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Foreword 
In recent years, there have been but few papers on shopping 
centers and parking problems among the deliberations of the 
Highway Research Board. The three papers presented in this 
Record represent the re-entry of research reporting on this 
demanding phase of transportation. 

Two of the papers are concerned with parking and traffic 
requirements at large planned shopping centers. The other is 
an interesting look at fringe parking usage for transit riders 
using studies conducted in Washington, D. C., as a basis. 

Deen's paper on fringe parking usage focuses on the feasi
bility of extended use of parking facilities for transit users in 
Washington, D. C., utilizing data in that area, and arrives at 
conclusions which could be influential in the success or failure 
of fringe parking in cities generally. The many transit sys
tems in the planning stage in various cities could take advantage 
of this research to plan more effectively their parking areas 
for the transit user. 

Voorhees and Crow's paper on shopping center parking re
quirements presents research derived from some 270 centers 
throughout the United States and Canada and recommends ap
propriate standards for application to zoning ordinances for 
new centers. Discussions of the paper are also presented. 

Dickey and Shuldiner have applied mathematical modeling 
to calculate maximum gener ation of traffic to planned shopping 
centers. The model derived in this paper using trips/ sales 
ratios presents a means of arriving at traffic generation fig
ures which are safely on the high side as far as future traffic 
is concerned but not unreasonably high. 

This Record should be of prime interest to land developers 
of shopping centers, planning and zoning officials, traffic fore
casters, and transit planners. Planning and traffic engineers 
should find immediate use of the findings presented in some of 
the papers. 
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A Study of Transit Fringe Parking Usage 
THOMAS B. DEEN, Associate, Alan M. Voorhees & Associates, 

Washington, D. C. 

Transit fringe parking (or park-and-ride) facilities are valu
able to the city because use of them removes peak-hour traffic 
from the streets and decreases downtown parking demand. Not 
all attempts at the promotion of fringe parking have been suc
cessful, however. 

This study, which focuses mainly on the feasibility of ex
tended use of fringe parking facilities in the Washington, D. C. 
area, presents data and draws conclusions on factors which influ
ence the success or failure of fringe parking in cities generally. 

•SINCE World War II, the concept of transit fringe parking, that is, parking a car 
at some distance from one's ultimate destination and then riding mass transit the 
rest of the way to it, has been proclaimed by many as at least a partial solution 
to the urban transportation problem; and it has been tried, with varied results, in 
cities throughout the country. If commuters can be induced to park-and-ride, the 
following advantages accrue to the community: 

1. Automobiles are taken off the road in and near the central city area, where trans
portation problems are most acute. 

2. Cars are taken off the road during the peak traffic hours. 
3. The addition of the new passengers strengthens transit service and allows in

creased frequency of service. This, in turn, tends to draw even more transit riders 
and thus further reduces auto congestion. 

4. Downtown parking problems are eased, and more space remains available for 
the shopper and other people desiring short-time downtown parking. The reduction in 
demand for downtown parking has secondary benefits in that more space is then available 
for primary land uses, with resultant efficiencies in intradowntown accessibilities, 
higher tax yields, etc. 

This paper contains some of the findings that resulted from a study of fringe parking 
feasibilities for the Washington, D. C. area (1). The study examined the experience of 
fringe parking in a number of cities, althoughWashington was the focus of special 
analysis. Although the results are not conclusive, the frequency of fringe parking 
proposals, as contrasted with the scarity of definitive material in the literature on the 
subject, would seem to make many of the findings useful to other areas. 

That commuters can be induced to park-and-ride is amply demonstrated by the fact 
that thousands do it daily throughout the nation. On the other hand, the number of fringe 
parking lots that have been abandoned for lack of use is evidence that certain conditions 
must obtain before park-and-ride is a preferred choice for the commuter. 

Fringe parking facilities can be developed in connection with either rail or bus transit 
systems. While this report presents an inventory of rail fringe parking experience 
throughout the nation, the main thrust of the study is toward determining the feasibility 
of fringe parking related to bus transit, that is, bus fringe parking to be used in cor
ridors where rail service is not planned or while the rail system is being constructed. 

Paper sponsored by Committee on Parking and presented at the 45th Annual Meeting. 
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Figure l. Time lost by fringe parking at various distances from downtown. (Assumes 2-min walk and 
3-min wait at fringe parking bus stop; travel times as reported by 1959 Federal employee parking study.) 

The purpose of this study is to investigate the bus park-and-ride phenomenon with 
the objective of discovering those factors which tend to induce more fringe parking and, 
conversely, those factors which tend to discourage it. An understanding of such factors 
can be used to evaluate the need for, the best location for, and the fiscal relationships 
related to additional fringe parking facilities for a city. 

In an effort ,to avoid downtown parking costs and congested driving conditions, the 
fringe parker must accept (a) the inconvenience of interrupting his drive to downtown, 
parking, walking to the transit stop, and waiting for the bus or train; and (b) increased 
travel time. In the case of rapid transit this latter item is not necessarily a factor; 
but, where the transfer is made to buses operating with other traffic, the trip will 
almost always be slower for the park-and-rider than if he drives downtown. Even 
where non-stop buses direct from the fringe lot to downtown are used, the bus can at 
best only match the auto time; the time required to park and transfer is lost. Figure 1 
illustrates this time loss in two Washington corridors, based on travel times reported 
by downtown commuters. 

The decision to park-and-ride is determined by the trade-off the commuter makes 
in his own mind between the inconvenience and lost time of fringe parking and the high 
parking costs and congested traffic involved in driving all the way. One purpose of 
this study is to examine the relative importance of pertinent factors that determine 
this trade-off. 
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TABLE 1 

USAGE OF PARK-AND-RIDE LOTS AT RAIL RAPID 
TRANSIT STATIONS 

Parking Cars Percent 
Typical No. 

City 
Spaces Parked Filled 

Parking of Lots 
Fee 

New York 4518 2775 61 0. 45 6 
Chicago 2217 2032 92 o. 25 11 
Philadelphia 1835 1880 102 o. 25 5 
Boston 6209 3750a 61 0. 35 29 
Clevelandb 7256 7443 103 0 20 
Toronto oc 0 0 
Pittsburgh 395d 190 84 0. 35 3 
Ft. Worth 5000 4200 84 0 1 

Total 27,430 22,270 81 75 

0 Estimated Boston usage based on the 61 percent usage obtained from Moss 
b Transportation Commission survey of 4490 Boston roi I transit parking spaces. 

Includes Shaker He ights Rapid Transit Line. 
csome pork-and- ride reported at pri vote parking foci I ities located near 

transit stations. No fringe parking owned or operated by Toronto Transit 
Commission. 

dStreetcors operating on their own rights-of-way. 

EXPERJENCES WITH FRINGE PARKING LOTS 

As noted earlier, the obvious advantages of fringe parking to the transportation effi
ciency of the community have been recognized for many years. As a result, many 
cities have attempted to increase the incidence of park-and-ride by the establishment 
of outlying parking lots expressly for this purpose. Some of these lots have been fully 
used; others have failed. 

In an effort to profit from these experiments, questionnaires were sent to some 36 
cities that were known to have experimented with fringe parking. Twenty-eight cities 
responded and the results have been tabulated. 

Fringe Parking and Rail Transit 

Table 1 summarizes the results of a survey of parking lots located at rail rapid 
transit stations in North America. Some 22, 000 cars are parked in 27, 000 spaces 
located in 75 individual parking lots each day. These figures do not include park-and
ride associated with commuter railroads. An average of 81 percent of these spaces 
is used each day, even though parking fees running as high as 60 cents are charged. 
Cleveland provides the most parking in relation to transit system size (excepting Ft. 
Worth, which is noted below) and operates under a policy of providing the spaces free 
to commuters. Plans for extension of the system call for additional parking at outlying 
stations. Philadelphia also gets full utilization of its smaller number of available 
spaces, in spite of a 25-'-cent parking fee in addition to the transit fare. 

Only two systems, Boston and New York, experience a significant amount of unused 
parking space, about 40 percent in each case. 

The explanation for this lies partially in the fact that, in each of these two cities, a 
large portion of the total fringe spaces are located in one lot which is less than half 
filled. 

In Boston, 1600, or 26 percent, of the total of 6200 fringe spaces are located in one 
lot that is less than one-third filled. This particular lot is located 11 miles out from 
downtown on the end of a streetcar-subway line with critical speed restrictions that 
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6 

TABLE 

FRINGE LOTS USED FOR PARK-AND-RIDE 

Cars 
All Day Distance Transit Time Transit Far e Buses per Hour Hours of 

No. of Parking lo to to City Location of Lot 
Spaces Parked Fee Downtown Downtown Downtown Bus 

Dally ($\ (mi) (min) ($) 
Peak Off Peak Service 

(a) Existing Lots Which 

Cleveland La.keshore at 9th 2252 2200 o. 25 0. 25 4 0. 10 
E. 22nd at Seavi lle 1600 500 0. 25 I. O 8 o. 10 
E, 22nd at Euclid 1000 o. 50 I. 0 6 o. 10 

Chicago Soldiers Field - 7:30 a. m. -
14th & Outer Dr. 1200 1000 0, 25 2. 0 12 0, 15 10 10 6:30 p, m, 

New York W. of LillCOln Tunnel 1600 1650 0, 30 4. 0 12 0, 35 15 4 6:00 p. m. -
2:00 a, m. 

(bl Existing Lots 

Pittsburgh South Hills J ct. 
(upper & lower lots) 270 150 0 2, 0 0, 29 66 18 24 hr 

Providence Broad & Washington 125 65 0 3. 0 11 0, 30 4 6:00 a. m. -
Park 1:00 p. m. 

Washington Carter Barron 625 615 0 3. 2 24 o. 25 16 0 
Soldiers Home 290 220 0 3. 1 25 0. 25 15 6 
Columbia Island 250 200 0 2. 5 16 0. 25 9 I 
s. Capitol Street 260 200 0 3. 1 21 o. 25 6 I 
Fairfa."(, Virginia 50 15 0 15. 0 60 0. 50 2 0 

St. Louis Municipal Opera 1200 750 0 5. 0 21 0. 30 6 7:00 a. m. -
(Forest Park) 6:30 p. m. 

Seattle 5th Ave. & Republican 
Street 300 125 0 1, 1 0 0, 25 16 12 

Miami Orange Bowl Stadium 300 40 0 2. 2 13, 0 0. 20 15 6:00 a. m. -
Central Shopping Plaza 300 50 0 4, 2 18.0 0. 20 15 6:30p.m. 

~ .. ~ ..... , ....... r, ____ ..:, _ _ ,- . , nL-p,t-'•"6 'Joi i; Q n, 

Center iuu 4U u o. u 15. u u. ;;::5 6:lG µ. Ill, 

Toco Hills Shopping 6:15 a, m, -
Center 20 10 0 6. 5 30,0 0, 30 7:00 p. m. 

Milwaukee Mayfair Shopping 6:30-8:30 a. m. 
Center 400 90 0 8. 5 22, 5 0. 33 

Cincinnati 36 gasoline stations 603 30-100 0 variable variable variable 

Washington Marlow Ht. Shop. Ctr. 150 30 0 7. 0 30.0 0, 50 

necessitate a long travel time to downtown. Recent HHFA demonstration proJects m 
Boston have also indicated that substantial increases in lot usage can be induced by 
reducing parking fees. 

4:15-5:45 p. m. 

The Willets Point fringe lot in New York contains 2550, or 56 percent, of that city's 
total of 4518 fringe spaces and is utilized to less than half its capacity. 

Leonards Department Store in downtown Ft. Worth, Texas, recently opened a short 
subway line connecting the store to a large parking lot located on the edge of the central 
business district. The parking and the 3-min transit ride are free to all , whether one 
is a Leonards customer or not. The lot operates near capacity. 

Table 2 gives Lhe delails oI fr i11ge lots at rapid transit stations. It is interesting to 
note that, except for Cleveland, most lots charge for parking, with fees ranging from 
10 to 60 cents. Distances from downtown vary from 0. 3 to 16 miles. On the average, 
trains serve the lots at intervals of 2 to 6 minutes, with schedule speeds of 20 to 25 mph. 

Considerable variation is observed in ownership of lots and operating procedures. 
In Cleveland, the transit operator builds and operates the lots. ln New York City, the 
lots generally are constructed and operated by the City. Fees are collected in some 
instances by attendants , in others by meters, and in others by automatic parking gates. 

The relative success of rail park-and-ride lots can probably be attributed to: 

1. The high peak-hour speeds of rail rapid transit operating on its own right-of-way, 
as compared to those of buses, which are restricted by traffic congestion and greater 
number of stops. 

2. The fact that opportunity for rail park-and-ride is limited to the relatively small 
area near the rapid transit station, which is usually also the site of intensive land 
development with a parking space demand of its own. Thus, the opportunities for "on 
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IN CONNECTION WITH BUS TRANSIT 

Self 
Park 

Guard 
on 

Duty 
Lot Owned by Lot Operated by 

Financial Source 
For Lot Construction Remarks 

Charge for Parking 

X X City of Cleveland 
X X City of Cleveland 
X X Private 

X X Chicago Park Dist. 

New York Port 

• X Authority 

City 
City 
Private 

C. P. C. 

Public Service 
Coordinated Transport 

Gen. obligation bonds-City Some walk to destination; D, T , loop bus 
Gen. obligation bonds-City T. V. lot surveillance; some walk to dest.; D. T. loop bus 

Some walk to destination; D. T. loop bus 

General funds Regular bus fare is $0. 25 for this area 

Revenue bonds Downtown parking cost $1. 50 - 3. 75 per day; tunnel toll 
$0. 25 each way if car drives into downtown 

With Free ParkiTig 

X 

X X 

X X 

X X 

X X 

X X 

X 

X 

X 

X 

X 

., 
X 

X 

X 

X 

Transit operator Transit operator Revenue bonds Served by surface streetcars 

Transit operator Transit operator Cash reserve 

Park Service Parking Agency Downtown parking meters Room for expansion 
Dist. of Col. Parking Agency Downtown parking meters Land already owned by D. C. 
Park Service Parking Agency Downtown parking meters 
Park Service Parking Agency Downtown parking meters Land already owned by D. C. 
City of Fairfax City of Fair fax General funds Room to expand to 600 spaces 

City of St. Louis Transit operator 

Lot available for park-and-ride only during past year 
Transit operator Transit operator Transit renewal fund Downtown parking cost $ 2. 00 

City of Miami City of Miami City Downtown parking cost $0. 50 - 0. 60 
shopping center shopping center Private Downtown parking cost $ 0. 50 - 0. 60 

Shopping center Shopping center Private Downtown parking cost $0. 50 - 0, 60 

Shopping center Shopping center Pri vale Downtown parking cost $ 0. 7 5 

Shopping center Shopping center Private Fl'eeway express buses; 22 mph average speed; 
downtown parking $ 1. 00 

Oil companies Oil companies Began in 1955; some discontinued 

Shopping center Shopping center Shopping center Drug store used for shelter 

street" park-and-ride are substantially less than with buses; and, if park-and-ride is 
to take place at all on rapid transit, it must take place in established fringe parking 
facilities. 

