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Estimating Transit Supply Requirements for 

Alternatives Analysis 

ROBERT E. SKINNER 

The estimation of transit supply parameters has received relatively little 
attention in the technical literature. Yet these supply parameters, such as ve
hicle miles, vehicle hours, and employees by category, are the major determi
nants of operating cost estimates that, in turn, are a principal factor in evalu
ating major transit alternatives and selecting a single alternative for implemen
tation_ Furthermore, it is during the estimation of transit supply parameters 
that basic questions of operating feasibility are addressed, implicitly or ex
plicitly. Through the use of a simple example for a single rail line, the 
complexity of supply-parameter estimation is illustrated in terms of the num
ber of assumptions and inputs required. The example also illustrates the 
sensitivity of the supply-parameter estimates to variations in input assumptions. 
A framework is presented for the process of supply-parameter estimation in 
context with the overall transit planning process, particularly with respect to 
federally required alternatives analysis studies. Some general considerations 
in the use of this process that are discussed include the need for supply-demand 
equilibrium, the iterative nature of the process, the differences between phase 
1 and phase 2 alternatives analysis studies, operating feasiblity, and the rela
tion between predictive techniques used in supply·parameter estimation and 
"reasonability" checks. Finally, selected examples of specific inputs to the 
process are discussed and recommendations are made with respect to how 
these inputs should be developed. The examples include vehicle capacities 
and loading standards, service hours and service days, background bus net
works, special services, and demand estimates. 

Supply-parameter estimation has received relatively 
little attention in the technical literature. Cer
tainly, in comparison with demand estimation, there 
is a paucity of formalized procedures and technical 
guidelines for the estimation of supply parameters. 
In transit planning studies, supply-related assump
tions and procedures are sometimes made or selected 
in ways t11at are i11com;i:;tent between alternatives 
(e.g., passenger capacity of buses versus rail cars) 
or that do not fully take into account their impact 
on aggregated supply parameters and operating 
costs. Distortions resulting from such practices 
are particularly serious if they occur in federally 
required alternatives analysis studies whose intent 
is to determine the worthiness of major capital in
vestments in new transit facilities. 

In the context of this paper, transit supply 
parameters are those measures that describe and 
quantify either (a) the amount of transit service a 
given alternative will provide or (b) the nonmone
tary recourcec needed to maintain this level of 
transit service, such as vehicles or employees. The 
following key supply parameters are considered in 
this paper: 

1. Peak-period daily and annual vehicle (train) 
hours by vehicle type, 

2. Peak-period daily and annual vehicle (train) 
miles by vehicle type, 

3. Fleet size by vehicle type, 
4. i,;mployees by category, 
5. Peak-period daily and annual place hours by 

transit mode, 
6. peak-period daily and annual place miles by 

transit mode, and 
7. Average system operating speed by transit 

mode. 

Supply-parameter estimation is an important com
ponent of alternatives analysis studies because 
supply parameters are key inputs to operating-cost 
estimation and to the determination of operating 
feasibility. The topic of transit supply-parameter 

estimation is 
this paper. 
topics drawn 

far too broad to be fully addressed in 
Instead, the paper presents selected 
from alternatives analysis research 

undertaken for the U.S. DepartmGnt cf Tr.'.Jnspc:rtation 
<!l that provide some overview discussion of supply
parameter estimation as we ll as specific guidance 
for planners on some key issues. 

EXAMPLE 

To illustrate the 
estimates to input 

sensitivity 
assumptions 

of supply-parameter 
and pcocedures, an 

example is helpful. The assumptions and procedures 
used to estimate three key supply parameters for a 
hypothetical rail line--annual train hours, annual 
car hours, and annual car miles--can be summarized 
as follows. The alternatives used are defined as 

1. A 10-mile rail line with seven stations: 
2. Average station spacing of 1.67 miles: 
3. The following vehicle characteristics: (a) 

6 30 gross ft 2 /car, (b) maximum train consist of 
three cars, (c) loading standard of 5.4 ft2/pas
senger, (d) cruise speed of 60 mph, and (e) service 
acceleration and deceleration of 3.0 mph/s; 

4. Policy headways of 5 min for the 4 peak hours 
and 10 min for the 12 off-peak hours; 

5. Weekend and holiday service resulting in an 
annualization factor of 310; 

6. Station dwell time of 40 s: and 
~- Minimum headway ot 2.5 min. 

The following demand levels are used: 

1. Maximum-load-point volume--32 000 riders (two 
ways) , 

2. Peak-hour, maximum-load-point volume in the 
peak direction--4800 riders (15 percent of total 
ridership) , and 

3. Off-peak, maximum-peak-load-point volume in 
the peak direction--1200 riders (3.75 percent of 
total daily ridership). 

