
H I G H W A Y R E S E A R C H B O A R D 

Bulletin No. 19 

/V0V21/957 armn 



H I G H W A Y R E S E A R C H B O A R D 

1949 

OFFICERS 

Chairman 
Vice-Oiairman , . 
Director 
Associate Director 

F. V. Reagel 
R. A. Moyer 
. R. W. Crum 

Fred Burggraf 

Hiomas H. MacDonald 
Louis Jordan 

Hal H. Hale 

EXECUTIVE COMMITTEE 

Conmissioner, I^Jlblic I\oads Administration 
Executive Secretary, D i v i s i o n o f ̂ Engineering and 

I n d u s t r i a l Research, National Research Council 
Executive Secretary, American Association o f State 
Highway O f f i c i a l s 

R. H. Baldock 

Pyke Johnson 

Burton W. Marsh 

Roger L. Morrison 

R. A. Moyer 

F. V. Reagel 

Qiarles M. Upham 

Stanton Walker 

R. W. Crum 

2101 Ccmstitution Avenue 

State Highway Engineer, Oregon State Highway Com
mission, Salem, Oregon 

President, Automotive Safety Foundation, 700 H i l l 
B u i l d i n g , Washington, D. C. 

Director, Safety and T r a f f i c Eiigineering Depart
ment, American Automobile Association, M i l l s 
B u i lding, Washington, D. C. 

Professor of Highway Engineering and Hi^way Trans
port , Department of C i v i l Engineering, University 
of Michigan, Ann Arbor, Michigan 

Research Engineer, I n s t i t u t e o f Transportation and 
T r a f f i c Engineering, University of C a l i f o r n i a , 
Berkeley 4, C a l i f o r n i a 

Engineer o f Materials, Missouri State Highway 
Department, Jefferson C i t y , Missouri 

Engineer-Director, American Road Builders' Asso
c i a t i o n , 1319 F Street, N. W., Washington, D. C. 

Di r e c t o t o f Engineering, National Sand and Gravel 
Association, Minsey Bu i l d i n g , Washington, D. C. 

EDITC»IAL STAFF 

Fred Burggraf. 

PUBLICATION OFFICES 

W. N. Carey, J r . 

Washington 25, D. C. 



H I G H W A Y R E S E A R C H B O A R D 

Bulletin No. 19 

PARKING 

EIGHT PAPERS 

PRESENTED AT THE TWENTY-EIGHTH ANNUAL MEETING 

i9U8 

HIGHWAY RESEARCH BOARD 
DIVISION OF ENGINEERING AND INDUSTBIAL RESEARCH 

NATIONAL RESEARCH COUNCIL 

Washington 25, D. C. J u l y , 1949 



DEPARTMENT OF TRAFFIC AND OPERATIWIS 

Wilbur S. Smith, Owirnian 
Associate Director, Bureau of Highway T r a f f i c 

Yale. University 

COMMITTEE OS PARKING 

Hieodore M. Matson, Chairman 
Director, Bureau o f Highway T r a f f i c 

Yale I h i v e r s i t y 

S. T. Hitchcock, Secretory, Highway Engineer, Public Roads Administration 
F. B. Crandall, T r a f f i c Engineer, Oregon State Highway Comnission 
George A. Delvin, Vice President, National Garages, Inc., D e t r o i t , Michigan 
Floyd M. Jennings, Planning Director, C i t y Planning Ccmnission, Grand Rapids, Michigan 
David R. Levin, Chief, Land Studies Section, D i v i s i o n o f Financial Administration and 

Research, Public Roads Administration 
F. W. Lovejoy, I \ i b l i c Roads Administration 
John T. Lynch, Senior Highway Economist, R i b l i c Roads Administration 
Burton W. Marsh, Di r e c t o r , T r a f f i c Engineering and Safety Department, American Auto

mobile Association 
Walter B. McKendrick, Assistant Chief Engineer, State Highway Department, Dover, 

Delaware 
Donald M. McNeil, T r a f f i c Engineer, Bureau o f T r a f f i c Planning, Pittsburgh, Pennsylvania 
Edmund R. Ricker, T r a f f i c Engineer, C i t y o f New Haven, Connecticut 
Matthew C. S i e l s k i , Director, Safety and T r a f f i c Engineering Department, Chicago, 

Motor Clnb 
I. L. Ihomas, J r . , T r a f f i c and Planning Engineer, Louisiana Department o f Highways 
Kenneth 3. Vaughan-Birch, T r a f f i c &igineer, Vancouver, B. C. 



CONTENTS 

Page 

CAN PRIVATE ENTERPRISE HANDLE THE PARKING 
PROBLEM SUCCESSFULLY' 

K. Vaughan-Birch 1 

THE EFFECT OF BUILDING SPACE USAGE ON 
PARKING DEMAND, 

J. Trueman Thompson and Joseph T. St e g m a i e r . . 6 

TIME-MOTION RELATIONS I N OPERATION OF GARAGES, 
Edmund R. R i c k e r 14 

LEGAL, ADMINISTRATIVE AND FINANCIAL ASPECTS 
OF URBAN PARKING SURVEYS, 

D a v i d R. L e v i n 25 

SOME TRAVEL AND PARKING HABITS OBSERVED 
IN PARKING STUDIES. 

R. H. Burrage and S. T. H i t c h c o c k 

RESUME OF FRINGE PARKING PRACTICE, 
F. W. L o v e j o y 

38 

PARKING METERS NEED BETTER ENFOTCEMENT, 
Matthew C. S i e l s k i 48 

57 

GROSS RETAIL SALES AND AUTOMOBILE' 
PARKING REQUIREMENTS, 

F l o y d M. J e n n i n g s 61 

111 



CAN P R I V A T E E N T E R P R I S E H A N D L E T H E 
P A R K I N G P R O B L E M S U C C E S S F U L L Y ? 

K. VAUGHAN-BIRCH, 
Traffic Engineer, Vancouver, B. C-

The significance of the fact t h a t there 
are two groups p o s s i b l y more v i t a l l y con
cerned w i t h the parking problem than the 
motorist seems sometimes to be overlooked. 

Ihese two groups are the downtown pro
p e r t y owners, merchants, e t c . , and the 
municipal a u t h o r i t i e s , both o f whom are 
v i t a l l y and s e l f i s h l y concerned w i t h the 
maintenance of business and property v a l 
ues i n the central business d i s t r i c t . 

While the m o t o r i s t ' s i n t e r e s t i n the 
problem i s a natural one i t should not be 
f o r g o t t e n t h a t i n the f i n a l a nalysis he 
has a choice the others have not, he may 
without compunction or loss t r a n s f e r h i s 
patronage t o another l o c a t i o n where the 
p a r k i n g demand has not yet reached the 
d i f f i c u l t stage. 

Fundamentally the problem i s one o f 
g e t t i n g people i n t o and out of our busi
ness d i s t r i c t s , not necessarily vehicles. 
Improvement i n mass t r a n s p o r t a t i o n fac
i l i t i e s t h e r e f o r e o f f e r s probably the 
gre a t e s t r e l i e f . Furthermore, i t might 
w e l l be argued t h a t i f any subsidy i s to 
be considered the best r e s u l t s might be 
achieved by i t s a p p l i c a t i o n t o the t r a n 
s i t system. 

Municipal a u t h o r i t i e s are mainly alarm
ed at the loss o f revenue brought about 
by the decrease i n property values i n the 
c e n t r a l business area. Oie approach t o 
the problem t h e r e f o r e may l i e i n r e 
assessment of suburban business properties 
and a r e v i s i o n of the tax structure which 
would provide f o r higher taxation of such 
properties. 

Consideration should be given t o any 
and a l l other steps which might be taken 
to combat the problem. I t i s q u i t e e v i 
dent, however, t h a t a c e r t a i n percentage 
o f the p o p u l a t i o n w i l l p e r s i s t i n the 

i n d i v i d u a l convenienrff o f the p r i v a t e 
auto, and, i f parking accomodation i s not 
provided i n the central business d i s t r i c t , 
w i l l shop i n suburban areas. Progressive 
merchants w i l l then e s t a b l i s h branch 
s t o r e s which w i l l i n t u r n a t t r a c t mass 
t r a n s i t p a t r o n s (who would o t h e r w i s e 
j o u r n e y downtown) i n a d d i t i o n t o l o c a l 
r e s i d e n t s and so the v i c i o u s c i r c l e i n 
the p a t t e r n o f d e c e n t r a l i z a t i o n becomes 
evident. 

TWO MAIN FACTORS - CONVENIENCE AND COST 

P r i m a r i l y , therefore, the motorist must 
be s a t i s f i e d . From his standpoint there 
are two main factors. Experience i n many 
c i t i e s indicates t h a t the degree o f suc
cess of any p a r k i n g plan depends t o a 
large extent on these fa c t o r s . The f i r s t 
I S CONVENIENCE. The m o t o r i s t evaluates 
i n terms o f time both the d i s t a n c e t o 
destination and the ease w i t h which he 
may park and subsequently p i c k up h i s 
vehicle. The second i s COST. The park
ing fee must be one which the motorist i s 
w i l l i n g to pay. 

With respect t o the f i r s t , surveys 
have been c a r r i e d out i n a g r e a t many 
c i t i e s , some of them very extensive sur
veys, with the object of determining what 
amount, where, and what type o f parking 
accomodation i s needed t o meet the r e 
quirements of the motorists i n the c i t i e s 
concerned. , Much a t t e n t i o n has been given 
t o t h i s aspect; to the need f o r planning 
convenient parking accommodations. 

A f t e r a l l the f a c t u a l i n f o r m a t i o n i s 
gathered tind the answers to the foregoing 
questions known, however, action becomes 
bogged down i n many cases because of the 
seeming i m p o s s i b i l i t y t o hurdle the next 
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obstacle, the matter o f finance i n which 
I S wrapped the other f a c t o r - cost. 

ECONOMIC ASPECT 

While a number o f p a r k i n g s t u d i e s , 
p a r t i c u l a r l y , i n recent times, deal w i t h 
t h e c o s t o f p a r k i n g accomnodation the 
economic aspect has not been given the 
importance i t deserves. A f u l l knowledge 
i n t h i s regard i s necessary be f o r e an 
i n t e l l i g e n t decision can be reached w i t h 
respect t o the method o f f i n a n c i n g the 
parking p r o j e c t and through what agency 
i t i s to be financed. Both o f these lead 
to the important point - the cost to the 
motorist. 

Much has been said pro and con on the 
q u e s t i o n o f municipal p a r t i c i p a t i o n i n 
the parking business. Advocates of p r i 
vate enterprise, however, appear t o over
look an unusual feature uncommon t o any 
other merchandising or service f i e l d , the 
competition to o f f - s t r e e t storage formed 
by free or low cost accommodation ( s t r e e t 
p a r king) which i n many instances i s as 
conveniently located. 

I t i s true, o f course, that the streets 
can take care of only a small percentage 
o f those s e e k i n g s t o r a g e . While the 
amount of t h i s space i s s t e a d i l y decreas-
i n g i t must be acknowledged t h a t curb 
parking accommodation w i l l g e n e r a l l y be 
available at least between the rush hours 
on a l l but the most important thorough
fares and, consequently, w i l l continue t o 
a f f e c t the economic aspect. 

In any event i t must again be remember
ed t h a t the suburban area, w i t h i n most 
cases i t s free parking accommodations, i s 
s t i l l beckoning the motorist. I t i s there
fore quite evident that parking accommoda
t i o n must not onl y be provided i n the cen
t r a l business d i s t r i c t but must also be 
made available a t a cost which the motor
i s t I S prepared t o pay i f decay i n t h i s 
area i s t o be prevented or the amount 
lessened. 

. MUNICIPAL OWNERSHIP" 

The economic a n a l y s i s which forms a 
part of the study o f the downtown parking 
problem i n Vancouver c l e a r l y i n d i c a t e s 

t h a t municipal ownership holds the answer 
t o tKe problem o f p r o v i d i n g l o w - c o s t 
short-time storage. I t i s stated i n the 
Report^: 

" I n an increasing number of cases, the 
f a i l u r e of p r i v a t e enterprise t o provide 
a s a t i s f a c t o r y answer to the parking pro
blem has resulted i n m u n i c i p a l i t i e s hav
i n g t o accept t h i s r e s p o n s i b i l i t y . I n 
f o r m a t i o n t o be p u b l i s h e d i n the 1947 
Municipal Year Book shows that 40 percent 
o f 875 r e p o r t i n g U.S. c i t i e s o f 10,000 
po p u l a t i o n and over now operate one or 
more parking l o t s i n t h e i r downtown busi
ness d i s t r i c t s . The number of c i t i e s i n 
t h i s category has increased by 25 percent 
since 1946. 

This t r e n d has occurred d e s p i t e ex
pressions o f concern about governmental 
i n t e r f e r e n c e w i t h p r i v a t e business. I t 
has, however, become increasingly evident 
that provision of parking f a c i l i t i e s must 
be considered a p u b l i c u t i l i t y s i m i l a r 
t o C i t y water works, sewers, roads and 
pavements. The p r i n c i p a l reasons f o r the 
trend toward municipal operation are: (1) 
Only the m u n i c i p a l i t y can acquire, by the 
r i g h t of expropriation, property s u i t a b l e 
f o r parking: (2) Ohly by public owner
ship can continued operation and r e l a t i v e 
permanency o f p a r k i n g f a c i l i t i e s be 
assured: (3) Economically, the service 
can u s u a l l y be provided a t less cost by 
the m u n i c i p a l i t y . 

The p r o v i s i o n o f parking accomodation 
on expensive downtown property i s a good 
example of the type o f p r o j e c t which can 
be undertaken most e f f e c t i v e l y by the 
m u n i c i p a l i t y . This i s true providing the 
m u n i c i p a l i t y does not become involved i n 
the sale o f gasoline or o i l , or the ren
dering of other services which can obvious-
l y be handled more e f f i c i e n t l y by private 
enterprise. 

In general, m u n i c i p a l i t i e s can provide 
more economical service on projects which 
involve r e l a t i v e l y large i n i t i a l i n vest
ments coupled w i t h small annual l a b o r 
costs. Financing by m u n i c i p a l i t i e s i n 
v o l v e s i n t e r e s t charges on bonds, the 

^Report on the Downtown Parking Problem, 
C i t y of Vancouver, B. C. 
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annual cost of which i s c u r r e n t l y about 
one-half the usual minimum expected return 
on an e q u i v a l e n t investment by p r i v a t e 
enterprise. A substantial portion of each 
revenue d o l l a r i s required t o pay f i n a n 
cing charges on the investment i n property 
used f o r parking. I t f o l l o w s t h a t the 
more expensive the property, the greater 
i s the advantage t o the consumer i n having 
the f a c i l i t i e s provided by the municipal
i t y rather than by privat e e n t e r p r i s e . " 

LAND COST: INFLUENCE ON PARKING FEES 

I t i s s t a t e d f u r t h e r i n t h i s r e p o r t 
w i t h respect t o the economic analysis of 
parking l o t s that " t h e crux of the econo
mic problem of providing o f f - s t r e e t park
i n g accomodation i n Vancouver, at prices 
acceptable t o the average m o t o r i s t and 
w i t h i n t o l e r a b l e walking distance of his 
d e s t i n a t i o n , i s land cost. Hiere i s an 
abundance of land i n the downtown area on 
which the cost o f p r o v i d i n g s h o r t - t i m e 
parking by the m u n i c i p a l i t y under favor
able conditions would be less than 5 cents 
per hour. H i i s land area i s far more than 
enough t o provide f o r immediate require
ments. Not a l l of i t I S s u i t a b l y located 
for parking near the congested areas along 
Gra n v i l l e and Hastings Streets. I t would, 
o f course, be uneconomical t o acquire 
land f o r parking l o t s where i t would not 
be reasonably well patronized. 

C a l c u l a t i o n s show t h a t the C i t y can 
provide o f f - s t r e e t parking accommodations 
for 5 cents per hour on land which costs 
about $3.50 per sq. f t . I f land can be 
acquired f o r less, the operations could 
be conducted at a p r o f i t . I f land costs 
were higher, a subsidy would be required, 
or the motorist would have to pay more for 
the service. Hiese figures apply to open 
parking l o t s , s u i t a b l y developed, designed 
f o r s e l f - p a r k i n g and w i t h l i b e r a l allow
ances f o r car clearance and a i s l e spaces." 

The land cost i n many United States 
c i t i e s o f comparable size may be consider
ably higher than the $3.50 per sq. f t . 
quoted above. Indeed much o f the land 
situated i n the Vancouver central business 
d i s t r i c t i s very much higher i n price. 

I n t h i s connection i t was found t h a t 

i n Vancouver the estimated cost of s t o r 
age on a s l e f - p a r k i n g l o t or a two-level 
open-deck s t r u c t u r e (again s e l f - p a r k i n g ) 
would be approximately the same on land 
costing about $5.22 per sq. f t . , the u n i t 
cost being about 6.3 cents per hour f o r 
s e l f - p a r k i n g . Where the land exceeds 
t h i s cost the two-level s t r u c t u r e would 
be more economical. 

The basis o f the c a l c u l a t i o n w i t h r e 
spect t o the foregoing f i g u r e s included 
among other things a 3% i n t e r e s t on i n 
vestment, a b u i l d i n g cost of $3.00 per sq. 
f t . of f l o o r area at upper level and a 3% 
s t r a i g h t l i n e d e p r e c i a t i o n on overhead 
structure. 

"SELF-PARKED" VERSUS "ATTENDANT PARKED" 

I t w i l l be noted t h a t a l l the f o r e 
going r e f e r s t o se l f - p a r k i n g . There are 
many f a c t o r s both f o r and against s e l f -
parking. However, i n view of the average 
motorist's d i s l i k e t o spend time w a i t i n g 
w h i l e an a t t e n d a n t b r i n g s h i s car, i t 
would appear t h a t self-parking, providing 
not too many l e v e l s are involved, would 
generally be more a t t r a c t i v e to him. 

I t I S true, o f course, that less space 
per car i s required when the vehicles are 
attendant-parked. T l i i s u n i t saving i n 
vestment cost of parking space i s o f f s e t , 
however, by the a d d i t i o n a l labor cost on 
attendant-parking. 

From the study conducted by Mr. Ricker, 
as set out i n h i s report on the " T r a f f i c 
Design o f Parking Garages", an average 
time of approximately 6 minutes i s taken 
i n s t o r i n g and d e l i v e r i n g a vehicle. Cal
c u l a t i o n s i n d i c a t e t h a t i n Vancouver the 
average labor cost o f s t o r i n g and d e l i v e r 
i n g a car i s approximately 10 cents. 

Hie handling cost i s the same ir r e s p e c t 
ive o f the length of time the vehicle i s 
parked. Consequently, the cost o f short 
time "attendant-parked" storage i s higher 
and the long-time parking cost less than 
f o r the corresponding period on the " s e l f -
parked" plan as i l l u s t r a t e d i n the f o l 
lowing table quoted from the Vancouver re
p o r t r e l a t i v e t o three l e v e l open-deck 
garages: 
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Time Parked 'Attendant-Parked' 
3 Level Garage 

•Self-Parked" 
Parking Lot 

Fixed Labor Total F i xed Cost 
Cost Cost Cost Total Parking 

1 hour 5* ISt 20« 8* 
2 hours 10 15 25 16 
3 hours IS 15 30 24 
4 hours 20 15 35 32 
5 hours 25 15 40 40 
6 hours 30 15 45 48 
7 hours 35 15 SO 56 
8 hours 40 I S 55 64 

Ihe above costs are based upon a land 
cost o f $6.80 per sq. f t . (For a l l - d a y 
" a t t e n d a n t - p a r k i n g " i n Vancouver, i t i s 
estimated that on land costing more than 
$6.80 per sq. f t . i t i s cheaper to b u i l d 
a three l e v e l open-deck garage than t o 
acquire a d d i t i o n a l land f o r parking a t 
ground-1 eve 1.) 

There are many other factors concern
i n g a t t e n d a n t - p a r k i n g not the l e a s t o f 
which i s the d i f f i c u l t y o f p r o v i d i n g on 
a sound economic basis s u f f i c i e n t help to 
give quick service during the peak periods 
which the average m o t o r i s t expects. On 
t h i s account "attendant-parked" projects 
are not recommended f o r Vancouver to meet 
the short-time parking demand. 

SHORT-TIME PARRING ACCOMMODATION 
MUNICIPALITY'S RESPONSIBILITY 

Whether i t -is p r a c t i c a l l y possible t o 
segregate s h o r t from long-term p a r k i n g 
seems a l i t t l e u n c e r t a i n . I t would 
appear, however, t h a t the short-time parl<-
i n g demand such as i s now l a r g e l y taken 
care of on the s t r e e t should probably be 
looked upon as a municipal r e s p o n s i b i l i t y 
and the long-term (employee-type) parking 
as something which might be handled by 
priv a t e enterprise. 

I n most c i t i e s on t h i s c o n t i n e n t , up 
u n t i l comparatively recent times, opera
t o r s of parking l o t s and garages appeared 
t o be s o l e l y i n t e r e s t e d i n the long-term 
parking. Certainly t h e i r rates discourag
ed short-time parking and encouraged the 
long-term parker. 

INTENSE BUILDING DEVELOPMENT INCOMPATIBLE 
WITO TBAFFIC NEEDS 

A great deal has been said concerning 
the l a rge percentage o f the t o t a l land 
area i n any business d i s t r i c t which would 
be required to provide s u f f i c i e n t accom
modation t o meet the demand and whether 
t h i s i n i t s e l f i s d e t r i m e n t a l t o t h a t 
area. There seems to be l i t t l e object i n 
academically d i s c u s s i n g t h i s p o i n t be
cause m p r a c t i c a l l y every large c i t y t o 
day parking l o t s of low standard are to be 
found at f a i r l y frequent i n t e r v a l s i n the 
c e n t r a l business d i s t r i c t , many o f them 
next to t a l l skyscraper type b u i l d i n g s . 
I t i s obvious that these orphan s i t e s are 
the out-come o f the intense development 
of adjacent property. They are not born 
out o f the parking demand. 

I t would appear t h a t t a l l buildingb 
are incompatible w i t h our t r a f f i c needs. 
T r a f f i c generators o f t h i s type create 
an impossible s i t u a t i o n w i t h respect t o 
p a r k i n g . The r e g u l a t i o n o f Jbui l d i n g 
height has been practiced, of course, f o r 
many years. The need f o r l i m i t a t i o n of 
height, however, was u s u a l l y based upon 
other than t r a f f i c considerations. 

ZONING AS APPLIED TO PARKING 

Such regulations might well form part 
o f zoning as a p p l i e d t o p a r k i n g . The 
question of zoning i s a controversial one. 
Many q u a l i f i e d persons are of the opinion 
t h a t i t i s v i r t u a l l y impossible t o apply 
such zoning t o e x i s t e n t c e n t r a l business 
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d i s t r i c t s . Undoubtedly, there are many 
d i f f i c u l t i e s i n the way of zoning general
l y and also i n regard t o l i m i t a t i o n o f 
b u i l d i n g height i n r e l a t i o n t o the parking 
problem. One impo r t a n t p o i n t i n t h i s 
c onnection i s t h a t zoning may i n f a c t 
a c c e l e r a t e d e c e n t r a l i z a t i o n i n s t e a d o f 
corre c t i n g the s i t u a t i o n . 

Ohe q u a l i f i c a t i o n of the foregoing re
marks concerning zoning i s q u i t e important. 
I t i s t h a t the p r o v i s i o n o f o f f - s t r e e t 
loading and unloading f a c i l i t i e s i n the 
case of commercial buildings, and the pro
v i s i o n o f o f f - s t r e e t vehicle storage space 
i n the case of dwellings, should be made 
mandatory, t h i s need being of a d i f f e r e n t 
nature t o the general p a r k i n g r e q u i r e 
ments. 

MUNICIPAL PARTICIPATION NECESSARY 

A l l o f the points enumerated i n d i c a t e 
t h a t the short-term parking space demand 
can best be t r e a t e d on a community o k 
area basis. An evaluation of the parking 
demand generated by any given type o f 
business, which may be subject t o change, 
presents many d i f f i c u l t i e s . Hie provision 
of parking accomnodation by the municipal 
a u t h o r i t y on a l o c a l improvement basis 
therefore o f f e r s the best p o s s i b i l i t y o f 
success i n dealing with t h i s matter. 

Municipal p a r t i c i p a t i o n , as previously 
i n d i c a t e d , i s d e s i r a b l e f o r three main 
reasons: (1) Generally only the munici

p a l i t y has power of expropriation. (2) I t 
can assure t h a t s i t e s s e l e c t e d w i l l be 
permanently maintained f o r parking. (3) I t 
can usually provide such parking accommo
dation at a lower cost. 

As f i n a l argument i n f u r t h e r support 
o f the d e s i r a b i l i t y of municipal p a r t i c i 
pation i n the parking business i t might be 
emphasized t h a t the parking problem be
comes more acute as development becomes 
more intense, consequently where the de
mand i s greatest the d i f f i c u l t y i n pro
v i d i n g storage at acceptable rates i s the 
greatest. Moreover, the high land costs 
and t a x a t i o n i n intensely developed areas 
encourages the owners t o use t h e i r par
t i c u l a r s i t e s m a manner which w i l l pro
vide the greatest r e t u r n on investment. 
P a r k i n g i s u s u a l l y not such a use o r , 
u s u a l l y , i t i s not such a use u n t i l the 
parking s i t u a t i o n has become so i n t o l e r 
able t h a t m o t o r i s t s i n desperation ac
cede t o high parking r a t e s . This seems 
t o be the crux o f the s i t u a t i o n . 

There i s l i t t l e evidence t h a t p r i v a t e 
e n t e r p r i s e has so f a r met the p a r k i n g 
need. Furthermore, i t i s obvious t h a t 
p r i v a t e e n t e r p r i s e cannot be expected 
normally t o do t h i s , t o provide (and r e 
t a i n ) the low cost parking accommodation 
i n the ear l y stages o f the development o f 
the c e n t r a l business d i s t r i c t which i s 
the key to the problem. 
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No phase of highway transportation r e 
ceives more a t t e n t i o n today than does ve
h i c u l a r p a r k i n g . I t c o n s t i t u t e s the 
major inconvenience o f almost every auto
mobile d r i v e r destined to an urban central 
business d i s t r i c t and with increased auto
mobile r e g i s t r a t i o n and usage, the demand 
for parking w i l l continue to increase sub
s t a n t i a l l y . However, motor-vehicle trans
p o r t a t i o n i s not e f f i c i e n t unless adequate 
parking and terminal f a c i l i t i e s are pro
v i d e d . Furthermore, the l a c k o f such 
f a c i l i t i e s s e r i o u s l y a f f e c t s the e n t i r e 
community w i t h respect t o land usage, 
urban finances and municipal development. 

I t i s generally agreed that the primary 
f u n c t i o n o f downtown s t r e e t s i s t o move 
v e h i c l e s and not t o provide space f o r 
t h e i r storage. Thus, to promote increas
ed e f f i c i e n c y o f mass t r a n s p o r t a t i o n , 
f i r e e n g i n e s , p o l i c e c a r s and o t h e r 
emergency vehicles, as well as to a l l e v i a t e 
t r a f f i c congestion, delays and accidents, 
curb parking should e i t h e r be r e s t r i c t e d 
or prohibited altogether. But i f t h i s i s . 
done the r e s u l t i n g lack o f downtown curb 
parking spaces, ge n e r a l l y where the de
mand f o r parking i s greatest, places the 
burden almost completely upon o f f - s t r e e t 
parking l o t s and garages. Unfortunately, 
due mainly t o h i g h land v a l u e s , these 
f a c i l i t i e s are u t t e r l y inadequate i n both 
capacity and loc a t i o n . 

^Condensed from A Study of the Traffic 
Generated and the Parking Deaand Created 
by Buildings aith Various Types of Space 
Usage by J . T. Stegmaier; a d i s s e r t a t i o n 
prepared under the d i r e c t i o n of the co
author i n p a r t i a l f u l f i l l m e n t of the r e 
quirements for the degree. Doctor of En
gineering, at The Johns Hopkins U n i v e r s i t y 
(Baltimore, 1948). 

These f a c t s c a l l a t t e n t i o n t o the 
urgent necessity fo r more o f f - s t r e e t park
i n g f a c i l i t i e s . Tbey should be properly 
located, t h e i r rates a t t r a c t i v e and t h e i r 
size and number s u f f i c i e n t f o r both pre
sent and anticipated future demands. How
ever, immediate remedies are retarded by 
a lack of data based upon adequate factual 
analyses. 

Proper analysis o f the parking s i t u a 
t i o n necessitates not only the a c q u i s i t i o n 
o f l o c a l b a s i c f a c t s , b ut a l s o t h e i r 
e x p e r t i n t e r p r e t a t i o n and e f f e c t i v e 
application. Although comprehensive park
i n g surveys have already been conducted 
i n numerous m u n i c i p a l i t i e s , i t has been 
pointed out t h a t thus f a r n o t h i n g more 
than generalizations have been made con
c e r n i n g the par k i n g c h a r a c t e r i s t i c s o f 
the shopping, employee, business, recrea
t i o n a l and other groups^. Ckmsideration 
must be given t o the nature of demands by 
p a r t i c u l a r generators o f t r a f f i c and these 
demands r e l a t e d t o t r i p purpose, hour o f 
parking, the length of time parked and the 
distance walked from the parking place t o 
the u l t i m a t e d e s t i n a t i o n . Such d e t a i l e d 
information p e r t a i n i n g t o stores as well 
as t o o f f i c e , i n d u s t r i a l , e d u c a t i o n a l , 
r e c r e a t i o n a l , medical and other types of 
b u i l d i n g s , could be used t o promote the 
proper l o c a t i o n , design and operation of 
new terminals or the improvement of e x i s t 
ing parking f a c i l i t i e s . 
Statement of Purpose - One o f the pur
poses o f t h i s study was t o i n v e s t i g a t e 
the p o s s i b i l i t i e s o f u t i l i z i n g the park
i n g survey data, c o l l e c t e d i n v a r i o u s 

^Wilbur S. Smith and C h a r l e s S. LeCraw, 
PaKkmg, ed. The Eno F o u n d a t i o n f o r 
Highway T r a f f i c Control, I n c . (Saugatuck, 
1946). 
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c i t i e s , t o determine the parking h a b i t s 
o f d r i v e r s destined t o in d i v i d u a l genera
t o r s o f d i f f e r e n t types. Past surveys, 
at least, were not planned t o supply t h i s 
kind o f information and unless future ones 
are so planned, c e r t a i n inherent d i f f i c u l 
t i e s are apparent. I n the f i r s t place, 
only a few c i t i e s have conducted or i n 
deed are l i k e l y t o conduct parking surveys 
t h a t are thorough enough t o contain the 
basic information desired. Secondly, the 
area covered by such surveys customarily 
corresponds only t o that o f greatest de
mand, usually the downtown d i s t r i c t , and 
t h e r e f o r e the s e l e c t i o n o f g e n e r a t o r 
types i s l i m i t e d t o those which l i e w i t h i n 
t h i s area. 