Fringe Parking and Bus Transit 

To understand fully the experience of fringe parking related to bus transit, considera
tion must be given to the, ubiquitous opportunities for park-and-ride afforded by bus 
transit. The number of stops in a bus network in a large city may exceed many hun
dreds, and a significant number of these will almost certainly be located in areas where 
there is ample opportunity for all-day curb parking. As shown later, drivers take 
advantage of these opportunities for park-and-ride, often to the consternation of people 
residing near the bus stops and desirous of places to park near their homes. The im
portant element here is that fringe parking is, to a large degree, already inherently 
available in a city with bus transit. As a result, efforts to induce the commuter to park 
in a fringe lot may fail, particularly if a fee is charged for the parking. 

Table 3 indicates the effect of parking fees. In the 36 cities surveyed only three 
cases of successful bus fringe parking were found where a parking fee was levied. All 
are somewhat special cases. In Cleveland , three free lots are operated, all within 
one mile of the downtown, where on-street parking is unavailable and where many of 
the parkers do not use transit, but walk to their destinations. 

At the Lincoln Tunnel lot just west of New York City, drivers are induced to park
and-ride by tunnel toll fees (50 cents round trip), lack of Manhattan parking space, and 
the fact that the buses connect with the New York subway system for distribution 
throughout Manhattan. Chicago's Soldiers Field charges 25 cents for parking but reduces 



8 

~ ~ 
" " • l .g 
• • 3 3 

t: 
g 
iii ~ 

~ 
~ 

. 
] 

~ 

Q) -~ 

1,j~ 

"8 
~ 

~ £ a: 

t. g 

s ,. 
;,; ,\: 

i ~ i.;; 
~&15-

1;i:s 
C ~ ~ E >-;;a-
g t_ 
(?2fii 
a a-
er.,_ 
~!.::~ 
~i~ ... 
tJia .:: 

..,, :{l ,n 
N ~i N 

N 

:s 
'a 
§ g, 
11 1i z j 3 

f!. 

~ 
" l 
~ 
'"' 

g 
~ 
~ 
"' s 
0 

0 0 

d ~ ID 

0 0 
N 

d 

0 a: ~ 0 
~ 

n iil ~ 
0 

I :!I 
0 t: ~ ,, . 
,l 0. 

~ 

i :g ~ 
~ s 

... ... 
" " " 
% i ! coo 

~ 0 

r:..:....; .nc&r-.: LO ...; 

d d 

~ u 

J 
0 ., 

c.J 
Q 

g 
~ 

! 

. . . 
!-< 

bus fare from the lot to 15 cents (total 
daily cost 15 cents + 15 cents + 25 cents = 

55 cents). Normal bus fare is 50 cents 
round trip. Thus the net fee is 5 cents 
per day above costs of parking on the 
street and riding a regular bus. This lot 
is only two miles or a 12-min bus ride 
from downtown. 

Even where no fee is charged, the fringe 
lot must offer something better than is 
available on the street if it is to be used. 
A well-located and designed fringe parking 
lot can sometimes offer these advantages 
over on-street park-and-ride: 

1. Better bus service. If a lot is large 
and sufficiently used, extra express bus 
service, which offers superior frequency 
and travel times compared to regular bus 
service, can be provided. 

2, A safe place to leave the car and 
catch the bus. Parking on the street in 
some areas exposes the commuter's car 
to vandals. In addilion, he may feel per
sonally unsafe while waiting for the transit. 
n.-. ~-- ~ 1 ~J...,.. -- .......... .!..J.,... ,..,,..,.,...""",J,, + ,... ....,...,.,...+,...,...+ +i....,.., 
UVJ.J.1'C. .LVl.O tJ.&. V V .L\At..., E,V.L"-.&. '-AO "'-' t,t.&. ,._,,._...,....,.., ., .. .._.., 

cars during working hours. Safety in 
numbers is provided in any case where 
larger numbers of commuters gather to 
catch the bus at the lot. 

3. The assurance of a place to park. 
Some otherwise-good park-and-ride loc.a
tions are short of street parking space. 
Space hunting may discourage the com
muter, while the assurance of space in a 
lot would encourage park-and-ride. 

4, Shelter while waiting for transit. 

Table 4 gives information on bus fringe 
lots which have been closed, in most cases 
from lack of patronage. In some cases, 
details of the operation are no longer 
available; and it is difficult to cteterminP 
the cause of the lack of usage. This table 
provides evidence, however, that a suc
cessful fringe parking operation requires 
some ingredients other than a paved lot, 
bus service, and a sign announcing the 
availability of fringe parking. S::rn DiPe;o's 
900-space B;:ilhn;:i P;:irk lot attracted only 
10 cars, Louisville's Bowman Field Lot 
with 500 spaces attracted 35, and two 
large 1500-space drive-in theaters in 
Boston attracted about 10 and 25 each. 
Cincinnati's Public Landing is still parking 
cars, but apparenlly so many drivers could 
walk to their destinations that the bus 
service could not be supported. 

Failure of fringe parking in such small 
and medium-sized cities as Harrisburg, 
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Ft. Wayne, Richmond, Louisville, and even San Diego can probably be explained by the 
relatively low average downtown parking costs in such cities. As discussed later, 
avoidance of downtown parking costs is one of the prime motivations of fringe parkers; 
and, when this element is not present, park-and-ride is not likely to be popular. 

The levy of fringe parking fees can probably be blamed for the low usage of the Los 
Angeles and Baltimore lots. 

Discussion of bus fringe parking cannot be complete without noting the recent HHFA 
Demonstration Experiment in Boston (Table 4). The Neponset and the Revere Drive-In 
Theaters, each with 1500 spaces, were opened to commuters for fringe parking. The 
round trip bus fare was set at $1. 00 and bus headways were established at five minutes 
during peak hours. The average number of cars parked in Neponset was 25; Revere 
attracted 10. The drive-in theaters are located on major arteries. Inbound traffic 
moves quite freely beyond the theaters; but, between the theaters and downtown Boston, 
traffic congestion is extremely heavy during peak hours and heavy during other daylight 
hours. The minor response at these drive-in theaters can only be attributed to the 
availability of fringe parking at nearby rapid transit stations which are heavily used 
and offer faster transit service. The drive-in lots have since been discontinued. 

The Washington area has had significant experience with fringe park-and-ride lots 
in recent years. Both successful and unsuccessful experiments have been conducted by 
both private and public agencies. A brief description of this experience follows. 

D. C. Motor Vehicle Parking Agency 

One of the most successful fringe parking programs found anywhere in the nation is 
conducted by the D. C. Motor Vehicle Parking Agency in cooperation with local bus 
companies. Four lots are currently in operation and another is being planned. These 
facilities have experienced a steady growth in patronage since their opening several 
years ago and today serve more than 1200 vehicles daily (Fig. 2). Each lot is well
paved, lighted, and signed, with comfortable shelters, seats, and even heat and tele
phones for passengers waiting for buses. 

Carter Barron. -The largest and most used fringe lot operated by MVPA is located 
at the Carter Barron Amphitheater. The lot was constructed to accommodate patrons 
attending performances at the amphitheater and is still used for that purpose. In early 
1955, however, the MVPA made an agreement with the National Capital Park Service 
which provided for commuter use of 625 car spaces during weekdays. The MVPA 
provided a bus roadway, passenger shelters, and signs and, in addition, agreed to pay 
for maintenance, snow removal, and lighting costs associated with the lot. MVPA also 
provides a guard during weekday hours. Excellent bus service to most of the downtown 
employment area is provided by D. C. Transit Company. In addition to 11 regular 
buses, 1-6 special express buses originate at the lot each morning. Still more bus 
service is provided on the regular nearby routes, although passengers must walk 
several hundred feet to 16th Street to use it. Lot usage has steadily grown to the 
point that capacity use is being approached. 

Soldiers Home.-ln 1959, the MVPA utilized a piece of property left over from high
way right-of-way acquisition to construct a fringe lot near the Soldiers Home with a 
capacity of 290 cars and expansion space for 200 more. Paving, lighting, shelter with 
heat and telephone service, as well as a guard are provided. Excellent accessibility 
from major arterial streets is afforded. Bus service is provided direct to downtown 
at 4-min headways in the peak hours and 10-min headways during off-peak hours. 
Patronage has steadily grown; recent counts show 220 to 225 cars. 

Columbia Island Marina. -The Columbia Island fringe lot was established in 1955 in 
a manner similar to that at Carter Barron. The existing lot, which served the Columbia 
Island Marina mainly on holidays and weekends, was, through agreement with the Park 
Service, made available to park-and-ride commuters. The MVPA provided lights, 
built a special bus roadway, platform, and shelter, and provided for an attendant. Usage 
of this lot is also growing, with an average of about 200 cars parked and capacity for 
250. 

South Capitol Street. - utilizing property already owned by the District of Columbia, 
MVPA graded, paved, and provided lights, shelter, and signs to create a facility which 
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Figure 2. Usage of fringe parking lots operated by D. C. Motor Vehicle Parking Agency {Carter 
Barron, Soldiers Home, S. Capitol Street, and Columbia island Marino). 

was parking more than 250 cars by 1961. This lot was removed during construction of 
the Anacostia Freeway, and a temporary lot with a capacity of 250 cars was put into 
operation. This temporary lot is parking about 200 cars during the construction period, 
even though it is unpaved and somewhat inaccessible to both buses and autos. A new 
lot with a capacity of 291 cars is planned for this location. 

W. M. A. Transit Company 

As part of a general service improvement project in 1962, the W. M. A Transit Com
pany established four fringe park-and-ride facilities in suburban Prince Georges 
County, Maryland. Three of the four have since been abandoned, and the fourth is 
being used only by a few persons. This experience warrants careful examination to 
determine the factors that separate the successful MVPA experience from the relatively 
unsuccessful W. M. A. experience. 

Eastover Shopping Center. --Signs were erected to advertise the availability of free 
parking on a portion of the lot during weekday working hours and of eight special ex
press buses running direct to downtown. Other details a.re given in Table 4. Only 10 
or 15 cars used this lot for commuting park-and-ride, and the bus service was finally 
terminated in late 1963. Several factors were involved in this low usage: 

1. The lot was located near the edge of the then-developed urban area. This meant 
thn.t most of the potential users of park-and-ride began their trips between the lot und 
downtown and thus had to drive away from town to use it. 

2. Il wai:; localed in the same traffic corridor as lhe Soulh Capilol Slreel fringe lol 
operated by MVPA. 

3. Bus service was at 20-min (peak) and 2-hr (off-peak) intervals. Such headways 
are generally unacceptable, especially when potential customers all have automobiles 
available. 

4. Potential customers had only to drive a few more blocks to reach the service 
area of D. C. Transit buses, which cost 10 cents less and offered more frequent service. 

5. Buses serving the lot penetrated downtown Washington only partially (to 10th 
Street). Commuters working beyond this terminal had to transfer. 
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Penn Mai· Shopping Center. -This park-and-ride lot was similar to Eastover; but 
peak-hour bus service was at 30-min intervals, and the number of cars parked was 
about five. The extra bus service was stopped after the first month. Reasons for the 
limited usage are the same as for Eastover. 

Gregory Estates. -Gregory Estates is an apartment area near the District of 
Columbia eastern extremity. No off-street fringe lot was provided here, but signs 
were erected advertising the fact that on-street, all-day parking was permitted and 
that express buses would operate from the area. This experiment was barely underway 
when objections from apartment owners required its cancellation. It is unlikely that 
it would have been successful in any case, however, since a 10-cent saving in fare and 
ample street parking were available just a few blocks away. 

Marlow Heights Shopping Center. -This lot was arranged in a manner similar to the 
aforementioned shopping centers. However, this one is still in operation, and about 
30 motorists use it each day. Although it has the same basic disadvantages as Eastover 
and Penn Mar facilities, there are these differences: 

1. It requires a drive of a mile or more to reach the lower fares and more frequent 
service of D. C. Transit. 

2. Even though patronage is too low to support the bus service, this lot is located 
along a regular W. M. A. route which was operating before the lot was established. Lot 
patronage is not increasing; but the service can continue, since bus service costs are 
shared with regular riders. 

The many variables affecting the usage of fringe facilities are difficult to isolate, 
since in each case several factors operate simultaneously to determine the outcome. 
However, examination of Tables 3 and 4 and other items noted above reveals several 
important points: 

1. The majority of fringe bus lots are provided free to the commuter. The three 
cities where substantial numbers of park-and-riders are attracted to lots where parking 
fees are levied have special conditions that do not exist in most cities. While a number 
of cities have tried to charge, only the three examples noted above have been successful. 

2. Most bus fringe lots are located on land that was either already used for parking 
or was otherwise available for public use. Existing parking space associated with 
shopping centers, stadiums, auditoriums, and service stations has been reserved during 
weekday hours for fringe use. In most cases, this in no way interferes with the activities 
of these enterprises, since their peak demand for parking space occurs during evenings 
or weekends, when fringe parking is nonoperative. For example, 750 cars are parked 
daily in St. Louis Forest Park; 625 cars in Washington's Carter Barron Theater in 
Rock Creek Park; and 90 in Milwaukee's Mayfair Shopping Center. The 5th Avenue 
and Republican Street lot in Seattle was built for the Seattle Worlds Fair. Today it is 
partially used to park transit company employees, and the remaining space is being 
promoted for fringe parking. Washington's Soldiers Home and South Capitol Street lots 
were built on land already owned by the District of Columbia government. 

3. Successful fringe lots seem to be located within a circle extending out to 5. 0 miles 
from downtown; and the chance of success, except for very small lots, seems smaller 
beyond the 5-mi limit. Washington's successful lots are all located from 2. 5 to 3. 5 
miles from the core, and the Forest Park lot in St. Louis is 5 miles out. Milwaukee's 
Mayfair Shopping Center (8. 5 miles out) is an exception, but it has unusually fast bus 
service that makes the trip to downtown in about 22 minutes. Twenty-five minutes 
seems to be the upper limit on bus time for lots of significant size. 

4. All lots are operated on a self-park basis. Guards are used on some lots and 
not on others. There seems to be no pattern here. 

5. Proper location of bus fringe lots must give consideration to the financial alter
natives open to the potential customer. A lot located just upstream from a bus fare 
zone is unlikely to be successful even if no fee is charged. 
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TABLE 5 

WORK TRIPS TO DOWNTOWN 
WASHINGTON BY MODE 

OF ARRIVAL 

(1955 0 & D Survey) 

Mode Number Percent 

Auto driver 91,818 34 
Auto passenger 51,162 19 

Subtotal auto 142,980 53 
Transit passengers 115,981 43 
Other 10,893 4 

Total 269,854 100 

TABLE 6 

WORK TRIPS ARRIVING IN 
DOWNTOWN WASHINGTON, 

6:00 AM-12 NOON 

(1955 0 & D Survey) 

Mode Number Percent 

Auto driver 71,028 31 
Auto passenger 47,236 21 

Subtotal auto 118,264 52 
Tr11nsit p11sscngcr• 102,160 15 
Other 7,675 3 

Total 228,108 100 

TABLE 7 

FEDERAL EMPLOYEE DAY-SHIFT 
WORK TRIPS TO DOWNTOWN 

WASHINGTON BY MODE OF ARRIVALa 

Mode Number Percent 

Auto drivers 26,454 29 
Auto passengers 23,650 26 

Subtotal auto 50,i04 55 
Transit 34,918 38 
Other ~ 7 

Total 91,581 100 

0 1961 Federal Employee Parking and Transporto
ti on Survey. 

