of

iy ,op:unea fron

d i the data were.,

_..th'e cengus. yun.‘_

‘a ctual nnunt.a fo'l: *

muin:u uul:h yariables vere nonside:ed a8’} uaured




' glves: 1ndicltinn of r.lu :Lndependem;e of. ruirhl!ls' Bartlett' 8-test

@B); (29) vas applied €6 d the-homogenity. )iof vari= A

dncen-bf "the dépendent v.mbu'. 45_testing these assuiptions for all

lndependgnt mmlea vould be a very tine <onsuntag task, such testing :

“vag 11n1ted to.those" ables included 1 the - ﬂul In:

g . P, a0 b i %
ables and. trip making 4

Other, 11t : of regression in

mp germrltitm m_ud to inelude any. discussi.nn or ‘teu:!.ng of che b

uluwp:inmu vhatsoever, Without yxoving the vnlidity of thead agstmp= .

! tions, the, regiessio Lysis.m: ke e hwever ? ;

2 rim:g'rpnucun of the nuitiple treJ,u:lan coe:fmen:, R, the uiuple

e cortehtim cnaffi:ienr. ) and m standard eirorof estinate.may be.
1 | msleadin m u:lud pmbmnueu vould ot hd1d and mten!Llltiou A

5 ot ehiend stal .u 1'values: wunld ot be " _rxect. ;
‘One.of ‘the greater pruhuma 1n” t!' Lp geneumm b}K 8s: 5

mlyni! ls tlm: of - col i beme—n




it

,/

were made, for relationshi quu\ :hnn. Hand ploteing T |

indicatéd that a linear ralnb’lmahip s);pelred p:e!:nt bativeén thet 50 L UNIIL

* dependent. vﬂt!.nble and mnny of the 1nd¢pendmt varluhles, as vell as

betiieen: the Lndf_pendent yurinbles themszlves. A gampleof thiu plntting

Y pend1x ¥, Figure B-l.

4s4ncluded n )

Multiple linear regression —-

To establish this’

nelysive vere used. 11\ the’ nnnlye:l&. ‘I order to obtnin the I:rip

‘pmiucuens ‘and ‘attzactions /fron Tables a5 gid A—7 8 smple cwl!p\lte:

" progran was written 0 -Fotran Watfiv,  Thid p:og:;m 1a: given 5

Appendix'B, pages 152 and 153. The

ctive ou:put for c-u 1

pren;n‘ d i Tahle‘ B uhilé uu:‘p £ t\;r Cns;l z

amd A-8

soétosedsnoite sts o! Tables Arh,d\—

xegra -1ou. 'rhe .cor: '1-c1m mtrical 80" nb:.ma for | mp pmuc:ma




" Duelling Units (VEL., Xp) .

7 \\
P

H . sTable b a o ted for

analysis

Case 1

2. Indtvidual Communities

. Case 2
| Zones

Population- (PO, uv :

* "Labour nounn. LB, T2y t S
,.n!»nw.n uun-ﬁ- GE:. i x»f

»«.3.&. Household H..aei (Ve
HIY, Xg)
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b EE.:»S Males (FOR. M., X,
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_ Es.n Force:




Table 5 Correlation matrices for Case 1 ( " es) ; e
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ted Commnities

“Correlation matrices for Case 3 (Inc

Table 7.

CORRELATION. MATRIX

AVE, H

EMPL,P
&

5

LAB.FM,

&3c3hhzaks:

X1

13
TS0000

T

X3y

PAGE:
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“m«r‘ﬁ»‘??}

hverage Household Tncose. ‘m Elcﬂ: ull ;lndgpandgnr. i

this 6ne ‘ex are highly lsted with the

"dependent’ variable. The :Ln:ercwtre _tinn pxcseut suggests. tlut the: ;

aTe medsute of the sime

m- regression® pmrm hu & bullf in tdature vhiéh caises the:

of nder varil.hlen for " on in' the .
o

< re‘g:'u‘uic}S

' fnumn:iougd BER critg:u | Ea'm:e‘ 2 ult:inu equntl.ons ud stat:

*iIn review nf able k. 1t'1s fately obvicis that the gore- atable
/

vlr!-l‘hlau are P n; Dwelling Units and’ pm‘bnbly

'leout l‘orcév, ’rhosc uul:h u ‘Average ’Enuaehold annm, zwxoy:d and

'Jnemplnyad Peraons tend to fluctuate !!a-tly wi.:h thn cconnmlr. atage,’ U0

=~ The BPR m.ghly ndamnds the 'use.’ ef buelnng Unir_l md dnal not: recom—

e 1nume elyee.tAlIy at :he wnnl Tevel, ', o

{l’hz mdepeudant variable (Avltm 'Eml.uhnld IncmT was Ea:ecutgd'

from . 1971 ‘valuss' t thlt nf 1915 by he. dutu B\)urm. This nost cei

ninly presents s mmumy i tegatds o) the b . .umpum'
ouid

“of ‘regression is vell s l:he R Fecomandationid. . Tn addftion, poar

€Ot slltim of t:hi lﬂzlﬁ \lt:h the dependent” v-tilhll» av!.dtn:' i.n-

Ti.n“ 5 6 and 7 pruvidad umg support. for 1ts:incluaion m fnrther
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S S e o

Due tb the.problem’ of .colll y between' the “varit
;i ol

. “ables ‘and the poor standing of ‘Average Household Income, the iegression

analyéis was repeated using only oné independent variable. On the : "L..

basis .of cot h;mean the and sndent |variables

a8 well as £ the BPR fons, :the most 2y :
i

Kc)mm for mdelllng in each case 18 pmsp_n:ga in fable 81 . 4
\

Table- B inqgliendznt Virlihl#l selected. for modelling gnrzh\.l case

" Independent . . ‘.’ Correlatiomwith
Lot | Varisble '/ .°.'" Dependeit Variable y

; . Prbductions . Attractions
1) Tattidudt ot P o 8878 . ¢ 8756
2y zones.s U7 L ivielidng Unfea 9180, 9065
3 ‘fnz;érpurnt':ed Commenities | Dvelling muu - .8908

L ;; - + 3 5

The nuinertcal and grafhical. output ‘of the tagtanim: m.m. for
i T usitog: the varlables given in Table 8 are :Aupa:clvsly pre-

lmted hl‘Appendix B, pnﬂeu °156 to l73r 'l'hia output, lndlcltn the sta-

tistical resulgs obtained and enables a cnmpnlson between .the cases.

“The. u-u.lang prediction equations mmh relate base year passenger

" survey, data_to ﬂxmxtlphic variables for :hlr. year ‘are as follm

S mpa prodiced by a zone, T, -

|
Case 1 1 (¢ uvmm Mcteu)
zlz P 10,03542. Bop

A= 242 0,03541 BOP.




! 2 (omes) ", \ . vi Bk ol
s 1 g i 3 3 ; 1\ : 5 i B
= ST R T." = 247 + 0.11192 DREL. : .
3 g P ; )
: g TA‘. =254 + o.mqaz‘mn. .
| 7z .
8 tl, 390 + 0.10857 DHEL. 5
SE U T, R 296 + 0.10747 DHEL. e «
114 * ) | b

In o!dnx £0 iucllltate ease nf"c ‘ rlson fatvesh the cnuea, the

5 i % ‘ututist!,cnl v.l\ms ftmn the progran. nntpu are presented “in, Table 9.

¢ © . e independenr. ol “dspandsat le'1|ble axd best related n Case 2"

' (zonesy.” To lmylove the. nvm,u vr:dictinlx. the  regreaston was :epeamd

with 1t of an 1 depe vnrix.ﬂﬂg (Av."ge

:,Income) which ws not corrélated with the of ner independent varisbles.

.7 4 However this analysis.did not yield ‘dmpr t in Cage 2 or.Case 3,

.- .¥hile Blight’ !.mprn;veﬁsnt was uuhieveé in Case| 1. 1In- this 1£n:’e:'cne,
] S L m daprévencht was not good ‘enoughi (Producticns n’

tiona B2 = .7913) to varrast selection o 'this|case, over Case, 2.

+8028, ‘Attrac-"

b ‘casa 2. 1 exp:guagd

“The's

b
by the 95% confidence hs:ervnl band -for um values of the rlgpendmn:

This band u wasd, tb datect

S vutluble on' the. regression itne' (Rigure 8

‘obuw.uyn- vhich iuwe un\llually Large d.tlcrepr fcles irml the, regre‘ :

= mm Line, - Due_ o the fact that trip pxhduer.ums‘md n:mmuna of."

ach xnaxuaul zoa are very.closs tn “Value as"efident. in mn B2




-7 Tablé'9: . Comparison of statistical Values.for each regresaioncase’

N

'fcu_e 1, Tndividual Communities’ ' Case'2, Zomes ', “Case 3, Incorporated:(

Ly S!.uph Cotrelation: o .8878.° 8756 vk - .9180 49065 " Sl 9026 .8908 .
Coeffictent (r) .. . Ly B DR 5 " ,

2): ml:tple Corralu;lon D 8878 8756 .0 9180, 9065 19024 . . ..8908.
Coeticient (R) i v R e e TG

8427° 78217 T 8143 L7936

:ahdi:d Bryor.. 3061 42 -

of Estimire (Sy, ). ¢

Cdivisee ) gesees L -

5) P-Rat1s (F). “92. k% T g0, 72k

290, 7 pag6 -

"+010957 0 (10747

/8.985%

by g ot
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2 Case 3, Tncorporated Commmities’ ' . ... AL ’
.:m. A:tncc!.ann - Prodictions Attractions P A7 Commeat. S
180° 19065 e (9024 38908 .- &0 I'The independent varisble having the highest
iy Lt e * correlation with the dependent variable is
PoSed 5wy NG . el . present. in Case 2, followed by Case 3 and

‘Case 1, respectively.

180

19024. % .8908' . Bema valies (ds abpve because only one
S v " variable was included in regtess:l n. de-
.7, pendent and dependent variables ar
% - LE tlosely ssaocidted in Case 2 -than fn Case 3
? Lo g ¢ and Case 1 fespectively..

Regression line fits data closély, in all
- | casea but best fit is for Case 2 iollawad b}' 4
| Case 3 and Case 1 tespectively.

58 T apdiiae T iaiar L 326018 ST less error dan be expécted in prediction of
L : M Rt o, g T rlepdent variable for Case 2

LLTRE 96, 79Kk ¢ S 92.1%% g0, 724% : | A1 are significant”at the 1Z'level of
LRy e ‘ skt A% i tegting (*%). Productions ‘are fore signifi-
AR S s ; ceat for Case 2, and Attractions are more
; significant for Case 1. . The F-values for
Cese 2 and Case 1 are very close.

