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b e c a u s e i t i s n e c e s s a r y t o a n t i c i p a t e t h e e n d r e s u l t s i n 
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THE COLLECTION OF DATA 
THE MORE IMPORTANT TRAVEL VARIABLES WHICH AFFECT 

TRIP PRODUCTION, HENCE TRAVEL PATTERNS, ARE KNOWN IN A GEN
ERAL SENSE. HOWEVER, THE SPECIFIC VARIABLES WHICH SHOULD 
BE ENUMERATED IN A TRAVEL STUDY ARE NOT KNOWN COMPLETELY. 
THIS LEADS TO PROBLEMS IN "PROPER" SAMPLING AND SURVEYING. 
SINCE THE MORE IMPORTANT VARIABLES WHICH DESCRIBE TRIP PRO
DUCTION ARE BUT GENERALLY KNOWN THERE IS A TENDENCY IN DATA 
COLLECTION TO OVERCOLLECT. "EVERYTHING MEASURABLE SHOULD 
BE MEASURED" IS A PHILOSOPHY WHICH, WHILE PROVIDING THE 
NECESSARY DATA, IS THE CAUSE OF NEEDLESS EXPENDITURES OF 
BOTH TIME AND MONEY. SUCH AN AIM RESULTS IN INTOLERABLE 
DATA REDUNDANCY. 

ONE OF THE STANDARD SURVEYS PERFORMED TO COLLECT 
TRAVEL PATTERN DATA IS KNOWN AS AN ORIGIN-DESTINATION (OR 
0-D) SURVEY. IN AN 0-D STUDY THE VARIABLES WHICH ARE MEA
SURED INCLUDE ALL OF THOSE BELIEVED TO INFLUENCE TRIP MAKING 
WHICH ARE ECONOMICALLY MEASURABLE. THE ORIGIN-DESTINATION 
SURVEY DATA SERVE TO ILLUSTRATE THE TRAVEL WHICH RESULTS 
FROM TRIP PRODUCTIONS AND ATTRACTIONS. 

THE QUANTIFICATION OF THE 0-D STUDY DATA IN THE PAST 
HAS LED TO AN ATTEMPT TO DEFINE MATHEMATICALLY THE VEHICULAR 
TRIP PRODUCTION IN INDIVIDUAL URBAN AREAS. THUS, EACH IN
DIVIDUAL SURVEY HAS RESULTED IN QUANTIFYING TRIP PRODUCTION 
AND TRAVEL PATTERNS FOR THE SPECIFIC AREA IN WHICH THE DATA 
WERE COLLECTED. 
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PRESENT-DAY TECHNIQUES FOR SATISFYING TRANSPORTATION 
FACILITIES PLANNING REQUIREMENTS INVOLVE DESCRIBING THE 
PRESENT TRAVEL CHARACTERISTICS IN THE COMMUNITY IN QUESTION. 
SUCH DESCRIPTION IS AN ESTIMATE AT BEST SINCE THE COSTS IN
VOLVED IN 100% CONTINUOUS SAMPLING ARE PROHIBITIVE AT THIS 
TIME. IN ADDITION DATA RESULTING FROM 100% SAMPLING ARE 
NOT A REQUISITE FOR PLANNING SURVEYS. IN MANY INSTANCES 
THE NEED FOR KNOWLEDGE AS TO THE CHARACTER OF PRESENT TRAVEL 
PATTERNS OCCURS AT A POINT IN TIME WHEN THE DATA TO ANSWER 
THE QUESTIONS IMPOSED BY THE NEED ARE NOT AVAILABLE. 

FOR EXAMPLE, IF IT APPEARS OBVIOUS THAT A TRANSPOR
TATION LINK IS REQUIRED TO BE BUILT, OR AN EXISTING ONE TO 
BE EXPANDED, IT IS ALSO REQUIRED THAT INFORMATION REGARDING 
VEHICULAR TRIP PRODUCTION AND ATTRACTION BE MADE AVAILABLE. 
THESE DATA ARE AVAILABLE IF AN ORIGIN-DESTINATION SURVEY 
HAS BEEN COMPLETED RECENTLY IN THE URBAN AREA IN QUESTION. 
SUCH IS NOT GENERALLY THE CASE. THUS, IT WOULD APPEAR SEN
SIBLE TO CONDUCT AN O-D SURVEY PRIOR TO BUILDING OR EXPAND
ING THE TRANSPORTATION LINK IN QUESTION. THIS WOULD, HOW
EVER, BE COSTLY IN TIME AND MONEY. 

IT WOULD BE MOST ADVANTAGEOUS, IN LIGHT OF THE PRE
CEDING DISCUSSION, TO BE ABLE TO DISCOVER WHERE SIMILARITIES 
BETWEEN URBAN AREAS EXIST WHEN VEHICULAR TRIP PRODUCTION OR 
ATTRACTION IS CONSIDERED. MOST OF THE WORK WHICH HAS BEEN 
PERFORMED IN THE PAST IN MODELING TRIP PRODUCTIONS AND AT-
TRACTIONS BY PURPOSE HAS BEEN DONE WITHIN SPECIFIC URBAN 
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a r e a s . 

I n a s t u d y o f t h e l i t e r a t u r e a c o n g l o m e r a t i o n o f 

d i s c u s s i o n s r e l a t i n g v a r i o u s a t t r i b u t e s o f t r i p p r o d u c t i o n 

a n d a t t r a c t i o n w a s f o u n d . S e v e r a l a u t h o r s h a v e o f f e r e d 

e q u a t i o n s w h i c h p u r p o r t t o d e s c r i b e t r i p p r o d u c t i o n a n d a t 

t r a c t i o n p o t e n t i a l w i t h i n s p e c i f i c u r b a n a r e a s o r w i t h r e s 

p e c t t o m a n y u r b a n a r e a s . T h e e q u a t i o n s l i s t e d a r e m o s t l y 

l i n e a r i n n a t u r e a n d c o n t a i n o n e o r m o r e " c o n t r i b u t i n g 

a t t r i b u t e s " . T h a t i s t o s a y , i t i s a s s u m e d t h a t o f t h e 

s e v e r a l v a r i a b l e s d e s c r i b e d w i t h i n t h e e q u a t i o n , e a c h c o n 

t r i b u t e s a s h a r e t o w a r d t r i p g e n e r a t i o n . U n f o r t u n a t e l y , i n 

s o m e s t u d i e s , c a r e h a s n o t b e e n t a k e n o r t h e d a t a u t i l i z e d 

w e r e t o o m e a g e r t o i n s u r e t h a t w h e n s e v e r a l v a r i a b l e s w e r e 

u t i l i z e d i n a n e q u a t i o n , t h e v a r i a b l e s w e r e n o t s t r o n g l y 

r e l a t e d t o e a c h o t h e r . 

T h e l i t e r a t u r e a p p e a r s , a t t i m e s , t o b e c o n t r a d i c 

t o r y w i t h r e s p e c t t o i d e n t i f i c a t i o n o f a t t r i b u t e s w h i c h a r e 

h i g h l y c o r r e l a t e d , w h e n v e h i c u l a r t r i p p r o d u c t i o n o r a t t r a c 

t i o n i s i n v e s t i g a t e d . I n o r d e r t o d i s c o v e r s o m e o f t h e 

i n t e r - r e l a t e d a t t r i b u t e s a s e r i e s o f p r e l i m i n a r y s t u d i e s 

o f t h e a v a i l a b l e d a t a w e r e p e r f o r m e d . T h e s e s t u d i e s a r e 

d e s c r i b e d i n C h a p t e r s I V , V , a n d V I a n d i n A p p e n d i x B . 

A f t e r p e r f o r m i n g s u c h s t u d i e s i t w a s c o n c l u d e d t h a t s o m e o f 

t h e e q u a t i o n s e x h i b i t e d i n t h e l i t e r a t u r e , o n i n t r a - u r b a n 

l e v e l s a n d o n i n t e r - u r b a n l e v e l s , c o n t a i n a t t r i b u t e s w h i c h 

a r e h i g h l y c o r r e l a t e d w i t h e a c h o t h e r . 
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C H A P T E R I I 

P R E V I O U S I N V E S T I G A T I O N S 

A s s t a t e d e a r l i e r , t h e l i t e r a t u r e d o e s n o t a p p e a r t o 

c o n t a i n a n o r g a n i z e d p r o g r e s s i o n o f f i n d i n g s w h i c h l e n d 

t h e m s e l v e s t o p r e s e n t a t i o n i n a u n i d i r e c t i o n a l m a n n e r . 

T h u s , a s u m m a r y o f t h e l i t e r a t u r e c i t e d i s p r e s e n t e d f o r a 

b r i e f l o o k a t s o m e o f t h e a r e a s i n v e s t i g a t e d i n t r i p p r o 

d u c t i o n a n d a t t r a c t i o n . T h e s u m m a r y c o n t a i n s t h e n a m e o f 

t h e p r i n c i p a l a u t h o r , t h e a t t r i b u t e ( s ) b e i n g m e a s u r e d a n d a 

d e f i n i t i o n o f t h e i n f e r r e d a t t r i b u t e ( s ) u t i l i z e d i n t h e d e 

v e l o p m e n t o f t h e e q u a t i o n . 

t h e i n v e s t i g a t i o n s a n d t h e s o u r c e o f t h e i n f o r m a t i o n p r e 

s e n t e d . 

F o l l o w i n g t h e s u m m a r y i s a m o r e d e t a i l e d a c c o u n t o f 

A u t h o r A t t r i b u t e d e s c r i b e d 
A t t r i b u t e ( s ) w h i c h a r e 

u t i l i z e d i n e q u a t i o n 

M e r t z T r i p s p e r d w e l l i n g 
u n i t 

F a m i l y i n c o m e 
D i s t a n c e f r o m CBD 
P o p u l a t i o n d e n s i t y 
A u t o o w n e r s h i p 

H o w e M o v e m e n t o f p e o p l e Z o n a l l a b o r f o r c e 
E m p l o y m e n t o p p o r t u n i t y 
J o b a v a i l a b i l i t y d i s t a n c e 

H a m b u r g T r i p p u r p o s e d i s t r i - L a n d u s e s i m i l a r i t i e s 
b u t i o n b e t w e e n t w o u r b a n a r e a s 
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A u t h o r 

S h a r p e 

S h a r p e 

A d a m s 

A t t r i b u t e d e s c r i b e d 

T r i p s p e r r e s i d e n t to 
and from h o m e 

T o t a l trips p e r 
r e s i d e n t 

P o p u l a t i o n p e r acre 
R a t i o of trips from 
h o m e to t r i p s from 
area 

I n c r e a s e in 1955 trips 
in W a s h i n g t o n over 
1948 trips in Washing
ton (D.C.) 

M a s s t r a n s i t t r i p 
p r o d u c t i o n 

B l u m e n f e l d U r b a n t r a v e l 

V o o r h e e s A u t o s h o p p i n g trips 

G o r m a n V e h i c l e s e n t e r i n g and 
leaving the C B D 

H a r p e r P e r s o n d e s t i n a t i o n s to 
a z o n e in the C B D 

W r i g h t Trips to C B D b y p u r p o s e 

H o u s t e n D r i v i n g time 

V o o r h e e s C o m m e r c i a l n o n - h o m e 
b a s e d t r i p s 

S o c i a l a u t o d r i v e r 
trips p e r t h o u s a n d 
p e r s o n s 

A t t r i b u t e ( s ) w h i c h a r e 
u t i l i z e d in e q u a t i o n 

I n c o m e 

I n c o m e 
I n c o m e 

Car o w n e r s h i p 

I n c r e a s e d car o w n e r s h i p 

T r a n s i t s e r v i c e r a t i o 
factor 

Land u s e d i s t r i b u t i o n 
factor 

E c o n o m i c factor 

D e n s i t y 
D i s t a n c e 

V e h i c l e s p e r d w e l l i n g 
u n i t 

P o p u l a t i o n 

F l o o r space 

F l o o r space 

W o r k t r i p s p e r t h o u s a n d 
in labor force p e r 
t h o u s a n d e m p l o y e e s 

A u t o o w n e r s h i p p e r 
t h o u s a n d p o p u l a t i o n 

A u t o o w n e r s h i p p e r 
t h o u s a n d p o p u l a t i o n 

C h e r n i a k P e r s o n trips p e r a c r e A u t o o w n e r s h i p per a c r e 
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A u t h o r A t t r i b u t e d e s c r i b e d 

W i a n t W o r k trips 
N o n - w o r k h o m e b a s e d 
trips 

T o t a l n o n - h o m e b a s e d 
trips 

L e v i n s o n T r a n s i t trips p e r 
p e r s o n - d a y 

C r e v o N u m b e r of r e c r e a t i o n a l 
trips p e r f a m i l y 

V o o r h e e s T r i p length 

F i s h e r P e r c e n t w o r k e r s using . 
a u t o 

B a r t o n A u t o d r i v e r m i s c e l 
l a n e o u s trips 

A t t r i b u t e ( s ) w h i c h are 
u t i l i z e d in e q u a t i o n 

L a b o r force 

Car o w n e r s h i p 

Car o w n e r s h i p 

P e r s o n s p e r square m i l e 

Car o w n e r s h i p 

P o p u l a t i o n 

N u m b e r of a u t o s p e r 
h o u s e h o l d 

D w e l l i n g u n i t s 
Car o w n e r s h i p 
P o p u l a t i o n 
E m p l o y m e n t 

The w o r k s of the a u t h o r s listed in the p r e v i o u s 

summary, along w i t h other w o r k s of i n t e r e s t , are d i s c u s s e d 

in m o r e d e t a i l t h r o u g h o u t the r e m a i n d e r of this C h a p t e r . 

C a r r i l ( 1 ) * d i s c u s s e d the f o r e c a s t i n g of t r a f f i c in 

the San Juan, P u e r t o Rico, m e t r o p o l i t a n area w i t h a n t i c i 

p a t e d land u s e f a c t o r s . M e r t z and H a m n e r (2) found cor

r e l a t i o n s ranging in v a l u e from 0.448 to 0.827 w h i l e r e l a t 

ing f a m i l y i n c o m e , d i s t a n c e from the CBD, p o p u l a t i o n density, 

a u t o m o b i l e o w n e r s h i p , and t r i p s p e r d w e l l i n g u n i t for 95 

z o n e s in W a s h i n g t o n , D . C . b a s e d on a 1 9 4 8 O r i g i n - D e s t i n a 

tion study. T h e i r m o d e l for trips p e r d w e l l i n g u n i t (Y) 

'Number in p a r e n t h e s i s r e f e r s to b i b l i o g r a p h i c r e f e r e n c e 
n u m b e r . 
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r e l i e d m o s t h e a v i l y on auto o w n e r s h i p (X) and w a s g i v e n as 

Y = 2.88 + 4.6X. This m o d e l h a d a c o e f f i c i e n t of d e t e r m i 

n a t i o n of 0.685 and a s t a n d a r d e r r o r of e s t i m a t e of 0.89 

t r i p s p e r d w e l l i n g u n i t . 

In the 1957 H R B P r o c e e d i n g s (3) a p r o c e d u r e for f o r e 

c a s t i n g future z o n a l t r a v e l m o v e m e n t s b a s e d on p o p u l a t i o n , 

land use and e c o n o m i c a c t i v i t y w a s o u t l i n e d . This p r o c e d u r e 

w a s o r i e n t e d t o w a r d i n d i v i d u a l u r b a n a r e a s . In the later 

p a r t of the 1950's a t t e n t i o n w a s d i v e r t e d from t r a v e l - c a u s e 

to i n c r e a s e d e m p h a s i s on t r i p p r o d u c t i o n m o d e l s b a s e d on 

p h y s i c a l a t t r a c t i o n a n a l o g i e s as w e l l as p r o b a b i l i t y c o n 

c e p t s . The d a t a from the C h i c a g o A r e a T r a n s p o r t a t i o n S t u d y 

w a s u t i l i z e d (4) to d e v e l o p a m o d e l b a s i c a l l y of the g r a v i t y 

type c o m b i n e d w i t h l i n e a r p r o g r a m m i n g t e c h n i q u e s for the 

p r e d i c t i o n of z o n a l m o v e m e n t of v e h i c l e s . H o w e (5) d e s c r i b e d 

a t h e o r e t i c a l n o n - f i e l d tested m o d e l to d e s c r i b e the m o v e m e n t 

of p e o p l e in r e s p o n s e to land u s e v a r i a t i o n s b a s e d u p o n the 

p r i n c i p l e s of e l e c t r o s t a t i c s . The v a r i a b l e s u s e d in the 

m o d e l i n c l u d e d z o n a l labor force, e m p l o y m e n t o p p o r t u n i t i e s 

and job a v a i l a b i l i t y d i s t a n c e s . The m o d e l w a s of the s t o 

c h a s t i c t y p e . 

C a r r o l l and B e v i s (6) u s e d data from the D e t r o i t 

A r e a T r a n s p o r t a t i o n S t u d y to f o r e c a s t the f u t u r e levels of 

p e r s o n a l a u t o m o b i l e t r a v e l in the D e t r o i t a r e a . F o l l o w i n g 

the report, H a m b u r g (7) c o m p a r e d t r i p p u r p o s e d i s t r i b u t i o n s 

w i t h i n p r e s e l e c t e d land use c a t e g o r i e s for C h i c a g o and 
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D e t r o i t r e p o r t i n g a "high d e g r e e of s i m i l a r i t y b e t w e e n the 

two c i t i e s . " In a s u b s e q u e n t a r t i c l e of CATS R e s e a r c h N e w s 

(8) it w a s p o i n t e d out that the p a t t e r n of car o w n e r s h i p 

w a s " p r a c t i c a l l y the same in b o t h C h i c a g o and D e t r o i t , even 

w h i l e the p h y s i c a l s t r u c t u r e of the two c i t i e s is c o n s i d e r 

a b l y d i f f e r e n t . " S h a r p e , H a n s e n and H a m n e r ( 9 ) , in 1958, 

a t t e m p t e d c o m p a r i s o n of the two W a s h i n g t o n , D . C . o r i g i n -

d e s t i n a t i o n s t u d i e s (1955 and 1 9 4 8 ) . T r e n d s in t r a v e l p a t 

t e r n s w e r e i n v e s t i g a t e d . I n c o m e w a s the p r i m a r y v a r i a b l e 

u t i l i z e d to e v a l u a t e t r i p s p e r r e s i d e n t to and from h o m e , 

t o t a l t r i p s p e r r e s i d e n t , and p o p u l a t i o n p e r a c r e . Car 

o w n e r s h i p w a s r e l a t e d to the "ratio of t r i p s f r o m - h o m e to 

t r i p s from the a r e a " and a l i n e a r r e l a t i o n s h i p w a s r e p o r t e d . 

In e x p l a i n i n g the i n c r e a s e in 1955 trips p e r c a p i t a over 

1 9 4 8 trips p e r c a p i t a the i n c r e a s e in the a u t o o w n e r s h i p p e r 

100 p e r s o n s rate w a s o f f e r e d b a s e d on d a t a from some 100 

z o n e s w i t h i n the s t u d y a r e a . The r e l a t i o n s h i p b e t w e e n a u t o 

o w n e r s h i p p e r p e r s o n and t o t a l t r i p s per c a p i t a on a z o n a l 

b a s i s w a s g i v e n as b e i n g of a l i n e a r n a t u r e . 

In the c o n c l u s i o n of the r e p o r t S h a r p e stated, 

"Primarily, the r e s u l t s of the s t u d y e m p h a s i z e the fact 

t h a t t r a f f i c is a p h e n o m e n a of h u m a n b e h a v i o r . It is w i t h 

p e o p l e t h a t t h e r e s h o u l d b e m o s t c o n c e r n . " 

A d a m s ( 1 0 ) , b y m e a n s of a m u l t i p l e - r e g r e s s i o n a n a l y 

sis on data from 16 c i t i e s d e f i n e d f a c t o r s w h i c h r e l a t e d to 

m a s s t r a n s i t t r i p p r o d u c t i o n . T h r e e factors o f s i g n i f i c a n c e 



1 0 

WERE REPORTED, A TRANSIT-SERVICE RATIO FACTOR (A FUNCTION 
OF REVENUE-VEHICLE MILES OPERATED BY THE TRANSIT SYSTEM, 
POPULATION GREATER THAN FIVE YEARS OF AGE, URBANIZED LAND 
AREA, AVERAGE VEHICLE SPEED AND PARKING CHARACTERISTICS), A 
LAND-USE DISTRIBUTION FACTOR (A FUNCTION OF COMMERCIAL AND 
INDUSTRIAL LAND AREAS), AND AN ECONOMIC FACTOR (A FUNCTION 
OF POPULATION, EMPLOYEES, DWELLING UNITS AND AUTO OWNERSHIP). 
NO MENTION WAS MADE OF THE POSSIBLE CORRELATIONS BETWEEN 
SOME OF THE ATTRIBUTES WITHIN FACTORS (VIZ., POPULATION-
EMPLOYEES-DWELLING UNITS-AUTO OWNERSHIP INTERACTIONS AND 
RELATIONS WHICH WERE FOUND IN THE WORK OF THIS WRITER). 
BLUMENFELD (11) IN A SUBJECTIVE REPORT HYPOTHESIZED THAT 
DISTANCE AND DENSITY PATTERNS WERE KEY VARIABLES AFFECTING 
URBAN GROWTH AND HENCE, URBAN TRAVEL. VOORHEES (12) STATED 
THAT THE RATIO OF VEHICLES PER DWELLING UNIT WAS A KEY VARI
ABLE IN HIS STUDY ON AUTO-TRAVEL SHOPPING TRIPS. 

GORMAN (13) IN A STUDY ON VEHICLES ENTERING AND 
LEAVING THE CBD STUDIED SEVERAL URBAN AREAS IN A POPULATION 
RANGE OF 5,000 TO 1,400,000 FINDING THAT THE INCREASE IN 
CBD ORIENTED TRIPS WAS NOT IN DIRECT PROPORTION TO THE POPU
LATION INCREASE. HE STATED, WITH REGARD TO CBD ORIENTED 
TRIPS, "ALTHOUGH POPULATION IS A VERY IMPORTANT FACTOR, THE 
VARIATIONS (OF CBD TRIPS) CANNOT BE FULLY EXPLAINED BY POPU
LATION ALONE." HARPER AND EDWARDS (14) IN A STUDY OF AT
TRACTIONS TO THE CBD DESCRIBED A METHOD DEVELOPED TO MEASURE 
THE ATTRACTIVENESS OF PERSON TRIPS TO THE CBD. THE RESULTS 



11 

of b o t h O r i g i n - D e s t i n a t i o n and c a t e g o r i z e d f l o o r - s p a c e sur

v e y s w e r e u t i l i z e d . The b a s i s for the d e v e l o p e d m o d e l in

c l u d e d v a r i a b l e s for e s t i m a t i n g the n u m b e r of p e r s o n - d e s t i 

n a t i o n s in a zone in the C B D to b e a f u n c t i o n of the area 

of r e t a i l floor space in the z o n e , the area of s e r v i c e -

o f f i c e floor space and the a r e a of m a n u f a c t u r i n g - w a r e h o u s i n g 

floor s p a c e . The r e s u l t s i n d i c a t e d a t t r a c t i o n s of trips to 

b e a f u n c t i o n of floor s p a c e in s e v e r a l types of b u s i n e s s 

e n d e a v o r s . The m o d e l fitted the data w e l l and w a s l i n e a r . 

W r i g h t (15) p e r f o r m e d a n e e d e d e x t e n s i o n of the r e 

sults of H a r p e r and E d w a r d s ' s t u d y on a l a r g e r p o p u l a t i o n 

s c a l e . M o r e than 90 m o d e l s w e r e i l l u s t r a t e d w h i c h r e l a t e d 

t r i p s to the C B D b y p u r p o s e . Of the 42 m a j o r m o d e l s listed, 

n i n e t y p e r c e n t w e r e l i n e a r . 

H o u s t e n (16) i n v e s t i g a t e d r e l a t i o n s h i p s w i t h i n 

St. L o u i s , M i s s o u r i , for d r i v i n g time v e r s u s s e v e r a l second-

o r d e r f a c t o r s (viz., w o r k t r i p s p e r 1,000 l a b o r force p e r 

1,000 e m p l o y e e s , c o m m e r c i a l t r i p s to and from h o m e p e r 1,000 

p o p u l a t i o n p e r one p e r c e n t r e t a i l s a l e s , s o c i a l trips to and 

from h o m e p e r m i l l i o n p o p u l a t i o n , and o f f - p e a k t r i p s p e r 

1,000 s c h o o l t r i p s p e r 1,000 p o p u l a t i o n ) b e t w e e n z o n e s . 