A second i n t e n t o f thS study was t o 
look i n t o the p o s s i b i l i t y o f s e c u r i n g 
mass information about the parking demand 
cr e a t e d by v a r i o u s types o f b u i l d i n g s 
from urban o r i g i n and destination data as 
a by-product. 

And f i n a l l y , a t h i r d purpose was t o 
demonstrate how we may increase the use
fulness o f t h i s mass information o f gen
e r a t o r parking demand, by r e l a t i n g i t t o 
the physical c h a r a c t e r i s t i c s o f the gen
erators, that i s , s p e c i f i c a l l y , by corre
l a t i n g parking demand w i t h such f a c t o r s 
as the f l o o r area o f various b u i l d i n g s , 
the number o f seats i n theaters and other 
places o f recr e a t i o n , the guest capacity 
o f h o t e l s , the c o n c e n t r a t i o n o f indus
t r i a l employees, the number o f beds i n 
h o s p i t a l s , etc. C o r r e l a t i o n s o f t h i s 
s o r t obviously would be us e f u l i n e s t i 
mating the anticipated parking demands of 
new and f u t u r e land uses and would thus 
help to provide adeqtiate parking f a c i l i t i e s 
where they belong. Heretofore the ac
q u i s i t i o n o f t h i s k i n d o f data has been 
one o f the most d i f f i c u l t phases o f a 
parking i n v e s t i g a t i o n . 

by the Public Roads A d m i n i s t r a t i o n , the 
Maryland State Roads Commission and the 
C i t y of Baltimore. Tlie authors are deep
l y g r a t e f u l t o these sponsors and t o mem
bers of t h e i r s t a f f s too numerous t o name-
not only f o r permission t o use the data, 
but for t h e i r advice and generous coopera
t i o n throughout the study. 

I t might be well t o give a few d e t a i l s 
o f t h i s survey. I t was conducted i n the 
s p r i n g o f 1946 and was confined t o 127 
blocks of the downtown business d i s t r i c t . 
A l l of the parking f a c i l i t i e s w i t h i n that 
area were inventoried and the d r i v e r s using 
them were interviewed. These interrogations 
supplied information concerning the d a i l y 
weekday p a r k i n g p a t t e r n i n c l u d i n g the 
time o f parking, length o f time parked, 
de s t i n a t i o n a f t e r parking, distance walk
ed and purpose o f t r i p . The data were 
coded and then punched on business machine 
cards f o r mechanical t a b u l a t i o n . I t i s 
i m p o r t a n t t o note t h a t , w h i l e a c t u a l 
destinations were recorded on the question
naires, the punch cards d i d not show where 
the parker went except t o give the sector 
or block i n which the generator was l o 
cated. This was the smallest u n i t i n t o 
which the study area had been subdivided 
and only infrequently d i d i t f a i l t o have 
i n i t b u i l d i n g s other than the one under 
analysis. For t h i s reason the punch cards 
d i d not reveal the s p e c i f i c b u i l d i n g t o 
which the parker walked. This could only 
be obtained from the interview question
naires. I t should be stated that coding 
and punching t o permit s o r t i n g by sectors 
was completely adequate f o r the o r i g i n a l 
purposes of the parking survey. Had the 
use o f the data f o r i n d i v i d u a l generator 
parking demand been v i s u a l i z e d , i t would 
have been p o s s i b l e t o f a c i l i t a t e the 
i d e n t i f i c a t i o n of the questionnaire against 
the punch card by g i v i n g each i n d i v i d u a l 

PARKING HABITS 

Analysis of Data - The data accumulated 
i n the B a l t i m o r e C i t y P a r k i n g Survey^ 
were used as the basis f o r determining the 
p a r k i n g h a b i t s o f d r i v e r s d e s t i n e d t o 
p a r t i c u l a r generators. TTiis survey and 
the o r i g i n and d e s t i n a t i o n survey con
ducted i n Baltimore were financed j o i n t l y 

^Report of the T r a n s p o r t a t i o n Study, -
B a l t i m o r e M e t r o p o l i t a n A r e a , PARKING 
SURVEY OF THE DOWNTOWN AREA - BALTIMORE 
CITY, Vol. IV, ed. Maryland State Roads 
Commission i n cooperation with the C i t y 
of Baltimore and the P u b l i c Roads Admini
s t r a t i o n , Federal Works Agency, Baltimore 
1946. 
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parking operation a s e r i a l number by which 
I t could have been so i d e n t i f i e d . 

However, f o r the purpose o f l o c a t i n g 
curb parking f a c i l i t i e s , the sector or 
block numbers had been assigned an addi
t i o n a l d i g i t which pin-pointed the side 
of the block. T l i i s made i t possible t o 
s o r t the cards f o r p a r k i n g o p e r a t i o n s 
which were followed by t r i p s t o b uildings 
f r o n t i n g on the e n t i r e face of at l e a s t 
one side o f a b l o c k . There were o n l y 
three such generators under study. The 
punch cards which pertained t o t r i p s o f 
each of these three were sorted and l i s t 
ings were made o f a l l p e r t i n e n t informa
t i o n recorded thereon. 

Presentation of Results - Since the pur
pose here i s merely t o i n d i c a t e a pro
cedure and to give evidence of the r e l i a 
b i l i t y of the method, the r e s u l t s of only 
one such a n a l y s i s w i l l be presented. 
These p e r t a i n t o a combination o f two 
large contiguous department stores ("A" 
and "E") which f r o n t on one side o f the 
same block. Hiese two department stores 
are the largest such r e t a i l businesses i n 
Baltimore's downtown shopping area and 
together created a demand for the parking 
o f 1413 automobiles between 6 A.M. and 6 
P.M. on the average weekday. Figure 1 
shows t h a t the piirpose of nearly 81 per
cent o f the t r i p s was t o shop and less 
than 13 percent t o work. This varies by 
l e s s than 3 percent from the weighted 
d i s t r i b u t i o n o f purposes f o r auto d r i v e r s 
destined t o these two b u i l d i n g s , as an
alyzed from the 0 and D survey data, thus 
i n d i c a t i n g a reasonable c o r r e l a t i o n o f 
th e r e s u l t s . Over 73 percent o f the 
shoppers parked between 10 A.M. and 3 
P.M., at the average rate of 172 vehicles 
per hour. P u b l i c l o t s and garages ac
commodated nearly 84 percent of the parked 
v e h i c l e s , the remaining 16 percent oc
cupying curb spaces. Nearly a l l employee 
d r i v e r s parked at o f f - s t r e e t f a c i l i t i e s . 
Curb spaces were but l i t t l e used p r i o r t o 
10 A.M., probably due t o p a r k i n g r e 
s t r i c t i o n s , but from noon u n t i l 3 P. M. 
the curb was used as often as public gar
ages. Hiroughout the day the r e l a t i v e use 
of various types of o f f - s t r e e t f a c i l i t i e s 
remained f a i r l y constant. 
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Figure 1. Analysis o f T r i p s by Parkers 
Destined t o Department Stores "A" and "B" 
by Purpose and Time and Type o f Parking 

Figure 2 c l e a r l y indicates that d r i v e r s 
working at the stores park f o r a long time. 
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Figure 2. Analysis of T r i p s by Parkers 
Destined t o Dfepartment Stores "A" and "B" 
by Rirpose, Hours Parked and Blocks Walked 
What may be s u r p r i s i n g i s the r e v e l a t i o n 
t h a t the weighted average length of time 
parked by shoppers was 2.8 hours. Recall
i n g t h a t 73 percent o f these shoppers 
arrived w i t h i n a five-hour period, i t may 
be concluded t h a t the shopper-parking 
turnover hardly exceeds two vehicles per 
day. I t should be s t a t e d i n t h i s con
nection that some of these t r i p s , r e s u l t 
ing i n long parking and reported as shop-
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ping v i s i t s t o these stores, probably i n 
cluded w a l k i n g t r i p s t o o t h e r s t o r e s , 
l u n c h e o n , t h e b e a u t y p a r l o r o r t h e 
theater. A fu r t h e r i n t e r e s t i n g feature o f 
Figure 2 i s the d i s t r i b u t i o n o f distances 
walked from parked cars t o the s t o r e s . 
Note t h a t the suspected s h o r t shopper-
w a l k s and l o n g w o r k e r - w a l k s are n o t 
apparent. I t i s probable that a consider
able number of workers reached the garage, 
which was close by, before the heavy i n 
f l u x o f shoppers, thus pre-empting spaces 
which the l a t t e r desired. 

S i m i l a r l y , i n Figure 3 i t i s seen that 
the s h o r t - t i m e parker d i d not park any 
nearer h i s d e s t i n a t i o n than the l o n g 
time parker. I f anything, the opposite 
was the case. Also, a very large propor
t i o n o f those p a r k i n g on a p u b l i c l o t 
walked two t o three blocks, while a l a r 
ger percentage of the public garage park-
ers walked only one to two blocks. This 
was no doubt due t o a l o t and garage, 
r e s p e c t i v e l y , which are l o c a t e d w i t h i n 
these distances and which are p a r t i c u l a r l y 
convenient t o shoppers destined t o these 
two stores. Oving to the e x i s t i n g r e s t r i c 
t i o n s on curb p a r k i n g i n the adjacent 
bl o c k s , the distances walked from curb 
spaces were r e l a t i v e l y long. Neverthe
less, note the short-time nature of t h i s 
on-street parking. 

The parking patterns of these figures 
are c o n s i s t e n t w i t h p a t t e r n s o f t r i p s 
o r i g i n a t e d by these same two stores when 
the t r i p data drawn from the B a l t i m o r e . 
O r i g i n and Destination Survey were analy
zed and presented i n a somewhat s i m i l a r 
manner. Also, when the number o f auto
mobile d r i v e r s who came t o the s t o r e s 
( e x c l u s i v e o f those who merely dropped 
o f f p a s s e n g e r s ) , as r e v e a l e d by the 
analysis of the 0 and D data, i s compared 
with the number of parkers as revealed by 
the parking survey data, we f i n d a remark
ably close agreement. Auto-drivers num
bered 1333 and auto parkers 1413, a d i f 
ference of only 5.6 percent. I n the case 
of the second of three generators studied 
i n t h i s manner, an o f f i c e b u i l d i n g , d r i 
vers number 322 and parkfers 359, a d i f 
ference of 10.1 percent. However, i n the 
case of the remaining generator so stud-
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Figure 3. Analysis o f T r i p s by Parkers 
Destined t o Department Stores "A" and "B" 

by Type o f Parking, Hours Parked and 
Blocks Walked 

i e d , a l a r g e general market, d r i v e r s 
t o t a l 488 per day and parkers 831, the 
d i f f e r e n c e being 41.3 percent. I t i s 
bel i e v e d t h a t the lack o f agreement i n 
the l a t t e r instance may be explained by 
the f a c t t h a t the number of auto d r i v e r s 
was determined by the answers t o questions 
concerning t r i p s t o the market on every 
weekday, whereas only two weekdays are 
market days. On the other hand, the num
ber o f parkers was developed from the 
parking survey and a very large propor
t i o n of those parking f a c i l i t i e s near the 
market, which mig^t well have been u t i l i 
zed by i t s patrons, were interviewed only 
on market days. This no doubt created an 
apparent parking demand much i n excess 
of t h a t which would occur on the average 
weekday. I n view o f these f a v o r a b l e 
c o r r e l a t i o n s , i t was considered reason
able to presume that each automobile d r i 
ver represented a pote n t i a l parker. 

PARKING DEMAND 

Analysis of data - The o r i g i n and destina
t i o n data o f the Baltimore Transportation 
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Study* were used as the basis f o r deter-
j n i n i n g the p a r k i n g demands o f v a r i o u s 
generators as a by-product o f o r i g i n and 
d e s t i n a t i o n surveys. Although the Bal
timore Study f o l l o w e d the conventional 
p a t t e r n f o r such surveys i t may be we l l 
t o r e c a l l t h a t the s m a l l e s t u n i t i n t o 
which the Metropolitan Area was subdivided 
was a sector, \)diich varied i n size from a 
c i t y block i n the central business d i s t r i c t 
t o several blocks i n the o u t l y i n g areas. 
For t h i s reason s o r t i n g the coded punch 
cards on a given sector o f d e s t i n a t i o n 
gave no assurance t h a t the sorted cards 
represented t r i p s t o a p a r t i c u l a r b u i l d 
i n g w i t h i n t h a t s e c t o r . I n a few i n 
stances, where o n l y one generator was 
located i n the sector, t h i s was true; but 
i n most cases, p a r t i c u l a r l y i n the down
town areas, reference had to be made t o 
the o r i g i n a l questionnaires i n order t o 
determine which t r i p s were made t o the 
selected generators. 

Tlie f o l l o w i n g f i f t e e n b u i l d i n g s and 
one neighborhood shopping community were 
selected f o r study as generators of park
i n g demand:-

Tbree Department Stores 
A Railroad Passenger Station 
A Ret a i l and Mail Order Store 
A Neighborhood Shopping Gomnunity 
A General Market 
An I n d u s t r i a l Plant 
Two Of f i c e Buildings 
A Theater 
A Public High School 
A University Campus 
A Hotel 
A Bus Terminal 
A Private Hospital 

Referance was made t o the o r i g i n a l 
questionnaires where necessary, and those 
punch cards were s o r t e d out which def-

'^Report of the T r a n s p o r t a t i o n Study,--
Baltimore Metropolitan Area, TRANSPORTA
TION NEEDS, Vol. I . Also MANUALS OF IN
STRUCTION, ed. Maryland S t a t e Roads Com
m i s s i o n i n c o o p e r a t i o n w i t h B a l t i m o r e 
C i t y and the P u b l i c Roads Administration, 
F e d e r a l Works Agency ( B a l t i m o r e , 1945-
1946). 

i n i t e l y r e f e r r e d t o t r i p s t o the selected 
g e n e r a t o r s . I t was then assumed t h a t 
each automobile d r i v e r t r i p (exclusive o f 
those who merely dropped o f f passengers), 
d e s t i n e d t o the r e s p e c t i v e b u i l d i n g s , 
c o n s t i t u t e d a demand f o r one p a r k i n g 
space. T h i s , o f course, does not mean 
t h a t one oarkine space i s r e q u i r e d and 
must or should be provided. Peak-hour 
demand and ve h i c l e turnover per parking 
space must also be considered and these 
f a c t o r s vary w i t h the type and l o c a t i o n 
o f the generator as well as the purpose 
o f the t r i p . Although peak hours were 
apparent, turnover f a c t o r s could not be 
determined d i r e c t l y from 0 and D data 
since they contained no pertinent parking 
i n f o r m a t i o n . However, by t a k i n g i n t o 
consideration al 1 of the elements involved 
i n each case, the turnover f a c t o r s were 
estimated t o range from one v e h i c l e per 
space t o a " t o work" purpose t o f o u r 
vehicles per space for purposes other than 
t o shop or work. The two v e h i c l e s per 
space turnover rate f o r r e t a i l department 
store shopping was based l a r g e l y upon the 
r e s u l t s o f the parking habits study pre
sented above. 

P r e s e n t o l i o n of A e s u l t s - The p a r k i n g 
spaces r e q u i r e d t o s a t i s f y the p a r k i n g 
demand created by the various generators 
are presented i n Table I . Tbe a d a p t a b i l i t y 
o f these f i g u r e s f o r d e t e r m i n i n g such 
f a c t o r s as f l o o r area per parking space 
required, theater seats per parking space 
r e q u i r e d , e t c . i s obvious. Equally as 
e v i d e n t i s the a p p l i c a b i l i t y o f t h i s 
information t o the formulation o f tenable 
zoning ordinances, which r e q u i r e t h a t 
automobile parking spaces be provided f o r 
i n conjunction w i t h the c o n s t r u c t i o n o f 
c e r t a i n new b u i l d i n g s , as w e l l as major 
s t r u c t u r a l a l t e r a t i o n s to e x i s t i n g b u i l d 
i n g s . These f a c i l i t i e s should s a t i s f y 
the parking needs i n a convenient loc a t i o n 
t o insure usage and should be o f f - s t r e e t 
t o prevent interference with moving t r a f 
f i c . Provisions f o r such f a c i l i t i e s are 
recommended by numerous highway and t r a f 
f i c engineers and c i t y planners. Many 
c i t i e s and other p o l i t i c a l s ubdivisions 
have already approached the parking pro
blem by the i n c o r p o r a t i o n o f such o r d i -
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Smmay o f Parking Space Dansnd Created on 24-hoiir Weekday by Various Generatora and 
Relauonships w i t h Floor Area or Other Baaic I h i t a 

Generator 

DepartiDent Store "A" 

Department Store "B" 

m Paaaenger S t a t i o n 

R e t a i l and Mail Order 
Store 

Neighborhood Shopping 
Coonunity 

General Market 

Depnrtnaait Store "C" 

I n d u s t r i a l Plant 

O f f i c e B u i l d i n g "A" 

O f f i c e B u i l d i n g " B " 

Hieater 

Public High School 

U n i v e r s i t y Campus 

Priv a t e Hospital 

Purpose Auto 
Estifliated 
Turnover 

Parking Gross Floor (jross Floor Area 
of DtiTer Estifliated 

Turnover 
Spaces Area or Other Other Basic Unit 

I V l p T r i p J 
Estifliated 
Turnover Required Basic Unit Parking Space Requ 

Work 104 1 104 182,145 sq f t . 283 sq f t 
Shop 1036 2'' 518 ( s e l l i n g area) ( s e l l i n g area) 
Other 62 3 21 305,145 aq. f t . 475 sq. f t 
Total 643 ( t o t a l area) ( t o t a l area) 
Work 146 1 146 185,000 sq f t . 518 aq f t . 
Shop 41S 2'" 208 ( a e l l i n g area) ( a e l l i n g area) 
Other 10 3 3 245,000 aq. f t 686 aq. f t . 
Total 357 ( t o t a l area) ( t o t a l area) 
Total 1187 1 2* 989 93,583 sq. f t . 95 sq. f t . 
Work 286 1 286 
Shop* 808 2b 404 1,300,000 sq. f t 1,816 sq. f t . 
Other 78 3 26 

1,816 sq. f t . 

T o t a l 716 
Work 294 1 294 120 shops at 5,000 813 sq f t . 
Shop S82 3'' 194 sq. f t . each equnla 
Other 1000° 4 250 600,000 sq f t 
Total 738 

600,000 sq f t 

Work 5' 1 5 
Shop 399 2" 200 45,000 sq f t 199 sq f t 
Other 64 3 21 650 s t a l l s 2 9 s t a l l s 
Total 226 
Work 144 1 144 
Shop 735 2* 368 100,000 sq f t . 180 sq f t 
Other 134 3 45 
Total 557 
Work 447 1 447 1,913,000 sq f t 4223 sq f t 
Other 19 3 6 3138 employees 6.9 employees 
Total 453 
Work 313 1 313 591,000 sq. f t 1628 sq. f t . 
Other ISO 3 50 (net rentable area) (net rentable area) 
Total 363 
Work 292 1 292 
Other 49 3 16 252,000 aq f t 818 aq f t . 
Total 308 

252,000 aq f t 818 aq f t . 

Soc-Oil & 20S 1 5« 137 50,000 sq. f t . 318 aq. f t 
Recrootion 3000 seats 19.1 Beats 
Work 20 1 20 
Total 157 
Work & 201 1 201 256,400 aq. f t . 1263 sq. f t . 
School 1527 students 7 5 students 
Other 7 3 2 
Total 203 
School 266 2h 133 398,500 sq f t 910 sq f t 
Work 283 1 2* 236 (net academic area) (net academic area) 
Hooe 60 1 60 613.500 sq. f t 1401 aq. f t 
Other 26 3 9 ( t o t a l area) ( t o t a l area) 
Total 438 3335 students 

4346 seats 
7 6 students 
9.9 aeata 

Work & 100 l ' 100 
Business 162,000 sq f t . 1013 aq f t . 
Recreation 56 1 4° 40 425 guest roans 2 7 guest rooms 
Other 61 3 20 700 capacity 4 4 capacity 
Total 160 

25,000 sq f t 1042 sq. f t 
Total 29 I 2« 24 (net tenninal area) 

46,000 aq. f t . 
( i n c l garage area) 

(net tenninal area) 
1917 sq f t 
( i n c l garage area) 

Work, Hone 172 1 172 
& Medical 197,000 sq f t 934 sq. f t 
Other 78 2" 39 400 beda 1 9 beds 
Tota l 211 

"Ejtcept those t o serve posscngers 
hjow due t o peak-hour t r o f f i c 
'Greater thon u n i t y due t o 24-hour period 
Higher due t o shorter time parked at sp e c i a l t y shops 

*Also omits t r i p s " t o hone". 
But many workers d r i v e trucks 

fLom due t o evening peak hour. 
Higher due t o evening and night classes 
Business not a t hote] - - a c t u a ] ] y " t o rocrn" purpose. 

"Lav due t o evening peak hour 
°Lo» due t o v i B i t i n g - h o u r peaks 
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nances. Others are considering or advo
c a t i n g t h i s type o f b u i l d i n g r e g u l a t i o n . 

But i n a d d i t i o n t o the diverse opinions 
on the area o f each parking space and the 
ininimum distance between p a r k i n g areas 
and generators, there e x i s t s a f l a g r a n t 
lack o f conformity among the basic fac
t o r s thus f a r advanced. H i i s s i t u a t i o n 
stems mainly from a def i c i e n c y o f r e l i a 
ble c r i t e r i a , the most c r e d i b l e data t o 
date having been obtained f r o n studies o f 
onl y r e l a t i v e l y homogeneous land uses, 
which provide a l i m i t e d amount o f i n f o r 
mation. The type o f study o u t l i n e d here, 
which investigates absolutely homogeneous 
areas, namely, i n d i v i d u a l g e n e r a t o r s , 
should provide data t h a t w i l l be e n t i r e l y 
applicable and indispensable i n formulat
in g necessary ordinances. 

Floor areas or other basic u n i t s were 
secured f o r each generator and t h i s i n f o r 
mation was i n t u r n r e l a t e d t o the parking 
space requirements mentioned above t o 
produce the basic f a c t o r s which also ap
pear i n Table 1. Although discrepencies 
appear t o be large among the f a c t o r s f o r 
d i f f e r e n t buildings o f the same type, t h a t 
i s , department stores and o f f i c e b u i l d i n g s , 
i t can be r e l i a b l y stated that t h i s v a r i a 
t i o n i s due t o the d i f f e r e n t character o f 
the t r a f f i c generated. 

CONCLUSIONS 

1. "Diis study demonstrates a method 
f o r o b t a i n i n g d e t a i l e d i n f o r m a t i o n , d i 
r e c t l y from urban parking survey data, 
concerning the p a r k i n g h a b i t s o f auto
mobile d r i v e r s destined t o various types 
of t r a f f i c generators w i t h varying space 
usage. 

2. I t l i k e w i s e demonstrates and 
es t a b l i s h e s a method o f securing, as a 
by-product o f urban o r i g i n and destination 
surveys, mass information concerning the 
parking demand created by such generators. 

3. The r e s u l t s which are presented 
should be regarded only as examples o f 
the kind'of information lAich-such analy
ses may produce. They must be used w i t h 
caution u n t i l s u bstantiated or modified 
by f u r t h e r applications o f the methods. 

4. I n order to insure t h a t the samples 

are s t a b l e , g enerators must a t t r a c t a 
c o n s i d e r a b l e number o f t r i p s . From 
experience gained i n t h i s i n v e s t i g a t i o n 
the minimum number appears to be at least 
one thousand. 

5. The heterogeneous b u i l d i n g s o f 
neighborhood shopping conminities, while 
not generating an appreciable t r a f f i c i n 
d i v i d u a l l y , may create a sizable parking 
demand when considered c o l l e c t i v e l y . This 
i s due t o t h e i r mutual proximity and con
sequent added power o f a t t r a c t i o n . 

6. Buildings o f approximately the same 
s i z e , which house a c t i v i t i e s t h a t are 
s i m i l a r i n character, may'create parking 
demands that are quite d i s s i m i l a r . Hiere-
fore i t i s evident t h a t sweeping general
i z a t i o n s are dangerous. 

7. I t i s elementary t h a t information 
emanating from s t u d i e s o f t h i s type i s 
i n d i c a t i v e o f demands only as they e x i s t 
and does not disclose p o t e n t i a l demands 
which may a r i s e as a r e s u l t o f changing 
conditions. 

RECOMMENDATIONS 

1. Hie procedures demonstrated i n t h i s 
study are reconmended f o r use i n connection 
w i t h and as a by-product o f urban o r i g i n 
and d e s t i n a t i o n and p a r k i n g surveys, 
wherever comprehensive parking information 
i s sought p e r t a i n i n g t o a considerable 
number o f large generators. I t i s obvious 
t h a t , i f the number o f g e n e r a t o r s ^ i s 
l i m i t e d or i f they are s m a l l , i t w i l l 
probably be less expensive and more ac
cu r a t e t o conduct a spot-check survey 
by i n t e r v i e w i n g a l a r g e sample a t the 
s i t e . 

2. I n order t o f a c i l i t a t e the ap
p l i c a t i o n o f these methods i t i s recom
mended t h a t present 0 and D and parking 
survey techniques be revised t o include 
the following: 

a. Whenever the smallest subdivision 
of the 0 and D or parking survey area 
i s occupied by more than one generator, 
s p e c i f i c a l l y code the in d i v i d u a l b u i l d 
ings selected for special study at the 
outset. This would prevent laborious 
scanning o f the o r i g i n a l questionnaires. 

b. I f t h i s i s not practicable, the 
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names or addresses of the buildings c. When (a) i s not practicable i n 
should be reported as destinations. I n the case o f the parking survey, include 
t h i s case a l l of the o r i g i n a l i n t e r - a s e r i a l number on the o r i g i n a l ques-
view forms should be c a r e f u l l y l i s t e d tionnaires and on the punch cards so 
and f i l e d by s e r i a l number i n such a that for each parking operation they 
way as t o f a c i l i t a t e t h e i r matching may be r e a d i l y associated, 
w i t h the punch cards. 
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TIME-MOTION RELATIONS IN OPERATION OF GARAGES 

EDMUND R. RICKER, Traffic Engineer 
New Haven, Connecticut 

The p a r k i n g problem robs us o f the 
primary a t t r i b u t e o f the p r i v a t e auto
mobile - i t s capacity f o r speed, or more 
e x a c t l y , the r e d u c t i o n o f t r a v e l time. 
The m a j o r i t y o f t r i p s have been found t o 
be r e l a t i v e l y short i n length, and a large 
proportion of them have the downtown d i s 
t r i c t o f a c i t y as t h e i r d e s t i n a t i o n . 
Perhaps i t i s reasonable to say t h a t the 
average time-length o f such t r i p s i s not 
over 30 minutes. Upon a r r i v a l i n the 
downtown area, the d r i v e r i s faced with a 
choice o f e i t h e r a great deal o f m i l l i n g 
around t o f i n d a curb space near h i s own 
d e s t i n a t i o n , or o f placing h i s car i n an 
o f f - s t r e e t f a c i l i t y . I f he chooses the 
curb s t a l l , he must often search through 
several e x t r a blocks o f congested t r a f 
f i c , and then accept a rather severe l i m 
i t a t i o n o f the duration o f h i s stay. I f 
he chooses an o f f - s t r e e t l o t or garage, 
he loses the ready a c c e s s a b i l i t y o f h i s 
car, and must spend a considerable period 
w a i t i n g f o r i t s acceptance and d e l i v e r y . 
I n e i t h e r case he adds m a t e r i a l l y t o the 
time-length o f h i s t r i p . While the time 
consumed i n parking and unparking may not 
be l a r g e i n absolute terms, or i n com
parison t o the time saved over horse-and-
buggy t r a n s p o r t a t i o n , i t i s large enough 
t o cause the motorist to seek other means 
o f t r a n s p o r t a t i o n or other d e s t i n a t i o n s . 
He compares the time o f w a i t i n g f o r h i s 
car t o be delivered from a garage - i n 
some cases 20 or 30 minutes - w i t h h i s 
known experience o f less than two minutes 
t o remove i t from the famil y garage, or 
l e s s than one minute t o unpark from a 
curb s t a l l . 

Public o f f i c i a l s and businessmen a l i k e 
are dedicated t o the maintenance and im
provement o f downtown business areas 

through the provision o f a d d i t i o n a l o f f -
s t r e e t parking f a c i l i t i e s . I t i s o f the 
utmost importance that these new f a c i l i t i e s 
be sound f i n a n c i a l l y and also meet the de
mands of motorists, i . e . , t h a t people not 
only be a t t r a c t e d i n t o the center o f the 
c i t y , but t h a t the accommodations provided 
be demonstrably more d e s i r a b l e than the 
a l t e r n a t i v e s a t the curb. The f a c t o r s 
which a t t r a c t parkers i n t o o f f - s t r e e t 
f a c i l i t i e s may be suimarized as: 

1. Location nearby the d e s t i n a t i o n s 
of the motorists. 

2. Low parking fees. 
3. A t t r a c t i v e appearance. 
4. P r o t e c t i o n from weather, t h e f t , 

and damage. 
5. Rapid s e r v i c e i n acceptance and 

d e l i v e r y o f cars. 
I t i s the b e l i e f o f the author that the 

last-named factor - r a p i d service - i s the 
most important. The element of time sav
i n g I S common to a l l the other f a c t o r s , 
since e f f i c i e n t operation i s necessary i f 
parking fees are to remain low, and on the 
other hand, hasty operation, which may r e 
s u l t from t r y i n g t o "push" an inadequate 
design, w i l l r e s u l t i n minor accidents 
and a dangerous-appearing operation. 

With t h i s i n mind, a research p r o j e c t 
was undertaken at the Yale Bureau of High
way T r a f f i c t o study the design o f parking 
garages as i t a f f e c t s the time of handling 
incoming and outgoing cars.^ F i e l d obser
vations were made i n numerous parking l o t s 
and garages to evaluate the various design 

^For a complete r e p o r t o f t h i s r e s e a r c h 
r e f e r t o THE TRAFFIC DESIGN OF PARKING 
GARAGES p u b l i s h e d by the Eno F o u n d a t i o n 
f o r Highway T r a f f i c C o n t r o l , Saugatuck, 
C o n n e c t i c u t . 
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features and operational methods. Time-
motion studies were made on the c r i t i c a l 
operations to determine t h e i r r e l a t i v e im
portance, and to compare d i f f e r e n t parking 
arrangements and types of design. Parking 
l o t s are conceded t o r e q u i r e less time 
than do garages for the handling of cars, 
as well as being cheaper and more r e a d i l y 
created. I n these s t u d i e s , more a t t e n 
t i o n was given t o garages because o f the 
greater complexity o f the t r a f f i c design. 