. ¢y : :
5 2967 " Gage_1 has ‘the lower intercept values.and
e ; e e [ are not greatly atfferent from those of
i Finale .‘ " case 2

L 10747

i for with
.| values in resulting equations, i
) z )

“Kil are ugniﬂun: at the 1% level of’

‘tésting. . Productions are moré significant
for “Case 2 ‘and Attractions are more aigni-
Fleant for Case 1. The 't-vaiues for Case 2
and’ Case 1 are very elose. -

L605%4 119, g3’

Tha ptububility nf a Z‘Tui]. error 15 il ¢

Indepéndént Variable varies-least, £or Case: 2,
olloved by’ Case 3 ‘and’Case 1 rllpal::ivaly.







Appand!.x B, Table Be15: m':n than_one-half of the observations fall

& on't-ido of ‘the 957 dence interval which that blas exists

in the data, ' Since there are no n'bueml:l\mu between 8,200 and' 28/000°

nunbers’ of dwelling unua, tha nclugion of St. John'l data ia :ha
“regression nnalylis 1a probably not jn!tiﬁ.ed. Acnmuy, it.1e. q-me
¥ pousibre :wer the- rmga of :he datw {300 to. za 200) that clm rel-:im— 2

. ﬁlllp is nof lineat.

o accept 'the txip:production and Ftrac FUET I

'm:m; vy regresaion unllyail ma mmma.m vaitable (Dueu!ng s

v.mxn) ahtpined fzm Stn::lﬁ:iu Cmd-. vl‘l utied to:be .measured:

wlthnut ermr. The d:pu:d:nl: vuria'bla valuel ('Ex'ipu ‘Produced+ Case 2)

N were tepted Eor nommy 'by class im:arvu]. (Appandtx B, Table B-16);
“‘The independent vartabls vas. firsr. _ddvided fato tuo: clunai (high aid |
- low valueu of dgelling mm) such that “Frequency of ‘the :dependént’

“vériable :‘ ety wmlld ‘bei equal in' each class. ‘The

variable was quent dlvided ato clnsea and then the:

b clnﬂ freq\lucy of - trlp occutrences by wone me pluttad. th& results

of vhich are showa i, Figure
) the four obaervn(.(nns m th= firat Erip: clusl (0-100) mkes the

plot dsvim:e from :he numnl ahaps & The: high aueumgmnu vllul

(lover. guph) st che noml curve.

3 For the low dwelling wnit “values (tnp e
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f.n mll:!ide the 351 confidence ‘bund md zon Ry gonSecutive reaidu-la

_have " negatlv: vu\m. T, : ; : 4
Saults of these fests’ £cr . ind‘ rioTmal a; tributd
HeT ot cannot be con Beclu.le 6, the. Aiuited
number, uf tri.p ob-mm.ms \1}' dualung unlt classes. ', Therefors sone

X hmaevgr . Fﬂ-l dent -

error may; 'he presem: in the

test evmenu :{s not nv-L].nbl to: refute vuli.dity af uw equltinns.
Vo

rv!.ce to :har. of ‘the eualler wm\mi{leu.» The effect nf znne T




;,Ihnp: h::le:: s ‘test fert the equauty of vu'ilncsn (Apvemdix a,

Tahlu l-lB), hw'vlr, slwwed thut the varitnce be:wean the :lasues were

cansequently eqm;l and ‘thus :ms na.!umptlon had been fulfillem L G
2 -
3 22.zones ‘is, inted 0"

2 Output of the:
Ippendts. 3, ‘pages . i79 ¢ ms‘ The m.u.m. S

dtions. are:

0782 DWEL

u r-fl«umt :hmngh

o o :hou ot the fnzmet mode].a (Appendix p
23, .

wemredi.:r_ed :uulting in ugncive re-idualu. i‘na‘ unde’:—‘{mdienm' +

nm-e pu!engere are producpd ad:

Snphenvilla ll:d Port! aux Bllqu N

_} £-of! :he fomt (z%m)

b s s
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" Table 10 - Comparison of gtatistical valups: for Case 2 (Zones), tucluding and excluding Zons 1

- - 1 o
e it 23 Zonen | (Gone 1 tncluded) | 42 Zonas (Zowe 1 excluded) V W 22
5 i reaavgtdons, Acerections. | Fodustione. Aciractiome - | | (vheh Zone T 18 sxclidedt),”
77 1) stmple Correlation J9ied - < L9065 | - 19232 7 L9325 The independent variable, .r.:.-. e
Coeffictent. (r) 3, AR - s " .. units, correlates better Ev n'

2 dependent varisble.
0518 i, tsdopemtinit i Bapehi i

2) Wolttple Correlation - 9180

i Coeffictent  (R) ables are more. closely, associated..
2 _, 3 Coettictent of QY B L8696, .?:ﬂ:.#-.:luzn . the ' da
! Deterataation” (2) s : b :

) Stendard rvor " 206,5

© | of Batimate (5yp)

) F-rapto (1) -

D Regresston

. Costictent (b

Tn L e evaee

Y& Tatercipe )

—vv

- Lateso

LSS

4 -a“,u.us
: i Jit
% R T8
Fesd
15
fir s

i el Sk i
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vas pnid to ovin :hen

by

lmi cnrrslll:inn

onson of thin chaptet p'r sents :euulti of .the trly rlii:rl.-

hnr_ion -nllysia.

as_zote. nodes lqd the cerreapanding Zone ﬂumben 'Aléo’ given aré-the

“ ok x'ou:: . £xor the ‘end nodes. This table.

is useful for! referrnl purposes m prue‘nutitm ‘of " the cmutgr progras

butput. Disl:.nceq between each zone node; are: given in “Appendix C,

Table c’-z. 1.'h= zone nmmu 085, the .top of the uble ‘and. down the :

,‘e.r uf: nfar ‘0. commnities in T '» 4 ‘vnluumanch k

19-1’. ana‘ specially. 'in the mp b The




'h:w— population um:'u, These, lm‘_l;ldpx Zone 1-(st. ‘John's), .Zone 5

(Cl enville), Zon/: 9 (Glndet), Zone .12 (Grnnd Fulls), Zone 18- (Gamer

Bzdnk_), ana 19 (scapﬂ-nuuo and lona 23. (Port. aix: Basques)

Sm.s:ltilticll values. for' :h_e 0-D table-are calculated and . '

pxesentad. The dun of aquares ‘of differences ‘betveen the cell’ values

e Thc vu:l. cular.iml of f.h& stlndlrd d&vilelun lnd

/ it 1-n \':mnpu' Aan.uf the vltlmce pmduc&d 'hy tha guvi:y mdel. The

! Chapter -nn‘u.,n. -rowand

627/ tilps .aze xpecml vmu.n Zone 1. These-diasun&Lhte‘rchmgu o

;and mean (a\ﬂ:rmnted SUM, SUS.) u ‘used in ulmnnmm of the vurhm:e.




£
3

.

could g well have been ised: ~Classes 'mmnu. ater nusbers of * -

titpe carreapond with distances betweea'the major muu.; The ‘erip

length graph from thils table is pre-

" segted in, Appendix .C, uiunn—l.’mpu: appears. to be somevhat
normally dtaeributed and drightly: skewed to the right. A foticeable.

:mpdun to this liuuu is presented By class 900 to 919 lhich

1ncludes travel between Zons. I (St - mm;-) and Zons 23 (Part aux

- Basques). -«

_nu of md-pnd-nea -

‘oF naad.um between the r 8 uul, lumns (p:oduuau lnd utrur- .
'um). ¥ Du to the w—nnly ‘used m-:r‘i.nr. :Iu: the up:c cd frequency’

r‘of any neu Gust ba at least Five, chi-square vaipes, o5 “having

3 e.-pe:ted frequnc.lu of less dl.l flw,m {pﬁnd. ﬂu total chi—
anmnlnenfhhhc-bhfn‘mmm.:mmuulm—tqm

Vdm-uuu-ndenlmm

"n:thsxndﬂlmholnlplﬂcnu

A ‘linear uhtich lutvun di.l:n\u d.Jn mﬂ 'u-m:l det&rrence

67
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$ ¢ $5 1
ence factors. .These factors along: with the 0-D'trip productions and

uttta:tinns weré used ap input to-the gravity nodel fqmlu.

s Trip interchunyo ubcu.ned r.hxuuah &he first 1:etlt:1m: are

puaen:.d in Table G-7. The columa (erdp Pxndnctim) totals are 1

exactly thé ‘same as *l‘mna of the’ 08, tabie, vharess the zow (trip

attraction) totdls differ. * ms s an inherent product of :he gravity

&
. 7 model as the’ applied mls 3 e The 'r -

ch N e o, sm ies 18" to apply an ‘hdj\utmem: to. the: atlactions :

g 8 ‘derived from the ﬂéu caltbrated model. Such adjustment may be : g
3 : requ}xed to zonmes qhtc possess obvioualy erl'on:oul ;:r.ucuon values. J E
T ¥ 4_ _The ‘total nusber f trip interchanges as vell as the average is R :
1 SRS

exulm:ly the same for both thé gravity model output and the 0-D data.

e The variance, atesdard deviation and coegEibtnt of vurin:ion arealr , . "7
. less. than thosé of the 0 table.. This mu.:.ni'es that the trip mur— .
¢ B Ry ““changes are léss spread inl 'the _gravity model output.’ However such

" . spread is l.lrge as :hg 8t dard deviation is-atmost r.w,sce the ‘mean

value. ' The gxav:h:y model dutput appears to be closer-to that of.the - - °

expecr.sd frequencies, ‘mﬂ C_(,; than to.the O-D data of ' Table C-3.

Tup interchmgas of the O-D table'are mt: irregularly distributed

" than those af the erpecced and srivity mdel nhle

Table C-8 presents . eEp 1nterchange dlfferem:es betveen the gravity !