FRINGE PARKING HABITS 

Work Travel to Downtown 
Washington 

Two large-scale surveys of intraurban 
travel have been conducted within the 
Washington area during the past nine 
years. In 1955, a home-interview origin
and-destination survey was made in which 
about five percent of the households in 
the area were questioned concerning their 
travel habits. In 1961, questionnair.es 
were distributed to approximately 100,000 
Federal employees who work in downtown 
Washington. These questionnaires related 
to the travel to work of these employees 
and provided detailed data on their travel 
habits. 

Table 5 indicates the mode of travel of 
all downtown workers in 1955. (Downtown 
here refers to the area designated as 
"Sector 0" in recent travel analyses.) Of 
a total of 270,000 trips to work in down
town, 43 percent used transit and 53 per-
~ant 11corl ';l11t"c. 'l'~hlP n giut:l~ 'thP ~::lmP 

information for day-shift workers-those 
arriving between 6 AM and noon. Transit 
passengers constitute about 45 percent of 
this group. 'T'he 71,000 cars arriving 
during this period carried about 118.,000 
persons. This average occupancy of 
almost 1. 7 persons per vehicle is signif
icantly higher than that observed for non
downtown work trips. 

Downtown Federal employees exhibit 
similar travel habits (Table 7 ). The 
92,000 day-shift Federal employee trip 
polled represents about 39 percent of the 
total downtown work trips. (These com
parisons disregard changes in travel 
habits and downtown employment distribu
tion that have taken place between 1955-
1961. A less extensive 1959 survey of 
downtown Federal employees indicated 
about the same travel habits as the 1961 
survey.) 

The proportion of Federal employees 
using transit (38 percent) is below the 
45 percent figure for all employees, 
although some of this difference is due 
to the reduction in downtown transit usage 
since 1955 by all employees. Car pooling 
is much heavier by government employees, 
however, with the average Federal em
ployee's car carrying 1. 9 persons. Only 
29 percent of Federal employees drive 
their cars to work, as compared to 31 per
cent for all employees. 



TABLE 8 

DAY-SHIFT FEDERAL EMPLOYEE WORK TRIPS WHICH BEGIN BY AUTO 

Mode 

Auto drivers all the way 
Auto passengers all the way 
Auto drivers transferring to bus 
Auto passengers transferring to busa 
Auto drivers transferring to car pool 

as passengers 

Subtotal: Auto then change mode 
Subtotal: Auto vehicle trips 

Total 

Number 

26,454 
23,650 
3,474 
1,447 

1,447 

6,368 
31,375 

56,472 

Percent of 
Total 

47 
42 

11 

100 

Percent of Auto 
Vehicle 
Trips 

84 

11 

5 

100 

alncludes those drivers from cars parked (park-and-riders) and from cars not parked-these 
transit riders driven to the transit stop by their wives are sometimes referred to as "kiss-and
riders." 

TABLE 9 

RESIDENCE OF DOWNTOWN FEDERAL EMPLOYEES 
USING TRANSIT TO WORK 

(Day-Shift Employees Living Within 15 Miles of Downtown) 

Area Total by Auto anda 
Transit Transit 

Percent Auto 
and Transit 

Miles fromb 
Center 

Alexandria 1,672 140 8 
Fairfax County 1,442 758 52 
Falls Church 146 44 30 
Montgomery County 2,226 1,166 52 5-11 
Prince Georges County 2,743 1,179 43 

Subtotal outlying 8,229 3,287 40 

District of Columbia 20,950 1,102 5 
Arlington County 52033 336 7 3-6 

Subtotal, 10 mi sq 25,983 1,438 6 

Total 34,212 4,725 14 

~Includes auto drivers and passengers who transfer. 
Range including most of residential area. 
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Auto-Bus Combination Trips. -Table 8 shows that of all Federal employees beginning 
their work trip by auto, 11 percent changed mode, either to transit or car pool before 
completing their journey. Of those who begin their trip as auto drivers, 16 percent 
change mode before arriving at their destination. Eleven percent park their cars and 
transfer to buses, either at special fringe parking lots or at the curb on outlying streets. 
A total of some 3500 cars of government employees are parked while their drivers 
ride transit to work. This represents about 10 percent of all Federal employees who 
arrive by transit. 
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NUMBER OF CARS PARKED IN TRAFFIC 
• DISTRICT WHERE DRI VER CHANGES TO 

WANOTHER MODE TO COMPLETE JOURNEY 

SOURCE: 1955 ORIGIN-DESTINATION SURVEY 

Figure 3. Auto drivers changing to other travel modes, average weekday, 1955. 

A rough approximation of the total park-and-riders can be made by expanding the 
number of government employee park-and-riders by the ratio of government employees 
to total employees in the downtown. Such an expansion indicates a total of 9500 park
and-riders. A tabulation of the total "auto-driver change-mode" t rips from the 19 55 
survey indicated about 7000 park-and-riders. Considering the probable differences in 
the habits of the two groups of employees and the difference in the survey year, it is 
estimated that about 8000 persons drive part way, park near a bus stop, and transfer 
to transit on their way to work each day. This total r epresents about eight percent of 
all persons who arrive at work in the downtown by transit. 

The p1·upul'Liu11 uI ve1·sons either driving or being driven to bus stopo on their way 
to work in downtown varies substantially with the residential location of the employee. 
Table 9 indicates that 40 percent of the downtown-transit-using Federal employees 
living in outlying counties use the auto to get to the bus stop, while only six percent of 
their counterparts living within the 10- mi squar e (Arli ngton County and the Di stri ct of 
Columbia) use autos and bus. Fifty-two percent of the employees living in Fairfax and 
Montgomery that use transit , use auto to get to the transit stop. The significance of 
these figures is amplified in light of the growing numbers of downtown employees 
moving to these outlying locations. The relatively thin coverage of outlying communi
ties by bus lines requires the use of auto to get to the locations of frequent bus service. 
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Figure 4. Downtown Federal employees parking and transferring to bus. 

One might expect an increasing use of the auto-bus combined ride, particularly if such 
riding is made more convenient. 

Figures 3 and 4 indicate where downtown employees park their cars before boarding 
transit. Both the 1955 and 1961 surveys clearly show that the heaviest concentrations 
of park-and-riding are within a 1. 5-mi band running just south of the D. C. line from 
Massachusetts Avenue eastward to New Hampshire Avenue. Several factors lend to 
the enhancement of this area for fringe parking: 

1. Many of D. C. Transit's routes terminate at the D. C. line. This results in 
service that is much less frequent just north of the line than south. 

2. The flat minimum transit fare begins at the D. C. line. A zone-fare system re
quiring higher cash outlays is in effect north of this line. Montgomery County drivers 
can reduce their out-of-pocket expenses by driving the extra distance to D. C. 
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TABLE 10 

RESIDENCE OF DOWNTOWN GOVERNMENT EMPLOYEES WHO BEGIN WORK TRIP BY CAR 

(Day-Shift Employees) 

Drove Total 
Drove All 

P ar t Way- Drove Part Driving Total 
Area the Way 

Took Bus Way- Joi ned Only 
Car Pool as Part Way No. Per cent No. Per cent Passenger No. Percent 

No. Percent 

Alexandria 1,028 86. 5 105 8.8 56 161 13. 5 1,189 100 
Fairfax County 3,7 60 80. 7 570 12. 2 331 901 19. 3 4,66 1 100 
Falls Church 246 66. 2 107 28.8 19 126 33.8 372 100 
Montgome r y County 4,954 79. 7 864 13.8 403 1,267 20. 3 6, 221 100 
Prince Georges County 4,9 14 79. 5 8 57 13.9 404 1, 261 20.5 6, 175 100 

Subtotal outlying 14,902 80. 0 2,503 13. 4 1,213 3,7.16 20.0 18,618 100 

District of Columbia 8,326 90. 5 740 8.0 136 876 9. 5 9,202 100 
Arlington County 3, 226 90.8 231 6. 5 98 329 9. 2 ~ 100 

Subtotal, 10 mi sq 11,552 90.6 971 7.6 234 1 ,205 9.4 12,757 100 

Total 26,454 3,474 11.0 1,447 5,921 18.8 31,375 100 

3. By parking near the D. C. line, drivers can utilize the express or limited-stop 
bus lines coming in from outlying areas. 

4. By parking near the D. C. line drivers are assured of a seat on the bus. 
!i , Tl ls P.asll-!r lo flrnJ. a s11ace Lu park uu ll1e i;lreel i11 lltis a1 ea U1au closer into 

downtown. 

The 1955 survey indicated that significant numbers of fringe parkers park near to 
the downtown in the north and northwest corridors. Large numbers park in Georgetown 
and the area to its immediate west. Fringe parkers in the southeast quadrant are 
distributed at random between downtown and the D. C. - Maryland line. 

The 1961 survey indicates that about 1000, or 29 percent, of all park-and-riders live 
in Virginia (Table 10). Figure 4 does not include any large concentrations of parkers 
i11 Virginia, however, as it does for points noted above in the Diotriet of Columbia. This 
is probably due to the zone-fare system which is in effect throughout northern Virginia 
and to the lack of a sharp cut-off point in transit service such as that which exists at 
the D. C. -Maryland line. 

Virginians who drive to close-in locations to park save travel time and money but 
are faced with difficulties in finding parking places and bus seats. Drivers parking 
further out get a seat and can readily find parking space, but they pay more and face 
infrequent transit service. That drivers from different Virginia communities trade 
off these factors in different ways results in a general scattering of park-and-ride 
throughout the area. The 1961 survey indicates some concentrations in north and 
south Alexandria and in the Clarendon area (about 3. 5 miles southwest of downtown 
Washington). 

The 1961 survey asked where drivers would prefer to have fringe parking lots 
located. Figure 5 presents these data, which must be interpreted in the light of present 
conditions of bus service, transit fares, etc. Again, the most popular area lies along 
lhe D. C. line from Mai:;i:;achusells Avenue to New Hampshire Avenue. Virginia drivers 
voted overwhelmingly for parking space close in, especially in the Rosslyn area (about 
2 miles southwest of downtown Washington). It must be noted that this is the area of 
lowest Vi.rginia fare ,ind most freqm'!nt hm:; service. Little fringe parking occurs there 
today due to a lack of parking space near bus iines. It is likely that these drivers 
would be willing to park further out if frequent service and/ or lower fares could be 
implemented. 

Attitudes, Habits and Preferences of Commuters Currently Using Fringe Lots.-In 
an effort to dig more deeply into the individual motives of persons who found park-and
ride convenient and to learn something of the characteristics of fringe parkers, personal 
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Figure 5. Preferred locations for fringe parking lots. 
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interviews were conducted at three Washington fringe parking lots. A total of about 
100 interviews were made. Though the questions asked were not always identical be
cause of the different characteristics of each lot, the same basic information was de
sired. 

Table 11 gives some of the more significant results of the survey. About 85 percent 
of all persons using the lots came in a car that was parked on the site. On the average, 
each car parked carried slightly more than 1. 1 persons. However, about 1. 2 transit 
trips per car parked originated at the lots, a figure that reflects a number of kiss-and-
1•ide passengers (see note, Table 8). About 96 percent of those who reported the pur
pose of their trip were persons going to work, and 96 percent of these were employed 
in.downtown Washington. This confirms previous conjecture that fringe parking was 
related almost completely to travel for downtown workers. 

Perhaps the most significant item in Table 11 concerns the mode used in traveling 
to work before the commuter began using the fringe lot. This item is critical since it 
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TABLE 11 

HABITS AND ATTITUDES OF PARK-AND-RIDERS 
AT THREE WASHINGTON AREA FRINGE LOTS 

(Fairfax, Soldiers Home and Carter Barron) 

Mode of arrival at lot: 
Drove 
Was driven in car parked here 
Was driven in car not parked here (kiss-and

ride) 
Walked 
Other 

Purpose of trip: 
Work 
Other 
Not reported 

Job location of persons going to work: 
Downtown Washington 
Other or no answer 

Mode to work before began using fringe iota: 
Drove all the way 
Parked on street and rode bus 
Walked to hus stop 
'\Vas driven to bus stop 
Car pool 
Other 

Factors influencing decision to use fringe lot: 
Downtown parking costs 
Dislike of driving in congested traffic 
Dislike of parking on the street and riding bus 

Perr:enhlB"' who would prefer to drive all the way 
if downtown parking were plentiful and cheap 

Percentage who normally use lot at least 5 times 
per week 

Percent living in Virginia or Maryland 

All Lots (percent) 
76 

9 

9 
3 
3 

92 
4 
4 

96 
4 

25 
14 
15 

ft 
18 
18 

64 
50 
22 

53 

93 

91 

aThese percentages include only those who live and work at the same locations as 
they did before using lot. 

provides the only evidence available as to the ability of fringe lots to generate new 
par! -and-ride traffic as opposed to simply transferring existing street fringe parkers 
to a lot. Twenty-five percent replied that they formerly drove all U1e way to their 
destination. If this proportion is representative, it would imply that for every four 
spaces provided in a fringe parking lot, one car is removed from the traffic stream. 

Downtown parking costs and dislike of driving on congested streets are the most 
important factors influencing the decision to park-and-ride. However, 23 percent in
dicated that they liked parking in a fringe lot because they did not like to park on the 
street and ride the bus. 

CONCLUSIONS 

A number of factors have been identified as related to the success or failure of fringe 
parking facilities. Although no quantitative correlation of these independent factors has 
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been attempted, it is believed that significant qualitative evidence has been presented 
to provide useful conclusions. Highlights of findings and conclusions are as follows: 

1. Fringe parking is a relatively small but nevertheless important part of the com
muter transportation system, particularly in large cities. 

2. Fringe parking associated with rail rapid transit is generally utilized, with an 
average 81 percent occupancy in U.S. systems. 

3. Fringe parking lots associated with bus transit seem to fare less well than those 
with rail transit, due to: (a) slower speeds on buses which are normally mixed with 
other traffic, and (b) ability of commuter to park and ride at any bus stop, reducing the 
need for special fringe lots. 

4. Small parking fees can often be charged for rail fringe parking without reducing 
usage. Fees can be charged for bus fringe parking only on lots located very near the 
downtown areas of large cities. In general, cost of parking is a very sensitive factor 
in determining lot usage. 

5. Avoidance of downtown parking costs is the main motivation of fringe parkers in 
the Washington area. A secondary motivation is dislike of driving in congested traffic. 

6. Successful existing fringe bus lots tend to be located on parking areas developed 
for other purposes, which have excess capacity during weekday working hours. These 
include parking lots for stadiums parks, and shopping centers. 

7. Bus fringe lots can be more successful in attracting patronage if located near to 
the downtown area. This is due to the fact that facilities near downtown minimize 
travel time (since most of the trip is made by car), draw from the largest number of 
potential customers, and take advantage of the lowest fares and most frequent bus 
service, both peak and off-peak. 