The procedures u:;e<l tu estimate supply parameters 
are as follows: 

1. Average speed estimated by using a formula 
applicable for sufficient station spacing to reach 
cruise speed Ill: ' 

S = D/ [T + DfC + C (! /2a + l /2d)] 

where 

S average transit vehicle speed, 
D average distance between stations, 
T stop time at stations or stops, 
C cruising speed, 
a rate of acceleration, and 
d rate of deceleration; 

(!) 

2. Train hours minimized (headways maximized) 
subject to policy headway and demand constraints; 

3. Adequate capacity provided in 12 off-peak 
hours to meet peak-load-point, peak-direction demand 
(1200 riders/h): and 
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4. Adequate capacity provided in 4 peak hours to 
meet peak-load-point, peak-direction demand (4800 
r iders/ h). 

The baseline estimates for these parameters and 
their sensitivity tc;> various changes in assumptions 
or procedures are given in Table 1. 

Because additional passenger capacity can only be 
added in discrete units, excess capacity is usually 
provided in order to meet a prespecified demand 
level. The amount of excess capacity provided in
fluence s the degree of change in supply parame ters 
that may occur in response to a change in an input 
assumption. consequently, Table 1 also indicates 
the amount of peak and off-peak excess capacity 
provided by each sensitivity test. 

Based on this example, several observations can 
be made about the estimation of supply parameters: 

1. The sheer number of input assumptions alone 
illustrates the complexity of supply-parameter esti
mation. The example is really not so "simple" after 
all. Furthermore, the need for decision rules, such 
as min i mizing train hours, suggests that the pro
cedures are not as straightforward as many have sup
posed. 

2. Because of the "lumpiness" in the supply 
curve, a minor change in a particular input parame
ter (such as cruise speed) may sometimes be just 
enough to reduce equipment requirements. At other 
times, however, a more substantial change in an 
input pa rameter may have a negligible impact. The 
net change depends in part on site-specific circum
stances (thus, it is not possible to generalize 
based on the results of this example). 

3. None of the sensitivity tests revealed dra
matic changes in supply parameters resulting from a 
single change in an input assumption over the ranges 
tested. They do illustrate, however, that seemingly 
insignificant assumptions can constrain or partly 
predetermine results--for example, peak-hour peaking 
factors, station dwell times, annualization factors, 
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and off-peak policy headways. 
4. The impact on supply parameters of multiple 

changes in input assumptions can be additive so 
that, instead of 5-10 percent changes, 30-40 percent 
changes in supply parameters might result. For ex
ample, the combination of tests 6 and 10 decreases 
train hours by 35 percent. Two different sets or 
packages of assumptions could yield very significant 
differences in supply-parameter estimates. 

s. Train hours, probably the most significant 
parameter from the standpoint of operating cost, 
tended to be more sensitive to changes in input 
assumptions than either car miles or car hours. 

6. Changing the objective function from minimiz
ing train hours to minimizing car miles can result 
in significant changes in supply parameters. 

GENERAL CONSIDERATIONS 

The following section of this paper first describes, 
in conceptual terms, the process of supply-parameter 
estimation and how it relates to the overall plan
ning process for alternatives analysis studies. 
Next, i t discusses critical general considerations 
that relate to the estimation process as a whole. 

Process of Supply-Parameter Estimation 

Figure 1 shows schematically the process of supply
parameter estimation and how it relates to other 
steps in the overall alternatives analysis process. 
Key inputs to supply-parameter estimation are the 
definition of alternatives (step 1) and ridership 
forecasts (step 2). For the most part, supply
parameter estimation takes place in steps 3, 4, and 
5. The resulting supply-parameter estimates serve 
as input to the estimation of transit operating cost 
(step 6) and, to a lesser extent, the estimation of 
capital costs. 

De finition of alternatives includes an initial 
specification of the level of service (LOS) to be 
provided by each alternative. Based in part on this 

Table 1. Sensitivity of supply parameters to changes in analysis assumptions and procedures. 