0 model output and those of g"m 0~D data. Th= utltisticnl values. Fiven .

by a: the! end nf this. table un :h}\se tecomendad by the BPR fo: snulysia\ e

‘of results. Such. ln:l\:d! thg ‘mean diffgtem::, variance, standnrd devi-—

ation, mean square efror and Yoot mean’sqisxe error. These values are ¢

used in .:mpui.on,w.‘r_h those cbtatned ef-n.-ough Jater Lterations of the'
s guu:ymaal. " Wl SR R : T :




Coincident with Table G-8, & chi-square 'goodness of fit' test

waé xun between ‘trip interchanges of the gravity model and 0-D data. '

. This-test: (Table C-9) deternined the degree of closeness between cell-~: .

values of the two. data:sets and deteéted those cells having significant
differences: In totafh 135 cells vere siguificant atithe 11 level and

57 significant at the 5% level. - N

" Results of chi-square gaadnni of £1tY testing betveen tﬂpl‘uf
the 0-D and gravity model: by diatance class as vell as clu-aqure
ze-ung bemen -u:c:nive iterations. of the gravity model ur: preu-_nted
ln 'Table C-10. The fumr “determines lum.,well each nuccesnlve iteration
cf the gruvity model fits or becores cla!:': -to théat af the’ O—D. " The

latter 1ndlcutan through the lack of stutiatical !ignlficance in values

S o no further 4 fations are required. This the’
A E ¢ .
. method of visually trip length B Sy
: i b . ;
the 0-D md‘guvicy} model. . </

The first chi-square test in Table C~10 (colum 5) was performed.
between the 0-D and mdgl‘us'{ng the 0-D/ma’ observed and the gravity

 model as expected in the chi-square formula.” Results of this ‘test are

B preaented n “eotiim 5Ju the "Nusber of Tripd Chi=Square.' ‘These values

detérnine for which Clagses. the differences between|the 0-D and graviey

* ‘mbdel ‘are the guatest that is.the points” for which the trip leng(h

frequency ;u.sr.ribution plot would be furtheat spart.. The r:'h:l.—nquntu

vnlues are, calculated fnr both actual :rips par diazm:z class (cﬂlllm e

5) und percentay Cntll ttlpu ‘per distance class (column 8). The total
chl- quare viiliis)of. GoTima; 5 4o Larget: thm\ the crfticsl chi-aquare at ‘

ho:h the 52 and 11' levels of. significmce, thus: there ex‘ist sign iiunt

iy,




differenceu in-trip ‘nterchanges hetvean the gravity model output aud
0. data, A Eurther ‘dteration is required fron a statisticsl viewpoint
in order to deternine whether these differences _woulq be reduced or
éliminated. . ;
The, BPR method of calibration exprasses number of tiips. 3s percant-

ages at‘ total’ over travel time or distance Tutervut, Lovrapsattgls; © < h

in this study, chi-square testing was performed between the O-D and
. i
\gravity model percentages-of total trips per distance. mss.‘\ The

“results -are 'given in column 8 (Tahle C-10). As'the .total chi-square &

vnlue is less than the clitic&l clii~square at the 5% and 1% levels, . '

pexcenta;es in this case were not cnns1dered ‘as deteminanta of statis-"

“tical signiflcance. This deciuian was ude ‘because actual trl}) fnter-

 changes. vere ea:ue: u!iuwn to be eimdflcuncly different.

Tor convenience the travel deterrence factors used in iteration §
no. 1 are ‘presenud in’ colum 9 of Table 10, ' These values vere .
extracted from the straight line “unmmup shown in, Piguxe 62 and
a8 puuouny discissed. : S

Table C-10 (colums 10 and 11) makes provision “for chi~squirs,
téating between successive iterations of the gravity mdel. This: test 3
wsas; titps by. distamea Cclass of the. current :*steration as obsérved and
trips of the previous iteration ap expected in the chi-square’formlal
Geerally {n iterative methods,.the. procedure is o stop ‘irerating when
succesaive iterations do néc yield. siﬁﬂ:iently. i fferent results.
mzﬂoze, the r:hl—uqlluze test wau used r.o meéasure .the amount of cali-
bration ‘brought nhout by.each 1tern:iﬂn of ‘the model’snd also to detzr— .

"mine when no iurthzr iterationa are mecessary/ ’l'he ‘Teason th-t the

i
{
I
i
4




T . . 5
chi-sqiare ‘values (columms 10 and 1) are all_zeros 1é thit a preceding
\itedation dads nut exist at this stages
: ety Zength Erequency dstributions for boch gravity model m;—
. stionno; I'ad. the 0-D datd are’presented in & comparative /graphical
display qg Figure. C-3, ms plot 1 ui.mﬂl: o that+ Tedommendéd By ’
U:he BER (Fi!ure “11). m l:muplriuun oF 'vimsj_ c'l.uunesu‘ between ‘the ©
data getsi munny suth closeness dépends upon the scale; - Figure. i
| -3 clearly 1nd;lca:ea :hu: the plots ave not ‘clode as differences range

from 0 to, 600 (4% total) pulengen. Distance ‘classes possessing large

dd£ferences {n numbets of trigs between the O<D and gravity. model are

K o P z 2 .t 8
 Subsequent 1;;:5:1m - % 4 I =

repetled. The ‘tabuler il

very.obvious in the figure. Y, o 3

Bﬂ!nltn obtained :hrough the first iteration are. sumarized in

Tqble 11 ‘and Figute 1. These presentations inconmtute the compn:gr .

p!og'rum results given in Tn\:l,e C€-10 and Fimre C-3.7 - The: lurget diffzr—

/ ences in numbers of trips per distance cJ’.us ‘betwyeen  the 0-D and ;zavuy
m‘n‘dz‘l corresjond mch_tj-{a presence of statistically significaat values,
'in:Table 11 and fluctuations in the plot of' Figt;re 11, II'I addition to
“the lack. of visual Wb, e wheasd :_:11:‘ lengths of the 0-D and
.érlv.i:y mogel in Figure 11 are not vithin ¢ 3 'pm’mc. Therefore both

the chi—uqune test nsults and BPR prnudnzes 1nd1cnte zhm: a fur:her

o 1t=nt1m u raquired. ; 8 " R &

. 'The entire Process as dencnbed for the Eitat 1teration Vs

aphiul our.pu: for. thc second itenticm

are preuntuﬂ in _Apmdu € p_.geu 201 go 206" e o




Table 11 ‘Cpi~square teat ‘results’ by’ distance :lus for g'nwil‘.y

model 1.tenciwn no. 1

72 ¢

iteration fos 1)

. Trip Diff. 7. Class Trip Diff. 2
(oDxa) | Fo..' Dist... (g-ah X
1 ) 187 Ml2kk 24 460-470 N00. . ZL.76wk
2. -'20-39 56 gie 25 480-499 . 17 8.61%F
3 040-59.% | 598" " 363,11%% 26 500-519 4 0,75
4 60-79 0% 4L49R 27 520-539° . =52 ,19.63%k
5.080-99 G -244. - 55,22% 28 .540=559. 29 ho1bk
6 - 100119 " ° 0.76" .29 560-579 | -6 1is4
7. 120-139 6,80%k 30 " s80-599, < ~11 i 1720
8 L0159 0 -2 370 Nn' 600-619° 1 -8, L2174k
L9 160-179 127 38,93k 32 ‘620—-6?9 N 1 0693,
10 180-199" 3% 130 .33 B40-650 80 ' 31.00%
17 200-219 L URTE 1559wk 34 660-679. <19 RIS
122239y <8 ieeT Y s 100,125 n
137, “240-239 - < 0,00, 36 * 0.10-
167 260-279. Flgealy ey 254,934
157 280-299 . 13 4.18% .38 26,46 <
6 300-319 "0 = g6 15,20 -39 ¢
2033942 ds a0, o
L 30-359 7 HS 9L Las7swE A1
360-379, i 14.&3 42 &)
380-398 . .80 [29.67%K 43 840-859 2
400-419" " =102 - 43,83k - 4k BEO-879" iR 2o,
420-439 145 © 25,34%% 457 880-899: .- 0,
Wo-459 - < 30 7i99%k 746 900-9197" 779,824
N Sy : ,-rgui 201,91k L
: v"%-; iy L 2 -9'5-;‘,'5 = 6183, ‘ 'vk(éimificmzjsz s{level) -
'1‘0 9 ; e 53 3 "u 59,65 o 77\ o "‘(smxncm‘ ‘at 1 1=vé1)_
X2 (batwean 0-D'and @

it

e
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Travel deterrence-factors: applied-in this iteration' (Figire
) were: calculated using ‘the recommended BPR formila as presented in

Chapter Three. The. Fationale for ‘Uing discrete potnts nb:'.tued ¥hrough

. this.formula cvat poinr.s selecr_ed fzom the 'ltne of heut £it' will be

* dlscusged later. |, : o M

. “ - vartation greater than that of itération ‘a6, 1 and closer to :huu

vllnes of ':he 0-D data; 'l'he mp hcerchmge differzm; s (Table C—ll)

i Value. | This decnase in du‘fermcu vas aléo de:ec:ed :hxpngh the

chi-uquure test’ ‘usults hetween trip 1nt=x'changea of the. gx‘nvir.y nodnl

md 0-D data (’l‘ahle c- 13) l'hste were 113 ell.e !Lgnlilc-nr. lL the 1z

1“:1 of sfgni £lcanc

and 52 slgniflc-n: at the’ 5! Leve:

unf.ed an ﬂuprnvewan: ovu: ainulr reu\lll:i Enr lteratiun no. I md

indicaced that the model output;was, convargins to ‘the 0D datai

Chi-sq\lste v&lues which 'datermlng the:, gnorlneas oFELL' between

g grnvicy z

del Lt&ratibﬂ i 2 und the 0-D :rips by, di!tmce © ass .

::(Table C~14. column 5" t:oc

Ted less than, the’ eritical valug b:hu si

nd 1% evels. :l'hetaiore diffe:znces bgtueen ‘the r.wo data’ gste by

ble c-u) =nsb1Ad menguxamnt n£ itsrltl,rm nos ¥ rela-

no, 1 And the . det uf whether an’ adddtional

The total quare vllue of celum for

74

prnaucgd an: Lovefall vsriagce, stundntd deyiation and naeffident of &

b:tw:en gravity model 1:eratinn no. 2and those OF . the 0-D dit decltried |

Thi.a repte— E




fterafion nu; 1. 1.'h1s Andicated thn: a third iteration should be

carried 6ut in order to determine whether resunﬁ,wauld be,_)eignificmtly I
The trip length f!equgncy

diffete‘nt from' those of the second 1'2[‘5:10\1.

< dtatributions (Figure ) nay be cmsidererl 'viuually eloee' a8 discre—

pnnci.u in’the Tange of pnly 10 t0.70. (0 5.percent) paslengetkvere AT

prodiced.