I n t h i s paper, primary consideration 
i s given t o a t t e n d a n t - p a r k i n g garages, 
because the operations are more complex, 
and time savings are important t o a t t e n 
dant e f f i c i e n c y as we l l as customer sat
i s f a c t i o n . 

ACCEPTANCE OF CABS 

I n .the acceptance o f cars i n t o a gar
age, the operations may be broken down 
i n t o two c l a s s i f i c a t i o n s - those which 
e n t a i l the customer's time, and those 
which may be c a r r i e d on independently o f 
hi s presence. Hie f i r s t has the smaller 
t i m e v a l u C j and seldom r e q u i r e s t h e 
customer t o stay i n the garage more than 
a minute. T^e steps may be de s c r i b e d 
b r i e f l y as follows: 

1. The customer d r i v e s i n t o t h e 
garage. I f the storage o f cars i s pro
ceeding smoothly, t h i s step merely i n 
volves the t r a v e l time from the s t r e e t 
i n t o the r e s e r v o i r space at low speed. 
The time value may be a matter o f 5 t o 
15 seconds. 

2. A garage employee issues an iden
t i f i c a t i o n t i c k e t . V a r i o u s types o f 
t i c k e t s are used, but p r a c t i c a l l y a l l have 
the common features o f a r e c e i p t issued 
t o the customer, a section placed on the 
car, and a s e c t i o n marked w i t h the car 
r e g i s t r a t i o n and s t a l l l o c a t i o n which i s 
f i l e d i n the cashier's o f f i c e . Hie issu
ance of a t i c k e t requires time stamping, 
w r i t i n g down o f the car r e g i s t r a t i o n , 
t e a r i n g the t i c k e t i n t o s e c t i o n s , and 
pl a c i n g these i n t h e i r proper place. A 
good f l o o r man w i l l issue an average o f 
120 t i c k e t s per hour, or at a rate o f 30 
seconds per car. 

3. The customer, a f t e r accepting h i s 

receipt, leaves the garage. Most customers 
w i l l leave immediately, p a r t i c u l a r l y those 
who park i n the garage r e g u l a r l y , or who 
are on business t r i p s . Others, such as 
shoppers and hotel patrons may spend con
siderable time unloading passengers and 
bundles. I n the l a t t e r case, the car can
not be stored u n t i l they have f i n i s h e d . 

I t may be seen then that the steps i n 
v o l v i n g the customer are simple, t h a t he 
i s doing something a l l the time, and, i n 
general, t h i s process i s quite s a t i s f a c t o r y 
from the customer's point o f view. 

MOVEMENT TO STORAGE FLOORS 

Let us now turn a t t e n t i o n to the move
ment of cars to the storage f l o o r s , which 
may be considered almost separately from 
the steps described above. Hie procedure 
i n a t y p i c a l garage may be described as 
follows: 

1. A d r i v e r employed by the garage 
(hereafter termed an attendant) gets i n t o 
the car and s t a r t s the motor. Tliis soon 
becomes a standardized operation t o ex
perienced attendants, i n spite o f the d i f 
ferences between various makes and models 
of cars. The average time required i s 8 
seconds. 

2. Hie attendant drives the car along 
the main f l o o r and up or down the ramps to 
the storage f l o o r s . The travel time on the 
main f l o o r depends upon the location o f the 
car r e l a t i v e t o the ramp, but i n any event, 
i s of small duration. Hie tr a v e l time on 
the ramp i s more i n t e r e s t i n g - and more 
important. 

The type and l o c a t i o n of ramps i s the 
governing f a c t o r i n the l a y o u t o f most 
garages. Many d i f f e r e n t kinds have been 
patented and b u i l t , each having i t s ad
vantages and disadvantages. The choice for 
a p a r t i c u l a r garage, however, must be based 
on the shape and layout o f the land parcel. 
No one type o f ramp i s superior t o a l l 
others, and a garage designer should be 
f a m i l i a r w i t h each type i n order t o s e l 
ect the one most s u i t a b l e f o r a p a r t i c u 
l a r garage. There are two general classes 
o f ramps. One, which may be termed the 
"clearway", provides a completely separ
ate path f o r v e h i c l e s t r a v e l i n g on the 
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ramp from t h a t o f vehicles being parked 
and unparked. The other i s the "adjacent 
p a r k i n g " type, i n which parking s t a l l s 
are placed along the ramp, and the ramp 
I S i n e f f e c t used as an a i s l e f o r these 
s t a l l s . Tlie t r a v e l time on clearway type 
ramps 'is s m a l l e r and more c o n s i s t e n t , 
since there i s no interference from other 
vehicles and a f a i r l y uniform speed may 
be maintained. Speeds of 10 to 15 mph. 
are common, with an average f l o o r - t o - f l o o r 
time o f about 12 seconds. When cars are 
not being moved i n t o or but of the s t a l l s 
abutting the adjacent parking type, these 
ramps may operate w i t h almost the same 
e f f i c i e n c y as the clearway type. I t i s 
obvious, however, that serious delays may 
be incurred due to a blocking o f the ramp 
whenever cars are parked or unparked. 
This delay i s d i f f i c u l t t o measure ac
c u r a t e l y , due t o the u n p r e d i c t a b i l i t y 
of i t s occurrence and the i r r e g u l a r i t y o f 
a r r i v a l s o f successive cars on the ramp. 
Measured i n an o v e r a l l e f f e c t f o r the 
average t r a v e l time o f a l l cars moving 
on the ramp, i t was found that the t r a v e l 
time might be increased from 15 to 30 
seconds due to t h i s kind o f delay. 

The ineffectiveness of fast d r i v i n g on 
the ramps i s e a s i l y demonstrated. I n one 
garage studied, the d i f f e r e n c e s between 
normal d r i v i n g and " f a s t " d r i v i n g , as 
evidenced by the squealing o f t i r e s , was 
found t o be l e s s than one second per 
f l o o r . Other f a c t o r s which a f f e c t ramp 
o p e r a t i n g speeds and convenience o f 
operation are: amount o f curvature, super
elevation, and sight distance at approaches 
to storage f l o o r s . 

3. The a t t e n d a n t d r i v e s along the 
a i s l e s o f the -storage f l o o r u n t i l he 
reaches the s t a l l i n which he parks the 
car. D r i v i n g speeds on the storage f l o o r s 
were found to average 9 mph. The actual 
time spent depends upon the length of the 
a i s l e s , that i s , how large the garage i s , 
and the type of car location system used. 
When attendants are allowed t o place the 
car i n any convenient s t a l l they may some
times save time, but during busy periods 
may use e x t r a time i n f i n d i n g an open 
s t a l l . Further, they must mark the loca
t i o n o f the s t a l l on part o f the i d e n t i 

f i c a t i o n t i c k e t and return i t to the cash-
i e r ' s o f f i c e . On the other hand, i f the 
cars are placed i n pre-assigned s t a l l s , 
the attendant may d r i v e d i r e c t l y t o that 
s t a l l w i t h assurance of f i n d i n g a vacant 
space and does not have t o perform any 
l o c a t i o n bookkeeping. Hie time o f d r i v 
i n g on the f l o o r may occupy a period o f 
4 to 25 seconds. 

4. Hie attendant parks the car i n the 
s t a l l . I t can be shown geometrically on 
the basis o f car dimensions and t u r n i n g 
r a d i i t h a t , for parking at 90 deg. to the 
a i s l e , considerably less space i s required 
t o back cars i n t o s t a l l s and d r i v e them 
out than t o d r i v e i n and back out. H i i s 
i s a l s o confirmed on the basis o f ex
p e r i e n c e and o p e r a t i n g t i m e . I n a l l 
garages observed, p a r k i n g s t a l l s were 
placed 90 deg. t o the a i s l e s and cars 
were backed i n . A few minor exceptions 
were noted because o f s p e c i a l l a y o u t s 
near c o r n e r s , ramps, or columns. The 
p a r k i n g time v a r i e s i n v e r s e l y w i t h the 
width o f the s t a l l and the width o f the 
a i s l e . With adequate dimensions f o r saf
ety and convenience, a reasonable average 
p a r k i n g time i s 18 seconds. With i n 
adequate space, parking time may often be 
increased to a matter o f several minutes, 
depending on the number of passes required 
t o wedge a car i n between other cars or 
b u i l d i n g r e s t r i c t i o n s . 

5. Hie attendant turns o f f the motor, 
p u l l s up the handbrake, and gets out o f the 
car. This i s another operation »4iich soon 
becomes automatic, and w i l l average s i x 
seconds. 

6. Hie attendant notes the location of 
the car on the o f f i c e stub o f the i d e n t i 
f i c a t i o n t i c k e t , i f t h i s system i s used. 
A reasonable time may be about 15 t o 30 
seconds. However, i t may be considerably 
less as the attendant w i l l o f t e n w r i t e 
t h i s information down while walking away 
from the car or w h i l e w a i t i n g f o r an 
elevator. 

7. The attendant walks to the i n t e r -
f l o o r d r i v e r t r a v e l means. The walking 
speed of attendants was found to be about 
f i v e f e e t per second. I n some garages 
the elevators or s t a i r s were placed i n a 
remote corner, apparently t o save parking 
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space. T h i s i s a f a l s e economy since 
these i n t e r f l o o r d r i v e r t r a v e l means are 
a center o f a c t i v i t y and the attendant 
must spends large part of h i s time walking 
t o and from them. From t h i s p o i n t o f 
view they should be placed at the centroid 
of the parking area, w i t h free access to 
a l l a i s l e s . 

8. The attendant goes down the i n t e r 
f l o o r d r i v e r t r a v e l means t o the main 
f l o o r . Hie average t r a v e l time per f l o o r 
on a stairway i s 12 seconds. The t r a v e l 
time on passenger e l e v a t o r s v a r i e s w i t h 
th e speed o f e l e v a t o r , the number o f 
elevators, and the d i s t r i b u t i o n o f park
i n g s t a l l s between the v a r i o u s f l o o r s . 
I t w i l l average perhaps one minute per 
t r i p , i n c l u d i n g w a i t i n g time. The t r a v e l 
time on service elevators or man l i f t s i s 
about s i x seconds per f l o o r . Tlie t r a v e l 
time on f i r e poles i s about two and one-
h a l f seconds per f l o o r . 

9. TTie attendant walks t o the reser
v o i r space f o r another t r i p . 

Hie e n t i r e time required f o r storage 
o f an i n d i v i d u a l car may be seen t o av
erage about three to four minutes. This 
corresponds t o an attendant handling rate 
o f f i f t e e n t o twenty cars per hour. The 
t o t a l number o f cars handled i n a given 
p e r i o d can be obtained by m u l t i p l y i n g 
t h i s r a t e by the number o f attendants. 

RESERVOIR SPACE 

The r e l a t i o n s h i p between the time re
quired f o r the custcoier to leave h i s car 
and f o r the attendant to remove i t to the 
storage f l o o r i s concerned w i t h the oper
a t i o n s i n the r e s e r v o i r space. Hius i t 
may be r e a d i l y seen t h a t the r e s e r v o i r 
space i s the most important s i n g l e area 
i n the garage. When i t i s f u l l , customers 
must wait i n the s t r e e t before e n t e r i n g 
the garage, regardless o f the number o f 
cars already s t o r e d , and t h i s ' adds d i r 
e c t l y t o t h e i r w a i t i n g time and d i s s a t i s 
f a c t i o n w i t h the parking operation. 

A t h e o r e t i c a l b asis f o r determining 
the capacity o f r e s e r v o i r space has been 
worked out and has been checked emperical-
l y a g a i n s t the few garages observed t o 
have adequate reservoir space. The s t o r 
age o f cars i n a garage may be thought o f 

as a k i n e t i c problem of the rate o f a r r i 
val and the r a t e o f storage, r a t h e r than 
the s t a t i c problem o f t o t a l number of cars 
stored. From parking surveys and experi
ence i n s i m i l a r garages an estimate can 
be made of the expected a r r i v a l r a t e --
t h a t i s , how many cars per hour w i l l be 
presented f o r storage. For a garage which 
i s i n the design stage i t may be d i f f i c u l t 
t o determine the exact time required t o 
store each car. However, i t i s c e r t a i n l y 
reasonable t o assume t h a t enough a t t e n 
dants w i l l be h i r e d so t h a t the average 
r a t e o f storage w i l l equal the average 
r a t e o f a r r i v a l . I f t h i s i s the case, 
then the r e s e r v o i r space need o n l y be 
adequate t o s t o r e the cars which a r r i v e 
at momentary rates higher than the average 
r a t e . Studies were made of the a r r i v a l 
times o f cars i n garages and i t was found 
t h a t t h e y a r r i v e d on a random b a s i s 
which c o u l d be d e s c r i b e d through the 
theory o f p r o b a b i l i t y or Poisson's Law. 
In applying t h i s theory, i t i s necessary 
to s elect an a r b i t r a r y degree o f perfec
t i o n , that I S , the percentage of time that 
o v e r - f i l l i n g o f the r e s e r v o i r w i l l not 
be allowed. 

AN APPROXIMATE SOLUTION OF TOE RESERVOIR 
PROBLEM^ 

Consider an i n t e r v a l A o f time. Let 
i t be assumed that the p r o b a b i l i t y that x 
cars a r r i v e at the r e s e r v o i r during A i s 
given by the Poisson d i s t r i b u t i o n : 

(x = 0, 1, 2. .) (1) 

The r a t e o f removal of cars from the r e 
s e r v o i r w i l l be represented by m'. L 
w i l l represent the reservoir's capacity. 

I t i s desired t o know the p r o b a b i l i t y 
t h a t the reservoir w i l l never be o v e r f i l l e d 
d u r i n g A and t o know how large L should 
be (when m and m' are g i v e n ) i n order 
t h a t the p r o b a b i l i t y of no o v e r f i l l i n g be 
equal t o some preassigned p r o b a b i l i t y , 
say 0.99. Approximate answers t o these 

^The author i s i n d e b t e d t o David F. Votaw, 
I n s t r u c t o r i n Mathematics, Yale U n i v e r s i t y , 
f o r the d e r i v a t i o n o f the f o r m u l a s shown 
i n t h i s s e c t i o n . 
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questions w i l l now be given. 
The p r o b a b i l i t y o f no o v e r f i l l i n g 

equals approximately 

(2) 

Hie expression i n (2) i s closely approxi
mated by the cumulative normal (Gaussian) 
d i s t r i b u t i o n when m i s large (say 30 or 
more). 
We have: 

L-hn'-m -uV2 du. 
(3) 

I n o b t a i n i n g (3) from (2) one makes use 
o f the fact that the mean value and stand
ard d e v i a t i o n o f x are m andVm^ respect
i v e l y . 

Using tables o f the normal d i s t r i b u t i o n 
we have t h a t when m i s large and the pro
b a b i l i t y o f no o v e r f i l l i n g equals 0.99, 

L'Hn' -m 
VST =2.4; and so 

L = (2.4)Vm"+ (m-m') (4) 

APPLICATION OF RESERVOIR SPACE PORMUU 

The r e l a t i o n s h i p between the capacity 
of reservoir space, rate o f a r r i v a l s , and 
rate o f storage i s shown i n Figure 1. Hie 
c e n t r a l curve represents the d e s i r a b l e 
c o n d i t i o n , wherein the average rates o f 
a r r i v a l and storage are equal. H i i s may 
be represented by the formula: 

L = 2.4/Hr 

Where L = capacity o f reservoir and 
m = average r a t e o f a r r i v a l . 

As an example, i f the expected a r r i v a l 
r a t e i s 100 c a r s per hour^ t h e r e -
servoir should have a capacity o f 2.4J100 
or 24 cars. 

Hie upper and lower curves i n Figure 1 
i l l u s t r a t e the conditions where the rate 
o f storage i s 0.9, 0.95, 1.05, and 1.1 

times the rate o f a r r i v a l . As an example, 
i f the r a t e o f a r r i v a l i s 100 cars per 
hour and the r a t e o f storage 90 cars per 
hour, then the r e s e r v o i r should have a 
capacity o f 2.4/l55 + 100 - 90 or 34 cars. 
T h i s a r i t h m e t i c a l increase i s obvious, 
since the cars not stored w i l l accumulate 
i n the reservoir. 

I t would seem t o be a f a l s e economy 
t o provide extra r e s e r v o i r space t o o f f 
set a planned d e f i c i e n c y i n attendants. 
On the other hand, i t w i l l c e r t a i n l y be 
necessary t o h i r e a d d i t i o n a l attendants 
i f i n s u f f i c i e n t r e s e r v o i r space i s pro
vided. I t cannot be emphasized too strong-
l y t h a t the r e s e r v o i r space i s o f the 
greatest importance i n r a p i d acceptance o f 
cars i n t o a garage, and t h a t most e x i s t 
i n g garages are d e f i c i e n t i n r e s e r v o i r 
space. 

DELIVERY OF CARS 

One important d i f f e r e n c e between the 
acceptance and d e l i v e r y o f cars i s t h a t 
the customer's time i s i n v o l v e d i n the 
e n t i r e operation o f d e l i v e r y . Further, 
much o f t h i s time he i s i n a c t i v e -- j u s t 
w a i t i n g -- which makes i t pass s l o w l y . 
The customer's time may be considered i n 
three p a r t s -- paying the c a s h i e r , the 
actual time f o r an attendant t o d e l i v e r 
hi s car, and w a i t i n g h i s t u r n f o r an at t e n 
dant. 

Hie time spent at the cashier's o f f i c e 
i s s m a l l . Standard procedures are em
ployed, i n c l u d i n g time-stamping the t i c k e t , 
computing the elapsed time and charge, 
and making change. This procedure need 
n o t r e q u i r e more than 30 t o 45 seconds. 
More of t e n , the customer at the cashier's 
o f f i c e i s r e quired t o w a i t i n l i n e , not 
because o f the time r e q u i r e d f o r t h e 
cashier operation, but because cars are 
not being delivered f a s t enough, and h i s 
w a i t i n g time can thus be broken i n t o two 
parts. 

Hie operation of d e l i v e r i n g a car from 
the storage f l o o r t o the outbound reser
v o i r space i s almost the reverse o f the 
storage operation, and equivalent i n time. 
I n instances where cars are being accep
ted and d e l i v e r e d a t the same p e r i o d , 
attendants may reduce the time per car 
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Figure 1. Relationship between Capacity and Rates of A r r i v a l 

and Storage. 

handled by as much as one t h i r d . W i i l e 
t h i s makes f o r e f f i c i e n t employment o f 
attendants, when the d e l i v e r y operation 
i s considered alone the time per car i s 
thus increased by one-third. 

Hie d e l i v e r y rate - cars per attendant 
per hour - depends on the design o f the 
garage, the q u a l i t y o f personnel, and 
the methods o f operation. Good t r a f f i c 
design o f the ramps, s t a l l , and a i s l e s 
w i l l form a basis f o r keeping t h i s time 
t o a minimum. The design and l o c a t i o n 
o f i n t e r f l o o r d r i v e r t r a v e l means i s dlso 
important. Reyond t h i s point, the person
nel and operations are a function o f man
agement. A l t h o u g h i n some garages a 
f o r t u i t o u s combination o f s i z e , layout, 
operation, and parking demand make i t pos
s i b l e t o d e l i v e r cars i n an average time 
of two minutes each, t h i s i s c e r t a i n l y a 
minimum value. A reasonable average i s 
three t o four minutes. 

So f a r , We have accounted ifor pnerhap^ 
f i v e minutes o f the customer's w a i t i n g 
time. Yet, as stated e a r l i e r , customers 
must o f t e n wait 20 to 30 minutes f o r the 
d e l i v e r y o f t h e i r cars. This c o n d i t i o n 
i s i l l u s t r a t e d i n Figure 2, which describes 
the operation of a large garage during a 
peak rush when the stores were open during 
the evening. These data were co l l e c t e d by 
counting the number of w a i t i n g customers 
at five-minute i n t e r v a l s , and by recording 
the time o f d e l i v e r y o f each car. I t may 
be seen that the number of customers wait
i n g at some periods exceeded 70 d r i v e r s , 
and t h a t the average w a i t i n g time was 30 
minutes. On t h i s p a r t i c u l a r evening, only 
e i g h t attendants were on duty - obviously 
not a s u f f i c i e n t number for good operation. 
The average customer a r r i v a l r a t e was 
about 120 per hour, the average d e l i v e r y 
r a t e about 90 cars per hour, w h i l e cars 
were b e i n g both s t o r e d and d e l i v e r e d 
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Figure 2. Garage Operation during Rush Period• 
Eight Attendants. 
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Figure 3. Garage Operation during Rush Periods -
Ten Attendants. 

(before 9:30), and about 120 per hour when 
only d e l i v e r y operations were necessary. 

Figure 3 shows the operation of the same 
garage on another shopping n i g h t . I n 
t h i s case, ten attendants were on duty, 
but four o f them were r e l a t i v e l y inexper
ienced. The peak number of w a i t i n g cus
tomers I S 30, w i t h a w a i t i n g time o f 19 
minutes. The customer a r r i v a l r a t e was 

about 110 per hour, and the average d e l 
ivery rate 90 per hour. H i i s inconsistency 
i s due t o the f a c t t h a t several times 
early i n the evening the rate of d e l i v e r y 
exceeded the rate of customer a r r i v a l , so 
that the attendants sometimes had no work 
t o do, and were never pushed as hard as 
on the former evening. I t should also be 
noted that under evenly balanced operat-



22 PARKING 

ing conditions the number of waiting cus
tomers would equal the number o f a t t e n 
dants, and the average waiting time would 
equal the delivery time. 

CUSTOMER PARKING 

Hie a l t e r n a t i v e o f customer parking has 
a d e f i n i t e advantage i n s a t i s f y i n g the 
customer's desire for minimum time. While 
the time spent i n s t o r i n g h i s car may be 
longer, the d e l i v e r y time i s almost cer
t a i n to be shorter, and he i s busy through
out the period, with p r a c t i c a l l y no waiting 
time. 

Customers generally d r i v e more slowly 
than experienced attendants. Ramp speeds 
were found to be from 4 to 12 miles per 
hour. Parking time, m s t a l l s of adequate 
size, averaged 26 seconds. Other opera-

garages, customer-parking has a d e f i n i t e 
advantage for delivery. 

DESIGN FOR PEAK FLOWS 

The accumulation o f cars i n a garage 
r e f l e c t s the accumulation of cars i n the 
ce n t r a l business d i s t r i c t . The inbound 
and outbound movements also p a r a l l e l the 
well-known rush periods o f morning and 
lat e afternoon. 

I t I S undoubtedly true that the public's 
h a b i t o f concentrated peak movements i s 
somewhat i r r a t i o n a l , and that attendants 
hired for the peak periods may be p r a c t i 
c a l l y unemployed during off-peak periods. 
However, service during these peaks i s a 
key element i n the demand f o r parking, and 
the design and operational procedures must 
be hased on peak rates o f movement. 
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t i o n s , such as elevator t r a v e l and walk
i n g , are n o t m a t e r i a l l y d i f f e r e n t from 
those i n attendant garages. The normal 
time f o r acceptance or delivery i n a w e l l * 
designed garage should not exceed f i v e 
minutes f o r customer-parking. While time 
savings t o customers during the acceptance 
o f cars are greater i n attendant-parking 

Figure 4 shows the inbound and outbound 
movements and accumulation o f cars i n a 
shopper's garage. Hie peak movements are 
167 cars per hour inbound, and 149 cars per 
hour outbound. The use o f t h i s garage i s 
d e f i n i t e l y l i m i t e d by i t s storage capacity. 

Figure 5 shows the time o f a r r i v a l s vs. 
the duration o f stay f o r the same garage 



ftlCKER - TIME-MOTION RELATIONS 23 

10 M NOON I t 
P E R I O D E N D I N G 

8-9 HRS 
O 1% 

r-e HRS 

8-7HRS 

9-6 HRS 
5-» % 

4 - 9 HRS 
ee % 

e-3HR9 

e HRS o 

0-1 HRS 
S 3 S « 

Figure 5. Time of A r r i v a l s versus Duration of Stay. 

and same day of operation. Hie preponder
ance o f short-term parkers i s caused by 
the p a r t i c u l a r demand o f shoppers, and by 
the f a c t t h a t the store management d i s 
courages all-day parking. 

SUMMARY 

Hie most important factor i i ) a t t r a c t i n g 
customers i n t o o f f - s t r e e t parking f a c i l i 
t i e s i s the reduction to an absolute min
imum o f the time which the customer i s 
required to spend i n s t o r i n g and unstonng 
h i s car. Hiere are no golden r u l e s f o r 

t r a f f i c design, but i n general, free paths 
f o r movement and adequate sized s t a l l s 
should be provided. Adequate r e s e r v o i r 
space I S e s s e n t i a l t o the proper accep
tance and storage o f cars. 

Proper management i s o f at least equal 
importance t o design i n the ra p i d handl
i n g o f cars. Operating techniques must 
be simple, and geared t o high r a t e s o f 
acceptance and delivery. Hie morning and 
evening peaks are the periods of highest 
demand, and a s u f f i c i e n t number o f atten
dants must be employed t o handle cars at 
an average r a t e a t l e a s t e q u a l i n g the 



24 PARKING 

rate o f demand. Hie congestion o f w a i t i n g 
vehicles or customers should not be ac
cepted as i n e v i t a b l e , or as a sign o f good 
business. 

Proper design and operation o f garages 
w i l l a l l o w the h a n d l i n g o f 20 cars per 
attendant per hour, or more. H i i s means 
that a car can be delivered w i t h i n 3 to 4 
minutes a f t e r the customer c a l l s f o r i t . 
T h is amount o f w a i t i n g time would seem 
reasonable and should be a t t r a c t i v e t o 
customers. 

Customer-parking a l s o p r o v i d e s f o r 
reasonably rapid service, w i t h an average 
o f about 5 minutes each f o r acceptance 
and d e l i v e r y . While many other f a c t o r s 
must be considered i n choosing between 
attendant and customer parking, i t does 

have the advantage o f e l i m i n a t i n g long 
w a i t i n g periods. 

DISCUSSION 

Mr. Campbell: "Can the formula f o r the 
approximate s o l u t i o n o f the storage reser
v o i r problem be applied to outdoor theater 
use'" 

Mr. Ricker: " B a s i c a l l y the formula 
can be applied t o the s i m i l a r problem at 
outdoor theaters. Some modifications may 
be necessary depending on values used f o r 
the average rate of a r r i v a l and probabil
i t y o f no o v e r f i l l i n g . Hie handling time, 
t h a t i s , the ;process o f s e l l i n g t i c k e t s , 
would be much 'shorter, and a complete time-
motion study both i n s i d e and outside the 
theater would be required. " 
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L E G A L . ADMINISTRATIVE AND FINANCIAL ASPECTS 
OF URBAN PARKING S U R V E Y S 

DAVID R. LEVIN. Head 
Special Administrative Studies Unit 

D i v i s i o n o f Financial and Administrative Research 
Public Roads Administration 

A commemorative United States postage 
stamp issued recently i n honor of the l a t e 
W i l l Rogers provides the occasion f o r r e 
c a l l i n g a remark on the parking problem 
which he made: " I f you ever f i n d a place 
to park your car i n New York, don't move 
I t . Leave that car there for parking pur
poses and buy another one f o r d r i v i n g 
a r o u n d . " T h i s commentary, made i n a 
semi-humorous, semi-philosophica] vein, 
suggests how desperate i s the p l i g h t o f 
the American m o t o r i s t i n our urban ag
glomerations. 

Public a u t h o r i t i e s have not been un
aware of the need f o r s o l u t i o n of the vex
ing parking problem, and not u n w i l l i n g i n 
many c i t i e s t o i n v e s t i g a t e the f a c t s . 
Parking surveys sponsored by the State 
highway departments w i t h the f i n a n c i a l 
and t e c h n i c a l assistance o f the Pu b l i c 
Roads Administration, have been completed 
or are i n process i n f o r t y - f i v e c i t i e s 
o f many d i f f e r e n t types and sizes, rang
ing i n population from 12,200 (Albert Lea, 
Minnesota) to 878,300 (Cleveland, C»iio).l 

These studies o f automobile p a r k i n g 
f a c i l i t i e s i n cent r a l business d i s t r i c t s 
o f c i t i e s , up u n t i l r e c e n t l y , have pro
vided data needed for evaluation of three 
s i g n i f i c a n t f a c t o r s i n the parking pro
blem, to w i t : ^ 

(1) The l o c a t i o n and amount o f space 

^ P a r k i n g s u r v e y s o f v a r y i n g - s c o p e have 
been undertaken i n many o t h e r c i t i e s under 
the auspices o f p l a n n i n g boards, t r a f f i c 
c o m m i s s i o n s , c i t y c o u n c i l s , highway or 
p u b l i c works departments, and o t h e r l o c a l 
bodies. 

c u r r e n t l y a v a i l a b l e f o r parking o f ve
hi c l e s ; 

(2) The amount o f space needed f o r 
parking f a c i l i t i e s as a f u n c t i o n o f the 
present usage, and 

(3) Hie approximate locations of such 
needed f a c i l i t i e s . 
The techniques which have been perfected 
t o evaluate these features appear t o be 
e n t i r e l y adequate f o r that purpose. I t 
has been estimated t h a t the t o t a l costs 
of conducting and consummating surveys of 
such scope range from approximately S3,000 
i n the smaller places t o approximately 
$40,000 i n the larger ones. 

Thus, having developed the means to 
ascertain the basic facts r e l a t i n g t o the 
supply o f and demand for parking f a c i l i 
t i e s and t h e i r necessary l o c a t i o n , i t 
seems appropriate t o expand the surveys 
to include additional aspects o f the park
i n g problem, p a r t i c u l a r l y those d e a l i n g 
w i t h l e g a l , a d ministrative and f i n a n c i a l 
q u e s t i o n s . I t would seem t h a t l i t t l e 
a c t i o n w i l l be taken t o a l l e v i a t e the 
s i t u a t i o n u n t i l these matters are pro
perly dealt w i t h . The proposed expansion 
of urban parking surveys i s designed t o 
o f f e r guidance i n t h i s d i r e c t i o n . 