His r e p o r t e d r e l a t i o n s h i p s a p p e a r to b e b a s i c a l l y linear in 

n a t u r e w h e r e such r e l a t i o n s h i p s w e r e p r e s e n t e d . In i n v e s t i 

g a t i o n of c o m m e r c i a l n o n - h o m e b a s e d and s o c i a l a u t o d r i v e r 

t r i p s p e r 100 p e r s o n s v e r s u s a u t o o w n e r s h i p p e r 1,000 p e r 

sons, V o o r h e e s (12) i l l u s t r a t e d a linear r e l a t i o n s h i p . 
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C h e r n i a k (17) in a c r i t i q u e of h o m e i n t e r v i e w type 

O - D s u r v e y s s h o w e d a l i n e a r r e l a t i o n s h i p for p e r s o n trips 

p e r a c r e and auto o w n e r s h i p p e r a c r e on a z o n a l b a s i s for 

C h i c a g o . 

In a d d i t i o n to such trip a t t r a c t i o n s t u d i e s there 

h a v e also b e e n t r i p p r o d u c t i o n s t u d i e s p e r f o r m e d . W i a n t 

( 1 8 ) , in h i s study of t r i p p r o d u c t i o n in the C e d a r R a p i d s -

M a r i o n u r b a n area, found that (1) w o r k trip p r o d u c t i o n 

r e l a t e d to the labor force r e s i d i n g in e a c h zone, ( 2 ) o t h e r 

h o m e - b a s e t r i p p r o d u c t i o n w a s d i r e c t l y r e l a t e d to car o w n e r 

ship, and (3) the total n u m b e r of n o n - h o m e b a s e d trips p r o 

d u c e d b y a zone w a s r e l a t e d to t o t a l car o w n e r s h i p in the 

u r b a n a r e a . In summing, W i a n t w r o t e , "Travel p a t t e r n s 

s i m i l a r to those b e t w e e n C e d a r R a p i d s and M a r i o n c r o p p e d 

up in o t h e r u r b a n a r e a s w i t h a n e i g h b o r i n g s a t e l l i t e com

m u n i t y . " 

In a study w h i c h w a s m a s s t r a n s i t o r i e n t e d , L e v i n s o n 

(19) c o m p a r e d 13 u r b a n a r e a s in a p o p u l a t i o n range of 5 4 , 0 0 0 

to 5 . 2 m i l l i o n on the b a s i s of t r i p s p e r p e r s o n , p e r s o n s p e r 

car, trips p e r d w e l l i n g unit, p e r s o n s p e r d w e l l i n g u n i t and 

cars p e r d w e l l i n g u n i t . He found a l i n e a r r e l a t i o n s h i p 

b e t w e e n t r a n s i t trips p e r p e r s o n - d a y and p e r s o n s per s q u a r e 

m i l e of u r b a n i z e d a r e a . 

C r e v o ( 2 0 ) stated that a l i n e a r r e l a t i o n s h i p e x i s t e d 

b e t w e e n the a v e r a g e n u m b e r of trips p e r f a m i l y and car o w n e r 

ship w h i l e s t u d y i n g c h a r a c t e r i s t i c s of summer w e e k e n d r e c -
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r e a t i o n a l t r a v e l . V o o r h e e s , et a l . (21) i n v e s t i g a t e d t r i p 

length and d u r a t i o n as c o m p a r e d to p o p u l a t i o n for 2 3 u r b a n 

a r e a s . A u t o d r i v e r w o r k trips w e r e the subject of study in 

the p o p u l a t i o n range from 33,000 to 6.5 m i l l i o n . A n o n 

linear d e c a y r e l a t i o n s h i p w a s d i s c u s s e d . F i s h e r and S o s s l a u 

(22) found a linear r e l a t i o n s h i p b e t w e e n the p e r c e n t of 

w o r k e r s using their auto and a u t o m o b i l e s p e r h o u s e h o l d 

in a study of 4,125 zones in the T r i - S t a t e Study a r e a . 

In an i n v e s t i g a t i o n o f auto driver m i s c e l l a n e o u s 

trips (trips o t h e r than w o r k , shop, p e r s o n a l b u s i n e s s ) o u t 

lined in the F a r g o , N o r t h D a k o t a T r a n s p o r t a t i o n Study ( 2 3 ) , 

B a r t o n - A s c h m a n A s s o c i a t e s found that the t r i p s w e r e a 

f u n c t i o n of dwelling u n i t s , c a r s , p o p u l a t i o n and e m p l o y m e n t 

w i t h a c o e f f i c i e n t of d e t e r m i n a t i o n of 0.531 and a standard 

e r r o r of e s t i m a t e of 1 0 4 % of the m e a n . 

T h r o u g h o u t the e x c e l l e n t p u b l i c a t i o n , "Future H i g h w a y s 

and U r b a n G r o w t h " (24) the t h r e a d of i n t r a - u r b a n r e l a t i o n 

ships is e v i d e n t w i t h r e s p e c t to t r i p p r o d u c t i o n . L i n e a r 

r e l a t i o n s h i p s , to m e n t i o n b u t a few, b e t w e e n t r i p s p e r 

p e r s o n - d a y and p e r s o n s p e r square m i l e , t r i p s p e r p e r s o n -

day and p o p u l a t i o n , p e r s o n s p e r car and trips p e r d w e l l i n g 

u n i t are s h o w n . The c o n c e p t of car o w n e r s h i p , p o p u l a t i o n 

and c o n g e s t i o n is q u i t e e v i d e n t . Q u o t i n g from the p u b l i c a 

tion, "Car o w n e r s h i p and use are r e l a t e d to s o c i o - e c o n o m i c 

s t a t u s w i t h i n the c o m m u n i t y . " R e l a t i n g this c o n c e p t to that 

a d v a n c e d b y B a r n e s (25) the c o n c e p t of i n t r a - z o n a l and 
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i n t r a - u r b a n s i m i l a r i t i e s b e g i n s to e m e r g e . B a r n e s c o m m e n t e d 

that "Car o w n e r s h i p i n c r e a s e s as a result of two f a c t o r s : 

(a) m o r e cars in the future due to a g r e a t e r p o p u l a t i o n , and 

(b) a h i g h e r rate of car o w n e r s h i p " (the l a t t e r b e i n g 

a t t r i b u t e d to h i g h e r i n c o m e s ) . F a r m e r (26) stated, "It is 

a g e n e r a l l y a c k n o w l e d g e d fact that there e x i s t s a d i r e c t 

c o r r e l a t i o n b e t w e e n the land use of an area and the v e h i c u l a r 

t r a v e l d e s i r e s w i t h i n that a r e a . " It m i g h t b e a d d e d that it 

is p o s s i b l e that there e x i s t s a d i r e c t c o r r e l a t i o n b e t w e e n 

the p o p u l a t i o n of an a r e a and the land use w h i c h tends to 

p r o d u c e v e h i c u l a r t r a v e l d e s i r e s in that a r e a . 

In a t t e m p t i n g to e v a l u a t e the l i t e r a t u r e a set of 

q u e s t i o n s r e s u l t : 

(1) W o u l d it n o t seem that p r o p e n s i t y to t r a v e l is 

a r e l a t i v e l y stable h u m a n a t t r i b u t e ? 

(2) G i v e n the f r e e d o m to t r a v e l in a b a s i c a l l y 

u n r e s t r i c t e d m a n n e r w i l l not the p o p u l a t i o n of one a r e a 

p a r t a k e in trip m a k i n g as r e a d i l y as in a n o t h e r a r e a ? 

( 3 ) If w e c o n s i d e r u r b a n a r e a s on a m a c r o s c o p i c 

b a s i s , each a r e a b e i n g an i n d i v i d u a l h o m o g e n e o u s entity, 

w h a t a t t r i b u t e r e l a t e s m o s t s t r o n g l y to t r i p p u r p o s e and 

m o d e of t r a v e l ? 

( 4 ) If w e c o n s i d e r a c o n g l o m e r a t i o n of u r b a n a r e a s 

on a m i c r o s c o p i c b a s i s , say on a z o n a l level, w h a t a t t r i b u t e 

r e l a t e s m o s t s t r o n g l y to trip p r o d u c t i o n w h e n trip p u r p o s e 

is i n v e s t i g a t e d ? 
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( 5 ) I f t h e r e e x i s t s a r e l a t i o n s h i p o f a s u b s t a n t i a l 

n a t u r e o n e i t h e r o r b o t h a m a c r a s c o p i c a n d m i c r o s c o p i c l e v e l 

w h e n t r i p p r o d u c t i o n i s c o n s i d e r e d , w h a t p o r t i o n o f t h e 

e x p e n d i t u r e o f t i m e , m o n e y a n d m a n p o w e r c a n b e d i r e c t e d 

t o w a r d t h e c o l l e c t i o n o f n o n r e p e t i t i v e o r b a s i c a l l y n o n r e l a t e d 

d a t a w h i c h w i l l f u r t h e r e x p l a i n t h e p r o p e n s i t y o f p e r s o n s t o 

t r a v e l ? 

I n t h i s r e s p e c t B a r t e l s m e y e r ( 2 7 ) s t a t e d " D a t a g a t h e r i n g 

i s s o e x p e n s i v e a n d t i m e c o n s u m i n g t h a t i n d i s c r i m i n a t e 

c o l l e c t i o n o f f a c t s c a n b e m o s t w a s t e f u l , a n d c a n c a u s e t h e 

t e c h n i c i a n t o l o s e s i g h t o f h i s r e a l g o a l , t h e p r e p a r a t i o n 

o f a t r a n s p o r t a t i o n p l a n . " T h u s , i n a n s w e r t o t h e p r e c e e d i n g 

q u e s t i o n s a n d i n a n a t t e m p t t o . f u r t h e r d e f i n e m a n ' s t r a v e l 

h a b i t s i t w a s d e c i d e d t o i n v e s t i g a t e t h e d a t a c o l l e c t e d f r o m 

i n d i v i d u a l 0 - D s t u d i e s o f u r b a n a r e a s o n a c o n g l o m e r a t e 

b a s i s . 

T h e i n v e s t i g a t i o n w a s b r o k e n i n t o t w o p h a s e s , t h a t 

o f a m a c r o s c o p i c n a t u r e a n d t h a t o f a m i c r o s c o p i c n a t u r e . 

I n t h e m a c r o s c o p i c p h a s e e a c h u r b a n a r e a i n v o l v e d w a s 

t r e a t e d a s a d i s t i n c t h o m o g e n e o u s e n t i t y . B y u s e o f 

s t a t i s t i c a l m e t h o d s v a r i o u s a t t r i b u t e s w e r e c o m p a r e d w h i c h 

m i g h t r e l a t e t o t r a v e l . I n t h e m i c r o s c o p i c p h a s e e a c h u r b a n 

a r e a w a s i n v e s t i g a t e d o n a z o n a l b a s i s t o a s c e r t a i n t h e 

i n t e r r e l a t i o n s h i p b e t w e e n v a r i o u s a t t r i b u t e s . A f t e r d e t e r 

m i n i n g t h a t , f o r e a c h i n d i v i d u a l u r b a n a r e a , s i m i l a r 

r e l a t i o n s h i p s e x i s t e d o n a z o n a l b a s i s , a l l z o n e s f r o m a l l 
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a r e a s w e r e c o m b i n e d for t o t a l i z e d a n a l y s e s . 

N a t u r a l e v e n t s are simple a f t e r b a s i c cause and 

e f f e c t are u n c o v e r e d . It m i g h t f o l l o w that a b a s i c m e a s u r i n g 

u n i t or set of b a s i c m e a s u r i n g u n i t s c o u l d b e a v a i l a b l e to 

h e l p in q u a n t i f i c a t i o n of t r i p p r o d u c t i o n . The first b a s i c 

m e a s u r i n g u n i t that m i g h t come to m i n d w h i c h p o s s e s s e s the 

p r o p e r t y of b a s i c s i m p l i c i t y is p o p u l a t i o n . O t h e r s m i g h t 

i n c l u d e car o w n e r s h i p , d w e l l i n g u n i t s , labor force, i n c o m e 

and e m p l o y m e n t . 
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C H A P T E R I I I 

D A T A C O L L E C T I O N 

I n o r d e r t o i n v e s t i g a t e t h e p o s s i b i l i t y o f a n i n t e r 

a c t i o n b e t w e e n t r i p p r o d u c t i o n a n d s o m e d e f i n a b l e a t t r i b u t e s , 

a s e r i e s o f c o m p l e t e d O r i g i n - D e s t i n a t i o n S u r v e y s w e r e r e 

q u e s t e d f r o m v a r i o u s S t a t e H i g h w a y D e p a r t m e n t s . S p e c i f i c 

s t u d i e s w e r e r e q u e s t e d t o s a t i s f y t w o h y p o t h e s e s d i s c u s s e d 

b e l o w . 

I t w a s a s s u m e d t h a t a n u p p e r l i m i t s h o u l d b e p l a c e d 

o n t h e p o p u l a t i o n r e p r e s e n t e d b y t h e u r b a n a r e a s t o b e i n 

v e s t i g a t e d . T h i s a s s u m p t i o n w a s p r e d i c a t e d u p o n t h e h y p o 

t h e s i s t h a t , w h e n t h e p o p u l a t i o n o f a n u r b a n a r e a e x c e e d s 

s o m e l i m i t , t h e p r o p e n s i t y t o t r a v e l i s r e d u c e d . T r a v e l 

p r o d u c t i o n t r e n d s c o u l d b e m a s k e d b y c o n g e s t i o n , t h e c o n g e s 

t i o n b e i n g p r o d u c e d b y a l a c k o f a d e q u a t e f a c i l i t i e s b y 

w h i c h t o s a t i s f y i n h e r e n t t r a v e l d e s i r e s . T h i s d o e s n o t 

m e a n t o i n f e r t h a t a r e a s o f l a r g e p o p u l a t i o n a r e n e c e s s a r i l y 

c o n g e s t e d , o r t h a t a r e a s o f l o w e r p o p u l a t i o n a r e n o t c o n 

g e s t e d . I t i s s i m p l y o f f e r e d a s o n e o f t h e p o s s i b l e c a u s e s 

o f l e s s e n i n g t r a v e l d e s i r e . T h e p o i n t i s f u r t h e r d i s c u s s e d 

i n C h a p t e r I V . I t w a s n e c e s s a r y t o t e s t t h i s h y p o t h e s i s a n d , 

i f a d e q u a t e p r o o f c o u l d b e o f f e r e d , t h e u p p e r l i m i t c o u l d 

b e s e t . 
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S e c o n d l y , it w a s d e e m e d n e c e s s a r y to secure d a t a in 

w h i c h s i m i l a r j u d g m e n t h a d b e e n u t i l i z e d in d e f i n i n g the 

m e a s u r e d c h a r a c t e r i s t i c s . The data should, further, r e p r e 

sent u r b a n a r e a s of d i f f e r i n g s o c i a l , e c o n o m i c and g e o g r a p h i c 

m a k e u p . This w o u l d a l l o w t e s t i n g the second h y p o t h e s i s that 

a b a s i c m e a s u r i n g u n i t of n a t u r e , p o p u l a t i o n for e x a m p l e , is 

that w h i c h r e f l e c t s a h i g h d e g r e e of c o r r e l a t i o n to trip 

p r o d u c t i o n . B y s e l e c t i n g u r b a n a r e a s of d i f f e r i n g s o c i a l , 

e c o n o m i c , and g e o g r a p h i c m a k e u p it w a s a s s u m e d that the sec

ond h y p o t h e s i s could b e j u s t i f i e d , g i v e n that the t r i p p r o 

d u c t i o n a t t r i b u t e s of the c h o s e n u r b a n areas showed m a r k e d 

s i m i l a r i t y . In a d d i t i o n , it w a s a s s u m e d that the data s h o u l d 

h a v e b e e n c o l l e c t e d u t i l i z i n g s i m i l a r d e f i n i t i o n s for each 

t r i p p u r p o s e . The logical a n s w e r to this r e q u i r e m e n t w a s to 

u t i l i z e data taken b y a single study a g e n c y or c o n s u l t i n g 

firm. The firm of W i l b u r S m i t h and A s s o c i a t e s w a s c h o s e n as 

that one w h i c h w o u l d s a t i s f y t h e s e r e q u i r e m e n t s . 

F i g u r e 1 shows the d i s t r i b u t i o n of S M S A ' s * t h r o u g h o u t 

this c o u n t r y w h i l e F i g u r e 2 i n d i c a t e s the d i s t r i b u t i o n of 

0-D s t u d y a r e a s w h i c h w e r e u t i l i z e d in some m a n n e r d u r i n g 

the c o u r s e of this study. F i g u r e 3 is a h i s t o g r a m i n d i c a t 

ing the n u m b e r of study a r e a s w h i c h fell into s p e c i f i c p o p u 

l a t i o n g r o u p i n g s . 

The 0-D s t u d y a r e a s i n d i c a t e d on F i g u r e 2, m o v i n g 

* S t a n d a r d M e t r o p o l i t a n S t a t i s t i c a l A r e a 
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f r o m w e s t t o e a s t a r e a s f o l l o w s : A n c h o r a g e , A l a s k a 
E u r e k a , C a l i f o r n i a 
T r u c k e e M e a d o w s , N e v a d a 
L a s V e g a s , N e v a d a 
S a l t L a k e C i t y , U t a h 
C a s p e r , W y o m i n g 
D e n v e r , C o l o r a d o 
A l b u q u e r q u e , N . M e x i c o 
R a p i d C i t y , S . D a k o t a 
S i o u x F a l l s , S . D a k o t a 
K a n s a s C i t y , K a n s . - M o . 
L i t t l e R o c k , A r k a n s a s 
L a k e C h a r l e s , L o u i s i a n a 
S t . L o u i s , M i s s o u r i 
B o w l i n g G r e e n , K e n t u c k y 
H o p k i n s v i l l e , K e n t u c k y 
N a s h v i l l e , T e n n e s s e e 
H u n t s v i l l e , A l a b a m a 
C h a t t a n o o g a , T e n n e s s e e 
K n o x v i l l e , T e n n e s s e e 
A s h e v i l l e , N o r t h C a r o l i n a 
T a m p a , F l o r i d a 
C o l u m b i a , S o u t h C a r o l i n a 
C h a r l o t t e , N o r t h C a r o l i n a 
B a l t i m o r e , M a r y l a n d 
B o s t o n , M a s s a c h u s e t t s 
L e w i s t o n - A u b u r n , M a i n e 

I n a f e w c a s e s d a t a f r o m s t u d i e s n o t p e r f o r m e d b y 

W i l b u r S m i t h a n d A s s o c i a t e s w e r e u t i l i z e d . S o m e o f t h e d a t a , 

e s p e c i a l l y t h a t r e p r e s e n t i n g t h e l a r g e r s t u d y a r e a s , w e r e 

u s e d o n l y t o j u s t i f y t h e u s e o f a n u p p e r - l i m i t i n g p o p u l a t i o n 

a s d i s c u s s e d e a r l i e r . 

T h e B u r r o u g h s 5 5 0 0 h i g h s p e e d c o m p u t e r l o c a t e d o n t h e 

c a m p u s o f t h e G e o r g i a I n s t i t u t e o f T e c h n o l o g y w a s u t i l i z e d 

a s a t o o l i n p e r f o r m i n g t h e b a s i c a r i t h m e t i c s t e p s r e q u i r e d 

t o s t a t i s t i c a l l y t r e a t t h e d a t a . T h e p r o g r a m s w h i c h w e r e 

u t i l i z e d c o n s i s t e d o f a l i b r a r y p r o g r a m f o r p e r f o r m i n g 

s t a n d a r d r e g r e s s i o n - c o r r e l a t i o n a n a l y s e s a n d a n X - Y p l o t -

p r o g r a m b u i l t , b y t h e w r i t e r t o g r a p h i c a l l y i l l u s t r a t e d a t a . 





FIGURE 2. GEOGRAPHIC SCATTER OF 0-D STUDY AREAS 
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0 - 5 0 5 0 - 1 0 0 1 0 0 - 2 5 0 2 5 0 - 5 0 0 > 5 0 0 

P o p u l a t i o n R a n g e s (Thousands) 

F i g u r e 3 . H i s t o g r a m of O - D Study A r e a P o p u l a t i o n s 
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C H A P T E R IV 

R A T I O N A L E 

A n a n a l y s i s w a s p e r f o r m e d as an i n i t i a l study to 

a t t e m p t to d e f i n e the u p p e r p o p u l a t i o n limit p r e v i o u s l y 

h y p o t h e s i z e d . In p l o t t i n g a series of c u r v e s , of t r i p v o l 

u m e b y v a r i o u s m o d e s and for v a r i o u s p u r p o s e s v e r s u s p o p u l a 

tion, the trend i n d i c a t e d in the W i l b u r Smith p u b l i c a t i o n 

"Parking G u i d e for Y o u r C i t i e s " , as w e l l as that shown b y 

W r i g h t (15) w a s v e r i f i e d . The t r e n d a p p e a r s to b e of such 

c h a r a c t e r as to i n d i c a t e a d e p a r t u r e from l i n e a r i t y for t r i p 

v o l u m e v e r s u s p o p u l a t i o n at p o p u l a t i o n v a l u e s g r e a t e r than 

7 5 0 , 0 0 0 . It w a s c o n c l u d e d on the b a s i s of the r e s u l t s of 

the s t u d y that t h e r e d o e s , indeed, e x i s t some p o p u l a t i o n 

r a n g e b e y o n d w h i c h the t r a v e l p r o d u c t i o n rate of an u r b a n 

area s e e m s to b e r e d u c e d . The a m o u n t of data a v a i l a b l e over 

this h i g h e r p o p u l a t i o n r a n g e w a s n o t d e e m e d s u f f i c i e n t in 

q u a n t i t y to do m o r e than to i n d i c a t e that, as p o p u l a t i o n in

c r e a s e s t h r o u g h and b e y o n d the p o p u l a t i o n r a n g e of 7 5 0 , 0 0 0 

to one m i l l i o n , t r i p p r o p e n s i t y is n o longer l i n e a r l y r e l a t e d 

to p o p u l a t i o n in the same m a n n e r as w i t h i n the p o p u l a t i o n 

r a n g e of 5 0 , 0 0 0 to 7 5 0 , 0 0 0 . G o r m a n ( 1 3 ) , in a study of C B D 

trips, v o i c e d a g r e e m e n t w i t h this c o n c e p t . For this reason, 

the u p p e r limit of study p o p u l a t i o n w a s set, b y j u d g m e n t , to 
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b e in the n e i g h b o r h o o d of 8 0 0 , 0 0 0 . 

The e x i s t e n c e of this h y p o t h e s i z e d u p p e r limit can 

b e a r g u e d on the b a s i s of loss of h o m o g e n e i t y , t r a n s p o r t a 

tion s y s t e m c a p a b i l i t i e s , or c o n t r i b u t i o n of a l e s s e n e d 

d e s i r e to t r a v e l i n d u c e d b y the p s y c h o l o g i c a l impact of 

large n u m b e r s and p r o x i m i t y of c o m p e t i n g t r a v e l e r s ( 2 8 ) . 

It w a s d e t e r m i n e d that the r e s e a r c h w o u l d b e p e r 

f o r m e d on two levels of study. The uses of such t y p e s of 

s t u d y are d i s c u s s e d at the end of this c h a p t e r . On the 

first l e v e l , the m a c r o s c o p i c level, e a c h u r b a n a r e a w a s 

looked u p o n as an i n d i v i d u a l e n t i t y c o n t r i b u t i n g , for a n y 

one i n v e s t i g a t i o n , b u t one p i e c e of d a t a . Some o f the 

s t u d i e s u t i l i z e d c o n t a i n e d m o r e d e p t h than o t h e r studies 

w h e n d a t a e n u m e r a t i o n w a s c o n s i d e r e d . T h u s , there w e r e 

t i m e s t h r o u g h o u t the m a c r o s c o p i c level of i n v e s t i g a t i o n 

w h e n d a t a from m o r e than t w e n t y u r b a n a r e a s w e r e a v a i l a b l e 

for c o m p a r i s o n . In o t h e r i n s t a n c e s the data w e r e a v a i l a b l e 

from less than fifteen u r b a n a r e a s due to the scope i n v o l v e d 

in the s t u d i e s . 