The simmarized. resuits. of the, d-it are pr d qn)

| Table12 andl Figure 12, The.total, chi-square vale (i) for testing . £

| between t£ripd of ‘the gravuy model and 0-D'data by, diataice class 1o
'né: éigniEicant,  The number of classes pnasesuh\s significnnt values,.
(anl.y three) Have duueaaed sreatly from Lteration. uo. L vhich had | X

“The prip len,:h frequency distx‘i‘butim af “the mdel .

manty%lght 3

cticully wi:htn £3

ugm 1 and :he average mp 1

i pstcmt. Ore cnuld consider the model calibzated at tl\is point gl a0 mIN s

‘result of vlsuul closeneas 4 plots and: theTack of u:m:iuzi.cally .qm-'

ficant_diffennﬁg ‘in total bzmaen the; 0=D" and ‘model.. However. chi—-

. 'squdre results (x3). of testing be':)gen cripl‘ o ﬁistanca tlass of ‘iter:

.. -ation'no.:2 and itération mo, 1}5\““.1 thirty signiflmtly/diifsrent

dsses and & significantly different - total. This suppnzcad., the

' tequirement for. a mm iteration.,

(hnpu:er progran om:pn: forthe third iterat:

“Appendix C, :pages 207 fo213; The numnrized Tésults are prasanr.ud in”

‘Table 13 and Figure 13. The. t#lp, Tength: Ereq\mncy citves, ara’ iy

‘close,; the average, trip.lengths. are within i 3 petnem: Vand the :otsl

1gniﬁicmtx ulee’




Table 12

sl s bt by distance c1m For gemitsy
mrlel itaration nos

Class”

Tiill;-gliéf'«*’-"?. % o " iat. T:zir;—g.quf""ﬁ_ X5
05317 23.48% .. ,27.3»'&60—479;' 23, 44w
0.22°'32.47#% 25" 480-499 ot
3.107320,43% 26 " 500-519. “1:0617
L 0L12 A7 4bkk, 275202539 11,90k
; 90%k | 287 §40-559" L alees
; apg ki
: 599, - Llisgt e
FRRTIAE R Y /11 o sm‘ 12 18,90k
; 78 53607 32 szn 397 “0.85"
< 10..180-199 ». 1 : C0:62.") . 33 640659 32, 43wk,
110.200-219. 73 0001 147 *3_.34,669—679» 2% 9,380
2 1220-238% 06 1T 003117 5,37% 135 726, .. (77.69%%
13" 2407259+ “64 Lam 4.84% " 3G 700=719 % 0.59 .,
s e 0T 3;-4.;9‘-739 29 1.70°201: 87%%
407 0006 305, A8 740-759 15 1 049 17, 50kK
57,3008 4.90%:0 39 760-779" 11 0.09° J
140,26 U’ﬁ* <400 780-799 1 0.06
T 340—359 sl b 30873086441 800-819. 0 .00
19 3602379, 0, . 0:00 /1,50 42 620-839° 0.
zn' 380-399. Z2." 0,03 27i67% | 43 '840-859 0 F0.02°
400-419 =121 0.99" 33,94%k - 447 860-879 2, . 0.24
22 426-439 " 29 -'19,91 163144 45, 880-899; . 0" . 0,00
‘6 4o92%; ¥

23 “440-459

D-?B"

X'(emaenonmdm
i -dteration no:
@' (between. cn iteration

- mo.’ 1- and; it‘.erltion
'noi '2)




model iteration no. 3. .

78

uquue test results by du:mca clue “for gravity
e

ks i Class ' "'rnp DifE: o -

“Class:. . Trip Diff.

25

40
i

& X iz 4 XZ
«No. ©. Dist. " (0D=GM) ""A "B . . No." ' .Dat. ‘. (0D-GM).: B . \ i
A e 1 2k 460-479° - 01 1k *

,1480-‘1499

780-799
800-819.

n q1gn1ficsnt lag 1% leval)
&
A (between -0D md m uar-
ation 0oy 3): 4
(betueen téevarion no, 2
[ and itanmn. o, 3]
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“the sgcmd 1cgrution were .not prudnced. Gen:tally umall 1mptovmznts .

-,' are. evident thrwghwt the duc-nce clanm, hanmr only one (cl!sb

i 900-919) contained;: rel\lll:s sipifium:ly diﬂermt from. the second 2

lter.tinn. "The'\model was. cmldered calibrated. L.

Testing of Nodel | - Lt

5 ’l‘hﬁ leidity ui :ha mdal was tesud }' uslng 1: to predic!: zone, te

zone - P ,f’o': E e yms P then complring this

,m{, (pferchange da

1y n abl frm

survey periods af '_ foe yeu:s, hmvaz zmnl'

8 necennry for \lsigg in. the .trip gAnerlrion eq\utluns

o, he Amdel :eacl.nx
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49 +.0. 20781 DWEL,

33 + 021680 DWEL.

L heres - T 8 R

-, % 2. e trips produced by a zone

P T, = eripe attracted by a zone

K
.-+ DiBL. = number of dvelling waits in the zous ﬂ

4, - These equutions were the result of the, regresslnn Tun whir:h a0
excluded Zone 1 (St. Joha's), thus their relisbility in pxedum,g g: %

activil:y of that zone may be somewhat limdr.ed. The analysis of data

-* indicated that Zome 1 ds to_pull the regression line down posaibly

out of a linear relationship, consequéntly the sbove gquaf‘.ionu would

trip ons’ and for that zome.

The developed ‘Telationship which included St. Joha's, “accurately

*predicted activity of this zone (Figure 8}, but ‘the underlylag sssump-

‘tions of regression were not fulfilled, These squations wete: -

P -
Tp = ' 247 +:0.11192 DWEL.

= “254 '+ 0,10982 DWEL\"
e o N '\ ¥ AR
3 Eithéi of the foregoing:sets of equations may be applied to model

. testing, hovever as shown in the trip generltion analysis more precise

resultn wyuld Le attained using ‘the set whir:h excluded Zone 1. This

X precision wmlld\nnt extend to predictiéns regarding thlr. zone * To"over—

. come tha prob’ em. nnsocllted with Zone 1,1t was decided to “usa the




second set bf to make 1ct1ons -for’ this zone onlyy -

N mp prcductions and attractions for survey periods (Angus: lst

equations ‘are < prasinted £ Appendix D, }able n-z “Application of these
equation and rounding of figures, {n Table D-2 realted 1a & light
_difference: (approxtustely 0.4%. totat m.ps) between the numbe: of trip

productions and attractions wichin each year. ’mu small dlffenm:e

was nullified by-adjustment nf ittrm:r.!.una “for ch

The model predictions. given in Table D2 aleng with the' pmenger

0-D ‘data fm‘ each test year were used as input to the trip- distribucion

‘program, ’l‘hls enab!ed l:owurisan of the observed and predlcted data

T VT P v.rl:h the methods ap‘plied in the trip distribution. The -

computer woutput is included in Apgmdxx D, pages 217 :o/uu. %

 Observed passenger trip for eaghaodel test year ‘are,
pteaen:e‘d 4n Tables D-3'to D-6.respectively.  ‘The fétal Sisstin 2 g
-carried during the survey ‘ periods higust of years 19775 1980 inclus- -
ive) were’ fever- than that of the base yw 1976.-,The  total nusmber oi
trips declined duging Auguﬂt,‘ 1977 and 1973: hwgar 1<1creased ~in .1979 /‘
and 1980 but not to the 1976 volume. " A widg tange\t;f\r\lp interchanges
from small to Iutgt. values ua l:nnmm.l in ench 0-D table,; Hhil:h indlcates i
that the. data is widely spread. ~This means that gI‘EItet m\m'hgrg of ~

trips are made betwéen certain. zones, whereas relatively fever: tripa

. arg mde between- other zcnu. The estimated :ctnl trip yzoductims

‘and attractions for enc'h test year (Table D-2). are all gze-tez than

““their corresponding observed trip totals (Tables D-3 to D-6 inelustva),

“Chi~gquare ' godness. of Fit' test results and trip differences’by




Values are significmt which indicates that ‘the'

7 p,mucm*m erved trip data are not close. Furthermore, many -~

large-diffes and sigaificant . chi-équare values are present between

< ’
J : g
corresponding predicted and cbserved trips by class. This lack of .
TS Closeness 1s. reflected 1n the trip length frequency distributions of
rxgure- 14 to 17, - Although the curves axe very sixtlar in shape (all

.‘pelk.s wnaspoﬂd) for each lndlvidull testyear, the fact that the

: pudic:ad :zip- ue greater than the obumd are nbvimu in_each plot;

Furthermote, the average trip lengtl\l are not within * 3 percent.

A r.oupnuun of passenger data buqaean nch of the :zn: yeln was.

urz:lzd out . in order to £urd:a: ussesu consistency and to nv-lmu the

This through the trip distri-

was

d ; 3 L :
bution computer, the output of whick is presented in Appendix D, pages
241 o 252. ~From ‘thils information, it 1s’obvious that there are vari-
stions in the actual data from year to year and these varistions are

not and chi-

1y gradual The larger

square values are -associated with 1977 and 1978 in which the passenge’r

‘volume déclined greatly. During 1979 and 1980 increases in voluse -
‘occurred, however through the frequency plots and chi-square values

these increases appedr not to be as significantly different as’the




e ok

Table. 14 Chi-'squ-te test repults hy distance clus for
= test years 1977 to 1980 . :
/ <
e i (000 xt (becueen 00 and
1977 1978 1979 1980 1977 1578 1979 1980

[ P R v R T A
2 209 -162-206 -207 . -264 48,1904 76,5944 75,194  120494s
3ok o Neow L SEE e Lu | o
i -im Cise -l a0p 595w - sa.céws. 85,068 110,208
P Tav.eans dmgewe 1n2isaesd 121120
6. 100-119° 103 -193 22,158 7724 22,354
T - neo s i
& ugis | 0 e 20.49me] 65,250 soizom +
9 We9 g T - 50 ey 7708
107 115 a0 250 wa.sum 126
u omens s - P Py
12 i - e, doase i
13 s a0 am sason | imesss p.3z -
14 260-279 189 54 56 6:234 6.59% 156148
45 280209 - 57 - 75 - 44 - 56, 16,0400 4808 . 7.5
16 s s -né s - aaree Gsee  dn3ee
17 30389 7 68 <171 13- 22 384186 3840k 061

18 dems, Sn g ew -1 Dm0

19 S -w -7 -1 S Too e e

oz Lo s

0.09 scese T 2ise | 13.mdes,
0.dee 53324 90.06m | 15,3988
003" 005 0.52
103284, 110 32,421
N.70m 168 - 015
©omTe 19.280 . L0s
119 0280 136
45,600 24,260 28,208
1Wd2w 135 0 ks

050 ' 3307 S.00%
A29% - 68iBIN T BLOGM,

) 0.6

- 123 7/ doo %
o6 il

stoees - 0ii0me
i Gasme 3,00

Irsom 197.90m  V.0se 176,290
Modem 0.2 oas  e.26e

0.23
w0 199 < 0.20
i semy o
R
wowsy a7
w“ som -1 3
s a0
6 s00919 a9
16572544 1540.904  1322,0688
Rgs ™ 386 Khigsapm 6163 % (stmificent at 58 leved)

ey e e 62, ;
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CHAPTER FIVE i »

b . -

DISCUSSION OF RE4OLTS # 70
"n-ig Generation = .. -

Hm:h of the trip generation phua was yuzsly m-ly;icsl, the:
Vsuln of whiqh glven in Chapfer. Four. raquire very little ducum#
Nevertheless, ’thefe are some fucts worth mentioning. B

Base ye.r" mx}' ‘productions are practically equal to attractions '
(Table B-2) for =ach individual zone, Thode zones posaessing notably
1Brge trip prudlu:tionu and attractions include centres such as: St.
John's, Clax‘erville. G\under, Grand Falls; Corner Brook, Stephenville

and Port -aux Basques.