Annual Supply Parameterb 

Cars Required" Train Hours Car Hours 
Excess Capacity 

Car Miles (no. of passen-
ger places) 

Test Chan gee Changec Changec Changec 
No. Sensitivity Test No. (%) No. (%) No. (%) No. (%) Peak Off-Peak 

1 Baseline estimates 24 24 784 59 483 2 232 000 465 555 
2 Decrease loading standard by 10 percent 21 -12.S 23 537 -5 55 741 -6 2 090 640 -6 309 555 

to 4.9 fl 2/ passenger 
Increase cruise speed by I 0 percent to 66 21 -12.5 23 498 -5 55 645 --{i 2 184 260 -2 9 632 

mph (increases average speed by 4 percent) 
4 Increase maximum train consist to four cars 24 0 24 784 0 59 483 0 2 232 000 0 465 555 
5 Decrease annualization factor by I 0 percent 24 0 22 306 -10 53 535 -10 2 008 800 -10 465 555 

to 279 
6 Remove one station and increase average 21 -12.S 19 809 -20 48 267 -18 2145 510 -4 641 361 

station spacing to 2 miles, or +20 percent 
(increases average speed by 18 percent) 

7 Decrease station dwell time to 30 s, or 21 -12.5 19 809 -2D 48 298 -18 I 935 95D -13 114 206 
-2D percent (increases average speed by 
7 percent) 

8 Decrease maximum train consist to two cars 22 -8 28 463 +IS 56 926 -4 2 137 760 -4 25 555 
9 Decrease peak-hour, peak-load-point, 21 -12.S 23 537 -5 55 741 -6 2 090 640 --6 118 555 

one-way volume from 15 to 14 percent 
of daily, maximum-load-point, two-way 
volume (from 48DO to 440D passengers/bl 

lD Increase off-peak policy headways from 21 -12.5 21 D43 -15 52 032 -13 I 952 380 -13 465 116 
ID to 15 min 

II Minimize car miles rather than train 22 -8 35 899 +45 49 491 -17 I 858 76D --17 25 116 
hours subject to demand and policy 
constraints 

12 Tests 6 and ID 21 -12.5 16 089 - 35 48 267 -19 2 144 27D -4 641 358 
13 Tests 6, 9, and ID 18 -25 14 849 -40 44 547 -25 I 980 590 -II 2DO 360 

aExcludes spares. bReven ue servi,ce only. CCompared with baseline estimate. 
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Figure 1. Estimation of key transit supply requirements. 
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LOS, ridership estimates are prepared. Once the 
ridership estimates are available, the first step in 
supply-parameter estimation occurs: the development 
of ope.t:aliug pl<1ui;. OJ:Jeratiny plans are developed 
for each individual transit service and route in
cluded in the definition of a given alternative, and 
they specify the amount and temporal distribution of 
transit capacity to be provided. The operating 
plans should attempt to match supply with demand in 
ways that tend to minimize operating costs, subject 
to policy constraints (e.g., maximum headways) and 
technological constraints (e.g., minimum headways). 

Operating plans must be checked to determine 
whether the maximum capacity that can be provided 
equals or exceeds the estimated demand. If not, the 
definition of the alternatives must be revised. For 
example, a rail alternative might require longer 
station platforms so that longer trains can be ac
commodated. In addition, the operating-plan LOS 
must be compared with the initial LOS used in the 
demand estimates. If there are substantial vari
ances, revised demand estimates may be necessary. 
The need for such revisions is discussed below in 
further detail. Once an operating plan satisfies 
both of these checks, vehicle requirements and ser
vice measures (i.e., vehicle hours and vehicle 
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miles) can be calculated. Next, the estimation of 
employee requirements by category completes the 
estimation of supply parameters. 

A continuous activity in the process of supply
parameter estimation not shown in Figure 1 is the 
use of "reasonability" checks. These checks should 
be made of the supply-parameter estimates or under
lying operating plans to determine their reasonabil
i ty and consistency with respect to transit experi
ence elsewhere that involves similar technology and 
operating conditions . 

Supply-Demand Equilibr i um 

An imbalance between supply and demand in a trans
portation analysi s can lead to unrealistic forecasts 
and erroneous conclusions. Consequently, there is a 
need in the alternatives analysis process to explic
itly address supply-demand equilibrium. In the 
estimation of supply parameters, this need is re
flected in the two key checks of the operating plan 
cited earlier • 

The first checK determines whether or not the 
operating plan provides sufficient capacity to meet 
or exceed demand. In essence, this check is asking 
the following: Given the physical, technological, 
and policy constraints of this alternative, is an 
operating plan feasible that provides adequate ca
pacity to meet demand? If not, these constraints 
must be modified by revising the definition of the 
alternative. Of course, certain technological con
straints cannot be modified, so that in an extreme 
case it may mean abandoning a particular technology. 