On the second level of the r e s e a r c h , the m i c r o s c o p i c 

le v e l , d a t a r e p r e s e n t i n g z o n a l c h a r a c t e r i s t i c s w i t h i n the 

r e s p e c t i v e urban areas w e r e i n v e s t i g a t e d . T h e r e w e r e two 

p h a s e s to this level of s t u d y . In the first p h a s e each 

u r b a n area w a s s e p a r a t e l y i n v e s t i g a t e d w i t h r e s p e c t to z o n a l 

c h a r a c t e r i s t i c s . E a c h z o n e w i t h i n a p a r t i c u l a r u r b a n area 

w a s looked u p o n as an i n d i v i d u a l e n t i t y c o n t r i b u t i n g , for 
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a n y o n e i n v e s t i g a t i o n , b u t o n e p i e c e o f d a t a . I n t h e s e c o n d 

p h a s e a l l z o n e s f r o m a l l r e s p e c t i v e u r b a n a r e a s w e r e c o m 

b i n e d f o r a n a l y s i s w i t h e a c h z o n e , n o w i r r e s p e c t i v e o f i t s 

l o c a t i o n o r i d e n t i t y , c o n t r i b u t i n g o n e o b s e r v a t i o n t o t h e 

i n v e s t i g a t i o n . 

O f t h e u s e s o f s u c h i n f o r m a t i o n a s m i g h t r e s u l t f r o m 

t h e t w o l e v e l s o f i n v e s t i g a t i o n t h e p r i m e u s e f o r a t r a n s 

p o r t a t i o n p l a n n e r w o u l d b e t h a t o f e l i m i n a t i n g c o s t l y d a t a 

c o l l e c t i o n i n o r d e r t o s e c u r e d a t a f o r e s t i m a t i n g t r a n s p o r 

t a t i o n n e e d s f o r a n u r b a n a r e a i n t o t o o r f o r a s p e c i f i c 

z o n e w i t h i n t h e u r b a n a r e a . B y b e i n g a b l e t o p r e d i c t a n 

" a v e r a g e " v a l u e ( a s d e t e r m i n e d b y a d e v e l o p e d e q u a t i o n ) a n d 

c o m p a r i n g i t t o a n " a c t u a l " v a l u e ( a s m e a s u r e d i n t h e f i e l d ) 

t h e n e e d f o r a s t u d y m i g h t b e d e t e r m i n e d . S u c h c o m p a r i s o n s , 

w h i l e n o t a l w a y s i n d i c a t i n g r e m e d i a l a c t i o n u n d o u b t e d l y 

a l l o w a p l a n n e r t h e o p p o r t u n i t y t o b e t t e r u n d e r s t a n d t h e 

a t t r i b u t e s o f z o n e s w i t h i n h i s j u r i s d i c t i o n . 



26 

C H A P T E R V 

M A C R O S C O P I C I N V E S T I G A T I O N 

The m a c r o s c o p i c level of s t u d y i n v o l v e d a n a l y s i s of 

some of the s o c i o - e c o n o m i c a t t r i b u t e s of u r b a n a r e a s m e a s 

u r e d on O - D s t u d i e s . The i n i t i a l i n v e s t i g a t i o n s on the 

m a c r o s c o p i c level w e r e m a d e i n v o l v i n g some a t t r i b u t e s w h i c h 

are g e n e r a l l y b e l i e v e d to b e c l o s e l y r e l a t e d . The o f f e r of 

p r o o f of such a r e l a t i o n s h i p m a y b e cited from p a s t l i t e r a 

ture or j u s t i f i e d on an i n t u i t i v e b a s i s . In o r d e r to p r e 

clude the p o s s i b i l i t y of f a u l t y i n t u i t i v e r e a s o n i n g and to 

r e c h e c k some of the e a r l i e r f i n d i n g s r e p o r t e d the r e l a t i o n 

s h i p s b e t w e e n c o m m o n l y r e p o r t e d a t t r i b u t e s w e r e i n v e s t i g a t e d . 

T h e s e a t t r i b u t e s w e r e i n v e s t i g a t e d in three p r e l i m i n a r y 

g r o u p i n g s (Dwelling U n i t s , E c o n o m i c A t t r i b u t e s , P o p u l a t i o n ) . 

D w e l l i n g U n i t s 

The r e l a t i o n s h i p s b e t w e e n T o t a l D w e l l i n g U n i t s , 

R e n t e d D w e l l i n g U n i t s and O w n e d D w e l l i n g U n i t s w e r e i n v e s 

t i g a t e d w i t h r e s p e c t to c o r r e l a t i o n s b e t w e e n the a t t r i b u t e s . 

In ten of the s t u d i e s data w e r e g i v e n w i t h r e s p e c t to a 

b r e a k d o w n of d w e l l i n g u n i t data in the form of t o t a l d w e l l 

ing u n i t s , r e n t e d d w e l l i n g u n i t s and o w n e d d w e l l i n g u n i t s . 

A n i n v e s t i g a t i o n of the r e l a t i o n s h i p b e t w e e n the t h r e e d e s 

c r i p t i o n s of d w e l l i n g u n i t s y i e l d e d the m a t r i x of c o r r e l a t i o n 
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c o e f f i c i e n t s shown in T a b l e 1. 

Such a m a t r i x of c o r r e l a t i o n c o e f f i c i e n t s as shown 

in T a b l e 1 is of the symmetric v a r i e t y w i t h a p r i n c i p l e 

d i a g o n a l of u n i t y . To avoid d u p l i c a t i o n in the r e m a i n i n g 

p r e s e n t a t i o n s o n l y the lower t r i a n g u l a r m a t r i x of c o r r e l a 

tion c o e f f i c i e n t s w i l l b e p r e s e n t e d . To i n t e r p r e t the 

m a t r i x , t o t a l d w e l l i n g u n i t s c o r r e l a t e s w i t h o w n e d d w e l l i n g 

u n i t s at 0.9969 and w i t h r e n t e d d w e l l i n g u n i t s at 0.9996. 

The o t h e r c o r r e l a t i o n of i n t e r e s t is that of o w n e d d w e l l i n g 

u n i t s w i t h rented d w e l l i n g u n i t s at 0 . 9 9 8 8 . The i n t e r p r e 

t a t i o n of the u n i t d i a g o n a l is an e x p l a n a t i o n of c o r r e l a t i o n s 

of s p e c i f i c a t t r i b u t e s w i t h t h e m s e l v e s . 

Table 1. D w e l l i n g U n i t C o r r e l a t i o n C o e f f i c i e n t s 
R e l a t i n g T o t a l , O w n e d and Rented U n i t s 

T o t a l D w e l l i n g U n i t s 1.0000 0.9969 0.9996 

O w n e d D w e l l i n g U n i t s 0.9969 1.0000 0.9988 

R e n t e d D w e l l i n g U n i t s 0.9996 0.9988 1.000 

From the i n d i c a t i o n s of such h i g h c o r r e l a t i o n s it 

m i g h t b e c o n c l u d e d that it w o u l d b e p o s s i b l e , on a p l a n n i n g 

le v e l , to a r r i v e at an i n i t i a l e s t i m a t e of an u r b a n a r e a ' s 

"rating" w i t h r e s p e c t to d w e l l i n g u n i t c h a r a c t e r i s t i c s . If 
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the r a t i o of owned to r e n t e d d w e l l i n g u n i t s in an u r b a n area 

in q u e s t i o n w a s s i g n i f i c a n t l y d i f f e r e n t from that w h i c h 

m i g h t b e e x p e c t e d , then an i n d i c a t i o n for the n e e d of a 

d w e l l i n g u n i t s u r v e y w o u l d be e v i d e n t . Such is the v a l u e 

of m o s t t r e n d - t y p e e x p r e s s i o n s , t h e y serve to g i v e i n d i c a t i o n s 

o f a r e a s of study n e e d s . 

E m p l o y m e n t - L a b o r F o r c e - D o l l a r R e t a i l Sales 

The labor force d e s c r i p t i o n u s e d h e r e is d e f i n e d as 

c o n s i s t i n g of those who' are w i l l i n g and c a p a b l e of w o r k i n g 

in some c a p a c i t y and r e s i d e in the study a r e a . E m p l o y m e n t 

is a m e a s u r e of jobs or p o s i t i o n s c u r r e n t l y b e i n g filled in 

the s t u d y a r e a . D o l l a r R e t a i l Sales is self d e f i n i n g . 

A study of the t h r e e a t t r i b u t e s shown in Table 2 for 

s i x t e e n u r b a n areas y i e l d e d the c o r r e l a t i o n m a t r i x shown 

b e l o w . 

T a b l e 2. C o r r e l a t i o n C o e f f i c i e n t s R e l a t i n g E m p l o y 
m e n t , L a b o r F o r c e , and R e t a i l Sales 

E m p l o y m e n t 1.0000 

L a b o r F o r c e 0.9924 1.0000 

D o l l a r R e t a i l Sales 0.9879 0.9693 1.0000 

Such c o r r e l a t i o n v a l u e s i n d i c a t e strong r e l a t i o n s h i p s 
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in the u r b a n areas studied among the r e s p e c t i v e a t t r i b u t e s 

s h o w n . 

The c o r r e l a t i o n c o e f f i c i e n t s g i v e n in T a b l e 2 are 

for a g g r e g a t e s (viz., e m p l o y m e n t , l a b o r force, d o l l a r r e t a i l 

s a l e s ) . T h e s e " a g g r e g a t e s 1 1 m i g h t b e c o n s i d e r e d to b e "first 

o r d e r " r e l a t i o n s h i p s w h e n c o m p a r e d to rates or "second o r d e r 

r e l a t i o n s h i p s " . A s e c o n d - o r d e r r e l a t i o n s h i p is d e f i n e d h e r e 

as b e i n g a r a t e - t y p e s t a t i s t i c w h i c h i n c l u d e s not one, b u t 

two (or m o r e ) v a r i a b l e s . In i n v e s t i g a t i n g the c o r r e l a t i o n 

c o e f f i c i e n t s w h i c h e x i s t b e t w e e n e m p l o y m e n t p e r 100 p o p u l a 

tion, l a b o r force p e r 100 p o p u l a t i o n , and d o l l a r r e t a i l 

sales p e r 100 p o p u l a t i o n the data i l l u s t r a t e d in Table 3 

r e s u l t e d . 

W h i l e the c o e f f i c i e n t of c o r r e l a t i o n b e t w e e n the 

first two a t t r i b u t e s h a s b e c o m e less a t t r a c t i v e it is still 

r e a s o n a b l y h i g h . Such is not the case w i t h the c o r r e l a t i o n 

c o e f f i c i e n t s b e t w e e n the D o l l a r R e t a i l Sales p e r 100 P o p u l a 

t i o n rate and the other r a t e s . 

In o r d e r to i n v e s t i g a t e f u r t h e r the e m p l o y m e n t - l a b o r 

force r e l a t i o n s h i p a s t a n d a r d r e g r e s s i o n - c o r r e l a t i o n analy

sis w a s p e r f o r m e d a f t e r the data h a d b e e n p l o t t e d . It w a s 

d e e m e d n e c e s s a r y in all c a s e s a s s o c i a t e d w i t h this r e s e a r c h 

to p l o t the data p r i o r to r e g r e s s i o n a n a l y s i s in o r d e r to 

m a k e a m e a n i n g f u l c h o i c e of the form of e q u a t i o n to u t i l i z e 

in "fitting" an e q u a t i o n to the d a t a . The r e s u l t s of the 

e m p l o y m e n t - l a b o r force a n a l y s i s are g r a p h i c a l l y i l l u s t r a t e d 



30 

in F i g u r e 4 . 

T a b l e 3. C o r r e l a t i o n C o e f f i c i e n t s of E m p l o y m e n t , 
L a b o r F o r c e and R e t a i l Sales R a t e s 

Per 100 P o p u l a t i o n 

E m p l o y m e n t / 1 0 0 P o p u l a t i o n 1.0000 

L a b o r F o r c e / 1 0 0 P o p u l a t i o n 0.8460 1.0000 

D o l l a r R e t a i l S a l e s / 1 0 0 P o p u l a t i o n 0.0513 0.3667 1.0000 

P o p u l a t i o n G r e a t e r than F i v e Y e a r s of A g e 

A n a n a l y s i s of t w e l v e u r b a n a r e a s w i t h r e s p e c t to 

p o p u l a t i o n , p o p u l a t i o n g r e a t e r than five y e a r s of age and 

p o p u l a t i o n g r e a t e r than five y e a r s of age m a k i n g trips 

y i e l d e d the c o r r e l a t i o n m a t r i x shown in Table 4 . 

T a b l e 4 . P o p u l a t i o n - r e l a t e d C o r r e l a t i o n 
C o e f f i c i e n t s 

P o p u l a t i o n 

P o p u l a t i o n g r e a t e r than 
five y e a r s of age 

P o p u l a t i o n g r e a t e r than five 
y e a r s of age m a k i n g t r i p 

1.0000 

0.9992 1.0000 

0.9988 0.9985 1.0000 

* F i g u r e s 4-63 are i l l u s t r a t e d in A p p e n d i x A . 
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A f t e r p l o t t i n g the data d e s c r i b i n g p o p u l a t i o n v e r s u s 

p o p u l a t i o n g r e a t e r tha n five y e a r s of age m a k i n g t r i p s , a 

r e g r e s s i o n - c o r r e l a t i o n a n a l y s i s w a s p e r f o r m e d . The r e s u l t 

ing e q u a t i o n a n d a s s o c i a t e d m e a s u r e s of "fit" are p r e s e n t e d 

in F i g u r e 5. 

P o p u l a t i o n and S o c i a l - E c o n o m i c A t t r i b u t e s 

I n v e s t i g a t i o n w i t h i n the f o l l o w i n g g r o u p s on an in

d i v i d u a l b a s i s h a d b e e n p e r f o r m e d at this p o i n t : 

G r o u p I: ' D w e l l i n g U n i t s (Total, owned, 
r e n t e d ) 

G r o u p I I : P o p u l a t i o n (Total, g r e a t e r than 
five y e a r s of age, 
g r e a t e r than five 
y e a r s m a k i n g trip) 

G r o u p I I I : E c o n o m i c (Labor f o r c e . E m p l o y m e n t , 

D o l l a r R e t a i l Sales) 

A f t e r a s c e r t a i n i n g that t h e r e a p p e a r to b e strong 

r e l a t i o n s h i p s w i t h i n the v a r i o u s g r o u p s , the n e x t t a s k w a s 

to a t t e m p t d e t e r m i n a t i o n of i n t e r r e l a t i o n s h i p s a m o n g v a r i o u s 

a t t r i b u t e s of the study a r e a . F i v e m a j o r a t t r i b u t e s w e r e 

c h o s e n for this i n v e s t i g a t i o n as taken from t w e n t y - t w o u r b a n 

area s t u d i e s . The p o p u l a t i o n range r e p r e s e n t e d w a s from 

2 6 , 0 0 0 to 8 6 0 , 0 0 0 . The a t t r i b u t e s m e a s u r e d w e r e t o t a l d w e l l 

i n g s , t o t a l p o p u l a t i o n , car o w n e r s h i p , e m p l o y m e n t , and m e d i 

an i n c o m e . 

The r e s u l t i n g c o r r e l a t i o n m a t r i x shown in Table 5 

w a s s e c u r e d and a f t e r p l o t t i n g the data the e q u a t i o n s i l l u s 

t r a t e d in F i g u r e s 6, 1, and 8 w e r e d e v e l o p e d . 
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In p l o t t i n g p o p u l a t i o n v e r s u s m e d i a n i n c o m e it w a s 

i n t e r e s t i n g to n o t e the a p p e a r a n c e of a g e o g r a p h i c i n f l u e n c e 

at small p o p u l a t i o n s . F o r larger p o p u l a t i o n s the e f f e c t of 

g e o g r a p h i c l o c a t i o n tends to b e e l i m i n a t e d . From the a v a i l 

a b l e data it a p p e a r s that lower p o p u l a t e d u r b a n a r e a s in 

the N o r t h w e s t e r n and W e s t e r n U n i t e d States h a v e h i g h e r m e d i a n 

i n c o m e s than that of the E a s t e r n and S o u t h e r n s t a t e s . 

F i g u r e 9 is p r e s e n t e d o n l y for g r a p h i c a l i l l u s t r a t i o n of 

this o b s e r v a t i o n . 

T a b l e 5. P o p u l a t i o n and S o c i o - E c o n o m i c 
A t t r i b u t e C o r r e l a t i o n M a t r i x 

T o t a l P o p u l a t i o n 1. 0 0 0 0 

T o t a l D w e l l i n g U n i t s 0. 9 9 7 1 0 0 0 0 

Car O w n e r s h i p 0. 9 9 5 4 0. 9 9 1 4 1. 0000 

E m p l o y m e n t 0. 9 9 4 0 0. 9962 0. 9877 1.0000 

M e d i a n I n c o m e 0. 0 9 0 0 0. 0 8 7 4 0. 0758 0.1006 1.0000 

T r i p P u r p o s e and M o d e of T r a v e l 

In o r d e r to a t t e m p t a p r e d i c t i o n of future t r i p 

p u r p o s e it is n e c e s s a r y to m a k e some q u a l i f y i n g a s s u m p t i o n s . 

O n e s u c h a s s u m p t i o n m i g h t r e a s o n a b l y b e that the d i s t r i b u 

tion of trips w i t h r e s p e c t to p u r p o s e in the future can be 

r e l a t e d to t h e d i s t r i b u t i o n of t r i p s w i t h r e s p e c t to p u r p o s e 
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in the p r e s e n t . A s such, the q u a n t i f i c a t i o n of p r e s e n t 

trip p u r p o s e b e c o m e s n e c e s s a r y . 

For an u r b a n area there are v a r i o u s p u r p o s e s for 

t r i p s (viz., f r o m - h o m e , w o r k , p e r s o n a l b u s i n e s s , etc., or 

t o - h o m e , w o r k , p e r s o n a l b u s i n e s s , etc.) w h i c h can b e d i s 

p l a y e d in a t r i p table m a t r i x , p l o t t i n g the t r i p s as x ^ . 

w h e r e i n i = the " f r o m - t r i p s " rows a n d j = the " t o - t r i p s " 

c o l u m n s . W i t h such a m a t r i x it is p o s s i b l e to compute 

T. . v a l u e s of t o t a l i z e d " t o - t r i p s " and T.. v a l u e s of t o t a l -

ized " f r o m - t r i p s " . N a t u r a l l y the v a l u e of T.. should 

e q u a l the s u m m a t i o n of e i t h e r T.j or T\ . v a l u e s . 

In a d d i t i o n , it is p o s s i b l e to c o n s t r u c t s e v e r a l 

m a t r i c e s (e.g.. A u t o D r i v e r T r i p s , A u t o P a s s e n g e r T r i p s , 

Taxi T r i p s , T r u c k P a s s e n g e r T r i p s , T r a n s i t T r i p s , S c h o o l 

Bus T r i p s , and A l l M o d e s Trips) to e x h i b i t such v a l u e s 

d e s c r i b e d e a r l i e r . L o o k i n g at one of the m a t r i c e s the 

f o l l o w i n g q u e s t i o n s a r i s e : 

1 . W h a t is the r e l a t i o n s h i p b e t w e e n T.j 

v a l u e s for all j's? 

2 . W h a t is the r e l a t i o n s h i p b e t w e e n T.. 

v a l u e s for all i's? 

T h e s e same q u e s t i o n s a r i s e for the r e m a i n i n g t r i p p u r p o s e 

m a t r i c e s a l s o . 

In o r d e r to d i s c o v e r the a n s w e r to the q u e s t i o n s 

p o s e d seven t r i p m o d e m a t r i c e s for T.j a n a l y s e s and a like 

n u m b e r of t r i p m o d e m a t r i c e s for T.. a n a l y s e s w e r e i n v e s t i -
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g a t e d . The p u r p o s e of the i n v e s t i g a t i o n w a s to q u a n t i f y 

i n t e r r e l a t i o n s h i p s b e t w e e n the e l e m e n t s w i t h i n the m a t r i c e s . 

T h e r e are e l e v e n a t t r i b u t e s p o s s i b l e (Home, W o r k , 

P e r s o n a l B u s i n e s s , R e c r e a t i o n , S c h o o l , S o c i a l , C h a n g e T r a v e l 

M o d e , C o n v e n i e n c e Shopping, G o o d s S h o p p i n g , Serve P a s s e n g e r 

and T o t a l ) w h i c h h a v e b e e n in use in the p a s t few y e a r s . 

T h e r e h a v e b e e n a d d i t i o n a l c a t e g o r i z a t i o n s a t t e m p t e d in 

e a r l i e r O - D s t u d i e s (prior to 1961) w h i c h c o m b i n e d S o c i a l 

and R e c r e a t i o n a l p u r p o s e s and b o t h types of S h o p p i n g into 

two c a t e g o r i e s r a t h e r than the four in u s e t o d a y . In a d d i 

tion, "Eat a M e a l " and " M e d i c a l - D e n t a l " w e r e c l a s s i f i e d as 

t w o c a t e g o r i e s . 

In o r d e r that the i n p u t d a t a c o u l d b e as u n i f o r m l y 

d e s c r i p t i v e as p o s s i b l e , and in o r d e r to m a x i m i z e the q u a n 

t i t y of i n p u t data the e l e v e n a t t r i b u t e s w e r e taken and r e 

d u c e d b y s o m e c o m b i n a t i o n of the d a t a . The o b v i o u s c o m b i 

n a t i o n s w h i c h first w e r e n o t e d w e r e as f o l l o w s : 

1.) to add, w h e r e a p p l i c a b l e . S o c i a l and 

R e c r e a t i o n a l t r i p s to a g r e e w i t h the 

S o c i a l - R e c r e a t i o n a l c l a s s i f i c a t i o n g i v e n 

in some of the d a t a . 

2 . ) to add, w h e r e a p p l i c a b l e . G o o d s S h o p p i n g 

and C o n v e n i e n c e S h o p p i n g to g i v e T o t a l 

S h o p p i n g to a g r e e w i t h t h a t c l a s s i f i c a 

tion in some of the s t u d i e s . 

3 . ) to add, w h e r e a p p l i c a b l e , M e d i c a l - D e n t a l 
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to P e r s o n a l B u s i n e s s to a g r e e w i t h the 

t o t a l i z e d P e r s o n a l B u s i n e s s c a t e g o r i z a 

t i o n in some of the d a t a . 

4 . ) to add, w h e r e a p p l i c a b l e , E a t - a - M e a l to 

S o c i a l - R e c r e a t i o n a l to a g r e e w i t h the 

S o c i a l p l u s R e c r e a t i o n c a t e g o r y d e f i n e d 

e a r l i e r . 

T h i s r e s u l t e d in r e d u c i n g the e l e v e n a t t r i b u t e s and 

t w o g r o u p s of data in to the f o l l o w i n g s i n g l e g r o u p of a t t r i 

b u t e c l a s s i f i c a t i o n s : 

1.) H o m e 

2 . ) W o r k 

3 . ) S c h o o l 

4 . ) C h a n g e T r a v e l M o d e 

5 . ) S e r v e a P a s s e n g e r 

6 . ) P e r s o n a l B u s i n e s s 
(Personal B u s i n e s s p l u s M e d i c a l - D e n t a l ) 

7 . ) S o c i a l - R e c r e a t i o n a l 
(Social p l u s R e c r e a t i o n a l ) 
( S o c i a l - R e c r e a t i o n a l p l u s E a t - a - M e a l ) 

8.) S h o p p i n g (Total) 

9 . ) T o t a l T r i p s 

T h u s , a f t e r the f i r s t round of c o n c e s s i o n s , there w e r e 

n i n e a t t r i b u t e s and one g r o u p of d a t a . B e c a u s e of the n o n -

a p p l i c a b i l i t y of some of the d a t a to the m o d e s of t r a v e l in

v o l v e d it w a s d e e m e d j u d i c i o u s to further r e d u c e the n u m b e r 

of a t t r i b u t e s . A s one c o n c e s s i o n it w a s p o s s i b l e that for 
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v a r i o u s m o d e s of trips a c a t e g o r y c a l l e d "Other" c o u l d b e 

d e v e l o p e d . In such a c a t e g o r y w a s c o m b i n e d i n t e r r e l a t e d or 

i n s i g n i f i c a n t p u r p o s e s . F o r e x a m p l e , in S c h o o l Bus P a s s e n g e r 

t r i p s it s e e m s l o g i c a l to c o m b i n e W o r k and P e r s o n a l B u s i n e s s 

t o g e t h e r since t h e y w o u l d a c t u a l l y d e s c r i b e w h a t could b e 

a r g u e d to b e a r e l a t e d p u r p o s e . (It s e e m s a c c e p t a b l e to 

t h i n k of w o r k as b e i n g a p e r s o n a l b u s i n e s s item w h e n t h i n k 

ing of S c h o o l Bus P a s s e n g e r t r i p s . ) It w a s a l s o d e c i d e d that 

the p l a c e m e n t of s e v e r a l i n s i g n i f i c a n t c o n t r i b u t i o n s such as 

C h a n g e T r a v e l M o d e , S h o p p i n g , and Serve a P a s s e n g e r into o n e 

c a t e g o r y for S c h o o l Bus P a s s e n g e r t r i p s w o u l d p r e s e n t no u n 

t o w a r d p r o b l e m in the i n t e r p r e t a t i o n of data r e s u l t s due to 

the i n s i g n i f i c a n c e of the t r i p . v a l u e s i n v o l v e d . In the A u t o 

P a s s e n g e r c l a s s i f i c a t i o n it w a s a r g u e d that S c h o o l and Serve 

a P a s s e n g e r c l a s s i f i c a t i o n s m i g h t b e c o m m o n l y r e l a t e d . In 

a d d i t i o n , the c a t e g o r i z a t i o n of C h a n g e T r a v e l M o d e for A u t o 

P a s s e n g e r s r e p r e s e n t s such a small p o r t i o n of the t o t a l that 

it too could b e p l a c e d in w i t h the S c h o o l and S e r v e a P a s s e n 

g e r c l a s s i f i c a t i o n s in to the "Other" c a t e g o r y for A u t o P a s 

senger t r i p s . Thus it w a s p o s s i b l e to r e d u c e the A u t o P a s 

s e n g e r list o f a t t r i b u t e s from n i n e to s e v e n . S i m i l a r 

a r g u m e n t s c o u l d b e a d v a n c e d for o t h e r t r i p p u r p o s e s and 

m o d e s of t r a v e l . 
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From- and To- A u t o D r i v e r Trips 

In a t t e m p t i n g to a n s w e r the two q u e s t i o n s p r e v i o u s l y 

p o s e d c o n c e r n i n g the r e l a t i o n s h i p s b e t w e e n the T.j v a l u e s 

and the T.. v a l u e as w e l l as b e t w e e n the T^. v a l u e s and the 

T . . v a l u e the m a t r i x of c o r r e l a t i o n c o e f f i c i e n t s i l l u s t r a t e d 

in T a b l e s 6 and 7 w e r e d e v e l o p e d . 