\‘Han'y of these as indicated in Table A-4 are

\ * -~

major urban. centre

Two sétq of predicrion equarions were developed: ' Improved results ™

“iere ubtnined by the equm:\mnu which d1d not include the St. John's
“zotie. This was illustrated; a ccmstmctiun of the 95% confldénce bsnde
as presented in Figyres 8 ma 10. These bands are used to detect

with ty theory,

unsual ion s, In

9# of the' trip vp»x‘odu-;tion‘n (5‘;. 19.out [of 20 observations) should fall
4 wi:hil;‘ the confidence limits. The ‘confidence band.of Figure 8 contains

'a,fnly 11 beervationa (48%) within the limite. This 16 tmproved greatly’

! N ki
1n the 22—:0 e model results of Figure 10, which containg 18 observuj

] /tions (BZZ) hat rnay be congidered H'J.I:hm the lﬂhtts. As b out of 22

’f obn-rvnc.lon"(stephenvillg, Gander,’ Comet Brook and Port six Basques)

/
-/ occur vell cutaide the band, this su;gesu that' ‘sone bias exists in




: " ‘i \:‘ [ L Yo
‘the. trip g o)  Thérefo the error & dre. not 1y
maey;nmc and,‘:gg .dats may et be num1;y,d;aé¥13ugeah Thls b y
‘T‘ . ,,,., then be ;’,;m;a to produce some 1|3|c“c‘uxhlc§ 1n the' prediction’
e : gth‘inns. &lﬁuﬁt ai'i_n.ccur.c)'v!innw"ever. _w\mlld‘ not invalidate-
’ the m 1 in gemeral. (. 4

-~ 1T
7 Resllts of the ‘Final teg@.\ on.run for trip prodiictions  and

e attrlcti/ona (‘m’ru B-21-and ws) pmduca mge Tesiduals fo: zones

siven 1a Table‘ls. - : i
& Pt RIS A
" Table x‘ . Zones possessing large residuals in’ final regression. run

Trip Productions (Table 3-21) . | Trip Attractions (Table 3-23)

Zone Restdual |+ ‘zome Restdual
S .7 rort Blandford -170 | * Port Blandford -200
: - Gander ‘184 ="' - Gander 236
Corner Brook ..-381 " Grand Falls 263
Bale Verte -148: _Bale Verte - =169
* stephenville 236 . Stephenville 160
- Bort_aux Basques | 609. Port aux Basques’ 82

A

- ‘dence bands of-Figures 8§

1ated with Gander,

d 104

e “ “This.table includes those zones which are well outsidg the confi-

r'he 1axg¢"poaicm values/in Tible 15

1le and Port aux Basques suggest that -

far.more, trips sre pruduced asd ateraceed by thaseszines B such
:ptivity, is not _ln “accordance wlr.h :he ratio of trip ends to dwelling
units present ‘for many other Zones. .TheTe aré some obvious reasins

“vhich account for the high prodiictive and attractive capabllity of

acild-

Gmder s a principal urban centre.with related

tes: such as hnlpit:la, ¢hools and shops.

these zones.
It ‘also pnueues a muor




ahpau. iville 15 an urban centre, containing

ti ted fatilities and nlsn a l.lrge alrport, "Port’ aux laques is the .

major entry and exit point for a1l highway traffic to. and from the
province. It also. contains-the terntnus of the roaderuiser route which
ice.? TE Ala0 oo o e

with the

. e nll pltn a8 51vln 1n Table 16,

al ferry service.

The large nngative values assocfated 'dth Grand Falls and Corner Brook -

“may be’accounted for :htuugh the f.cz that these zones coftain the

second and. thlrd largest ‘urban r.am:zen 10 Newfoundland.. As many

. service f‘r_ilitizu are cmunined within these centres the necemzity of -

1ntarc!.r.y trips:per dwelling \mit my be somewhat " 1ess *thln that for

~
1. othef zanes. Purthnnlota, influenclig factors such as”car .mmm-a

#nd incons per capita may mntribul:u to ‘the use of utemhte modes.

xcligion of the St.. John's 2% wag a 800d exaimple xirhw in

regréssion nalysls impr;ovmza tay be ‘achieved through'deletion of

lghly influential (imusual). observations. The' ;;q_q“sim' of cartatn
I AL those of ‘Table 15 may result'tn even mote ‘taproved
equatfons. A suggestion for further research would-be the inveattgation
of ‘an’ additional model to encompass-Ee”excludéd.zénes fnly. " Tis may g
Aavalve deterntnation of the nusbers of passengers eravelling. io.and

Ewm destinations ﬂutsidk the study area.

Trip Distribution

Eviluation of Results 0 : .

.Chi~squére.. teudng hemen the. baae year o—n and. expm::ed Lrip

1nterc'l|mge! (Table 0—6) rel\ll:ed 1o luge aipﬂiunt. cell vuuea fox —




K 22 ... From N ¥ B
+ ! W < aoney s T - zon -
g o . 1i(St; Johin's) 5 (ciarenville)

‘1 (St. dohn'e) * < i2'(Grand Fal1s) ~

5 (Clareaville)
Y " . " 18 (Corner Brook)
ot 19 ¢ 1le)-.

1 (St. Jnhn 8)

12 (Grand Fdlig) -

21

i 3 © 7% 197 (Stephenvinle).
- 19 ‘(Stephenville)

(5t Georges) -

22 (doy1es)

23 (pore aix. Basques).

19 (stephenville)

L i*'». 21 (Robinsons).” 19 (Stephenville)
g . X SO (Pert aux Basques) | 18 (Cormier Brook)-
ha P < ) -
= e signiﬁicant at lz hve;) ’
These results indicated that ‘either far adre.or .far fewer- tEip*inter:
2R : nhmgﬂ cr }zetween these zansl pairs "than may he 5xp§cud. Tn
:am‘pniam, £ the 0-D dnta (mle c-s) and expectpd frequmciel (1able
% 44, Tis obvious that . the obsemrl trlp 1ntexcl\mgaa are greater

e . than. the. e:qmun; “The Large chi-sure vilues of Table 16 indicate

that these are the zan.ll pai!s which depeénd npuxnuch othar mm:e 8o

3 the othar zones.. ‘Therefure they must. pnssaas. :huranterlsticn of |

nlqueness which produce and sttract greatét passenger volmes, ' -

Some rulanu _for.this pattern.of: trip making nl:tlvity vere made

%K) .+ ‘evident'in the.trip, generation discussion Mamy of the'zmes pcauess
o i eagor ntbnn centres. or are comecting poiats to other. ‘Eransportation
i ; modsu. st. John's 1a'the hrgasl: urban . ceatre -which. contairis smu-
o e at iR T drden e as: 1 ‘a , ¢ technical cnuagerahappmg
+ 3 4 % b




| vay of ferry at Argentia. The established trip activity pattern is -

. .. P i,
“Gentres mnd a large ;atrport. Gml{d Palls and Corner #rook are huvy R

industrial centres. c1n=nvs.ne 1s ihe congecting wu.t‘hmnf(u

¢ and fron the fa Pentnsula. St. Georges, s and auy;Les'
P
are ot n-jax unu—es, thus :he _reason for large chi»nqunre values o

“assoctated wm. these oriss. uay ba Ginpty ateributed to sy face /

ltex:& {on. were prssantgd r_htoug,h the trip 1nte:change diffetenc»s

(Tu.ble c-8) ul\d chi-—sq\ura test Teaults (stle c-9); The lurget‘ concen-

1ons of and chi-square cell values ocGurred between 2
zones as presented An Table 17,1 o : 3
of large di des and & q valueg in W

Table 17 are sssociated vith practically the same zonal trip inte-

changes a8 previously mentioned in discission of obscved and exy:cr.ed

data. Anvadditinn 1s Zone 3 (Whl.t'hnume) which is a crmneczmg pnlnt .

for passengers en:ezinumd 1uv1ng the province during the summer by

vety' pronognced as detected by both.the table of Wifferences andFell '

values chi~gquare. ‘The gravity model output (Table C-7) s probably . .’

nore clope to the expected frequencles (Table C-4) than' to the 0-D data:
The chi-square 'goodness of fit' test of)trips by distance class

(Table 11) between ‘the 0-D and first gravity todel iteration produced
¥ 5 3

results in_ which large chi~sqisre -valies - ded to T
between those zones 'of Tables 16 and 17, Tnis was also reflected by

fluctustions present in-the trip length m}mncy curves of Figure 11.

2 » =




testing

. between the 0-D:

From s
_ Zone

b s Trip Intatchnn&e
“ " DL£E. " (0D-CM)

2 (sc‘ John's) 3. (Whttbourne) -

(st Johna) 197(Stephenville)
1ist. John'!) \ 23’ (Port aux Basques)

35 (Clarenville) - . 1.(st: John's)

T2 (Grand Falls) | Ai(St. John's)

124 '(Gx:md rul}n) .23 (Port aux Busqﬁesa

18 (Cornex Brobk) J®1 (8¢, John's)

*18"(Corner Brook) .. | 19 (S:zphenville)

".'19, (sfephenville) ", 1 (s€. John's)

g + /18 (Corner’ Brook) .

4 (ipens)

21! (Robth

19 (suphenvule)

21 (umﬁon,)
(Port aux suqu,)f




the two gucce gravity model. it (vhich resulted’ j
1n convergence: betvez‘d t‘_hc 0-D Ami mndnl dntl » the cnlls of ths

- . -w: gravity model output hich .uapuyea the most. change S baerest

pnnded o those i hich, che. gravity model snd 0-D vere fusshest’ apazt:

e EY L The brtp. discributhm ‘gnalysis presented an additional method of

Siaintatage when' the gravity model may be considered calibrated, This

1 which used the as test was found superior

‘to the current method of calibrating the graviy model by 'visual ,

" of trip length Y cutved. An advantage which the
:"~ chi-square Jgoodness of f1t! tast has .over the visual metliod s that
il BEar e actial numerical values with expected probability percentages’are

: Ppued and a5 8. mel ént. of dLffy between the 0-D

o g:m:y uodal.,. The suount of sigalFiedt: @ifference 1s méasured

t,elutive to the critical chi-square Yelue at that dcular level of

% ¢ 7% . significance. Accuracy of the trip length. frequency curve is most

oo TR ST certainly’ dependent upon scale of the plot in thé visual-comparispn.

