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EXECUTIVE SUMMARY 

1. Overview 

The product of this PUR project is a planning package (guidelines, estim
ating procedures, examples and computer soft ware) for the highway oriented 
para-transit modes of car pooling, van pooling, and park and ride. The package 
is designed to be a reference to the planner who, for example, must assess the 
regional or sub-regional potential of one of these modes for TSM planning, or 
who, at a later stage, must estimate the costs and benefits of implementing 
that mode, or, still later, must target specific companies, stations or areas 
for actual implementation. It is further designed to be used by the imple
mentor who, for example, must estimate staff requirements, write specifications 
design a marketing program, and so on. 

Contained in this package are four individual reports, a Service Area 
Identification Methodology computer program, and this summary. The reports 
include, and are subsequently referenced as; 

The Car Pool Planning Manual 
The Van Pool Planning Manual 
The Park and Ride Planning Manual 
The Service Area Identification Methodology Report (SAIM) 

Together, these reports and the computerized software constitute a comprehensive 
planning package for investigating, evaluating, planning, and implementing 
these three automobile-oriented transportation improvements. Each of these 
reports, however, can stand alone providing a self-contained explanation of 
its particular subject matter, or they can be used in various combinations to 
provide a complete package for any particular mode or pair of modes. 

2. Report Descriptions 

Mode Manuals. Each manual contains three parts: description, planning, and 
implementation. The first describes the mode, and places it in the context of 
the entire transportation system in tenns of: the kinds of services the mode 
can reasonably provide, the groups of people served, the types of trips made, 
a.id the kinds of destinations served. 
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The objectives of this summary are: 1) to give the planner a good 
understanding of the strengths and weaknesses of a mode in a particular 
socio-geographic setting or transportation sy�tem and 2) to provide the 
estimates needed for grant applications and the implementation plans. 

The second part of each manual (planning presents estimates, of and 
estimating procedures for the demand, costs and be�efits of each mode. 
Demand estimation as most planners know is still very much an art. This is 
particularly true in the case of paratransit. Thus, although rather 
sophisticated demand models have been built in some cases (i.e., car pooling) 
we have chosen to only reference these models and present some general 
11rules-of-thumb 11 which can be used for essentially "sketch" planning. More 
detailed estimates of potential can be obtained with the SAIM computer 
package. 

Costs have been estimated in 1975 dollar values, except where noted. 
To make the mode costs comparable to other modes with longer or shorter 
life spans, capital costs have been estimated so as to account for the 
increased expenditures (due to inflation) of replacing shorter lived 
vehicles and facilities. While the costs presented represent the best 
available information, we note that there is a great deal of variation, and 
by the time this report is published many prices will have changed. Thus, 
our intent is simply to provide initial estimates and relative costs. 
It is assumed the planner can scale these costs to current dollars and 
adjust for regional variation. The quantifiable benefits of congestion 
relief, energy savings, and reduced parking demand and pollution have been 
discussed for each mode. In many cases, tables or fonnulae are presented 
for estimating each benefit. 

The final part of each manual deals with implementation planning. Here 
we present funding sources, staffing requirements, specifications, marketing 
guidelines, and so on. The objective in these sections is to provide 
sufficient infonnation to create a reasonably detailed implementation plan 
or strategy. 

These three sections (Car Pool, Van Pool, Park and Ride) combined should 
provide the tools and estimates necessary for effectively assessing the 
cost/effectiveness of each of these modes in any regional, sub-regional or 
local alternative analysis. 

Service Area Identification Report. The SAIM Program Report describes 
a computer-based methodology for geographic identification of trip patterns 
that can be cost-effectively served by a particular mode. The SAIM programs 
wer� designed to be used with the manuals to help a planner identify those 
dreas in a region where one of these modes could cost-effectively meet 
transportation needs. The searching techniques and parameters are derived 
from the cost, benefit and demand estimates explained in the planning parts 
of each of the manuals. The output of SAIM are both maps and various 
printed estimates. The maps geographically identify areas where a particular 
mode has high potential. 
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The printed output provides an estimate of the total regional potential of the 
RK>de in question. Various summary statistics (in the case of ride-sharing) 
provide• zone by zone analysis of the mode's potential. 

SAlM was designed to be used with Census UTPP data. since these data are 
readily available at low cost to all metropolitan areas. although other data 
bases could be used. Because Census data often have to be adjusted in a 
variety of ways to yield results acceptable for planning, we have also included 
a documentation and cooiputer program of methods we have found useful in making 
these adjustments. 

3. Research Observations 

Because the purpose of this project was to draw together current research 
and demonstration findings into a useable planning and implementation package 
and to present a coo,puter-based methodology which could identify geographic 
areas in a region that could be well-served by car pooling, van pooling or 
park and ride, there are no research findings in the classic sense of finding 
an answer to a specific question. We have nevertheless made several observations 
from our surveillance of demonstration projects and other research efforts. 
We have also been able to identify those areas clearly in need of research and 
perhaps more important those areas in which further research would add on1y 
marginally to the body of knowledge needed to accurately plan for, implement 
and evaluate these modes. These are slft'l1marized below by mode. 

Car Pooling. We have observed that car pooling, loosely defined is a major 
mode of transportation. There are, for example, twice as many car pool trips 
as solo-driver trips. We have distinguished two kinds of car pooling in ou� 
work: 1) "baseline" pooling or that kind of pooling that occurs natura11y for 
reasons of economy or convenience; and 2) "promotion�inducedk pooling. The 
vast majority of pooling is the former. We estimate that a car pool promotion 
program results in less than 1% of the coo,muters (about .33%) becoo,ing new 
poolers. ihe cost of adding these new car poolers is not inconsequential; on 
the average it costs about $ij3 per year per new pooler or about $0.32 per day 
per pooler (assuming the average life span of these pools is about one year)�* 
That nevertheless, compares very well to the most recent public transit operating 
subsidies of $0.23 per triH or $0,46 per day for a journey-to-work (APTA, Fact Sook, 
1977). While these figures as well as energy consumption and conventence 
measures argue strongly for public investment in car pooling. we nevertheless 
note that much car pooling has already been produced by the private market 

* In "Fva1uation o-F r:aroool f)eMonstration PrrLiects, Interin Renort, 11 

Frederic� �a□ner reoorterl $1? oer ne\-1 carpoo1er. 



place. If there is a desire over the long run to establish a more pennanent 
system of high occupancy transportation it may be wiser to allow increased 
prices (i,e,, gas and parking) to induce car pooling and invest public lllOney 
in a van pool system (which, in fact. induces car pooling) or other low density 
transportation systems. 

lf a choice is made to develop a car pool promotion program, we have 
observed that combined company-targeted, area-wide promotion is more effective 
than either approach alone. We have further found that the most effective 
marketing technique (and well worth the extra money) is what we call !lturnkey 
service t• where the ride-sharing representative after receiving pennission/ 
endorsement from top management hand1es all promotion, matching, organizing� 
etc. within the company--allllOst completely relieving company staff of time 
commitments to the program. We also note that matchlists per se may not 
directly overcome a ulack-of-match" barrier to car- pooling. Their use is 
surprisingly low; once received, however, they may act as a catalyst to initiate 
a personal search for a poolmate. We thus suggest in a tight budget situa
tion, that marketing should take priority over sophisticated matching systems. 

Finally, in compiling this planning document we are satisfied that with 
two or three exceptions, further research would add little to the ability to 
make car pool matching/marketing Policy decisions or to operate an effective 
matching/marketing program. (We are assuming that the formal evaluation of 
FHWA car pool demonstrations will update the cost, demand and benefit estimates 
presented here.) The exceptions are: 1) a carefully designed study is needed 
to assess the competition between promotion-induced car pooling and public 
transportation; 2) a study is  needed to assess the changes in baseline car 
pooling due to car pool promotion. {We have had reason to be1ieve that the load 
factors of existing car pools may increase as a result of promotion� yielding 
greater VMT savings than are usually reported.); and 3) we would encourage 
some general marketing research, not on the attitudes, and socio-economic 
status of the solo driver (these if anything have been overly researched}, 
but rather on the marketing techniques that are effective in. changing the 
solo•driver's behavior. 

Van Poolin?. We have been impressed with both the cost and energy efficiencies 
of van poo ing as well as its market place success. Of the many low density 
(para-transit) modes we have observed. van pooling appears to have the ingred
ients for- long tenn success, both as a component of an energy conservation 
program and as a comprehensive transportation system. We have noted four key 
elements for its marketplace success: 



Door to Door Service. 
of the auto and speed 
minutes per passenger. 

The mode provides nearly the access/ 
of the auto, with excess travel times 

egress convenience 
averaging about 10 

Private Entrepreneur. Car pooling, too, provides the speed and comfort of a 
private automobile. The difference with van pooling is the incentive given 
to the driver, resulting in a personal commitment to provide adequate service 
to maintain a full van. loss in ridership is a loss in incentive money to 
him/her. The result is a "mini-marketing" service with each van. 

Vehicle Investment. An investment is made in a special journey-to-work vehicle. 
Sponsors must thus maintain some long tenn interest in program success. 

Quality Transportation. Because a special vehicle is purchased, it can be 
customized to the consumers' taste and pocket-book. Many vans offer commuters 
a very attractive, comfortable ride that is genuinely comparable to that of the 
standard-sized automobile. 

However, like car pooling, this mode does not totally pay for itself. 
The installation costs of a van pool program in a company are sufficiently 
high to limit its spontaneous implementation to those companies with acute 
transportation problems or to those finns which would substantially benefit 
from the good public relations. 

These installation and ongoing administrative costs are quite low relative 
to other transportation subsidies, however. For a typical company implementing 
a ten van program, we estimate the annual cost at about $29 per van pooler 
over and above the full cost of van operation or about $60 per car removed 
Since only about half of the van poolers can be expected to be fonner S0A 1 s. 
The cost of providing "public 11 van pool service is considerably higher. Based 
on Commuter-Computer statistics (which may be unusually high over the long 
run) the annual cost of third party service (with a fleet of 200 vans) would 
be roughly $83 per van poo1er, or $166 per car removed. 

These simple cost estimates, along with the energy efficiencies which 
have been extensively reported elsewhere, argue strongly for public investment 
in van pooling. Adding weight to the argument is the fact that van pooling is 
more like provision of public high occupancy transportation than (say) car 
pooling. There may be some merit over the long run of re-orienting commuters 
from "private 11 provision of journey-to-work transportation (in the automobile 
or car pool) to the 11public" provision of the same service, since ultimately 
we will have to make increasingly collective decisions on the consumption of 
our resources. 
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The cost figures further suggest that every effort should be made to have 
private companies sponsor van pooling through both tax incentives and public 
provision of turnkey installation service as discussed in the Car Pool Report. 
Where third-party service is warranted (i.e. 1 small office complexes), we feel 
there are substantial economies to be realized (similar to those realized in 
private companies) from adding on to an existing transportation agency as 
opposed to setting up a separate entity. There are also the additional benefits 
of creating a coordinated transportation system. and such an approach could 
eliminate some of the regulatory and insurance problems van pooling has tradition
ally faced. 