8. A substantial number of pe1·sons park on the street and ride buses to work. About 
10 percent of the downtown Federal workers in Washington who ride transit to work 
begin their journeys in cars. This figure averages 40 percent for workers living in 
outlying suburban counties. 

9. The incidence of on-street fringe parking is correlated with fare and bus-frequency 
zone boundaries. 

10. When utilized, fringe parking benefits the urban community since it capitalizes on 
the best features of both auto and transit modes. The flexibility in time and space of 
the auto is used in outlying areas when transit service is uneconomical. The higher 
capacity capabilities of transit are ha:rnessed in the closer-in parts of the city where 
auto capacity is limited. 

REFERENCE 

1. Fringe Parking, National Capital Region. Alan M. Voorhees & Associates, Washing
ton, D. C., Jan. 1955. (Prepared for the National Capital Planning Commission.) 



Shopping Center Parking Requirements 
ALAN M. VOORHEES and CAROLYNE. CROW 

Alan M. Voorhees and Associates, Washington, D. C. 

This paper reports on research work carried out for the Urban 
Land Institute to establish the parking standards that should be 
used in the design of shopping centers. 

An examination of the demand for parking facilities at 270 
centers throughout the United States and Canada was undertaken. 
The research has shown that there are many factors involved 
in establishing these standards, such as parking habits, trading 
area, mode of travel, and the presence of nonretail uses in the 
shopping centers. 

This research pointed out that at a shopping center where 
there is little walk-in or transit trade 5. 5 spaces per 1000 
square feet of gross leasable area will accommodate customer 
and employee parking demands on all but the three highest days 
of the year, with allowance for parking maneuvering. This is 
considerably lower than most zoning ordinances in effect 
th~n11ghnnt f"hA r-n11nr--ry rrif'1::ay. 

The purpose of this research project was to investigate the 
demand for parking facilities at existing shopping centers and, 
on the basis of these observations to establish parking standards 
to be used in the design of shopping centers. These standards 
are to reflect the present consumer shopping habits and owner 
operalional praclices at shopping centers in the United States 
and Canada. 

•THE RESEARCH program that was undertaken ·to evaluate parking standards was done 
in two phases. A pilot study, completed in 19 63, was used to guide the establishment of 
the technique for a primary survey of 270 shopping centers carried out in 1964. Both 
of these program phases were undertaken by the Urban Land Institute with the assistance 
of the International Council of Shopping Centers, Inc. The Council obtained the coopera
tion of all the centers that were contacted and made it possible to get returns from a 
wide sample of shopping centers. 

THE PILOT STUDY 

The pilot study was primarily exploratory in nature and was conducted in 21 centers. 
Automobile arrivals and departures during every hour at each shopping center were 
counted by shopping center personnel or by pneumatic counters on a weekday (usually 
December 14) and on a Saturday (usually December 17). Aeri::11 phntne;r::iphR taken 
between 11:00 a. m. and 3:00 p. m. provided a check on the rcusonublcncoo of pcnlc-hour 
parking counts. An analysis of accumulation, arrival, and departure patterns of cus
tomers that was derived from the pilot study indicated that the peak parking demand 
occurred at about 2:30 in the afternoon or about 8 :00 in the evening. Thus, in designing 
the primary study, it was decided to limit the counting of cars parked to those two hours 
op the 12 days before Christmas. 

Paper sponsored by Committee on Parking and presented at the 45th Annual Meeting. 
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TABLE 1 

DISTRIBUTION OF SELECTED CENTERS 
BY METROPOLITAN POPULATION AND CENTER SIZE 

Gross Leasable Area in Thousands of Square Feet 
Metropolitan Population 

Under 100 100-200 200-400 400-600 600-1000 Over 1000 Total 

Less than 250,000 9 29 16 3 2 59 
250,000-500,000 8 12 10 7 2 39 
500,000- 1,000,000 10 10 13 8 2 43 
1,000,000-2,000 ,000 18 11 18 5 13 3 68 
Over 2,000,000 11 12 21 9 6 3- 61 

Total number of 
centers 56 74 78 32 25 5 270 

P ercent of total 21 27 29 12 9 2 100 

Figure 1. Geographic dist ribution of shopping centers. 

THE PR™ARY SURVEY 

A manual was prepar ed to describe the pr ocedure necessary to systematically count 
the parked vehicles during the 12 pre-Christmas days (Appendix B). This manual was 
used to assure that the data would be uniform and comparable. With accompanying 
questionnaires, it was sent to shopping centers which represented different metropolitan 
area population sizes , different center sizes, different geographical areas, different 
consumer incomes, and different shopping center tenants . The larger metropolitan 
areas to be represented were selected from different geographical areas and climates, 
and several centers of varying size were contacted in each area. In addition to the 
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numbers of parked vehicles at 2:30 and 8 :00, the following information was obtained for 
each shopping center in the primary study: (a) gross leasable area, (b) occupied floor 
area, (c) activities in the center, (d) available parking spaces, (e) spaces used by em
ployees, (f) annual sales, (g) type of customers, and (h) age of center. 

Sample for Primary Study 

Questionnaire returns were obtained from 270 shopping centers. Table 1 summa
rizes the response on the basis of the population of the metropolitan area and the size 
of the center. Each population and size class appears well represented. 

The 270 shopping centers which responded are widely distributed throughout the 
United States and Canada (Fig. 1). The San Francisco-Oakland, Chicago, and Toronto 
metropolitan areas are represented by more than ten centers each; and the Boston, 
Pittsburgh, Washinton, D. C., San Diego, Baltimore, and Houston metropolitan areas 
by more than five centers each. There are about 50 metropolitan areas represented 
in the less-than-250, 000 population class, 25 in the 250, 000-500, 000 population class, 
19 in the 500, 000-1, 000, 000 population class, 16 in the 1,000, 000-2, 000, 000 class, and 
10 in the over-2, 000, 000 class. 

PARKING PATTERNS AND THEIR IMPLICATIONS FOR A ZONING STANDARD 

Daily Parking Patterns 

The most important observation made during the pilot study was that , on the busiest 
day , shoppers tended to spread their shopping trips a cross the entire day. This is 
G~G"'y"/l"a. !~ f'ig:;.l'"c ~, ..... /.hict C8!!!p~r :::! ~ th~ pe2.k d.~~T ,.1•1!!!! ~- ~0!"!!!~1 d ~-~T d1_1:ri~e; I l,p r.h ri ~h11aH 
season. Peak day trips are dispersed throughout the day , while on the othe r day they 
are concentrated into a shorter period of time. The difference between the peak parking 
volumes on the two days is very small, even though more than twice as many cars were 
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parked on the peak day as on the other. Some of the difference in the shapes of the 
parking demand curves can be shown to be the result of the normal differences between 
weekday and Saturday parking patterns; but there is, nonetheless, a consistent pattern 
of increased dispersion of trips on the peak day. Such a pattern makes it quite apparent 
that people do adjust their habits to avoid peak conditions and that any reasonable parking 
standards should take this into consideration. 

Derivation of Yearly Parking Patterns 

From the survey's data on parking space provision and its usage at peak hours, it. 
was possible to derive the number of days during a year when these levels are ap~ to 
reoccur. 

1. An analysis of shopping center traffic and parking, using data from eight of the 
centers in the pilot study, indicated that there is a strong relationship between daily 
inbound traffic volumes and peak-hour parking accumulation. This finding was con
firmed by the study that Cleveland and Mueller had conducted for 14 other centers (1 
Appendix, Fig. 40). Investigation of daily inbound traffic volumes and peak-hour parking 
demands for each of the 12 pre-Christmas days studied, using rank-order correlation 
techniques, further confirmed this relationship. 

2. Recognizing this correlation, an investigation was made of the daily inbound traffic 
volumes at the same shopping center over a 2-yr period. This investigation indicated 
that of the 12 shopping days before Christmas, the four highest were never equaled 
during the entire year. However, each of the fifth- through the eighth-highest days of 
traffic volume before Christmas was duplicated at other times throughout the year, 
and each of the ninth- through twelfth-highest days of traffic volume was duplicated 
twice throughout the year. The same patterns should occur in peak-hour parking 
demands, since a strong relationship exists between them and daily traffic volumes. 
Thus, it was possible from this analysis to relate the observations that were made for 
the peak hours of the peak days in the Christmas period to a yearly pattern. 

To estimate the equivalents of the third-highest day or sixth-highest day in the more 
conventional engineering terminology of highest-hours, additional analysis of the shop
ping center data on traffic volumes was carried out which indicated that the third
highest day of the year and the tenth-highest hour of the year are approximately equiv
alent. Similarly, the sixth-highest day was comparable to the thirtieth-highest hour 
so often used in highway engineering standards. When this pattern was compared to 
the annual hourly traffic volume pattern at the shopping center described in the 
Cleveland-Mueller report, the two were found to be very similar (_!_, Fig. 48). 

Determination of Parking Requirements 

In establishing a standard to guide the amount of parking to be provided at a shopping 
center, it must be recognized that, if extremely high peak parking demands occur only 
two or three days a year, it is unreasonable and uneconomical to provide facilities to 
fully accommodate them (Fig. 3). Therefore, determination of the number of parking 
spaces that should be provided by a shopping center is.a problem analogous to highway 
design problems, which are generally solved by the provision of facilities to meet the 
thirtieth-highest hour of traffic volume (2). 

A similar analysis was made of the shopping centers in the sample by estimating 
the frequency of occurrence of each peak-hour parking demand level in all of the centers 
combined, during the entire year, as previously described. The parking demand was 
expressed in "spaces used by customers and employees per 1000 square feet of the 
gross leasable area that was occupied." By ranking these observations from the 
highest to the lowest, it was possible to determine the level of parking demands on 
the second- or fourth- or sixth-highest days of the year at all of these centers com
bined. The result for 103 centers without theater or office space is shown in Figure 3. 
The vertical scale in the figure represents use of parking spaces at the various shop
ping centers. The horizontal scale shows the number of days during the year when 
the parking demand was greater than that shown by the use curves as derived from the 
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basic data. The chart shows that parking demand exceeds six spaces per 1000 square 
feet on only two days of the year and 5. 5 spaces per 1000 square feet on three days of 
the year. 

To the extent that this sample is representative of all shopping centers in the United 
States and Canada, the same levels of parking usage can be expected at all shopping 
centers, and the standard described herein will be applicable to them. 

If the highway officials' thirtieth-highest hour design criterion were used to determine 
parking requirements at shopping centers, about 4. 9 spaces per 1000 square feet of 
gr oss leasable area would be r equired. Compar is on of hourly anddailypar ki ng demands 
by the s pecial analysis of t raffic data for a shopping center (described above) indicates 
that the thirtieth-highest hour of parking demands is roughly equivalent to the sixth
highest day (Fig. 3 ). 

Perhaps a more realistic standard in light of customers' desires would be the selec 
tion of the third-highest day as a basis for a parking standard. This is logical because , 
as shown by Figure 3, the curve levels off after the third-highest day. Such a standard 
would eliminate the extremely high peaks which occur on the first - , second- , and thi rd
highest days. This would mean that for each space not provided (between this standard 
and one which would require an additional space per 1000 square feet) about ten auto 
customers in a year would be unable to find a parking space immediately, since the 



third-highest day is approximately equivalent to the tenth-highest hour (the average 
customer stays at a typical center for about an hour) (1, Figs. 41-43; 3). 
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From an economic point of view, such a standard is-very conservative since the 
annual cost of providing a parking space in a shopping center greatly exceeds the profit 
revenue from the sales volume that ten customers would generate. 

If the design hour were selected solely from an economic point of view, that is, con
sidering the shopping center developer's annual cost of providing parking ($100 per 
space) and the possible economic return on such money ($ 2 to $ 3 per vehicle parking), 
the design hour would probably be between the thirtieth- and fiftieth-highest hours. 
These estimates of the annual cost of providing parking and the economic return per 
vehicle parking are subject to judgment but, even if the most optimistic cost estimates 
are used , provision of parking to meet the tenth-highest hour of parking demand will be 
more than adequate to meet the economic criteria. 

The Recommended Standard 

As shown by Figure 3, provision of parking spaces at a level which would exclude 
the third-highest day of demand requires approximately 5. 5 spaces per 1000 square 
feet of gross leasable area (exclusive of theater or office space). This includes parking 
spaces required by employees, as well as the reserve spaces needed for parking ma
neuvering. The counting technique took into account the spaces needed for parking 
maneuvering by: (a) considering a space occupied if a car were pulling in or out of it, 
(b) considering a car as filling an empty space somewhere else if it were waiting to 
pull into a space, and (c) considering a car as filling a space somewhere else if it were 
parked in an illegal space. (See Appendix B for a more detailed description of the 
counting technique.) 

Thus, a total of 5. 5 spaces per 1000 square feet of gross leasable area (exclusive of 
theater and office space) is recommended as the parking standard for the design of 
shopping centers of all sizes. To the extent that the centers in this sample are like 
those in the United States as a whole, Figure 3 shows that this standard, on the average, 
will satisfy the parking demands for all but three days of the year at all of the shopping 
centers in the United States. This is approximately one percent of the total days these 
shopping centers are open during a year. 

Additional analysis of the 103 centers that had no theater or office space indicates 
that they had the same demand on the third-highest day regardless of their size. The 
number of spaces used on the third-highest day by the centers in all size classes 
actually varied between 5. O and 6. 0, but there was no systematic relationship between 
the center size and the parking demand; so it is possible to recommend a single stand
ard of 5. 5 spaces per 1000 square feet for centers of all sizes. The parking demands 
of only one size class (composed of those nine centers with between 400,000 and 600,000 
square feet of gross leasable area) differed from the recommended standard by more 
than 0. 25 spaces per 1000 square feet, so the variations by size class were generally 
insignificant. The lack of a systematic relationship between parking demand and shop
ping center size is shown by the fact that there was only 0. 2 spaces difference between 
the parking demands of the largest and smallest size classes. 

The test of any standard is in its application. Of the 103 centers that were studied, 
eight centers provided spaces at the recommended level of 5. 5 spaces per 1000 square 
feet of gross leasable area. The parking demand at these centers, as shown by Fig
ure 4, exceeds capacity for only three days of the year-that is, during those days cars 
are parked illegally and queuing occurs within the center. Figure 4 also indicates that 
at the sixth-highest day (the standard equivalent to that used by highway engineers in 
the design of highway facilities, as mentioned above) the centers have a parking reserve 
of at least ten percent. 

Parking demands on the third-highest day at those centers providing 6. 0 spaces per 
1000 square feet of gross leasable area are very little more than at the centers provid
ing 5. 5 spaces per 1000 square feet . 

Figure 4 also shows the number of spaces used per 1000 square feet of the gross 
leasable floor area that was occupied at centers that provided, on the average, 8. 8 
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spaces per 1000 square feet of gross leasable area. In these cases, the additional 
spaces above the recommended standard were used to some degree for the six highest 
days, but they only served about 30 extra cars per 1000 square feet, and after the sixth
highest day were not used at all. In other words, when about nine parking spaces per 
1000 square feet of gross leasable floor area are provided, the additional spaces over 
the recommended standard are used only six days a year, mainly on one or two days. 