Sfo%7h. Tabulated outpui, all in munerical form, fncluding.trips by distamce
3 " kg, o class “for both the 0-D and'gravity model alongwith the associated
A ¢hi-square values, presents ‘an,effective and convenient means of com-

plriann md measurenent of différence between the! two d.c- sets. Easy

detection nE n'nuaull vnlua- and their mlgnitnda relative 'to those of

“other. tlasses: makes the chi-square tést very advantageous. i

' Zfavel Deterrence Factora

£ Useor relgtionship betwsen dist.lnl:e md Lz,v:l da:ux;nce

: Vs s fnctnr (Flzure C-2) vas firet assumed f%r npplicstion of the sravity

mudel. Values of travel ¢ féctors for ’ 7/




P c_naﬁmd using:the established. PR formla given_in Chapter
Three.: The 'Iine of.best £it’ resulting thmn\ﬂ,t.h‘i.ﬂn‘t"lmlucn /
2 (Pigure -4). had the ‘shape of ‘s deciining parabolic ‘curve over alstance.
_ There vere hovever some obvious deviations £rom thits line, for example

X : r_lnuv" 40-59, 160-173, 400-419, 720739, 740759 and 900-919; - The

l:llmu eﬂml'pondld vl.!h thnle of Table' ll vhir.h ‘had large diﬂ'ezenu‘

ra

between'fhe 0-1 ‘mnd gravity modil trlpl a8 vell as. Large chi-sqiste

|1 -values. -A'smooth decline in !rip over increasing dlsnlm:u was) appar-

§ ; R :
g- 7 : : o7 ently not the gase. ' The major. centres produced deviations £ron the e

Pl e P
g . 1ina ol best ELE ‘md sch vere iTeflected n travel deterrence, fu:tnr

these centres vere excluded, then possibly travel deter-:

Yencs factor over distance would be .'--mh cuve, <71 D

' % “ - - The choice nf discrete values oyer those Erﬂ !he 'line.of best

iit was ‘dﬂ after both lltern-lival were wlored. Values from the
- 1ine of best fit: {Figure M) were entered into the trip diltrﬂmtiuu

The . and 1 ‘output was. very close

progr
+dn vdm to that of iterldm mo, 1 ulin; the straight li.ne The

travel deterrence rmtlm-hip fo'r the second lterltim using polnu

‘from the succeeding Tine of best’ fit, ‘reverted to mct.ly the same p:.o:

i+ as given in Flgure G4 (result of the firét dteration). Therefore it

vl.l concluded that the use of ﬂlerete pcintl pl’wided convergence 1n' fe-

et lterltlonl thaa using pmn from: ﬂu nn- of best iit. For

v._‘cunpultive purposes (wl:h Elguxa o—a), the. plot glnarncad by. the




" ipon'a characteriatic of land use (dwelling units ~pe: 20né) “and trip \

El:udiea, it is now used mniy in \)rban works' (5).

g ;nnn of aquﬂ. papulntien of 1.n%ae autivil:y.

,(f&x’ example, passerigers leaving the, bus systen and travelling by ‘atx

toor vioe veru). Thus 1if & lntgg S.m:teu» or decrease 1n !1detihip i
. Gecurred for reasons not Incorporated sabe thie wdel, then one is
mublg to whethar

“dn-fact.‘travelled at all.: Tha lwdal 1a_thes

ion of Hesults 0. . N

ere are many characteristics which may affect. patronage of a
transportation system. Some qf these “gtch are relative to Lhu ode

Anclude: ‘qiantity of service quality, schedule changes, fares, wwpati.—

" tion e well as capital and operating costs: Models' which attempe to |

ancompua iany” of. these, modal charactertstics are Jsuny complex: a.nd

w‘lwltd o Iundlr_ ‘asy. T‘\A mdnl a8 daveln‘ped in’ thia etlldy i! Binple, £

vhumby txip productions and attractions are predicted baged solély

interchanges are determined through applylng the gravity model. . Such \
simplicity, hawever, may inpuse .Unitar.iunu with Yegards:to. U of the i

. model-as charactertatics uf the mode -are Tot taken into account gy w a0

Thnte canbe prqblm auiociltea with the gravity model in rela-

tlon to. c:ml deterrence, factord as mentioned tn Ghapte Tvoy . Alehough

‘the | !rnvity siodel was initially applied to insretty puuenge! transport;

The mdal 1s . con-

idered o] uccurll:ﬂ when lppli.ed to. dana:ly ‘popul; ted lreas or bﬂ:ween by

uuduung was made of only the: b\-a mode .t the: trlp geuarutinn i

'Htggpa For this reason, it was not intended to lccemmnrlate mode 'shift




statie r.und:l.tlon ‘which reflects bus travel 88 @ function of 1land tse . —

only.,~The aﬂuumpl::lon “made. at’ thie stage'is that'factors nffecu_n! bus

3 .\ itravel today will continue to lma 2 -uLun effect 4n future.

Acl:ordingly, the morkl does not M:cmmt fur ynnm1c el\nnue in. chnxun-—

i “teristics of £he} pode itnelf. 'i

o\ The model was tested: for validity with the asbuitide that ald
couditlm relevent. to bus travel remained comstant for che test: - .7
pe:ma-. This testing determined the reliability of the Bodal in fnte— £
casting futire intercity bus travel demand:  Bearing in mind the pre-
viously described limitations, :eq‘c_x;xg could aleo indicate the maghitude

of fluctuations in ridership caused by changes in characteristics of
Tship g & .

the mode. : e N e o

Vi :  Testing as’described.in Chaptér Four'was carried-out  fox four

‘successive ‘years foilowing the base year. This was done by comparing

‘prédicted and observed passenger data for the survey period (Augist

+ 18t to 218) of sach teat ‘year.” It was knowi prior € model development.

e " thae ‘patronage of the bus system over time, as shown in Figure 3 (for e
t Sokal Fisbeapens) end Bakreii6 thor vevuiiia pudesniazs)s vas not
‘mm. 1-‘1uc:unum;s it o mnaspnndi;;mmths of

Bncc:sslva years and that of Avgust vas no exception. nguu 19 sows ™

27 the tof 1 revanue and pass passengers carried during the £ull monthof .

Augnlt fxom 1975 to. 1980. It is evident from the figure that a decline

ST in riderahtp ocsurred durtng 1977 ind 1978 "folloved by a gradual

increase in: 1979 lnd 1980, lnrrl-n! Lhane fluctuations, development nf
Ay 3 ¥

a model on the basig of 1976 data was tested to determine whether i
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tbvalllng_\mits, i then acceptably distributed betveen the various

X ﬂ.c zones.

10 pngm’ % :mp ¥ ina‘ ittrs edizted by, the modsl” for,

the r.eur. y:lrs/FEnblu vD—Z ‘were greAter in value tl\ln the observed

quare value that’ the predicted data was -xgnxﬂcmuy

dteserent £rom. the ubuerved for_each test yen:. “Hoveyer, the mmouat

,of uipiﬂgant d.iffersnce ‘decteased over thﬂ ‘years. . This Andicated

that the dtfferencas were bacming lessi’ mi ‘trip length frequency.

“cutves: of. ugmu 14-to- 17‘« dusive were condldered as mot visually -

cln!e. Tl:: redicced lripl lppaur&d above the observed fur practically:

each’ diumcg clasa. Th: peaks. :ln euh flgu:a, however, mincided ovér

diumce which! ; Some. ot y-in’ the mcm.
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 PASSENGERS CARRI

(August_ lat to 2lst).- 1977-1930,
rudf“ted (bzoken lin!)

e large, rle:liu d\rril\x 977 axxd 1978 1s very prmwunced.

% peﬂ'k o

(nguu 19)

after which




’l.'lm roldcnl.‘ilar uumua operates ‘at a deficit and during late

1976, N i.nitiated lcdqn to reduce dyexnting coats: ".This vas \ achfeved .

thrbugh the cnrmnme of services by :mvi.ng some of the lasapro-

£itable runs: Dnring the. survey- pe:ind of" 1976, thg rnndcruiser 5

schedule conulltad £ eleven runs dlily covering ‘a dist, of 7 300

kilmcers, whereds: in 19775the servioe vas rmlupedz/o eight ruas md

by 900 kilmten drﬂy .\ ‘This uhedula l:hmge,

21, vIn not lccepnbla : pltrnnl nt the' .ervxca and -und 2 hrge

decxeue 1n plssenxera ca;

until November 1980. The sl h: !.n::elle in ridunhip d\lrin; 1979 lnd

5 =
patrdns ldjuued tn the lcheﬂule cl mge of . 1976 and begm ‘to use ‘the

*-gervice mate frequently. During the ye(r! 1979 md 1950. sixteen of

E :he :wenty—mo buses 1n :he fleet vere _replaced with tev mndarn uni:s.
. \
\' The fares md coubﬂ of lltenu:a modes nf ttuvsl increased at a |ranl:ez

rate than m bus' furea. Au o colisequente nf I:h:se factors; ‘N ngllnad
some of the' pm::mu ioa: durtng 1977 and 1978,
P

[ The” ef(ec:s on The modél of. this. dynnlnic (uhedule) changa dn the

mode’ ot systen may be beat expressed through dinuussiun of Tigure 23,
" This figure 1nu.::.:au the rehv:lmuhip beween actual s ptedicted
\ e pasaéngers ‘carried mln.n. edch. survey puicd. The: m.k of consistency
n’: ':h'g’ v?bse 4 datd relative to. the model prediction’ 1ndinlt=s that
den ip, " Ad )

. L HEBH L 605 B ot d\ulll.ng .nita s.n'

11lustrated fn F!gu:e 3
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Figure 22- - Rélative ‘rel
: - passenger dat.
(oroken Lune)

kuhiu of each zone. ' In this stuly the nusber.of duelling S tor

3 the ‘test’ yu:s were obr.-xmd :hraugh pro el:ting ;rw:h xlt:s of . thg 4
.-mdivxanl zanaa. These fates vere all osxﬂve. gonsequiently. the’
PP yredicted taul‘ ttlpl as shown in l’lg\lr: increased in l!:corrlanl:e ;

“With. the inear relationship 18 °the. i

Houaver,the observed total tripa-d1d not follow this pattern and Fluc=

:uénd. “The totnl trips pmucced by the'model through the trip gener-
auun cquations were greater. in nunbe? thaa those ohserved, congegueitly

af con‘espundlnl difference vas evident in the trip! :ustmunan phase

‘of: the mcdzl :eaung. (Th:lz u.una were preuncad in Chapter Four.).