Whereas the first check may lead to a direct 
change in supply, the second check may lead to a 
direct change in demand. Demand forecasts are 
necessary inputs for the development of operating 
plans and the estimation of key supply parameters. 
However, demand forecasts are predicated on certain 
supply-related parameters specified in the initial 
description of alternatives, particularly (a) head
ways and (b) line-haul speeds and travel times. 

During the development of operating plans, 
changes may be made in both headways and speeds. 
Headways will change whenever demand headways (i.e., 
headways needed to provide adequate capacity to meet 
projected demand levels) govern rather than policy 
headways (i.e. , maximum headways in a given time 
period specified as policy). Speed estimates may 
change as more accurate estimation procedures are 
used and as more detailed information is available 
about station volumes, vehicle performance charac
teristics, and alignment and station location. 

Significant discrepancies (or inconsistencies) 
between headways and speeds used in demand estima
tion versus supply-parameter estimation imply dis
equilibrium between demand and supply. If, for ex
ample, operating-plan development results in lower 
headways and faster speeds than those used in demand 
estimation, greater ridership than initially pre
dicted could be anticipated. 

Often such differences in headways and speeds 
will not be so great that completely new travel 
demand forecasts will be required. Nevertheless, 
consistency checks are necessary, and feedback mod
ifications of demand estimates may be warranted to 
ensure supply-demand equilibrium. 

Iterative Nature of Process 

The estimation of supply parameters is an exercise 
that is not restricted to planning. It continues 
beyond alternatives analysis into preliminary engi
neering, final engineering, and finally detailed 
operational planning. As the estimation of supply 
parameters proceeqs from the early stages of alter-
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natives analysis toward final design and detailed 
operational planning, the input assumptions must be 
examined more rigorously, the alternatives must be 
specified in greater detail, and the estimation pro
cedures must be increasingly precise and accurate. 
The process itself, however, remains essentially the 
same. 

Initially, supply-parameter estimation is di
rected at providing information in sufficient detail 
to distinguish between broadly defined alternatives; 
later, it provides information needed to assess the 
worthiness of a limited number of alternatives; 
finally, it is concerned with the design and optimal 
operation of a single alternative. Although there 
is considerable overlap, the discussion in this 
paper is aimed at requirements and procedures needed 
to conduct planning during the alternatives analysis 
process. 

Phase l Versus Phase 2 Alternatives Analysis 

As specified in the Urban Mass Transportation Admin
istration (UMTA) policy on major urban mass trans
portation investments (l_), the overall alternatives 
analysis process is divided into two sequential 
phases or stages. The first phase, "systems plan
ning", is usually regional in scope and is aimed at 
establishing relative priorities among individual 
corridors and identifying a limited set of alterna
tives for each corridor that merits more detailed 
analysis. The second phase is a detailed alterna
tives analysis of a limited set of alternatives in a 
single corridor performed in conjunction with the 
preparation of an environmental impact statement. 

A major concern in providing suggested guidance 
for the estimation of supply parameters is the dis
tinction between the two phases of alternatives 
analysis. Unfortunately, this distinction cannot be 
drawn clearly and unequivocally because of the vari
ability in site-specific circumstances and the range 
of alternatives considered. Clearly, studies in 
which the alternatives examined include additions to 
extensive rail systems will involve greater opera
tional complexity than studies that consider a 
single rail line in an area where there are no ex
isting rail services. Greater operational complex
ity generally requires more sophisticated procedures 
of supply-parameter estimation. 

Although firm guidelines cannot be prescribed, it 
is possible to characterize, in an approximate 
sense, requirements and procedures for regional 
studies versus those of subsequent corridor-level 
studies. With respect to phase l systems planning 
studies, supply-parameter estimation should gen
erally have the following characteristics: 

1. It is geared for simplified operating-cost 
estimation. 

2. Estimated supply parameters include vehicle 
miles, vehicle hours, and fleet size but not neces
sarily employees by category. 

3. Operating plans focus on peak-period weekday 
services. 

4. Relatively simple manual estimation proced
ures are used. 

s. Only limited sensitivity 
actions are performed. 