Thus, the recommended standard is one that takes into consideration the customer, 
but at the same time recognizes that sound planning should not provide for the infre
quent extremes in the peaks of parking demand. 

Usin~ this technique on data from 103 shopping centers for the 12 dayR nf thP. prP.
Chri1:1lma1:J 1:1ea1:1un hal:l prul.Jal.Jly pruvkled a reliable estimate of parking demand levels 
and their frequencies during the highest three days of the year (Fig. 3), since the four 
highest days occur during the Christmas season. This is the portion of the curve which 
is most reliable and on which the recommended standard for parking space provision 
is based. Equally reliable estimates of the frequencies of the lower parking demand 
levels would require more parking counts on more "normal" days, but such estimates 
are unnecessary for justification of the recommended standard. This, then, is a stand
ard based on observed parking demands at the peak hours of the peak days of the peak 
season of the year. 
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SPECIAL CIRCUMSTANCES MODIFYING PARKING REQUIREMENTS 

Parking demands are not generated by the building space itself, but by the clientele 
of the center-which is determined by the location of the center, its competitive advan
tage, the characteristics of the trading area's population and its mode of transportation, 
and by the number and types of activities located in the cente r. 

Effects of Shopping Center Location and Trading Area on Parking 
Requirements 

Parking requirements at a shopping center are affected by the location of the center. 
For example, if a center is located near a physical barrier, such as a body of water or 
undevelopable open space, fewer shoppers can be attracted from one direction than if 
the center were located in an area which is easily accessible from all directions. In 
Figure 5, Shopping Center Number 4 illustrates this. In such cases, the parking re
quirements probably could be below the recommended standard. 

Numerous studies in the past have indicated that the trading area of a shopping center 
is also affected by the location of competition and the size of the center itself. These 
factors are also clearly shown by Figure 5, which shows the points from which shoppers 
came to various shopping centers in Seattle. The size of the trading area of each center 
varies with the size of the center, but the influence of competing centers modifies these 
trading areas, as in the case of Shopping Center Number 3. 

Thus, there may be instances where a shopping center, because of unique location, 
would have higher or lower parking requirements than indicated by the recommended 
standard. Where such conditions are not likely to change with time, modification of the 

.Source: CITY PLANNING COMMISSION OF SEATTLE Each Dot Represents 36 Families. 

Figure 5. Trading areas of shopping centers in Seattle. 
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standard is in order. In such circumstances a specialized study should be undertaken 
to establish the parking requirements. In the case of a proposed center, this would 
call for the application of a mathematical model that adequately simulates shopping 
patterns. Where an existing shopping center is to be expanded, analyses of existing 
parking practices and a study of projected parking requirements should be undertaken 
before such modifications can be considered. 

Effects of Mode of Travel on Parking Requirements 

The data for the shopping centers included in this study show the characteristics of 
their suburban locations and, as is typical of such outlying areas, the elements of walk
in trade and dependence on public transportation are missing. The customers arrive 
principally by private automobile. Suburban shopping centers have the greatest parking 
demands per unit of gross leasable floor area. Where a shopping center (or a shopping 
district) is located in a central city area served by mass transportation and where a 
high volume of walk-in trade comes from the surrounding neighborhoods, the parking 
requirements are reduced by as much as two-thirds from those found in suburban 
areas. This finding comes from a traffic engineering survey of parking demand in the 
Baltimore metropolitan area. (This information comes from a special investigation of 
data developed in connection with the market potential and site evaluation studies on 
multi-purpose centers for the Baltimore region by Alan M. Voorhees and Associates, 
Inc.) Similar reductions in parking requirements for retail shopping districts have 
been observed from comparable parking demand studies conducted in Detroit ( 4). 

Since the recommended parking standards are for a center with little walk-in trade 
or transit usage, an increase in the importance of either of these factors would call 
fill" :J l'.Ol"l"P/:ll"I01'1fli1Hl' rPrh,l'tinn 1n n~rlnn<Y rPn11irPmPnt<: 
--- -- - --- --i.---------o - ----------- --- r--------r:, - -..1.--- ---------· 

Effects of Tenant Composition on Parking Requirements 

The recommended parking standard might be modified if the array of shopping center 
lenants were unusual. For example, if the center's tenant composition were to include 
furniture stores or other such specialty tenant classifications, the parking requirement 
could be reduced, since such stores generally do not generate the parking requirements 
that are normally observed at shopping centers with predominantly apparel, drug, 
variety, l1ardware, aud Iuud 8luni8 aud 8ervh:e8 (~, Tal,le G; .Q, Tal,le 14). 

Effects of Offices and Theaters on Parking Requirements 

The 270 shopping centers in this study reported the floor area, if any, devoted to 
office use. An analysis was made to determine what impact the office use might have 
on parking requirements at the peak hours of the third-highest day. It was found that 
office floor area was not a significant predictor of parking space demand in regression 
analysis. 

Office space does not generally have an impact on peak-hour parking requirements 
at the third-highest day because when this peak hour occurs offices are not normally 
open. For example, at the centers in the sample only 13 percent of the peak demands 
on the third-highest day occurred when the offices were in full operation. These peak 
demands usually occurred on evenings, Saturdays, or the day before Christmas when, 
generally, office activities were below normal. 

Generally, it was found that normal hours of office operation only began to coincide 
with the peak hours occurring on the sixth-highest day of parking demand. Figure 3 
shows that there is a difference of one-half space per 1000 square feet (of the gross 
leasable area that was occupied) between the peak parking demands on the third-highest 
day and the sixth- highest day. This number of spaces would accommodate normally 
about the parking requirement for 200 sq_uare feet of office space, assuming that 2. 5 
spaces per 1000 square feet of office space use are adequate to satisfy normal office 
parking requirements in shopping centers. This means that for every 1000 square feet 
of gross leasable area at a shopping center an additional 200 square feet in office use 
may exist without increasing parking demand for the third-highest day. Thus, if up to 
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20 percent of the gross leasable area of the center is in office space the center's 
parking requirement based solely on gross leasable area is adequate. When more 
than 20 percent of the gross leasable area of the center is in office use, provision 
should be made for office parking according to the generally accepted standard of 2. 5 
spaces per 1000 square feet in office use. 

It is possible that those centers which have large concentrations of offices with 
tenants such as doctors and dentists, who serve the public directly and may have extra 
demands during Christmas vacations, would generate enough parking demands at the 
tenth-highest hour to require more than 5. 5 spaces per 1000 square feet, but these 
effects were not observed in the present study. 

An analysis of the impact that theaters may have on parking requirements at shop
ping centers was also undertaken. Although statistically significant results were ob
tained by multiple regression techniques, indicating that the presence of a theater in a 
shopping center generates additional parking demand, it was felt that in light of the 
sample size (only 28 shopping centers had theaters) and the dominance of retailing 
activities at the centers studied, additional research should be undertaken. Appropriate 
research should analyze the nature of parking demand generated by a theater at a shop
ping center by determining: (a) the extent to which theaters have a multiplier effect on 
retail parking demands, (b) the interchange of parking spaces between theater and retail 
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activities, and (c) the influence that the location of the theater within the shopping center 
has on parking requirements. 

RECOMMENDED STANDARD COMPARED TO 
EXISTING ZONING REQUIREMENTS 

Forty percent of the centers in the survey reported information making possible an 
accounting of the number of parking spaces required by the provisions of a local zoning 
ordinance. These parking space requirements are plotted in relation to the gross 
leasable area of the shopping centers in Figure 6. A line representing the recom
mended standard of 5. 5 spaces per 1000 square feet of gross leasable area in the center 
(exclusive of theater and office space) is also shown. This figure shows that the ratios 
of number-of-spaces-required-by-zoning to center-size vary widely. It also shows 
that 56 percent of the shopping centers shown were located in areas where the local 
zoning ordinance parking requirement was higher than the recommended standard. 

Since the area required by a parking space varies with a parking lot's layout, this 
study uses the parking index, or number of car spaces provided per 1000 square feet 
of gross leasable area, rather than the parking ratio, which relates the area of the 
parking space to the building area. 

Many of the dots above the line representing the recommended standard indicate 
zoning requirements based on the parking ratio of three-feet-of-parking-area to one
foot-of-building area now in common usage. Assuming 400 square feet per parking 
space, this is equivalent to 7. 5 spaces per 1000 square feet of floor area. The recom
mended standard of 5. 5 spaces per 1000 square feet is equivalent to 2. 2 feet of parking 
area for one foot of floor area. In other words, a 2. 2 to 1 ratio is more appropriate 
lh::.n::, ~ 111 1 r::.lin, if lhµ r::.lin fr11·m11li:i i,:: ln h,c. 111=:i>rl in 7.0nine- ordinances_ 
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4pp,mdix A 

DEFINITIONS 

The data collected from the 270 shopping centers which returned questionnaires are 
tabulated in Appendix C. Some explanation of definitions and methods of derivation of 
the data shown is necessary to understand the tabulation, but many items are self-ex
planatory. 

Gross Leasable Area-The total floor area designed for tenant occupancy and ex
clusive use, including basements, mezzanines, and upper floors, if any, as expressed 
in square feel measured from cenler lines of joint partitions and exteriors of outside 
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walls. This does not include office buildings in which medical, dental, research, and 
other kinds of special organizations are housed, nor theaters, although it does include 
banks and other such activities which are part of the shopping center (6 ). It should be 
noted that this definition of gross leasable area does not include space 7.n office or 
theater use. 

Parking Spaces Available-The total parking spaces available within the center 
provided for all purposes, whether used by employees or customers. They were de
termined by actual count. (A few centers excluded those spaces for employees which 
are so located that customers never use them; e.g., in rear service areas.) The number 
of spaces used by employees was determined by counting the number of cars parked in 
the lots before the stores opened in the morning. These spaces were then subtracted 
from the total to get the number of spaces available for customer parking. For the 31 
cases in which customers park outside the center the number of parking spaces thus 
used was estimated, using information provided by the questionnaires. 

Peak Parking Demand-The peak customer and employee parking demand for each 
day at a shopping center shown here as the higher of the afternoon and the evening 
counts. (The number of customer cars parked is derived by subtracting the number 
of empty spaces counted from the number of spaces available to customers both inside 
and outside the center.) The day in the 12-day period which had the highest number of 
parked cars is shown in the column labeled "Max. Day." The numbers of cars parked 
at the peak times on the second- and third-highest days are also shown. In some in
stances the same peak parking demand occurred at a given center on two or three of 
the top three days, so the first, second or third observation might be the same. 

Estimated Parking Spaces Required by Zoning-Several shopping centers gave the 
actual number of parking spaces required by their zoning ordinances, while others 
gave only the zoning standards from which the numbers of spaces required were esti
mated. Since the floor area definitions used by the various ordinances had minor dif
ferences, the numbers shown here vary slightly in their degrees of accuracy. (These 
calculations assumed 400 square feet per parking space. ) 

Appendix B 
SURVEY TECHNIQUE 

The following excerpt from the instruction manual sent to all shopping centers 
participating in the survey describes the counting procedures used (~)-

Survey Technique 

In setting up the program to count the empty parking spaces, the following steps 
should be carried out. 

1. A person at the management level should be selected to head up this program. 
2. He should be assigned a man who is to do the actual counting. This may be a 

full-time employee or a part-time worker. 
3. The manager of this project should go through all the procedures with the counter 

to be sure he is doing an adequate job to get a good approximation of the number of 
empty spaces. These would include: 

a. Dividing the area up into clusters or units of about 300 parking spaces and 
selecting a walking pattern around the Center that will permit one to count all 
the empty spaces that exist in each cluster around the Center. It might be 
helpful to first lay out such a pattern on a site plan, like Figure 1, and then 
go out and actually review it with the counter. At this time it should be pos
sible to determine how long it will take to walk around the Center, thereby 
making it possible to set up a time schedule for the counter. 

b. The manager should then instruct the counter on what is meant by an empty 
space. For example, if a car is pulling in or out of a space, that space should 



32 

be considered occupied. If a car is waiting to pull into a space that car should 
be considered as filling an empty space somewhere else. If a car is parked 
in an illegal space, it should be considered as filling a space somewhere else. 

c. After the walking pattern has been determined, a trial run should be made to 
determine what is the best way to record the empty spaces. If a hand-counter 
is available, this should be used. In other cases, it may be possible for the 
man to continually count the number of spaces until he goes all the way around 
the lot, and then record the number on the form (Table II). Or, you might de
velop a tally sheet to record empty spaces in each cluster or unit. 

d. Once the test program has been set up, the starting times for the count should 
be the same for each day-2:30 and 8:00 p. m. The counts should be taken 
each day between December 11 and 24. The counter should always start from 
the same starting point. 

Reference 

6. Manual for Developing Parking Data at Shopping Centers in the United States and 
Canada During the Pre-Christmas Season, 1964. 
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Discussion 

A JAMES BATES Barton-Aschman Associates-The shopping center parking index 
findings of Mr. Voorhees and Mrs. Crow are very welcome as a standard with which a 
designer or planner may compare his own recommendations. Data at my disposal for 
large, regional centers tend to confirm the authors' findings that 5. 5 stalls per 1,000 
square feet of leasable retail space will accommodate all but the highest parking peaks. 

I have never seen year-long data on daily accumulations or traffic movements. 
However, my observations which were gathered for specific problem analysis and 
are not directly comparable, one to another or to the authors' findings, bring me (along 
with the authors of this paper) to the tentative conclusion that the busiest four or five 
days of the year do occur within the twelve pre-Christmas days. Records of day-to
day sales volumes even more strongly support the dominance of the pre-Christmas 
shopping season. If one accepts the fact that a regional shopping center will use more 
than 5. 5 spaces per 1000 only during the pre-Christmas season, then some a ccumula
tion curves which were plotted from 1964 and 1965 Christmas seasons counts can be 
interpreted to support the contention that each 1000 feet of rented space would be only 
about ten customers a year better off for having 6. 5 rather than 5. 5 parking stalls. 
For a 1/2 million-sq ft center, this would mean that 500 additional stalls would accom
modate 5000 extra customers. 

It might be wise to provide these extra stalls. I was unable to define circumstances 
so stringent that it could conceivably cost more than $ 50 per year to provide a parking 
stall. The authors suggested a figure of $100. Furthermore, marginal stalls need not 
be as heavily constructed as those which receive daily usage, nor must they be lighted 
or kept free of snow after the Christmas season. Where these economies are invoked, 
and land costs and taxes are not excessive, it should be quite possible to own a marginal 
parking stall for $ 30 per year. 

I do not know exactly what the authors mean by "the possible economic return on 
such money ($2.00-$3.00 pervehicleparking)." My records suggest that during peaks, 
other than the Christmas peak, the occupants of each car which is parked spend between 
$9 and $14. Even if Christmas shoppers do not spend more than oth r shoppers, there 
should be a gross mark-up of between $ 2. 00 and $ 5. 00 on the merchandise purchased 
by each carload of people during the Christmas peak. Because these are "extra" sales, 
it is realistic not to assign any fixed overhead to them. Therefore, almost the entire 
gross mark-up can be applied against stall ownership and the balance, if any, be con
sidered profit. 