Fullqwing the decline in tidetil\ip dnr!.n' 1977 nnd 1975, pncranlge‘

y af &,g aystm n:muud and :m umber of -passengers: carried ‘pegon to




. in Figuta 22 was very clnse to that ymdic:ed by the model. The mmmt

by vhk_h the model wer—pred:t.zu the. ohlerved dnn 1n each test year 3, -

<.
1: gim “in :em of the ratio (nhaemd to. pxedicted passsngns

l:lrriad) fn Table 18.. ¢ - & s

Table 18 Observed and predicted pullngtr data for each test
" year survey period : $

A Total Trips: e
Test Year Observed Predicted

_ ; 1977, . .13,798
LA T 078 11,875

1979 C 0 12,691
1980 - 2,996

18 ratio for years 1979 and 1980, fepresenting what

‘stab: 1 18 & 1t ‘may'be ited that °
ccuracy of the model, when ued %o famuu.ng. carl be 1wpmvad ‘through .

lrlju.atman of ;he prediéred fotal r.ers by the -amount: of this unntmt

. zatios This could be achieved through’mul ; the trips pre

zone by :he ratfo. However, the ldjultmenr. would ‘on;

- for ;Ac‘

valid as long ‘as c_hl.l’lctaz‘lnth:a of the: mode remain unchlnged - A chmée‘ s

“in the system would necsesitate another adjustrient factor: Fquating -

rears cnuld

LA pxedictad and observed dntn 1o’ this Wt over” future.

*pnl-ibly establish.a relilhle means..of dntamini.ng Etom the. uodul the

éecu onridership of . dynamtc. changestin: the mde.

: An lltemlte mr.hod of. S.nventigulziug this effect would be to mdtl







" that, had llreldy been .cauected by, various sources.. This 1uvestigltiun

.« was t:nrrled out for the t!nnayortatiun planning. utlges of trip genera—

tlon :nd trip Trip i were "

{SY, using nulr.iple and-simple linear r:greusion analysis, whereaa the

ammu measurements ‘of 'thesa zones? °A camplate trip distribution

computer program Which includud statistical testing e gravity

-~ model output was vritten by :ha author for this research. The chi-

square’ gnod.ngai of it!; ‘test was used to'infestigate.the association

bemen mna.l trip' and b and to when

che gz-vuy model may be consldered calibrated:. This method ‘was, com= .

+ pared w!.:h the =snb11nhed méthod ‘of visullly perfoming the  dame.

Ta-:ing of naulte vas carried out tl\tough the cmnplrison of |

(ollmllug the ba‘year. “oit- :l.e' basis  Bf the various mglylas and




ting, a model was’devised which. could Be used to forecast intercity.
“bus travel detiand in-Newfoundland. .. o o

/ i+ 0 . Conclusioms ¥ .

E O e e must be ccyncludad :hyJu the’ most pltt the ur.udy va smeasfuL . °

b:u:tve nimber one, to ndel itrip, genencm and trip distri-

h‘-,:xnn :\maugh relating intercity bus passenger’ £low obtained from e

: i o
.  fickets of the'major carrier to'routinely publighed censius data, has

" cconplished. | ‘The developed_prediction equations related trip

and a of the ‘most. 1ate; traffic Zoné size

to l:he dmogrnpb.tc Variablg dwelling: uilts pet zone. The best ’aqu.:mns .

. dzvelayed using simple linéar regression and axcluding the' Lnilunm:u

T o the s¢. Joha's:zZone vere:

rp' = 49 ¥ 0.20782 DWBL."

- 3 u.zmpo,m,

- mp. ptoduced by's zome -

- tr.lps uttr

ted by &' zone

zb7+om92mm. sk
"‘Lsh—

betwean the ir

dnd. demaan: vartabia pplsessed :nvm.u. values: m— ample, the’




. would

cozrllatlevn costicient in e-uh’ of the i aquntlonu vas %

: calibtnted over dut-nca ullhg €xip, iriterchangs data couected dur;ng

me hnse year suzvey peuod. a dlltinct plttexn of ‘travel dqurmnce

nd ::utuan:.

The moael test) Les\llta, hwevez, demnnntxated
,' thiae tuzther model developnent would be

uized:in orﬂar to provide
an accuzal:e forecasting’ ool for futura e

This development work

4 nore ext 2 than was available fof

‘this research. . Sic ﬁta'buse mlﬂ—h\ulude xnrozmmon that ass-

fes Of . travel dnithe co:rlder as, wel]. a8 factors
meo tant in modal choice decisidns, :

“to imp:uve in:e:preca:ian of outp«t Ezcu the appued mathum:e!cal.

chniques, as also

‘l'he: s ‘atati

'ﬂate iy

of the P

h&na‘

§. the ‘ost app:opnau
pzedlction :quatxonl and: to. deéect thoae :nnen creat—.inq ununu.L vaJ.u

Soneidéred’ Sallbrated.’. e mea!ured Shodighy. -




tatistical lignillance the closene
. Bodel datan

between the ohuned and q!avlty A
The- Lack of “statistically significant aifterence between
hhe o data sets aid betueen lumuiw gravity sodel 1berat.hnl

proved to, be avery etfective tool ih deternining vhien the model vas
- el bzahea

This method. prodiced favourable results when compared to
-th- ’nbu-u
e ®

length Ereq'umy ‘curves

Of visual

Between” trip

Thres alteriative sizes’ of traftic zones vere cosidered ana

_the -‘ut lppflwrhhe siu sélected through" the t.n.p gen"ltinu

the mnn which pxo— 4

of ane

txng. c-an zones. whioh ars mnec:lns




L was lhwwn that chauetezistles of tha mode (ncmauxe change!) uhu
ﬂffect ridenhtp.

“This was evident in cach test year ag’the predicteﬂ
ke ips Were Greater in Auaber than thoe bact e

It is lpecnl.ated
that acouracy of the model could bé improved through adjustment Gf the’ .’

_preédicted. trips by the amount for which the jnodel overpredicts 'u-e
iy ® 7 ;
obaerved’ t:ipl Quzing stable node mdicuna.\ However, aa:usmnca

;a8 much, would driorease 'ocuplexity ©of~the'model.

%8 thig tudy included only mexcz:y bus. pagsenger data of the

jm: cariier, the results way be consiidered ad bemg utiafaceuxy.
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100 = 119 - " 413, 431, - 0.16. ! 2,88 3.08
¢ 4207 = 139 5 148, ‘183, 6.80 .7 1,03 al3t 70,06 -
Fld 140 .= 159 . U693, . 745, 3,70, 4.4 - 5.32 0.04
O \ 160 = 179 VL AR, 328, 38493 0 3.05] . 2032 . '0:23
i 180" = 499 © 921, 887, . 1,30 6.43 . . 6433 0,000~
| o \ 200« 219 Toei2. . 80047 1859 Y6037 BLTE - 0,08
L5 220 = 239- 0 CUY0s. - o 89 2,87 0073 - 0.6k .- 20,02
i 240" =, 289, DBrT. T ENs, 70,00 1T L 5.71 L 5188 ~ 0.0
e 260 =279 L8230 a90, 2.23 . 365 [ 3.50 0.01 ~
a 280 =299 i U At9Lc 2880 dl18 23 2.03 0,02
o o 900 e 39 oo 395, 4B, 15.29 " 2.76 3.43 0 0.13
g 320 - 339 L0190, 1 83501 12440 5.52 596, 7 0.03
= 340 - 359 435, 526.  15.75 3.76 0.14°
gy w3k a9 o M0s.. 1383 13 L2273 0.00
i 380 = 399 © 438, o 218, 29.67 1.53 - 0.23
1 o 400 = 419 3 . 43.83 1470 o_.;w
i 420 - 439 980, 25.34 5.96 0.13
! O 440 -.459 Fafg : 2, '7.99: 0.80 . 0.06
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: ° - 480. = 499 0.3¢ 0,06 -
500 % 519 - 0213 - 0,00
] +7820 "= 839" SaJdoa - Co0.08
{ 840= 889 146 0:02
! 560" = 579 0.19 0.01
X 580 = 599 0.48° . 0,02
! ' 600 =619 1,09 0.17
; 620, = 639 1.33 0.00
s 640 '~ 659 1:47. 0 0:39,
- 660 < 679 0432 0,06\
g . 680~ slss‘" 3.42. - 0.62° )
700, = 719 0.69 " 0.00 7
E. ¢ m..“v-,zo <19 1.8 1,66
(1 740 = 759’ 0.22 % 0,16
i & 160 = 7780 ; T6i2s ;
i 780 = 799 0,45 00 0330
.o 800"= 819 6077 000 -
f . .820 =839 [0:07 0400
.. B40 = 859 0,05 40,05 -
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oo suRTRE TN TuBDEE " TERESsei” NOSELBRirs  MOBEL SHACENT :
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2 .2.73 §.00 0e0
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0.02 0.94 0.0
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0:62 7 0466 . 0.0
05007 0462 0
L84 0.58 ¢ [}
022" 0.54 [)
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0430 0.46 "
0.0 0,42
0.00 0438 <
0405 034




220 = 239 : 108, 0.73 0.64
G " 240 =259 - 817, 5:71 5.85
260 v 279 523, 3,657 3.50
3 280 » 299 o ~319. 2.23 7 .2.03
B / : 2.76 3.43
6.62 5.96
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0.94 1.53
0.95 .. 1.70-
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£:96 2.64
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- 2.00 1.47
“h0.18 7 0.3z
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0.4t - -0.22
0.13 0:29
0.15 ... 0,30

(\ | 880 =899
900 = 919

¢ 920 .+ .939:
940 =959

980 = 999
1000 #1019
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0l1a’ ‘Yo34' 040
0.00° TR 0.0.
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BT LR N T TR 0,0
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0.0 0.43 0.0
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0,00 034 L N0
0,01 0 0:30 9040
L0.0 7.0 0,26 .. 0.0
5023 0. 00220 - TR.0
0.0 . 0iam H Ty
S0.05° - - 0.14 .
0.0 il 0420
£ 0,07 L0006, i 040
T 6.0 C e e 0.0
: 3 2 Rl et
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TABLE Cj-'11 - . TRIP DISTRIBUTION BY THE GRAVITY MODEL, ITERATION NO,'2
L2 zone/’ 1R song 4 8 6 70 -8 9 10 11 /n/ 137144 15 16
o ; o & . i /NUMBER OF TRIPS
1 0, 110, 123. 76, 234, 29, ‘81, 93, 271, 111, 5. 397, 49.
O % 280, 12, 12, 2, 5.0 5. 18. 6. > 0. 124 ‘3.
: 3 485, Syl .0 38, 4, 14, 47, 5100 200 i, 500 14
O 40136, 3. a0 43, B, 9. 11, 44. 0190 1. ST M.
7.5 387, 7. 46, 05,12, 30,102, 42, 3, 134, 25,
Lo, & 6. 1, 4. 10,70, 5, At. 5, 0. 15, 2.
FUA . 93,0724 a3, 11, 18, 14, 12, 1, ‘40, 8.
o 8 133, 2. 19, 28, 5y S0, 63 14, 1. 49, 14y
; 9 382, 10, 574 95, 12, 17...62. 0. 26. 2. 178. 46,
.10 157, 3, 23, 39, .6: 14, 26, 0,
11 b PIRRIL PRNLLY 09 1.0, 05 2y
o 12487 5, s, 99, 14, 39, 14247 29,
€5, 1. 14, 21, 2, 43, 43. 16,

14 'S4, - A, S¢ 0 3. 1. 2.
15 11, 0. 2. 1. 2, 1.
16 . 793,

¢ 6. . 28,7 14,

2, B 3.