While we are enthusiastic about van pooling as an excellent mode for 
serving some low density transportation needs, we note that ultimately the 
role of van pooling in a total transportation system is limited. Nationally, 
only about 25'1. of the trips are in e:Xcess of ten miles. Many of these trips 
are CBD bound and could perhaps be better served by public transportation. Of 
the remaining trips, only a fraction are sufficiently clustered at both the 
origin and destination points to be effectively served by a van pool. In our 
final tests of Chicago area commuters, we found that only about 2200 van pools 
could realistically be expected to fonn in the six county area. 

Park and Ride. Our study of the park and ride mode has indicated that the 
major advantage of providing a park and ride service is the diversion of 
parking from one destination to another. We have also found that generally it 
is necessary to provide about four park and ride spaces in order to divert 
just one auto from parking at the ultimate destination. Thus the park and 
ride mode increases the total number of parking spaces which must be provided 
in a metropolitan area. To justify this, the benefits -of diverting parking 
from a particular destination must be significant. We have suggested that 
such a situation typically exists only in the CBD's of fairly large metropolitan 
areas. This recanmendation is further supported by the results of surveys 
which indicate that canmuters who switched to the park and ride mode fran auto 
most often did so to avoid high trip costs, especially CBD parking charges. 
Thus in small CBDs where parking is easily available and inexpensive (say, 

, less than $1.50 per day). the conditions necessary to stimulate demand for 
park and ride are absent. 

We have distinguished two types of park and ride service by the location 
of the park and ride lot. Peripheral park and ride lots are located close to 
the destination and the transit service provided is typically a shuttle bus. 
Remote park and ride service provides a line-haul transit service originating 
from a lot considerably farther from the destination. Since peripheral park 
and ride lots are not located in low density areas (the primary focus of this 
report). we have limited our consideration to remote park and ride services. 
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In fact. remote park and ride is uniquely suited to low density areas, 
since it significantly increases the size of the area served by a single 
transit stop. The use of private automobiles for the first (collection) part 
of the journey makes it possible for persons who live in areas with densitles 
too low to support feeder bus service to use transit for the line�haul part of 
their journey. 

Experience with various transit modes indicates that commuters on relatively 
long work trips are sensitive to the travel time of the park and ride transit 
mode as compared to travel time by automobile. Thus local bus service ls not 
used for remote park and ride. One rule-of-thunb states that park and ride 
with an express bus operating in nonnal highway traffic will not generate much 
demand if the bus trip is longer than five miles or twenty-five minutes. How
ever, when park and ride is provided with transit service by modes which have 
a separate right-of-way, there are typically no problems in attracting park 
and riders to use the service. This information leads us to the major recommend
ation of the park and ride report: We recommend that in fairly large metro
politan areas {population over 250 t000) with scarce and expensive CBD parking 
(at least $1.50 per dayl, park and ride service should be supplied in conjunction 
with any existing or planned commuter rail, rall rapid transit, or bus-on-
busway systems. 
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Part l - DESCRIPTION 

CHAPHR I :  INTRODUCTION 

1 . 1  Defi n i tion  

A person who drives an automobile to a transfer point, parks i t, and 
then transfers to a transit or para-transit mode is said to be using park 
and ride. A park and ride facility consists of a park and ride lot where 
commuters ' automobiles are parked, and a station or some transfer point 
where commuters board the transit mode. A park and ride service is defined 
to include both the park and ride facility and the transit mode. 

Park and ride is an effective way of combining the automobile and mass 
transportation, using each mode in the geographic area to which i t  is best 
suited. �ecause the automobile is used for the initial collection part of 
the journey, park and ride draws trips from a relatively large market area 
to a point where there is enough concentrated demand to support mass transit. 
For this reason, the mode is especially suited to low density areas which may 
not otherwise be able to support fixed-route service. 

Park and ride is not a new concept. For example, private parking for 
a tee has been provided along trolley l ines in the Pittsburgh area since 
at least World War 1 1  (Comsis Corporation, 1975) , By 1966, at least thirty
six cities in the United States had tried park and ride, and park and ride 
tacilities were in operation in at least twenty-eight of them (Deen, 1966). 

1.2  Types of Park and Ride Service 

Park and ride services can be classified by the location and type of 
the park and ride lot and by the mode the user takes after parking. 

Location of the Lot. Park and ride services may be designed to serve 
different segments of the journey. In this sense, there are primarily two 
types of park and ride: peripheral and remote. In peripheral 
park and ride, the commuter compl etes most of the journey in his or her car 
and switches to transit for the final segment of the trip. Peripheral park 
and ride services generally include a shuttle bus covering the downtown area. 

Remote park and ride intercepts the auto trip much closer to the origin. 
In this case the transit mode serves the line haul and sometimes the distrib
ution part of the journey, with the automobile serving only as the collector. 

Park and ride services are best suited to Central Business District (C�D) 
destinations, but there are examples of park and ride services oriented towards 
other destinations. In Rochester, NY, for example, park and ride bus service 
has been organized to serve major employment areas outside the CB□ .  Also in 
Rochester, a group of auto-repair shops sponsors a "repair and ride" service. 
Both of these services, however, attract relatively small numbers of commuters. 
In a number of metropolitan areas, many persons use park and ride to sport 



events, concerts, and festlval s  where the serv i ce  helps to reduce congestion 
and parking demand at the destination. 

JW of Lot. Park and ride l o ts may be e i ther s ingle�use or joint�use. A 
s l ng l e-use l ot i s  one constructed solely for the parki ng of commuters 1 auto� 
mooi l es ,  A jo i nt-use lot serves more tOan one purpose. For exampl e , a 
number of spaces i n  a shopping center park i ng l o t  might be used for commuter 
parking during the day� Park i ng lots which are primarily used dur i ng non
worki ng hours, such as tnose at bowl i ng a l l eys ,  drive- in s ,  or churches, are 
good candidates for jo int-use park and ride l ots. 

l he Tran s i t  or Para-Transit Mooes. I n  park and ride� the automobi l e  may 
serve as a ·teeder to a number of d i fferent modes� Most commonly , trans i t  
service i s  by bus , commuter ra i l .  o r  rai l  rap id  trans i t- Bus transi t 
service may be l ocal shuttle Dus serv ice, express bus operati ng i n  
hi ghway traffic ,  or bus on busway. ( I n  thi s report we wi l l  use ,!bus'' 
to denote an express bus operating i n  h ighway traff ic ,  whi le  1 oca1 , 
shuttle 1 or bus on ousway wi l l  be i ndicated a s  suc h . )  Although some park 
and ride l ots  are designed to faci l i tate car poo l s  ana van pool s ,  there i s  
l i ttl e i nfonnation ava i l ab le  on them and that i s  presented i n  the Car Pool 
and Van Pool reports. Therefore, we shal l not consider them further i n  thi s 
report. 

1 . 3  Ubj�ctives  Of Prov i d i ng Park and R i de 

The most obvious reason for prov id ing park and  r i de service i s  the 
di versi o n  of automobi l e  park i ng from areas of h i gh l and cost, such as the 
CtlO, to areas of lower l ana cost at the fri nges of the CBD or  i n  more remote 
sections of the metropol i tan area. For exampl e ,  P i ttsburgh ' s  remote park 
and r ide serv ices, wi th about 1 150 users on an average day have succeeded 
i n  diverting about 4UO commuters from downtown park i ng to remote park i ng .  Si nce 
most at' thOse di verted are l ong-term parkers, parking spaces for short-term 
parking are freed. S r nce tnese spaces are used prim.ari Jy by persons on 
shopping and personal busi ness trip s ,  the prov i s i o n  of park and ride can be 
an important component of a c i ty' s efforts to promote the economi c we l l -being 
of the CBD. 

Park and ride can a1 so sati sfy the objectives of d iverting auto drivers, 
and decreasing vehi c l e-mi l es ,  po l l ut ion ,  congestion, and energy 
consumption ( see a l so Chapter 8 ) .  P i ttsburgh ' s  park and ride serv i ces {men
tioned above) resul t i n  a decrease of about 6600 vehicle-mi l e s  of automob i l e  
travel dai ly ,  wh i c h  does not take i nto account extra nus mi l eage ( Coms i s  
lorporation� 1975 ) �  I n  l ow  dens i ty areas, park and  riae makes trans i t  more 
accessib le  for persons who l i ve beyond wa l k i ng di stances of trans i t stations. 

wri i l e  park and ride does address tne onject1ve of reduci ng CBD parking 
demands and other objectives common to most mass transi t systems� i t  i s  impor
tant to note that ( si nce the serv ice  i s  designed for and primarily used by 
auto owners ) i t  does not s i g n i fi cantly i nc rease the mobi l i ty of transi t cap
t ives.  
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CHAPTER 2: SERVICE CHARACTlRJST!CS 

Two uni que characteri stics of park and ride are di scussed in Sections 
2.1 and 2.2 below. Parking cost and transi t mode fares are bri efly described 
i n  Sections 2�3  and 2.4� 

2.1 Need for Automobile 

Since park and ride requi res that the commuter use an automobile for the 
fi rst part of the journey, i t  caters to a 1'choice" rather than a 11captive0 

transi t market. lhe exi stence of the alternative of the automobi 1e for all 
park and ride users means that park and ride services must provide a h igh 
qual i ty of service co,npetitive wi th the automobi le. As Brown 1 1975) suggests, 
" i ncentives such as free or very inexpensive parking, high frequency of service, 
express bus routes. and seating for all ri ders are cruci al in maintaining thi s  
transi t market." 

2.2 Transfer 

Since all trips by park and ri de i nvolve two separate modes, a transfer 
i s  a necessary component of all trips. Transfer time i s  generally agreed to 
be the most burdensome of all travel time segments, some stud i es claiming i t  
to be nine times as onerous as i n-veh icle times (Pagitsas� 1977]. Thus park and 
r i de planning must attempt to reduce the di ffi culty of the transfer i n  order 
to attract ri ders from the auto. In  addition, i t  i s  unlikely that auto owners 
would tolerate a second transfer i n  the same journey. In Stamford, Connecticut, 
the idea of a park and ride service wi th an express bus to a railroad station 
was di scarded, on the basi s of a survey of railroad commuters ( Connecticut 
State Hi ghway Dept. , 1969). The proposed park and ride serv i ce would have 
required two transfers i n  a si ngle trip. In fact, most park and r ide trips 
only lnvolve one transfer� since most commuters using park and ride walk from 
the transi t vehicle to thei r  ultimate destination (E,h ib it  2-1), 

2.3  Park i ng Charges 

Over half of park and ride lots charge no parking fee 1 and only a few lots 
charge Sl.00 or more (Exh i b i t  2-2) . Parking costs are therefore much lower at 
park and ride lots than at CBO lots, and these savings have been proven to be an 
i mportant incentive for the use of park and ride ( see Section 3'.5}. 