T a b l e 6. C o r r e l a t i o n C o e f f i c i e n t s for A u t o 
D r i v e r Trips from V a r i o u s O r i g i n s 

H o m e 1.0000 
W o r k 0.9997 1.0000 
P e r s . B u s . 0.9730 0.9718 1.0000 
S o c . - R e c . 0.9855 0.9865 0.9465 1.0000 
S h o p p i n g 0.9930 0.9925 0.9898 0.9809 1.0000 
O t h e r s 0.9936 0.9937 0.9845 0.9838 0.9979 1.0000 
T o t a l 0.9989 0.9987 0.9803 0.9869 0.9972 0.9975 1.0000 

Table 7. C o r r e l a t i o n C o e f f i c i e n t s for A u t o D r i v e r 
T r i p s to V a r i o u s D e s t i n a t i o n s 

H o m e 1.0000 
W o r k 0.9980 1.0000 
P e r s . B u s . 0.9596 0.9524 1.0000 
S o c . - R e c . 0.9393 0.9418 0.8419 1.0000 
S h o p p i n g 0.9879 0.9850 0.9547 0.9565 1.0000 
O t h e r s 0.9972 0.9782 0.9369 0.9542 0.9870 1.0000 
T o t a l 0.9978 0.9973 0.9549 0.9549 0.9939 0.9873 1.0000 

It w o u l d a p p e a r that t h e r e are strong r e l a t i o n s h i p s 
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b e t w e e n a l l of the T.^ v a l u e s . The same strong r e l a t i o n 

s h i p among all of the T^. v a l u e s is l i k e w i s e e v i d e n c e d . In 

o r d e r to a s s e s s a s t a t e m e n t m a d e e a r l i e r t h a t s e c o n d - o r d e r 

r e l a t i o n s b e c o m e less a t t r a c t i v e from the R - v a l u e s t a n d p o i n t 

the data r e p r e s e n t i n g A u t o D r i v e r F r o m - t r i p s w e r e r e d u c e d 

t o p e r c e n t a g e s of the t o t a l . That is to say, rather than 

u t i l i z i n g the t o t a l n u m b e r of h o m e t r i p s , the p e r c e n t a g e s 

of the t o t a l trips r e f l e c t e d b y the f r o m - h o m e o r i g i n w a s 

u t i l i z e d . The r e s u l t i n g c o r r e l a t i o n m a t r i x shown in Table 

8 w a s d e v e l o p e d . 

T a b l e 8. C o r r e l a t i o n C o e f f i c i e n t s for P e r c e n t A u t o 
D r i v e r T r i p s from V a r i o u s O r i g i n s 

H o m e 1.0000 
W o r k 0.3903 1.0000 
P e r s . B u s . 0.1430 0.5015 1.0000 
S o c . - R e c . 0.2802 0.1992 0.5522 1.0000 
S h o p p i n g 0.3820 0.4884 0.0492 0.2519 1.0000 
O t h e r s 0.5391 0.2027 0.0803 0.2284 0.1010 1.0000 
T o t a l 0.2532 0.3687 0.2182 0.1563 0.0006 0.1610 1.0000 

In looking at the " T o t a l " v a l u e s in T a b l e 8 it can 

b e a r g u e d t h a t v a r i a t i o n s in the t o t a l n u m b e r of A u t o D r i v e r 

t r i p s can not b e u t i l i z e d to e x p r e s s c h a n g e s in the p e r c e n t 

of such t r i p s from s p e c i f i c o r i g i n s . This p o i n t h a s b e e n 

b o r n e o u t in p a s t l i t e r a t u r e ( 2 4 ) . 



39 

F r o m - and T o - A u t o P a s s e n g e r Trips 

T h e c o r r e l a t i o n m a t r i c e s i l l u s t r a t e d in T a b l e s 9 and 

10 w e r e d e v e l o p e d from s i x t e e n u r b a n s t u d y a r e a s ' d a t a . A s 

in the p r e v i o u s case, h i g h c o r r e l a t i o n c o e f f i c i e n t s w e r e 

d i s c o v e r e d . 

T a b l e 9. C o r r e l a t i o n C o e f f i c i e n t s for A u t o 
P a s s e n g e r T r i p s from 

V a r i o u s O r i g i n s 

H o m e 1.0000 
W o r k 0.9923 1.0000 
P e r s . B u s . 0.9566 0.9470 1.0000 
S o c . - R e c . 0.9806 0.9563 0.9053 1.0000 
S h o p p i n g 0.9931 0.9792 0.9737 0.9702 1.0000 
O t h e r s 0.9793 0.9705 0.9831 0.9378 0.9802 1.0000 
T o t a l 0.9995 0.9893 0.9631 0.9808 0.9955 0.9820 1.0000 

T a b l e 1 0 . C o r r e l a t i o n C o e f f i c i e n t s for A u t o 
P a s s e n g e r T r i p s to 

V a r i o u s D e s t i n a t i o n s 

H o m e 1.0000 
W o r k 0.9739 1.0000 
P e r s . B u s . 0.9097 0.9546 1.0000 
S o c . - R e c . 0.9423 0.8536 0.7567 1.0000 
S h o p p i n g 0.9828 0.9443 0.8986 0.9298 1.0000 
O t h e r s 0.9267 0.9307 0.9045 0.8173 0.8726 1.0000 
T o t a l 0.9997 0.9691 0.9049 0.9494 0.9826 0.9245 1.0000 
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From- and To- T r a n s i t P a s s e n g e r T r i p s 

In a n a l y z i n g the T r a n s i t P a s s e n g e r T r i p data from 

s e v e n t e e n u r b a n area s t u d i e s the foll o w i n g c o r r e l a t i o n 

m a t r i c e s s h o w n in Ta b l e s 11 and 12 w e r e f o r m u l a t e d . A g a i n , 

it a p p e a r s t h a t a strong r e l a t i o n s h i p e x i s t s b e t w e e n and 

among the v a r i o u s e n t r i e s . 

Table 1 1 . C o r r e l a t i o n C o e f f i c i e n t s for T r a n s i t 
P a s s e n g e r Trips from O r i g i n s 

H o m e 1.0000 
W o r k 0.9969 1.0000 
P e r s . B u s . 0.9972 0.9980 1.0000 
S o c . - R e c . 0.9642 0.9693 0.9733 1.0000 
Sh o p p i n g 0.9729 0.9801 0 . 9 8 2 4 ' 0 . 9 9 6 7 1.0000 
O t h e r s 0.9532 0.9308 0.9307 0.8659 0.8733 1.0000 
T o t a l 0.9997 0.9977 0.9977 0.9685 0.9767 0.9498 1.0000 

T a b l e 1 2 . C o r r e l a t i o n C o e f f i c i e n t s for T r a n s i t 
P a s s e n g e r T r i p s to 

V a r i o u s D e s t i n a t i o n s 

H o m e 1.0000 
W o r k 0.9978 1.0000 
P e r s . B u s . 0.9968 0.9976 1.0000 
S o c . - R e c . 0.9631 0.9643 0.9647 1.0000 
S h o p p i n g 0.9779 0.9813 0.9817 0.9947 1.0000 
O t h e r s 0.9473 0.9284 0.9266 0.8562 0.8730 1.0000 
T o t a l 0.9999 0.9981 0.9970 0.9665 0.9806 0.9442 1.0000 



4 1 

From- and To- Taxi P a s s e n g e r Trips 

In u t i l i z i n g the d a t a from e i g h t e e n u r b a n area s t u d i e s 

it w a s found that there e x i s t s a v e r y d e f i n a b l e r e l a t i o n s h i p 

b e t w e e n and among taxi p a s s e n g e r o r i g i n trips as w e l l as taxi 

p a s s e n g e r d e s t i n a t i o n t r i p s . The c o r r e l a t i o n c o e f f i c i e n t 

m a t r i c e s g i v e n in T a b l e s 13 and 14 i l l u s t r a t e t h i s . 

T a b l e 1 3 . C o r r e l a t i o n C o e f f i c i e n t s for Taxi 
P a s s e n g e r Trips from V a r i o u s O r i g i n s 

H o m e 1.0000 
W o r k 0.9970 1.0000 
P e r s . B u s . 0.9977 0.9931 1.0000 
S o c . - R e c . 0.9904 0.9930 0.9830 1.0000 
S h o p p i n g 0.9849 0.9763 0 . 9 6 8 l ' 0 . 9 6 0 3 1.0000 
O t h e r s 0.9399 0.9413 0.9534 0.9200 0.9083 1.0000 
Tot a l 0.9990 0.9970 0.9989 0.9883 0.9830 0.9534 1.0000 

T a b l e 1 4 . C o r r e l a t i o n C o e f f i c i e n t s for Taxi 
P a s s e n g e r T r i p s 

to V a r i o u s D e s t i n a t i o n s 

H o m e 1.0000 
W o r k 0.9869 1.0000 
P e r s . B u s . 0.9600 0.9731 1.0000 
S o c . - R e c . 0.9938 0.9721 0.9352 1.0000 
S h o p p i n g 0.9557 0.9698 0.9939 0.9283 1.0000 
O t h e r s 0.9622 0.9279 0.9008 0.9602 0.8947 1.0000 
Tot a l 0.9989 0.9914 0.9706 0.9907 0.9667 0.9574 1.0000 
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From- and To- T r u c k P a s s e n g e r Trips 

S o m e of the w e a k e s t c o r r e l a t i o n s in this study w e r e 

found during the course of this i n v e s t i g a t i o n into t r u c k 

p a s s e n g e r t r i p s . F o r t u n a t e l y , the m a g n i t u d e of such trips 

is g e n e r a l l y of such a s l i g h t n a t u r e as to b e of little or 

no c o n c e r n to the t r a n s p o r t a t i o n p l a n n e r . A n o b v i o u s 

e x c e p t i o n to this g e n e r a l i z e d s t a t e m e n t is the t r u c k 

p a s s e n g e r trip w h i c h o c c u r s during the p a r t of the d a y 

w h i c h r e f l e c t s the g r e a t e s t v e h i c u l a r t r a v e l , the p e a k 

h o u r . The i m p o r t a n t t r i p is the t r u c k d r i v e r trip, not 

the t r u c k p a s s e n g e r trip. The t r u c k d r i v e r trip is taken 

into a c c o u n t in the "All M o d e s " t r i p s w h i c h combine all of 

the v e h i c l e s into one c a t e g o r y . 

The c o r r e l a t i o n c o e f f i c i e n t s e x h i b i t e d in T a b l e 15 

r e l a t e to o r i g i n s w h i l e t h o s e in Table 16 r e l a t e to 

d e s t i n a t i o n s . 

T a b l e 1 5 . C o r r e l a t i o n C o e f f i c i e n t s for T r u c k 
P a s s e n g e r Trips from 

V a r i o u s O r i g i n s 

Home 1.0000 
W o r k 0.8632 1.0000 
P e r s . B u s . 0.8596 0.7337 1.0000 
S o c . - R e c . 0.6817 0.4901 0.3522 1.0000 
S h o p p i n g 0.8677 0.7039 0.7137 0.7365 1.0000 
O t h e r s 0.8557 0.6852 0.8055 0.5912 0.7341 1.0000 
T o t a l 0.9741 0.9439 0.8261 0.6784 0.8552 0.8298 1.0000 
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T a b l e 1 6 . C o r r e l a t i o n C o e f f i c i e n t s for T r u c k 
P a s s e n g e r Trips to 

V a r i o u s D e s t i n a t i o n s 

H o m e 1.0000 
W o r k 0.7516 1.0000 
P e r s . B u s . 0.5563 0.3109 1.0000 
S o c . - R e c . 0.8260 0.4874 0.3895 1.0000 
S h o p p i n g 0.8437 0.5803 0.6690 0.7238 1.0000 
O t h e r s 0.8653 0.6795 0.6372 0.5774 0.7476 1.0000 
T o t a l 0.9565 0.8979 0.5313 0.7701 0.8189 0.8456 1.0000 

From- and To- S c h o o l Bus P a s s e n g e r Trips 

A s shown in Table 17, the c o r r e l a t i o n of f r o m - h o m e 

s c h o o l b u s p a s s e n g e r t r i p s to t o t a l from- trips b y school 

b u s p a s s e n g e r s is g i v e n as 1.0000. This is due to r o u n d i n g 

o f f the v a l u e of the c o r r e l a t i o n c o e f f i c i e n t b e y o n d the 

f o u r t h p l a c e a f t e r the d e c i m a l . The c o r r e l a t i o n s g i v e n in 

T a b l e s 17 and 18 i l l u s t r a t e o r i g i n and d e s t i n a t i o n 

r e l a t i o n s h i p s among the p u r p o s e s l i s t e d . 

T a b l e 1 7 . C o r r e l a t i o n C o e f f i c i e n t s for S c h o o l 
Bus P a s s e n g e r Trips 

from V a r i o u s O r i g i n s 

Home 1.0000 
W k - P . B u s . 0.9089 1.0000 
S o c . - R e c . 0.9254 0.8890 1.0000 
S c h o o l 0.9998 0.9038 0.9251 1.0000 
O t h e r s 0.8821 0.8884 0.8747 0.8837 1.0000 
T o t a l 1.0000 0.9087 0.9269 0.9999 0.8855 1.0000 
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T a b l e 1 8 . C o r r e l a t i o n C o e f f i c i e n t s for S c h o o l 
B u s P a s s e n g e r Trips to 
V a r i o u s D e s t i n a t i o n s 

H o m e 1.0000 
W k - P . B u s . 0.1457 1.0000 
S o c . - R e c . 0.8055 0.3697 1.0000 
S c h o o l 0.9995 0.1278 0.8099 1.0000 
O t h e r s 0.7638 0.7089 0.7460 0.7519 1.0000 
T o t a l 0.9999 0.1523 0.8100 0.9996 0.7677 1.0000 

From- and To- Trips b y A l l M o d e s 

E v e n m o r e i m p o r t a n t to the t r a n s p o r t a t i o n p l a n n e r than 

A u t o D r i v e r Trips is the t o t a l i z a t i o n of all m o d e s trips in 

an u r b a n a r e a . The c o r r e l a t i o n c o e f f i c i e n t s p r e s e n t e d in 

T a b l e 19 and in T a b l e 20 r e p r e s e n t the i n t e r r e l a t i o n s h i p s 

w h i c h e x i s t b e t w e e n and among all of the p u r p o s e s for all 

m o d e s of v e h i c u l a r t r a v e l w i t h i n the u r b a n a r e a . This 

c a t e g o r i z a t i o n , m o r e than a n y other, is a true r e p r e s e n t a t i o n 

of the p r o p e n s i t y t o w a r d v e h i c u l a r t r a v e l . T r a v e l d e s i r e s 

can b e s a t i s f i e d b y m a n y and v a r i e d forms of t r a n s p o r t a t i o n . 

In the future w e can n o t b e c e r t a i n of the form of t r a n s 

p o r t a t i o n , b u t w e can b e c e r t a i n that the d e s i r e to t r a v e l 

w i l l m o s t d e f i n i t l y e x i s t . 
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T a b l e 19. C o r r e l a t i o n C o e f f i c i e n t s for A l l 
M o d e s from V a r i o u s O r i g i n s 

Home 1.0000 
W o r k 0.9995 1.0000 
P e r s . B u s . 0.9731 0.9690 1.0000 
S o c . - R e c . 0.9802 0.9798 0.9361 1.0000 
S h o p p i n g 0.9939 0.9915 0.9881 0.9774 1.0000 
O t h e r s 0.9721 0.9681 0.9960 0.9397 0.9859 1.0000 
Total 0.9984 0.9971 0.9827 0.9799 0.9982 0.9824 1.0000 

T a b l e 2 0 . C o r r e l a t i o n C o e f f i c i e n t s for A l l 
M o d e s to V a r i o u s D e s t i n a t i o n s 

H o m e 1.0000 
W o r k 0.9980 1.0000 
P e r s . B u s . 0.9665 0.9615 1.0000 
S o c . - R e c . 0.9335 0.9269 0.8444 1.0000 
Sh o p p i n g 0.9903 0.9845 0.9550 0.9587 1.0000 
O t h e r s 0.9783 0.9735 0.9587 0.9017 0.9621 1.0000 
T o t a l 0.9988 0.9963 0.9618 0.9470 0.9937 0.9800 1.0000 

P o p u l a t i o n I n f l u e n c e s 

It h a d b e e n found e a r l i e r t h a t p o p u l a t i o n , d w e l l i n g 

u n i t s , car o w n e r s h i p and e m p l o y m e n t w e r e h i g h l y c o r r e l a t e d . 

E a c h of t h e s e a t t r i b u t e s m i g h t b e c a t e g o r i z e d as b e i n g a 

m e a s u r e of "size" of the urban area in q u e s t i o n . It seems 
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q u i t e a t t r a c t i v e on an i n t u i t i v e b a s i s to e x p e c t that trip 

p r o d u c t i o n and p u r p o s e s h o u l d b e r e l a t e d to the size factor 

d e s c r i b e d a b o v e . C h o o s i n g p o p u l a t i o n v a l u e s as b e i n g one 

g o o d r e p r e s e n t a t i o n o f the size factor, the c o r r e l a t i o n 

c o e f f i c i e n t s i l l u s t r a t e d in Table 21 and Table 22 w e r e 

d e t e r m i n e d from the d a t a . 

T a b l e 2 1 . C o r r e l a t i o n C o e f f i c i e n t s B e t w e e n 
P o p u l a t i o n and the M o d e - P u r p o s e 
L i s t e d for T r i p s from O r i g i n s 

O r i g i n s 

H o m e W o r k P e r s Soc. Shop O t h e r T o t a l 
B u s . R e c . 

A u t o D r i v e r 9 8 9 8 .9933 .8783 .9198 .9556 .9589 .9851 

P a s s e n g e r s 
A u t o .9818 
T r a n s i t .9831 
Taxi .9913 
T r u c k .8157 
S c h o o l B u s * .9672 

9862 .7824 .9465 
9741 .9729 .9093 
9903 .9911 .9917 
7650 .8640 .2384 

.8395 .9409 

9427 
9251 
9665 
3514 .5917 

.8541 

.7735 .9806 

.9799 .9813 

.9480 .9929 
6132 
9679 

A l l M o d e s 9919 .9946 .8875 .9429 .9653 9536 .9891 

* The c o r r e l a t i o n b e t w e e n S c h o o l Bus P a s s e n g e r from- trips 
and p o p u l a t i o n w a s found to b e 0.9687 w i t h School as the 
o r i g i n 
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T a b l e 2 2 . C o r r e l a t i o n C o e f f i c i e n t s B e t w e e n 
P o p u l a t i o n and the M o d e - P u r p o s e 

L i s t e d for T r i p s 
to D e s t i n a t i o n s 

D e s t i n a t i o n s 

H o m e W o r k P e r s Soc. Shop O t h e r T o t a l 
B u s . R e c . 

A u t o D r i v e r .9893 .9948 .8724 .9201 .9552 .9579 .9851 

P a s s e n g e r s 
A u t o .9812 .9854 .7797 .9339 .9361 .7869 .9806 
T r a n s i t .9832 .9763 .9745 .9072 .9313 .9762 .9813 
Taxi .9766 .9382 .9137 .9862 .9048 .9552 .9709 
T r u c k .5609 .4578 .4039 .1977 .3416 .6162 .5119 
S c h o o l B u s * .8652 .0475 .8985 .5733 .8688 

A l l M o d e s .9915 .9950 .8833 .9437 .9657 .9492 .9889 

In s t u d y i n g the c o r r e l a t i o n c o e f f i c i e n t s g i v e n in 

T a b l e s 21 and 22 i n d i c a t i o n s are that p o p u l a t i o n c h a n g e s 

h a v e s e e m i n g l y little e x p l a i n e d e f f e c t on r e s p e c t i v e c h a n g e s 

in t r u c k p a s s e n g e r t r i p s . This a n a l o g y could also b e 

a p p l i e d to c e r t a i n c a t e g o r i z a t i o n s of s c h o o l b u s p a s s e n g e r 

t r i p s . G e n e r a l l y , the m a g n i t u d e of t r u c k p a s s e n g e r t r i p s 

* The c o r r e l a t i o n b e t w e e n S c h o o l Bus P a s s e n g e r t o - trips 
w i t h S c h o o l as a d e s t i n a t i o n and p o p u l a t i o n w a s found to 
b e e q u a l to 0 . 8 7 1 1 . 
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as a w h o l e and s c h o o l b u s p a s s e n g e r trips for p u r p o s e s o t h e r 

than s c h o o l , h o m e , or t o t a l c o n s i d e r a t i o n s is such that the 

v a l u e s can b e d i s r e g a r d e d on an i n d i v i d u a l b a s i s since the 

t o t a l impact on the t r a n s p o r t a t i o n system for the u r b a n area 

is r e f l e c t e d in the "All M o d e s " c a t e g o r i z a t i o n of t r i p 

p u r p o s e . G e n e r a l l y w e w o u l d find a b o u t one t r u c k p a s s e n g e r 

t r i p p e r two h u n d r e d or m o r e p e o p l e in an u r b a n area w i t h a 

p o p u l a t i o n of from 3 0 , 0 0 0 to 8 0 0 , 0 0 0 on a d a i l y b a s i s . W h e n 

c a t e g o r i z a t i o n of the p u r p o s e of these t r i p s is a t t e m p t e d 

the r e s u l t s b e c o m e m o r e and m o r e m e a n i n g l e s s . W i t h r e s p e c t 

to s c h o o l b u s p a s s e n g e r t r i p s for o r i g i n s and d e s t i n a t i o n s 

o t h e r than s c h o o l or h o m e w e m i g h t e x p e c t to find a total 

for all other c a t e g o r i z a t i o n s to b e a p p r o x i m a t e l y one to 

two p e r c e n t of the total d a i l y s c h o o l b u s p a s s e n g e r t r i p s . 

It w a s d e c i d e d to n e g l e c t f u r t h e r a n a l y s i s of T r u c k 

P a s s e n g e r trips and all S c h o o l B u s P a s s e n g e r t r i p s e x c e p t 

three, those r e l a t e d to h o m e , s c h o o l or t o t a l t r i p s . This 

w a s j u s t i f i e d on the b a s i s of i n s i g n i f i c a n c e of the con

t r i b u t i o n of these trips to the t o t a l n u m b e r of t r i p s 

e x p e r i e n c e d in the u r b a n a r e a . In a d d i t i o n , w h a t e v e r e f f e c t 

t h e y do h a v e on the t o t a l t r i p s e x p e r i e n c e d in the u r b a n 

area w i l l b e i n c l u d e d in the a n a l y s i s of A l l - M o d e s t r i p s . 

In c l a s s i f y i n g the v a r i o u s m o d e s of t r i p m a k i n g w i t h 

r e s p e c t to i m p o r t a n c e it w a s a r g u e d that the A l l - M o d e s 

t r i p s w o u l d b e the m o s t i m p o r t a n t , the A u t o D r i v e r t r i p s 
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w o u l d b e the s e c o n d m o s t i m p o r t a n t and the A u t o P a s s e n g e r 

t r i p s w o u l d b e the third m o s t i m p o r t a n t . The r e m a i n i n g 

p a s s e n g e r t r i p m o d e s , T r a n s i t P a s s e n g e r and Taxi P a s s e n g e r 

t r i p s w o u l d fall into fourth p o s i t i o n or r a t i n g . 