L et us assume t h a t i n a p a r t i c u l a r 
c i t y , there are 5,000 o f f - s t r e e t and curb 
parking spaces, and that 4,000 additional 
spaces are needed i n designated locations. 
2 
Perhaps t h i s i s o v e r - s i m p l i f i c a t i o n , s i n c e 

much supplementary i n f o r m a t i o n on p a r k i n g 
h a b i t s i s developed s i m u l t a n e o u s l y , b u t 
i n t e r m s o f u l t i m a t e o b j e c t i v e , t h e s e 
f a c t s are the s a l i e n t ones. 
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We need t o know a l o t more than these 
f a c t s before any i n t e l l i g e n t p r o v i s i o n 
f o r a d d i t i o n a l spaces can be made. Are 
State or c i t y agencies l e g a l l y authoriz
ed to provide o f f - s t r e e t parking f a c i l i t i e s 
or t o encourage p r i v a t e enterprise t o do 
the j o b by the j u d i c i o u s use o f incen
t i v e s ' Who i s going t o pay f o r the cost 
of the f a c i l i t i e s , and w i l l contributions 
be r e l a t e d to benefits received and a b i l i 
t y t o pay' What k i n d o f a c i t y agency 
should be assigned the task o f d e a l i n g 
w i t h a l l phases o f the par k i n g problem 
and does such a creature now e x i s t i n the 
c i t y i n question' What are the economic 
implications o f not providing the termin
a l f a c i l i t i e s so u r g e n t l y needed i n our 
downtown areas' A l o t o f other queries 
could be posted. 

Hie general approach here suggested i s 
t o o b t a i n an o u t l i n e o f e x i s t i n g laws, 
present a d m i n i s t r a t i v e machinery, and 
e x i s t i n g means of financing parking f a c i l 
i t i e s i n a p a r t i c u l a r c i t y . Hie adequacy 
of these w i l l then be measured i n l i g h t 
o f the ascertained need f o r parking fac
i l i t i e s . Deficiencies m l e g i s l a t i o n , i n 
a d m i n i s t r a t i v e implementation, and i n 
finance w i l l then become apparent. Appro
p r i a t e recommendations f o r action should 
follow. 

A word about the probable costs of such 
an expansion o f the urban parking surveys, 
before we proceed w i t h the d e t a i l s : Like 
that aspect o f the survey which i s i t s . 
complement, the costs w i l l vary w i t h the 
size of the urban area and i t s complexity. 
I t i s conceivable that expenditures might 
vary from $200 t o $3,000 or $4,000, and 
very probably would not exceed 10 percent 
o f the cost o f the regular survey under
taken heretofore. Surely i t would be wise 
t o spend an additional $3,000 i n order to 
safeguard a $30,000 investment and make 
i t pay handsome dividends. Federal f i n 
ancial p a r t i c i p a t i o n i n a l l phases of these 
parking studies i s authorized, o f course. 

What then, more p r e c i s e l y , are the 
p o s s i b i l i t i e s i n connection w i t h each o f 
the suggested expanded phases o f urban 
•parking surveys — l e g a l , administrative, 
f i n a n c i a l and economic' 

LEGAL ASPECTS 

Basic t o a study o f the legal aspects 
of an urban parking survey i s an inventory 
o f State laws, loc a l ordinances, and per
t i n e n t j u d i c i a l decisions. Hie f o l l o w i n g 
might be l a b e l l e d a c h e c k - l i s t o f types 
o f m a t e r i a l s t h a t are involved: 

(1) State general enabling legisla-
lation dealing aith off-street automobile 
parking facilities. There are now at 
l e a s t 79 laws i n 27 States and the Dis
t r i c t of Columbia i n t h i s category. H i i s 
type o f statu t e may be State-wide or area-
Wide i n appl i c a t i o n . I t may, accordingly, 
c o n s t i t u t e an a u t h o r i z a t i o n f o r the 
s p e c i f i c c i t y surveyed. A copy o f the 
l e g i s l a t i o n should be obtained and analyzed 
w i t h r e s p e c t t o i t s major p r o v i s i o n s . 
H i i s could include the policy declaration, 
an analysis o f the body vested w i t h ad
m i n i s t r a t i v e a u t h o r i t y , and those phases 
d e a l i n g w i t h planning, f i n a n c i n g , land 
a c q u i s i t i o n , c o n s t r u c t i o n , maintenance, 
and operation. Hie most recent amendments, 
i f any, should be included^. 

(2) S t a t e e n a b l i n g ZegisZotion of 
special and local character dealing with 
off-street automobile parking facilities. 
Some stat e s u t i l i z e special rather than 
general enabling l e g i s l a t i o n to authorize 
the establishment o f parking f a c i l i t i e s . 
Some 56 laws i n 15 States and the D i s t r i c t 
of Columbia o f t h i s character are a p p l i 
cable only t o s p e c i f i c places or t o spe
c i a l p r o j e c t s w i t h i n a s p e c i f i e d place. 
A review o f the State laws of t h i s type 
w i l l reveal whether the c i t y being survey
ed i s covered by any special enabling act. 
Copies of any pertinent enactments should 
be obtained and adequately analyzed, m a 
manner s i m i l a r t o that suggested under (1) 
above^. 
^A monograph e n t i t l e d AN ANALYSIS OF 
GENERAL STATE ENABLING LEGISLATION DEALING 
WITH AUTOMOBILE PARKING FACILITIES, r e 
v i s e d 1947, B u i J e t i n No. 2, Highway Re
search Board, may be h e l p f u l i n t h i s con
n e c t i o n . 
^ I t may be h e l p f u l t o examine, i n t h i s 
c o n n e c t i o n , a s t u d y e n t i t l e d AN ANALYSIS 
OF STATE ENABLING LEGISLATION OF SPECIAL 
AND LOCAL CHARACTER DEALING WITH AUTO
MOBILE PARKING FACILITIES, 1947. Bulle
tin No. 7. Highway Research Board. 
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(3) Zoning or other local ordinances 
regulating land use m relation to park
ing facilities. Requirements f o r the 
provision of o f f - s t r e e t parking f a c i l i t i e s 
i n connection w i t h various property uses 
are frequently contained i n zoning ordin
ances, b u i l d i n g codes or other local laws 
c o n t r o l l i n g land use. At least 167 local 
governments i n 29 States and the D i s t r i c t 
o f Columbia have ordinances of t h i s kind. 
O a s s i f i c a t i o n by population groups i n d i 
cates t h a t appi'oximately t w o - t h i r d s o f 
the l o c a l i t i e s have populations o f 50,000 
or l e s s . Twenty-nine places have over 
100,000 persons, and four, over 1,000,000. 
Apparently local governments o f a l l sizes 
and complexions have been concerned w i t h 
the problem o f o f f - s t r e e t parking f a c i l 
i t i e s , and have sought some r e l i e f through 
the police power. 

I t i s s i g n i f i c a n t t h a t 56 o f the 167 
l o c a l i t i e s r e f e r r e d t o above also have 
comparable provisions r e q u i r i n g o f f - s t r e e t 
t r u c k loading and unloading f a c i l i t i e s . 

Any e x i s t i n g laws i n t h i s class should 
be analyzed w i t h r e s p e c t t o the body 
vested w i t h r e g u l a t o r y or enforcement 
a u t h o r i t y , the t e r m i n a t i o n o f non-con
forming uses, the extent o f parking f a c i l 
i t i e s required for s p e c i f i c property uses 
and f o r general uses by d i s t r i c t s , desig
nated size of parking space required, l o 
c a t i o n and design f e a t u r e s , p r o v i s i o n s 
r e l a t i n g to maintenance and operation, and 
re l a t e d matters. 

(4) Public reguZafion or licensing of 
commercial off-street parking facilities. 
At least 15 m u n i c i p a l i t i e s i n c l u d i n g some 
o f the largest c i t i e s i n the United States, 
have enacted l o c a l ordinances r e g u l a t i n g 
the l i c e n s i n g parking f a c i l i t i e s that are 
operated by private enterprise for p r o f i t . 

Any such regulatory laws f o r the c i t y 
surveyed should be obtained and analyzed 
w i t h r espect t o the p r e s c r i b e d method 
o f administration, scope of the regulation, 
l i c e n s i n g procedure, license fees involved, 
r a t e r e g u l a t i o n , design and maintenance 
s t a n d a r d s , s a f e t y r u l e s , c l a i m check 
p r a c t i c e and damage l i a b i l i t y , penalty 
provisions, and rel a t e d items. Frequently, 
a d m i n i s t r a t i v e r e g u l a t i o n s are issued 
pursuant t o such local ordinances and these 

should be analyzed i n l i k e fashion. 
The concept o f parking as a " p u b l i c 

u t i l i t y " and as " a f f e c t e d w i t h a p u b l i c 
i n t e r e s t " might w e l l be explored, par
t i c u l a r l y as i t would apply t o standards 
o f s e r v i c e , r a t e r e g u l a t i o n , s a f e t y r e 
quirements, and rel a t e d matters. 

(5) General authorizations. Sometimes 
mu n i c i p a l i t i e s are authorized t o establish, 
finance, and construct o f f - s t r e e t parking 
f a c i l i t i e s under an authorization concern
i n g " p u b l i c improvements" or " l o c a l im
provements" ge n e r a l l y . This may be the 
r e s u l t o f j u d i c i a l decision or ordinance 
d e f i n i t i o n . I n e i t h e r case, the c i t y 
could proceed w i t h the establishment o f 
parking f a c i l i t i e s without s p e c i f i c l e g i s 
l a t i o n . 

For example, a Wisconsin s t a t u t e ^ pro
vided that the governing body of any c i t y 
might acquire property, real or personal, 
w i t h i n or without the c i t y , by g i f t , pur
chase, or condemnation, f o r p u b l i c pur
poses; may improve the same, may con
s t r u c t , own, lease and maintain buildings 
thereon f o r public purposes; and may s e l l 
and convey such property. 

( 6 ) Curfc parking restriftions and 
police regulations. L e g i s l a t i v e and ad
m i n i s t r a t i v e regulations w i t h respect t o 
curb parking e x i s t i n p r a c t i c a l l y every 
c i t y i n the United States. I f p a r k i n g 
meters are u t i l i z e d , i t i s p e r t i n e n t t o 
know what t h e i r legal a u t h o r i z a t i o n con
s i s t s of, and what regulations have been 
issued pursuant thereto. Since curb park
ing constitutes an element o f the parking 
problem, i t becomes impohtant t o know 
what curb parking r e s t r i c t i o n s e x i s t , how 

^ S e c t i o n 62.22. Wisconsin S t a t u t e s , 1943. 
T h i s s t a t u t e has been c o n s t r u e d t o a u t h 
o r i z e t h e condemnation o f p r o p e r t y f o r 
m u n i c i p a l p a r k i n g l o t s . See THE MUNICI
PALITY. March, 1946, page 62, "Land May 
Be Condemned f o r P a r k i n g Areas,"'by Rob
e r t J. Cunningham, League o f W i s c o n s i n 
M u n i c i p a l i t i e s . N o t w i t h s t a n d i n g , Wis
c o n s i n a u t h o r i t i e s saw f i t i n 1947 t o 
amend t h i s s e c t i o n , s u b s t i t u t i n g t h e 
s p e c i f i c phrase " v e h i c l e p a r k i n g a r e a s " 
f o r the more ge n e r a l phrase " p u b l i c pur
poses. " 



28 PARKING 

well they are enforced, and the extent o f 
the v i o l a t i o n s . 

( 7 ) Judicial decisions, and attorney 
general and city attorney opinions. One 
or more of the laws contained i n the above 
ca t e g o r i e s may have been challenged i n 
cou r t or may have been made the subject 
o f an opinion by the c i t y attorney or the 
State attorney general. A recent decisiwi 
of the Court o f Appeals i n Kentucky, f o r 
example, would be o f considerable s i g n i 
ficance t o most c i t i e s i n that State, and 
should be analyzed i n connection with any 
c i t y survey undertaken i n Kentucky. I n 
c o n s t r u i n g s p e c i f i c enactments o f the 
l e g i s l a t u r e concerning the p r o v i s i o n of 
o f f - s t r e e t parking f a c i l i t i e s , the court 
held t h a t the provision o f public parking 
l o t s f o r automobiles c o n s t i t u t e s a l e g i 
timate municipal purpose.* 

(8) Use of power of eminent domain. 
Sincere e f f o r t s to a s s i s t p r i v a t e enter
prise i n the provision of o f f - s t r e e t park
i n g f a c i l i t i e s are being made i n some 
c i t i e s i n the Un i t e d S t a t e s . I n t h i s 
connection, p o s s i b i l i t i e s should be ex
amined as to whether the power o f eminent 
domain can be u t i l i z e d by the m u n i c i p a l i t y 
i n the a c q u i s i t i o n o f the necessary s i t e s 
and p r o p e r t i e s f o r needed o f f - s t r e e t 
f a c i l i t i e s , and t h e i r subsequent lease 
or sale t o p r i v a t e i n d i v i d u a l s or cor
porations, w i t h appropriate r e s t r i c t i o n s 
to ensure t h e i r permanent use, etc. 

I l l u s t r a t i v e o f a c t i o n along these 
l i n e s I S a 1948 amendment to the D i s t r i c t 
of Columbia Motor Vehicle Parking F a c i l i t y 
Act o f 1942, authorizing the Comnissioners 
of the D i s t r i c t t o lease on competitive 
bids f o r terms not exceeding f i f t y years, 
p r o p e r t y acquired pursuant t o the act, 
subject t o such terms and conditions as 
the Commissioners s h a l l deem proper^. 

''See M i l l e r e t a l . v. C i t y o f Georgetown; 
U n i t e d C o r p o r a t i o n , I n c . , v. same, 191 
S.W. (2d) 403, 301 Ky. 241. (1945). 

''por the amendment i n f u l l , see S e c t i o n 3 
o f the A c t as amended by P u b l i c Law 728, 
C h a p t e r 559, 8 0 t h C ongress, 2d S e s s i o n 
(S.2642), approved June 19, 1948. 

(9) Tax and other public concessions 
to private operators. I n futherance o f 
the objective o f a s s i s t i n g private enter
pr i s e t o the maximum i n the pr o v i s i o n o f 
needed parking f a c i l i t i e s , the legal and 
administrative p o s s i b i l i t i e s should also be 
explored as t o the g r a n t i n g o f tax and 
other special public concessions t o p r i 
v a t e o p e r a t o r s o f o f f - s t r e e t p a r k i n g 
f a c i l i t i e s , p r e s e n t and f u t u r e . Any 
e x i s t i n g concessions, whatever t h e i r form 
should be noted f u l l y . H i i s might take 
the form o f r e a l e s t a t e tax exemptions, 
i n whole or i n p a r t , p ublic construction 
o f entrances or e x i t s or other a u x i l i a r y 
f a c i l i t i e s , favorable leasing arrangements 
i n v o l v i n g public lands or properties, etc. 

A 50-year lease arrangement between the 
Union Square Garage Corporation and the 
c i t y and county of San Francisco, through 
i t s Board o f Park Gonnissioners, f o r ex
ample, s t i p u l a t e s among other things t h a t 
the Corporation s h a l l pay an annual rental 
o f only $5,000 t o the mun i c i p a l i t y , a sum 
t h a t represents but a smal1 f r a c t i o n o f 
the r e n t a l t h a t Union Square could com
mand on the open market. 

ADMINIsmATION 
An i n s i g h t i n t o the a d m i n i s t r a t i v e 

aspects o f e x i s t i n g p a r k i n g f a c i l i t i e s 
seems essential to an urban parking survey. 
This w i l l reveal t h a t governmental agen
cies or priva t e operators are responsible 
f o r the pla n n i n g , l o c a t i o n , f i n a n c i n g , 
establishment, construction, operation or 
maintenance o f o f f - s t r e e t parking f a c i l i 
t i e s , and what t h e i r duties and responsi
b i l i t i e s are. 

The various t y p f s o f parking f a c i l i t i e s 
should be c a r e f u l l y distinguished, and the 
e n t i r e analysis shouldbemade i n l i ^ t o f 
t h e d i f f e r e n c e s i n v o l v e d . The broad 
general classes o f f a c i l i t i e s might be 
grouped as f o l l o w s : ( 1 ) Curb parking 
facilities, defined as accommodations pro
vided by public a u t h o r i t y f o r the parking 
o f automobiles on the s t r e e t , open t o 
public use, w i t h or without charge. (2) 
Public off-street automobile parking fac
ilities, defined as accommodations provided 
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, by p u b l i c a u t h o r i t y f o r the par k i n g o f 
automobiles o f f the s t r e e t or highway, 
and open to the public, w i t h o r w i t h out charge. 
Such f a c i l i t i e s may be p u b l i c l y owned and 
p u b l i c l y operated, or they may be p u b l i c l y 
owned and p r i v a t e l y operated. (3) Com-
merical off-street automobile parking 
facilities, defined as accomnodations pro
vided by p r i v a t e enterprise f o r the park
in g o f automobiles o f f the s t r e e t or high
way, open t o p u b l i c use f o r a fee. (4) 
Special-purpose off-street automobile 
par'kmg facilities, defined as accommoda
t i o n s p r o v i d e d by p u b l i c a u t h o r i t i e s , 
p r i v a t e groups, or i n d i v i d u a l s , f o r r e 
s t r i c t e d use i n connection w i t h p u b l i c 
f a c i l i t i e s , p a r t i c u l a r businesses, thea
t e r s , hotels and other p r i v a t e enterprises, 
or combinations thereof, or as adjuncts 
t o housing developments or p r i v a t e r e s i 
dences. Such f a c i l i t i e s may or may not 
be j o i n t l y established and operated. (5) 
Cooperative off-street automobile parking 
facilities, defined as accommodations pro
vided by j o i n t action of public and p r i 
vate i n t e r e s t s . 

Parking f a c i l i t i e s may consist of l o t s , 
garages, or other s t r u c t u r e s and acces
sories; they may be surface f a c i l i t i e s 
or f a c i l i t i e s above or under the ground. 

The f o l l o w i n g might w e l l c o n s t i t u t e 
l i n e s o f i n q u i r y w i t h respect t o the mech
anism o f administration: 

(1) Study should determine which State 
and l o c a l agencies are re s p o n s i b l e , i n 
whole or i n p a r t , f o r the planning, l o 
c a t i o n , f i n a n c i n g , c o n s t r u c t i o n , opera
t i o n and maintenance o f parking f a c i l i t i e s 
i n the p a r t i c u l a r c i t y surveyed. I t may 
not be at a l l unusual t o f i n d , upon i n 
q u i r y , t h a t ten or f i f t e e n or more d i f 
ferent agencies o f government are respon
s i b l e for some phase o f the administration 
of parking f a c i l i t i e s . 

For example, -in a g i v e n c i t y , the 
p o l i c e may have the r e s p o n s i b i l i t y , as 
they u s u a l l y do, o f enforcing curb park
in g r e s t r i c t i o n s ; the t r a f f i c coimission 
may have such r e s p o n s i b i l i t y with respect 
t o the formulation o f curb parking regu
l a t i o n s i ncluding meter parking; the zon
i n g commission, w i t h respect t o the pro
v i s i o n o f parking f a c i l i t i e s f o r various 
property uses, under the zoning laws; the 

mayor and c i t y c l e r k , w i t h respect t o the 
l i c e n s i n g and r e g u l a t i o n o f commercial 
par k i n g f a c i l i t i e s o f designated capa
c i t i e s ; the highway or pu b l i c works de
partments, w i t h respect t o parking sur
veys and other aspects of parking or the 
p r o v i s i o n o f f a c i l i t i e s ; and so on down 
the l i n e . > 

A d d i t i o n a l l y , i t would be s i g n i f i c a n t 
t o know what e f f o r t s have been made t o 
coordinate the a c t i v i t i e s o f merchants, 
business groups, p r o p e r t y owners, and 
commercial f a c i l i t y operators. 

(2) I f a special parking agency e x i s t s , 
i t should be determined whether i t i s a 
special a u t h o r i t y or an adjvmct t o some 
other l a r g e r department o f government; 
what i t s powers and r e s p o n s i b i l i t i e s are; 
how i t i s c o n s t i t u t e d ; and what i t s ac
complishments have been. 

(3) With respect to private or commer
c i a l parking f a c i l i t i e s , i t i s desirable 
t o a s c e r t a i n whether chains o f par k i n g 
f a c i l i t i e s or independent establishments 
predominate; whether such f a c i l i t i e s are 
established and operated by p r i v a t e i n 
d i v i d u a l s , partnerships or corporations; 
the accessory r e l a t i o n s h i p o f p r i v a t e 
parking f a c i l i t i e s t o i n d i v i d u a l businesses 
or a c t i v i t i e s , even though operated f o r 
p r o f i t ; and other r e l a t e d facts. 

(4) I t i s , o f course, important t o 
know a l l the f a c t s concerning p a r k i n g 
meters. I . e . , t h e i r i n s t a l l a t i o n , regula
t i o n , enforcement o f regulations, etc. 

(5) In v e s t i g a t i o n should also be made 
o f the p r o v i s i o n , i f any, f o r p a r k i n g 
f a c i l i t i e s i n master or c i t y plans, as 
such, and through the zoning mechanism. 
Any special conditions, r e s t r i c t i o n s , or 
rela t e d items, should be noted. 

(6) Special charts or maps that desig
nate the l o c a t i o n s o f e x i s t i n g p a r k i n g 
f a c i l i t i e s , r a t e s charged, and so on, 
should be obtained, and t h e i r sponsorship 
explained. 

(7) The present status of zoning r e 
s t r i c t i o n s should be noted, i n s o f a r as 
they permit or p r o h i b i t the establishment 
of o f f - s t r e e t parking f a c i l i t i e s , o f what
ever character, i n the zones where they 
are l i k e l y t o be needed. I f p r o h i b i t e d , 
the report may want to recommend the re
l a x i n g o f r e s t r i c t i o n s u f f i c i e n t l y t o 
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permit the establishment of needed f a c i l 
i t i e s . 

(8) Public r e l a t i o n s are as important 
i n s o l v i n g the parking problem as i n any 
other public improvement program. What
ever aspects o f marshalling public opinion 
on the parking question have been d e a l t 
w i t h i n the p a r t i c u l a r c i t y under survey 
should be recorded. 

(9) F i n a l l y , the analysis should i n 
clude a l i b e r a l number of photographs o f 
present conditions i n the c i t y studied, 
and a d d i t i o n a l sketches and c h a r t s as 
w e l l , i l l u s t r a t i v e o f the f a c t s . The 
fi n a n c i a l analysis, suggestions for which 
follow, w i l l also lend i t s e l f t o t h i s type 
o f visual presentation. 

FINANCING AND ECONOMIC ASPECTS 

A l l phases o f the f i n a n c i n g and the 
economics o f the p r o v i s i o n o f p a r k i n g 
f a c i l i t i e s should be investigated and re
ported upon, i n any adequate survey for a 
p a r t i c u l a r c i t y . 

Parking meters. One of the most obvi
ous f i r s t tasks concerns parking meters. 
In terms of the number and types of meters. 
I t i s important t o know what the aggre
gate revenue i s from t h i s source, and i t s 
l e g a l and a d m i n i s t r a t i v e d i s p o s i t i o n . 
This information would be desirable on an 
annual basis, for every year of operation 
since o r i g i n a l i n s t a l l a t i o n of the meters. 
I n addition to o r i g i n a l cost, i t would be 
help f u l to know the i n s t a l l a t i o n expense, 
i f any; the maintenance costs, estimated 
or actual costs of enforcement; and costs 
of administration generally. 

beneficiary approach to assignment of 
cost responsibility. There i s reason to 
believe that the unwillingness or i n a b i l 
i t y perhaps of the appropriate a u t h o r i t i e s 
t o assign cost r e s p o n s i b i l i t y for the pro
v i s i o n o f o f f - s t r e e t parking f a c i l i t i e s 
according to benefits received and a b i l i 
ty t o pay accounts f o r much of the pre
sent f a i l u r e t o provide f a c i l i t i e s on a 
scale commensurate with the need. 

With respect t o o f f - s t r e e t parking f a 
c i l i t i e s , there are a t l e a s t f i v e major 
classes o f beneficiaries that p r o f i t from 
the provision of such f a c i l i t i e s , namely; 

(1) Property owners, p a r t i c u l a r l y 
i n the immediately a f f e c t e d areas; (2) 
business establishments, especially w i t h 
i n reasonable w a l k i n g d i s t a n c e ,of the 
parking f a c i l i t i e s , (3) motorists or users 
o f the parking accommodations; (4) the gen
er a l community, because of i t s i n t e r e s t i n 
the w e l l - b e i n g o f the c e n t r a l business 
d i s t r i c t i n i t s r e l a t i o n t o "the r e s t o f 
the community; (5) the m u n i c i p a l i t y i t 
s e l f , because of the public investment i n 
public improvements of a l l kinds. 

More precisely, how does each o f these 
b e n e f i c i a r y classes p r o f i t from the pro
v i s i o n o f o f f - s t r e e t parking f a c i l i t i e s ' 
With respect to property, i t is'elementary 
that a c c e s s i b i l i t y constitutes one of the 
p r i n c i p a l c h a r a c t e r i s t i c s o f value. The 
provision o f parking f a c i l i t i e s restores, 
s t a b i l i z e s , or enhances a c c e s s i b i l i t y . 
Conclusion: Parking f a c i l i t i e s b e n e f i t 
property. 

A s t r i k i n g i l l u s t r a t i o n of the current 
market value placed upon a c c e s s i b i l i t y 
factors I S to be found i n the v i c i n i t y o f 
the Crenshaw Boulevard shopping develop
ment, i n suburban Los Angeles. Two areas, 
one across the s t r e e t from the other, were 
studied. Qie, the Crenshaw Boulevard shop
ping development, has adequate outer high
way and parking f a c i l i t i e s , and the cur
rent rental value of the land i s $40 min
imum per f r o n t f o o t , plus an a d d i t i o n a l 
one quarter of one percent o f annual gross 
income, s p e c i f i c a l l y charged for the park
ing f a c i l i t i e s . The other area, d i r e c t l y 
across the s t r e e t , and w i t h o u t o u t e r 
highway or terminal f a c i l i t i e s , l i e s i d l e 
at an asking rental o f $25 per f r o n t foot^. 
Rental f i g u r e s i n the f i r s t block south 
of Santa Barbara Avenue ( i n the v i c i n i t y ) 
t o the Leimert Park shopping d i s t r i c t 
range from $10.00 t o $15.00 per f r o n t 
f o o t w i t h o u t outer highways or par k i n g 
f a c i l i t i e s . According to the i n v e s t i g a 
t i o n , the i m p l i c a t i o n i s strong that t h i s 
d i f f e r e n t i a l i n r e n t a l s , to a considerable 
D 
For an e x c e l l e n t d i s c u s s i o n o f the m a t t e r 

see CALIFORNIA HIGHWAYS AND PUBLIC WORKS, 
May-June 1948, page 1 e t seq., " O u t e r 
Highways" by Frank F. Ma r s h a l l and Dexter 
MacBnde. 
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extent at l e p s t , may be due t o the lack 
of comparable access f a c i l i t i e s . 

Property ownership and business enter- . 
p r i s e are f r e q u e n t l y coexistent, and i n 
such instances at l e a s t , i t i s d i f f i c u l t 
t o separate benefits accruing as a r e s u l t 
of the two d i f f e r e n t a c t i v i t i e s . Business 
e n t e r p r i s e , especially i n the downtown 
area of a c i t y , most c e r t a i n l y thrives on 
a c c e s s i b i l i t y by pedestrian t r a f f i c . A 
substantial portion o f pedestrian t r a f f i c 
i s f a c i l i t a t e d by motor vehicles, and the 
r e l a t i v e amount i s increasing constantly. 
A c c o r d i n g l y , the p r o v i s i o n o f parking, 
f a c i l i t i e s by and f o r the benefit of bus
iness enterprise i s obviously "good busi
ness. " 

The f o r e g o i n g i l l u s t r a t i o n o f the 
Crenshaw Boulevard shopping development 
l i k e w i s e applies i n t h i s instance. The 
p e r s i s t e n t p o l i c y o f such huge business 
concerns as Sears, Roebuck and Company, 
Kroger's, Safeway Stores, Ralphs Grocery 
Company, and many others, i n p r o v i d i n g 
s u b s t a n t i a l p a r k i n g areas f o r t h e i r 
customers i s f u r t h e r evidence of the value 
o f such f a c i l i t i e s as sales generators. 

Hie b e n e f i t s accruing t o motorists or 
users o f parking accommodations are ob
vious enough. 

While gains are perhaps not as c l e a r 
as i n other cases, the general community 
al s o shares the advantages o f adequate 
o f f - s t r e e t parking f a c i l i t i e s . This be
comes apparent when we consider that 

--the aggregate property valuation 
i n downtown areas, p a r t i c u l a r l y i n the 
l a r g e r urban areas, has been decreasing 
i n recent years; 

— w h i l e v a r i a t i o n s e x i s t , p f course, 
the average c % n t r a l d i s t r i c t , though but 
5 t o 10 percent o f the t o t a l c i t y area, 
g e n e r a l l y c o n t r i b u t e s as much as 25 t o 
35 percent o f the t o t a l c i t y revenues; 

--assuming a cons t a n t l e v e l and 
standard o f municipal services rendered 
t o the c i t y as a whole, a decreasing tax 
base, due t o a d i m i n i s h i n g c o n t r i b u t i o n 
o f the c e n t r a l business d i s t r i c t , w i l l 
mean more tax d o l l a r s w i l l need to be con
t r i b u t e d by every taxpayer, e 3 p e c i a l l y 
those r e s i d i n g outside the c e n t r a l d i s 
t r i c t ; 

—though the exact mathematical re
l a t i o n s h i p between the decreasing asses-
s i b i l i t y and the decreasing iax base i n 
the c e n t r a l areas, i s unknown, the lack 
o f adequate parking f a c i l i t i e s , appro
p r i a t e l y located and a t t r a c t i v e i n user 
cost, o f necessity has an important i n 
fluence on property values; 

—and accordingly, every i n d i v i d u a l , 
w i t h i n or w i t h o u t the c e n t r a l business 
d i s t r i c t , whether a motorist or not, has 
a f i n a n c i a l stake i n the welfare o f the 
downtown area. I t might even be s a i d 
t h a t i t would be more expedient f o r t h a t 
i n d i v i d u a l t o make a small c o n t r i b u t i o n 
i n general revenues, toward the e s t a b l i s h 
ment o f parking f a c i l i t i e s f o r the down
town area, t o avoid making a r e l a t i v e l y 
larger c o n t r i b u t i o n l a t e r on, i n order to 
s u s t a i n d w i n d l i n g m u n i c i p a l revenues. 

F i n a l l y , the m u n i c i p a l i t y i t s e l f , i n 
i t s governmental capacity, i s a benefic
i a r y o f the increased a c c e s s i b i l i t y r e 
s u l t i n g from parking f a c i l i t i e s . 

But what i s the s i g n i f i c a n c e o f such 
a beneficiary approach^ I n financing the 
provision o f municipal o f f - s t r e e t parking 
f a c i l i t i e s , an ideal s o l u t i o n would assess 
costs i n proportion t o b e n e f i t s to be re
ceived and a b i l i t y t o pay. Unfortunately, 
however, i t i s not a simple task t o de
vi s e a s a t i s f a c t o r y method of appraising 
such b e n e f i t s . I n the absence of a gen
e r a l guide, an acceptable s o l u t i o n may 
perhaps be foiuid by assigning f i n a n c i a l 
r e s p o n s i b i l i t y on the basis of such f i n d 
ings as may be made regarding the e f f e c t 
ive demand for parking r e l i e f on the part 
of the several beneficiary groups. 