2.4 Transi t Fares 

The major i ty of park and ri de services cost less than $LOO for a one-way 
transi t trip. Exh ib i t 2-3 indi cates that the highest fares are charged at rail
serviced lots, because rall trips often cover longer di stances than bus trips. 
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CHAPTER 3 :  USER CHARACTERISTICS 

l n  thi s  chapter we discuss a number of characteri stics of park and ride 
users--namely auto ownersh ip ,  i ncome , sex and age. 

3 . 1  Auto Ownership 

As mentioned earl i er, an auto i s  necessary for the fi rst part of a j ourney 
by park and ride. Therefore, i t  i s  no surprise to f i nd that almost a l l  users 
of park and ride servi ces have at l east one automobi l e  per househo l d  ( Exhi b i ts 
J-1 and 3-2 ) .  These exh ib its point  out the extent to which  park and ride 
appeal s to a c l i entele wh ich  i s  much di fferent from that of mass transit i n  
general . The fact that vi rtual ly al l park and r ide users are "choi ce'' riders 
demonstrates the necessi ty of creating and mai ntai ni ng i ncentives for the use 
of th i s  mode. 

J . Z  I ncome 

Most studies i ndicate that park and riders tend to come from househo l ds 
i n  the mi ddle or h igh i ncome range. For exampl e ,  the median i ncome of park 
and ride users i n  Vancouver, B .C .  was $10,000 per year ( Brown, 1975 ) wh i l e  
more than hal f of the park and ride users i n  Dal las  had fami ly i ncomes of 
more than $10,000 ( DeShazo, 1970 ) .  Peat, Marwi ck , Mitche l l  and Company ( 1971 ) 
report that the majori ty of users i n  Atlanta, Cl eveland, Mi lwaukee and Seattl e 
had i ncomes greater than $10,000. 

l he relatively high i ncomes of park and ride users are not surpr1 s 1 ng ,  
si nce these are primarily auto owners who are empl oyed i n  the CBD. I n  terms 
of plann i ng a park and ride service,  thi s characteristic of park and ride users 
suggests that a high l evel of service i s  necessary, si nce these users wi l l  
val ue their time at a hi gher rate than woul d l ower-i ncome persons o r  transit 
captives. 

J . J  .Sex 

A l though women general ly make l ess than half of al l work trips,  they make 
up more than hal f of the users of three out of four park and ride services ( see 
Exhi bi t J-3 ) --whi ch ,  as wi l l  be shown i n  Chapter 4 ,  primarily serve work 
tri ps. 

As Exhi bi t 3-4 i ndicates, park and ride i s  especi a l ly appea l i ng to the younger 
commuter. Thi s i s  further supported by the fact that Vancouver ' s express bus 
drew 67 .9% of i ts passengers from those under 25 ( Brown , 1976 ) .  The Atlanta 
11Town Flyer ' s" passengers are roughly comprised of 60% young women ,  the rest 
young to middle-aged busi nessmen and students ( C i ty of Atlanta, 1Yb7 ) . 



J.b Reasons for Choosing Park and Ride 

Surveys of park and ride users in several metropolitan areas reveal that. 
apart from the quality of service, a reduction in travel cost and avoidance 
of congestion seem to be the most important factors motivating commuters to 
park and ride ( Barton-Aschman Associates.  1970, Peat, Marwick and Mitchell, 
1971 ) .  These two factors are discussed below. 

T ravel Cost. A study of auto drivers who shifted to park and ride revealed 
that the reduced travel cost was the main reason for the shift to park and ride 
{ Brown, 1972) . Also. several authors have suggested that there is evidence 
that the cost of downtown parking is the most significant factor stimulating 
demand for park and ride (Gatens, 1974, Institute of Traffic Engineers, 1973) . 
Deen ( 1 966) reports that park and ride lots were established in Harrisburg, 
Pennsylvania, Fort Wayne, Indiana. Richmond, Virginia, San Diego, California, 
and Louisville, Kentucky previous to 1955, but failed to generate significant 
demand, probably due to the l ow  parking costs in those CBD ' s. Park and ride 
l ots, which typical ly charge very little or nothing for parking. offer a dis
tinct cost advantage over downtown parking rates in many metropolitan areas. 
Commuters seem to be more sensitive to changes in park and ride lot charges 
than to changes in destination parking fees. For example, Kul ash (1974) 
reports that the elasticity of demand for downtown parking for work trips is 
about -0.3.  Experience with the Atlanta "Town Flyer" park and ride service 
suggests ( our computation) that the elasti city of demand for park and ride 
parking is higher--about -0.54. Thus a smal l  fare increase for park and ride 
service may decrease its usage more than a similar increase in downtown parking 
charges woul d affect the usage of downtown l ots. 

Exhibit 3-5 indicates that high downtown parking costs and a high level of 
service interact to create demand for park and ride. On this graph, the circled 
numbers represent the in-vehicl e  time plus the average waiting time, which is 
weighted at 2.5 times the in-vehicle time. It is clear that where travel times 
and waiting times are l ow, and parking costs are high, the percent of park and 
r."ide spaces used will gener3lly be high. 

Congested Driving Conditions. Most successful park and ride facil ities are 
l ocated in heavil y  traveled corridors which become congested during peak hours. 
Traffic congestion induces park and ride usage in two ways: 

1) As speeds of auto travel decrease, the time savings offered by 
modes that operate on a separate right-of-way become more signif
icant--this app l ies to commuter rail , rail rapid transit, and 
express bus on busway; 

< I  I n  the case of an express bus park and ride service  that must 
operate in the same traffic as automobil es, the stress of driving 
an auto in congestion can be an incentive for the commuter to 
change modes. 

Gatens ( 1974) suggests that a bus park and ride lot should be placed in a 
c·orridor just a little further from the CBD than the point at which serious 
congestion begins to occur. Until traffic begins to slow down, the 
commuter is able to minimize his or her total travel time by continuing the trip 
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by auto. As the speed of travel Dy auto becomes l ower , the commuter stands 
to l ose l ess i n  travel time and gai n more i n  rel ief  from congestion by 
chang i ng modes at a park and ride l ot. 

CHMTER 4: TR IP  CHARACTERISTICS 

Section 4 . 1  shows that most park and ride tri ps are work tri ps .  Secti on 
4 . 2  di scusses l engths of park and ride trips and Section 4 . 3  discusses the 
destinations of such tri ps. Since a travel er can arrive at a park and ride 
taci l i ty by modes other than an auto ( e . g  . •  wal k ) ,  i t  i s  i nteresti ng to exam i ne 
the distribution of users of ai fferent access modes .  Thi s i s  done i n  Section 
4 . 4 .  

4 . 1  Trip Purpose 

Hemote park and r ide serv i ces are used almost excl usively for work trips 
( Exhibi t 4-1 ) .  Thi s i s  i n  contrast to the tri p  purposes served by mass transit 
i n  general . For examp l e ,  i n  Mi lwaukee, only about hal f of a l l  mass transit trips 
are work tri ps ,  whi l e  almost all park and ride tri ps are work trips. Remote and 
peripheral park and ri de faci l ities di ffer in the proportion of work tri ps ser
ved. The I n sti tute of Traffic Engi neers ( 1973 )  observed that parking l ots l oca
ted cl oser to the CBD have a somewhat hi gher turn over rate than those l ocated 
t urther away. Thi s suggests that peripheral l ots serve r.iore non-work trips 
( e . g . , shopping and personal busi ness tri ps ,  which are of shorter duration 
than work tri ps )  than do remote park and ride l ots. 

General l y ,  the structure of park and ride services and the i ncentives for 
the i r  use are such that work tri ps -are served best. Park and r ide i s  typi cal ly 
ori ented toward a CBD where there are numerous work desti:'"latl ons. For a work 
trip wi th a si ngle destinati on,  un l i ke a shopping or personal business tri p 
which often combines several desti nations,  i t  i s  l ess of an inconvenience to 
l eave the car parked at a di stance. Where desti nation park i ng charges are h igh ,  
the cost of  parking daily i s  much more of a burden than the cost of park i ng for 
an occasional shopping tri p .  Al so, during the peak hours when most work tri ps 

. are made, traffic congestion provides an additional i ncentive to park and ride. 

4 . 2  Trip Length 

We di v i de park and ride trip l engths i nto three components: access 
di stance to the faci l i ty ,  l ength of the transit tri p,  and egress di!:>tance. 

Access Di stances. A general rul e-of-thumb i n  pl ann i ng bus routes assumes that 
a lmost al l of the riders wi l l  wal k  from wi thi n 3/8 mi l e  of the transi t stop. 
The addi ti on of a park and ride fac i l i ty makes the service area of the transit 
stop several times l arger. Exh i bi t 4-2 indicates that i n  the case of remote 
l ots ,  �0% of the users of the park and ride faci l i ty came from within 4 mi les 
ot· the stati on.  In most cases, lb% of the users came from within ti mi l es of the 
station.  Thus al though the maximum distance travel ed may be quite hi gh ,  ( Brown ,  1 9 75 ,  

9 



reports that in Vancouver some commuters l i ve 2U miles away from a 
remote bus lot), the majority of users ( 7 5%) wi l l  come from within 
!:I mi les of the park. and ride facili ty. 

Access distances for commuters using CBD peripheral lots may 
be consi derabl y  longer, since such di stances combine both access 
and line-haul portions of the trip. In Atlanta ' s  CBD-peri pheral 
l ot, for example, 75% of the users came from more than 7 miles away 
from the l ot ( Ci ty of Atlanta, 1972 ). 

Length of Transit Trip. Barton-Aschman Associates' (1970) study 
of parkers at hi ghway interchanges found that 89% of parkers in 
New Jersey traveled mo re than JU mil es from the park. i ng p l  ace to 
their ultimate desti nations in New York. City. However, line-haul 
di stances in other metropolitan areas appear to be considerably 
shorter. The same study found that 80% of park. and ride users 
destined for Boston traveled a l ine-haul distance of 20 miles or 
l ess. For C leveland ' s  rail park. and ride system, the average 
l i ne-haul di stance is only 7 . 6  miles (Ihnat, 1969) while Deen ' s  
( 1966) survey of a number of cities revealed that the average line
haul di stance for rail transi t  trips was 6 . 5  mi les, and for bus 
trans i t  trips was 3. 7 miles. 

The di stance wh ich a commuter will travel to reach a remote 
park and ride l ot appears to depend on the total trip length. 
Barton-Aschman Associates (1970) suggest that mean access di stance 
is roughl y  equal to 20% of total trip length. 

Egress Di stance. As shown in Section 2 . 2, the dominant egress mode 
is walking. Consequently, egress distances are small and therefore 
for park. and ride trips using remote facilities, fairly high employment densi
ties are required at the destination. 