Ten parked cars, each providing a gross mark-up of $ 2. 00 to $ 5. 00, certainly make 
it feasible to own a $30 per year stall. An interview study conducted concurrently with 
the authors' study suggested that a staggering $30 to $36 is being spent by Christmas 
shoppers from each parked car. 

How much is a marginal stall worth to a shopping center? Those shopping centers 
which have ample supplies of parking appear more conspicuously successful than those 
which are inadequately supplied. I analyzed some of the authors' data in an effort to 
check out this impression. Those shopping centers in which only retail space was 
provided, and for which annual sales figures were given, were analyzed in two groups. 
For the first group, that in which the available parking was not filled, even at the highest 
observation, it was found that shopping centers which offered more than 5. 5 stalls per 
1000 did an annual business of $ 56 per square foot. On the other hand, those which 
provided 5. 5 square feet or less, averaged only $44. 

Similarly , for the second group , that in which the available parking was saturated 
during the peak, it was found that centers providing in excess of 5. 5 stalls per 1000 
did a ~ 66 annual business, while those providing 5. 5 or less did an annual business of 
only $60. 

Did the provision of additional stalls cause the success or did the success prompt 
the provision of additional stalls? Perhaps all that can be inferred is that there is a 
correlation. 

In any case, although 5. 5 stalls seem to cover most situations , I would be inclined 
to recommend the provision of 6 or 6. 5 stalls. After all, the developer who is looking 
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at our recommendations is doing so in hopes of having a "better" shopping center. 
Why recommend nothing more than an "average" parking supply to him? 

The authors categorically state that the parking index is independent of the size of 
the center. Intuitively I mistrust this. Limited observations su gesl that the smaller 
centers (400,000 square feet and less) are more 1·esponsive to sales special events, 
and other influences, and that they may hit peal<s mor freque ntly. If so, they would 
utilize a higher parking ratio advantageously. 

My studies show that the smaller, convenience-oriented centers attract more cars 
proportionally per day than the larger ones, but that cars do nol remain parked as lona 
at the smaller centers. For instance, my data show that the average parking duration 
for regional shopping centers is something over l 1/2 hours. This suggests thal U1e 
1-hr average duration, found in the Cleveland-Mueller study, was influenced by a 
briefer parking period at the smaller centers. 

Possibly, the shorter parking durations offset the greater relative automobile attrac
tion of the smaller center and the number of cars parked per 1000 square feet at a 
given time is irrespective of center size. However, as turnover rates increase, a 
higher percentage of the total automobiles within the center is circulaling in the aisles. 
For the center to operate safely and smoothly, th re should be enough ·'mpty spaces 
available so that this higher proportion of cruising vehicles can come lo r st relatively 
quickly. For this reason alum,, a somewhat higher index of parking for the smaller 
center would appear advisable. 

Whether or not 5. 5 stalls per 1000 is the right number, I do not recommend that 
parking even for "ordinary" shopping c nters, be estimated on a single, rigid index. 
The va1,y_ing parking needs of the anticipated tenants should be consi1.h:in 1d. Among 
the shopping centers with which I am familiar, those that are more or less dominated 
by a store with higher pr1ces an<'.l. a fine qua lily r· -pulaliu11, seem to do v r y we ll finan 
cially on substantially fewer parked automobiles than do the centers which are dominaleu 
by merchants offering a mor competitive .line. The convenience center depends on an 
even greater, relative number of cars per day. 

These traffi r.-gfmerating characteristics of the various tenants proposed for a center 
should be taken into account and balanced against one another, not only for determining 
the total amount of parking, but also for distributing this parking about the center and 
for determining the locational and capacity requirements of the entrances and exits. 

A pronounc:P.d example of a use which requires spe ·ial consideration is the tire, 
battery, and accessory operation. With the reservoir space required for vehicles 
awaiting service, and for those left outside the service area to be picked up, a much 
higher parking index than 5. 5 becomes appropriate. 

There is a recent trend in larger centers toward the establishment of a convenience 
goods cluster which is physically removed from the shopping goods area. Where this 
principle is being employed, a very careful analysis of the relative needs of the two 
sectors of the center is appropriate. 

The authors' conclusions about the provisions of parking for office space (namely, 
that if the square footage of office space does not exceed 20 percent of the retail space, 
no special parking need be provided) seems to be applicable to only certain, limited 
situations. 

The 2. 5 parking stalls per 1000 square feet which they recommend will suffice for 
certain types of decenlraliz d office development· for instance, an h1surance company 
home office. However, shopping center offices, appropriately hav a strong tendency 
to a tract tenants such as doc.tors and dentists who serve the publi directly. Clearly, 
2. 5 parking stalls per 1000 square feet will not support a dentist's office on a Saturday 
afternoon when the usual six patients are in the waiting room. Unfortunately, at this 
time, his parking demands are in direct conflict with the retail merchant's weekly peak. 
Similarly , seasonal peaks may conflict; for instance, many school children have dental 
wo ·k d n during Christmas vacation. If the gene r al public is to be served, the parking 
requirements of these offices should be studied car folly . 

In summary, it appears that an "ordina1·y" shopping center will work with 5. 5 stalls 
per 1000 square feet. Perhaps tl1e authors' earlier recommendation of 7 stalls per 
1000 for the first 200,000, and 5. 5 for the balance, better recognizes the special 
problems of the smaller center. 



Some questions still to be answered are these: 

1. What is a parked car worth to a merchant during the pre- Christmas peak? 
2. Shouldn't our recommendations follow the experience of the successful rather 

than the average operator? 
3. Shouldn't we seek a set of factors which accounts for the differences between 

centers rather than a standard for all centers? 
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HENRY K. EVANS, Wilbur Smith and Associates-Mr. Voorhees' conclusion concerning 
a past tendency to provide too much shopping center parking in many instances is sound, 
I believe. However a great deal of caution is necessary in using the simple rule of 
thumb figure he has proposed-5. 5 SP-aces--and I am sure he will agree on this. 

For example, the 115 figures for third-highest day parking (tenth-highest hour) in 
AppendixC, exhibita variation between 1. 6 and 10. 8 spaces per 1,000 sq ft and only 29 
of the 115 fall between 5 and 6. (Mr. Voorhees' explanation in the Urban Land Institute 
Bulletin is that "the so-called 'third-highest day' and the 'tenth-highest hour' are 
approximately equivalent." Thus, it appears that the "3rd day" column shown in Ap
pendix C indicates approximately the tenth-highest hour.) The great majority (74 per
cent) of the cases average between 3 and 6, with an overall average close to 5. 0. I 
assume an allocation added as a reserve to enable free movement, as mentioned in the 
paper, brings the figure up to 5. 5. 

This points up the need to evaluate each center according to its own requirements, 
as it may actually require parking considerably above or below the norm. 

The findings shown in Figure 3 of the Urban Land Institute Technical Bulletin 53 
version of Voorhees' paper would seem to suggest that if the entire sample had been 
taken from shopping centers with space ratios of 8. 8 or better, the tenth highest hour 
would have been higher than that actually found in the study. It is almost as if there 
were a capacity restraint working on the two lower curves. If all 103 shopping centers 
had offered unlimited parking, I feel there is a strong likelihood the tenth highest hour 
would have been at 6. 2 or higher. Perhaps we should be guided more by such an 
uninhibited assignment of demand which would argue for a ratio higher than 5. 5. More 
research among centers with space ratios of 10 or more would help answer this question. 

As we well know, no two department stores, or banks, or offices generate traffic 
alike. I would like to refer to a roundup of actual parking demand ratios which I made 
recently. This appeared in the April 1963 issue of the Eno Foundation Traffic Quarterly 
with the title "Parking Study Applications." The figures demonstrate clearly the large 
range of demand ratios. For example, 19 banks' space requirements ranged between 
a low of 1. 8 and a high of 10. 8 spaces per 1,000 sq ft. Nineteen retail stores we 
studied showed a smaller range--1. 4 to 5. 1-but still a substantial variation. (These 
are normal demands, not seasonal peaks. ) In planning a given shopping center, separate 
factors have to be applied to each different building type, employing judgment of course 
as to whether the figure would be on the low, middle, or high end of the range for any 
particular building category. I would agree with Mr. Voorhees' rule of thumb index of 
2. 5 for offices in general, but in a particular case this may be considerably low, or 
high, as he has pointed out. The 20 percent additional office usage may or may not be 
added without noticeable increase in parking demand. At the 2. 5 ratio, the 20 percent 
office space would bring demand on weekdays up to the tenth highest hour level, ac
cording to Voorhees' paper but, not being open on Saturdays, would not add to the retail 
peaks on Saturdays before Christmas. But a bank, medical center, post office, or 
some other office use with high generation potential would not fall under this case, and 
additional parking would certainly be required. 

The point is well made that special circumstances will modify parking needs and it 
is stated that parking requirements are reduced by as much as two-thirds in a central 
city area where mass transportation and walk-in trade exist. This sounds somewhat 
extreme, when applied to the recommended 5. 5 index, as this would reduce the design 
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index to 1. 8. I can report on a recent study of ours revealing how important the transit 
and walk-in trade are to an urban center in San Francisco, Calif. The Stonestown 
center, with 59 stores including the Emporium, City of Paris, a large supermarket, 
restaurant, post office, beauty parlor, bank, automotive outlet, and five-floor medical
dental office building, totaling 1,040,000 sq ft of floor area, has 3,349 parking stalls. 
It is well served by a street-car line and two bus companies, and is surrounded by 
residential apartment buildings. Of all entering persons, 7 percent come by transit 
and 7 percent walk. The peak parking demand of 2. 3 spaces occupied per 1,000 sq ft, 
which occurred on a Saturday, would have been raised only to 2. 7 if all pedestrians 
and transit riders had used autos instead. Or to put it another way, the effect of walk
in and transit is to reduce parking requirements by only 11 percent at this center. 

Mr. Voorhees' paper brings to mind a problem we encounter regularly in making 
business district parking needs studies. I refer now to the problem of estimating peak 
demands, or "design demand" figures on the basis of parking studies taken in off-peak 
seasons. If we find a demand for, say, "X" parking spaces during a study in May of 
the year, and relate that to capacity "Y" to obtain a deficiency "D," this obviously 
understates the parking deficiency for some other times of the year, notably Christmas. 
I have frequently employed historical parking meter revenue data to assist in adjusting 
a particular month's demand to the peak month, or perhaps the eleventh highest month. 
This method is admittediy rather unsure, since we du nul know Ior a fact that peak 
parking accumulations are proportional to parking revenues. In a special study on 
shopping centers by LARTS ("Preliminary Results 1961 Shopping Center Study-Los 
Angeles Regional Transportation Study," prepared by California Division of Highways) 
the variation in retail sales was suggested as a possible means of handling this problem. 

For the six centers they studied, the peak month, December, represented 17. 6 per
cent of the total year's total, or silght!y over double the average monfh. Furlher re
search work is suggested, perhaps in correlating systematic traffic volume counts 
from fixed counters with parking demand for a given business district. 

It would be desirable to see some further correlations made with the data assembled 
for the s11bjer.t. papP.r. How doP.s the tenth highest hour compare with the average annual 
demand? How does the parking index relate to customer income class, and to annual 
sales per unit area (it appears logical that there would be a positive correlation)? 

And finally, more consideration might well be given to exploring demand ratios 
where no capacity restraint exists. 

ALAN M. VOORHEES and CAROLYNE. CROW, Closure--The authors ar.e in general 
agreement with the point made by both discussants that unique shopping center char
acteristics must be considered in determining how many parking spaces a particular 
shopping center should provide. However, it seems to us that selection of a single 
standard for parking requirements for all shoppine- r.ent.P.rs is desirable even though 
it has limitations. Municipalities are presently using such standards in their zoning 
ordinances, although most of those in use are poorly substantiated and not based on 
empirical research. It is far better to have a standard based on relationships between 
parking demands and retail floor area, which have been observed at a broad sampling 
of shopping centers, recognizing at the same time that there arc • hopping- centers which 
differ from the "average" center and that there are unique situations which must be 
provided for. 

We explored the possibilities of developing techniques which could be used to modify 
the basic parking- requirements, but found that there were too many variables involved 
to quantify all of these in light of the data we had obtained. Therefore, in the section 
on Special Circumstances Modifying Parking Requirements, we have attempted to out
line the kinds of factors that create different parking requirements at shopping centers 
and to give some guidelines regarding the effects of these factors. 
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The discussants expected that a shopping center's size and the nature of its office 
activities would influence its parking requirements. Our findings are more explicitly 
mentioned in this draft of the text than in the earlier drafts seen by the discussants. 

As was indicated by the discussants, it was quite clear that the capacity of the 
lot had some influence on shopping center usage and, therefore, had some influence on 
parking demand. However, as shown by Figure 4, this impact was greatest at the highest 
hours of the year, while the parking demands were quite similar at the tenth-highest hour 
and very comparable at the thirtieth-highest hour, regardless of the capacity of the lot. 
As described, the economic return for providing a large amount of extra parking cer
tainly is not justified. 



A Model of the Maximum Generation of Traffic to 
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JOHN W. DICKEY, Graduate Research Assistant, The Transportation Center, 
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•IN STUDIES of people and their behavior the investigator is often faced with the prob
lem of evaluating the myriad variables and factors which, when taken together, account 
for much of the observed variation in behavior but which individually account for little. 
The study of shopping center generation reported in this paper is a case in point. Many 
factors influence the shopping trip behavior of persons and families. Within the market 
area, consideration must be given to such types of variables as, for instance, household
descriptive factors, including residential density, family income, family size and 
composition, and level of auto ownership. Factors based on the transportation system 
include distance and travel times to various shopping places, the availability of public 
transit, and the amount of traffic cungeslion. For the class of variables relating to the 
shopping center itself, there are the number and sizes of stores in the center, the 
'1.1ii0i..iiit vr pa.L-kitig a.v-a.il a..blc;, thi3 t:v-i3& «.u.d cc~t cf g cc~8 8C!G, th~ q_!.!:!.li!~T ~! Se!',._ri~e, '?!~ _ 

Yet, even if all the significant variables could be identified and measured, the prob 
lem of determining their separate and joint effects on demand would remain. Taken 
together, these two considerations imply the need for a greatly expanded storehouse of 
information, to say nothing of the additional effort needed to analyze and evaluate such 
data. 

When considering the interrelatedness of effects, a third problem presents itself. 
The factors which have been consi.dered so far have only been associated with the de
pendent variable, generation, yet generation in itself is not disassociated with other 
parts of the urban planning process. The way in which future trips from the home are 
distributed, for example, determines the future attraction of nonresidential land uses 
and, furthermore, the future systems built to serve this demand will themselves affect 
the number of trips made. Thus, it seems unwise to consider generation without 
evaluating the system effects. 

All transportation studies have had to face these three perplexing problems in order 
to produce models which would be of value in estimating future travel. Moreover, 
limitations of time, money, and personnel have often retarded progress toward obtain
ing adequate solutions. Individual research projects have also been constrained by the 
saine circumstances. To make matters worse, each study and project has usually 
changed in some manner the definitional base on which the examination of travel is 
established. 