6. Estimation procedures 
checks may not be independent. 

analyses and inter-

and reasonability 

For subsequent phase 2 corridor-level studies, 
supply-parameter estimation should have the follow
ing characteristics: 

l. It is geared for comprehensive operating-cost 
estimation procedures. 
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2. A complete set of supply parameters is esti
mated (such as that given at the beginning of this 
paper) • 

3. Operating plans specify weekday peak and off
peak service and possibly weekend service as well. 

4. More complex estimation procedures are used, 
and there is likelihood of the use of computer
assisted procedures. 

s. The iterative approach with extensive sensi
tivity analyses is used. 

6. Reasonability checks are independent of esti
mation procedures. 

Because supply-parameter requirements and appro
priate procedures may vary by stage between differ
ent locations, it is important that federal and 
local sponsors make agreements in advance with re
spect to supply-parameter requirements, inputs, and 
estimation procedures. Although these agreements 
may require modification during the course of the 
study, they will serve as a blueprint for study 
conduct. 

Operating Feasibility 

As the analysis of transit alternatives proceeds, 
the definition of alternatives is continually re
fined and increasingly detailed. At the conclusion 
of the process, it is of obvious importance that the 
remaining alternatives be feasible from engineering 
and operational standpoints. Operational feasibil
ity, as noted earlier, is of considerable relevance 
to the process for estimating supply parameters. 

It should be emphasized that operational feasi
bility, as defined here, is concerned with whether 
or not a system or technology can actually perform 
as specified in a planning study. The fact that a 
system may be operationally feasible does not neces
sarily mean that it is operationally efficient. 
Relative operational efficiency must be determined 
by exploring different operating strategies through 
the use of the iterative planning approaches dis-
cussed earlier. 

There are two major prerequisites for operational 
feasibility. The first is that relations between 
supply parameters, operating plans, vehicle perfor
mance specifications, demand levels, and various 
descriptors of alternatives be internally consis
tent. For example, there should be consistency (a) 
between average speed and vehicle performance, route 
characteristics, station (stop) spacing, station 
dwell time; (b) between vehicle passenger capacity 
and loading standards, vehicle dimensions; and (c) 
between vehicle requirements and route character
istics, demand levels, vehicle characteristics, 
minimum-maximum headways, vehicle reliability. 

The second prerequisite is that the specification 
of various performance characteristics be within the 
capability of available technology and that this 
technology be specified in the capital cost esti
mates. Performance characteristics of particular 
concern to operational feasibility include vehicle 
performance and signal control (for rail technology). 

SPECIFIC CONSIDERATIONS IN DEFINING ALTERNATIVES 

A number of inputs and assumptions to the process of 
supply-parameter estimation are embodied in the def
inition of alternatives. Several of the most crit
ical of these are discussed below. 

vehicle Capacities and Loading Standards 

Some of the most significant assumptions in the de
termination of supply parameters involve vehicle 
capacity and associated loading standards. Despite 
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the significance of these assumptions, there is con
siderable variability in the manner in which they 
are developed and in the resulting loading standards 
and vehicle capacities. Of particular concern is 
the tendency to use different loading standards for 
different transit modes in the same analysis, which 
tends to bias the analysis in favor of one mode. 

There are really two basic issues to be addressed 
in determining vehicle capacity for use in supply
parameter estimation: 

1. What are appropriate loading standards and 
seating plans for the service under analysis? Load
ing st~nrlara refers to how much space is made avail
able per passenger in peak demand conditions. Seat
ing plan refers to how this space is use d for seated 
passengers and standees. 

2. How can these standards and plans be used to 
determine vehicle capacities for different transit 
modes and vehicle types? 

The first issue is largely a policy question that 
must take into consideration the nature o f the tran
sit service being analyzed and the cost implications 
of different loading standards. For services that 
have long average trip lengths, such as commuter 
rail operations, the ratio of total to seated pas
sengers for design volumes is usually low, approach
ing l. 0 where a seat is planned for every passen
ger. Furthermore, a relatively large amount of 
space per seat may be used to increase passenger 
comfort. 

As passenger trip lengths decrease and passengers 
are boarding and alighting more frequently , the 
total/seated passenger ratio typically increases and 
smaller seats are used. Table 2 (l_-2) gives typical 
space requirements for seated and standing passen
gers. There is an obvious trade-off between total 
capacity and the amount of seating provided, since 
standing passengers consume less space than seated 
passengers. To increase available space for 
standees, seats can be either eliminated or reduced 
in size and different seating patterns (e.g., longi
tudinal instead of transverse seating) can be used. 
Reducing seating, of course, increases the frequency 
of conditions in which all seats are occupied and 
some passengers must stand. 