4.3 Destination Characteri stics 

Most successful park. and ride programs have been aimed at 
providing transportation to CBD ' s. Some of the major incentives to the use 
of park. and ride--congested driving conditi ons, high parking costs, and 
scarcity of parking at the destination are typically found only in relatively 
large CBD ' s. The CBD i s  generally the area 1 s largest center of employment, 
and as shown in Section 4.1, park. and ride service is parti cularly 
S '.Ji ted to serving work. trips. Tanner and Barba (1 973) suggest that 
the activity center sel ected as the focus of the park. and ride 
service should have at least lU,OUU employees, since areas w ith 
fewer empl oyees do not typically generate large numbers of travelers 
on interchanges greater than a few miles in length. They also 
suggest that peaking of travel to the destination is desi rable, 
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since a concentrated demana at one l ocation  over a short period of time al l ows 
the trans it  operator to prov ide a high l evel  of service at that time. 

Si nce the di ffi cul ty and expense of parki ng close to destinations are major 
i ncentives. toward the use of park and r ide,  a des ti nation where park i ng i s  
easi ly obta i ned and not s ign if icantly more expensive than transi t fares i s  not 
a promi s i ng candidate for a park and ride service- Deen ( 1 966) mentions 
t ive c i ti e s  in whi c h  park and ride services were di scontinued due to l ack of 
patronage: Harrisburg, PA , Fort Wayne, rn, Richmona, VA� San Di ego, CA� 
and Lou i sv i l l e . KY. ln each of these cases, i t  i s  bel i eved that the inexpensiveness 
of parking downtown contributed to the fa i l ure of the park and ride services. 

4 . 4  Access Mades 

�hi l e  the di stingui shi ng characteri st ic  of a park and rlde service i s  
the prov i sion of parking for commuter ' s  automob i l es �  there are a number of modes 
which may accompl i sh the col l ection function. These other access modes are important 
tor consideration because they contribute to the total ridership of the 
trans i t  mode ? even though they do not requ ire the prov i sion of park i ng space. 
R i ders boarding transi t at a change-of-mode faci l i ty may arrive by any of the 
tol l owi ng modes :  drive own automobi l e  and park, passenger i n  an automobi l e  
wh ich  i s  parked at the lot ( car pool } ,  other para-transi t moaes ( e. g . , d ia l-
a-bus, taxi i i passenger in  automobi l e  which i s  driven away ( ki ss-and-ride ) ,  
feeder bus. b icyc l e, and wal ki ng .  

Exh i bi ts 4 .3  and 4 .4  present the di stributions of  access moaes for  several 
park and ride l ots. The d i stributions di ffer according to the type of area 
i n  wh ich  the transi t  station i s  located. Exhib i t  4.4 i l l ustrates thi s  phenomenon. 
I n  Stamford� Connecticut, where 9!:i't of the cOlilmuters arrive oy auto and only 
ii wa l k ,  the commuter ra i l  station ls 1 ocateo i n  the CBD at some di stance 
trom residential areas� The other two stations are l ocated i n  residential 
areas, whi ch i s  reflected in the percentage of users Who wa l k  to the station 
(34% and lY't. ) .  The d i stribution o f  the various access modes does not seem to be 
rel ated to the type of transi t serv ice  provided, but l t  i s  c l ear that the 
commu ters' choice of an access mode i s  a function of the distance 
trom the ori g i n  to the. transi t station ( Exhib i t  4-5 ) .  

4,5 Egress Modes 

As was di scus.sea i n  Section Z .2 �  most park and ride users reach their 
•; l timate destination by wal k i ng .  
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PART J I  - PLANNING FOR PARK AND RIDE 

CHAPTER 5 :  OVERVIEW OF PARK AND RIDE PLANNING 

ln Section 5. 1  we provide an overview of the si tuations where regi onal 
p l anning for park and ride i s  appropriate and some rules-of-thumb for 
i dentifying these situations. Section 3.2 discusses some exceptions to the 
rules and suggests how planning for these excepti ons might be handled. Some 
turther general guidel i nes for park and ride planning are presented in Section 5.3. 

!:> .  I Park and R i de Service for Low-Densi ty Areas 

The i nformation presented in  Part I of thi s report gives us the ability 
to identify the condi tions under which park and ride i s  most appropri ate, and thus 
narrow down the number of alternatives which must be consi dered in planning 
for low density park and ride service. Planning a park and ride service 
includes choosing a destination for the serv i ce and locati ng a park and 
ride facili ty. We have seen that the primary objective of providing park 
and ride service i s  the diversion of park i ng from one area to another (Section 
l . J ) .  Thi s objective will help us determi ne the destinati ons which should be 
served by park and ride. We can then beg in  to consider the areas to which parking 
demand can be di verted, which wi l l  indi cate the locations of park and ride facilities. 

Desti nations. We know that most park and ride users will walk from the 
transit mode to the ir  ultimate desti nation (Section 4.5 ) , and that almost all 
park and riders are on work trips (Section 4. 1 ) . Thi s  leads us to describe 
the park and ride destination as an employment center i n  a relatively high 
density area, where many tri p ends are located withi n a short walk of a transi t 
stop, and where i t  might be di ffi cult to provide suffi ci ent parking to meet 
demand. 

Si nce in  an urban area the CB□ has the hi ghest employment dens ity ,  i f  the 
CBD i s  not a sui table destination for park and ride trips, no other sui table 
destination i s  likely to be found in the area. In fact, most existing 
park and ride serves CBD destinations (Section 4.3 ) .  Surveys of commuters who 
park and ride i ndi cate that they consider a reduction i n  travel cost to be 
the most important consideration in the dec i s ion to use park and ride ( Section 3 .� ) .  
Addi ti onally, park and ride demand studies have revealed that, when the costs of 
park and ride are roughly equal to the costs of a trip by auto, the 
percentage of commuters choosing park and ride i s  very low (Secti on 6.1 ) .  

Since overall tri p  costs vary accordi ng to tri p  lengths, i t  i s  convenient 
to consider one important component of total tri p cost, the CB□ parking cost. We 
have seen that when downtown parki ng costs are less than $ 1 . 50 per day, park and 
ride lots tend to be poorly utili zed (Exhibit 3-�.  Sect ion 3. 5 ) .  We can 
support thi s further through a compari son of some auto and park and ride costs. 
For the commuter, the major benefi t of park and ride i s  the avoidance of downtown 
parking charges, while the most s igni ficant cost i ncurred i s  the extra time 
invo l ved i n  transferring from auto to another mode. Let us assume that the 
commuter makes hi s or her modal choi ce by comparing thi s cost and thi s benefit. 
It the extra time cost of transferring amounts to about IU minutes each day, 
and the commuter values thi s time at $ 1 U.UU per hour, the transfer time 1 s  
worth rough l y  $ 1 .  /0 per day. 
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This infonnation suggests that in the case of a downtown parking cost level 
below $1 , 50 to $1 ,70 ,  few canmuters are likely to use a park and ride lot, Since 
the level of parking cost also indicates the demand for parking and the demand 
for the land used in parking, it is reasonable to conclude that in CBD ' s  
where parking costs are below this level, there is little need to divert 
parking away from the CBD, Realizing that other variables such as the level 
of transit service are important i n  detenn1 n1ng park and ride demand, we shall 
adopt the more conservative figure ($1 . 50 per day parking cost) , as the 
point below which CBD ' s  should not be considered as destinations for park and 
r ide services. 

Location of the Park and Ride Facility, Although suitable park and ride 
desti nations are unl i kely to be found i n  l ow-densi ty areas, such area·s are suitable 
l ocations for park and ride facilities. I n  fact, park and ride is especially 
suited to such areas , since the use of autanobiles for the first leg of the trip 
greatly extends the coverage of the transit service. 

The previ ous discussion ·of park and ride desti nations has l i m i ted our 
planning recommendations to park and ride serving the CBD ' s  of fairly large 
metropolitan areas. Since this report is concerned with planning for low-density 
areas, we can next consider where those low density areas might be in 
metropolitan areas where park and ride is a sui table mode. Using our 
cutoff point of $ 1 , 50 CBD parking cost , and referring to the graph i n  Exhibit 5-1 , 
i t appears that a metropo 1 i tan area of 2 50 ,ODO or more is 1 i ke ly to have a CBD 
parking fee of $1 ,50 per day ($D.75 per one-way trip,) Next, using Exhibi t  5-2, 
we can see that such a metropolitan area has its highest residential densities 
at about 4 to 5 miles from the CBD and declines at greater distances from the 
CBD, 

Our knowledge of existing park and ride services indicates that demand for bus 
park and ride drops significantly when the distance from the CBD is greater 
than about 5 miles, or travel time on the bus is greater than 25 minutes 
( See Section 5.3) , In contrast, it appears that demand for park 
and ride is not significantly affected by trip di stances when the transit 
mode operates on a separate right-of-way. Thus park and ride with bus 
service is best used for services requiring a shuttle or a short line
haul. For the low density areas which are the subject of this report, 
we recommend that park and ride be provided in connection with rail rapid 
transit , commuter rail service or express bus on busways. 

5 ,2 Some Exceptions 

Several exceptions to the general cases of park and ride outlined in the 
pr�vious section may occur. For example, parking scarcity may occur even 
i n  low density areas when there is a popular sports event, concert, or convention. 
However, for temporary park and ride services such as these, regional planning 
in great detail is unlikely to be necessary. 
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Other excepti onal cases are si tuations where van pool s,  subscription buses 
or ECBS (Empl oyment Center Bus Service )  may origi nate from an exi sti ng 
park i ng l ot. In such cases, pl ann i ng consi sts of primari ly  deal i ng wi th the 
para-trans i t  mode and the parking aspects of such efforts are l i kely to be min ima l .  
However, some of the i nfonnati on presented i n  thi s report wi l l  sti l l  be 
useful . 

A fi nal 
get so 1 arge 
thi s case i n  

exception i s  
or dispersed 
the report. 

one which frequently occurs at 
that a bus service is  needed. 

5 .3 General Poi n ters and Gui del i nes 

ai rports where l ots 
We do not consider 

In th i s  section we di scuss some guidel i nes that are suggested by previous 
experience wi th park and ride, wi th regard to transportati on corridors. 
di stance from park and ride l ot to the desti nati on, and access i bi l i ty of the 
park and ride l ot. 

Transportation Corridor. The selection of a transportation corridor in  wh ich  to 
l ocate a parking l ot i s  a more important consideration in pl anning a remote park 
and ri de l ot than a peripheral one, s i nce peri pheral park and ride faci l i ties 
tend to draw parkers from a fa i rly wi de market area. Here we wi l l  deal wi th 
remote park and ride, exc lus ively. 

In  most cases, the park and ride corridor shoul d be a heavi ly traveled 
one al ready defined by an exi sti ng highway, rail  l i ne, or bus routes ,  l eading 
to a major acti vi ty center. For bus park and ride, the exi stence of a 
highway i s  cruc i al , si nce the express bus must be able to travel on a highway 
to compete wi th the travel time of the auto. Addi tional ly , most successful bus 
park and ride l ots are l ocated wi th in  one-hal f mi l e  of an expressway i n  order to 
provide easy access for the commuter to the park and ride l ot  and for the 
bus to the hi ghway . 