W i t h such e x c e l l e n t c o r r e l a t i o n s as e x h i b i t e d in Table 

21 and in T a b l e 22 for the four c l a s s i f i c a t i o n s p r e v i o u s l y 

g i v e n it w a s d e c i d e d to d e f i n e e q u a t i o n s of "best fit" w h i c h 

c o n t a i n e d b u t one v a r i a b l e o t h e r than that b e i n g d e t e r m i n e d . 

A f t e r p l o t t i n g all of the data v e r s u s p o p u l a t i o n it a p p e a r e d 

that a l i n e a r e q u a t i o n w o u l d d e s c r i b e the d a t a a d e q u a t e l y . 

In o r d e r that the use of a l i n e a r e q u a t i o n could b e 

j u s t i f i e d it w a s n e c e s s a r y to c o m p a r e the fit of a n o n - l i n e a r 

e q u a t i o n to that of the linear e q u a t i o n . The b a s i s of c o m p a r 

ison w a s the d i f f e r e n c e s in the r e s p e c t i v e s t a n d a r d e r r o r s 

of e s t i m a t e , the c o e f f i c i e n t s of d e t e r m i n a t i o n and the 

F - r a t i o s . The r e s u l t s of the s t u d y are o u t l i n e d in A p p e n d i x 

B. 

The e q u a t i o n c h o s e n for d e s c r i b i n g the d a t a w a s of 

the form 

Y = a + b x 

w h e r e Y = the a t t r i b u t e b e i n g e s t i m a t e d 

X = the p o p u l a t i o n e s t i m a t e . 

The e q u a t i o n s of "best fit" d e t e r m i n e d b y s t a n d a r d 

least s q u a r e s t e c h n i q u e s are l i s t e d in Table 23 , a n d the 

g r a p h i c a l i l l u s t r a t i o n s of these e q u a t i o n s are p r e s e n t e d 

in F i g u r e s 10 t h r o u g h 51 i n c l u s i v e , in A p p e n d i x A . 
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T a b l e 2 3 . M a c r o s c o p i c L e v e l of I n v e s t i g a t i o n 
M o d e l S u m m a r y 

M o d e l a. b N R F 
N o . * 

F 

1. 0.017 0.60 12 0.999 0.997 4 1 7 1 
2. - 1 . 8 7 0.306 22 0.992 0.983 1190 
3. 3.40 0.318 22 0.995 0.989 1870 
4 . - 2 . 5 0 0.370 22 0.986 0.973 716 
5. 13.66 0.45 16 0.989 0.979 640 
6. 3.61 0.308 16 0.995 0.990 1330 
7. 12.23 0.054 • 16 0.872 0.761 4 5 
8. 4.32 0.14 16 0.920 0.847 77 
9. 9.30 0.136 16 0.955 0.912 146 

1 0 . 9.87 0.181 16 0.958 0.918 156 
1 1 . 53.0 1.268 16 0.985 0.970 4 6 0 
1 2 . 6.7 0.268 15 0.981 0.963 336 
1 3 . - 0 . 3 2 0.73 15 0.985 0.971 4 3 6 
1 4 . 4.5 0.02 15 0.780 0.608 20 
1 5 . 1.51 0.183 15 0.934 0.872 888 
1 6 . 1.55 0.065 15 0.936 0.876 92 
1 7 . 5.78 0.034 15 0.787 0.619 21 
1 8 . 2 1.55 0.641 15 0.981 0.962 325 

. 1 9 . - 8 . 2 6 0.09 15 0.983 0.964 358 
2 0 . - 5 . 8 6 0.058 15 0.976 0.951 127 
2 1 . - 0 . 5 4 0.0076 15 0.975 0.950 187 
2 2 . - 0 . 9 9 0.010 15 0.907 0.821 121 
2 3 . - 1 . 1 6 0.012 15 0.931 0.866 120 
2 4 . - 2 . 0 7 0.022 15 0.976 0.951 126 
2 5 . - 1 8 . 9 0 0.20 15 0.981 0.964 345 
2 6 . - 0 . 4 3 0.0073 15 0.977 0.956 79 
2 7 . - 0 . 1 2 0.0017 15 0.914 0.836 71 
2 8 . - 0 . 1 6 0.0019 15 0.986 0.973 78 
2 9 . - 0 . 0 9 0.0012 15 0.905 0.900 53 
3 0 . - 0 . 0 7 0.0008 15 0.955 0.911 28 
3 1 . - 0 . 8 0 0.015 15 0.971 0.942 52 
3 2 . - 0 . 8 5 0.027 16 0.865 0.749 42 
3 3 . - 1 . 1 0 0.028 16 0.871 0.759 4 4 
3 4 . - 1 . 7 3 0.056 16 0.869 0.755 43 
3 5 . 12.57 0.830 16 0.991 0.983 8 1 1 
3 6 . - 0 . 7 8 0.441 16 0.995 0.990 1400 
3 7 . 1 5.64 0.084 16 0.883 0.780 50 
3 8 . 5.11 0.337 16 0.944 0.891 114 
3 9 . 9.48 0.215 16 0.966 0.933 194 



50 

T a b l e 2 3 . M a c r o s c o p i c L e v e l of I n v e s t i g a t i o n 
M o d e l S u m m a r y 

M o d e l b N R F 
N o . * 

4 0 . 14.9 0.25 16 0.949 0.901 127 
4 1 . 56.9 2.158 16 0.989 0.978 618 
4 2 . 14.71 0.451 16 0.990 0.980 68 
4 3 . 3.5 0.307 16 0.993 0.987 1037 
4 4 . 1 2.02 0.054 16 0.878 0.771 4 7 
4 5 . 4.1 0.14 16 0.920 0.846 77 
4 6 . 9.16 0.14 16 0.956 0.913 147 
4 7 . 9.53 0.18 16 0.959 0.919 160 
4 8 . 5 3 . 0 1.268 16 0.985 0.970 4 6 0 
4 9 . 8.28 0.271 15 0.982 0.964 348 
5 0 . - 0 . 1 7 0.074 15 0.986 0.973 463 
5 1 . 4.2 0.0199 15 0.782 0.612 20 
5 2 . 2.52 0.185 15 0.947 0.899 112 
5 3 . 1.69 0.065 15 0.943 0.889 104 
5 4 . 5.03 0.026 15 0.773 0.600 19 
5 5 . 21.6 0.641 15 0.981 0.962 325 
5 6 . - 1 . 0 9 0.028 15 0.967 0.936 218 
5 7 . - 0 . 8 7 0.028 15 0.969 0.938 228 
5 8 . - 1 . 9 5 0.057 15 0.968 0.937 223 
5 9 . - 8 . 4 4 0.090 15 0.981 0.963 341 
6 0 . - 5 . 7 8 0.057 15 0.986 0.973 123 
6 1 . - 0 . 5 9 0.0079 15 0.782 0.611 21 
6 2 . - 0 . 7 7 0.0083 15 0.946 0.894 205 
6 3 . - 1 . 0 9 0.012 15 0.943 0.890 189 
6 4 . - 2 . 2 1 0.0246 15 0.774 0.600 20 
6 5 . - 1 8 . 9 0.200 15 0.981 0.962 345 
6 6 . - 0 . 1 4 5 0.0056 15 0.991 0.982 77 
6 7 . - 0 . 0 6 3 0.0025 15 0.990 0.980 76 
6 8 . - 0 . 1 2 8 0.0017 15 0.991 0.982 78 
6 9 . - 0 . 2 2 5 0.0022 15 0.992 0.983 72 
7 0 . - 0 . 1 1 2 0.0017 15 0.966 0.933 62 
7 1 . - 0 . 1 3 2 0.0012 15 0.948 0.893 49 
7 2 . - 0 . 8 0 4 0.0149 15 0.993 0.984 62 
7 3 . 1 5 . 1 8 0.833 16 0.992 0.983 857 
7 4 . - 0 . 8 1 0.441 16 0.995 0.989 1294 
7 5 . 15.2 0.084 16 0.887 0.788 52 
7 6 . 4.6 0.339 16 0.943 0.889 112 
7 7 . 9.35 0.216 16 0.965 0.932 192 
7 8 . 14.0 0.244 16 0.954 0.909 140 
7 9 . 57.0 2.158 16 0.989 0.978 6 3 1 

*See n e x t p a g e 
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The following i d e n t i f i c a t i o n n u m b e r s serve to index 

the m o d e l n u m b e r d e s c r i b e d in T a b l e 2 3 : 

1. P o p u l a t i o n g r e a t e r than five y e a r s of age m a k i n g trip 
2. T o t a l n u m b e r of d w e l l i n g u n i t s 
3. T o t a l Car o w n e r s h i p 
4. T o t a l E m p l o y m e n t 
5. A u t o D r i v e r T r i p s - To h o m e 
6. To w o r k 
7. To p e r s o n a l b u s i n e s s 
8. To s o c i a l - r e c r e a t i o n 
9. To s h o p p i n g 

1 0 . To o t h e r (change t r a v e l m o d e , serve 
a p a s s e n g e r , school) 

1 1 . Total t o - t r i p s 
1 2 . A u t o P a s s e n g e r T r i p s - To h o m e 
1 3 . . T o w o r k 
1 4 . To p e r s o n a l b u s i n e s s 
1 5 . T o s o c i a l - r e c r e a t i o n 
1 6 . T o shopping 
1 7 . To o t h e r (ctm, sap, school) 
1 8 . T o t a l t o - t r i p s 
1 9 . T r a n s i t P a s s e n g e r T r i p s - To h o m e 
2 0 . To w o r k 
2 1 . To p e r s o n a l b u s i n e s s 
2 2 . To s o c i a l - r e c r e a t i o n 
2 3 . To s h o p p i n g 
2 4 . To o t h e r (ctm, sap, school) 
2 5 . T o t a l t o - t r i p s 
2 6 . Taxi P a s s e n g e r Trips - To h o m e 
2 7 . To p e r s o n a l b u s i n e s s 
2 8 . To s o c i a l - r e c r e a t i o n 
2 9 . To s h o p p i n g 
3 0 . To o t h e r 
3 1 . T o t a l t o - t r i p s 
3 2 . S c h o o l Bus P a s s e n g e r Trips - To h o m e 
3 3 . To school 
3 4 . Total t o - t r i p s 
3 5 . A l l M o d e s T r i p s - To h o m e 
3 6 . To w o r k 
3 7 . To p e r s o n a l b u s i n e s s 
3 8 . To s o c i a l - r e c r e a t i o n 
3 9 . To s h o p p i n g 
4 0 . To o t h e r 
4 1 . T o t a l t o - t r i p s 
4 2 . A u t o D r i v e r T r i p s - From H o m e 
4 3 . F r o m w o r k 
4 4 . From p e r s o n a l b u s i n e s s 
4 5 . From s o c i a l - r e c r e a t i o n 
4 6 . " F r o m s h o p p i n g 
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47. F r o m o t h e r (ctm, sap, school) 
48. T o t a l f r o m - t r i p s 
49. A u t o P a s s e n g e r T r i p s - F r o m h o m e 
50. From w o r k 
51. F r o m p e r s o n a l b u s i n e s s 
52. F r o m s o c i a l - r e c r e a t i o n 
53. F r o m s h o p p i n g 
54. From o t h e r 
55. T o t a l f r o m - t r i p s 
56. S c h o o l B u s P a s s e n g e r T r i p s - F r o m h o m e 
57. From school 
58. T o t a l f r o m - t r i p s 
59. T r a n s i t P a s s e n g e r Trips - From h o m e 
60. From w o r k 
61. F r o m p e r s o n a l b u s i n e s s 
62. From s o c i a l - r e c r e a t i o n 
63. F r o m s h o p p i n g 
64. From o t h e r 
65. T o t a l f r o m - t r i p s 
66. Taxi P a s s e n g e r Trips - From h o m e 
67. From w o r k 
68. From p e r s o n a l b u s i n e s s 
69. From s o c i a l - r e c r e a t i o n 
70. From s h o p p i n g 
71. From o t h e r 
72. T o t a l f r o m - t r i p s 
73. A l l M o d e s Trips - From h o m e 
74. From w o r k 
75. F r o m p e r s o n a l b u s i n e s s 
76. From s o c i a l - r e c r e a t i o n 
77. From s h o p p i n g 
78. F r o m o t h e r 
79. T o t a l f r o m - t r i p s 

F o r the M o d e l - S u m m a r y t a b u l a t i o n g i v e n in T a b l e 23, 

the b a s i c m o d e l w h i c h w a s d e v e l o p e d w a s : 

Y = a + b X 

w h e r e Y = a t t r i b u t e d e s c r i b e d b y index n u m b e r (thousands) 

X = p o p u l a t i o n (thousands) 

a = c o n s t a n t 

b = slope of r e g r e s s i o n line 

N = n u m b e r of o b s e r v a t i o n s 
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R = C o r r e l a t i o n c o e f f i c i e n t 

R2= C o e f f i c i e n t of d e t e r m i n a t i o n 

F = F - r a t i o from A n a l y s i s of V a r i a n c e 
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C H A P T E R VI 

M I C R O S C O P I C I N V E S T I G A T I O N 

A f t e r p e r f o r m i n g the m a c r o s c o p i c i n v e s t i g a t i o n w h e r e 

in e a c h u r b a n study area w a s t r e a t e d as an i n d i v i d u a l unit 

it w a s decided, as d i s c u s s e d e a r l i e r , to c h a n g e the scope of 

the i n v e s t i g a t i o n to the m i c r o s c o p i c level, that is, to the 

z o n a l l e v e l . This level of the r e s e a r c h e n c o m p a s s e d two 

p h a s e s . In the first p h a s e e a c h s t u d y area w a s i n v e s t i g a t e d 

on an i n d i v i d u a l b a s i s w i t h r e s p e c t to its zonal c h a r a c t e r 

i s t i c s . In the s e c o n d p h a s e the data from all z o n e s w e r e 

c o m b i n e d w i t h n o r e c o g n i t i o n as to its f o r m e r a s s o c i a t i o n 

w i t h a s p e c i f i c u r b a n a r e a . 

Z o n a l A t t r i b u t e s W i t h i n U r b a n A r e a s 

The first p h a s e of this level of study w a s to a t t e m p t 

d e t e r m i n a t i o n of the p o s s i b i l i t y of i n t e r r e l a t i o n s b e t w e e n 

a t t r i b u t e s as m e a s u r e d on a z o n a l b a s i s w i t h i n i n d i v i d u a l 

s t u d y a r e a s . The common a t t r i b u t e s w h i c h m i g h t r e p r e s e n t 

the "size f a c t o r " w e r e r e p o r t e d on a z o n a l b a s i s in e i g h t e e n 

of t h e s t u d y a r e a s to b e zonal p o p u l a t i o n , z o n a l car o w n e r 

ship, and z o n a l d w e l l i n g u n i t s . In f i f t e e n of the e i g h t e e n 

s t u d y a r e a s z o n a l labor force w a s r e p o r t e d . The z o n a l 

a t t r i b u t e s (car o w n e r s h i p , d w e l l i n g u n i t s , p o p u l a t i o n , labor 

force) from e a c h of the r e s p e c t i v e s t u d y a r e a s w e r e a n a l y z e d 
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w i t h r e s p e c t to i n t e r r e l a t i o n s h i p s . The n u m b e r of z o n e s 

i n v o l v e d in t h i s a n a l y s i s t o t a l e d a p p r o x i m a t e l y 2 5 0 0 . The 

s m a l l e s t n u m b e r of z o n e s for a n y s t u d y area w a s a p p r o x i 

m a t e l y 4 0 (Lake C h a r l e s , La., and Las V e g a s , N e v . ) , w h i l e 

the l a r g e s t n u m b e r of z o n e s for a n y one s t u d y a r e a w a s 

a p p r o x i m a t e l y 300 (Salt Lake City, U t a h ) . 

D u r i n g the c o u r s e of this s t u d y m o r e than the four 

a t t r i b u t e s l i s t e d a b o v e w e r e s t u d i e d . In some c a s e s there 

w e r e as few as six of the s t u d i e s w h i c h h a d i n c l u d e d z o n a l 

data on a s p e c i f i c a t t r i b u t e . Some of the a t t r i b u t e s 

s t u d i e d in a d d i t i o n to the four m a j o r o n e s listed a b o v e 

w e r e r e n t e d d w e l l i n g u n i t s , o w n e d d w e l l i n g u n i t s , p o p u l a 

tion g r e a t e r than five y e a r s of age, l i c e n s e d d r i v e r s , 

p o p u l a t i o n g r e a t e r than five y e a r s m a k i n g trips, cars per 

d w e l l i n g unit, i n c o m e level, r e t a i l s a l e s , e m p l o y m e n t and 

land use a c r e a g e . Due to the l a c k of a s u f f i c i e n t a m o u n t 

of data these a t t r i b u t e s w e r e not i n c l u d e d in the final 

a n a l y s i s of e i g h t e e n s t u d y a r e a s . It did a p p e a r , h o w e v e r , 

t h a t a v e r y s u b s t a n t i a l a m o u n t of o v e r - c o l l e c t i o n of data 

h a d o c c u r r e d in the g r e a t m a j o r i t y of s t u d y a r e a s . 

T a b l e 24 g i v e s the z o n a l c o r r e l a t i o n c o e f f i c i e n t s 

c o m p u t e d b e t w e e n p o p u l a t i o n and three a t t r i b u t e s , car 

o w n e r s h i p , d w e l l i n g u n i t s a n d l a b o r f o r c e . 

T a b l e 25 w a s d e v e l o p e d for the z o n a l c o r r e l a t i o n 

c o e f f i c i e n t s b e t w e e n z o n a l car o w n e r s h i p and three a t t r i 

b u t e s , z o n a l p o p u l a t i o n (also g i v e n in T a b l e 2 4 ) , d w e l l i n g 
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u n i t s and labor f o r c e . The n e e d for this table b e c o m e s 

a p p a r e n t in a short w h i l e w h e n c o m p a r i s o n b e t w e e n c o r r e l a 

tion v a l u e s is m a d e . It w i l l b e seen that zonal car o w n e r 

s h i p r e l a t e s in a m o r e s a t i s f a c t o r y m a n n e r to zonal t r i p 

p r o d u c t i o n than does z o n a l p o p u l a t i o n . 

T h r e e e q u a t i o n s of b e s t - f i t w e r e d e v e l o p e d b y stan

dard l e a s t - s q u a r e s t e c h n i q u e s of the form Y = a + b (X) , 

w h e r e i n p o p u l a t i o n of a zone w a s u t i l i z e d as the X - v a l u e . 

T h e s e e q u a t i o n s are g r a p h i c a l l y i l l u s t r a t e d in F i g u r e s 52 

t h r o u g h 5 4 . 
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Table 2 4 . C o r r e l a t i o n C o e f f i c i e n t s B e t w e e n Z o n a l 
P o p u l a t i o n and Three 
S e l e c t e d A t t r i b u t e s 

S t u d y A r e a 
Z o n a l A t t r i b u t e s 

* 

Car O w n e r s h i p D w e l l i n g U n i t s L a b o r F o r c e 

R a p i d C i t y .9969 .9900 .9912 
C a s p e r .9328 .9591 -S i o u x F a l l s .9758 .9629 .9770 
Lewi s t o n - A u b u r n .9324 .9508 .9589 
Lake C h a r l e s .8980 .9575 .9964 
Las V e g a s .9787 .9470 -M o n t g o m e r y .7593 .9757 -H u n t s v i l l e .9713 .9525 .9668 
C h a r l o t t e .7999 .9823 .9844 
A l b u q u e r q u e .9070 .9750 .9714 
C o l u m b i a .8578 .8252 .9236 
L i t t l e R o c k .9132 .9621 .9666 
C h a t t a n o o g a .8359 .9795 .9802 
K n o x v i l l e .8977 .9553 .9762 
N a s h v i l l e .8253 .9597 .9730 
Salt Lake C i t y .9741 .9374 .9449 
K a n s a s C i t y .9634 .9717 .9462 
St. L o u i s .9180 .9886 .9820 

L i s t e d in o r d e r of p o p u l a t i o n of study a r e E L . 
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Table 2 5 . C o r r e l a t i o n C o e f f i c i e n t s B e t w e e n Z o n a l 
Car O w n e r s h i p and T h r e e 
S e l e c t e d A t t r i b u t e s 

Z o n a l A t t r i b u t e s 

P o p u l a t i o n D w e l l i n g U n i t s L a b o r F o r c e 

Rapid City- .9969 .9889 .9928 
C a s p e r .9328 .9492 -Sioux F a l l s .9758 .9717 .9859 
L e w i s t o n - A u b u r n .9324 .8689 .9083 
Lake C h a r l e s .8980 .8864 .8943 
Las V e g a s .9787 .9673 -M o n t g o m e r y .7593 .8037 -H u n t s v i l l e .9713 .9310 .9602 
C h a r l o t t e .7999 .8414 .8072 
A l b u q u e r q u e .9070 .9086 .9263 
C o l u m b i a .8578 .7166 .8635 
L i t t l e R o c k .9132 .9228 .9322 
C h a t t a n o o g a .8359 .8338 .8658 
K n o x v i l l e .8977 .8667 .8864 
N a s h v i l l e .8253 .8407 .8719 
Salt Lake C i t y .9741 .9395 .9545 
K a n s a s C i t y .9634 .9349 .9174 
St. L o u i s .9180 .9200 .9081 
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C o n t i n u i n g the i n v e s t i g a t i o n on the m i c r o s c o p i c 

level, t r i p p r o d u c t i o n w a s i n v e s t i g a t e d on a z o n a l b a s i s for 

e l e v e n u r b a n a r e a s . Each u r b a n s t u d y area w a s t r e a t e d as an 

i n d i v i d u a l e n t i t y d u r i n g the first p h a s e of this level of 

s t u d y . Z o n a l p o p u l a t i o n s w e r e c o m p a r e d a g a i n s t z o n a l t r i p 

p u r p o s e u t i l i z i n g a t - h o m e t e r m i n i trips for one case and 

a t - n o n - h o m e t e r m i n i trips for a second c a s e . In a d d i t i o n , 

z o n a l car o w n e r s h i p w a s c o m p a r e d a g a i n s t r e s p e c t i v e z o n a l 

t r i p p u r p o s e for a t - h o m e t e r m i n i trips as w e l l as for 

a t - n o n - h o m e t e r m i n i t r i p s . 

Q u i t e n a t u r a l l y , one w o u l d not e x p e c t the p o p u l a t i o n 

r e s i d i n g w i t h i n an u r b a n s t u d y z o n e w h i c h c o n t a i n e d , say, 

a r e g i o n a l s h o p p i n g center and a p u b l i c school, to b e 

r e l a t e d to the n u m b e r of a t - n o n - h o m e t e r m i n i trips w i t h i n 

the z o n e . A n i n - d e p t h study of a t t r i b u t e s r e l a t e d to trip 

a t t r a c t i o n due to s h o p p i n g c e n t e r s h a s b e e n r e p o r t e d to b e 

u n d e r w a y u n d e r the d i r e c t i o n of D r . N a t a l i e Sato, as 

r e p o r t e d at the 1966 H R B c o n f e r e n c e in W a s h i n g t o n , D . C . 

( 2 9 ) . In a d d i t i o n , Louis K e e f e r ' s r e p o r t on t r i p a t t r a c t 

ion is an e x c e l l e n t s o u r c e (30) of i n f o r m a t i o n on the 

i n f l u e n c e of m a j o r a t t r a c t i o n s such as a i r p o r t s , s h o p p i n g 

c e n t e r s and i n d u s t r i a l a r e a s w i t h r e s p e c t to t r i p a t t r a c t i o n . 

T h u s , the d i r e c t i o n w h i c h w a s taken in the c o u r s e of 

this r e s e a r c h w a s in i n v e s t i g a t i n g the a t - h o m e t e r m i n i trips 

on a z o n a l b a s i s . 

Trip p u r p o s e w a s r e p o r t e d in n i n e of the e l e v e n 
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s t u d i e s in the f o l l o w i n g a t - h o m e t e r m i n i c a t e g o r i z a t i o n s : 

to t a l , w o r k , p e r s o n a l b u s i n e s s , s c h o o l , c o n v e n i e n c e shopping, 

g o o d s shopping, s o c i a l , and r e c r e a t i o n a l . In two of the 

s t u d i e s the c o m b i n e d p u r p o s e s of p e r s o n a l b u s i n e s s and 

s h o p p i n g w e r e g i v e n as one u n i t of data w h i l e the c o m b i n e d 

p u r p o s e s of s o c i a l and r e c r e a t i o n a l trips w e r e g i v e n as a 

s e p a r a t e unit of d a t a . 