I t may be found, f o r example, t h a t 
land a c q u i s i t i o n and other costs are so 
high t h a t payment of the e n t i r e cost out 
o f p a r k i n g charges l e v i e d upon the i n 
d i v i d u a l v e h i c l e would r e q u i r e fees so 
high as to discourage motorists from con
ducting t h e i r shopping and other business 
i n the downtown area. Faced w i t h such 
a contingency, the property and business 
i n t e r e s t s i n t h a t area would f i n d i t to 
t h e i r advantage to p a r t i c i p a t e i n financ
in g parking f a c i l i t i e s i n some proportion 
t o the p a r k i n g demand generated by the 
various business pr o p e r t i e s . S i m i l a r l y , 
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the i n t e r e s t of the community at large i n 
the preservation of the downtown area as 
a business, governmental, and c u l t u r a l 
center may be evidenced by a strong public 
sentiment toward the a p p r o p r i a t i o n o f 
mxinicipal funds f o r the purpose. 

I n working out such a s o l u t i o n , the 
optimum r a t e s o f parking charges to be 
assessed against the user would be de
t e r m i n e d by a study o f b o t h the l o c a l 
e x p e r i e n c e and t h a t o f o t h e r c i t i e s . 
Assignment of t h e i r respective shares of 
the remaining cost t o the m u n i c i p a l i t y 
and to the property and business i n t e r e s t s , 
and determination o f the method of assess
ment i n the l a t t e r case, would have t o 
be developed by n e g o t i a t i o n and perhaps 
public hearings. Following the evolution 
o f a generally acceptable plan by these 
means, action to put i t i n t o e f f e c t would 
be taken by the c i t y government. 

Such an approach t o the problem o f 
f i n a n c i n g p u b l i c p a r k i n g p r o j e c t s r e 
q u i r e s , i n a d d i t i o n to the a n a l y s i s o f 
data, the a b i l i t y to'gauge public s e n t i 
ment and t o lead c o n f l i c t i n g i n t e r e s t s 
toward an e f f e c t i v e compromise. Hie s o l 
u t i o n w i l l not necessarily be as complex 
as that indicated above. The more acute 
the s i t u a t i o n , however, the greater the 
urgency f o r d e v i s i n g a plan which w i l l 
draw support from a l l i n t e r e s t e d groups. 

The d i v i s i o n s o f the costs o f establish
i n g and operating parking f a c i l i t i e s i n 
t h i s manner presumes a master plan and 
system of f a c i l i t i e s . 

To provide an i n s i g h t i n t o the pos
s i b i l i t i e s o f applying t h i s approach on a 
s c i e n t i f i c b a s i s , l e t us consider, f o r 
the moment, some average figures derived 
from factual data o f a number of munici
p a l i t i e s . For example, i t appears from 
s t u d i e s o f Public Roads A d m i n i s t r a t i o n 
that shopper-parkers c o n s t i t u t e approxi
mately 27 percent i n number and 16 percent 
i n space-hours w i t h respect to t h e i r use 
of parking f a c i l i t i e s . Would not s i m i l a r 
s c i e n t i f i c a l l y - d e r i v e d data f o r a given 
c i t y provide an e q u i t a b l e basis, among 
others, f o r assignment of costs to busi
ness establishments that b e n e f i t d i r e c t l y 
from t h i s type of parking' Hie aggregate 
c o s t assigned t h i s b e n e f i c i a r y c l a s s 
could then be apportioned i n proportion 

to the amount of parking generated by each 
of the respective businesses or enterprises 
c o n s t i t u t i n g the group, i f such parking 
information were available. 

Admittedly, the matter o f assignment 
of costsona benefit-received and a b i l i t y -
to-pay basis i s very complex. But unless 
t h i s approach i s f u r t h e r e xplored and 
u t i l i z e d , some believe that there can be 
l i t t l e hope f o r an equitable s o l u t i o n t o 
the f i n a n c i a l aspects o f the parking pro
blem i n urban areas. 

Methods of financing. An a n a l y s i s 
should be made of a l l e x i s t i n g methods of 
financing w i t h respect t o o f f - s t r e e t auto
mobile p a r k i n g f a c i l i t i e s i n the c i t y 
surveyed. For t h i s purpose, i t w i l l be 
necessary, o f course, t o separate the 
various types of parking f a c i l i t i e s , and 
p a r t i c u l a r l y the p u b l i c and commercial 
categories. 

T i l l s should be followed by study o f 
a l t e r n a t e financing methods i n designing 
a plan f o r r e l i e v i n g the e x i s t i n g condi
t i o n o f inadequacy. 

While financing by private c a p i t a l has 
i n the past accounted f o r a s u b s t a n t i a l 
p o r t i o n o f urban o f f - s t r e e t parking fac
i l i t i e s , there are apparent l i m i t a t i o n s 
t o t h i s method o f p r o v i d i n g funds on a 
scale commensurate with present need. 

P u b l i c f i n a n c i n g could employ bond 
issues (revenue or general o b l i g a t i o n ) , or 
d i r e c t support out o f current revenues, 
or a combination o f both. Whether bond 
issues are used or not, revenue support 
may be found from one or more o f the 
f o l l o w i n g sources: ( D General funds; 
(2) ad valorem property taxes, which i n 
most c i t i e s are the c h i e f source of gen
e r a l funds; (3) s p e c i a l or b e n e f i t as
sessments; (4) parking fees and charges 
derived from the f a c i l i t i e s themselves; 
(5) excess p a r k i n g meter revenues; (6) 
State aids; and (7) miscellaneous forms 
of public support, such as concessions or 
i n c e n t i v e s to p r i v a t e e n t e r p r i s e i n the 
form o f reduced property taxes, assess
ments or license fees; or donations o f 
r e a l or personal property by p r i v a t e i n 
di v i d u a l s or by government. 

The choice o f any o f these revenue 
sources f o r supplying p u b l i c o f f - s t r e e t 
p a r k i n g f a c i l i t i e s would i n e v i t a b l y be 
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a f f e c t e d by the f i n d i n g s w i t h respect t o 
a l l o c a t i o n o f b e n e f i t s , p r e v i o u s l y d i s 
cussed. 

An i n t e r e s t i n g cost comparison can 
sometimes be made of the costs o f t y p i c a l 
curb and o f f - s t r e e t parking spaces i n a 
downtown s t r e e t i n the c i t y surveyed. 
Such a comparison may be made between the 
probable costs o f widening a designated 
s t r e e t t o provide curb parking^ space and 
serve t r a f f i c movement, and the estimated 
costs o f o f f - s t r e e t f a c i l i t i e s o f s i m i l a r 
c a p a c i t y , e t c . The n e c e s s i t y f o r the 
widening, i s of course, assumed, and the 
f a c t s must support t h i s assumption f o r 
the comparison t o be a v a l i d one. The 
costs r e f e r r e d t o are the annual costs, 
including amortization o f the c a p i t a l i n 
vestment i n rigjit-of-way, other property, 
construction, maintenance, operating, and 
other c o s t s . I n most cases i t w i l l be 
found that the annual costs of o f f - s t r e e t 
parking f a c i l i t i e s o f comparable character 
are s u b s t a n t i a l l y less than f o r curb park
in g accomnodations. 

The economics o f parking f a c i l i t i e s o f 
various types should be studied, i n terms 
o f the c i t y surveyed. Relative costs f o r 
land, improvements, maintenance and opera
t i o n can be analyzed. Hie r a t e structures 
can be compared. Turnover and income 
studies might be made, and the probable 
e f f e c t s o f subsidies might be indicated. 

EccHiomic studies ought t o take cogni
zance o f the capacity f a c t o r s o f various 
types o f parking f a c i l i t i e s ; o f s e l f vs. 
attendant parking; o f public vs. coirmer-
c i a l parking f a c i l i t i e s ; parking garages 
( o f varying levels and designs) vs. park
in g l o t s ; underground parking; merchant-
operated f a c i l i t i e s ; f r i n g e or perimeter 
p a r k i n g plans; i n t e r i o r b l ock parking; 
s h o r t - vs. long-time parking; and other 
s i m i l a r matters. 

I n a recent i n q u i r y on the matter^, 
f o u r f i n a n c i a l a l t e r n a t i v e plans have 
been offered t o the C i t y of Vancouver for 
s o l u t i o n o f the p a r k i n g problem i n the 

'REPORT ON THE DOWNTOWN PARKING PROBLEM, 
C i t y o f Vancouver, B r i t i s h Columbia, March 
1948, O f f i c e o f C i t y Engineer. 

downtown area o f t h a t c i t y , and t h e i r 
p o s s i b i l i t i e s explored, as follows: 

Plan A - M o t o r i s t pays f u l l cost 
of the s e r v i c e . 

Plan B - Motorist pays 5 cents per 
hour, m u n i c i p a l i t y pays 
balance o f cost out o f 
general revenue. 

Plan C - Motorist pays 5 cents per 
hour, downtown business 
i n t e r e s t s pay balance o f 
cost as a local improve
ment tax. 

Plan D - Motorist pays 5 cents per 
hour, m u n i c i p a l i t y pays 
balance o f cost out o f 
parking meter revenues. 

A b r i e f economic analysis of the down
town area i s desirable i n connection with 
a study o f the parking problem. Present 
and past assessed valuations of the down
town areas, and decreases i n such valua
tions ought to be noted, and r e l a t e d per
haps t o the absence o f a c c e s s i b i l i t y . 
D e c entralization o f business i n the l a s t 
decade or so should be commented upon. 
Over-all tax s i g n i f i c a n c e of these facts 
should be noted. Perhaps the r e l a t i o n of 
mass transportation t o the parking problem 
ought to be de a l t w i t h too. The problem 
of the great t r a f f i c generating capacity 
of the sky-scraper and the r e s u l t i n g park
i n g d i f f i c u l t i e s , might be d e a l t w i t h . 

DEFICIENCIES AND RECOMMENDATIONS 

The f o r e g o i n g s e c t i o n s suggest the 
thorough assembly o f the e x i s t i n g f a c t s 
w i t h respect to the l e g a l , administrative, 
economic, and f i n a n c i a l phases. I n l i g h t 
of e x i s t i n g parking f a c i l i t i e s , and pres
ent and a n t i c i p a t e d demand t h e r e f o r as 
evolved from the regular parking surveys, 
appropriate recommendations may be a t 
tempted. Determination as to the need f o r 
a d d i t i o n a l legal a u t h o r i t y t o deal ade
quately w i t h the parking problem, proper 
administrative machijiery, and p o s s i b i l i t i e s 
f o r financing may also be made. 

Some i n s i g h t i n t o such an approach t o 
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betterment i s indicated as follows: 
L e g i s l a t i o n . Examination o f e x i s t i n g 

general or special State enabling l e g i s 
l a t i o n may reveal that the c i t y surveyed 
i s not authorized t o undertake the pro
v i s i o n and f o s t e r i n g o f o f f - s t r e e t auto
mobile parking f a c i l i t i e s . Ifecommendations 
f o r such l e g i s a l t i o n would seem t o be 
e n t i r e l y appropriate. 

The precise form o f such l e g i s l a t i o n 
could be i n d i c a t e d . Comprehensive stud
ies '̂̂  o f enabling l e g i s l a t i o n dealing w i t h 
parking f a c i l i t i e s i n d i c a t e that general 
enactments, b r o a d l y a p p l i c a b l e t o a l l 
c i t i e s , counties, and other l o c a l u n i t s 
w i t h i n the state are to be preferred over 
special or l o c a l acts t h a t are enabling 
o n l y f o r a p a r t i c u l a r c i t y or s p e c i a l 
p r o j e c t . 

Desirable l o c a l ordinances, f o r the 
c i t y surveyed, could also be suggested --
ordinances t h a t are necessary to f u r t h e r 
implement the State enabling act, perhaps 
s p e l l i n g out some o f the d e t a i l , especially 
those r e l a t i n g t o finance. 

Depending upon the local mores and other 
l o c a l f a c t o r s , appropriate amendments to 
the zoning ordinance o f the c i t y surveyed 
could be recommended, s p e c i f i c a l l y d i r 
ected t o the provision o f o f f - s t r e e t park
ing f a c i l i t i e s (and truck loading and im-
l o a d i n g f a c i l i t i e s , f o r t h a t matter) o f 
varying amounts f o r the various property 
uses. Suggested l e g i s l a t i v e language 
could be included. 

Because of the magnitude of the park
i n g problem, every generator o f parking 
demand should now make some c o n t r i b u t i o n 
toward the provision o f parking f a c i l i t i e s . 

I f commercial parking f a c i l i t i e s are 

^'^For a d e t a i l e d d i s c u s s i o n o f t h e many 
advantages o f general over s p e c i a l e n a b l 
i n g a c t s , see " A d m i n i s t r a t i v e A u t h o r i t y 
and J u r i s d i c t i o n . " page 18. AN ANALYSIS 
OF GENERAL STATE ENABLING LEGISLATION 
DEALING WITH AUTOMIBILE PARKING FACILITIES. 
B u l l e t i n No. 2. Revised 1947, Highway Re
s e a r c h B o a r d , and " U n d e s i r ' a b i 11 t y o f 
S t a t e L e g i s l a t i o n o f S p e c i a l and L o c a l 
C h a r a c t e r , " page 2, AN ANALYSIS OF STATE 
ENABLING LEGISUTION OF SPECIAL AND LOCAL 
CHARACTER DEALING WIIU AUTOMOBILE PARKING 
FACILITIES, B u l l e t i n No. 7,-Highway Re
search Board, 1947. 

not now licensed or regulated i n the c i t y 
surveyed, and i f such public control seems 
desirable i n the public i n t e r e s t and f o r 
the p r o t e c t i o n o f the m o t o r i s t , l e g i s l a 
t i v e implementation i n that d i r e c t i o n may 
be suggested. 

Other legal phases may be explored and 
commented upon. 

^ t & i i n i s f r a t i o n . I f the c i t y surveyed 
does not now possess an adequate mechanism 
for the administration o f a needed parking 
program, the e s s e n t i a l s o f such a parking 
f a c i l i t i e s organization may be o u t l i n e d . 
Unwarranted d i v i s i o n o f public responsi
b i l i t y f o r the various phases of the park
i n g program may e x i s t , and a consolidation 
o f ftinctions i n a centralized body, whether 
i t be a special a u t h o r i t y , or a special 
branch of an e x i s t i n g government agency, 
may be desirable. Recommendations i n t h i s 

' f i e l d should be q u i t e s p e c i f i c , i f t h a t 
were deemed expedient. The various types 
of parking f a c i l i t i e s should be taken i n 
to consideration, o f course, i n the f o r 
m u l a t i o n o f any recommendations i n the 
f i e l d o f administration. 

A public r e l a t i o n s program, i f one i s 
needed, can be suggested. 

Finance and economics. This phase of 
the study o f f e r s the greatest promise f o r 
the exercise o f i n g e n u i t y and o r i g i n a l 
t h i n k i n g . A l l p o s s i b i l i t i e s f o r financ
ing the parking f a c i l i t i e s needed should 
be explored boldly and imaginatively, yet 
w i t h a c a l c u l a t i n g sense o f r e a l i t i e s . 

For example, the issuance of i d e n t i f i 
c ation tags f o r a designated annual sum, 
a d m i t t i n g the m o t o r i s t d e s i r i n g t o park 
t o any or to designated parking f a c i l i t i e s , 
i s one p o s s i b i l i t y s t i l l l a r g e l y unex
plored. The possible revenue to be de
r i v e d from such fees might be estimated 
and c a p i t a l i z e d , i n terms of the parking 
f a c i l i t i e s they would provide. Funds de
r i v e d from t h i s source might be added t o 
c o n t r i b u t i o n s from general fund sources 
and from b e n e f i t t i n g business enterprises, 
together c o n s t i t u t i n g a formidable means 
wit h which t o provide o f f - s t r e e t parking 
f a c i l i t i e s . 

Moreover, there are a number of devices 
that the c i t y surveyed might wish t o re-

. commend i f i t desired t o a s s i s t p r i v a t e 
e n t e r p r i s e m the p r o v i s i o n o f needed 
f a c i l i t i e s . These might include the f u r -
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nishing of adequate s t r e e t approaches, the 
enfor c i n g o f curb parking r e s t r i c t i o n s , 
the l e a s i n g o f publicly-owned lands t o 
p r i v a t e operators upon favorable terms, 
the public determination of the most de
s i r a b l e locations and designs f o r future 
parking f a c i l i t i e s , and the a c q u i s i t i o n 
and assembly, by government, of the pro
perties needed for such f a c i l i t i e s . (Con
cessions i n property taxes, assessments, 
or l i c e n s e fees might serve as p a r t i a l 
incentives also. 

Desirable methods of financing should 
be s p e c i f i c a l l y recommended. The c i t y 
surveyed may f i n d i t possible to allocate 
benefit-percentages to the various classes 
o f b e n e f i c i a r i e s o f o f f - s t r e e t p a r k i n g 
f a c i l i t i e s , and to allocate costs of pro
v i d i n g the needed f a c i l i t i e s t o these 
classes i n that r a t i o . 

I f p a rking meters e x i s t i n the c i t y 
surveyed and i f the revenues therefrom, 
over and above the costs of administration, 
are d i v e r t e d t o some use other than the 
pr o v i s i o n o f parking f a c i l i t i e s , i t may 
be desirable to reconmend that hereafter, 
such net parking meter revenues should be 
devoted exclusively to the fu r t h e r a l l e v 
i a t i o n o f the parking problem by the ap
p l i c a t i o n o f such funds t o o f f - s t r e e t 
parking f a c i l i t i e s . 

POLICY CONSIDEBATIWS 

I n the course of urban parking surveys, 
there are a few pol i c y considerations that 
sponsors o f the survey may h e s i t a t e t o 
attempt t o determine w i t h f i n a l i t y . I t 
may be f e l t that such matters should more 
properly be l e f t t o the l o c a l law-making 
bodies f o r a d j u d i c a t i o n . This a t t i t u d e 
i s a proper one. 

But, even i n such instances, i t would 
seem desirable that the p o s s i b i l i t i e s for 
a c t i o n along several d i f f e r e n t courses' 
might be sketched i n the report, p a r t i c u 
l a r l y i n terms of the experiences of other 
places, leaving the f i n a l choice f o r those 
whose proper function i t i s to make one. 

APPLICATION OF EXPANDED TECHNIQUE 

At l e a s t f o u r recent urban p a r k i n g 
studies, undertaken by State highway de

partments w i t h the cooperation o f the 
Public Roads Administration, have included 
Or are now i n c l u d i n g i n varying degrees, 
l e g a l , administrative and economic aspects 
of p a r k i n g as suggested i n t h i s paper. 
The c i t i e s are A l b e r t Lea, Minnesota, 
Toledo, CSiio, Seattle and Spokane, Wash
ington. 

SeattZe, H'ashington. I n a d d i t i o n t o 
the r e g u l a r survey data r e l a t i n g t o the 
supply o f and demand f o r parking f a c i l 
i t i e s , and parking habits generally, the 
Seattle report^^ contains a discussion of 
ce r t a i n economic aspects of a parking rate 
s t r u c t u r e , as well as the advantages of a 
separate parking a u t h o r i t y as a means o f 
administration. The provision of parking 
f a c i l i t i e s and truck loading and unloading 
f a c i l i t i e s through the zoning mechanism 
i s s t r o n g l y recommended. I n t e r i m r e l i e f 
and long range improvement measures are 
indicated. 

Spokane, \Vashington. The Spokane re
port now i n the process of being published 
w i l l contain some i n t e r e s t i n g m a t e r i a l s 
re l a t e d to the special aspects we are here 
dealing w i t h . I t contains discussions of 
the p o s s i b i l i t i e s o f a parking conmission 
t o develop p r i v a t e parking e n t e r p r i s e , 
municipal regulation o f private enterprise, 
merchant parking corporations, municipal 
cooperation w i t h merchants and property 
owners, municipal f a c i l i t i e s , and a park
i n g a u t h o r i t y . An e n t i r e chapter deals 
w i t h the economics o f c o n s t r u c t i o n o f 
parking f a c i l i t i e s . Another s e c t i o n i s 
concerned w i t h the l e g a l aspects^ and 
suggestions f o r l e g i s l a t i v e a c t i o n are 
made. 

,4/6ert Lea, Minnesota. The Albert Lea, 
Minnesota, survey w i l l stress many o f the 
same matters that have been dealt with i n 
previous reports. The i n i t i a l r e port on 
p a r k i n g w i l l a l s o o u t l i n e some l e g a l 
problems s p e c i f i c a l l y a p p l i c a b l e t o the 
c i t y . 

^^A LOOK INTO SEATTLE'S PARKING NEEDS, 
C e n t r a l Business D i s t r i c t , 1947, r e p o r t e d 
i n 1948, conducted by the Washington De
pa r t m e n t o f Highways i n c o o p e r a t i o n w i t h 
S e a t t l e G o v e r n m e n t a l A g e n c i e s and t h e 
P u b l i c Roads A d m i n i s t r a t i o n . 
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Toledo, Ohio. The l e g a l , administrative 
and economic phases o f the Toledo, Ohio, 
parking study are s t i l l being investigated 
and formulated. 

WAYS AND MEANS — PERSONNEL 

Oie o f the vexing obstacles t h a t con
f r o n t a l l surveys or research p r o j e c t s 
o f t h i s character i s the lack o f t r a i n e d 
personnel t o do the job. With respect t o 
the l e g a l , a d m i n i s t r a t i v e and economic 
phases o f urban parking surveys, no ex
tensive s t a f f o f i n t e r v i e w e r s i s neces
sary. I n f a c t , a p r o p e r l y t r a i n e d i n 
d i v i d u a l could adequately complete the 
assignment i n two or perhaps three months, 
i n the average c i t y . 

I n Toledo, Ohio, the parking studies 
are being undertaken l a r g e l y by the s t a f f 
of the Toledo-Lucas County Plan Commis
sions. Where l o c a l planning bodies are 
not made a c t i v e p a r t i c i p a n t s i n these 
studies, i t may be possible t o effectuate 
the loan o f technical services. Frequent
l y , c i t y and county attorneys or the o f 
f i c e o f the State a t t o r n e y general w i l l 
be h e l p f u l , p a r t i c u l a r l y w i t h respect t o 
the legal phases o f the studies. College 
professors i n the f i e l d o f economics or 
rela t e d f i e l d s can sometimes be interested 
i n research o f t h i s type, p a r t i c u l a r l y 
d u r i n g the summer months. And, perhaps 
most desirable o f a l l , the regular State 
or l o c a l highway department s t a f f may be 
equipped sometimes to handle these aspects 
without any a s s i s t a n c e from o u t s i d e 
sources. 

A w i l l i n g n e s s presumed, i t would seem 
th a t the l i m i t e d personnel needed t o i n 
v e s t i g a t e and r e p o r t upon these a l l i e d 
phases of parking surveys can be obtained. 

CONCLUSION 

The n e c e s s i t y f o r i n v e s t i g a t i n g the 
l e g a l , administrative, and economic phases 
of the parking problCT i n connection w i t h 
urban parking surveys i s being increasing-
l y recognized. A few c i t i e s , t h a t have 
sought t o include these matters i n t h e i r 
studies o f the problem are f i n d i n g t h a t 
t h e i r u l t i m a t e objective o f providing more 
parking f a c i l i t i e s can be envisioned much 

more c l e a r l y than would o t h e r w i s e be 
possible. 

The conclusion seems c l e a r l y indicated: 
Those f o s t e r i n g and u n d e r t a k i n g urban 
parking surveys should now bend every e f 
f o r t t o promote a comprehensive study o f 
the parking problem, extending t h e i r pre
vious f a c t - f i n d i n g e f f o r t t o include the 
essential l e g a l , a d m inistrative and eco
nomic aspects, thus assuring a w e l l - b a l 
anced approach. 

DISCUSSION 

Mr. Jennings: Many downtown business 
men are r e l u c t a n t t o increase t h e i r cost 
of doing business by standing the expense 
or a p o r t i o n of the expense o f providing 
o f f - s t r e e t f a c i l i t i e s . I f i t resulted i n 
a r e d u c t i o n i n the cost o f packaging, 
d e l i v e r i n g or s i m i l a r services they might 
be more favorable t o the development o f 
an o f f - s t r e e t program. 

Mr. Levin: I f sales are increased by 
the usage o f such parking f a c i l i t i e s , i t 
would appear reasonable to assume th a t the 
business men would be w i l l i n g t o pay a 
po r t i o n o f the cost as "insurance" f o r the 
l i f e o f the business. 

Mr. Marsh: Business men must believe 
t h a t i t pays t o a i d i n development o f 
parking f a c i l i t i e s , otherwise they would 
not have made the f i n a n c i a l outlays they 
have i n many c i t i e s . 

Mr. lx>vejoy: Regardless o f who f i n 
ances the b u i l d i n g o f parking f a c i l i t i e s , 
the c i t y should be responsible f o r the 
development o f the program f o r p r o v i d i n g 
parking r e l i e f , otherwise no planned de
velopment w i l l r e s u l t . 

Mr. Oierniak: Should parking meters 
be used as a means o f producing revenue, 
and should the parker be allowed t o stay 
i n the space as l o n g as he d e s i r e s by 
simply p u t t i n g enough coins i n the meter 
t o cover the length o f time parked? 

Mr. Levin: At lea s t two court decis
ions (Albert Lea, Minnesota and Massachu
s e t t s ) r u l e d t h a t parking revenue could 
be used only f o r enforcement and admin
i s t r a t i o n and not as a revenue producing 
measure. Revenues i n excess o f those 
necessary f o r administration can be obtain-
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ed i f a u t h o r i t y i s s p e c i f i c a l l y set f o r t h 
by s t a t u t e . This assumes t h a t the c i t y 
has the organic r i g h t t o obtain revenue 
at the curb i n excess o f that needed f o r 
regulatory purposes. M u l t i p l e coin meters 
are on the market and i f the curb area i n 
question i s not regulated t o obtain t u r n 
over i n the use o f the space, then i t 
should be p o s s i b l e t o permit m u l t i p l e 
coin operation w i t h i n whatever time l i m i t 
regulations are i n e f f e c t . 

Mr. Jennings: Can parking meter r e 
venues l e g a l l y be used for providing o f f -
s t r e e t f a c i l i t i e s " ' 

Mr. Marsh: (jenerally speaking parking 
meters b r i n g i n more revenue than i s spent 
i n the administration of the parking regu
l a t i o n s . Some tolerance i s permitted i n 

exceeding costs and u s u a l l y a l l meter 
revenues are turned over to the same fund. 
Proper l e g i s l a t i v e action should be taken 
t o authorize the use o f these excess r e 
venues' f o r financing o f f - s t r e e t parking. 

Mr. Mats<»: There are several points 
which have been developed i n t h i s discus
sion which deserve more complete treatment 
than we have been able t o g i v e them a t 
t h i s time. I should l i k e t o suggest, 
t h e r e f o r e , t h a t the Committee consider 
them as part of t h e i r program f o r 1949. 

1. Use of curb meter revenues 
f o r the financing o f o f f -
s t r e e t parking f a c i l i t i e s . 

2. Authority o f the c i t y t o 
regulate curb parking. 
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SOME T R A V E L AND PARKING HABITS 
O B S E R V E D - I N PARKING STUDIES 

R. H. BUBRAGE, Highsay Engineer, Terminal Facilities Section and S. HITCHCOCK. 
Assistant Chief, Highway Transport, 

Public Roads Administration! 

The d i r e c t i n t e r v i e w type o f parking 
study, i n i t i a t e d i n 1945^, has now been 
made i n more than 40 c i t i f e s ^ . Other types 
o f parking studies have previ o u s l y been 
made i n some o f these same c i t i e s and i n 
other c i t i e s , but p r i o r t o the use o f the 
d i r e c t interview type o f study i t had not 
been possible to make any r e l i a b l e general
izatio n s about parking c h a r a c t e r i s t i c s or 
trends. Procedures, scope, and objectives 
had been so v a r i e d as t o preclude the 
establishment of CGinnion bases f o r s t a t i s 
t i c a l comparisons. 

Reports have been developed i n 24 
c i t i e s o f t h i s group^. Since the same 
procedures were used i n each case, i t has 
been possible f o r the f i r s t time t o ob
serve some r e l a t i o n s h i p s o f parking hab
i t s , t r a v e l h a b i t s , and t r a f f i c volumes. 
For those c i t i e s where the time periods 
studied were not i d e n t i c a l , data were ad
j u s t e d t o a common 8-hour basis (10 a.m. 
to 6 p.m.). 

I n some cases i t has been suspected 
that the indicated relationships or trends 
might e x i s t , and personal experience may 
make some o f these observations appear 
obvious, but they do s u b s t a n t i a t e many 

- points which previously have been lar g e l y 
a matter o f opinion or conjecture. Fur
thermore, the f a c t t h a t these data and 

D e s c r i b e d i n 1945 Proceedings o f t h e 
Highway Research Board. 
L i s t o f c i t i e s I S a t t a c h e d . 

these derivations f a l l i n t o a pattern i n 
d i c a t e s t h a t the basic approach t o t h i s 
research problem, that i s , the procedural 
technique, i s soundly conceived. Although 
the number o f reports analyzed so f a r has 
not been largej ( o n l y 24), i t should be 
remembered that from the analysis o f the 
f i r s t 24 o r i g i n - a n d - d e s t i n a t i o n r e p o r t s 
a pattern i n the t r a v e l habits o f t r a f f i c 
approaching c i t i e s o f d i f f e r e n t s i z e s 
was apparent, a p a t t e r n which has not 
changed m a t e r i a l l y by the a d d i t i o n o f 
data from nearly 50 more reports. 

I n these c i t i e s , w i t h the knowledge 
tha t the basic volumetric data have been 
obtained w i t h reasonable accuracy, speci
f i c l o c a t i o n s and designs f o r a d d i t i o n a l 
f a c i l i t i e s may be planned w i t h assurance. 
The data on parking h a b i t s , when corre
l a t e d w i t h l o c a t i o n , may be used t o advan
tage i n r e v i s i n g parking time r e s t r i c t i o n s . 
The data as a whole, w i t h t h e i r c l e a r l y 
e s tablished trends, representing condi-
ti<Bis i n c i t i e s which have recognized the 
existence o f a parking problem, may also 
be o f value i n making comparisons i n other 
c i t i e s where comprehensive studies have 
not been made and where complete data are 
not available. 