Di stance from Lot to Desti nation. The di stance from the desti nation at wh i ch a 
park and ride l ot i s  l ocated i s  important i n  detenni n ing the success of the 
fac i l i ty .  I t  i s  desi rable to induce the commuter to change modes as soon as 
poss i b l e  in order to mi nimi ze veh ic le  mi l e s  travel ed. Thi s impl i es a l ocati on 
as far as possi b le  from the CBD . However, especi al ly wi th bus park and ride 
l ots,  the greatest demand for park i ng seems to be generated relatively 
c l ose to the CB[). Deen ( 1 966) observed that most successful bus park and 
r �de l ots seem to be l ocated wi th in 5 mi l es or 2b mi nutes travel time of the CBD. 
Thi s phenomenon , he suggests, may be due to the fact that even express buses do 
not general ly offer travel time sav i ngs over the automobi l e ,  and thus commuters 
wi l l  not usual ly tol erate l ong tr ips on the bus when they have an auto as an 
al ternative. 
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Comsi s Corporation ( 1 975) observes that i n  general , the morEi successful 
of Pi ttsburgh ' s  bus park and ride lots are l ocated cl oser to the CBD , but 
that l ots at di stances l ess than 1 5  mi l es are equal ly successful . Those l ots 
l ocated greater than 1 5  mi l es from the CBD, however, seem to be l ess successful . 
I n  l ocating a bus park and ride l at,  the di stance from the CBD should be 
sel ected through a consideration of di stances and, more importantly ,  travel 
times. In most i nstances, keeping bus travel times under 30 mi nutes seems to be a 
reasonable guideline. 

Because of the travel time savings provided by a mode with 11 separate 
ri ght-of-way , rai l and busway park and ride l ots may be l ocated at greater 
di stances and greater travel times from the CBD than bus 1 ots. Even when total 
travel times by rail and busway are l ong , the trip tends to be faster than a 
comparable trip by auto. Thus commuter rail , rail rapid trans it ,  and bus on 
busway , park and ride l ots, seem to be successful as far away from the CBD as those 
commuter stations are found. I n  New Brunswi ck , NJ , a successful park 
and ride l ot for the commuter rai l  service  i s  l ocated 33  mi les alrlay from i ts 
Manhattan desti nation (Tri-State Transportati on Commi ssion, 1 967 ) .  

Access ibi l i ty of  the Park and Ri de Lot. The market area of a bus park and 
r i de l ot may be considered to be the traffic on the highway near the l ocation 
of the l ot. Thus the time from which the commuter l eaves the hi ghway to 
park the car unti l he or she resumes travel i ng on the highway i n  the transit 
vehicl e may be considered an excess time cost. Thi s additional time cost i s  
a d i s incentive to the use of park and ride. Thus, l ocating the l ot as cl osely 
as possibl e to the highway is desi rab le  since i t  mi nimizes the time spent by the 
commuter dri v i ng to the 1 at as wel l as the time spent by the bus driving 
to the freeway. Tanner and Barba ( 1 973) suggest that where i t  i s  not possi bl e 
to al l ow the commuter to make right turns to enter the l ot, turning lanes and 
si gnal s shoul d be provi ded to encourage easy access. 

The accessibi l i ty of l and near hi ghway interchanges makes i t  attractive 
tor uses other than park and ride, therefore, acqui ring si tes ne-ar an 
J nterchange may be both di ffi cul t and expensive. As an al ternati ve, Barton
Aschman Associ ates ( 1 970) recoo,mended that state highway departments and l ocal 
gov ernments exerc ise their  authority to use rights-of-way for pa.rki ng. 
The joint use of parking faci l i ties i s  another l ow-cost al ternative to acqui ring l and. 
Mi lwaukee, for exampl e ,  operates six bus park and r ide routes from various 
shopping centers. Al l of these are wi thin one-thi rd mi l e  of a freeway ramp which 
provides excel l ent accessi bi l i ty and minimizes the time l ost in changing modes 
( Peat, Marwi ck, Mi tchel l & Co. , 1 971 ) .  

Commuter rai l  park and ride l ots tend to be l ocated in the CBD ' s  of 
suourban municipal i ti es and draw their  users from that suburb. The l ocation 
of a parking l ot near the CBD may cause an i ncrease i n  congestion in that area, 
as wel l as inhibiting accessi bi l i ty to the rail station i.tsel f • .  An al ternative 
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is moving the rail station to a location outside the CBD, although the cost 
is  often prohibitive. In New Brunswick , NJ, a second station with a parking 
l ot wa� opening in addition to the downtown station, which did not make 
provision for parking. This facility was l ocated at a rail road siding in 
a non-residential area. Despite the fact that service was l ess frequent 
than at the downtown station, it was found that the new station was well 
used (Tri-State Transportation Commission, l9b7) . 
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CHAPTER 6 :  DEMAND FDR PARK AND RIDE SERVICE 

In Section 6. 1 we di scuss some of the models whi ch have been used for 
predicti ng park and ride demand. For estimating the benefits of park and 
ride. i t  i s  necessary to know the forn1er modes of park. and ride users. Thi s 
i s  di scussed in Section 6.2. ln Section 6. 3 some empi ri cal i nfomiation on 
park and ride demand i s  presented which was developed by the Insti tute of 
Traffi c Engineers. 

6.1  Demand Models 

Several general types of park and ride demand models are di scussed 
below. These model s have been appl ied to a number of di fferent park and 
ride si tuations, as i s  noted i n  the di scussions. 

Questi onnai re-Based Models. The New York State Department of Transportation 
has done a consi derable amount of research on travel demand forecasting based 
on questionnaire surveys. Any forecasting procedure of thi s  type encounters 
the problem of non-commitment response, which i s  the tendency of respondents 
to overestimate their usage of the proposed transi t servi ce since their 
response does not commi t them to using it .  Based on past experi ence wi th 
predicted and observed transit ridership, a method of adju sting non-commi t
ment responses to reflect "true" responses has been developed. Thi s method 
i s  described i n  detail i n  Hartgen (1973 ) , where i t  was used to predict demand 
for remote park and ride with express bus servi ce from several suburban com
mun ities  to the Rochester, New York CBD. The collection of the questionnaire 
survey data i s  descri bed in Schaefer et tl• , ( 1973 ) .  

A questionnaire survey was also used to estimate demand for fri nge parking 
in Stamford, Connecticut. I n  thi s case, there was a shortage of park i ng at the 
commuter rail station (wi th service to Manhattan) which was l ocated in downtown 
Stamford. Present parkers were asked whether they would be wi l l ing to use park 
and ride servi ce from some point  outside the CBD to the rai lroad station (Con
necticut State Hi ghway Department, 1909) . 

Parki ng-Generation Models. Some models for park and ride demand are based on 
forecasting parking demand and then al locating that demand to various parking 
facilities, i ncludi ng park and ride faciliti es. Such a technique was used by 
Austin and Lee (1973) to forecast demand for peripheral park and ride in Los 
Angeles. The park i ng allocati on procedure used i nfonnation about present 
parking behavior of downtown workers, which was assumed to be based on a trade
off between the cost of parking and proximity to the destination. By varying 
the assumed costs of parking and travel times on the trans it  system , estimates 
of peripheral park and ride demand under di fferent conditions were developed. 

Walker and Cummi ngs (1972)  esti mated future parking demand in the Baltimore 
CBD by using parki ng-generation rates for di fferent land uses. 
The allocation of parki ng demand to remote park and ride facili ties was done 
through a questi onnaire survey designed to estimate the percentage of downtown 
all-day parkers who would use park and ride. The forecasted downtown parki ng 
demand was reduced by thi s percentage. The authors did not make any adjustments 



tor the bias caused by non-commi UTient response. 

Level-of-Serv i ce Mode l s .  Abdus-Samad and Grecco { 1972 )  have developed a 
l i near regress ion model wh i ch takes i nto account the effects of a l arge 
number of factors on park and ride demand. The model i s  based on data 
gathered through a ma i l  survey covering 73 rail and 2U bus fac i l i ties .  
The fol lowi ng aggregate variables were derived from the i n fonnation i n  the 
survey: 

Transit Serv ice  Rating 
Metropol itan  Area Rating 
Park i ng Faci l i ty Location Rating 
faci l i ty  Safety Rating 
Physical Qual i ty of Faci l i ty Rating 
faci l i ty Rel i abi l i ty Rating 
Faci l i ty flexibi l i ty Rating 
Faci l i ty Park i ng fee Rating 

for exampl e ,  the transi t serv i ce rating is comprised of: 1 )  qual i ty of 
station terminal bui l di ng ;  2 )  transi t  fare; 3 )  overal l trans it  travel 
speed; 4 )  proportion  of downtown jobs easily access ib le  by trans i t; 
5 }  cost of transfer; 6 )  number of fare zones; and 7 )  t i cket marketing and 
col l ection methods. These seven variables are added or mul t i pl i ed  together, 
based on the authors' judgment of how they are perceived by commuters. 

The f i nal regress i on model estimated demand {measured as the number of 
vehi c l e s  usi ng a park and ride faci l i ty i n  a 24-hour period) as  a funct i on 
of the total number of parki ng stal l s  provided, the type of transi t  ( ra i l  
o r  bus ) ,  the faci l i ty ' s  ratings for rel t abi l i ty ,  transi t serv i ce ,  metropol
i tan  area 1 the i nteraction of flexibi l i ty and park i ng fee ratings, and of 
the transi t  serv ice and rel i abi l i ty ratings. 

Modal Spl 1 t/Submodal Spl i t  Mode l s .  Some park and ride demand model s  forecast 
demand i n  two stages� In the fi rst, the number of persons who wi l l  use a 
particu l ar transi t service  are estimated {modal spl i t} .  I n  the seconct stage� 
the users of the transi t service  are assigned to access modes ( sub-modal 
spl i t ) .  

Thi s  type o f  model has been used by Mufti � e t  al . ,  ( 1977) to estimate 
future demand for park and ri de at commuter rai l stations i n  the P h i l adelphia 
area� Market areas were assigned to each station� and i n  the modal spl i t  
stage the proporti on of commuters i n  the market area choosing rai l  was estim
ated from diversion curves based on di suti l i ty variables. At the sub-moda1 
�pl l t  stage. the percentage of station users who wou l d park. and ride at the 
station was estimated as a function of the access di stance from each zone to 
the station. 

Travel Time and Cost Model s .  L i ou ( 1974) and Keck and L iou (1 974 ) have 
devel oped several mode l s  for predicti ng park. and ride demand at two periph
eral l ots  i n  A l bany, New York . The data for these mode ls  come from l i cense 
pl ate surveys of the two l ot s ,  and the variables used are: 1 )  a i rl i ne di stance 
between a zone and the downtown� 2 )  travel time di fference ( park and ride 
mi nus auto ) ;  3 )  travel cost d i fference { park and ride mi nus auto ) ;  and 4 }  com-
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bined cost difference. where the travel times were gi ven a value of $4.20/hour 
and combined wi th travel cost. Several mode ls  which were developed from these 
data are di scussed and compared in L iou ( 1974) . It i s  i nteresting to note 
that these moe1el s pred ict  l ow park and ride usage ( around 21' of the market) 
when the leve l s  o f  serv i ce of park and ride and auto are about equa l .  A 
modal spl i t  of 5U% occurs for about a hal f hour di fference i n  favor o f  park 
and ride ( th i s  l ends support to the same recent fi ndi ngs that the value of 
time spent transferring may be as high as n i ne times on board time e .g  • •  see 
Pagi tsas, 1977 ) .  