In o r d e r to b e able to c o m p a r e the two s t u d y a r e a s ' 

z o n a l c h a r a c t e r i s t i c s w i t h r e s p e c t to the c o m b i n a t i o n sets 

of d a t a (personal b u s i n e s s - s h o p p i n g and s o c i a l - r e c r e a t i o n a l ) 

to the r e m a i n i n g data, three of the r e m a i n i n g s t u d i e s w e r e 

c h o s e n at random. From t h e s e s e l e c t e d s t u d i e s d a t a w h i c h 

r e p r e s e n t e d a t - h o m e t e r m i n i p e r s o n a l b u s i n e s s t r i p s w e r e 

c o m b i n e d w i t h the r e s p e c t i v e g o o d s shopping and c o n v e n i e n c e 

s h o p p i n g d a t a into one unit, and the a t - h o m e t e r m i n i s o c i a l 

d a t a w e r e c o m b i n e d w i t h the r e s p e c t i v e r e c r e a t i o n a l data 

to form a n o t h e r unit of c o m p a r i s o n d a t a . 

The c o r r e l a t i o n m a t r i x for the p o p u l a t i o n c o m p a r i s o n s 

is g i v e n as T a b l e 26 and 2 7 . The c o r r e l a t i o n c o e f f i c i e n t s 

for the car o w n e r s h i p c o m p a r i s o n s are g i v e n in T a b l e 28 and 

in T a b l e 2 9 . 
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T a b l e 2 6 . C o r r e l a t i o n C o e f f i c i e n t s B e t w e e n Z o n a l 
P o p u l a t i o n and V a r i o u s A t - H o m e T e r m i n i 

T r i p P u r p o s e s 

S t u d y A r e a Total W o r k P e r s . 
B u s . 

Sen. Conv. 
Shop 

GAF 
Shop 

Soc. R e c . 

R a p i d City .964 .978 .838 .930 .849 .837 .941 .917 
S i o u x F a l l s .942 .917 .811 .657 .807 .782 .862 .772 
H u n t s v i l l e .942 .957 .782 .895 .851 .722 .787 .790 
A l b u q u e r q u e .903 .868 .816 .777 .812 .690 .838 .782 
C o l u m b i a .825 .676 .728 .711 .759 .742 .798 .727 
L i t t l e R o c k .871 .795 .820 .788 .859 .807 .799 .807 
C h a t t a n o o g a .870 .967 • .827 .502 .765 .661 .827 .726 
K n o x v i l l e .877 .942 .790 .656 .801 .852 .883 .770 
N a s h v i l l e .847 .952 .833 .581 .677 .747 .771 .671 

Table 2 7 . C o r r e l a t i o n C o e f f i c i e n t s B e t w e e n Z o n a l 
P o p u l a t i o n and F i v e A t - H o m e T e r m i n i 

T r i p P u r p o s e s 

S t u d y A r e a Total W o r k S c h o o l P e r s . - B u s . S o c i a l -
R e c r e a t i o n 

C a s p e r .8890 .9439 .8021 .9371 .8979 
L e w i s t o n - A u b u r n .8866 .8878 .4015 .8451 .8605 
H u n t s v i l l e .9419 .9573 .8949 .9373 .9147 
C o l u m b i a .8529 .6756 .7112 .8723 .8522 
L i t t l e R o c k .8710 .7947 .7881 .9380 .8432 
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Table 2 8 . C o r r e l a t i o n C o e f f i c i e n t s B e t w e e n Z o n a l 
Car O w n e r s h i p and V a r i o u s A t - H o m e 

T e r m i n i T r i p P u r p o s e s 

S t u d y A r e a T o t a l W o r k 
P e r s . 
B u s . Sch. 

Conv. 
Shop 

GAF 
Shop S o c . R e c . 

R a p i d City- .967 .981 .838 .922 .851 .842 .947 .922 
S i o u x Falls .958 .913 .851 .712 .902 .852 .910 .890 
H u n t s v i l l e .965 .958 .790 .915 .860 .792 .805 .882 
A l b u q u e r q u e .955 .936 .899 .748 .887 .775 .814 .812 
C o l u m b i a .886 .909 .433 .795 .902 .759 .831 .848 
L i t t l e R o c k .953 .937 .688 .884 .953 .861 .858 .913 
C h a t t a n o o g a .946 .897 .843 .695 .874 .784 .887 .771 
K n o x v i l l e .951 .912 .846 .836 .888 .837 .924 .868 
N a s h v i l l e .976 .885 .880 .748 .916 .868 .941 .858 

Table 2 9 . C o r r e l a t i o n C o e f f i c i e n t s B e t w e e n Z o n a l 
Car O w n e r s h i p and F i v e A t - H o m e 

T e r m i n i T r i p P u r p o s e s 

P e r s . - B u s . S o c i a l -
S t u d y A r e a T o t a l W o r k S c h o o l S h o p p i n g R e c r e a t i o n 

C a s p e r .9760 .9431 .8397 .9572 .9267 
L e w i s t o n - A u b u r n .9014 .9392 .5046 .8838 .9101 
H u n t s v i l l e .9650 .9580 .9146 .9729 .9593 
C o l u m b i a .8858 .9089 .7945 .8197 .9328 
L i t t l e R o c k .9532 .9372 .8835 .9375 .9127 

It can b e seen that t h e r e is an a p p a r e n t d i f f e r e n c e 

in the c o r r e l a t i o n c o e f f i c i e n t s d e r i v e d for the v a r i o u s 
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a t - h o m e t e r m i n i trip p u r p o s e s as r e l a t e d to z o n a l p o p u l a t i o n 

and z o n a l c a r o w n e r s h i p a t t r i b u t e s . The c o r r e l a t i o n c o e f 

f i c i e n t s b e t w e e n z o n a l car o w n e r s h i p data and the v a r i o u s 

t r i p p u r p o s e s are c o n s i s t e n t l y h i g h e r than the r e s p e c t i v e 

z o n a l p o p u l a t i o n c o r r e l a t i o n c o e f f i c i e n t s . The e x p l a n a t i o n 

for this p r o b a b l y lies in the h y p o t h e s i s that the car o w n e r 

ship d a t a r e f l e c t s n o t o n l y the p o p u l a t i o n i n f l u e n c e but, to 

some e x t e n t , r e f l e c t s an e c o n o m i c factor as w e l l ; that is, 

the c a p a b i l i t y of car o w n e r s h i p i n f e r s t r a v e l a b i l i t y . 

U t i l i z i n g z o n a l car o w n e r s h i p data as the x - v a l u e 

input data, the e q u a t i o n s g r a p h i c a l l y i l l u s t r a t e d in 

F i g u r e s 55 t h r o u g h 63 w e r e d e v e l o p e d u s i n g least s q u a r e s 

t e c h n i q u e s . They r e p r e s e n t the s e c o n d and final p h a s e of 

the m i c r o s c o p i c level of i n v e s t i g a t i o n . The data i l l u s t r a t e d 

in F i g u r e s 55 t h r o u g h 63 are b a s e d on a c o n g l o m e r a t i o n of 

all a v a i l a b l e zonal d a t a . The m i n i m u m n u m b e r of z o n e s u t i 

lized w a s 700 (these r e p r e s e n t e d five u r b a n a r e a s in an 

a n a l y s i s of a s o c i a l - r e c r e a t i o n a l z o n a l t r i p p r o d u c t i o n 

r e l a t i o n s h i p w i t h z o n a l car o w n e r s h i p ) . A p p r o x i m a t e l y 1160 

z o n e s w e r e u t i l i z e d from n i n e u r b a n a r e a s to d e v e l o p z o n a l 

t r i p p r o d u c t i o n r e l a t i o n s h i p s b e t w e e n car o w n e r s h i p and 

five s e p a r a t e a t t r i b u t e s (personal b u s i n e s s , s o c i a l , r e c r e a 

tion, c o n v e n i e n c e shopping, and g o o d s s h o p p i n g ) . T h e r e 

w e r e e l e v e n u r b a n s t u d y a r e a s ' z o n a l d a t a u t i l i z e d to d e v e l o p 

a z o n a l trip p r o d u c t i o n r e l a t i o n s h i p b e t w e e n car o w n e r s h i p 

and t h r e e a t t r i b u t e s , n a m e l y , w o r k , s c h o o l , and t o t a l t r i p s . 



There w e r e in e x c e s s of 1450 z o n e s r e p r e s e n t e d in this 

final a n a l y s i s . 



65 

C H A P T E R VII 

C O N C L U S I O N S 

On an urban b a s i s it is p o s s i b l e to e s t i m a t e the 

q u a n t i t y of d w e l l i n g u n i t s , car o w n e r s h i p , e m p l o y m e n t and 

labor force using p o p u l a t i o n as the e s t i m a t o r . It is a l s o 

p o s s i b l e , w i t h i n the p o p u l a t i o n r a n g e of 5 0 , 0 0 0 to 8 0 0 , 0 0 0 

to e s t i m a t e the To- and From- t r i p p u r p o s e v o l u m e s for 

v a r i o u s m o d e s of t r a v e l such as A u t o D r i v e r , A u t o P a s s e n g e r , 

T a x i , T r a n s i t , or T o t a l i z e d A l l - M o d e s T r a v e l , w i t h a l i n e a r 

e q u a t i o n . 

On a z o n a l b a s i s it is p o s s i b l e to e s t i m a t e v a r i o u s 

a t t r i b u t e s a s s o c i a t e d w i t h the z o n e such as car o w n e r s h i p , 

labor force or d w e l l i n g u n i t s u t i l i z i n g p o p u l a t i o n as the 

e s t i m a t o r . Z o n a l car o w n e r s h i p is a s l i g h t l y b e t t e r e s t i 

m a t o r of t r i p v o l u m e s w h e n t r i p p u r p o s e is in q u e s t i o n than 

is z o n a l p o p u l a t i o n . B y u s e of a set of l i n e a r e q u a t i o n s , 

u t i l i z i n g car o w n e r s h i p as the e s t i m a t o r , it is p o s s i b l e to 

q u a n t i f y a t - h o m e t e r m i n i trip v o l u m e s for v a r i o u s p u r p o s e s . 

C u r r e n t o r i g i n - d e s t i n a t i o n s t u d i e s r e f l e c t a g r e a t 

a m o u n t of o v e r c o l l e c t i o n of data w h e n d a t a is u s e d for p u r 

p o s e s such as this t h e s i s . G r e a t e r a d v a n t a g e can b e taken 

of the m a n p o w e r , m o n e y and time spent in such s t u d i e s b y a 

r e e v a l u a t i o n of data c o l l e c t i o n p r o c e d u r e s . 
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C H A P T E R V I I I 

S U G G E S T I O N S F O R F U T U R E R E S E A R C H 

B a s e d on the f i n d i n g s that o v e r c o l l e c t i o n of d a t a 

(or c o l l e c t i o n of the same data u n d e r v a r i o u s forms) m a y b e 

e v i d e n t , it w o u l d seem that an i d e n t i f i c a t i o n of a d d i t i o n a l 

s o c i o - e c o n o m i c a t t r i b u t e s w h i c h are not s t r o n g l y related, 

for u s e in d e v e l o p i n g a d d i t i o n a l t r i p p r o d u c t i o n e q u a t i o n s 

w o u l d b e m o s t s o r e l y n e e d e d . Such i d e n t i f i c a t i o n s h o u l d b e 

m a d e on two l e v e l s , a m a c r o s c o p i c or u r b a n level and a 

m i c r o s c o p i c or z o n a l l e v e l . 

T h e d e f i n i t i o n of w h a t d o e s , and w h a t d o e s not, con

s t i t u t e the C e n t r a l B u s i n e s s D i s t r i c t area is q u i t e v a g u e 

in m o s t s t u d i e s . E x i s t i n g g u i d e lines for d e t e r m i n a t i o n of 

c h a r a c t e r i s t i c s to d e s c r i b e such an area in a s u s p e c t e d C B D 

area s h o u l d b e u t i l i z e d . 

T r i p p u r p o s e w i t h r e s p e c t to c a t e g o r i z a t i o n s h o u l d b e 

i m p r o v e d . F o r e x a m p l e , the c a t e g o r i z a t i o n of p e r s o n a l b u s i 

n e s s t r i p s a p p e a r s to b e the m o s t v a r i a b l e . T h i s m a y b e 

d u e to a d i f f i c u l t y in d e s c r i b i n g the a t t r i b u t e s of a p e r 

sonal b u s i n e s s t r i p . A c l e a r set of g u i d e lines for d e t e r 

m i n i n g s t a n d a r d d e f i n i t i o n s for all t r i p p u r p o s e s w o u l d b e 

m o s t h e l p f u l . 

The m e t h o d of c o l l e c t i n g d a t a to d e t e r m i n e t r i p o r i -
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g i n s , t r a v e l r o u t e s and s u b s e q u e n t t r i p d e s t i n a t i o n s b y 

m e a n s of a r o a d s i d e i n t e r v i e w should b e c h a n g e d to r e f l e c t 

s o p h i s t i c a t i o n in d a t a c o l l e c t i o n t e c h n i q u e s . In a r e a s 

w h e r e a u t o i n s p e c t i o n s are m a n d a t o r y such a c h a n g e is m o s t 

a s s u r e d l y p o s s i b l e . The r e s u l t s of such a c h a n g e w o u l d b e 

a l e s s e n i n g in the cost of an 0-D s t u d y along w i t h a c o n t i n 

u o u s p r o g r a m of 0-D s a m p l i n g at the d i s c r e t i o n of the t r a f 

fic p l a n n i n g e n g i n e e r . 
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A P P E N D I C E S 
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A P P E N D I X A 

P r e s e n t e d h e r e i n a f t e r are F i g u r e s 4 t h r o u g h 6 3 . 

Since the figures w e r e p l o t t e d using a h i g h speed computer, 

it w a s n e c e s s a r y to "code" the data l o c a t i o n s to i n d i c a t e 

the n u m b e r of p i e c e s of data l o c a t e d at any d i s c r e t e p o s i 

t i o n . For F i g u r e s 4 t h r o u g h 51 this c o d i n g is rather s t r a i g h t 

f o r w a r d . A "*" i n d i c a t e s one p i e c e of data, " 2 " i n d i c a t e s 

two p i e c e s of data, " 3 " i n d i c a t e s t h r e e p i e c e s of data, and 

so f o r t h . N o l o c a t i o n h a d m o r e than n i n e p i e c e s of d a t a . 

In F i g u r e s 52 t h r o u g h 63, w h e r e large n u m b e r s of 

d a t a m i g h t b e located at a single p o s i t i o n it w a s n e c e s s a r y 

to use the f o l l o w i n g c o d i n g shown in Table 3 2 . 



T a b l e 3 2 . Coding U t i l i z e d in F i g u r e s 52 
T h r o u g h 63 

N u m b e r of O b s e r v a t i o n s at 
Code S p e c i f i e d L o c a t i o n s 

* 1 
+ 2 - 9 
1 1 0 - 1 9 
2 2 0 - 2 9 
3 3 0 - 3 9 
4 4 0 - 4 9 
5 5 0 - 5 9 
6 6 0 - 6 9 
7 7 0 - 7 9 
8 8 0 - 8 9 
9 9 0 - 9 9 
x 1 0 0 - 1 2 5 
# 1 2 6 - 1 4 9 
0 150 or g r e a t e r 
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C o r r e l a t i o n C o e f f i c i e n t (R ) 0 . 9 9 2 
C o e f f i c i e n t o f D e t e r m i n a t i o n ( R 2 ) 0 . 9 8 5 
S t a n d a r d E r r o r o f E s t i m a t e 2 3 . 9 
F - r a t io 917 

F i g u r e 4 . L a b o r F o r c e - E m p l o y m e n t 
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POPULATION (THOUS) 

Correlation Coeff ic ien t (R) 0.999 
Coeff ic ien t of Determination ( R 2 ) 0.997 
Standard Error of E s t i m a t e . . . . . . . . . . . . 6.96 
F-ratio 4170 

Figure 5. Population Relationships 
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P O P U L A T I O N ( T H O U S ) 

C o r r e l a t i o n C o e f f i c i e n t ( R ) 0 . 9 9 2 
C o e f f i c i e n t o f D e t e r m i n a t i o n ( R 2 ) 0 . 9 8 3 
S t a n d a r d E r r o r o f E s t i m a t e 9 . 1 3 
F - r a t i o 1190 

F i g u r e 6. D w e l l i ng U n i t s 
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Y = 3 .40 + 0 . 3 1 8 ( X ) 

0 100 200 300 400 500 600 700 800 

P O P U L A T I O N ( T H O U S ) 

C o r r e l a t i o n C o e f f i c i e n t (R ) 0 .995 
C o e f f i c i e n t o f D e t e r m i n a t i o n ( R 2 ) 0 . 9 8 9 
S t a n d a r d E r r o r o f E s t i m a t e . . . . 7 . 56 
F - r a t i o 1870 

F i g u r e 7 . Car O w n e r s h i p 



Y = - 2 . 5 0 • 0 . 3 7 0 ( X ) 
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C o r r e l a t i o n C o e f f i c i e n t ( R ) 0 . 986 
C o e f f i c i e n t o f D e t e r m i n a t i o n ( R 2 ) 0 . 9 7 3 
S t a n d a r d E r r o r o f E s t i m a t e 1 4 . 2 
F - r a t i o 71 6 

F i g u r e 8. E m p l o y m e n t 
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F i g u r e 9. M e d i a n I n c o m e 
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Y = 14 .71 + 0 . 4 5 1 C X ) 

P O P U L A T I O N ( T H O U S ) 

C o r r e l a t i o n C o e f f i c i e n t ( R ) 0 . 9 9 0 
C o e f f i c i e n t o f D e t e r m i n a t i o n ( R 2 ) 0 . 9 8 0 
S t a n d a r d E r r o r o f E s t i m a t e 1 3 . 2 5 
F - r a t i o . . . . 68 

F i g u r e 1 0 . A u t o D r i v e r F r o m - h o m e T r i p s 
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Y = 3 . 5 0 + 0 . 3 0 7 ( X ) 

P O P U L A T I O N ( T H O U S ) 

C o r r e l a t i o n C o e f f i c i e n t ( R ) 0 . 9 9 3 
C o e f f i c i e n t o f D e t e r m i n a t i o n ( R 2 ) 0 . 9 8 7 
S t a n d a r d E r r o r o f E s t i m a t e 7 . 2 8 
F - r a t io 1037 

F i g u r e 1 1 . A u t o D r i v e r F r o m - w o r k T r i p s 



Y = 1 2 . 0 2 + 0 . 0 5 4 ( X ) 

200 400 600 

P O P U L A T I O N ( T H O U S ) 

C o r r e l a t i o n C o e f f i c i e n t ( R ) . . . 0 . 8 7 8 
C o e f f i c i e n t o f D e t e r m i n a t i o n ( R 2 ) . 0 .771 
S t a n d a r d E r r o r o f E s t i m a t e 5 . 9 9 
F - r a t i o 47 

F i g u r e 1 2 . 

A u t o D r i v e r F r o m - p e r s o n a l b u s i n e s s T r i p s 
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Y = 4.1 + 0 . 1 4 ( X ) 

w 150 
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200 400 

P O P U L A T I O N ( T H O U S ) 

C o r r e l a t i o n C o e f f i c i e n t ( R ) 0 . 9 2 0 
C o e f f i c i e n t o f D e t e r m i n a t i o n ( R 2 ) 0 . 8 4 6 
S t a n d a r d E r r o r o f E s t i m a t e 1 2 . 2 
F - r a t i o . . . . . 77 

F i g u r e 1 3 . 

A u t o D r i v e r F r o m - s o c i a l - r e c r e a t i o n T r i p s 
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Y = 9 . 1 6 + 0 . 1 4 ( X ) 

P O P U L A T I O N ( T H O U S ) 

C o r r e l a t i o n C o e f f i c i e n t ( R ) 0 . 9 5 6 
C o e f f i c i e n t o f D e t e r m i n a t i o n ( R 2 ) 0 . 9 1 3 
S t a n d a r d E r r o r o f E s t i m a t e 8 . 5 7 
F - r a t i o 147 

F i g u r e 1 4 . A u t o D r i v e r F r o m - s h o p p i n g T r i p s 
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Y r 9.53 + 0.18(X) 

C o r r e l a t i o n C o e f f i c i e n t ( R ) . . . 0 . 9 5 9 
C o e f f i c i e n t o f D e t e r m i n a t i o n ( R 2 ) 0 . 9 1 9 
S t a n d a r d E r r o r o f E s t i m a t e . . 1 0 . 9 
F - r a t i o 1 60 

F i g u r e 1 5 . A u t o D r i v e r M i s c e l l a n e o u s F r o m - T r i p s 
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Y = 5 3 . 0 + 1 . 2 6 8 ( X ) 

P O P U L A T I O N ( T H O U S ) 

C o r r e l a t i o n C o e f f i c i e n t ( R ) 0 . 9 8 5 
C o e f f i c i e n t o f D e t e r m i n a t i o n ( R 2 ) 0 . 9 7 0 
S t a n d a r d E r r o r o f E s t i m a t e . . 4 5 . 2 
F - r a t i o . . . 460 

F i g u r e 1 6 . A u t o D r i v e r T o t a l F r o m - T r i p s 
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Y = 8 . 2 8 + 0 . 2 7 K X ) 

C o r r e l a t i o n C o e f f i c i e n t ( R ) . . 0 . 9 8 2 
C o e f f i c i e n t o f D e t e r m i n a t i o n ( R 2 ) . . . . . 0 . 9 6 4 
S t a n d a r d E r r o r o f E s t i m a t e 1 0 . 8 
F - r a t i o 348 

F i g u r e 1 7 . A u t o P a s s e n g e r F r o m - h o m e T r i p s 
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Y = - 0 . 1 7 + 0 . 0 7 4 ( X ) 

P O P U L A T I O N ( T H O U S ) 

C o r r e l a t i o n C o e f f i c i e n t (R ) 0 . 9 8 6 
C o e f f i c i e n t o f D e t e r m i n a t i o n ( R 2 ) 0 . 9 7 3 
S t a n d a r d E r r o r o f E s t i m a t e 2 .54 
F - r a t i o 463 

F i g u r e 18 . A u t o P a s s e n g e r F r o m - w o r k T r i p s 
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Y = 4 . 2 + 0 . 0 1 9 9 ( X ) 
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C o r r e l a t i o n C o e f f i c i e n t ( R ) 0 . 7 8 2 
C o e f f i c i e n t o f D e t e r m i n a t i o n ( R 2 ) 0 . 6 1 2 
S t a n d a r d E r r o r o f E s t i m a t e 3 . 2 5 
F - r a t i o 20 

F i g u r e 1 9 . A u t o P a s s e n g e r 

F r o m - p e r s o n a l b u s i n e s s T r i p s 
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Y = 2 . 5 2 + 0 . 1 8 5 ( X ) 
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C o e f f i c i e n t o f D e t e r m i n a t i o n ( R 2 ) 0 . 9 0 0 
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F - r a t io . 112 

F i g u r e 2 0 . 

A u t o P a s s e n g e r F r o m - s o c i a l - r e c r e a t i o n T r i p s 
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Y = 1 .69 + 0 . 0 6 5 ( X ) 

P O P U L A T I O N ( T H O U S ) 

C o r r e l a t i o n C o e f f i c i e n t (R ) . . . . . 0 . 9 4 3 
C o e f f i c i e n t o f D e t e r m i n a t i o n ( R 2 ) . . . . . 0 . 8 8 9 
S t a n d a r d E r r o r o f E s t i m a t e , 4 . 7 5 
F - r a t io , 1 0 4 

F i g u r e 2 1 . 

A u t o P a s s e n g e r F r o m - s h o p p i n g T r i p s 
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P O P U L A T I O N ( T H O U S ) 

C o r r e l a t i o n C o e f f i c i e n t ( R ) 0 . 7 7 3 
C o e f f i c i e n t o f D e t e r m i n a t i o n ( R 2 ) 0 . 5 9 8 
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Figure 57. Zonal Social Trips 
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A P P E N D I X B 

In C h a p t e r V the c h o i c e of the e q u a t i o n of b e s t fit 

w a s i n d i c a t e d to b e of the form Y = a + b X . This is the 

r e s u l t of two s t u d i e s w h i c h w e r e p e r f o r m e d . 