In addressing this issue, policy decisions must 
be made with respect to (a) the percentage of pas
sengers to be seated in the peak design period 
(ratio of total to seated passengers), (b) the 
amount of space to be allocated to seated passen
gers, and (c) the amount of space to be allocated to 
standing passengers . In using these decisions to 
determine the capacities of specific transit vehi
cles, it is likely that the seating c onfigurations 

Table 2. Space requirements for seated and standing passengers. 

Category 

Seated passengers 
Typical commuter rail 
Typical urban rail transit 
Typical urban bus transit 

Standing passengers 
In unconstrained condition 
Minimum requirement to avoid contact 
Du Wag standard 
NY CT A standard for maximum "practical" capacity 
Moscow Metro minim um standard 

Ngto: NY A = Now York City Tr.nn'h Authoth y. 

Net Space 
per Passen
ger• (ft2) 

4-6 
3-5 
3-4 

4-9 
2.4-2.8 
2.7 
1.8 
1.3 

"Excludl:.!I'. non usable i 1>~ce. f.~o r ~~A l e.d pa5:5ungcrs, lhe data lncl ud~ the space 
c.01uu mod b)' 1h1.1 $C:i.t plus tegsp.DCo balwce:n seats. For s11111dl11g passengers, 
the tl111D UC! b:titd fU\ dear noor i. re~ !>Cr Slunduti. 
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used elsewhere will be inconsistent in terms of 
space per seated passenger and the total/ seated pas
senger ratio. Thus, for consistency, it is neces
sary to assume modified interior layouts for plan
ning purposes. 

One method of doing this is to use a cons tant 
loading standard expressed in gross square feet per 
passenger, where gross square feet is measured by 
exterior dimensions. Gross vehicle area is conveni
ent to use since it is generally easier to determine 
than the amount of usable inte r io r s pace. The Re
gional Plan Association <.~l proposes a standard of 
5.4 ft 2 of gross vehicle area per passenger. 

One aUva.ui:.dlJe uf using a loading standard ex
pressed in square feet per passenger is that the 
seating configuration does not need to be trea ted 
explicitly. By doing so, it is assumed that seating 
patterns could be deve loped for different vehicles 
under analysis t hat would have the same total/ seated 
passenger ratio and would be e quivalent in terms of 
space per seated passenger and space per standee. 

It is important to recognize, on the other ha nd, 
t ha t the l oading standard expressed in square feet 
per passenger is not independent of space standards 
for seated and standing passengers and the total/ 
seated passenger ratio. Th us, the loading standard 
should be selected based on the type of service 
being planned and its cost implications. This im
plies that an appropriate universal standard for all 
transit loading d oes not exist and that, in select
ing a standard for a specific set of circumstances, 
c o nsideration s hould be given to its implications 
for space for seated passengers and standees and the 
total/ seated passenger ratio. 

Another consideration in using loading standards 
based on gross area is that different transit vehi
cles may have different percentages of usable in
terior area compared with qross floor area. For 
rail transit cars, the Regional Plan Association 
found considerable similarity in this respect for 
rail cars. For transit buses and light rail vehi
cles, however, the percentage appea rs lowe r . Hence, 
using the same loading standard based on exterior 
dimensions may not be appropriate in comparisons 
between bus and rail. 

In many instances, it may be simpler to compute 
vehicle capacities directly based on prototypical 
seating patterns and standee standards rather than 
to adjust loading standards based on gross floor 
area. The vehicle capacity calculations are 
straightforward once the following data are 
available: 

Data Item 
usable floor area 

Square feet per 
seat 

Square feet per 
standee (mini
mum) 

Total/seated ratio 
in peak condi
tions 

Source 
Data and specifications for 

production vehicles 
Based on trip characteristics 

and industry experience 
(Table 2) 

Based on trip characteristic s 
and industry experience 
(Table 2) 

Based on trip characteristics 
and policy decision regard
ing comfort 

In computing capacity from these inputs, it must be 
remembered that the exact seating pattern implied 
may not be strictly possible. Door locations, pas
sageway and wheelchair requirements, and other con
siderations are constraints on the interior layout 
of a transit vehicle. However, the loading plan 
developed should be feasible, at least in an approx
imate sense, and will ensure consistency in the es
timation of vehicle capacities. 
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Service Hours and Service Days 

Transit planning analyses are oriented toward peak
period weekday travel. Off-peak, weekend, and holi
day services are not always given a great deal of 
consideration, though they can significantly affect 
annual supply parameters and operating cost esti
mates. Assumptions about such services are often 
treated implicitly in the factors used to expand 
supply parameters from peak-period to weekday totals 
and then from weekday to annual totals. 