Atti tud i nal Model s .  Brown ( 1973) has developed a di scriminant model to ex
p lore the reasons why former automobi l e  drivers shi fted to park and r ide. Hi s 
work i nd icated that a reduction i n  travel cost was the most signi ficant reason 
for the modal shi ft. The importance of the travel cost d i fference was a l so 
i ndi cated by a questionnaire survey of park and  riders who formerly drove a l l 
the way. 

6 .2  Oiversion of Auto Orivers to Park and Ri de 

Al though park and ride services are designed to divert auto drivers to 
transi t for part of the i r  tri p,  park and ride a l so attracts users from other 
modes such as  buses or car  pool s .  Thus a one-to-one correspondence does not 
exi st between the number of park and  ride spaces proviaed and the number of 
auto drivers diverted from downtown parking spaces. Deen ( 1966) estimates 
that i n  Washi ngton, o .c • •  one car i s  removed from the traffic stream for 
every four spaces provided i n  a park and ride l ot.  Hi s estimate is based on 
the resul ts of an on-board survey of users of three Washi ngton. O . C � .  area 
park and riae services. The results from thi s and three other surveys are 
presented in Exhib i t  6-1 . 

6�3 Park i ng Oem�nd at Ex i sti ng Park and Ride Lots 

Most park and ride services are deslgned to serve a CBO i 

and the faci l i ties are l ocated throughout a metropol itan area at 
various distances from the CBD. Exhibi t 6-2 gives an idea of the di stances 
from the CBO at wh ich park and ride l ots are located. It i s  c l ear  that 
rai l  park and ride l ots extend much further from tne CBD than do bus l ots. 
probably because ra i l  is better able to compete wi th the autornobi 1e for 
l ong tri ps .  

Exh ib it  6-4 i ndicates that parking demand for peri pheral bus l ots { say, 
w i th i n  3 mi les  o f  the CBD} i s  extremely high, but that demand drops sharply 
after thi s poi nt.  Deen ( 1%6) reached a simi l ar conc lusi on i n  h i s  study of 
park and ride services. He suggested that because bus travel typical ly  
does not offer travel time savings over auto trave l , commuters wi l l  not 
usua l ly tolerate bus trips l onger than 5 mi les  o r  25 mi nutes. The ratio of 
autos parked/park i ng spaces at peri pheral bus l ots i s  greater than one, 
which suggests that peripheral bus l ots are used by many short-tenn parkers 
a s  wel l as al l -day parkers on work trips. 

Demand for parking at rai l -serviced park and ride l ots i s  l ow at l ocations 
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c lose to the CBD but rises between 5 and 10 mi les from the CBD, where, as we 
noted. demand for bus park and ride declines. The number of spaces at rail 
l ots dec l i nes slowly at di stances greater than 10 miles. Generally, the turn
over rate i s  sl i ghtly less than one at these l ots, suggesting that supply and 
demand are fairly cl osely matched and that the spaces are bei ng used by al l 
day parkers. 
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Vancouver, B r. 1 

Exhibit 6-l 

Former Trave1 Modes of Users of  Park and 
Ride Services in VanCOUVer,· fl'C, Milwaukee, WI  

�ash_i_ngton, D.C .  and "Jew Brunswi c k ,  N J 

Mi lwaukee, WI2 

(new express bus service) (new express bus service) 

nrove 
Bus 
Car Pool Passenger 
Other 

30% 
21 % 

8% 
13% 

Tim 

Washinqton, [) , r:, 3 

(new eXpress bus service) 

Drove 
Parked on street, 

rode bus 
�la 1 k 
Ki s s  and ride 
Car Pool Passenger 
0tf-ier 

25% 
14% 

1 5% 
9% 

l 8% 
19% 

Tim 

Drove 
Trans i t  
Car Pool Passenqer 
Other 

New Brunswick ,  t,,! J4 

25% 
38% 
18% 
l 9% 

l no% 

(new commuter rai l  station) 

nrove 
Bus 
Other ( i nc ludes 
rai l  users frorn 
another stati on) 

Source: 1Brown , 1 973 .  

l l  % 
1 3% 
76% 

1 00% 

2Peat, Marwick dnd Mitche l l  and Market 
Facts , 1 971 . 

3Deen, 1 966 . 
4Tri-State Transportation Commi ssion, 1 967 .  
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CHAPTER 7 :  COSTS 

The costs of a park and ride service i ncl ude the costs of provi ding 
parki ng as wel l  as the costs of provi ding  transi t serv i ce from the park and 
r i de l o t  to the desti nati on. I n  thi s report we present only the parking 
l ot costs and leave transi t costs to other reports ( e . g . ,  Sen, et al . ,  
197 7 ) .  I f  a park i ng l ot i s  to be constructed sol ely for use asa park and 
r ide lot ,  three major areas of cost must be considered. These are: acquis
i tion  of l and, constructi on of the l ot ,  and maintenance of the l ot ( Sections 
7 . 1 ,  7 . 2 ,  7 . 3  bel ow) . The costs of l easi ng an exi sti ng parking l ot for 
j oi nt  use are di scussed i n  Section 7 . 4 .  

7 . 1  Land Costs 

The costs of l and acqu i s i ti on vary widely wi thi n a metropol i tan area. 
Most park and ride services are designed to divert parking from the CBD, 
where the hi ghest costs per square foot are general ly found, to areas where 
the demand for and price of l and are l ower. Of course, even outside the 
CBD, l and costs vary widely. Exh i b i t  7-1 i ndi cates the i n i ti al cost and 
the annual cost of l and per sta l l  for surface l ots at various price l evel s .  
As  l and costs i ncrease, i t  may become l ess expensive to construct mul ti 
story or underground l ots than surface l ots. Thi s i s  di scussed more ful ly 
i n  the fol l owi ng secti on .  

7 . 2  Construction Costs 

The most important vari able  determi n i ng the construction cost of a 
park.ing faci l i ty i s  whether the faci l i ty i s  surface, mul ti - story, or under
ground. The costs of construction i ncl ude al l fixed costs ( pavement, barri ers ,  
l i ghti ng ,  and so on) except for the cost of the l and. 

Constructi on costs for a surface l ot,  accordi ng to Means ( 1975) , are 
about $2 .40 per square foot, al though they vary dependi ng on so i l  condi tions 
and l ocal construction costs. About 330 sq. ft. are required for each 
stal l ,  which accounts for both the park.i ng space and access areas, so that 
the constructi on cost per sta l l  for a surface l ot i s  about $7�2. 

Construction costs for mul ti -story l ots vary wi th the number of stories. 
Exhi bi t 7-2 shows that the costs per square foot i ncrease rapidly up to about 
s i x  stories and then reach a pl ateau. Construction costs per sta l l  behave 
simi l arly ( Exhib it  7 -3 ) .  

Construction costs for underground l ots are considerablely higher than 
surface or mul ti -story because of the addi tional costs of excavation and 
ventil ation. These costs may range from $4 ,000-8,000 per stal l ( Means, 
1975 ) . The dec i s i on whether to bui l d  a surface, mul t i-story ,  or 1,mderground 
l ot i s  i nfl uenced by both the cost of l and and the cost of constructing the 
various types of park.ing faci l i ties .  The costs per stal l of constructing the 
various faci l i ties  at di fferent l and costs are shown i n  Exh i b i t  7 -4 .  At l and 

27 



costs of less than $7.SU per sq. ft., a surface parking lot will general ly 
be least expensive. Where l and costs are higher than thi s  figure, a multi
story lot will probably be most practical. Underground lots are very expen
sive in all cases. 

7.3 Maintenance Costs 

Operating expenses vary considerably from one situation to the next, as 
do land and construction costs. Exhibit 7-5 gives operating costs from two 
different sources. Labor costs vary greatly, and in Smith ' s  (1965) data they 
comprise a very large proportion of operating costs. The infonnation from 
the University of Illinoi s  suggests that the operation of surface lots i s  
generally somewhat less expensive than that of multi-story structures. 

Total annual costs of several types of parking facilities are shown in 
Exhibit 7-6. The annual costs of l and and construction were computed based 
on the formula described in  Sen, et al. (1977). Annual operating costs were 
based on University of I l linois estimates, as di scussed previou sly. In terms 
of total annual costs, i t  appears that surface l ots are the most economical 
parking facility at land costs of under $6.0U per sq. ft. At higher l and 
costs, multi-story lots becane more economical .  

7.4 Leasing Parking Costs for Joint-Use Lots 

Many park and ride facili ties, especially those with bus service, are 
parking lots original ly constructed for some other purpose and then l eased 
for use by commuters during certain hours of the day. Sometimes such a 
joint-use l ot may be the only feasi b l e  way of locating a park and ride facil 
ity in a certain desirable �rea (e.g., close to a freeway interchange). The 
costs of leasing spaces for park and ride will vary with the l ocation and 
ownership of the 1 at, but i t  may be the most economi ca 1 alternative in some 
cases. For example, the Ci ty of Atlanta leased 1,248 spaces for the "Town 
F l yer" operation at an annual cost of $117,25U, or about $94 per space. 