A few examples may help to emphasize the points suggested above. In the six centers 
studied by LARTS (9), vehicle trips per day per gross acre of center varied from 132 
to 545 with an average of :mo; vehicle trips per day per square foot of floor ovace varied 
from 0. 009 to 0. 046 with an average of 0. 023; and vehicle trips per day per employee 
varied from 6. 8 to 36. 7 with an average of 16. 9. In another study, Harding (8) fow1d 
similar variations in daily vehicle trips per gross acre with rates ranging from 263 to 
794 trips . Using an "average" rale Iur a11y of these three variables of attraction might 
result in a discrepancy of more than one-half the average in either direction. An over
or underestimation of such magnitude might well produce serious distortions in planning 
local and regional transportation facilities. Yet, if, in order to be on the "safe" side, 
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the maximum observed value of daily generation is used, the actual value could be as 
little as 1/3 of this maximum number. Overestimation might then lead to significant 
diseconomies in the system planned to serve a given shopping center. To add to these 
difficulties there is considerable disagreement among planners and engineers as to the 
extent to which these variables can be adequately estimated for use in the determination 
of future shopping center attraction. 

In summary, it may be said that some kind of model is needed for furnishing infor
mation on centers which have not yet been built, but which are known to be needed in 
the future. The generation of present-day centers can be found simply by observation, 
but little is known about these future centers except, perhaps, their locations and prob
able sizes. It is the job of the transportation planner to estimate future traffic to these 
centers so that their influence on the transportation system can be measured. 

PURPOSE OF THE MODEL 

The model discussed herein represents an attempt to overcome or avoid some of 
the major difficulties outlined in the preceding paragraphs. It has the property that the 
more information that is known concerning the nature of a particular center, the more 
accurate will betheforecastof traffic attracted to that center. Yet the model can pro
vide estimates with as little information as just the gross size of the shopping center 
plot. A second property of the model is that it provides estimates which will almost 
always be on the high side-i. e., the planner can assume that, in practically every 
case, the actual generation of a center will not be greater than the predicted generation. 
This last statement implies, in a sense, that the model predicts some measure of the 
maximum possible generation of a given plot. 

The mechanism which allows results from such simple inputs is the use of the 
trips/sales ratio. To start with, it seems reasonable that total sales of a center is a 
logical indicator of the environment in which the center is placed. If there is high 
density of residential development near the center, all other factors being constant, 
there should be higher sales at the center. If transportation is readily available to the 
center, all other factors being constant, there should be higher sales at the center. 
And if the management of the center is extremely adept, all other factors being con
stant, there should be higher sales. Therefore, if a hypothetical center were to be 
created which would combine the highest sales of each type of store found in actual 
centers across the United States, this center would represent some unknown yet optimal 
combination of all the factors which influence sales. 

The next step in estimating the maximum potential generation of centers is to trans
late the optimal combination of sales factors into an expected maximwu trip potential. 
This step is accoqiplished through the trips/sales ratio. (The tri.ps per sales ratio 
used in this study were derived from data reported in (1).) Although there is consider
able variation in the ratio of trips to sales from one center to another, a figure two 
standard deviations above the mean (assuming normality) would include 97. 5 percent 
of all possible variations of trips over sales and could therefore be used to transform 
sales to trips and still be on the "safe" side. Thus, the optimum in terms of sales 
would tend to be optimum for trips. 

The resultant generation figure for a given center could then be calculated through 
the use of the trips/ sales ratio. The area of those particular stores which have the 
highest sales added to the area needed to park the vehicles generated by these stores 
(calculatedwithtbehelpofthe trips/sales ratio) should sum to the total area of plot on 
which the center is located. The resulting generation figure would then be safely on 
the high side, yet not unreasonably h1gh. 

PRESENTATION OF THE MODEL 

The model may be set up in linear programming format as follows: 

maximize 

(1-t-w) ;_ TyA = ca -- L...J SiAi + e 
V i = l 
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subject to 

I: A/c\ + 0:1 dac ( 1-t-w) f; S-A. + 0:2 esL 
i = l V i=l 1

1 

and delivery trips 

where 

L gross area of center; 
o:1 area of parking needed per vehicle to be parked (this figure also includes 

the area needed for aisles, access roads, malls, truck zones, etc. , per 
vehicle); . 

a2 = area of parking needed per vehicle (for the e vehicles); 
Ai = ~1·oi:::s lPasahlP a1·P.a of husiness i; 

ai = average number of floors on which business i operates; 
T v A "" automobile vehicle trips per time period; 
TVT = truck vehicle trips per time period; 

Si = sales per unit gross leasable area of business i ; 
a person trips per total center sales; 

Tp person trips per time period; 
t percent of persons coming by public transportation per time period; 

w percent of persons coming by foot per time period; 
v - car loading Iactor-person5 per auto vehicle; 

- c ratio of maximum trips to average trips per time period; 
d coefficient of accumulation of vehicles in parking lot; 
e constant of accumulation of vehicles in parking lot; 
n number of business types; 

f1 ratio of truck trips to gross leasable area per time period for centers 
without supermarkets; 

h ratio of truck trips to gross leasable area per time period for centers with 
5upermarkets; 

li lower limit on gross leasable area for business i; 
hi = higher limit on gross leasable area for business i; and 
G =- total ground floor area. 

The criterion function (max Ty A) can be explained in the following manner: The Si 
are the sales per unit area of a given busmess. Multiplying the sales per unit area 
by the area of each type of business and summing over all the business in the center 
gives the total sales of the center. Multiplying this resultant number by the person 
trips per sales ratio yields the number of person trips per period. Assuming the per
centage of persons walking and coming by public transit to be negligible (in order to 
obtain the maximum vehicle trips) and dividing the number of person trips by the number 
of persons per vehicle gives the number of vehicle trips (automobile) per time period. 
The function is notcomplete, however, until the ratio of maximum to average trips has 
been considered. This requirement is taken into account by use of the c ratio. Thus, 
the final figure is the maximum number of vehicle trips per time period. 

The first two constraints are fairly direct-the areas of the stores of various busi
nesses cannot be lower than a certain value or higher than another value. For instance, 
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a supermarket in a neighborhood center is practically never less than 5280 square feet 
or more than 21, 420 square feet. These constraints might be called technological limi
tations, that is to say that operation of a supermarket of dimensions outside of the range 
given would probably be infeasible either because the area would be too small for proper mar
keting of goods or would be too large to control and manage economically. 

The third constraint refers to the total area of the center. By definition, the ground 
area taken up for parking and that used for stores cannot be greater than that area set 
aside by the planner for the center. The first term on the left of the inequality is the 
representation of the total ground floor area occupied by the buildings. The second and 
third terms are the parking requirements. Note that the terms from the criterion 
function 

TyA = ca 
1-t-w 

V 

are included in the second term, which can be r educed to et1 d Ty A + a2e. Multiply
ing the vehi.cle trips to the center by the ratio of accumulated cars to entering cars 
gives the total number of cars accumulated in the parking lots, These are the cars 
which must be parked, taking up space Ct1 per vehicle. The et2e term is an adjustment 
made to the regression equation constant e. The significance of this adjustment is 
discussed in the following. 

The final equation, the one for delivery trips, is simply the product of the empirical 
coefficients found by Gruen and Smith (7) and the gross leasable area. It was felt that 
this single product was sufficient to explain delivery trips since these trips represent 
such a small portion of the total number of trips. 

VALUES FOR THE CONSTANTS AND COEFFICIENTS IN THE MODEL 

The values used for the constants and coefficients in the model are presented in 
Table 1 along with the reference numbers of the sources from which they were obtained. 
It should be noted here that the values which are used have been selected so as to pro
duce the greatest amount of generation. For example, the a 6 value (see Table 1 for 
definition of a 6 ) of 275 sq ft/ veh was found in reference (3) to be the lowest value for 
the parking space required by one vehicle. The use of the lowest parking space per 
vehicle means that, for a center of a given size, more cars can be parked and thus the 
calculated generation rate can be higher. 

The e value requires some special explanation. Cleveland and Mueller ( 4) found that 
the accumulation of vehicles in a shopping center parking lot is highly correlated with 
the number of entering vehicles (generated trips in the model). The r value is 0. 87. 
The least squares regression line corresponding to this relationship is dTy A + e or 
0. 193Ty A + 500. Therefore, the use of e. 

One other aspect of the model needs mentioning at this point. Some businesses, 
despite their lower sales per square feet, appeared in almost every actual center. It 
was felt that these businesses should definitely be included in the theoretical centers. 
To accomplish this in the model, it was necessary to set the lower floor area values 
of all unnecessary businesses to zero, while leaving the corresponding numbers for the 
necessary business at their previous level. The error in calculations caused by such 
a procedure would seem to be slight. 

A SIMPLER COMPUTATIONAL TECHNIQUE 

A hand-workable method has been developed which approximates the linear program
ing model previously discussed. The computing technique is as follows (for both 
neighborhood and community combined with regional subclasses): 

1. Calculate ca/ v = 4. 53 (1. 15 or 0. 68)/ 1. 90 = (2. 75 or 1. 62). Note that 
t, w = 0 for maximum vehicle generation. 
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TABLE I 

LIMITS ON FLOOR AREAS, SALES, AVERAGE FLOORS PER STORE, 
BUSINESS TYPES (~) 

AND RANKING OF SALES FORS. I. C. 

Lower Higher Lower Higher Lower Higher Yearly Rank 
Floor Floor Floor Floor Floor Floor Sales in Avg. of Busl- Rank of 

Business 
Area Area Area Area Area Area Dollars Floor ness Business 

S. I. C. a Limit, Limit, Limit, Limit, Limit, Limit, per Sq per Store of Acc. to Acc . to 
Neigh. Neigh. Comm. Comm. Regional Regional Ft Business Avg. Max. 

Centers Centers Centers Centers Centers Centers Sales 
(x IO'ft2

) (x 1o'n2
) (x 103ft2) (x !03ft 2

) (x 103ft2) (x 103ft2
) Avg. Max. Sales 

1hi hni lei hci lri hr! Sai Shi Oi Uai Uhi 

I. 5231 00. 00 024. 94 00. 00 024. 94 00. 33 024. 94 033 067 l 37 38 
2. 5311 oo. 00 022. 00 10. 16 058. 50 73. 45 999. 90 055 100 3 15 22 
3. 5331 00. 00 021. 42 03. 84 029. 25 01. 04 091. 36 034 093 1 36 29 
4. 5392 00. 00 010. 00 00. 00 010. 00 00. 00 010 . 00 032 092 j 38 30 
5. 5411 05 . 20 043. 07 04. 40 047. 20 08. 05 050. 63 102 190 l 3 2 
6. 5422 00. 00 004. 89 00. 00 004. 89 00. 44 009. 78 075 161 I 5 4 
7. 5441 00. 00 004. 20 00. 00 004. 20 00. 50 004. 20 054 104 1 16 18 
8. 5462 00. 00 006. 05 00. 00 006. 05 00 . 00 006. 05 051 143 1 19 9 
9. 5499 00. 00 006. 35 00. 00 006. 35 00 . 00 006. 35 063 121 I 10 14 

10. 5531 00. 00 011. 70 00. 00 Oil. 70 00. 00 Oil. 70 037 068 1 33 37 
11. 5541 00. 00 020. 00 00. 00 020. 00 00. 00 020. 00 041 094 l 29 28 
12. 5612 00. 00 004. 05 00. 15 012. 96 00. 42 047. 68 059 154 I 11 7 
13. 5621 00. 00 022. 50 01. 02 036. 32 00. 64 144. 20 048 128 1 22 11 
14. 5631 00. 00 015. 91 00. 24 015. 91 00. 24 047. 73 052 103 1 18 19 
1 ii. ii641 oo. 00 003. 15 00. 00 004. 23 00 . 79 008. 59 040 098 1 30 24 
16. 5651 00. 00 004. 41 00. 00 027. 90 00. 00 027. 63 045 075 I 25 3b 
17. 5662 00. 00 003. 38 01. 32 006 . 30 00. 90 027 . 00 046 101 I 24 21 
18. 5712 00. 00 004. 03 00. 00 021. 15 00. 00 036. 15 026 046 1 42 42 
19. 5713 00. 00 007. 12 00. 00 007. 12 00. 00 007. 12 049 097 21 25 
20. 5719 00. 00 003. 75 00. 00 003. 75 00. 00 003 . 75 031 091 39 31 
21. 5722 00. 00 007. 51 00. 00 007. 51 00 . 00 007.51 065 109 8 17 
22. 5732 00. 00 011. 50 00. 00 011. 50 00. 63 011. 50 058 118 12 15 
23. 5812 00. 00 008. 20 01. 20 018. 40 01. 30 084. 00 056 117 14 16 
31. 6813 oo. 00 002. 79 00. 00 ')I)? ?Q 1\11 110 1111?. 7~ On.~ 083 17 J2 
25. 5Hn Ul. 28 012 . 83 Oi. :rn O~i. U6 00. 90 044. 24 057 100 13 13 
26. 5921 00. 00 007. 20 00. 00 007. 20 00. 00 007. 20 106 176 I 2 3 
27. 5942 00. 00 007. 10 00. 00 007. 10 00. 00 007. 10 043 082 I 27 33 
28. 5952 00. 00 012. 10 00. 00 012. 10 00. 00 012. 10 047 074 1 23 36 
29. 5971 00. 00 002. 48 00. 00 003. 40 00. 40 013. 28 071 158 1 6 5 
30. 5992 00. 00 003. 96 00. 00 003. 96 00. 00 003 . 96 035 048 j 35 41 
31. 5993 00. 00 002. 1G 00. 00 002. 16 00. 00 002. 16 117 151 I 1 8 
32. 5996 00. 00 002. 75 00. 00 002. 75 00 . 00 002. 75 064 127 l 9 12 
33. 5997 00. 00 006. 15 00. 25 006. 15 oo. 25 012. 30 039 134 l 31 10 
34. 5999 00. 00 009. 18 00. 00 009. 18 00. 00 009. 18 082 198 I 4 1 
35. 6000 00. 00 009. 72 00. 40 009 . 72 00. 40 019. 44 070 157 l 77 6 
36. 6400 00.00 003. 56 00. 00 003. 56 00. 00 003. 56 042 081 l 28 34 
n 0000 00. 00 03G. 00 00.10 108. 00 00, 10 216. 00 030 (l~fi ~ 40 27 
38. 7211 00. 20 007. 78 00. 20 007. 78 00. 20 007. 78 028 056 1 41 40 
39. 7215 00. 00 004. 50 00. 00 004. 50 00. 00 004. 50 015 023 l 44 44 
40. 7221 00. 00 002. 28 00. 00 002. 28 00. 00 002 . 28 036 063 1 3'4 39 
41. 7231 00. 20 011. 88 00. 20 011. 88 00. 20 011. 88 044 096 1 26 26 
42. 7251 00. 00 002. 15 00. 00 002. 15 00. 00 002. 15 038 102 I 32 20 
43. 7830 00. 00 013. 50 00. 00 013. 50 00. 00 013. 50 050 099 1 20 23 
44. 7911 00. 00 002. 83 00. 00 002. 83 09. 00 002. 83 018 034 1 43 43 
45. 7931 00. 00 052. 20 00. 00 052. 20 00. 00 052. 20 010 018 1 45 45 

asee Appendix A for Standard Industrial Classification of Commercial business types . 