These series o f summaries should not 
be considered as being exhaustive. Hiey 
are some o f the more obvious r e l a t i o n s 
which i n i t i a l analyses have developed. 
More analyses should be made and material 
from s i m i l a r r e p o r t s should be added t o 
v e r i f y and strengthen analyses already 
made. 
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THE CENTRAL BUSINESS DISTWCT 

Area and P o p u l a t i o n R e l a t i o n s i n C i t i e s i n S i x 
D i f f e r e n t Popu l a t i o n Groups 

C e n t r a l Business D i s t . 
P o p u l a t i o n Number Avg. P o p u l a t i o n Area i n Square M i l e s Number 

group o f m e t r o p o l i t a n Per 100,000 o f 
(thousands) c i t i e s area T o t a l p o p u l a t i o n b l o c k s ^ 

(1) ( 2 ) ( 3 ) ( 4 ) ( 5 ) 

Less than 25 6 16,900 0.12 0.74 27 
25 - 50 3 32,300 0.11 0.36 35 
50 - 100 2 66,550 0.22 0.27 36 

100 - 250 9 131,750 0.44 0.26 76 
250 - 500 6 280,700 0.46 0.12 97 
500 and over 2 

28 

663,650 0.54 0.05 134 

^Block dimensions vary from 150 f e e t t o 600 f e e t . 

The Central Business D i s t r i c t i s not a legal e n t i t y or a c l e a r l y defined area. I n 
s e t t i n g up the l i m i t s o f such a d i s t r i c t f o r purposes of a parking study the f o l l o w i n g 
considerations were used: 

1. The area where land occupancy i s almost 100 percent 
2. The area where land use i s p r i n c i p a l l y business 
3. The area where curb parking i s crowded 
4. The area t o which t r a n s i t l i n e s converge. 

Even though d i f f e r e n t engineers established the l i m i t s o f the d i f f e r e n t Central Busi
ness D i s t r i c t s ' , i t i s s i g n i f i c a n t t o note t h a t the l i m i t s o f the d i s t r i c t s have been 
uniformly recognized. The trend i n size i s t o be expected perhaps, but confirmation o f 
t h i s trend lends assurance t o fur t h e r analyses i n these c i t i e s . Where studies have not 
been made comparisons should i n d i c a t e i f a p a r t i c u l a r Central Business D i s t r i c t con
s t i t u t e s a problem area greater or less than the average f o r c i t i e s o f t h i s size. 
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AVAILABILITY OF PARKING SPACE 

Curb and O f f - s t r e e t Spaces A v a i l a b ] e i n the C e n t r a l Business 
D i s t r i c t s o f C i t i e s i n S i x P o p u l a t i o n Groups 

P o p u l a t i o n Number Number o f Park i n g Spaces 
group 

(thousands) 
o f 

c i t i e s 
( 1 ) 

T o t a l 

( 2 ) 

Curb 
t o t a l 
( 3 ) 

O f f - S t r e e t 
t o t a l 
( 4 ) 

Per 1.000 
Curb 
( 5 ) 

p o p u l a t 
T o t a l 
( 6 ) 

Less than 25 5 1,649 981 668 54 90 
25 - 50 3 2,061 1,286 775 41 66 
50 - 100 2 4.089 1,688 2.401 23 57 

100 - 250 8 6.449 2,684 3,765 17 42 
250 - 500 6 11,093 2.961 8, 132 7 28 
500 and over 2 

26 
10,185(1) 2,510 7.675 3 12 

^Providence, a c i t y of 253.500 population, has a metropolitan area population 
of 711, 500 with several o t h e r / f u l l y developed but smaller independent business 
d i s t r i c t s . 

I 
TTiese trends, perhaps suspected, lend assurance (1) t o the soundness i n d e f i n i t i o n 

o f the (Central Business D i s t r i c t , (2) t o the use o f the data f o r comparative purposes 
i n c i t i e s where extensive studies have not been made, and (3) t o the methods of the 
making of the study. 

I t may be expected that the suppl y of curb spaces for parking i n the (Central Business 
D i s t r i c t w i l l continue to decrease as c i t i e s grow. Curbs are l i m i t e d i n physical extent 
and as the downtown area grows v e r t i c a l l y more curb space i s r e s t r i c t e d f o r services 
i n connection with the buildings and f o r the movement of t r a f f i c . O f f s t r e e t f a c i l i t i e s 
are not developed i n a compensating manner. (Cities o f more than 257,000 population 
have less than o n e - t h i r d as many t o t a l parking spaces per 1,000 population as c i t i e s 
of less than 25,000 population. 
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USAGE OF PARKING SPACE 

Number o f V e h i c l e s Parked m the C e n t r a l Business D i s t r i c t s 
o f C i t i e s i n S i x D i f f e r e n t P o p u l a t i o n Groups 

P a r k i n g 
'Population Number Number parked i n 1 Maximum number 

.0 P e r c e n t r a t i o 
group o f 8 tiours r k e d ' com peak hour 

(thousands) c i t i e s Per Per m e r c i a l t o 
T o t a l 1,000 pop. T o t a l 1,000 pop. Avg. hour 

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

Less than 25 5 7,905 432 1,141 62 14 1.22 
25 - 50 3 7,378 239 1,350 43 13 1.13 
50 - 100 2 11,866 164 2,185 30 11 1. 15 

100 - 250 7 20,156 112 5,168 28 13 1.15 
250 - 500 5 32,436 83 8,245 21 13 1.15 
500 and over 2 29,957 34 9,564 11 13 1.11 

24 

^Adj u s t e d , where necessary, t o a common p e r i o d , 10 a.m. - 6 p.m. 
At any time d u r i n g the e i g h t - h o u r p e r i o d . 

I h i s I S the volume o f parking under present conditions. I t does not indicate i n any 
sense what trends would be i f better t r a f f i c service and parking f a c i l i t i e s were a v a i l 
able. 

The volume o f parking i n the eight-hour period and maximum number parked at any one 
time i n the period increases w i t h the size o f the c i t y . When the population o f the 
c i t y i s considered, however, the volume o f parking per 1,000 population shows that the 
Central Business D i s t r i c t s i n the smaller c i t i e s are bigger generators of parking than 
are the larger c i t i e s . 

The proportion of commercial vehicles parking m the Central Business D i s t r i c t ap
parently does not vary i n c i t i e s of d i f f e r e n t size. Ihese are the vehicles picking up 
and d e l i v e r i n g goods i n the downtown area. 

There does not seem t o be any appreciable difference i n the r a t i o of the volume of 
vehicles parked i n the hour o f peak parking usage and the hourly volume parked i n the 
average hour of the business day. 
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USAGE OF PARKING SPACES 

Comparison o f Overtime P a r k i n g a t Metered Curbs 
and a t Unmetered but R e s t r i c t e d Curbs 

Number Percent p a r k i n g Percent o f space hours 
Zones of o v e r t i m e Used by v i o l a t e r s * ^ Used i n 3 

excess c i t i e s Unme t e r e d Metered Unmetered Metered Unmetered Meter 
( 1 ) (2) ( 3 ) ( 4 ) ( 5 ) ( 6 ) ( 7 ) 

I A l l c i t i e s r e p o r t i n g 
A l l 18 29.2 - 53. 1 - 35.4 _ 

A l l 10 - 15.3 - 35.2 - 19.4 

I I C i t i e s w i t h metered and unmetered spaces 
A l l 7 31. 1 18.0 60.9 38.1 40.8 20.7 
15 minute 1 59.6 59.4 89.0 87.2 76.4 60.0 
30 minute 2 57.6 33.3 87.2 62.0 71.2 39.1 
60 minute 5 33.4 17.3 67.3 40.3 47.3 22.3 
90 minute 1 33.8 18.6 65.0 53.6 42.9 30.4 
2 hour 3 22.8 11.2 50.3 28.3 26.7 12.0 

^Percent o f a l l curb p a r k e r s i n zones i n d i c a t e d . 
T o t a l usage i n c l u d i n g l e g a l . 

^Overtime usage o n l y . 

Group I includes some c i t i e s i n which there were no parking maters and some time 
zone groups i n other c i t i e s where there were no unmetered curbs. To present the data 
on a more near l y comparable basis Group I I was analyzed. This group comprised only 
those c i t i e s where data were available i n the same c i t y and i n the same time r e s t r i c t i o n 
class for both metered and unmetered but r e s t r i c t e d spaces. 

Data from each o f seven c i t i e s , where curb parking was observed a t both metered and 
unmetered but r e s t r i c t e d spaces, i n d i c a t e t h a t v i o l a t i o n s i n metered zones were less, 
both as to the numbers of parkers as well as length o f usage o f parking spaces. 

I h i s i s also t r u e when the data are segregated i n time r e s t r i c t i o n groups. I t i s 
also apparent t h a t the proportion o f overtime parkers and overtime usage decreases as 
the length o f the time r e s t r i c t i o n s * i n c r e a s e s . There i s l i t t l e d i f f e r e n c e i n v i o l a 
t i o n s i n metered and unmetered but r e s t r i c t e d 15-minute zones. I n unmetered 2-hour 
zones 22.8 percent of the parkers are overtime parkers and use 50.3 percent of the t o t a l 
time a v a i l a b l e o f which almost 27 percent i s overtime usage. I n 2-hour iretered zones 
eleven percent o f the parkers exceeded time r e s t r i c t i o n s using 28 percent of the a v a i l 
able time o f which 12 percent of the time was i n v i o l a t i o n of r e s t r i c t i o n s . 
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PARKING SPACE SUPPLY AND DEMAND 

The Usage o f Space i n the E n t i r e C e n t r a l Business D i s t r i c t , and the R e l a t i o n o f 
Demand and Supply i n the Core Area, m C i t i e s o f Six Popul a t i o n Group B 

C e n t r a l Business D i s t r i c t Core^ 
P o p u l a t i o n 

group 
(thousands) 

Number 
o f 

C i t i e s 

P r e s e n t Usage 
space hours 

Per l.gOO 
Number p o p u l a t i o n 

Number 
o f 

C i t i e s 

Space 
2 

Demand 

. R a t i o Aours 
demand t o 

Supply supply 
( 1 ) ( 2 ) ( 3 ) ( 4 ) ( 5 ) ( 6 ) ( 7 ) 

Less than 25 4 8,654 511 4 2,950 2,250 1.31 
35 • 50 3 9,799 303 2 3,766 2,868 1.31 
SO - 100 2 14,632 220 2 4,290 2,964 1.45 

100 • 250 5 33,659 255 5 16,290 10,663 1.67 
250 - 500 4 51,578 184 3 20,828 6,505 3.27 
500 and over 2 

20 
65,846 99 2 

18 

28,590 6,649 4.67 

^The core i s t h a t p o r t i o n o f the C e n t r a l Business D i s t r i c t where l a n d values are gen
e r a l l y h i g h e s t , where i n each b l o c k o f s e v e r a l c o n t i g u o u s b l o c k s , the demand,for p a r k 
i n g space i n each exceeds the supply. 

^Demand f o r space i n cor e based on d e s t i n a t i o n s o f d r i v e r s who parked i n the C e n t r a l 
Business D i s t r i c t . 

This analysis applies only t o those who park i n the Central Business D i s t r i c t . I t 
does not include the " p o t e n t i a l " demand o f those who stayed away, d i d t h e i r shopping 
elsewhere. 

The demand f o r parking space f o r those having destinations i n the Central Business 
D i s t r i c t shows a d e f i n i t e increase w i t h the size o f the c i t y . On a per capita basis, 
however, the Clentral Business D i s t r i c t s i n the smaller c i t i e s are greater t r a f f i c gen
erators per 1,000 population than those i n the larger c i t i e s . 

For the Central Business D i s t r i c t as a whole, supply o f spaces i s equal t o the de
mand because the l i m i t s o f the d i s t r i c t are u s u a l l y established t o study the e n t i r e 
problem. Some o f the central blocks i n the d i s t r i c t , however, create more demand than 
others and i t i s more than i s available i n the same blocks. The volume of t h i s demand 
f o r spaces i n the core increases i n the l a r g e r c i t i e s whereas the supply, although 
increasing to c i t i e s o f medium size, drops o f f i n the larger c i t i e s ndiere spaces i n the 
core are s a c r i f i c e d f o r other land uses. 
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TRAFFIC AND TOAVEL HABITS 

Some T r a f f i c Volumes and Ratios i n the Central Business D i s t r i c t s 
tion Groups 

Ratio Volume Vehicles passing 
Peak to per 1,000 thru C.B.D.-

avg.hrs. pop. peak Percent^ 
In&Out % hour 8 hours Peak hi hr. 
T S ) (6) (7) (8) 

1.36 139 49 60 
1.37 104 57 64 
1.34 61 52 69 
1.33 41 60 70 
1.33 25 60 75 
1.34 14 58 91 

of l ^ i t i e s i n Six Popul 

Population Number 8-hour Avg. hour Peak % 
groups of volume volume hour v o l . 

(thousands) C i t i e s inbound^ In & Out In & Out^ 

(1) (2) (3) (4) 

Less than 25 5 15,000 3,700 2,500 
25 - 50 3 20,000 5, 100 3,550 
50 - 100 2 27,000 6,600 4,420 

100 - 250 7 43,000 10,500 6,810 
250 - 500 3 56,000 13,700 9,110 
500 and over 2 72,000 17,600 12,000 

^8-hour period, 10 a.m. - 6 p .m. A l l v e h i c l e s . 
''Peak a hour , for t r a f f i c movement gener a l l y betw 
p e r c e n t of v e h i c l es e n t e r i n g the C.B.D. 

The total 8-hour inbound volume, the average hourly volume in and out, and the peak 
one-half hour volume in and out of the Central Business D i s t r i c t increase with the size 
of the ci t y . When the population of the c i t y is considered, however, the Central Busi
ness Districts of the smaller c i t i e s are bigger t r a f f i c generators per 1,000 population 
than are the larger c i t i e s . 

The outbound 8-hour volume is almost equal to the inbound volume and the pattern with 
respect to population groups is the same. 

Regardless of the size of the c i t y , the ratio of peak-hour t r a f f i c and average hourly 
t r a f f i c i n the 8-hour period i s the same. Peak-hour volumes are about one-third again 
as large as the volumes during the average hour of the survey period. 

Hie proportion passing through the Central Business D i s t r i c t may more correctly be 
described as those who do not stop to park. I t includes whatever "cruisers" there may 
be and those cars in service stations or in garages being serviced or repaired. Hiese 
figures refer to vehicles entering the C.B.D. and not to vehicles leaving or to number 
of t r i p s . 

The proportion of t r a f f i c entering the Central Business Districts in the peak Vi hour 
of t r a f f i c movement (usually between 5 and 6 p.m.), which does not stop to park, i n 
creases as the size of the c i t y increases. The-development of employment centers in 
sections of the c i t y , other than the Central Business D i s t r i c t , creates a large move
ment of population twice a day going to and coming from work. Much of this movement is 
across town and through the d i s t r i c t . 

TTiere does not seem to be much difference in the proportion of t r a f f i c passing through 
the Central Business District'during the business day (10 a.m. to 6 p.m.) in c i t i e s of 
different population groups. 
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PARKING CHARACTERISTICS 

Sig n i f i c a n t Dat a on Length of Time Parked and Dis tance Walked 
in C i t i e s of S i X Population Groups 

Percent Parked Percent Walki 
Population Number Less 4 hours Less 800 feet 

group of than and t ban and 
(thousands) Ci t i e s 30 Min. over 400 f e e t over 

(1) (2) (3) (4) (5) 

Less than 25 5 56 8 69 9 
25 - 50 3 53 10 78 5 
50 - 100 2 52 10 77 7 

100 - 250 5 46 14 65 14 
250 - 500 2 34 20 63 19 
500 and over 2 28^ 25 46 30 

19 

^Estimated from d i f f e r e n t groupings of I ength of time parked 

"Diese trends have been indicated in individual studies from time to time but this i s 
the f i r s t time i t has been possible to assemble the results of these studies in one 
sumnary. 

The proportion of cars parked less than 30 minutes in the largest c i t i e s i s only 
half of those parked for the same length of time in the smallest c i t i e s . The propor
t i o n parked four hours and over, however, i s three times as large. The proportion 
parking less than 30 minutes decreases from 56 percent to 28 percent as the population 
of c i t i e s increases from less than 25,000 persons upwards to six- and eight-hundred 
thousand. "Die proportion parking four hoUrs and over increases from 8 percent to 25 
percent as population increases in the same population groupings. 

Dsfinite trends are apparent also in the distances people walk to their destinations 
after parking their cars. Hie lengths of blocks vary but generally speaking one block 
may be considered to be about 400 feet. In small c i t i e s three quarters of the people 
parking i n the Central Business D i s t r i c t park within one block of their destination. 
This proportion decreases to less than 50 percent in the largest c i t i e s . 

Hie proportion walking more than 800 feet (2 blocks) i s r e l a t i v e l y small in the 
smaller c i t i e s , less than ten percent. In the largest c i t i e s , however, as many as 30 
percent of the parkers walk more than 800 feet. 
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PARKING CHARACTERISTICS 

Average Length of Time Parked for Each Purpose of T r i p 
in C i t i e s of Six Population Groups 

Population Number Avera ge time parked for each t r i p purpose - Hours 
group of A l l 

(thousands) Ci t i e s Work Shopping Business Other purposes 
(1) ( 2 ) (3) (4) (5) (6) 

Less than 25 5 3. 1 0.7 0.7 1.1 1.1 
25 - 50 3 2.9 0.7 0.8 0.9 1.3 
50 - 100 2 3.3 0.8 0.7 0.9 1.3 
100 - 250 5 4.0 0.9 1.0 1.5 1.7 
250 - 500 3 4.5 1.4 1.2 1.5 1.8 
500 and over 2 5. 1 1.4 1.4 1.2 2.5 

20 

Hiere are definite trends apparent for the average length of time parked for each 
t r i p purpose. Regardless of purpose the average length of time parked increases i n the 
larger cit i e s in comparison with that of the smaller c i t i e s . 

Tliere does not appear to be much difference in the length of time parked by shoppers 
or by those on business t r i p s . In both instances the time parked increases with the 
size of the c i t y . 

Other t r i p purposes include meals, movies, doctors, dentists, social, and other re
creational ac t i v i t i e s . There does not seem to be much difference in the length of time 
parked for these purposes in citie s of different sizes. 
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C I T I E S IN WHICH DIRECT INTERVIEW TYPE PARKING STUDIES HAVE BEEN MADE 

Footnote^ for page 1. Direct interview type parking studies have been made in tiie 
following c i t i e s . Reports have been published for those indicated by (R). Populations 
shown are those for 1940, for the metropolitan area. 

1945 (4) 
Providence, R. I . 711,500 (R) Denver, Colo. 384,400 (R) 
Atlanta, Ga. 442,300 (R) Pawtucket, R. I . 75,797 (R) 

1946 (9) 
Baltimore, Md. 1,046,700 (R) Harrisburg, Pa. 173,400 (R) 
Seattle, Wash. 452,600 (R) Knoxville, Tenn. 151,800 (R) 
Portland, Ore. 406,400 Walla Walla, Wash. 18,109 
New Haven, Conn. 308,200 (R) Portsmouth, N. H. 14,821 (R) 
Nashville, Tenn. 241,800 (R) 

1947 (15) 
Toledo, Ohio 341,700 (R) Corpus Christi, Tex. 70,700 (R) 
Honolulu, T. H. 245,000 Monroe, La. 28,309 (R) 
Jacksonville, Fla. 195,600 Alexandria, La. 27,066 (R) 
Qiattanooga, Tenn. 193,200 (R) Lake Charles, La. 21,207 

(R) Reading Pa. 175,300 (R) Anderson, S. C. 19,424 (R) 
Spokane, Wash. 141,400 (R) Stevens Point, Wis. 15,777 (R) 
Wichita, Kans. 127,300 (R) Albert Lea, Minn. 12,200 (R) 
Charlotte, N. C. 113,000 (R) 

1948 (17) 
Cleveland, Qiio 1,215,000 Boise, Idaho 26,130 
Allentown-Bethlehem,Pa. 325,142 Meadville, Pa. 18,919 
Otnaha, Nebr. 287,700 Huntington, Ind. 13,903 
Richmond, Va. 245,700 Frankfort, Ind. 13.206 
Muncie, Ind. 49,720 Columbus, Ind. 11,738 
Lynchburg, Va. 44,541 Wabash, Ind. 9,653 
Anderson, Ind. 41,572 (R) Seymour, Ind. 8,620 
Kokono, Ind. 33,795 Decatur, Ind. 5,861 
Easton, Pa. 33,589 

Total number of ci t i e s in which Direct Interview Type Parking Studies 
have been made - -- 45 

DISCUSSION 

Limitations to the paper by Mr. Burrage and Mr. Hitchcock. 

Data are lacking on violations at the curb before meters were installed. 
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P A R K I N G M E T E R S N E E D B E T T E R E N F O R C E M E N T 

MATTHEW C. SIELSKI, Director 
Safety and Traffic Engineering Dspartment 

Qiicago Motor Gub 

An analysis of parking habits before and after the installation of meters to 
determine the effectiveness of meters to reduce over-time parking, 

SUMMARY OF FINDINGS BEFORE AND AFTER INSTALUTION OF METERS 

3. 

4. 

1. There was no appreciable change i n the number of parkers remaining one-hour 
or l e s s . 

2. There was no appreciable change in the number of space hours used by park
er s remaining one-hour or l e s s . 
Seven out of the ten c i t i e s s t u d i e d showed an i n c r e a s e i n the number of 
space hours used by long-time parkers a f t e r meters were i n s t a l l e d . 
Two out of the ten c i t i e s i n d i c a t e d a decrease i n the number of space hours 
used by long-time parkers, and one c i t y showed no change at a l l . 

5. The number of a v a i l a b l e p a r k i n g spaces was reduced due to the c r e a t i o n of 
s t a l l s of uniform s i z e adequate for the longest v e h i c l e necessary for park
ing meters. 

6. There i s a d e f i n i t e need for enforcement based upon observation of v e h i c l e s 
through t i r e marking rather than upon examination of parking meters. Motor
i s t s are able to remain a t the curb for a long time without d e t e c t i o n by 
simply adding coins to the meters. 

7. A study made i n Evanston, I l l i n o i s r e v e a l e d th a t an enforcement program 
which i n c l u d e d t i r e marking and p a r k i n g meter enforcement r e s u l t e d i n a 
l e s s e r amount of long-time parkers. 

Parking continues to hold i t s lead as 
a major t r a f f i c problem. More and more 
business men are becoming alarmed at the 
prospect of business decentralization re
s u l t i n g from a lack of proper parking 
f a c i l i t i e s i n th e i r shopping d i s t r i c t . 
Parking meters have mushroomed into many 
communities and by 1947, they were in use 
i n 688 c i t i e s over 5,000 population^. 
Almost 70% of the c i t i e s i n the 250,000 
to 500,000 population group have installed 
meters. However, notwithstanding the 
tremendous increase in meters, widespread 
interest on the part of municipal o f f i c i 
als and various organizations, most of our 
motorized c i t i e s s t i l l lack adequate 

parking f a c i l i t i e s . 
On the basis of these developments, 

are we to conclude that parking meters 
have been greatly overrated as a tool for 
curing our^parking problems' Obviously, 
such a surmisal could not be made without 
the background of a thorough study. I t 
i s for that reason that t h i s research 
project has been undertaken. A compre
hensive study was undertaken i n 10 mid-
western c i t i e s of various population 
c l a s s i f i c a t i o n s , to ascertain the d i f 
ference in parking behavior of motorists 
before and after the installation of park
ing, meters. In addition, further factual 
information has been included in this re-



SIELSKI— EFFECTIVENESS OF METERS 

port obtained from studies in other c i t i e s . 

What Constitutes a Good Parking Program. 
Obviously, those c i t i e s wishing to 

solve their parking problems must accom
plish the following two objectives: 

(1) Ihe most efficient use of present 
curb parking spaces. 

(2) The provision of adequate o f f -
the-street parking f a c i l i t i e s . 

In regard to the f i r s t objective, an 
e f f i c i e n t use of curb parking space w i l l 
meet at least these requirements: 

(1) A rapid turnover of short time 
parkers. 

(2) Proper time l i m i t s designed for 
the length of time the majority of the 
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Parking 
C i t y Popula- L i m i t s 

tion Before After 

Princeton, 111. 5,500 90 min. 1 hr. 
Downers Grove,111. 10,000 2 brs. 1 br. 
Dixon, 111. 11,000 none 1 br. 
S t r e a t o r , 111. 15,000 90 min. 1 br. 
Mattoon, 111. 16,000 2 brs. 2 bra 
Marion, Ind. 27,000 90 min. 1 br. 
E l k b a r t , Ind. 34,000 1 hr. 1 br. 
Moline, 111. '35,000 1 br. 1 hr. 
J o l i e t , 111. 42,000 1 br. 1 hr. 
Aurora, 111. 47,000 1 br. 1 br. 

^The M u n i c i p a l Year Book, 1948. 

parkers choose to remain in respective 
business blocks. 

(3) Long-time parkers are e n t i r e l y 
eliminated. 

The "before" and " a f t e r " studies were 
conducted in the 10 midwestern c i t i e s to 
determine how effective meters''were in 
eliminating the objectionable overtime 
parkers. Ih i s study was not made to dis
credit the use of meters, but rather to 
determine what steps should be taken to 
improve upon t h e i r present operations. 
Meters are at the stage that t r a f f i c sig
nals were some 20 years ago. Hie signals 
were rapidly replacing the manual police 
officer, but on the other hand, they re
quired a vast amount of improvement in 
order to control the flow of t r a f f i c more 
effectively. Consequently, t r a f f i c engin
eers soon developed such devices as pro
gressive systems, fle x i b l e synchronized 
signal systems, timing programs, turning 
arrows etc. So i t i s today with our park
ing meters. Hiey have replaced the o f f i 
cer on the beat, but they require more 
research work in order to obtain better 
parking regulations. This conclusion is 
based on the following before and after 
study. 

TOE SCOPE OF TOE STUDY 

Before and after studies were conduc
ted i n the following cities: 

In most cases, the "before" studies 
were made j u s t prior to the i n s t a l l a t i o n 
of meters and " a f t e r " studies were taken 
from three to six months following the 
f i r s t use of meters. In this study, two 
different types of checks were made. In 
the f i r s t type of study, license numbers 
of parked vehicles were recorded every 
one-half hour of one day, s t a r t i n g at 
10:00 a.m. and continuing u n t i l 3:00 p.m. 
The second type of study made on different 
days, was a sort of "case history" study 
on detailed parking habits of persons us
ing metered parking spaces. In this study, 
checkers observed for each parking space 
studied, approximately twelve cars and re
corded the exact time vehicles entered and 
l e f t a parking stal 1. Hiese observers would 
also indicate how many coins were deposited 
by these parkers. ITiese two studies were 
conducted identically for before and after 
meter i n s t a l l a t i o n s . In the ten c i t i e s 
studied, over 1700 parking s t a l l s were 
observed and this work required approxi
mately 300 man hours i n the f i e l d . The 
entire study involved an analysis of the 
parking habits of sane 25,000 motorists. 
The before and after studies where license 
numbers were recorded every one-half hour 
period, covered the major portion of the 
main business d i s t r i c t where parking 
meters were installed. I t w i l l be noted 
that in most c i t i e s , there was no appreci
able change i n time l i m i t s before and 
after the ins t a l l a t i o n of meters. Where 
changes have been made, the new l i m i t s 
were shortened vidiich would help to create 
a faster turnover of curb spaces. 



50 PARKING 

•BESULTS OF STUDY 

The chart "Tabulation of Results of 
Parking Habits Before and A f t e r the 
In s t a l l a t i o n of Parking Meters" summar
ized the before and after findings for the 
ci t i e s studied. 

the report, that long-time parkers were 
recorded as those that had remained over 
90 minutes. TTie parkers remaining 60 to 
90 minutes were regarded as borderline 
cases and consequently were not mentioned 
i n the study. 
Dovners Grove, Illinois - 10,000 popula-

TABULATION OF RESULTS OF PARKING HABITS 
BEFDBE AND AFTER THE INSTALLATIOH OF PARKING METERS 

P s r c A D t o f V e h i c l e . 
c m P . r k e d P e r c e n t 

0-30 30-60 60-90 o r e r H i l l 0-30 

P r i n c e t o n , 111 B e f o r e 6S 21 7 7 41 
Pop 5.S00 A f t e r 69 20 7 4 64X 

43 
Oovner. Grove, 111 B e f o r e 81 14 3 2 5S 

Pop 10,000 A f t e r 71 21 4 4 67)1 
42 

Dl«on, I I I B e f o r e 6 ] 17 g 13 
S I X 

24 
Pop 11,000 A f t e r <a 19 a 5 S I X 

36 
S t r e . t o r , 111 B e f o r e 73 16 6 5 Not 42 

Pop 15,000 A f t e r 70 10 7 5 Known 39 
MettooB, 111 B e f o r e 59 32 9 10 ti% 27 

Pop 16.000 A f t e r 63 23 7 7 ti% 
31 

M.rioo, I n d B e f o r e 60 20 9 11 73X 28 
Pep 27,000 A f t e r 52 26 10 10 

73X 
20 

E U b . r t , I n d B e f o r e 64 24 7 5 
9 5 ( 

3 } 
Pop 34,000 A f t e r 63 24 6 7 9 5 ( 

32 
H o l i n e , 111 B e f o r e 59 27 S 6 

69X 30 
Pop 3S,000 A f t e r 62 14 7 7 

69X 
29 

J o i l e t , 111 B e f o r e 63 33 a 6 
g9X 34 

Pop 42,000 A f t e r 55 39 6 B g9X 
35 

A a r o r e , 111 B e f o r e 65 21 7 7 
89» 

32 
Pop 47,000 A f t e r 24 9 a 89» 

27 

Princeton, I l l i n o i s - 5,500 populotion -
Hiis was the smallest of the c i t i e s stud
ied. Ihe fact that parking spaces never 
exceeded 64 percent f u l l , either with or 
without meters, indicates that this c i t y 
never did have a serious parking problem. 
Before parking meters went into effect, 
86 percent_of^ the, parkers remained one 
hour or less and used 74 percent of the 
available space hours, (one space hour i s 
one parking space used for one hour). Af
ter the installation of parking meters, 89 
percent of the parkers remained less than 
_«ie hour. This increase in "curb parking 
a v a i l a b i l i t y created by a slight increase 
i n curb turnover was offset by lost space 
due to long-time parked vehicles. Before 
meters, 7 percent of the parkers remained 
over 90 minutes and used 8 percent of the 
total space hours. After meters were i n 
s t a l l e d , 8 percent of the parkers used 
20 percent of the available space hours. 
As a consequence, parking meters fa i l e d 
to provide more curb parking availability 
in this c i t y . 