The flexib i l ity of a joint-use lot with bus service can be beneficial to 
the park and ride operator. In the event that the service is unsuccessful, 
or if travel patterns change, the park and ride service can be moved to 
another location wi thout the l oss of an initial capital investment. 
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Total Cost 
Per Sta11 

Annual Cost 

Per Stall 

Exhibi t 7-1 

Land Cos� Per Stall fpr a Surface Parking Lot_ 
at Var;ous Price Levels 

Price of Land Per Square Foot 

$ 2 . 50 $ 5 .00 $ 7 . 50 $ 10. 00 $ 12.50 $ 15 .00 

$825 $1650 $2475 $3300 $4125 $4950 

S 24.75 $ 5 1 . 00 $ 74.25 $ 99.00 $ 123.75 $ 148.50 

Based on 330 sq. ft. of Space Per Sta1 1 ,  

Source : Annual Cost Computations based on Sen, et �- • 1977. 
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Source, "'3ans, 1975. 
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Construction Costs Per Stall for Mulcl Story Parking Garages 

w 
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Source; Means, Jg/'i, 
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s
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$5.00 $7 . 50 $10 . 00 $12 .50  $15 . 00 $17 . 50 

Cost of Land/Sq. Ft. 
Source : Authors Computations based on 

31 Means , 1 975.  



Exhibi t 7-5 

Operating Expenses Per Sta l l  for Parking Faci l i ties1 

1961 1975 (Adjusted) 

Labor $ 76.68 $137 .96 

Insurance 8 . 36 15 .04 

Uti l i ties 1 1 . 90 21 .41  

Maintenance 23.69 42. 53 

TOTAL $120.63 $216.94 

Fiscal Year 1975-7&2 

Labor 

Insurance 

Uti l i ties 

Maintenance 

Administration 

Other (Security, Suppl ies,  
Snow Removal , etc . )  

TOTAL 

Surface Lots Parking Structure 

$ 6.75 $22.69 

.03 .48 

2 . 06 1 1 .  77 

8 , 27 5 . 39 

10.96 10 .06 

14.59 8 . 27 

$42 . 66 $58.66 

Sources : 1Smi th , 1 975. 
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Chapter U :  BENEFITS AND IMPACTS OF PARK AND R IDE 

Section � . l  i s  a general di scussion of the benefits and impacts of 
park and ride. The impacts of park and ride on divers i on of park ing ,  energy 
consumpti on,  congestion, anc:1 pol lution are di scussed i n  Sections 2 . 1  through 
8 . 5 .  Section � - 6  presents an exampl e  of how the impacts of a park and ride 
service may be computed. 

b. l Overview of Park and R ide Impacts 

The major benefits of park and ride servi ce are the diversion of parking 
from a desti nation where parking i s  scarce or expensive and a reduction i n  
vehicl e-mi l e s  traveled,  wh i ch al so reduces energy consumpti on, traffic 
congesti on, and pol l ution. These benefits are the primary reasons for supplying 
park and ride service { see Section 1 . 3 ) .  There are a number of other impacts of 
park and ride, such as reductions in  travel cost and i ncreases i n  mobi l i ty ,  which  
wi l l  not be deal t wi tf1 i n  thi s chapter. A fai rly thorough l i sti ng of these 
impacts i s  provided i n  Exh i bi t b . l .  

8 . 2  Di version  of Park i ng 

!-'ark and ride servi ces are designea to di vert park i ng from a destination 
where parking i s  scarce or expensive to an area where parking i s  more readily 
ava i l ab le  or less  expensive to provide. However, tne provi sion of a given 
number of park and ride spaces wi l l  not reduce parking demand at the 
destination Dy the same amount. Thi s occurs because park and ride attracts 
transit users as wel l  as auto drivers. Whi l e  some commuters who fonnerly drove 
al l the way shorten the ir  auto tri ps,  other commuters who fonnerly made the i r  
entire trip by pub l i c  transi t wi l l  oeg i n  ,:.o drive to the park and ride l ot. 
Thus the number of parki ng spaces that are di verted i s  equal to the numoer of park 
and ride users who fonnerly maae the ir  entire trip drivi ng an auto. 

The percentage of park and ride users who are di verted from auto i s  
di scussed i n  Section 6 . 2 .  Based on park ana ride experience i n  the Washington, 
D . C .  area, Deen ( 1 966) suggests that the need for park i ng at the destination i s  
reduced by one space for each four park and ride spaces that are provided. 
Thus , using the cost of prov i di ng l and as a cri terion, i t  appears that no cost 
savi ngs wi l l  De real i zed unless  the price of l and i n  the CBD i s  more than four 
times higher than the price of l and where park and ride i s  to be provided. Wh i l e  
thi s i s  only a rough computati on, i t  reinforces the recommendation that park and 
r ide be consi dered only to serve the CBDs of fai rly l arge metropol i tan areas. 
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H.3 Energy ConsLlllpt1on 

Park and ride reduces energy consumption by diverting drivers from 
automobiles for the portion of their trip that is covered by the transit 
mode. At the same time. i t  increases energy consumption in several ways: 
(l) Through the construction of the parking lot and the transit vehicles, 
(2) by inducing commuters who fomerly took transi t to drive or be driven 
to the park and ride lot, and (3) through the energy consumed in  the operation 
of the transi t vehicle. For short trips with a cold-start engine (such as 
most trips from home to the park and ride lot), the energy consumption per 
mile is higher than for a relatively long trip during which the engine has 
a chance to warm up (See Exhi bits 8-2 and 8-3). Tnus, i t"  a park and ride 
service induces a great deal of short trips without diverting a significant 
number of long trips, its net effect on energy consumption may be little or 
nothing. 

H.4 Congestion 

�ark and ride can reduce traffic congestion at or near the destination it 
serves, but wi l l  increase congestion levels near the park and ride facility. 
lhe method for computing congestion costs which was described in the carpool 
chapter , and the table of costs can also be applied here. As Exhibit 8.4 
i ndicates. the costs in time to all road users of adding one car to a roadway 
vary depending on the type of road in question and its volume/capacity ratio. 
Thus the overall impact of park and ride on congestion is very much dependent 
on existing traffic congestion in the areas where automobi les will be removed 
and added. 

H. O Pollution 

Since a vehicle with a cold engine emits more pol lution than a warmed-up 
vehicle, the emission of pollutants by an automobile is re l atively 
ni gher on a short trip than on a l onger one (lxhi bit H.t>). Thus a park and 
ride service which attracts a large number of short trips wi thout diverting 
nia,ny long trips could fail to reduce overall pollution levels. 
It should also be noted that the effects of pollution vary from one location 
to another depending on the level of pollutants already in the air. Although 
i t  i s  not easily quanti fied, this aspect of pollution shou ld  be taken 
into consideration when the impacts of pollution on various areas are considered. 
�or example ,  a park and ride lot i n  a suburb serving a transit facility leading 
to a CBD wi l l  probably improve the air quality of the CBD, But at the same time 
pol lution output will have increased in the suburb because of the attraction 
of auto drivers and other transit users to the lot. Furthennore, most of these trips 
will be short. resu l ting in a high emission rate from the autos. 
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� . 6  Computation of Impacts of Park and R i de 

I n  thi s section we present a general ized method for estimating the 
impacts of park and ri de .  We di scuss, fi rst, how the fonner modes 
of park and ride users affect the impacts of the service ,  and then how the 
net effects of park and ride on veh ic le  mi les travel l ed, energy consumption, 
congestion ,  pol lution,  and park i ng needs can be computed. 

Former Modes of Pa rk and R ide Users. Assume that a park and ride l ot provides 
X park i ng spaces, al l  of which are used. I f  n represents the l oad factor of the 
automobi les parked at the l ot, then oX i s  the number of persons who park and ride. 
The total number of persons who use the transit  serv i ce provided at the faci l i ty 
i s  aX + A ,  where A may i ncl ude new on-street { near the stati on) park and ri ders 
represented by aa ,  where a i s  the number of veh ic les parked on the street. 

We wi l l  be i nterested i n  the modes that our park and riders, 
used. We can represent the fonner modes by 

X ,  fonnerly 

M - the percentage of park and riders 
Ma the percentage of park and riders 
Mp the percentage of park and riders 
Mpr - the percentage of park and riders 
Mkr_ the percentage of park and riders 
MW - the percentage of park and riders 

0 

the number of new trans it  riders i s  X 

who fon11erly 
who fonnerly 
who fonnerly 
who fonnerly 
who fonnerly 
who forn,erly 

(M + M ) + a P 

drove. 
were passengers. 
parked on the street. 
were ki ss and ri ders. 
walked to the station. 
arrived by other modes. 

a. 

Di version of Parki ng. aXM i s  the number of peopl e who were di verted from 
parki ng i n  the CBO. I f  the�e wa s previ ously park i ng on the street i n  the area 

of the transi t stati on,  then the number of street spaces freed ( near the park 
a nd ride fac i l i ti es )  i s  XMpr a. 

\lehicl e-Mi les Travel led {\/MT ) .  The VMT added by a park and ride service i s  
Xlpr + Lpr where Lpr i s  the average park and ride tri p  l ength. The VMT 
reduced by the park and ride serv ice  i s  X {M  L + M +M L ) + a ( M  L + 
M L ) where L = average length of auto trip� ofPtonn�� a5to users e a= 
ab�ra�� length of a ki ss and ride tri p  from home to station to home aga�h.  
The net change i n  VMT due to the park and ride service,  then, is  the \/MT 
generated mi l es the \/MT reduced. 

fnergy Consumption.  The net change in energy consumpti on i s  easily computed, 
based on the net change i n  VMT. I t  i s  
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\ XLprfpr + a Lpr Fpr) - IXMaLafa + XMprLprfpr + XMkr Lkr F,r l + a { MaLafa + 

Mkr Lkr Fkr) ,  where Fpr . Fa and Fkr are the energy consumption factors per vehicle 

mile that app ly  to the respective trip lengths, {See Section 8.3). 

Congestion Costs. The net change in congestion cost will be (XLpr Cpr + 

aLpr cpr) - IXMaLaCa + XMprLprcpr + 2XM,r L,r c,r + a I MaLaCa + 2M,r L,rckr) ), 

where Cpr ' Ca and Ckr are the congestion costs per vehicle-mile for the area 

where the trip takes place. 

Keduction in Pollution. We know of no accurate estimates of pollution output 
per mile based on various trip lengths. However, a cold vehicle does emit more 
pollution than a wann vehicle. The Enviromiental Protectfon Agency has 
publi shed a document listing pollution emission factors on a grams per mile 
basis and describing the methodology needed to adjust the factors for di fferent 
percentages of cold operation. The reader may refer to this document. entitl ed 
Compi lation of Air Pollutant Emission Factors (1976 ) to obtain the factors 
necessary for computing reductions fn pollution. A fonTiula which can be used to 
compute the reduction of each of the three major pollutants emitted from mob i l e  
sources is:  

Reduction of Emi ssion of Pol lutant P = 
x(Mala + Mprlpr + Mkrlkr) (Emission Factors For Pollutant P )  

- 1 X Lpr + a Lpr) (Emission Factor For Po l l utant P ) 
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Exhihit 8-2 

Ur�dn Automobile Fuel Economy as d Function of 
Trip Le11gth Due to Cold Start 

CflNL-OWG n-,o6S< 

r
--

GI% COLD SIART, •,0°1 

COLD STAR I ,  50°F 

HllP LENGTH (miles) 

• 

'i rst, l '17 � .  .'-i" c0e,c0<cea,,a�_ ·s• c' 4 c• ·ccoc0C_Es,,eccagoy 
Requi rements for Automob �-.' Ridge Nat'l  
Lab. (Feb . ,  1974) p .6 .  

"'Note that the curves show integrated m .p .g .  for given 
trip lengths, not instantaneous m.p .g.  for given distances 
from cold start. 