In the first-phase, regional-level alternatives 
analysis studies, the use of approximate expansion 
factors, without a detailed consideration of service 
levels in off-peak and weekend time periods, can be 
appropriate provided the factors are reasonable in 
light of local and national experience. In subse
quent corridor-level studies, however, supply param
eters should be developed based on explicit assump
tions regarding off-peak, weekend, and holiday 
service levels. 

In developing weekday supply-parameter estimates 
during corridor studies, service levels can be spec
ified in three to five time periods during which 
servi~e levels are assumed to be reasonably con
stant: peak (morning and evening), base, night, and 
"owl". It must be recognized that dividing a week
day into a limited number of constant service time 
periods is a simplification, albeit a necessary 
one. Transitions between time periods, special 
"tripper" runs, and other scheduling considerations 
typically produce hourly variations so that, in 
larger transit systems, no two hours are exactly the 
same. 

To develop annualization f actors--factors that 
expand weekday supply parameters to annual supply
parameter estimates--explici t assumptions regarding 
weekend and holiday service are necessary in 
corridor-level alternatives analysis studies. The 
sensitivity of annualization factors to weekend and 
holiday service assumptions is given in Table 3. 

Another important consideration in developing 
annualization factors is seasonality. Bus transit 
systems often provide special revenue school runs 
when school is in session. Fares are charged and 
anyone may use the service, but it is oriented 
toward schoolchildren. Such service may represent a 
sizable proportion of background bus services and 
should be taken into account in developing annuali
zation factors. In addition to school-related ser
vice, some transit systems have seasonal service 
variations related to recreational travel and cli
matic conditions, though they tend to be minor. 

It should be noted that annualization factors are 
not necessarily the same for different supply param
eters. For instance, in the case of rail lines, 
trains are likely to be shorter on weekends so that 
the reduction in vehicle miles, compared with week
day service, is greater than the reduction in train 
hours. Strictly speaking, such differences imply 
that different annualization factors should be used 

Table 3. Annualization factors: sensitivity to weekend and holiday service. 

Service(%) 

Weekday 

100 
100 
JOO 
!Oil 
100 

Saturday 

50 
70 
70 
50 

Sunday 

40 
50 

Holiday 

40 
50 

Annualization 
Factor 

25 1 
277 
287 
31 1 
308 

Note: Assumes n ine holida ys pe r year and no seasona l variat ion jn 
transit services. 
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for vehicle miles and train hours. For regional
level studies, however, the use of a constant an
nualization factor for supply-parameter estimation 
is a reasonable approximation. In corridor-level 
studies, annualization factors should be developed 
with great care and, where appropriate, different 
annualization factors should be used for different 
supply parameters. 

Background Bus Networks 

In analyzing capital-intensive transit facilities, 
facility alternatives are superimposed over existing 
or proposed bus systems in the corridor. The extent 
and cost-effectiveness of the background bus system 
are important because the evaluation of alternatives 
will consider the ridership, revenues, and costs of 
all transit services in the corridor. 

AS a minimum, the background bus system must be 
modified to interface with the capital-intensive 
1 ine-haul system under consideration and reduce or 
eliminate service duplication. In addition, the 
background bus system may be modified to provide 
additional feeder-distribution service for the line
haul service and also may be expanded to include new 
services that are warranted by anticipated growth 
and are unrelated to the line-haul system. In the 
latter case, the background bus system is usually 
based on an improved "all-bus" alternative for the 
corridor. 

In developing background bus systems for alterna
tives analysis, a number of questions must be ad
dressed. Some of the most critical questions in
clude the following: 

1. Should all capital-intensive facility alter
natives be superimposed over the same background bus 
network with only interface changes and route trun
cations and eliminations to reduce service duplica
tion? 

2. Should the background bus network be based 
on an "existing" or improved bus network? 

3. Should there be an attempt to "optimize" the 
background bus network for individual capital
intensive facility alternatives? 

4. can individual bus lines be aggregated to 
simplify the analysis? 