The first s t u d y w a s that of c o m p a r i n g the r e s u l t s 

o b t a i n e d b y a t t e m p t i n g to fit a l i n e a r and n o n - l i n e a r 

e q u a t i o n to the d a t a . L o o k i n g at the d a t a p l o t t e d in 

F i g u r e s 10 t h r o u g h 51 the c h o i c e of an e q u a t i o n of "best 

fit" of the form Y = a + b x n for v a l u e s of "n" g r e a t e r than 

z e r o and less than one m i g h t b e c o n s i d e r e d r e a s o n a b l e . The 

v a l u e of "n" e q u a l to z e r o w o u l d n o t y i e l d as g o o d a "fit" 

as for n - v a l u e s g r e a t e r than z e r o . The v a l u e of "n" g r e a t e r 

than one, say n = 2, c a u s e s the curve to take on a shape 

c o n t r a r y to that i n d i c a t e d . A c h o i c e of the e q u a t i o n 

Y = a + b X + c X 2 + d x 3 + ... + i X k w h e r e "k" is e q u a l to 

the n u m b e r of o b s e r v a t i o n s m i n u s one w o u l d m o s t c e r t a i n l y 

"fit" p e r f e c t l y . The j u s t i f i c a t i o n of such a c h o i c e w o u l d 

not, h o w e v e r , be p o s s i b l e . 

T a b l e 30 i l l u s t r a t e s the r e s u l t s of the s t u d y in 

q u e s t i o n for two c h o i c e s of the v a l u e of "n". S t a n d a r d 

r e g r e s s i o n - c o r r e l a t i o n t e c h n i q u e s w e r e u t i l i z e d to secure 

the v a l u e s g i v e n in T a b l e 30 . 

The h e a d i n g s of T a b l e 30 w i t h r e s p e c t to v a l u e s of 

"n" and "b" agree w i t h those v a l u e s d e s c r i b e d in the 
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e q u a t i o n of the form Y = a + b X w h i l e the v a l u e of S.E.E. 
2 

is the s t a n d a r d e r r o r of the e s t i m a t e . The t e r m s R, R , and 

F are d e s c r i b e d in T a b l e 2 3 . 

In a t t e m p t i n g to c h o o s e the "best" e q u a t i o n o f those 

p r e s e n t e d in T a b l e 30 the a r g u m e n t of w h i c h a t t r i b u t e s w o u l d 

d e s c r i b e the "best" e q u a t i o n w a s r a i s e d . S t a t i s t i c a l l y 

s p e a k i n g the m e t h o d i n v o l v e d setting the n u l l h y p o t h e s i s 

that the c u r v e s r e s u l t i n g from the two v a l u e s of "n" w e r e 

d i f f e r e n t from each other, that is, w e r e n o t the same c u r v e s . 

The a l t e r n a t e h y p o t h e s i s w o u l d then f o l l o w to b e that the 

two c u r v e s could not b e shown to b e d i f f e r e n t from each 

o t h e r . For each set of d a t a i l l u s t r a t e d in Table 3 0 , as 

w e l l as for A u t o P a s s e n g e r t r i p s to seven d e s t i n a t i o n s , a 

p l o t of b o t h curves w a s m a d e . It w a s found, in e v e r y case 

t e s t e d w i t h i n the p o p u l a t i o n limits imposed b y the a v a i l a b l e 

data, that b o t h c u r v e s fell not o n l y w i t h i n the h y p e r b o l i c 

e n v e l o p e l o c a t e d b y s t a n d a r d r e g r e s s i o n t e c h n i q u e s a b o u t 

the l i n e a r function, b u t t h e y b o t h fell w i t h i n p a r a l l e l 

l i n e s to the l i n e a r f u n c t i o n drawn at a d i s t a n c e of two 

s t a n d a r d d e v i a t i o n s . W i t h this g r a p h i c i l l u s t r a t i o n it w a s 

c o n c l u d e d that the n u l l h y p o t h e s i s s h o u l d b e r e j e c t e d and 

that the e v i d e n c e failed to s h o w the d i s s i m i l a r i t y b e t w e e n 

the two d e s c r i p t i v e e q u a t i o n s p r o p o s e d . 

On the b a s i s of j u d g m e n t it m u s t b e a r g u e d that the 

u l t i m a t e use of the e q u a t i o n s m u s t b e c o n s i d e r e d . W i t h i n 

w h a t l i m i t s of a c c u r a c y w i l l the e q u a t i o n s b e u s e d ? W i t h 
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T a b l e 3 0 . C o m p a r i s o n of L i n e a r and N o n - L i n e a r 
E q u a t i o n s of B e s t Fit for A u t o 

D r i v e r Trips to 
V a r i o u s D e s t i n a t i o n s 

2 
A u t o D r i v e r n b R R' S.E.E. T r i p s 

To H o m e 0.50 0.53 0.989 0.979 24.1 732 
1.00 0.36 0.987 0.974 26.5 600 

To W o r k 0.50 0.35 0.989 0.979 25.0 722 
1.00 0.23 0.984 0.969 19.0 493 

To P e r s . B u s . 0.50 6.54 0.962 0.925 5.7 199 
1.00 0.44 0.955 0.912 6.1 167 

To S o c . - R e c . 0.50 12.67 0.926 0.857 1 5 . 8 96 
1.00 0.08 0.883 0.780 19.6 57 

To S h o p p i n g 0.50 14.23 0.984 0.970 7.7 52 
1.00 0.09 0.959 0.919 12.5 18 

To O t h e r 0.50 1 7 . 3 4 0.978 0.956 11.3 336 
1.00 0.11 0.946 0.894 17.6 135 

T o t a l T o - T r i p s 0.50 138.76 0.990 0.980 6 0 . 0 800 
1.00 0.93 0.977 0.954 9 2 . 0 331 

r e s p e c t to t r a n s p o r t a t i o n p l a n n i n g e i t h e r of the e q u a t i o n s 

fall w i t h i n the r e q u i r e d limits of a c c u r a c y . On this b a s i s 

the linear e q u a t i o n w o u l d b e the c h o i c e due to its e a s e of 

c o m p u t a t i o n and s i m p l i c i t y . 
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The second a r g u m e n t in c h o i c e of d e s c r i p t i v e e q u a t i o n 

c o n c e r n e d the u t i l i z a t i o n of a s i n g l e v a r i a b l e e q u a t i o n or 

a m u l t i v a r i a b l e e q u a t i o n . On a z o n a l b a s i s w i t h i n u r b a n 

a r e a s t h e r e are m a n y a t t r i b u t e s m e a s u r e d . T h e y g e n e r a l l y 

i n c l u d e p o p u l a t i o n , p o p u l a t i o n g r e a t e r than five y e a r s of 

age, p o p u l a t i o n g r e a t e r than five y e a r s of age m a k i n g 

t r i p s , d w e l l i n g u n i t s owned, d w e l l i n g u n i t s rented, t o t a l 

d w e l l i n g u n i t s , car o w n e r s h i p , l a b o r forces, e m p l o y m e n t , 

n u m b e r of l i c e n s e d d r i v e r s , n u m b e r of s c h o o l aged c h i l d r e n , 

r e s i d e n t i a l a c r e a g e , i n c o m e level, c a r s per d w e l l i n g unit, 

d i s t a n c e from the CBD, t o t a l p e r s o n trips, a u t o d r i v e r 

t r i p s , a u t o p a s s e n g e r t r i p s , r e t a i l sales, c o m m e r c i a l 

a c r e a g e , t r i p s b y p u r p o s e to the CBD, among o t h e r s . Since 

t h e s e a t t r i b u t e s are q u a n t i f i e d on a zonal b a s i s t h e y can 

b e s u m m a r i z e d on an u r b a n area b a s i s . It w a s d e c i d e d to 

i n v e s t i g a t e as m a n y of t h e s e a t t r i b u t e s as p o s s i b l e in an 

a t t e m p t to d i s c o v e r the i n t e r r e l a t i o n s h i p s among and b e t w e e n 

the a t t r i b u t e s . A l l of the a t t r i b u t e s listed a b o v e w e r e 

n o t g i v e n on a z o n a l b a s i s in all of the s t u d i e s u t i l i z e d in 

this r e s e a r c h . A n a t t e m p t w a s m a d e to m a x i m i z e the n u m b e r 

of a t t r i b u t e s w i t h o u t m i n i m i z i n g the n u m b e r of u r b a n a r e a s 

i n v o l v e d in the study. Two i n v e s t i g a t i o n s resulted, one 

u t i l i z i n g six u r b a n areas and a s e c o n d i n v o l v i n g e i g h t 

u r b a n a r e a s . From a s t a t i s t i c a l s t u d y of one h u n d r e d 

z o n e s c h o s e n at random from six u r b a n a r e a s the. f o l l o w i n g 
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three g r o u p s of data w e r e d e t e r m i n e d on the b a s i s of h i g h 

c o r r e l a t i o n s w i t h i n e a c h g r o u p . 

G r o u p 1. Size 
P o p u l a t i o n 
P o p u l a t i o n g r e a t e r than five y r s . age 
P o p ' n g r e a t e r than five y r s . age 

m a k i n g a t r i p 
D w e l l i n g u n i t s owned 
D w e l l i n g u n i t s r e n t e d 
Total d w e l l i n g u n i t s 
Car O w n e r s h i p 
L a b o r force 
N u m b e r of l i c e n s e d d r i v e r s 
T o t a l n u m b e r of trips 
N u m b e r of a u t o d r i v e r t r i p s 
N u m b e r o f a u t o p a s s e n g e r t r i p s 

G r o u p 2. I n c o m e 
I n c o m e level 
Cars p e r d w e l l i n g u n i t 
T r i p s p e r p e r s o n 

G r o u p 3. E c o n o m y 
R e t a i l Sales 

From a s u b s e q u e n t s t a t i s t i c a l a n a l y s i s of 125 z o n e s 

c h o s e n at random from e i g h t u r b a n a r e a s the f o l l o w i n g three 

g r o u p s of h i g h l y i n t e r c o r r e l a t e d a t t r i b u t e s w e r e d i s c o v e r e d . 

G r o u p 1. Size 
P o p u l a t i o n 
L a b o r force 
S c h o o l aged c h i l d r e n 
Car o w n e r s h i p 
D w e l l i n g u n i t s 
R e s i d e n t i a l a c r e a g e 
T o t a l p e r s o n t r i p s to the C B D 
A u t o v e h i c l e trips to the C B D 
T r a n s i t trips to the C B D 
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G r o u p 2. I n c o m e 
I n c o m e level 
D i s t a n c e from the C B D 
T r u c k p a s s e n g e r t r i p s to the C B D 

G r o u p 3. E c o n o m y 
R e t a i l Sales 
C o m m e r c i a l a c r e a g e 
E m p l o y m e n t 

Taxi t r i p s to the C B D 

It w a s a s s u m e d that c h a r a c t e r i s t i c s w h i c h t e n d e d to 

d e f i n e some z o n a l a t t r i b u t e in an u r b a n area m i g h t also tend 

to d e s c r i b e the same a t t r i b u t e on an u r b a n b a s i s . S t a t i s t i c a l 

a n a l y s e s w e r e p e r f o r m e d on the u r b a n level and t h e r e s u l t s 

s e e m e d to i n d i c a t e that two g r o u p s of a t t r i b u t e s e m e r g e from 

a p p r o x i m a t e l y t w e n t y a t t r i b u t e s c o m m o n l y m e a s u r e d in o r i g i n -

d e s t i n a t i o n s t u d i e s . The two g r o u p s are size and i n c o m e . 

This p o i n t is i l l u s t r a t e d in Table 5. 

W i t h b u t two a t t r i b u t e s w h i c h are n o t h i g h l y 

c o r r e l a t e d on an u r b a n l e v e l an e q u a t i o n of the form 

Y = a + bXj^ + c X 2 

w h e r e X ^ = p o p u l a t i o n and 

X 2 = m e d i a n income 

w a s fitted to the A u t o D r i v e r trips to seven v a r i o u s 

d e s t i n a t i o n s . The c o n t r i b u t i o n of the term i n v o l v i n g m e d i a n 

income w a s n e g l i g a b l e as i l l u s t r a t e d in Table 3 1 . 

A f t e r studying the e f f e c t of the a d d i t i o n of the 

m e d i a n i n c o m e a t t r i b u t e it b e c a m e a p p a r e n t that the in

c l u s i o n of such an a t t r i b u t e w o u l d lend l i t t l e to the 



T a b l e 3 1 . C o m p a r i s o n of Single V a r i a b l e and 
M u l t i v a r i a b l e E q u a t i o n s of B e s t 

Fit for A u t o D r i v e r Trips to 
V a r i o u s D e s t i n a t i o n s 

A u t o D r i v e r Trip _a b R_ 

To H o m e 13 .66 0. 4 5 0 0 0. 979 
13 .57 0. 4 4 1 0.02 0. 984 

To W o r k 3 .61 0. 308 0 0. 990 
7 .82 0. 299 0.017 0. 992 

To P e r s . B u s . 12 .23 0. 054 0 0. 761 
- 1 .10 0. 053 0.031 0. 840 

To S o c . - R e c . 4 .32 0. 140 0 0. 847 
6 .46 0. 137 0.002 0. 870 

To S h o p p i n g 9 .30 0. 140 0 0. 912 
5 .14 0. 136 0.010 0. 931 

To M i s c e l l a n e o u s 9 .87 0. 181 0 0. 9 1 8 
11 .23 0. 174 0.004 0. 923 

T o t a l T o - T r i p s 53 .0 1. 268 0 0. 970 
72 .2 1. 245 0.077 0. 975 

* F o r c-values of z e r o the e q u a t i o n of the form Y =; a + b X 
is i n d i c a t e d . 
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v a l i d i t y of the s i n g l e v a r i a b l e e q u a t i o n . O n the s u r f a c e 

it w o u l d seem that t h e r e is an i n o r d i n a t e a m o u n t of o v e r -

c o l l e c t i o n of data b e i n g r e q u i r e d b y the s p o n s o r i n g a g e n c i e s 

w i t h r e s p e c t to o r i g i n - d e s t i n a t i o n s t u d i e s . Secondly, a 

need for c o l l e c t i o n of o t h e r data w h i c h m i g h t n o t b e 

p o p u l a t i o n or size d e p e n d e n t a p p e a r s to b e m o s t s t r o n g l y 

in o r d e r . 
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A P P E N D I X C 

D E S C R I P T I O N OF A N A L Y T I C A L T E C H N I Q U E S 

R e f e r e n c e w a s m a d e in C h a p t e r III to the u s e of 

s t a n d a r d r e g r e s s i o n - c o r r e l a t i o n t e c h n i q u e s for a n a l y s i s 

of d a t a . The p u r p o s e of this a p p e n d e d s e c t i o n is to p r o v i d e 

a m o r e d e t a i l e d a c c o u n t i n g of the m e t h o d o l o g y of data r e s u l t 

a n a l y s i s as it a p p l i e d to the r e s e a r c h as w e l l as to o u t l i n e 

the data a n a l y s e s p r o c e d u r e s u t i l i z e d . 

S t a t i s t i c a l m e t h o d s do n o t p o s s e s s the q u a l i t y of 

r e v e a l i n g a n y t h i n g that is not i m p l i c i t to the set of data 

b e i n g a n a l y z e d . T h e y c a n n o t m a n u f a c t u r e E i d d i t i o n a l data or 

i n s u r e the s u c c e s s of e x t r a p o l a t i o n b e y o n d the limits of 

the d a t a . In the a n a l y s i s of data w h i c h is simple in 

s t r u c t u r e and q u a n t i t y the j u d g e m e n t of the r e s e a r c h e r w i l l 

g e n e r a l l y lead h i m to the same c o n c l u s i o n s i r r e g a r d l e s s of 

w h e t h e r s t a n d a r d s t a t i s t i c a l t e c h n i q u e s are u t i l i z e d . In 

the a n a l y s i s of d a t a w h i c h are c o m p l e x in s t r u c t u r e and 

v o l u m i n o u s in q u a n t i t y , s t a t i s t i c a l t e c h n i q u e a f f o r d s the 

r e s e a r c h e r the l u x u r y of sorting p r o c e d u r e s w h i c h c l a r i f y 

that w h i c h is i m p l i c i t in the d a t a . In a d d i t i o n , s t a t i s t i c a l 

p r o c e d u r e d o e s a l l o w the r e s e a r c h e r the o p p o r t u n i t y to limit 

p e r s o n a l p r e j u d i c e s and b i a s in the e v a l u a t i o n of d a t a . 
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The g e n e r a l p r o c e d u r e used in e v a l u a t i n g the input data 

for this t h e s i s w a s as f o l l o w s : 

(1) A s a p r e l i m i n a r y s c r e e n i n g m e a s u r e , all 

a v a i l a b l e data w e r e s u b j e c t e d to simple c o r r e l a t i o n a n a l y s e s 

in o r d e r to d i s c o v e r w h e r e s i m i l a r i t i e s m i g h t e x i s t . 

( 2 ) W h e r e h i g h c o r r e l a t i o n s e x i s t e d b e t w e e n a n y 

two v a r i a b l e s the logic of the r e l a t i o n s h i p w a s a r g u e d . 

If, b a s e d on s u b j e c t i v e j u d g e m e n t , the two v a r i a b l e s w e r e 

related, the r e l a t i v e d e p e n d e n c y or i n d e p e n d e n c y of one 

u p o n the o t h e r w a s a r g u e d . 

(3) A s s u m i n g that the two variaibles could b e 

c a t e g o r i z e d as argued, a p l o t of the two v a r i a b l e s w a s m a d e 

to d e t e r m i n e , b y s u b j e c t i v e j u d g e m e n t , the p r o b a b l e 

g r a p h i c a l r e l a t i o n s h i p s d i s p l a y e d . If, h o w e v e r , the two 

v a r i a b l e s could n o t be so c a t e g o r i z e d (for e x a m p l e , a 

h i g h simple c o r r e l a t i o n is e x h i b i t e d b e t w e e n the p o p u l a t i o n 

of an u r b a n area and the n u m b e r of d w e l l i n g u n i t s w h i c h are 

o w n e d w i t h i n that u r b a n area, b u t a t h i r d a t t r i b u t e , that 

of t o t a l d w e l l i n g u n i t s in an u r b a n area can b e a r g u e d to 

b e the link b e t w e e n p o p u l a t i o n and owned d w e l l i n g u n i t s . ) 

a r e l a t i o n s h i p b e t w e e n e a c h of them and a third h i g h l y 

c o r r e l a t e d v a r i a b l e w a s s t u d i e d . This w o u l d r e s u l t in 

r e t u r n i n g to s t e p #2 of this p r o c e d u r e for f u r t h e r a n a l y s i s . 

This p h a s e of data a n a l y s i s is d i s c u s s e d later u n d e r the 

" R e a s o n a b l e n e s s of R e s u l t s " h e a d i n g . 



140 

(4) A f t e r studying the g r a p h i c a l d i s p l a y b e t w e e n 

two h i g h l y c o r r e l a t e d v a r i a b l e s two p o i n t s w e r e a r g u e d : 

(A) the c h o i c e s of m a t h e m a t i c a l e x p r e s s i o n s 

w h i c h w e r e to b e c o m p a r e d in d e s c r i b i n g the i n d i c a t e d 

r e l a t i o n s h i p and (B) the v a l i d i t y of the s t a n d a r d a s s u m p t i o n s 

r e q u i r e d for the s t a t i s t i c a l a n a l y s i s tool to b e u t i l i z e d . 

( 5 ) A f t e r c h o o s i n g the m a t h e m a t i c a l e x p r e s s i o n s 

to b e tested, and b a s e d on s u b j e c t i v e j u d g e m e n t , and 

s a t i s f y i n g the s t a n d a r d a s s u m p t i o n s a s s o c i a t e d w i t h the 

s t a t i s t i c a l p r o c e d u r e chosen, the d a t a w e r e a n a l y z e d and 

v a r i o u s m e a s u r e s of s t a t i s t i c a l v a l i d i t y w e r e d e t e r m i n e d . 

T h e s e m e a s u r e s are d i s c u s s e d later u n d e r the s u b j e c t of 

" S t a t i s t i c a l V a l i d i t y " . 

(6) The c h o i c e of the b e s t m a t h e m a t i c a l 

e x p r e s s i o n w a s then m a d e b a s e d on j u d g e m e n t , p r o p o s e d use 

of the e x p r e s s i o n s , r e a s o n a b l e n e s s of r e s u l t s and s t a t i s t i c a l 

v a l i d i t y . These t o p i c s are d i s c u s s e d h e r e i n a f t e r . 

R e g r e s s i o n 

R e g r e s s i o n a n a l y s i s is d e f i n e d b y v a r i o u s a u t h o r s 

(61, 6 2 , 63, 6 4 , 65) to b e a s t a t i s t i c a l p r o c e d u r e in w h i c h 

two or m o r e v a r i a b l e s can b e m a t h e m a t i c a l l y e x p r e s s e d . The 

b a s i c a s s u m p t i o n s m a d e in u t i l i z i n g r e g r e s s i o n a n a l y s i s on 

a set of X - Y data are d e f i n e d in a s u c c i n c t m a n n e r b y 

W i n e r (66) as w e l l as b y o t h e r a u t h o r s (63, 64, 67) in a 

set of s t a t e m e n t s w h i c h lend t h e m s e l v e s to c a t e g o r i z a t i o n 
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as f o l l o w s : 

(1) In the set of s t a t i s t i c s (X^,Y/) for i = 1, 

2...,n o b s e r v a t i o n s , Y. is a r a n d o m v a r i a b l e and X. is an 
L L 

o b s e r v a t i o n taken w i t h o u t e r r o r . 

( 2 ) F o r a g i v e n v a l u e of an i n d e p e n d e n t v a r i a b l e 

(X^) t h e r e e x i s t s a set of v a r i a b l e s (Y^) w h i c h are d i s t r i b u t e d 

n o r m a l l y and i n d e p e n d e n t l y . 

(3) The p r i n c i p l e of h o m o s c e d a s t i c i t y h o l d s t r u e . 
2 

(The v a r i a n c e , CT , of all sets of the Y - v a l u e s is the same.) 

(4) The e r r o r ( £ ) w h i c h e x i s t s due to e s t i m a t i n g 

the d e p e n d e n t v a r i a b l e is d i s t r i b u t e d in a n o r m a l and 

i n d e p e n d e n t sense w i t h a m e a n v a l u e of z e r o and a v a r i a n c e 

e q u a l to <T . 

The m a t h e m a t i c a l e x p r e s s i o n can take on any form. 

The p r i m a r y form u t i l i z e d in the r e s e a r c h w a s l i n e a r . O t h e r 

forms w e r e u t i l i z e d a l s o . F o r the l i n e a r case the e q u a t i o n 

Y * = A + B ( X ) 

w a s c h o s e n as the e s t i m a t e d r e g r e s s i o n of Y on X w h e r e i n the 

v a l u e of Y * is the e s t i m a t e of the d e p e n d e n t v a r i a b l e , 

A is the Y - a x i s i n t e r c e p t , 

B is the slope of the r e g r e s s i o n line, 

X is a s s u m e d to b e d e t e r m i n e d w i t h o u t e r r o r and 

Y is an o b s e r v e d v a l u e of the a s s u m e d d e p e n d e n t 

v a r i a b l e . 
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In the area of this r e s e a r c h w h e r e m u l t i p l e r e g r e s s i o n 

w a s u t i l i z e d the e q u a t i o n of the form 

Y * = A + B l X l + B 2 X 2 

w a s c h o s e n w h e r e i n m o r e than o n e i n d e p e n d e n t v a r i a b l e w a s 

u t i l i z e d in the e s t i m a t i o n of Y. 

The o b j e c t of the a n a l y s i s is to m i n i m i z e the e x p e c t e d 

e r r o r i n v o l v e d in e s t i m a t i n g the d e p e n d e n t v a r i a b l e b y 

d e t e r m i n i n g the "best" v a l u e s for the terms "A" and in 

the r e g r e s s i o n e q u a t i o n . Such an o b j e c t i v e is a c h i e v e d t h r o u g h 

the u s e of the m e t h o d c a l l e d "least s q u a r e s " in w h i c h 

- 5 7 . , *. 2 is m i n i m i z e d . ^ (Y. - Y. ) 
1 = 1 l l 

F a i l u r e to m e e t the s p e c i f i c a t i o n s for the b a s i c 

a s s u m p t i o n s r e g a r d i n g r e g r e s s i o n a n a l y s i s p r e v i o u s l y 

d i s c u s s e d can s e r i o u s l y a f f e c t the v a l i d i t y of the s t a t i s t i c a l 

m e a s u r e s d e r i v e d (see " S t a t i s t i c a l V a l i d i e y " s e c t i o n ) . The 

c a p a b i l i t y of a b s o l u t e a d h e r e n c e to the a s s u m p t i o n s is 

q u e s t i o n a b l e for a n y set of d a t a w h i c h are i n f l u e n c e d b y 

s o c i o - e c o n o m i c c h a r a c t e r i s t i c s . The c a p a b i l i t y of s t r i c t l y 

m e e t i n g the test of a b s o l u t e d e p e n d e n c e or i n d e p e n d e n c e is 

n o t p o s s i b l e . T h e r e is, h o w e v e r , the o p p o r t u n i t y of 

a r g u i n g the use of the s t a t i s t i c a l t e c h n i q u e s in light of 

the l i m i t a t i o n s imposed b y n o n a b i l i t y to m e e t fully the 

r e q u i s i t e s of the b a s i c a s s u m p t i o n s . W i t h i n the a c c u r a c y 

r e q u i r e d in the field of t r a n s p o r t a t i o n p l a n n i n g one can 

a t t e m p t to a r g u e for the use of tools w h i c h h e l p sort out 
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the m y r i a d of d a t a i n v o l v e d . 