G 2. ';5. 4. 19, 4. 11, 10, 40, . 21,

17 A%, 04 30 720 e 34 2e. 30 404 5.

18 381, 8. 26 - 8, 21, 26, 134, 55,
o
[«

-
@

<

19 264, 4, 30, 7. 14, ‘16, 49, 30,
20 8. 0. .20 1,0 47 24015, "3, O, 18, 5,
21 10. 1. 134 1 3. 4y 11, 4. 0. 38, .. 6
2213, 0. i 26 126 2« B¢ 2 0. 185 36
23 204, .2, 0. 19y 32, . 6. 37, 1%, B4, 25. 3. 94. - 19,

N

. . /
fTDTAL 3042, 684 472, 316, 807, 121k 312, :391.1170, 464, ' 40,1709, 422, 240, 60, 464,

n_ ®

6172634 'AVERAGE = 27,0 ° VARIANCE = 3057,21 STD, DEV, ‘= 55..

SUK. 565,
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'EL, ITERATION NO, 2
o : : b . . i
10 11 12 0 i3 T4 15 1617 18 19 720 21 22" 23 TOTAG .
UMBER OF TRIPS . 7/ -~ . "’ T L 2 o B EICIORE aNG 3
Lo 5y 397, 949,37, Ta 70.°  4i 264,222, 104 294 G, 22964 r?
W00 a2, 307 1yt T30 0, 15, A0, Fl. 145, ° 3
1 1. .50, 14, 5. 2. 14, ¥, 22. 31, 472, )
. 1.- .57, 11, 3. 1. 5, 2, 27, 17, 464, B
v 3. 134, -25, 13, 20 2. 63, :\za_f
o000 150 2, ke 00 3 7. ;53'. Y
o 1.0 40, B, 5. 4. 10, 14, k . 2
J 1. 49, 14, 6. 1, i1 19, ise,_/ o
o 07241780 46,0274 - 6. A2% 58, 1344,
37,17, 43,0 3.0 22, 36, 530, 9
b PRI RN TORaR PPN ) 1, 21,
0, 42, 284 3. 07, 1535, s
1o 49, 0, 10, A7, 42, 433,
T Y D 9. 24, 283, ¥
T 0015, 4y A, 15 7 80.
1, 87, 18, 8, 0, 45, 509, 3
Jot 0e 20, .3, 2, 8. 340 ¢ 145, b
o 164257, 83, 324 31, 85, 1642, 53
& 2,113, ‘38, 20, 40, o ‘986, é :
' 0L 19, . 5, 3. 6, .25, 166, -
do 04 354 64, 34 8, 34, ‘190, i 2
o 25050 Ay w80y il 7. 12, 136, j
o . 3,94y 19, 19, - 4, 53, - 6, 200, 173. 26, 35. 22 0. . 1045, ’
. -40.!709.422.’ 240, 60,464, 7‘5.!358;1054. 250, 204, 122,1156, 14317, ; E;’
B ® 03057,21 '.'s'w., DEV, = 55,29 COEFFT. OF VARLATION % 2:04/ = § %“

P




DIFFERENCES BETWEEN .0D TRIP. DATA AND ‘GRAVITY MODEL, ITERATION NO. 2

ZONE " ° 2 J ! 4
3 5 6 7 '8 ' .8 10 ‘11 12 13 14 15 16
" NUMBER OF TRIPS
L T s RE I = L+ e - e s e L e Lo
223, 0. =11, =3, w8, 9. 30. wd. =0s WS -=Q. 7; =i.. =k, el 6.
LL L L'} 175 ELDY 107 L 287 17 ":. lt.‘ I LT LD 5+
£8077 0. 300 0. w31, 2. w6, 4. “e5. w4. =l =34, et 3.0 20 U3¢
104 . w31 19+ o L0 Ly hilO To w267 =37 T L T 2% LD
e, ety 2. el A 00 ele 0, b. sl =0. =7, 0L Wfl0 =0l s2.
) s T TR PP P I T £ Lt L el T S TR Rt R i
w30 eRa 000 B w1340 8000 9. 0. w13. eB., el. =310 w6, f. ' 1a =0.
e o« T T ST+ Lot e el et b
£4. 0. 2. w2, =245 w6{ w2, =5, "18. . 0.7 3.7 =B 8. 2. 6.
R T et I Ciiect s Do e Dot e o e
310 13, Cefi.ow14s =23, =B, =270.11, =6, 5. 0. 0.
L T e e Do L0
8. 1. 3. 0. =9. -2, =6. 5. <18, 2. 0. T9.

14, 1t 6, -1, 2.,

"o L s
35 =iy w6 w25,

=5 =10+ TR LT T £ £ o T £ L £ B

2. L O T P T '™

=7s I T e e ST IE T

0 =2, =0, =6, 2. =2, rli =4.

73 737 O T30 A A 3T

TTOTAL -0, 20, =0i =0, =0, =0, =0. =0. =0. =0.

€ sum sos. = 178129,

METEETE B S el 7

VARIANCE = "'3’.36.13 $TDY DEV, s 18,35
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i
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GRAVITY MODEL, ITERATION NO: .2 ™

0 41 12 13 14 . 15 18.° 49 %20 ‘24 © 22 23 TOTAL
- - : :
UMBER OF TRIPS :
DEE D T T T L e R o e L e e R T 2 g
om0e 70 Ay 4L LUs B, sy en, w2 00t 14.
2 e S M= 3s
S1000300 AVT 30 Uk R9a 20 wEs PS03, wAL 0 9S8,
&) T+ S o U‘n’ 165 85 v v 0 3
0. wl. =0 2. #Te: vl o=l -7 37,
e Sy R Al et —et0s
CWBa T Tidi w0, =2 m3. S18.. 4. =T, =98,
et g e O 2t ~52% 10+
8. 1l w2 6. miu w14, w20 95, wd. e, eds 360
o et 2t 4
29. =3. [48. -25. ;=130 i
e T e T 0%
=i 0. 4. M. 2. w1B. -19. 8. -65.
3T = LD Lo 3T T v e T Rafr
o 0. w0. =17. 1f. *9. =4, =32, =24,
T 020205 =3t i
5. 27. *11. - 0. w16, 0. . 87148, 80. 'é
3 R —o+ 39—t 31T 9z H
et 18, 20 =t vl
% 'l- 2 A0 35V Y; : Akl
2. 180.. 6. w2i TR T 32, 1 0. =16,
R L L | et T
F50; e0i. 0. 50/ TR0, e0s <0, 0. w0,

13 STD. DEV.' ® 18,35 M.8,E. = 368,03 ROOT MJS.B.
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D' TRIP DA"l‘l ‘AND' ‘GRAVITY -MODEL . FTERATION NO: 2

10 -1 42 b3 e s,

1=-SQUARE .VALUES
E Lok

(1100 203; 294; 333, 327,154, 60, 254,

342, 710 131, .94,

*: (STGNIFICANT AT 5% LEVEL)




TABLE G —'1L TRIPS BY DISTANCE CLASSES AND RELATED CHI=-SQUARES . (ITERATION M. 2)

i
1 " i =
% Q o1 'DIST?&&%I CLASS. o NUMBER OF TRIPS & PERCENT TOTAL TRIPS: E
! D SURVEY . .MODEL  CHI=SG. @ 0D SURVEY _ MODEL - CHI=S0.
E c 0. ‘19 3% as5. 0.31 © 0029 0.32 0.90
20 39 L as2, 452, 0.22 3.09 3.20 0.00
l{ G 40 = 59 © 387, 423; 3,105 2.70 3.00 0.03
60 =79 284. 290. 0.12 2.06 000
i‘ o ) 80 - 99 © 83T, 879, 1.97, 6.23 0.02
[T 100.= 119 o 413, 432, 0.84 . 3.06 0.01
e 1207 139 148, 154, - 0,22 1.09 0.00
140 - 159 693, 704. 0.18 4.99 0.00
i o ! 160 =179 437, . 456. 0.78 3.23 0.01
: 180 =199 931, 0 910. 0.2 6.46. .. 0.00
(8] 200 =219 ¢ 912, 909, - 0.01 6.4 . 0.00
| 1220 =239 105, 1114 0431 0.79, © 0.00
. o 240 = 259 : 81Ty 881, 4,64 6.25 0.05
L i 260 - 279 523, 508. 0.44 360 " '0.00
| G 286 = 299 (315, 10,06 2.23.°] q.bg
8 300:- 319 432, 7 3.09 3.06 0.03
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TABLE C - 15 TRIP DISTRIBUTION BY THE GRAVITY MODEL, IiERlTI'ﬂH NO, 3

O 10 r FROM ZONE . R Ny 4 :
+” 23 4 5. 6 - 7. 8 9.710.:11 312 13 -44°15 16

i Lol . NUMBER OF TRIPS 0
' 10, 122, 374, 240, 29, .85, 97, 283,114, = 5. 420, 52, '37,-
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3. 25, 14, 40, . 6, 14, 13, 25, 0. 3.
0. 1. 1, 0, 0, .00 14 2. .0
94, 14, 39. 39, 139, 27, 7,
22, 2. 9, 12, 44, 16, 1.

~
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8. 0p 2 Bew M 8 S0 300 o Bt %
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s 23 226, 2.

$10TAL 3042, 68. 472, 316, 807, 121, 312, 391.1170, 464, 40,7093 422, 240. 60, 464,
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GRAVITY MODEL: ITERATION NO. 3
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