5. How should the treatment of background bus 
systems vary between regional-level and corridor
level studies? 

In completed alternatives analysis studies, it 
appears most often that capital-intensive corridor 
facility alternatives have been superimposed over 
essentially the same background network and that the 
basis for this network is usually an "improved" all
bus alternative. Although the background network 
was often modified to provide feeder and distribu
tion services, formalized attempts to determine the 
"optimal" bus network were not made. Bus networks 
were analyzed at the level of detail usually re
quired for an Urban Transportation Planning System 
transit network (i.e., all background bus transit 
services were generally coded into the network). 
Note that completed studies have mostly been 
c o rridor-level rather than regional-level studies. 

In making recommendations for the treatment of 
background bus networks in future alternatives 
analysis studies, no radical departure from past 
practice appears warranted, but some guidelines for 
c onsistency are needed. Recommendations in this 
regard are summarized below: 

1. Essentially the same background bus network 
should be used for all capital-intensive facility or 
service alternatives. 



2. The basis for this network should be an im
proved bus network that reflects service increases 
warranted by projected growth and applicable trans
portation system management improvements. 

3. The background network must be modified for 
each line-haul facility or service alternative to 
provide appropriate interfaces and eliminate service 
duplications. Service duplications should only be 
eliminated to the extent that they could actually be 
eliminated. Experience with the Bay Area Rapid 
Transit system and the Washington, D.C., Metro sys
tem indicates that there may be substantial com
munity opposition to the elimination of bus routes 
that, although they duplicate rail service, may 
offer a better level of service than rail or may 
provide local service that rail cannot provide. Bus 
routes that duplicate a proposed line-haul transit 
facility and that would offer service clearly in
ferior to that provided on the other facility can 
usually be eliminated or truncated without question. 

4. No formalized attempt should be made in al
ternatives analy sis to develop an op timal background 
bus network for capital-intensive facility alterna
tives. However, obvious modifications to the bus 
network should be made to provide adequate feeder 
and distribution services. At the conclusion of the 
analysis, supply-demand checks should be made to 
determine whether the services in the background 
network, especially feeder service, are in equilib
rium. Furthermore, reasonability checks of riders 
per bus mile and riders per bus hour should be made 
to determine the relative productivity of the back
ground bus network for different capital-intensive 
line-haul alternatives. These checks may indicate 
the need for refining the specification of the back
ground network for a particular line-haul alterna-
t ive. usually, such refinements can be made 
ually withuut changiny cu1111Juter: netwurks 
repeating the travel demand forecasts. 

man
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s. Aggregation, or the ochcmatic treatment of 
individual background bus routes, is appropriate for 
regional-level studies. In corridor-level studies, 
supply-parameter estimation and demand estimation 
will require more detail, and therefore the specifi
cations for background bus networks should be at the 
level of individual routes or lines within the cor
ridor under study. 

CONCLUSIONS 

Through an example, a discussion of general con
siderations, and detailed discussions of selected 
topics, thiR papPr has attempten to reveal the com
plexity and significance of the estimation of tran-

sit supply requirements in planning studies. Al
though the paper has been written in the context of 
federally required alternatives analysis studies, 
the principles and concerns raised are applicable to 
transit planning generally, particularly any plan
ning efforts in which fixed-guideway transit modes 
are considered and alternative transit modes eval
uated. 

The paper is not comprehensive and has focused 
its most detailed discussions on selected inputs to 
the supply-parameter estimation process that r equi re 
special attention. Many other important inputs to 
the process were not covered, and the entire subject 
of how these inputs are used to calculate supply
parameter estimates was not addressed at all. It is 
hoped that this paper will stimulate interest and 
further discussion of supply-parameter estimation 
among those planners actively involved in transit 
alternatives analysis studies. 
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Development of Regional Multimodal Transportation 

Performance Measures for the Twin Cities 
WILLIAM R. LOUDON, WENDY P. STERN, AND JOHN F. HOFFMEISTER 

Results of a study performed to develop measures for assessing the effectiveness 
of the transportation policies of the Metmpolitan Council of the Minneapolis
St. Paul area are presented. The purpose of the study was to develop a set of 
performance measures for assessing the degree to which the Metropolitan 
Council's regional transportation policies were being adhered to and the extent 

to which the policies have been effective in attaining the basic objectives of 
the regioii. Two important innovations in the study were the emphasis on 
planning versus management performance measures and the development of 
three sets of measures-one to provide an overview of transportation in the 
region, one to assess objective attainment, and the other to determine policy 