C o r r e l a t i o n 

The m e t h o d of c o r r e l a t i o n , a c c o r d i n g to P e a t m a n (65) 

and W i n e r (66) is a m e t h o d for d e t e r m i n i n g h o w w e l l the 

r e g r e s s i o n e q u a t i o n " e x p l a i n s " the r e l a t i o n s h i p b e t w e e n the 

i n d e p e n d e n t v a r i a b l e ( s ) in the e q u a t i o n and the d e p e n d e n t 

v a r i a b l e . This d e t e r m i n a t i o n is m a d e t h r o u g h use of a 
2 

s t a t i s t i c k n o w n as the c o e f f i c i e n t of d e t e r m i n a t i o n (R ) . 

The c o r r e l a t i o n c o e f f i c i e n t is the square root of the 

c o e f f i c i e n t of d e t e r m i n a t i o n . 

The r e l a t i o n s h i p or a s s o c i a t i o n b e t w e e n a n y two 

v a r i a b l e s can b e m e a s u r e d in terms of a simple c o r r e l a t i o n 

c o e f f i c i e n t . Thus, its use is not limited to its a p p l i c a t i o n 

in a r e g r e s s i o n a n a l y s i s t e c h n i q u e . H o w e v e r , w h e n it is 

a p p l i e d to a simple r e g r e s s i o n e q u a t i o n it is a m e a s u r e of 

the l i n e a r r e l a t i o n s h i p b e t w e e n the d e p e n d e n t and i n d e p e n d e n t 

v a r i a b l e s . In the case of the linear r e l a t i o n s h i p b e t w e e n 

a d e p e n d e n t and i n d e p e n d e n t v a r i a b l e as u t i l i z e d in r e g r e s s i o n 

a n a l y s i s , the c o e f f i c i e n t of d e t e r m i n a t i o n can b e shown (66) 

Z ( Y * - Y ) 2 

R 2 = 1 = 1 

n - 2 S (Y. - Y) 
i=l 

W o r t h i n g and G e f f n e r (68) state that the simple 

c o r r e l a t i o n c o e f f i c i e n t is a f u n c t i o n of the r a t i o 
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S ,:S w h e r e S , is the s t a n d a r d d e v i a t i o n a s s o c i a t e d w i t h 
Y Y Y 

the e s t i m a t e d Y - v a l u e s and S is the s t a n d a r d d e v i a t i o n 
Y 

d e s c r i b e d b y the o b s e r v e d Y - v a l u e s . 
2 

The v a l u e of R w i l l v a r y b e t w e e n z e r o and one 

d e p e n d i n g on the v a r i a n c e w h i c h is left u n e x p l a i n e d b y the 

i n d e p e n d e n t v a r i a b l e in the r e g r e s s i o n e q u a t i o n . Even if 
2 

a h i g h v a l u e of R o c c u r s for a r e g r e s s i o n e q u a t i o n , a 

c o r r e s p o n d i n g l y h i g h d e g r e e of d e p e n d e n c e d o e s n o t f o l l o w . 

A s an e x a m p l e , the c o e f f i c i e n t of d e t e r m i n a t i o n w h i c h e x i s t s 

b e t w e e n z o n a l taxi trips to the C B D and z o n a l c o m m e r c i a l 

a c r e a g e w a s found to b e h i g h w i t h i n the u r b a n a r e a s s t u d i e d . 

The r e a s o n a b l e n e s s of this r e l a t i o n s h i p is m o s t d i f f i c u l t 
2 

to d e f e n d . On the o t h e r hand, a low v a l u e of R m a y n o t 

m e a n there is no c o r r e l a t i o n e v i d e n t , o n l y that there is 

no linear c o r r e l a t i o n p r e s e n t . In the final e v a l u a t i o n one 

m u s t c o n s i d e r that j u d g e m e n t m u s t b e e x e r c i z e d in e v a l u a t i n g 

the r e a s o n a b l e n e s s of the i n f e r r e d a s s o c i a t i o n . 

S t a t i s t i c a l V a l i d i t y 

T h e r e are s e v e r a l s t a t i s t i c s w h i c h can b e u t i l i z e d in 

a t t e m p t i n g to a s c e r t a i n the s t a t i s t i c a l v a l i d i t y of a p r o 

p o s e d r e g r e s s i o n e q u a t i o n . A d i s c u s s i o n of those u s e d in this 

t h e s i s is as f o l l o w s . 

A s t a t i s t i c w h i c h i l l u s t r a t e s the d e g r e e of 

a s s o c i a t i o n b e t w e e n the i n d e p e n d e n t and d e p e n d e n t v a r i a b l e 

in a r e g r e s s i o n e q u a t i o n is the c o r r e l a t i o n c o e f f i c i e n t . It 
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is g e n e r a l l y s t a t e d that, as the v a l u e of "R" a p p r o a c h e s 

one, the r e l i a b i l i t y of the i n f e r r e d a s s o c i a t i o n i n c r e a s e s . 

The r e a s o n a b l e n e s s of the a s s o c i a t i o n m u s t be a s c e r t a i n e d 

p r i o r to a c c e p t i n g the v a l u e as m e a n i n g f u l . 

The s t a n d a r d e s t i m a t e of e r r o r is d e f i n e d b y 

P e a t m a n ( 6 5 ) for a l i n e a r r e g r e s s i o n to b e a m e a s u r e of 

the d i s p e r s i o n of the o b s e r v e d d a t a p o i n t s (Y^) a b o u t the 

r e g r e s s i o n line d e s c r i b e d b y an e q u a t i o n of the f o l l o w i n g 

form: 

Y =" A + B ( X ± ) 

The s t a n d a r d e s t i m a t e o f e r r o r i n d i c a t e s the d e g r e e of 

v a r i a t i o n of the o b s e r v e d data p o i n t s . W i n e r ( 6 6 ) states 

that it is a m e a s u r e of the e x p e c t e d e r r o r in p r e d i c t i n g 

the d e p e n d e n t v a r i a b l e from i n d e p e n d e n t v a r i a b l e s in the 

r e g r e s s i o n e q u a t i o n . 

The F - r a t i o is a v a l u e a s s o c i a t e d w i t h t h e A n a l y s i s 

of V a r i a n c e p r o c e d u r e . In H i c k s ' d i s c u s s i o n of the 

f u n d a m e n t a l s of a n a l y s i s of v a r i a n c e ( 6 9 ) h e lists the 

a s s u m p t i o n s w h i c h u n d e r l i e the p r o c e d u r e to i n c l u d e the 

r e q u i s i t e s that "the r a n d o m e r r o r s i n v o l v e d w e r e sampled 

from a n o r m a l u n i v e r s e , the data m u s t e x h i b i t h o m o s c e d a s -

t i c i t y and linear m o d e l s m u s t b e u s e d so that the e f f e c t 

of all f a c t o r s is a d d i t i v e . " F u r t h e r , h e states that, the 

h i g h e r the F - r a t i o v a l u e , the m o r e s i g n i f i c a n t is the slope 

of the r e g r e s s i o n l i n e . The F - r a t i o v a l u e is c l o s e l y akin 
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to the t - r a t i o v a l u e w h e r e i n one can c o m p u t e the p r o b a b i l i t y 

that an o b s e r v e d c o e f f i c i e n t of r e g r e s s i o n m i g h t h a v e b e e n 

o b t a i n e d b y c h a n c e in random sampling from a p o p u l a t i o n in 

w h i c h the true c o e f f i c i e n t of r e g r e s s i o n w a s a c t u a l l y e q u a l 

to some o t h e r v a l u e . A n d e r s o n (70) states that the F - r a t i o 

is a ratio of two v a r i a n c e s and for simple linear r e g r e s s i o n 

the r e l a t i o n s h i p b e t w e e n t and F is as f o l l o w s : 

t 2 = F 

T h u s , one can c o n c l u d e that, as the F - r a t i o i n c r e a s e s , the 

p r o b a b i l i t y that the r e g r e s s i o n c o e f f i c i e n t is e q u a l to 

one d e c r e a s e s . 

The m a t r i x of simple c o r r e l a t i o n c o e f f i c i e n t s 

e x h i b i t s the simple c o r r e l a t i o n c o e f f i c i e n t s for all 

c o m b i n a t i o n s of v a r i a b l e s , be t h e y d e p e n d e n t or i n d e p e n d e n t . 

This type of table m u s t b e p r e p a r e d as the first step in 

the a n a l y s i s of d a t a such as are e v a l u a t e d in this t h e s i s . 

An e x a m i n a t i o n of such a m a t r i x is an i n v a l u a b l e aid in 

h e l p i n g the r e s e a r c h e r d e v e l o p i n s i g h t into r e l a t i o n s h i p s 

b e t w e e n v a r i a b l e s . 

O n e m e t h o d for d e t e r m i n i n g s t a t i s t i c a l v a l i d i t y 

w h i c h is r a r e l y r e p o r t e d in the l i t e r a t u r e is the g r a p h i c a l 

p r e s e n t a t i o n of d a t a p r i o r to r e g r e s s i o n a n a l y s i s so that 

p r e j u d i c e in c h o i c e of m a t h e m a t i c a l e x p r e s s i o n s can b e 

m i n i m i z e d . T h e r e is p r o b a b l y no b e t t e r tool for the a n a l y s t 

in h e l p i n g to e v a l u a t e the v a l i d i t y of h i s p r o p o s e d 

m a t h e m a t i c a l e x p r e s s i o n . 
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R e a s o n a b l e n e s s of R e s u l t s 

In a t t e m p t i n g to d e f i n e the r e l a t i o n s h i p w h i c h 

m i g h t exist b e t w e e n a n y two v a r i a b l e s the s t a t i s t i c a l 

p r o c e d u r e is the tool w h i c h r e d u c e s the c o m p l e x i t y of the 

d a t a and a l l o w s an a n a l y s t to spend h i s time m o r e w i s e l y , 

that is, in the e v a l u a t i o n of the s t a t i s t i c a l o u t p u t and 

in the d e t e r m i n a t i o n of its r e l e v e n c y . In the e v a l u a t i o n 

of the terms u t i l i z e d in a m a t h e m a t i c a l e x p r e s s i o n w h i c h 

is p u r p o r t e d to q u a n t i f y a d e m e n d e n t v a r i a b l e in terms of 

an i n d e p e n d e n t v a r i a b l e the r e l a t i o n s h i p b e t w e e n the v a r i a b l e s 

m u s t b e e s t a b l i s h e d w i t h r e s p e c t to s e v e r a l c h a r a c t e r i s t i c s . 

T h e s e c h a r a c t e r i s t i c s i n c l u d e simplicity, f o r e c a s t a b i l i t y , 

m a i n t e n a n c e of s t a b i l i t y , logic in r e l a t i o n s h i p , c a u s i t i v e -

n e s s , m e a n i n g f u l n e s s in c o n t r i b u t i o n and logic in such 

c o n t r i b u t i o n . The e v a l u a t i o n of these c h a r a c t e r i s t i c s is 

the m o s t v i t a l p h a s e a s s o c i a t e d w i t h the d e v e l o p m e n t of 

m a t h e m a t i c a l e x p r e s s i o n s s i m i l a r to t h o s e h e r e i n b e f o r e 

p r e s e n t e d . 

S i m p l i c i t y 

The p r i m a r y r e a s o n for a t t e m p t i n g a f o r e c a s t of one 

v a r i a b l e in terms of o t h e r v a r i a b l e s s h o u l d b e to r e d u c e 

the a m o u n t of d a t a c o l l e c t i o n n e c e s s a r y in the first p l a c e . 

The m o r e s i m p l y s t r u c t u r e d the r e q u i r e d da.ta, the m o r e 

a c c e p t a b l e the c o l l e c t i o n of such d a t a w i l l b e c o m e in terms 

of e x p e n d i t u r e of time and m o n e y . 
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F o r e c a s t a b i l i t y 

T r i p g e n e r a t i o n e q u a t i o n s should c o n t a i n o n l y t h o s e 

v a r i a b l e s w h i c h are assumed to b e p r i m a r i l y i n d e p e n d e n t 

w h i c h can b e f o r e c a s t w i t h i n a d e g r e e of a c c u r a c y w h i c h is 

r e a s o n a b l e . The v a l u e of the e x p r e s s i o n is, b y l o g i c a l 

a r g u m e n t , n o m o r e p r e c i s e than the i n p u t to the e q u a t i o n . 

M a i n t e n a n c e of s t a b i l i t y 

The a s s u m p t i o n of s t a b i l i t y over a p e r i o d of time is 

g e n e r a l l y m a d e in e x p r e s s i o n s w h i c h deal w i t h f o r e c a s t i n g 

one v a r i a b l e in terms of o t h e r s . It is m o s t i m p o r t a n t that 

the v a r i a b l e s a s s u m e d to b e i n d e p e n d e n t p o s s e s s the q u a l i t y 

of s t a b i l i t y w i t h r e s p e c t to t i m e . The r e s e a r c h e r m u s t k e e p 

this g o a l in sight so that m e a n i n g f u l f o r e c a s t s w i l l f o l l o w 

m e a n i n g f u l j u d g e m e n t d e c i s i o n s . 

L o g i c in r e l a t i o n s h i p 

A l o g i c a l r e l a t i o n s h i p b e t w e e n the v a r i a b l e s w h i c h 

are i n c l u d e d in the m a t h e m a t i c a l e x p r e s s i o n s m u s t b e 

d e f e n s i b l e . It is q u i t e i m p o r t a n t that i l l o g i c a l v a r i a b l e s , 

w h i c h a p p e a r to b e i n d e p e n d e n t and h i g h l y r e l a t e d to the 

o n e b e i n g defined, b e r e m o v e d from c o n s i d e r a t i o n p r i o r to 

data e v a l u a t i o n . 

C a u s i t i v e n e s s 

A s d i s c u s s e d e a r l i e r in this A p p e n d i x (page 139) some 

v a r i a b l e s m a y e n t e r into a s s o c i a t i o n w i t h o t h e r v a r i a b l e s b y 

c h a n c e . In o r d e r to i n s u r e a m e a n i n g f u l d e s c r i p t i v e e q u a t i o n 

some d e g r e e of t r u s t m u s t b e p l a c e d in th€>. c a u s i t i v e n a t u r e 

of one v a r i a b l e on a n o t h e r a s s u m i n g an a s s o c i a t i o n is implied. 
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The s i t u a t i o n of a n o n c a u s i t i v e v a r i a b l e e n t e r i n g into an 

e x p r e s s i o n g e n e r a l l y o c c u r s w h e n a r e s e a r c h e r a l l o w s the 

r e g r e s s i o n p r o c e d u r e to m e c h a n i c a l l y s e a r c h the data for 

r e l a t i o n s h i p s of a n u m e r i c a l l y " s a t i s f a c t o r y " n a t u r e . 

M e a n i n g f u l n e s s in c o n t r i b u t i o n 

It is n o t n e c e s s a r y to d e s c r i b e one s t a t i s t i c 

w h i c h is a s s u m e d to b e p r i m a r i l y d e p e n d e n t in terms of m a n y 

s t a t i s t i c s w h i c h are a s s u m e d to be p r i n c i p a l l y i n d e p e n d e n t 

for the sake of a t t a i n i n g a v e r y h i g h d e g r e e of r e l a t i o n s h i p . 

In the t r a n s p o r t a t i o n p l a n n i n g p r o c e s s it is r e c o g n i z e d that 

f o r e c a s t s are b e i n g m a d e w i t h a c e r t a i n d e g r e e of i n a c c u r a c y . 

T h i s p o i n t is i l l u s t r a t e d in T a b l e 31, A p p e n d i x B. 

L o g i c in c o n t r i b u t i o n 

S e v e r a l p o i n t s of i n t e r e s t o c c u r u n d e r this c a t e g o r 

i z a t i o n w i t h r e s p e c t to t r a n s p o r t a t i o n p l a n n i n g t r i p 

g e n e r a t i o n e q u a t i o n s . I n t e r m i x i n g z o n a l r a t e s and a g g r e g a t e s 

in the same e q u a t i o n should b e avoided, if p o s s i b l e . The 

rate v a r i a b l e e l i m i n a t e s the size of the zone w h i l e the 

a g g r e g a t e v a r i a b l e d o e s n o t . This w o u l d result in a zone 

w h i c h h a s little d e v e l o p m e n t c a r r y i n g a w e i g h t e q u i v a l e n t to 

a z o n e w h i c h h a s m u c h d e v e l o p m e n t . The r e a s o n a b l e n e s s of 

the c o n s t a n t in a r e g r e s s i o n e q u a t i o n must, a l s o b e a r g u e d . 

W h e n the c o n s t a n t term c o n t r i b u t e s the m a j o r i t y of the 

e s t i m a t e of the d e p e n d e n t v a r i a b l e it m a y c a u s e d i f f i c u l t y . 

This is n o t to infer that large c o n s t a n t s are n e c e s s a r i l y 
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u n s a f e , o n l y that the r e s e a r c h e r s h o u l d b e aware of the 

p o t e n t i a l g r o s s i n a c c u r a c i e s p o s s i b l e in the e s t i m a t e d 

v a l u e . The p o s i t i v e or n e g a t i v e c o n t r i b u t i o n fixed b y the 

i n d e p e n d e n t v a r i a b l e should b e s t r o n g l y e x a m i n e d . If a 

n e g a t i v e c o n t r i b u t i o n is i n d i c a t e d the c o n s i s t e n c y of the 

c o n t r i b u t i o n w i t h logic m u s t b e a s c e r t a i n e d . 

The seven c h a r a c t e r i s t i c s d i s c u s s e d a b o v e are not 

s t a t i s t i c a l p r o c e d u r e s w h i c h lend t h e m s e l v e s to q u a n t i f i c a t i o n . 

T h e y are, h o w e v e r , an i n t e g r a l p a r t of the t o t a l i z e d c o n c e p t 

of d e v e l o p i n g m a t h e m a t i c a l e x p r e s s i o n s d e f i n i n g one 

a t t r i b u t e in terms of other a t t r i b u t e s . T h e s e v a l u e j u d g e 

m e n t s are unto t h e m s e l v e s u n i q u e a n a l y t i c a l t e c h n i q u e s 

w h i c h m u s t n e c e s s a r i l y form the f o u n d a t i o n in t r i p g e n e r a t i n g 

e q u a t i o n s in the t r a n s p o r t a t i o n p l a n n i n g p i c t u r e . T h r o u g h 

the p r o p e r use of s t a n d a r d s t a t i s t i c a l t e c h n i q u e s such as 

r e g r e s s i o n and c o r r e l a t i o n an a n a l y s t can q u a n t i f y v a r i o u s 

a t t r i b u t e s in t e r m s of o t h e r a t t r i b u t e s . T h r o u g h the p r o p e r 

u s e of a n a l y t i c a l t e c h n i q u e s i n v o l v i n g j u d g e m e n t d e c i s i o n s 

an a n a l y s t can lend c r e d e n c e to h i s q u a n t i f i c a t i o n s . 
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V I T A 

W i l l i a m J o s e p h F o g a r t y w a s b o r n in T o r o n t o , C a n a d a , 
in 1 9 3 2 . His p r i m a r y e d u c a t i o n o c c u r r e d in A k r o n , O h i o , 
in P e n s a c o l a , F l o r i d a , and in M i a m i , F l o r i d a . He w a s 
g r a d u a t e d from S t s . P e t e r and P a u l H i g h S c h o o l in M i a m i 
in 1 9 5 0 . 

He a t t e n d e d the U n i v e r s i t y of M i a m i and F l o r i d a 
S t a t e U n i v e r s i t y p r i o r to e n t e r i n g the U. S. A r m y in 1 9 5 2 . 
A f t e r serving w i t h the C o r p s of E n g i n e e r s in the A r m y h e 
r e t u r n e d to the U n i v e r s i t y of M i a m i in 1 9 5 5 . A f t e r b e i n g 
a w a r d e d a B S C E from the U n i v e r s i t y of M i a m i in 1958 h e 
j o i n e d the F l o r i d a State Road D e p a r t m e n t . He j o i n e d the 
f a c u l t y at P u r d u e U n i v e r s i t y as an i n s t r u c t o r in 1959 and 
c o m p l e t e d w o r k t o w a r d the M S C E at P u r d u e U n i v e r s i t y in 
1 9 6 1 . He j o i n e d the f a c u l t y of the U n i v e r s i t y of M i a m i 
at that time and c u r r e n t l y h o l d s the rank of A s s o c i a t e 
P r o f e s s o r of C i v i l E n g i n e e r i n g at that i n s t i t u t i o n . 



A b s t r a c t 

T r i p P r o d u c t i o n in U r b a m A r e a s 

W i l l i a m J. F o g a r t y 

1 5 8 P a g e s 

D i r e c t e d b y D r . P a u l H. W r i g h t 

The r e s e a r c h w a s p e r f o r m e d in o r d e r to d e v e l o p t r i p 

p r o d u c t i o n e q u a t i o n s for u r b a n a r e a s . In d e v e l o p i n g the 

e q u a t i o n s , data w e r e u t i l i z e d from a p p r o x i m a t e l y f i f t e e n 

u r b a n a r e a s . T h e s e d a t a w e r e t a k e n from r e c e n t O r i g i n -

D e s t i n a t i o n s t u d i e s c o m p l e t e d in the r e s p e c t i v e u r b a n a r e a s . 

E q u a t i o n s d e s c r i b i n g the T o - and From- t r i p s for 

s e v e r a l p u r p o s e s (Home, W o r k , P e r s o n a l B u s i n e s s , Shopping, 

S o c i a l - R e c r e a t i o n , M i s c e l l a n e o u s and T o t a l ) b y s e v e r a l 

m o d e s (Auto D r i v e r , A u t o P a s s e n g e r , Taxi P a s s e n g e r , S c h o o l 

B u s P a s s e n g e r , and A l l M o d e s ) w e r e d e v e l o p e d on an u r b a n 

b a s i s u t i l i z i n g s t a n d a r d r e g r e s s i o n - c o r r e l a t i o n t e c h n i q u e s . 

H i g h d e g r e e s of c o r r e l a t i o n w e r e found for m o s t e q u a t i o n s . 

E q u a t i o n s d e s c r i p t i v e of A t - h o m e T e r m i n i t r i p s for 

s e v e r a l p u r p o s e s (Work, P e r s o n a l B u s i n e s s , G o o d s Shopping, 

C o n v e n i e n c e Shopping, Social, R e c r e a t i o n a l , S c h o o l , and 

T o t a l trips) on a z o n a l b a s i s w e r e d e v e l o p e d u s i n g s t a n d a r d 

r e g r e s s i o n - c o r r e l a t i o n t e c h n i q u e s . H i g h d e g r e e s of 

c o r r e l a t i o n w e r e found for m o s t c a s e s in q u e s t i o n . 



One of the p r i m a r y findings of this study w a s that 

an i n o r d i n a t e amount of o v e r c o l l e c t i o n of s o c i o - e c o n o m i c 

data is b e i n g required in O r i g i n - D e s t i n a t i o n s t u d i e s . In 

addition, it w a s found that p o p u l a t i o n is a strong i n d i c a t o r 

of the p r o p e n s i t y of large g r o u p s of p e o p l e to p a r t i c i p a t e 

in v e h i c u l a r t r a v e l . Trip n u m b e r s can b e e s t i m a t e d w i t h 

r e s p e c t to trip p u r p o s e w i t h i n the p o p u l a t i o n range of 

5 0 , 0 0 0 to 8 0 0 , 0 0 0 w i t h h i g h d e g r e e s of c o r r e l a t i o n . 

On a zonal b a s i s w i t h i n the u r b a n area the a c c u r a c y 

of e s t i m a t i n g trip p r o d u c t i o n is not as g o o d as on an urban 

b a s i s . H o w e v e r , the a c c u r a c y of such e s t i m a t e s on a z o n a l 

level is w i t h i n the range d e s i r e d b y m o s t t r a n s p o r t a t i o n 

p l a n n i n g s t u d i e s . 