NntF'· °'I , ~2~ ft.'/ veh (J) 
"'s a 275 ft 2/ veh (3) 
OI?, 144 ft 2/veh (4) 

C = 4. 53 (10th highest hour) (4) 
e 500 veh(~_) -
d 0. 193 
t 0 

w 0 
V - 1. 90 por•ons/voh 

a1, 0, 68 mean ~0.40(11 
as 1. 15 mean ~ 0. 59 (I) 
Rank-correlation of Average" Sales & Maximum Sales Rankings ~ 0. 79 

Subscri,ets: n neighborhood 
C community 
r regional 
L community & regional 
a avg. figure 
h max. figure 

particular bus. type 
s neighborhood 
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TABLE 2 

VALUES FROM ALGORITHM FOR NEIGHBORHOOD CENTERS USING MAXIMUM SALES FIGURES 

CD @ ® © ® ® (j) ® 
Business r A;/a; iA; S; 146.2 x® 7®000 + 500 + @/43, 560 ®!<i) 

added i i 2 +© 2. 75 x@ 

Total Total Parking Total area Genera- Gross Genera-
ground center area of center !Ion acreage tion rate 
flr area sales needed (ft') (cars) of center (cars/acre 
(x 103 ($) (ft") per day) 
112

) 

Necessary 6. 96 1, 139. 7 173, 934 252, 894 3,270 5. 80 650 
bus!-
nesses +9. 18 1,817. 6 

16. 14 3,007. 3 439, 667 527, 807 8,775 12. 11 722 
+ 5999 +43. 07 

- 5. 28 
+ 5411 53. 93 11, 139. 3 1,628,565 1, 754, 495 31, 150 40. 27 763 

< 

2. Calculate cx1 dca/ v = (275 or 325) (0. 193) (4. 53) (1. 15 or 68)/1. 90 = (142. 6 or 
101. 8). 

3. Caluculate a2e = (144 or 275) (500) = 72,000 sq ft or 162,500 sq ft. 
4. Introduce the business that must occur in a center into the mpdel along with 

their minimum floor areas. The minimum areas are used since these busi
nesses are not necessarily the ones with the highest sales (and thus generation). 

5. Find the g round floor a r ea r equirements for these bus inesses , G = lA/ ai. 
6. Find the total sales of the centers = r; AiSi, i = necessary busines s es. 
7. Find the a r ea needed for parking, P = (142. 6 or 101. 8) (r; AiSi) + (72,000 or 

162, 00). 
8. Find the total area of the center, L = (G + P) /43, 560. Lin acres. 
9. Find the generation, Ty A = (2. 75 or 1. 62) ( r; Ai Si) + 500. i = necessary busi

nesses. 
10. Calculate the vehicle trips/acre = TyA/ L. 

This procedure will usually yield an L value close to the minimum for that class of 
center under consideration. To derive generation rates for other center sizes, add 
stores in the following manner: 

11. Take the business with the highest sales per square feet and put it in the model 
along with its maximum floor area. 

12. Return to steps 5 to 10 to calculate the generation rate. Note that if the store with 
the highest sales per square feet is also one of the stores that is a necessary store 
in the center, then the ~Si value in the original calculation must be subtracted. 
The i index for this process now covers the necessary stores and the added one. 

13. Continue to add businesses according to their sales rank, taking the highest ones 
first, subt r acting the previous AiSi where necessary. 

14. Find the generation rate fo r any size center (a1)y L value) by referring to a 
graph formed by a smooth curve through the points of acreage and generation 
rates corresponding to the use of the maximum floor areas of given businesses 
in the model. 

EXAMPLE SOLUTION 

The following example illustrates the foregoing procedure: (See Table 2): The 
attempt here is to create a hypothetical neighborhood center which has the highest 
generation. First, the constants must be calculated. 

ca 
V 

(4. 53) (1. 15) = 
1. 90 

2.75 
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a1dca _ 275 (0. 193) (4. 53) (1. 15) = 142_ 6 
V 1.90 

a 2 e = 144 (500) = 72, 000 sq ft 

Examination of Table 1 reveals that four businesses have lower limits on their floor 
area (lni) and therefore must be included in the center. They are 5411 (supermarket), 
5912 (drug store), 7211 (laundry), and 7231 (barber or beauty shop). These businesses 
are entered into the model with their lower floor areas since these stores are not 
necessarily the ones with the highest sales/sq ft. (Yet, despite their lower sales, they 
seem to be necessary to draw customers to the center.) 

The total sales for this group is 

4 
E Aisi = (5. 28) (190) + 1. 28 (122) + o. 20 (56) + o. 20 (96) 1. 1897 106 dollars 

i = 1 
• 

The ground area requirements a re 

G = 
4 5.28 1.~8 0.20 0.20 E A/ai = -1-+-1-+-1-+-1-

i = 1 

Tho area needed for parking is 

p 
4 
E Aisi + a2e = 142. 6 (1189. 7) + 72, ooo 

i = 1 

This makes the total area needed as 

6. 96 thousand sq ft 

173, 934 + 72, 000 sq ft 

U + 1' = L = 173, 934 + 72,000 + 6960 = 252, 894 S(.! IL 01· 5. 00 acres 

The generation is 

4 
TyA = ca E AiSi + e = 2. 75 (1189. 7) + 500 = 3270 cars 

V i = 1 

This makes the generation rate of 3270 cars/5. 80 acres or 650 cars/gross acre . 

Now assume that the generation rate was desired for a plot greater than 5. 80 acres. 
The next store added would be for that business which has the greatest sales/ sq ft 
figure which, in this case, is a miscellaneous retail store (5999) (for example, a trad
ine- stamp redemption store). Including this store in the model adds (see 'l'able 1) 
9180/1 or 9. 18 thousand sq ft to the ground floor area and 9. 18 (198) or 1817. 6 
thousand dollars to the total center sales, thereby causing a total area need of: 
6960 + 9180 +(146. 2) (1189. 7 + 1817. 6) + 72, 000 = 6960 + 9180 + 439, 667 + 72,000 == 

527,807 sq ft or 12. 11 acres. 

The corresponding generation is 2. 75 (1189. 7 + 1817. 6) == 8275 cars. 

This makes the generation rate 8275/12. 11 == 722 cars/acre. 

Note that a 10-acre limit set on the size of neighborhood centers has already been 
exceeded, so that calculations could stop here, but the addition of another store would 
help illustrate the problem of subtraction mentioned before. 
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The business with the next highest sales / sq ft is the supermarket (5411). Notice 
that a supermarket has already been included as one of the necessary stores so that if it 
is included again, this time at its maximum floor area, the minimum floor area will be 
counted twice. To rectify this error, one need only subtract the minimum floor a rea 
from the calculations 

5 

I: 
i = 1 

A-/a. 
1 1 

5.28 1. 28 0.20 0.20 
- 1- + -1- + -1- + -1- + 

9. 18 43 . 07 5. 28 
-1- + -1- - - 1- 53.93 53, 930 sq ft 

The total sales for the center is 

5 
1: AiSi = (5 . 28) (190) + 1. 28 (122) + 0. 20 (56) + 0. 20 (96) + 

i = 1 

9. 18 (198) + 43. 07 (190) - 5. 28 (190) = 1. 1139 x 107 dollars 

Now multiplying by the constants, the resulting generation rate is 

775 

750 

725 --- - --~ Neighborhood (Max, Sal.ea) 

~ 
700 ~ ~ Neighborhood (ATe. Sales) 

:8 ... 675 II 
I 

., 
,e, ... 
:x: 650 

~ 
COIIIIIUnity (Mil. Soles) 

-,: 625 

g 6oo 
s. 
!. 
E 515 
" .. 
s. 
!. 550 

-4 Regional (Max. Salea1 Regional (Max. Sales) 
/ C• ).00) 

-~ ---l. --- --_-· -:-~;0-- (f:)- ~ 0 

d, /; / / Regional (An. Salee) 

I Q 
" "'" 
l: 525 
0 

i · 6J "9-Regional (Ave. Sales I c• 3.00) 

~ .. 
500 

Regional (Ave. Salea ; c•).00) 
475 

0 ro ~ ~ 40 50 ~ ro ~ ~ 
Oroas Acres of' center 

100 110 120 130 140 150 

Figure l. Auto trips generated per acre per day for 10th highest hour for shopping centers of various 
classes and sizes. 
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auto trips 763 ---~-for an area of 40.27 acres gross acre 

As a final exercise, suppose that the generation rate for a center located on a plot 
of 9. 00 acres is desired. Entering Figure 1, which is a plot of all the results obtained 
through the model, it is possible to determine the generation rate for any size center. 
For the case of the 9. 00-acre center, an approximate maximum generation rate of 690 
cars/ gross acre is obtained. 

RESULTS 

The generation or attraction rates which were obtained from the evaluation of the 
model are presented graphically in Figure 1. The points plotted represent that stage 
in the calculations where the maximum area of a given store was absorbed into the 
center. There are two curves for each class of center, one based on the assumption 
that all businesses are selling at rates close to their maximum potential, and the other 
based on the assumption that selling is only at the average rate. There are also a few 
other example points which indicate the sensitivity of generation rates to the lowering 
of highest hourly attraction, i. e. , if the c value is lowered from 4. 53 for the 10th 
highest hour in the year to 3. 00 for the 50th highest hour. 

Attention ii=; directed to the shape of the resulting curves. Apparently the curves 
rise steeply in the beginning because of the influence of the businesses which have been 
forcefully included because of their presence in almost all actual centers. These busi
nesses do not necessarily have the highest sales. Eventually the influence of their less
than-highest sales is overcome and the curves flatten out. It would seem wise that, in 
order to use the results of this study, these beginning influences should be neglected, 
and the model generation values ~h<:.".11.i:'l }u-' 11111 iii ru~rl hy proceeding vertically from the 
point on the abscissa representing the size of the land plot of the center untii the dotted 
extension line is reached. The ordinate value corresponding to this intersection would 
then be the desired generation figure. 

CONCLUSIONS 

On the basis of the model, the maximum expected generation rates for three classes 
of planned centers of various sizes can be calculated. It should be stressed at this point 
that, if the only information available is the size of the proposed center, all that is re
quired is to enter Figure 1 in order to obtain an estimate of a reasonable maximum 
value for the generation of the center. It should be kept in mind that these estimates 
are based on combinations of factors selected in such a manner as to produce maximal 

Parameters Used 
in Model 

Type of store 

Size of store 

Sales of store type 
Person trips/sales 

Car loading factor 
Peak vs average 

nurnber of trip.!!! 
Accumulated vs 

generated vehicles 
Parking n.rca. per vehicle 

Average number of floors 
per store type 

TABLE 3 

Value Assumed in Simple 
Maximal Model 

The store types which have the highest 
sales plus those commonly found in 
all centers 

The greatestfloorarea for highest 
on.le• otorco 

The leaif floor area [nr rnmmnn1y 
found RtOrP.R 

Highest sales per square foot 
Two standard deviations above mean 

Ar= 0.68, As= 1. 15 
A low value 1. 90 persons/vehicle 
Tenth highest hour 

4. 53 
Regression line 

A low value 
"'L = 325 ft 2/veh, "s = 275 ft 2/veh 

Assumed equal to one for most 
all types 
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generation figures. Examination of Table 3 will reveal, for example, that the lowest 
value of parking space per vehicle was used so that more cars could be squeezed into 
the available parking area. 

The simple approach is suggested when only the area of the future center is known. 
If additional information becomes available, the more detailed approach outlined in the 
sample problem can be used with appropriate values for the known variables in order to 
achieve a more accurate (and probably lower) value for the expected generation rate. 
For example, if the actual types of stores and corresponding floor areas were known 
for a center soon to be placed in operation, these values could be used directly in the 
detailed technique to obtain a more accurate rate. (In this case, the known businesses 
would be assigned their highest sales figures along with the higher values of trips/sale 
and peak to average ratios. ) In another case, it might be known that the future owner 
does not wish to plan for the 10th highest hour but for the 50th instead. Again, this 
could be incorporated into the procedure by lowering the peak to average ratio from 
4. 53 to 3. 00. The results of such a policy would then be incorporated into the model 
program. 

The advantage of the model (and algorithm), then, is that the more information that 
is available to the planner, the more he can narrow his calculations toward a reasonable 
generation rate. Yet, he is assured that his resultant value for generation will be on 
the high side of the actual value except under the most improbable circumstances. If 
no information other than plot size is known, the maximum limit presented in Figure 1 
can be used. 

Added to this advantage is simplicity of calculation. The method of estimation which 
has been presented does not require a complicated computer program but can be hand
solved for an approximate value in a short period of time. 

One shortcoming in the proposed model is the inevitable change in several of the 
parameters over time. This is especially true of the sales parameter, di.le to changes 
in prices of goods and services. Nevertheless, the model has been checked against 
existing rates found in the available literature (5) and has been found to give good re-
sults in practically every case. -

To sum up, what has been presented is a procedure rather than an answer. On the 
other hand, the "grand" maximum values have been calculated for reference in those 
cases where the planner simply has no basis from which to infer further information 
concerning the nature and characteristics of the future center other than the gross 
acreage of the plot. 
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Appendix A 

SOME CLASSIFICATION OF BUSINESS TYPESa 

S.I.C. No. Business Type S.I.C. No. Business Type 

5231 Paint, glass, & wallpaper 5912 Drugs 
5311 Department stores 5921 Liquors 
5331 Limited price variety 5942 Books 
5392 Dry goods &general m~r•_•h !,~!,?. Sporting goods 
5411 Grocery-supermarkets 5971 Jewelry 
5422 Meat markets 5992 Florists 
5441 Candy, nut, and confec-

tionery 5993 Cigar stores 
5462 Retail bakeries manu-

facturing 5996 Camera & photographic supply 
5499 Food stores, not elsewhere 

classified 5997 Gift, novelty, & souvenir 
55~1 Tire, battery, & 

accessory dealers 5999 Miscellaneous retail 
5541 Gasoline service stations 6000 Banks 
5612 Men's & boys' clothing 6400 Insurance agents 
5621 Women's ready to wear 7211 Power laundries-family and 
5631 Millinery commercial 
5641 Children's and infant's 7215 Self service laundries 

wear 7221 Photographic studios 
5651 Family clothing 7231 Beauty shops 
5662 Men's shoe stores 7251 Shoe repair shops 
5712 Furniture stores 7830 Motion picture theatres 
5713 Floor covering stores 7911 Dance halls, studios, etc. 
5719 Micellaneous home 

furnishings 7931 Bowling, billiards, etc. 
5722 Household appliauce 
5732 Radio & television 
5812 Eating places 8000 Offices 
5813 Drinking places 

(alcoholic) 

~From: Bureau of the Budget, Standard Industrial Classification Manual (S.!.C.), Washington, D.C. 
Government Printing Office, 1957. 