Exhibit 8-:J 

Energy Consumption in  Gallons/Mile 
of Auto1TJJbiles for Various Trip Length§ 

Trio Length (miles) Gallons/mile 

l . 7 7  
2 . 1 4  
3 . 1 2  

4 . 1 1  
5-9 . 70  

10-13 .M 

H-16 .08 

Source : Authors Computations based on 
Hirst, 1974. See Table 8-2. 
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Exhibit 8-4 

CONGESTION COSTS 

• 

Central Business District Fringe Residential 

V/C s T V/C s T V/C s T 

. 2so 43 .0  . 0032 . 2SO 43 . 0  . 0032 .250 62 .0 . 0016 

. 625 35 . 5  . 0 1 19  . 625 35 . 5  .0 1 19  . 625 53 .5  . 0073 
Freeway .875 30. 5  .0226 . 875 30 . 5  . 0226 .875 42 . 0  . 0381 

1 .000 28.0 . 0306 1 . 000 28.0 .0306 1 . 000 34 .0  .0554 

V/C s T V/C s T V/C s T 

.250 35.5 .0014 . 250 41 . 0  .0021 . 250 45 .5  .0009 

. 625 33 . 5  .0027 .625 36 . 5  .0068 . 625 42 .5  .0050 
Expressway . 875 32 .0  . 0082 .875 33 .5  . 0 1 1 2  . 875 39 . 5  . 0081 

l .  000 31 . 0  .0100 1 . 000 32.0 . 01 41 1 . 000 38. 0  .0100 

V/C s T V/C s T V/C s T 

. 250 21 . 0  .0027 . 250 28.0 . 0015 . 250 31 . 0  . 0012 

. 625 1 7 .  5 .0490 .625 26.0 . 0044 . 625 29 .0  . 0071 
Arterial .875 1 3 . 5  .0691 .875 20 .0  . 1 050 .875 21 . 5  . 1 1 81 

1 . 000 1 2 . 0  . 1000 1 . 000 1 5 .  0 . 1 991 l .  000 1 5 .  0 . 2204 

Notes : 
VIC = Vol ume-capac i ty ratio .  

S = Speed. 
T = Time cost in hours , assuminq an average auto occupancy of l . 2 .  

Fi gures f- - �rterial assume coordinated s i gnal proqress ion .  

Outlying Business District 

V/C s T 

. 250 53.0 .0021 

.625 44 . 5  . 0 106 

.875 35 .5  . 0367 
l .  000 30 .0  .0551 

V/C s T 

.250 35 .5  .0014 

.625 33 ,5  . 0027 

. 875  32.0 . 0082 
1 . 000 31 . 0  .0 100 

V/C s T 

.250 23 . 0  . 0023 

.625 20 . 0  . 0300 

.875 15. 5 .0874 
1 . 000 1 3 . 0  . 1 420 



Exhibit 8-5 

Auto Emiss1on Factors {Grams/Mil e){SO'F) 

Average % Cold Operation"' 
Route 
Speed 1 0  20 40 60 80 100 

co 79. 60 108.3 159 .63 212.98 266. 33 320.47 
JO  HC 8 . 23 9 .5  1 1 . 54 1 3. 77 l 5. 94 l 8. 1 2  

NO 3.82 3, 8 3, 76 3 .70 3.65 3.61  

co 49. 1 1  66 .4 97.43 1 29 . 65 1 61 . 87 1 94.  58 
1 5  HC 6 .7 1  7. 7 9 .  20 1 0. 88 1 2 . 52 1 4. 1 6  

NO 3.60 3 . 6  3.53 3. 48 3 .43 3.40 

co 38.78 52.4 76. 90 102. 31 127. 72 1 53.53 
20 HC 5.90 6 . 7  7 . 95 9 . 33 10 . 68 1 2 .03 

NO 3.70 3 .7  3.63 3 , 57 3. 53 3.49 

co 30.26 40.8 59.84 79.56 99 .28 1 1 9 . 31 
25 HC 5.23 5. 9 6. 92 8.07 9 . 1 8  1 0 . 30 

NO 3.85 3 . 9  3 . 79 3. 73 3 . 68 3.65 

co 25.01 33.7 49.39 65.64 8 1 . 90 98. 41 
30 HC 4.81 5 . 4  6 . 29 7 . 29 8 . 27 9 . 25 

NO 4.01 4.0 3 . 94 3.88 3.83 3 . 79 

co 20. 94 28. 2  4 1 .  29 54.86 68.43 82 .2 1  
35 HC 4 . 53 5. l 5 , 87 6 .78 7 . 66 8 . 54 

NO 4.  1 4  4 . 2  4.07 4.01 3 .96 3. 9 1  

co 1 8 . 39 24. 7 36.20 48.08 59.95 72.02 
40 HC 4 . 32 4 . 8  5 . 54 6 . 37 7. 1 7  7 .98 

NO 4 .  31 4 . 3  4.24 4 . 1 7  4 . 1 2  4.08 

co 1 6 . 36 22.0 32. 1 8  48. 72 53.27 63,98 
45 HC 4 .22  4. 7 5.  37 6 .  1 5  6 .91 7 .67 

NO 4 .40 4 . 4  4 . 33 4.26 4 . 20 4.  16  

Source ; EPA, 1 976, 

* 'Cold Operation' is defined as the first 500 seconds of operation 
after an engine-off period of at least four hours. 
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PART I l l  - ESTABLISHING AND OPERATING A PARK AND RIDE FACILITY 

CHAPTER 9 :  ESTABL ISHING JOINT-USE PARK AND RIDE FACILITIES 

Establ i shing a joi nt-use park and ride faci l i ty may be di fficult because 
the cooperati on of the parking lot owner and the transi t agency i s  required. 
I n  New Jersey, a number of possible si tes for joi nt-use park and ride faci l 
i ties were i nvestigated, but fanning agreements wi th the lot owners proved a 
problem (New Jersey Department of Transportation, 1975 ) .  However, i n  many 
areas, joi nt-use lots have been successful ly  establ i shed. Examples  of these 
are lots at several shopping centers in Mi lwaukee and at gas stati ons, shopping 
centers and churches in Pi ttsburgh. 

Parking l ot owners are often reluctant to have thei r  parking spaces occu
p i ed by persons who are not the ir  customers. Peters and Vaetch ( 1 970) have 
found that storeowners may real i ze an increase in business due to park. and 
riders shopping at their establi shments. Among the park. and riders i n  the 
P i ttsburgh area who use lots l ocated at shopping centers, about 65% shop at 
the center at least once a week. (Comsi s Corp. , 1975 ) . Th i s  advantage to bus
i ness owners might be stressed during negotiations. An offer of free publ i c i ty 
may al so be appeal i ng to parking lot owners. In Milwaukee, the "Freeway Flyer" 
park. and ride bus routes are named for the shopping centers at which they orig
i nate. For exampl e ,  the "Mayfair" route origi nates at the Mayfair  shopping 
center. 

Tanner and Barba ( 1973) recommend that a contract be negotiated oetween 
the operator of the park. and ride service and the owner of the parking l ot, 
rather than relying on an infonnal agreement. In addi ti or: to delineating the 
number and l ocation of spaces to be made avai l ab le  for park. and ride, and 
permitting the use of signs, markings and a bus shelter, the agreement shoul d 
spec i fy which party wi l l  be respons i b l e  for maintenance, snow removal , l i ghti ng, 
and l i abi l i ty • 
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LliAPTlR lU: UESIGN I NG I HE �ARK AND R I DE FAC I LITY 

�arK and ride l ots are uni que among parking l ots because they must accomo
date transfers between automob i l es and buses or trains.  General l y ,  some short
term parking i s  provided so that drivers can drop off passengers or wa i t  for them 
to return. In addi tion, park. and ride l ots must be designed to handle most of 
thei r  traffic i n  two short peak _periods da i ly .  I n  thi s chapter we di scuss 
those aspects of the design of park i ng l ots wh i ch are especial ly important tor 
park and ride l ots. For the more general aspects of park i ng l ot design ,  works 
such as �ark.i ng P r i nc iples (Highway Research Board, 197 1 )  and Park i ng Desig) Manual (Parki ng and Highway Improvement Contractors Associati on, I nc. , 1968 
are good references. 

Access i bi l i ty.  Accessi bi l i ty of the park. and ride l ot i s  important since i t  
hel ps to mi nimize the time a commuter spends changing modes. A di rect approach 
to the l ot wi th easy entrance and ex i t  shoul d be provi ded. I f  i t  i s  imposs ib le  
to l ocate the parking l ot on the ri ght s 1 de at r nbound traHi c ,  then spec ia l  
l ett-turn si gnal s shoul d be provided {Tanner and Barba, 19/3 ) .  

Layout at the l'ark. and R rne Lot. An exampl e  at a park. and ride faci l i ty at 
a rap i d  transi t terminal i s  shown in  Exhi b 1 t  lU-1 . Severa l aspects at thi s 
des i gn wi l l  be important i n  most park. and r ide faci l i ties.  Both l ong-term 
and shart-term park i ng ( ror drivers who drop ott or pi ck. up passengers) are 
provi ded. l hese areas are separated in order to improve the t l ow ot traffi c.  
A spec i a l  area tor teeder buses shoul d also be provided i f  teeder buses are 
to be used. A l so ,  the l ot i s  arranged so that commuters wi l l  have only a 
short wa lk.  tram the i r  car or bus to the pl atfonn. 

Amenities at fJarK and R 1 cte Lots. Exhi bi t 10-t: i ndi cates that paving ,  l i ghting,  
and she l ter are present at most faci l i ti e s ,  s i nce these a1·e probably 1mportant 
tor attracting auto users to park. and r i de. A survey of park and ride users 
i n  1-' i ttsburgh revea l ed that the most frequent suggesti on t'or improving the 
service was that presently unpaved l ots be surfaced ( Comsi s Corporati on, 1 975) . 
Li ghting i s  parti cu l ar ly  important tor wi nter afternoons wnen commuters may be 
return ing  to the ir  cars i n  the dark. A bus shel ter helps to make the transter 
from the car to the tran s i t  mode more comtortabl e. 

exhi b i t  l U-t: a l so suggests that attendant parking i s  an unnecessary ex
pense. employing an attendant may be necessary to col lect fares and/or park.ing 
purposes a l one. 

Fi nal ly ,  si gns seem to be very important i n  attracti ng ridersh i p .  Si xty
one percent ot Pi ttsburgh ' s  park and r ide users l earned of park and ride by 
seeing the lots ( Lomsi s corporati on, 19/!::i ) .  
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Exhibit 10-1 

Example of a Park oml Ride Facllity wit� Rapid Trans i t  Service 

Milwaukee 

Seattle 

Philadelphia 

Atlanta 

Cl eveland 

'•'"' ' '" " ' '  (<eo•NeCTIONS OV<aORLJND["'\ 
'--c=,. _ _  __,_-, PLATFORM 

�-- -- • --T r-•--+-, 

• - -+--· ..... -=-�/� ___ !���--=- rM 

0 

Source: Parking Principles, 1971.  

E_xhihj t 10-·2 

IIJTienities a t  Park and Ride Lots 
in Selected Ci ties 

Attendant Attendant 
Parking On Duty Paving Lighting 

No )lo Yes Yes 

''° No Yes Yes 

No No Yes Yes 

No Yes Yes Yes 

No '/es Yes Yes 
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Shelter 

Yes 

Yes 

Yes 

No 

Yes 
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