I t might be mentioned at this point of 

P e r c e n t I n c r e e e e o r D e c r e e e e i n 
F n l l P e r k i n g Sp.ce T ^ r n o r e r 

33 la 8 
32 5 20 6 I X S l i g h t D e c r e e e e 

36 8 8 
31 10 17 57X S l i g h t D ecreeee 

23 13 40 
67X 25 19 20 67X I n c r e e e e 

23 16 19 
25 17 19 65X No Cbeoge 

24 17 32 
27 14 28 79X S l i g h t I n c r e e e e 

21 18 35 
28 16 36 

90X No Ch.nge 

30 15 23 
29 13 36 86X No Chenge 

34 17 19 
28 14 29 91X D e c r e e e e 

31 16 19 
33 I S 27 91X D e c r e e e e 

27 15 26 
27 18 28 90X S l i g h t D e c r e e e e 

t ion - This c i t y maintained a good enforce
ment program before parking meters went 
into effect and consequently experienced 
a good turnover of parking spaces. Before 
meters, 95 percent of the parkers remained 
one hour or less and consumed 84 percent 
of the available parking space. Only 2 
percent of the parkers remained over 90 
minutes, which for a l l intents and pur
poses could be labeled as perfect obser
vance of time l i m i t s . After meters were 
installed, the percentage of parkers re
maining one hour or less decreased from 
95 percent to 92 percent and violators 
increased to 4 percent, probably because 
of less e f f e c t i v e enforcement. Thus 
parking meters did not create any addi
tional curb parking a v a i l a b i l i t y and i n 
rea l i t y decreased the amount of curb turn
over. 
Dixon, Illinois- 11,000 population-Hiia 
c i t y experienced a greater turnover of 
parking spaces as a r e s u l t of parking 
meters. Before thei r i n s t a l l a t i o n , 79 
percent of motorists remained one hour or 
less and used only 47 percent of the 
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available space hours. After meters went 
into effect, 86 percent of parkers re
mained one hour or less and consumed 61 
percent of the available space hours. 
~ Evidence of more parking accommodations 
created through meters lies i n the find
ing that after meters were installed only 
5 percent of parkers remained longer than 
90 minutes and consumed 20 percent of the 
available space hours. TTiis i s in con
trast to 13 percent of parkers using 40 
percent of the available space hours be
fore meters went into effect. 
Streator, JJlinois - 15,000 population -
A study of parking conditions i n t h i s 
c i t y revealed that no additional curb 
parking availability was created by park
ing meters. Before their i n s t a l l a t i o n , 
89 percent of the parkers remained one 
hour or less and consumed 65 percent of 
the available space hours. Long-time 
parkers were kept down to a minimum of 
5 percent. After the i n s t a l l a t i o n of 
meters, i t was found that 88 percent of 
the parkers remained one hour or less and 
consumed 64 percent of the available 
space hours. Again, long-time parkers 
were held down to 5 percent. 
Mattoon, Illinois - 16,000 population -
Meters did not material1y change the park
ing habits of the motorists in this com
munity as is evidenced by the fact that 
81 percent of them parked one hour or less 
before the inst a l l a t i o n of meters and in 
doing so consumed 51 percent of the total 
available space hours. (Contrast this to 
86 percent parkers remaining one hour or 
less i n a metered area and consuming 58 
percent of the total available space hours. 
I t i s interesting to note that i n t h i s 
particular study i t was found that the 
number of available curb spaces was re
duced by 17 percent due to the larger 
amount of curb space required with meters 
because each marked s t a l l must be long 
enough to accommodate the longest passen
ger car. 

Warion, Indiana- 27,000 population - Long 
time parking is just as much of a problon 
m this c i t y today as i t was before park
ing meters went into effect. Before met
ers, 11 percent of the parkers remained 
over 90 minutes and consumed 35 percent 
of the space hours. With meters, 10 per

cent used 36 percent of the space hours. 
Obviously, more r i g i d enforcement based 
on police observance of vehicles and not 
on examination of meters i s essential. 
TTie number of short time parkers and the 
niuiber ai space hours used was almost the 
same with and without meters. (See Fig.1) 
Elkhart, Indiana- 3^,000 population - Our 
study showed that very l i t t l e space has 
been gained through the use of parking 
meters in this c i t y . I t i s , however, im
portant to note that after meter installa
tion, 13 percent of parkers remained over 
the one hour l i m i t and by so doing con
sumed 39 percent of the parking space. In 
t h i s study, i t was observed that the 
average time parker remained was 15 min
utes. I f this overtime parking were e l i 
minated, an additional 276 average time 
parkers, or a net gain of 26 percent of 
average time parkers, could be accommodated. 
Before meters went i n , 88 percent of the 
parkers remained less than an hour and 
consumed 62 percent of the available space 
hours. With meters, 87 percent stayed 
for an equal time and used 61 percent of 
the space, which i s about the same as 
without meters. 
Molme, Illinois - 35,000 population -
Typical of citie s over 25,000 population, 
the parking problem in this c i t y is ser
ious. Curb parking space i s 90 percent 
f u l l throughout the day and parking lots 
get their share of surplus parkers. Be
fore parking meters were i n s t a l l e d , 83 
percent of the parkers remained one hour 
or less and consumed 64 percent of the 
curb availability. After meters, 86 per
cent parked one hour or less and consumed 
57 percent of the space. Hie big d i f 
ference in curb use resulted in a larger 
number of long time parkers after meters 
were intrpduced • Before studies indicat
ed 6 percent of the parkers using 19 per
cent of the curb availability while after 
results indicated 7 percent of parkers 
using 29 percent of the space. Thus, the 
need for proper enforcement of time limits 
is very apparent. 
Jo\iet, Illinois - ii2,000 population - Be
fore meters went into effect, 1408 down
town parking spaces were available in the 
day and were 89 percent f u l l . After the 
installationof meters the number of spaces 
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Figure 1. Use of Curb Parking Space in Business D i s t r i c t 
of Marion, Indiana. 

was reduced to 1376 and they were 91 per
cent f u l l . 86 percent of the parkers 
stayed for one hour or Jess before meters 
and consumed 65 percent of the' available 
space hours. After meters, the number of 
short-time parkers was reduced to 83 per
cent who consumed 58 percent of the avail
able space hours. Thus i t i s a(iparent 
that no gain in " curb parking a v a i l a b i l i t y " 
was made through the use of parking meters. 
Further indication of this i s evidenced 
by the increase i n the use of space hours 
by long-time parkers from 19 to 27 per
cent an indication that proper enforce
ment certainly i s desirable. 
Aurora, Illinois - U7,000 population - In 
this study we found that 81 percent of the 
parkers remained at the curb one hour or 
less before meters, and consumed 59 per
cent of the available space hours. After 
parking meters were installed, 83 percent 
of the parkers remained one hour or less 
and consumed 54 percent of the available 
space hours. T1)ere was very l i t t l e change 
in violations since 7 percent overstayed 
90 minutes without meters and gonsumed 26 
percent of the available space hourls, 
while with meters 8 percent were violators, 
consuming 28 percent of the available 
space hours. 

COMPARISOy OF AVAILABLE PARKING 
SPACES BEF(»E AND AFTER THE 

INSTALLATIOS OF PARKING METERS 

This studywas made to determine viiiether 
or not parking spaces were reduced as a 
result of creating parking s t a l l s . Data 
obtained from fi v e of the c i t i e s could 
not be used because in some cases parallel 
parkingwas substituted for angle parking. 
In other cases, parking was eliminated for 
moving t r a f f i c , and for the establishment 
of loading zones. The five c i t i e s e l i 
minated are: Princeton, Dixon, Streator, 
Mattoon and Marion. 

The f i v e c i t i e s upon which data are 
based are: Downers Grove, Elkhart, Moline, 
J o l i e t and Aurora. A l l of the "before" 
and " a f t e r " studies, with the exception 
of Downers Grove, were made six months 
apart. 

Downers Grove showed an increase of 
two parking spaces, from 111 to 113 s t a l l s , 
but a decrease in the number of cars com
ing into the d i s t r i c t from 595 to 516. 

Elkhart has an increase i n available 
spaces from 126 to 133, but a decrease 
i n the number of cars coming i n t o the 
d i s t r i c t from 964 to 914. 

Moline reduced i t s number of curb park-
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GOMPARISGN OF AVAILABLE PARKING SPACES 
BEFORE AND AFTER THE INSTALLATION OF METERS 

Before Meters After Meters 

Cl ty Number Number of Percentage Number Number of Percentage 
of spaces v e h i c l e s ^ F u l l of spaces v e h i c l e s F u l l 

2 
Princeton 181 939 64% ISO 729 61% 
Downers drove 111 595 67X 113 516 57% 
Dixon^ 24S 1589 81% 198 1066 67% 
S t r e a t o r No study made 

2 
Mattoon 211 1386 82% 177 1081 79% 

2 
Marion 135 794 73% 114 825 90% 
E l k h a r t 126 964 95% 133 914 86% 
Moline 175 1238 88% 164 1119 85% 
J o l l e t 176 1254 89% 172 1259 91% 
Aurora 303 2087 89% 288 2080 90% 

^Number of c a r s parked throughout the survey. 
Angle parking ellmina ted or parking spaces removed for loading cones. 

C i t y 

Moline, 111. 
J o l i e t , 111. 
Aurora, 111. 

Percent ol 
Overtime 
Parkers 

7% 
8» 
8% . • 

Percent of 
Space Hours 

29% 
27% 
28% 

I t can be seen that i n the case of 
Evanston, more enforcement i s necessary 
in order to cut down the percent of space 
hours that are used by long-time parkers. 
Since this enforcement program i s rela
t i v e l y new in Evtmston, even better re-
sults are expected as the enforcement pro
gram continues. 

To further strengthen the belief that 
enforcement of vehicles i s necessary to 
obtain proper use of curb space with 
meters, another study was made in Oak 
Park, I l l i n o i s . TTiis municipality has a 
population of 66,000 and i t s characteris
t i c s , income of c i t i z e n s , and general 
physical aspects are very similar. How
ever, the enforcement of parking regula
tions comprises of the observation of 
parking meters rather than t i r e marking 
as i n Evanston. Here are the results of 
that survey: 

>f Time Parked 

0-30 mm. 
30-60 min. 
60-90 min. 
over 90 min. 

Percent of 
Percent of j ^ ^ ^ l gpace 

V e h i c l e s parked „ „ „ „ ^ g ^ j 

56% 
27% 
10% 
7% 

100% 

26% 
32% 
19% 
23% 

100% 

Why Street Enforcement is Necessary - By 
observing the charts i l l u s t r a t i n g the be
fore and after curb use in the ten c i t i e s 
mentioned at the start of the report, i t 
w i l l be noted that the percentage of park
ers remaining over the time l i m i t i s small, 
(about 7%) Ol the other hand, the amount 
of curb space used by this small number 
i s worthy of consideration. (17-36%) (Fig. 2) 

In the 47 curb spaces which were con
tinuously observed, 20 parkers were found 
to reinsert coins after the one hour l i m i t 
had expired. As a result of this practice, 
valuable curb space has been "hogged" by 
a r e l a t i v e l y small number of parkers -
space which could have been used by a 
large number of average time parkers. 

iJet us take, as an example, a typical 
study made in Moline, I l l i n o i s . In this 
check one observer constantly watched 10 
parking spaces from 2:00 p.m. to 5:00 p.m. 
He recorded the exact time a car arrived 
and departed. He also observed the number 
of coins that were deposited by overtime 
parkers. In this particular check i t was 
found that forty cars used the ten spaces. 
Of these, t h i r t y - f i v e or 87 percent park
ed one hour or less and consumed a total 
of 682 minutes or an average of 19.5 min
utes per car. The overtime parkers, which 
constituted but five or 13 percent of the 
total consumed 502 minutes or an average 
of one hour and f o r t y minutes per car. 
ing s t a l l s from 175 to 164 and reduced 
the number of parkers using s t a l l s from 
1238 to 1119. 

J o l i e t for a l l intents and purposes 
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Figure 2. Comparison of Space-hours Used by Overtime Parkers 
Before and After the Installation of Parking Meters. 

showed no change in the number of avail
able spaces or number of parked vehicles. 

Aurora, however, showed a decrease 
from 303 to 288 spaces after the i n s t a l 
lation of meters. Approximately the same 
niunber of cars came i n t o the d i s t r i c t 
and parked at the curb before and after 
meters. Combining the amount of spaces 
and vehicles entering the business dis
t r i c t before and after i n the five c i t i e s 
mentioned i t was found that a 3 percent 
reduction i n the number of spaces resulted 
and a 4 percent reduction in the number of 
cars coming in t o the business d i s t r i c t . 
These comparisons are shown i n the table 
"Comparison of Available Parking Spaces 
Before and A f t e r the I n s t a l l a t i o n of 
Meters.-

A BETTER ENFORCEMEm' PROGRAM 
I S NECESSARY 

Oh the basis of thi s study i t can be 
concluded that parking l i m i t s cannot be 
enforced merely by the examination of the 
parking meters to determine when coins 
were l a s t inserted. I t must be based 
upon an inspection of the autofnobiles 
parked to determine whether or not they 
have been standing for longer than the 

permitted period. Proper enforcement 
under a system in which patrolling police 
officers would check the vehicles, rather 
than the meters, would add materially to 
the available parking spaces at the curb. 

To demonstrate the effectiveness of 
such enforcing methods, a study was made 
i n Evanston, I l l i n o i s population 65,000, 
to determine the number of space hours 
consumed by over-time parkers. I h i s c i t y 
has recently installed parking meters, but 
instead of checking the meters for v i 
o l a t o r s , police o f f i c e r s stationed on 
three irfieel cycles mark ti r e s . 

Here are the results of that survey: 

Percent of Percent of 
Time Parked V e h i c l e s T o t a l Space 

Parked Hours Used 

0-30 o i n . 5751 28% 
30-60 mm. 30% 36% 
60-90 min. 9% 18% 
Over 90 minutes 4% 18% 

lOOX 100% 

"Dius i t can be seen that with such 
an enforcement program, only four percent 
of a l l motorists were found to remain 
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over-time at the curb. Hiis i s in sharp 
contrast to the experience found in other 
citi«s mentioned i n t h i s report. For 
example, here are the number of over-timed 
parkers mentioned ear l i e r i n the report 
having a population comparable to Evans-
ton: 

when coins were last inserted rather than 
upon inspection of the automobiles parked 
to determine whether or not they have been 
standing for longer than the permitted 
period. Proper enforcement under a system 
i n which patrolling police officers would 
check the vehicles, rather than merely 

VehicleB parked 
less than 1 hr 

Vehiclea parked 
oTer 1 hour 

Additional cara 
City No. of apacea ATerage Average that could have City 

atudied No. of tine No. of _% tine been acconaodated 
cara parked cara parked 

Moline 13 36 92X JO oin. 3 8% 90 min. 13 
Moline 10 35 87S 19.5 min. 4 13% 100 nin. 20 
Elkhart 13 85 96% 14.7 min. 4 4% 89 min. 24 
Elkhart 11 51 85% 24.2 min. 9 15% 95.5 min. 35 

I f these long-time parkers were eliminated, 
there would be space available for 25 ad
ditional average time parkers. 

Here are some examples of other studies 
of this same abuse: 

This study clearly demonstrates the 
need for r i g i d enforcement of parking 
l i m i t s i f more parking space i s to be 
found at the curb. As t h i s study, and 
countless other parking studies repeatedl y 
point out, the number of long-'time parkers 
are few, but their violations are expen
sive to other motorists in terms of space 
"hogged" at the curb. As the table above 
points out, i n j u s t one section of a block, 
violators constitute but 15 percent of the 
t o t a l , yet, i f these violators were elim
inated, space could be provided for an 
additional 31 more average time parkers. 
Obviously, these overtime parkers w i l l 
not be eliminated i f o f f i c e r s confine 
t h e i r e f f o r t s to looking at the meters 
without noting the time individual cars 
remained at the curb. 

CONaUSICNS 

The studies here reported lead to the 
conclusions that, as generally administer
ed, parking meter ordinances, have not 
aided in the creation of additional park
ing Spaces and th a t , apparently, t h i s 
shortcoming has been the result of im
perfect enforcement, based upon examina
t i o n of the parking meters to determine 

the meters, would add materially to the 
available parking spaces at the curb i n 
the c i t i e s which employ these devices. 
(Tliis has been demonstrated in Evanst'on, 
I l l i n o i s . ) Apparently, enforcement 
t h r o u ^ the actual checking of the vehic
les has been lax within the municipalities 
studied because of the assumption by the 
enforcement o f f i c i a l s that meters are 
self-enforcing because parkers would be 
deterred from overtime parking because of 
the necessity of i n s e r t i n g additional 
coins i n the meters to obtain additional 
parking time. Tliis assumption has been 
proved incorrect because the survey shows 
a marked increase in the number of over
time parkers who escape detection under 
the generally followed system of enforce
ment through checking the meters alone. 

Proper enforcement alone w i l l not pro
vide a complete solution to the parking pro
blem. With the present and the expected 
increase i n the number of vehicles, ade
quate curb space for parking w i l l not be 
available even under the most r i g i d enforce
ment of parking time l i m i t restrictions. 
The use of parking meters can contribute 
to the ultimate solution of the problem 
because in addition to maintaining a rapid 
turnover of space, they can produce revenue 
wkich i s generally more than adequate to 
defray the cost of parking regulation and 
the surplus revenue may be u t i l i s e d for 
the purchase and construction of munici
pally owned off-the-street parking fac-
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i l i t i e s . Municipalities commonly use 
such surplus parking meter revenue for a 
variety of purposes, such as street re
pair, the purchase of police and f i r e de
partment vehicles and other expenditures 
not directly related to the parking pro
blem. I t is recommended that wherfe exist
ing laws do not authorize the use of park
ing meter revenue for the purpose of ac
quiring and constructing municipal park
ing l o t s , legislation should be adopted 
to permit this use of parking meter funds 
and that parking meter ordinances should 
be amended to provide for this expendi
ture. 

DISCUSSION 

Mr. Burrage: Tlie cruising method of 
determining parking time as described i n 
this study does not give accurate lengths 
of parking,time. Usually i t indicates 
only a portion of those overstaying a 
fixed parking time l i m i t . 

Mr. Sielski: Tlie l i m i t a t i o n on this 
type of study is recognized and by defini
tion allowance i s made. The interval i n 
ii^ich parking checks were made i s relative
ly unimportant i n these studies because 

long time parkers only were considered. 
No overtime parkers were considered unless 
the vehicles had been in a space 90 min
utes although the zones studied were one-
hour zones. 

Mr. LeVerne Johnson, American Automo
b i l e Association: Has any attempt been 
made to consider the amoimt of enforce
ment of time restrictions during the per
iod of the studies' 

Concensus of several replies: Tlte de
gree of enforcement i s d i f f i c u l t to ap
praise. Variation in amount of enforce
ment undoubtedly exists between different 
c i t i e s , within the same c i t i e s and even 
between metered and unmetered areas of the 
same city . 

Several comments emphasized the limita
tions of this paper and of the paper pre
sented by Messrs. Burrage and Hitchcock. 
These should be recognized in any compari
son of the data presented i n the two 
papers. 

Limitations to the paper by Mr. Sielski. 
A l l c i t i e s studied were less than 

50,000 population. 
Overtime usage i s limited to drivers 

parking 90 minutes or more. 
Overtime usage i s expressed only i n 

time and not numbers of parkers. 
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RESUME OF F R I N G E PARKING P R A C T I C E 

F. W. LOVEJOY, Member, 
D i s t r i c t of Columbia Motor Vehicle Parking Agency 

At the 27th Annual Meeting of the 
Highway Research Board, held i n Washington, 
D. C, December 2, 1947, the author dis
cussed " Fringe Parking in Relation'^to 
Tr a f f i c (congestion" and Mr. Adrian Hughes 
discussed "Fringe Parking i n Relation to 
Transit Operations." As a result of the 
discussion on the papers, the Committee 
included an item in i t s 1948 program of 
a c t i v i t y to develop a resume of fringe 
parking practice and any trends i n i t s 
use. 

The American Transit Association had 
obtained reports on the operation of 
tran s i t companies with respect to fringe 
parking in 16 c i t i e s . To this Mr. I . S. 
Shattuck added information from three 
more ci t i e s . A questionnaire designed to 
obtain information relative to the opera
t i o n of fringe parking operations was 
distributed by the committee to t r a f f i c 
engineers i n 25 other c i t i e s . Replies 
were received from 19 of these. The cov
erage of this review includes 42 of the 
largest c i t i e s i n t h i s country and one 
large Canadian c i t y . 

Hie (kmmittee acknowledges the coopera
tion extended to i t by the American Tran
s i t Association and by Mr. I . S. Shattuck 
i n making much of the information avail
able. The replies received from i n d i v i 
duals are also appreciated even where 
there was no fringe parking experience to 
report. The helpful connnents, and opinions 
of those who discussed situations where 
fringe parking had been started and aban-
donded or where i t i s s t i l l being used 
are also appreciated. 

FRINGE PARKING 

Admittedly there i s no generally ac
cepted designation of what constitutes a 

Fringe Parking Facility. Perhaps, however, 
i t could be considered that the most im
portant characteristic of a fringe f a c i l 
i t y i s I t s coordination with t r a n s i t or 
mass transportation operations. 

function 
Like a l l urban o f f - s t r e e t parking 

f a c i l i t i e s , fringe l o t s should function 
to relieve street t r a f f i c congestion, 
especially in the business sections. The 
development of such f a c i l i t i e s must be 
coordinated with t r a n s i t operations i f 
automobiles are to be kept o f f the down
town streets. 

Ordinarily, however, the expectation 
I S that fringe parking in combination with 
transit w i l l furnish a more or less satis
factory substitute for the privilege of 
dri v i n g a car downtown, and parking i t 
there, at not too much expense. 

I t I S possible to recognize some con
di t i o n s which have been present i n the 
operation of each fringe parking f a c i l i t y 
which has been abandonded. I t is also 
possible to recognize some of the condi
tions which are present in those f a c i l i 
ties which are continuing to operate as a 
fringe parking f a c i l i t y . 

A resume by cities of the data collected 
follows: 

DISCONTINUED FBINGE PARKING EFFORTS 

C i t y Population 

Denver, Colorado 322,412 
Grand Rapids, Michigan 164,292 
Pittsburgh, Pa. 671,659 
Atl a n t a , Ga. 302,288 
Norfolk, Va. 144,332 
Richmond, Va. 193,042 
Paterson, N. J . 139,656 
Washington, D. C. 663,091 
Hartford, Conn. 166,267 
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Pittsburgh, Pa. - Information from this 
c i t y I S not s t r i c t l y comparable. The 
location was unfavorable (across a river) 
and the attempt was made several years 
ago before the last war. 
Washington, D. C. - A shuttle service be
tween two lots was discontinued March 31, 
1949. Rates were r e l a t i v e l y high - 25 
cents, a token or 13 cents cash fare for 
bus ride each way. Downtown parking rates 
for two hours didn't exceed 50 cents at 
many locations and unrestricted curb park
ing was available near one l o t at one end 
of the route. 
Hartford, Conn. - Even with 5 cents park
ing and regular token fare with transfer 
privileges on regular transit busses, the 
attempt to develop a second fringe l o t 
was discontinued. Tlie f i r s t fringe park
ing l o t is continuing to operate. 

Certain generalizations are apparent in 
the remaining six c i t i e s . Fringe parking 
has been discontinued after attempts to 
in s t a l l such operations in citi e s of less 
than 350,000 population. The maximum 
distances to be travelled in the smaller 
c i t i e s are not great enough to make two 
types of transportation to reach the 
downtown area sufficiently appealing. 

Records of turnover in the use of space 
are low, s l i g h t l y over 1.0. Most of the 
parkers who use these fringe f a c i l i t i e s 
are all-day parkers, indicating few shop
pers. I t would seem that even with free 
parking at these fringe f a c i l i t i e s shop
pers having bundles to carry prefer park
ing closer to stores or i f they must use 
a bus from the fringe, they may as well 
make the whole t r i p by bus. 

CONTINUING FBINGE PARKING OPERATICWS* 

Baltimore, Md. (1) Hartford, Conn. (1) 
Boston, Mass. (28) Philadel{>hia, Pa(2) 
Chicago. 111. ( 2 ) S t . Louis, Mo. (5) 
Cleveland, Ohio (2) Toronto, Canada (3) 
D a l l a s , Texas (1) New York, N.Y. (2) 

'Number of f r i n g e f a c i l i t i e s i n paren
t h e s e s . 

Bo21more, Md. • (Capacity 206 cars) 
1940 population 1,046,692.' 

Lot operated by Baltimore Transit Com
pany, which also furnished a loop bus ser
vice into the downtown area. The parking 
rate i s 45 cents for all-day, including 
rides both ways on the loop buses. 

The l o t is 0.75 - 1.0 mile out, the 
bus headways 5 minutes on peak, 7.5 min
utes on base day, the space turnover on 
the l o t i s 1.31. 
Boston, Mass. - (Capacity 5,131 cars) 
1940 population 2,350,514. 

Twenty-eight l o t s , some operated by 
Metropolitan Transit Authority, some p r i 
vately, some with parking fee, others 
without fee, a l l located along the transit 
lines. 
Chicago, III. - 1940population 4,499,126. 

Monroe Street Lot - (Capacity 3,500 
cars). 

Lot operated by State Street Council, 
with loop bus service furnished by Qiicago 
Motor Coach Company. The parking rate is 
35 cents for a l l day, the bus fare 5 cents 
each way. 

Practi c a l l y any section of shopping 
d i s t r i c t is less than a mile from the l o t , 
which means a f a i r l y short bus r i d e . 
Nevertheless, while the l o t i s usually 
pretty f u l l , the space turnover i s less 
than 1.0. 

Soldiers Field Lot - (Capacity 6,000 
cars). 

Lot operated by State Street Council, 
with shuttle bus service furnished by Q i i 
cago Motor Coach Company. The parking 
rate is 25 cents for a l l day, the bus fare 
5 cents each way. The l o t is 1.5 miles 
outside the Loop, i s used by only 400-
500 parkers daily. 

In both instances the payment of expense 
for operation of these lots is guaranteed 
by the State Street Council. 
Cleveland, Ohio. - (Capacity 2,490 cars). 
1940 population 1,214,943. 

Privote Lots - (Capacity 990 cars). 
Two adj'oining lots served by two bus 

lines to business d i s t r i c t . Parking rates 
25 cents and 35 cents a l l day, respective
l y , bus fare 5 cents each way. 

The lots are 0.75 mile out, buses on 
6-minute headway. 

Municipal Lot - (Capacity 1,500 cars) 
Operated by City of Cleveland on Lake 
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Front 0.67 mile from business d i s t r i c t , 
and served by two bus lines. No parking 
fee, bus fare 5 cents i n each direction. 
Information concerning turnover i s lack
ing. 
Dallas, Texas - (Capacity 350 cars) 1940 
population 376,548. 

Lot owned and opejrated by a department 
store shuttle bus transportation downtown 
furnished by Dallas Railway and Terminal 
Company. Hie parking rates are 35 cents 
for three hours, 50 cents for a l l day. 

The l o t i s 0.50 to 0.75 mile from 
downtown, while the buses run on a 6-min-
ute headway, so the l o t shows a space 
turnover of 1.57. 
Hartford, Conn. - (Capacity 800 cars) 
1940 population 502,193. 

Lot operated by the Connecticut Com
pany, which also furnishes loop bus ser
vice to downtown area. Hie parking rate ' 
is 5 cents for a l l day, the bus ride 10 
cents in each direction. 

Hie l o t is 1.2 miles outside the busi
ness and shopping d i s t r i c t , and the bus 
headway is 10 minutes. 
New York, N. Y / - 1940 po p u l a t i o n 
11,690,520. 

Flushing Meadow (Capacity 3,000 cars) 
Omed and operated by New York City at 

the terminus of subway to Grand Central 
Station. Parking i s free. Subway fare 
i s 10 cents. Lot i s open 6 a.m. to 12 
midnight. 7.8 miles to Grand Central 
Station. No attempt is made to make sit e 
self-supporting, costs of operation, i n 
cluding policing, are borne by the ci t y . 

Camden Plaza - (Capacity 700 cars) 
Owned and operated by New York City at 

the Brooklyn end of the Brooklyn Bridge. 
Parking i s free. Frequent trolley service 
across bridge, 1.5 miles to the City Hall. 
Fare is 7 cents. Short-time or all-day 
parkers no restrictions. City bears a l l 
costs of operation including policing. 
Philadelphia, Penn, - 1940 population 
2,898,644. 

69th and Market Street Lot (Capacity 
330). 

Lot operated by Philadelphia Transpor
tation Company, which also furnishes ele
vated and subway ride downtown. Hie park
ing rate, including subway ride i n both 
directions, is 30 cents for a l l day. 

Hie l o t i s 5 miles from downtown, but 
because of cheap combined rate for parking 
and subway ride, has a space turnover of 
1.5 including some demand from local shop
ping center and movie. 

Frankford Avenue and Bridge Street 
Lot - (Capacity 310 cars) 

Lot operated by Philadelphia Transpor
tation Company, which also furnishes ele
vated and subway ride downtown. Hie park
ing rate including subway ride i n both 
directions is 30 cents for a l l day. 

Hie l o t i s 7 miles from downtown, but 
because of cheap combined rate for park
ing and subway ride, has a space turnover 
of 1.22. 
St. Louis, Mo. - 1940 population 1,367,977 

Five lots m a l l , one municipally, four 
privately owned. St. Louis Public Ser
vice Corporation operates buses through 
the downtown area between these parking 
lots on the fringe. Parking rates vary 
from 15 cents a l l day to 25 cents f i r s t 
hour, some lots not being convenient to 
buses. Bus fares 5 cents each way. 

Hie east and west fringe lots are 0.25 
to 1,0 mile out, those on north and south 
fringes from 0.33 to 1.50 miles out. 
Toronto, Canada - (Capacity 1,560 cars) 
population 667,457. 

Three l o t s operated by the Toronto 
Transportation Commission, with bus loop 
i n t o shopping d i s t r i c t . Parking rates 
15 cents a l l day, bus fare 5 cents each 
way. 

The lots are 0.7 mile from downtown, 
the bus headway from 6 to 7.5 minutes, so 
the lots show a turnover of 1.31. 

CONCLUSIONS 

I t appears that St. Louis has the best 
pattern of fringe parking f a c i l i t i e s co
ordinated with tra n s i t . Hie lots are on 
a l l sides of the central business d i s t r i c t , 
and serviced by buses running between them 
through the downtown section. Daytime 
curb parking i s prohibited on a consider
able proportion of downtown streets. The 
economics of the fringe l o t service does 
not appear, however, nor the actual effect 
i t has had in reducing downtown congestion, 
although the advantageous pattern of l o t 
locations should permit important savings 
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i n bus opera t ions , and avoidance o f too 
much t ravers ing o f the business center by 
cars seeking t o park i n f r i n g e l o t s . 

From t h i s group o f c i t i e s i t appears 
tha t the operat ion o f f r i n g e parking fac 
i l i t i e s i s c o n t i n u e d even though the 
revenues from parkers, i f any, are i n s u f 
f i c i e n t t o f inance necessary a d d i t i o n a l 
t r a n s i t s e rv i ce s . 

I n general the l a r g e r c i t i e s seem to 
accept f r i n g e parking even a t the expense 
o f subs id iz ing t r a n s i t service or o f f u r 
n i sh ing the parking f a c i l i t i e s . 

I n general , however, the f o l l o w i n g con
d i t i o n s appear t o be i n common i n c i t i e s 
where these f r i n g e f a c i l i t i e s are being 
conducted: 

Large populat ion centered i n the area. 
Large storage capaci t ies i n the l o t s . 
Lot l oca t i ons a long a r t e r i a l s t r e e t s 

and at t e rmin i o f express or r ap id t r a n s i t 
se rv ice . 

Frequent t r a n s i t service i n rush hours 
(5 minute headway). 

Purpose or Function 
Fringe parking f a c i l i t i e s may sometimes 

be provided at a r a i lhead or bus terminus, 
f o r the accannodation o f those d r i v i n g cars 
i n f r om o u t l y i n g areas , then f i n i s h i n g 
t h e i r t r i p s downtown by mass t ranspor ta 
t i o n . These f r i n g e f a c i l i t i e s may be a t 
any reasonable d i s t ance f rom the center 
o f town. 

Locat ion 
P a t t e r n ; Where the s ize and shape, 

o f a c i t y warrant i t , there should be a 
complete pa t te rn o f f r i n g e parking f a c i l 
i t i e s surrounding the business and shop
p ing center , so as t o i n t e r c e p t parkers 
a t the f r i n g e , thus prevent ing the d r i v i n g 
o f some cars t h r o u ^ the center to a f a c i l 
i t y perhaps on the f a r s ide . 

Distance out: I n t h i s case, the d i s 
tance o f the f r i n g e f a c i l i t y f rom the 
business d i s t r i c t i s o f great importance. 
The d i s tance f rom the center a t which a 
f r i n g e f a c i l i t y w i l l bes t a t t r a c t and 
serve the parker depends somewhat upon 
the Parker 's purpose i n making h i s t r i p . 
I f the parker has a j o b i n town, f o r ex
ample, and wants to park a l l day, he can 
be served acceptably by a f r i n g e f a c i l i t y 
a mi l e or so from downtown, or even f u r 
t h e r i n some cases. But i f the parker 
IS a shopper or i s making a business or 
p rofess iona l c a l l , he w i l l want a f r i n g e 
f a c i l i t y c loser t o h i s u l t i m a t e des t ina 
t i o n . 

Transit 
The proper c o o r d i n a t i o n o f t r a n s i t 

w i t h f r i n g e parking i s e s sen t i a l , most o f 
• a l 1 when the service accomnodates the short 

time shopper or business parker. Headways 
then should pre fe rab ly not be longer than 
5 minutes r i g h t through the day. Ind icen-
t a l l y , the f r i n g e f a c i l i t y f o r the shop
per and bus iness p a r k e r s h o u l d be so 
managed as t o avo id the b l o c k i n g out o f 
shor t - t ime by too many a l l - d a y parkers. 
£ c 0 7 l O f f l l C S 

The r e a l over a l l economy o f f r i n g e 
l o t o p e r a t i o n i s d i f f i c u l t t o eva lua te 
because o f the tendency o f t r a n s i t t o 
overlook losses f o r the sake o f improved 
pub l ic r e l a t i o n s , and more understanding-
1 y because o f expected a l t h o u ^ not always 
apparent reduction o f t ^ r a f f i c on downtown 
s t ree t s , so buses and s t r ee t cars can get 
th rough f a s t e r . T h i s l a s t again would 
tend toward improved publ ic r e l a t i o n s f o r 
t r a n s i t . 

Data shou ld be o b t a i n e d f o r making 
accurate determinations o f o v e r - a l l f r i n g e 
f a c i l i t y economics, as w e l l as a gauge o f 
e f f e c t s upon downtom t r a f f i c . 
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GROSS R E T A I L S A L E S AND AUTOMOBILE 
PARKING R E Q U I R E M E N T S 

F1X)YD M. JENNINGS, Director 
C i t y Planning Ccomission 
Grand Rapids, Michigan 

An analysis o f r e t a i l sales as a means 
o f determining the number o f spaces, d i s 
t r i b u t i o n o f spaces, and the design and 
f u n c t i o n o f the pa rk ing t e rmina l i s no t 
proposed as a method t o rep lace any o f 
t h e t e c h n i q u e s h e r e t o f o r e used . The 
o r i g i n and d e s t i n a t i o n techniques which 
have been appl ied i n the cen t ra l business 
d i s t r i c t s p r o v i d e the o v e r a l l analyses 
w i t h valuable and c o n t r i b u t i n g data . Re
t a i l sales as a source o f data, «^en ana
l y z e d , provides a community w i t h a t r u e 
p i c t u r e o f pa rk ing requirements and not 
one o f an e x i s t i n g parking pa t t e rn . This 
i s the only c o n t r i b u t i o n r e t a i l sales can 
make to the s o l u t i o n o f the parking prob
lem; however, these are i m p o r t a n t data 
upon irf i ich a parking plan i s formula ted . 
The l o c a t i o n o f e x i s t i n g p a r k i n g l o t s 
does no t n e c e s s a r i l y represen t cen te rs 
o f parking demand. An analogy t o t h i s i s 
the o r i g i n and des t ina t ion survey technique 
o f t r a f f i c which has proven tha t the f l ow 
o f t r a f f i c on a major thoroughfare does 
no t necessar i ly represent the t r a f f i c de
mand c h a r a c t e r i s t i c s o f the area served 
by the thoroughfare. 

The o r i g i n and d e s t i n a t i o n p a r k i n g 
study among other t r a v e l h a b i t i n fo rma
t i o n o b t a i n s the f o l l o w i n g da t a : 1 -
number o f persons per automobile, age and 
sex; 2 - time du ra t i on parked; 3 - place 
where automobile i s parked; 4 - des t ina 
t i o n o f auto occupants. 

FEWMEWORK FOR A PARKING-PLAN 

The number o f park ing spaces requ i red 
a t any one p o i n t i n the cen t r a l business 
d i s t r i c t i s r e l a t e d to the drawing power 

o f the t r a f f i c generator which the park
i n g f a c i l i t y serves. The drawing power 
o f a r e t a i l o u t l e t var ies dur ing the week, 
the month, the season, and the c y c l i c a l 
per iods . (See Figures 1, 2 and 3 . ) The 
table which fo l lows shows the vary ing day
time peaks i n the use o f an attendant type 
parking terminal serving p r i m a r i l y a large 
department s tore i n the cen t ra l business 
d i s t r i c t o f Grand Rapids, Michigan. 

Daytime Peaks Volumes Parked 

Nov. 15, 1946 -
Nov. 20, 1946 -
Nov. 30, 1946 -
Dec. 7, 1946 -
Dec. 9, 1946 -
Dec. 14. 1946 -

105 automobiles 
- 110 automobiles 
• 135 automobiles 
- 150 automobiles 
• 150 automobiles 
- 155 automobiles 

I t w i l l be noted tha t the use o f the park
i n g t e rmina l increased as the Christmas 
buying per iod developed. A high daytime 
peak was experienced du r ing the month o f 
March o f the f o l l o w i n g year (See Figures 
4 and 5 ) . "Hiese v a r y i n g daytime peaks 
r e f l e c t seasonal f l u c t u a t i o n s i n r e t a i l 
sa les . 

The character o f r e t a i l sales i n f l u 
ences " t o t a l parking requirements". To
gether w i t h des t ina t ion data from parking 
studies " t o t a l parking space requirements" 
f o r any t ime d u r i n g the seasons o f the 
year can be developed. 

I n most cent ra l business d i s t r i c t s there 
are a number o f n o n - r e t a i l land and other 
s t r u c t u r a l uses. I n terms o f " n e t land 
a rea" the land i n the c e n t r a l business 
d i s t r i c t o f Grand Rapids i s used i n the 
f o l l o w i n g manner: 
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Land Use (FiKure 6) Percent 

Retail Sales 42.4 
Parking areas (existing) 19.5 
Industrial 13.1 
Professional off ices 9.7 
Inst i tut ional 6-5. 
Hotels 3.2 
Gasoline f i l l i n g stations 2.4 
Wholesale 1.6 
Residential 1.6 

CHARACTER OF RETAIL SALES 
Before i n t e r p r e t i n g r e t a i l sa les i n 

terms o f p a r k i n g space requirements i t 
i s necessary to examine the character o f 
r e t a i l sales. This examination f a l l s i n 
t o two pa r t s : (1) an examination o f the 
regional pa t te rn o f r e t a i l sales character
i s t i c s ; and ( 2 ) an examina t ion o f the 
d a i l y , seasonal, and c y c l i c a l f l u c t u a t i o n s 
i n r e t a i l sales. 

Ihe U i i t e d States r e t a i l census i n 1939 

A T - A V C R M E NUMBER OF P C O P k l 

CHART 10 

*-«0 U O U O M O 4.00 4.W M O 

AVERAGE SALE (DOLLARS) 

SOURCE CITY PLANNINO C0MHIS8I0M 

Figure 1 . Parking Space Demand f o r ( j i s toners R e t a i l Sales 
(Central Business D i s t r i c t , Pbak, 1946. 

The b u l k o f the " t o t a l p a r k i n g space 
r e q u i r e m e n t s " f o r the c e n t r a l business 
d i s t r i c t are those r e q u i r e d f o r r e t a i l 
sa les , i n d u s t r i a l , p rofess iona l o f f i c e s , 
and h o t e l s (68.6 p e r c e n t ) . Tl>e remain
i n g uses are not major f a c t o r s s e r i ous ly 
a f f e c t i n g the " t o t a l p a r k i n g space r e 
quirements" f o r the e n t i r e d i s t r i c t . 

I f a g raph ic i l l u s t r a t i o n could have 
been prepared showing f l o o r area uses, the 
area f o r r e t a i l sales would have shown an 
even greater p ropor t ion o f the t o t a l f l o o r 
area usage. However, i t i s apparent even 
from s c r u t i n i z i n g the land area data tha t 
the r e t a i l sales f u n c t i o n i s the major 
f a c t o r i n determining " t o t a l parking space 
requirement^ ' . 

p r o v i d e d s a l e s d a t a i n t he f o l l o w i n g 
groups; Foods, general s t o r e s , appare l , 
f u r n i t u r e , household and rad io , aytanot ive, 
f i l l i n g s t a t i o n , lumber> b u i l d i n g and 
hardware , e a t i n g and d r i n k i n g p l a c e s , 
drug stores and other s tores . 

These groups except f o r a few i n s i g n i 
f i c a n t excep t ions can be c a t e g o r i c a l l y 
g e n e r a l i z e d : A - (Convenience and s o f t 
goods; B - S ty le and hard goods. 

Convenience and s o f t goods have, i n 
most c i t i e s , become a sales f u n c t i o n f o r 
neighborhood and community centers. S ty le 
and hard goods are predominately a cen t ra l 
business d i s t r i c t sales f u n c t i o n . S ty le 
and hard goods l i n e s r e q u i r e l a r g e i n 
ven to r i e s represent ing a r e l a t i v e l y h igh 
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Central Business D i s t r i c t , Low, 1946. 

CHART AN a s i )u i ier>eoi i r ioENTiAL 

Figure 3. Net Cars Remaining on Downtown Parking Lot 
Saturday, December 14, 1946. 
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Figure 6. Types o f Land Use i n Downtown Area. 

investment . These sales f u n c t i o n s have 
not decen t ra l i zed because o f t h i s r e t a i l 
sales c h a r a c t e r i s t i c . I n urban places o f 
one m i l l i o n people or more i t has been 
economically f eas ib le f o r some department 
s tore operations to decen t ra l ize . However, 
i n urban places the s ize o f Grand Rapids 
(250,000) decen t ra l i za t ion o f these sales 
f u n c t i o n s w o u l d n o t be e c o n o m i c a l l y 
f e a s i b l e . 

I n l a r g e m e t r o p o l i t a n areas the r e 
grouping o f the cen t ra l business d i s t r i c t 
f u n c t i o n s i n one or more d e c e n t r a l i z e d 
p o i n t s has been planned. T l i i s process 
has become known as r e c e n t r a l i z a t i o n . 

I f there i s any one predominate sales 
f u n c t i o n and the cen t r i pe t a l force i n the 
c e n t r a l business d i s t r i c t i t i s the de
partment s to r e . The o r i g i n and des t ina
t i o n study o f Grand Rapids showed those 
blocks i n which the 3 leading department 

stores are located t o be the points o f heav
i e s t des t ina t ion o f t r i p s to the business 
d i s t r i c t . 

I n the c e n t r a ] business d i s t r i c t o f 
D e t r o i t an o r i g i n and des t ina t ion p a r k i n g , 
survey showed the b l o c k s i n which the 
J . L . Hudson department s to re i s located 
t o be one o f t he h e a v i e s t points o f 
d e s t i n a t i o n (see F igure 7 ) . I t i s r e 
v e a l i n g t o note the c o r r e l a t i o n o f the 
heavy points o f des t ina t ion and the places 
o f h i g h assessed v a l u a t i o n (see F igure 
6 showing downtown p r o p e r t y va lues i n 
Grand Rap ids ) . Al though the O.D. study 
has not been cqmpleted f o r Grand Rapids 
previews have shown a remarkable r e l a t i o n 
ship between the two. Assessed valuat ions 
do reveal generalized data on economic 
r e n t . Economic r en t i s a product o f the 

U s of December 1, 1948. 
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General Property Values per sq. f t . o f Land 

t o t a l earning a b i l i t y o f land and r e f l e c t s 
the r e l a t i v e number o f customer des t ina
t i o n s . 

The r e t a i l business o f the cen t ra l bus i 
ness d i s t r i c t i s composed o f sa les i n 

general merchandise (G), apparel ( A ) , and 
f u r n i t u r e ( F ) . 

A comparison o f the G . A . F . sa les i n 
each o f the counties i n the t r a d i n g area 
t r i b u t a r y t o Grand Rapids i s summarized 
i n Table 1. 
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TABLE 1 

County Name 

^Kent County (Grand Rapids) 
^Montcalm 
^Isabella 
^Clare 
^Ottawa (Holland, Mich.) 
Newaygo 
^Oceana 
^Allegan 
^an Burean 
^Wexford 
^Grand Traverse (Traverse Ci ty) 
^ l o n i a 
^Clinton 
^Saginaw (Bay City-Saginaw-Midland) 

GAF Sales per capita 

S102. 
28. 
34. 
33. 
48. 
17. 
12. 
22. 
30. 
24. 
92. 
34. 
24. 
82. 

^Regional Shopping Centers. 
^Secondary Regional Center. 
Neighborhood and Community Shopping Centers. 

per 
per 
per 
per 
per 
per 
per 
per 
per 
per 
per 
per 
per 
per 

capita 
capita 
capita 
capita 
capita 
capita 
capita 
capita 
capita 
capita 
capita 
capita 
capita 
capita 

I t w i l l be noted t h a t the per c a p i t a 
G . A . F . sa les i s h i g h i n Grand Rapids , 
Traverse C i t y , and Saginaw, and the per 
c a p i t a sa l e s o f the same group i n the 
neighborhood and community shopping cen
t e r s , which f a l l geograph ica l ly between 
these peak p o i n t s , have very low com
p a r a t i v e s a l e s r e c o r d s i n the G . A . F . 
group. Reasons f o r t h i s d i f f e r e n c e i s 
t h a t the c e n t r a l business d i s t r i c t i s a 
r eg iona l shopping center and serves the 
people l i v i n g i n these areas o f low r e 
corded G.A.F. sales as wel l as the people 
l i v i n g i n the m e t r o p o l i t a n d i s t r i c t o f 
Grand Rapids. These pat terns can be de
veloped f o r any o f the regional areas i n 
the United States. 

I n canparison, the convenience and s o f t 
goods per cap i ta s a l e s are r e l a t i v e l y 
h igher i n the neighborhood and community 
shopping centers than i s shown f o r region
al c i t i e s . 

An examinat ion o f the v a r i a t i o n s i n 
r e t a i l s a l e s i s made t o de te rmine the 
s t a b i l i t y o f r e t a i l sa les t r ends as a 
basis f o r s tudying parking needs. 

Dur ing the past 8 years r e t a i l sales 
and costs o f l i v i n g ind ices have on the 
face o f i t r e f l e c t e d a n y t h i n g bu t s t a 
b i l i t y . 

R e t a i l sales f o r Grand Rapids, as r e 

corded by the 1939 Uni ted States Census 
o f Re t a i l Business, showed a gross volume 
o f $80 m i l l i o n d o l l a r s . Recent estimates 
f o r the same c i t y showed $222 m i l l i o n o f 
gross r e t a i l s a l e s . R e f l e c t e d i n t h i s 
increase are increased cost o f a l l items 
as w e l l as an ever expanding r e g i o n a l 
service area o f the cent ra l business d i s 
t r i c t . Metropol i tan populat ion increases 
i s one o f the p r imary causes f o r these 
increases i n r e t a i l sales. 

The Bureau o f Business Research o f the 
Harvard U n i v e r s i t y Graduate School o f 
Business Admin i s t r a t i on has maintained a 
l o n g t i m e r e c o r d o f depar tment s t o r e 
operat ions. I h i s bureau has maintained a 
running record o f the same t h i r t e e n f i rms 
f r o m 1939 t o the p resen t t i m e . These 
t h i r t e e n depar tment s t o r e s r e p r e s e n t 
t y p i c a l operations and the re fo re are ex
c e l l e n t examples t o appraise i n terms o f 
s t a b i l i t y . (See Figure 8 . ) I t w i l l be 
noted tha t the gross r e t a i l sales i n 1939 
was $240 m i l l i o n , and i n 1947 the same 
s tores d i d a gross o f $570 m i l l i o n . I f 
the annual number o f purchases made and the 
average d o l l a r value o f the purchases had 
remained r e l a t i v e l y the same, the gross 
r e t a i l sales f o r these s tores would have 
represented approximately $450 m i l l i o n . 
(See Figure 9 . ) Hie d i f f e r e n c e o f $120 
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m i l l i o n IS a p roduc t o f the inc reased 
d o l l a r va lue o f each purchase made and 
increased r e l a t i v e incomes o f the consumer 
due t o the t i g h t c o n d i t i o n o f the l abo r 
market. Line A on Figure 8 shows actual 
gross r e t a i l sales; l i n e B shows adjusted 
sa les . D i f f e r e n c e i s increased purchas
i n g power. 

An examination o f average gross sales, 
number o f transactions per square foo t o f 
gross f l o o r space, gross r e t a i l sales per 
square f o o t o f s e l l i n g space and gross re -

o f f l o o r space. Kenneth C. Welch, V ice -
P r e s i d e n t o f t he Grand Rap ids S t o r e 
Equipment Company and Chairman o f the 
Grand Rapids C i t y Planning Commission has 
conducted pedes t r ian t r a f f i c surveys o f 
l e a d i n g department s to res f o r a p e r i o d 
o f more than 20 years and analysis o f these 
da ta i n d i c a t e there are .75 persons per 
t r ansac t ion . 

I n Table 2 these r e t a i l sales data are 
l i s t e d to show changed by years. 

The convers ion o f these da ta i n t o a 
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Figure 10. P r o d u c t i v i t y o f Department Store Floor Areas. 

area w i l l reduce the t o t a l gross sales to 
a basis upon which s t a b i l i t y can be observ
ed. (See Figure 10 . ) I t w i l l be noted 
t h a t graphic l i n e s o f gross r e t a i l sales 
per square f o o t o f s e l l i n g and gross f l o o r 
areas are p a r a l l e l . A u t h o r i t i e s c l a i m 
t h a t these 2 sets o f data are cons tan t ly 
changing due t o i n t e r i o r renovat ion pro
grams o f department s t o r e managements. 
However, f o r purposes o f determining park
i n g requirements the f l o o r area changes 
do not r e f l e c t any p a r t i c u l a r change i n 
" t o t a l parking space requirements". 

TTie significant^ c h a r a c t e r i s t i c o f r e 
t a i l sales i s the minor change experienced 
i n number o f t ransact ions per square f o o t 

form f o r comparison by indices shows tha t 
the sales per square f o o t o f s e l l i n g space 
and t o t a l sales ind ices are almost i d e n t i 
c a l , «l j ich indicates tha t the s e l l i n g areas 
are adjusted to meet the needs o f the sales 
pressures. Average gross sales index re 
f l e c t s the cost o f l i v i n g index more than 
i t r e f l e c t s increased purchasing power. 
Transac t ion index r e f l e c t s on ly a minor 
change as was shown where the t ransact ions 
per square f o o t o f f l o o r space changed 
from 9 to 11 over the i n f l a t i o n a r y years. 
The f o l l o w i n g Table 3 shows these indices 
by j ea r s . (See Figure 11.) 

These adjustments o f sales data show 
t h a t , even though r e t a i l sa les volumes 
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TABLE 2 

Retai l Sales - 2 million to 5 million^ 

Sales per sq. f t . 
Transactions 

per sq. f t . of 
total space 

Average gross 
sales 

Sales per total 
employees 

QTOBB floor 
apace per 
employee sq. f t . 

Sales per se l l ing 
employees 

1 

1941 

$19.00^ 

9 

$ 2.31 

$7,000 

,365 

S23.00 

1942 

23.50^ 

10 

2.45 

36.50 

1943 

26.50 

10 

2.40 

8,800 

330 

35.00 

1944 

24.00 

11 

2.60 

9,600 

400 

38.50 

1945 

26.00 

10 

2.75 

9.700 

370 

42.00 

1946 

33.00 

10* 

2.85 

11,300 

345 

50.00 

1947 

37.00 

11 

3.20 

11,500 

310 

57.00 

4 million group included for years. 
'Table 9 - page 18. Bullet in 115 - 1941 Harvard, 
^ab l e 12 - page 17. Bullet in 119 - 1943 Harvard. 
*Estimated by Author • 1945 Ratio - 14-10 Assumed same ratio for 1946. 
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Figure 11 . Tota l Store Data f o r Department and Special ty Stares. 

have r i s e n , the number o f t r a n s a c t i o n s 
have not increased to the same extent and 
o f course the number o f t r ansac t ions i s 
the f ac to r r e la ted to t o t a l parking space 
requirements. 

The second phase o f r e t a i l sales char
a c t e r i s t i c s , i s an e x a m i n a t i o n o f the 
c h a r a c t e r i s t i c s o f seasonal changes i n 
r e t a i l sales volume as a par t o f the nec
essary c r i t e r i a upon which parking p o l i c y 
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TABLE 3 

Sales Index Average gross Transactions 

19 39 equals 100 
1939 equals 100 1939 equals 100 

Sales per square foot 
of se l l ing space index 

1939 equals 100 

1935 88 1935 88 , 1935 - 93 

1936 _ 97 1936 - 96 1936 - 100 

1937 • 102 1937 - 102 1937 - 103 

193B - 95 1938 - 98 1938 - 100 

1939 - 100 1939 - 100 1939 - 100 1939 - 100 
1940 - 106 1940 - 104 1940 - 103 1940 - 103 
1941 125 1941 - 116 1941 - 108 1941 - 123 
1942 - 141 1942 131 1942 - 110 1942 - 145 

1943 _ 165 1943 - 137 1943 - 120 1943 - 165 

1944 185 1944 - 150 1944 - 127 1944 - 194 

1945 • 205 1945 - 153 1945 - 133 1945 - 200 

1946 252 1946 - 187 1946 - 144 1946 - 255 

1947 262 1947 - 200 1947 - 138 1947 - 270 

may be formulated. Seasonal f l u c t u a t i o n s 
i n r e t a i l sa les i s v e r y marked i n i t s 
r e l a t i o n t o p a r k i n g r equ i r emen t s (See 
F i g u r e 1 2 ) . Seasonal f l u c t u a t i o n s i n 
food sa les i s l e ss than i n t o t a l sa les . 
I n cons idera t ion o f the G.F.A. character 
o f c e n t r a l business d i s t r i c t sales the 
seasonal f l u c t u a t i o n s would consequently 
be greater than e x h i b i t e d by t o t a l sales 
tax c o l l e c t i o n s . 

Shal l the t o t a l park ing space requ i re 
ments be determined based upon low, med
ium or h igh periods o f r e t a i l sales v o l 

umes? The merchants' p r o f i t a b l e business 
i s a p roduc t o f h i g h pe r iods o f r e t a i l 
s e l l i n g . Average sa le pe r iods p rov ide 
f o r operat ional costs, the net p r o f i t s are 
produced as a r e s u l t o f h igh e f f i c i e n c y , 
maximum sa les , and complete use o f a l l 
s e l l i n g f l o o r areas o f the s to re d u r i n g 
peak periods. 

Wi th proper r ecogn i t ion o f the above 
f a c t s " t o t a l parking space requirements" 
s h o u l d t h e r e f o r e be p lanned f o r peak 
seasonal parking demand. 

I n sunmary, r e t a i l sales volumes p r e 
sent a basis upon which the e n t i r e problem 
o f p rov id ing " t o t a l parking requirements" 
f o r a c e n t r a l business d i s t r i c t can be 
examined . The c y c l i c a l and seasonal 
changes when reduced to number o f custom
ers form a dynamic base upon which both 
merchant and municipal po l i cy can be pre
d ica ted . 

C»NVERSira< OF RETAIL SALES INTO PARKING 
REQUIREMENTS 

Two methods are recommended f o r ap
p r a i s a l , examination, and improvement. 

The f i r s t o f these 2 methods was de
veloped by Kenneth C. Welch, Chairman of 
the Grand Rapids C i t y Planning Commission. 
The ob j ec t o f the f i r s t method i s to as
c e r t a i n the r e l a t i o n s h i p o f d o l l a r sales 
t o square f o o t area o f park ing r e q u i r e d . 
(See Figure 13.) Assuming tha t a depart
ment s t o r e ' s annual r e t a i l sales volume 
i n 1940 was $100,000, o f which 10 percent 
was done i n mail order business, the ac
t u a l s tore gross sales was 290,000 or an 
average o f $300 per day . The average 
gross sale, i n 1940 was $2.33, conver t ing 
these f i g u r e s we f i n d an average o f 129 
t r a n s a c t i o n s per day . There are 1.7 
times more transactions on a peak day than 
on an average day, or 219 transact ions on 
a peak day. Tliere are .75 persons per 
t ransact ion or 164 persons doing business 
i n the s t o r e . O r i g i n and d e s t i n a t i o n 
surveys have shown t h a t t he r e are 1.6 
persons per automobile f o r au t^S '^av ing 
t h e i r o r i g i n i n the urban area and 2.2 i n 
au tomobi les h a v i n g o r i g i n o u t s i d e the 
urban areas. Therefore , 164 persons r e 
p resen t s 102 au tomob i l e s . Department 
stores generate a 3.5 average d a i l y t u r n 
over r e q u i r i n g 29 spaces. 29 spaces a t 
300 square f ee t o f area per space repre-
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sents .087 square f e e t o f parking per 1940 
United States (jensus sales d o l l a r o f r e 
t a i l s a l e s as re la ted t o the gene ra l 
merchandise, apparel, and f u r n i t u r e group. 
A l l o f the f loow areas devoted to r e t a i l 
sales i n a cen t ra l business d i s t r i c t can 
be generalized i n t o terms o f p r o d u c t i v i t y . 
Oi an ove ra l l basis the summation o f these 
p r o d u c t i v i t y c a l cu l a t i ons w i l l prove out 
by us ing the Uni ted States R e t a i l (Census 
data f o r any community and c a t e g o r i c a l l y 
arranging these data i n terms o f reg iona l , 
community, and neighborhood func t ions . 

The f a c t o r o f mass t r a n s p o r t a t i o n 
shou ld be a p p l i e d i n r e f e r e n c e t o i t s 
actual use. Care should be given i n the 
a p p l i c a t i o n o f any mass t r a n s p o r t a t i o n 
f a c t o r due t o t h i s p a r t i c u l a r phenomena 
t h a t , as parking spaces increase, i t has 
been found t h a t the use o f automobiles 
increase p ropo r t i ona t e ly , and i t i s pos
s i b l e tha t mass t ranspor ta t ion volumes may 
be reduced i n the same r a t i o . 

The second method has i t s only value i n 
o v e r a l l de te rmina t ion o f " t o t a l . p a r k i n g 
requirements". Average number o f people 
b u y i n g per day equals persons per sa le 
m u l t i p l i e d by the number o f t ransac t ions 
f o r any day; the product o f t h i s i s d iv ided 
by the product o f 25 (the number o f shop
ping days i n a month), average gross sale , 
and persons per car . The a p p l i c a t i o n o f 
t h i s formula i n Grand Rapids was used to 
s e l ec t park ing requirements f o r low and 
peak sales periods f o r 1946. In m u l t i p l y 
i n g the number o f d a i l y t r ansac t ions by 
the persons per sa le we a r r i v e d a t the 
t o t a l number o f persons shopping d u r i n g 
the low p e r i o d o f the year or the h i g h 

period o f the year. The r a t i o o f low and 
average persons per sa le t o h i g h i s 1,7 
and .9 r e spec t i ve ly , ([xmverting the av
erage number o f people buying per day i n t o 
automobiles we a r r i v e a t the number o f 
cars coming to the cen t r a l business d i s 
t r i c t f o r shopping purposes. 

The low and h igh r e t a i l sales periods 
were ascertained based upon United States 
r e t a i l census data and data from a l o c a l 
su rvey i n wh ich l o c a l bus inesses co
operated. The same procedure as ou t l i ned 
above can be used i n o the r communities 
where the business men wish to p a r t i c i p a t e . 
These types o f data have t h e i r value as a 
p r e l i m i n a r y bas i s upon which mun ic ipa l 
p o l i c y can be determined and upon which 
a d m i n i s t r a t o r s i n l i n e agencies o f the 
m u n i c i p a l i t y can decide upon the character 
o f the a c t i o n program used t o approach 
the problem. (See Figures 1 and 2 ) . 

CCWCLUSI(»IS 

The use o f r e t a i l sales volumes as a 
basis f o r determining park ing requirements 
needs f u r t h e r a p p r a i s a l and r e f i n e m e n t 
than can be ca r r i ed out by any one agency 
or any one c i t y . I t appears t o be a 
method which w i l l g ive the merchants and 
government o f f i c i a l s a t rue p i c tu re o f the 
proport ions o f the j o b t o be done i n s o l v 
ing a parking problem. 

Re t a i l sales data provides a coinnunity 
w i t h a dynamic bas i s upon which t o t a l 
pa rk ing requirements can be ascer ta ined 
and upon which a community or munic ipa l 
p o l i c y r e l a t i v e t o the problem can be 
developed. 
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