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SOLON: Interactive Method for Evaluating and 

Improving Transit Route Performance 

YORGOSJ.STEPHANEDES 

ABSTRACT 

SOLON is an interactive microcomputer graphic method that addresses the proh
lems of transit scheduling and route efficiency and productivity improvement. 
It has three unique characteristics: First, it provides solutions at any speci
fied time or continuously through the life of a transport service by tracing 
the interactions among scheduling changes, route ridership, and service cost
effectiveness. Second, it explicitly treats time delays that hamper route per
formance. Third, its modules operate interactively or independently and can be 
modified by the user. Because it addresses transit problems at the route level, 
SOLON can facilitate management and funding decision making, by determining the 
viability of individual routes, and aid in selecting the best performance poli
cies. Further, because it assumes no previous computer knowledge, it can sub
stantially increase personnel training productivity. SOLON inputs include con
ventional socioeconomic and transportation data. Output performance indicators 
are provided by mode and for every time instant, subject to selected policies 
and exogenous fluctuations such as changes in energy cost, inflation, and unem
ployment. 

Declining subsidies, low ridership, and r1s1ng defi
cits are increasingly affecting management decisions 
in public transit operations. Although revenues from 
the gas tax bill may alleviate some transit fiscal 
problems temporarily, structural inefficiencies re
main and act to discount the added benefits. Cur
tailing services, a simple short-term solution, may 
spell the end of urban public transit in the long 
term. Service changes, applied selectively to indi
vidual routes, are emerging as one of the most fea
sible policy alternatives for improving the cost
effectiveness of public transportation operations. 

Transit managers can accomplish such improvements 
by selecting the best options from an extensive set 
of policy variables (e.g., fare, service frequency, 
number of stops, and route length). However, tradi
tional planning methods cannot deal effectively with 
this complex problem, especially because it is sub
ject to continuously changing constraints and often 
requires different solutions at different stages of 
development. To be sure, in real-world applications, 
strict optimality with respect to performance mea
sures is seldom required. On the other hand, there 
is a need for decision-making procedures that are 
systematic and that reflect trade-offs and simplifi
cations in the policy selection process. To beef
fective, such methods should be interactive and time 
sensitive and should be able to quickly sort through 
a great number of policy alternatives and advise the 
decision maker of the most desirable choice or 
choices given the stated evaluation criteria. Such 
are the capabilities of SOLON (selection of policy 
options interactively) , the interactive method pre
sented here. 

Although several quick-response planning methods 
have been developed, SOLON is the only interactive 
system that begins to address the time interactions 
between the major elements that give rise to changes 
in transit route performance. The method is rather 
straightforward and is distinguished by three unique 
characteristics: First, it provides solutions at any 
specified time or continuously through the life of a 

transport service by tracing the interactions be
tween scheduling changes, route ridership, and ser
vice cost-effectiveness. Second, it explicitly 
treats time delays (e.g., capital procurement and 
ridership} that hamper route performance. ~bird, its 
modules (demand, supply, and performance} operate 
interactively or independently and can be modified 
by the user. For instance, trip purpose (work or 
shopping} and market segments (by automobile owner
ship, transit availability, and so forth) may be 
selected; demand specifications can be updated; and 
management plans on fare, frequency, and other poli
cies may he proposed by the user or adopted from 
those suggested. SOLON addresses these problems at 
the route level, where management decisions are 
usually made. It, therefore, can facilitate manage
ment and funding decision making by assessing the 
viability of individual routes (or route sets) and 
aiding in the selection of the best performance pol
icies. 

Route performance evaluation and policy selection 
could, of course, be performed without use of an 
interactive graphics system. A dynamic methodology 
was initially developed by this author for evaluat
ing transport systems without the benefit of inter
active graphics (1-3). However, inclusion of the 
interactive and g;aphic capabilities creates sub
stantial savings in the time required to select a 
better set of policies. In addition, SOLON has been 
implemented in a way that allows easy access by de
cision makers with little or no computer experience. 
As a result, it enables experienced policy analysts 
to examine expected performance improvements in 
greater depth by experimenting with a wide range of 
plans and to fine tune selected policies before im
plementation. Further, it can substantially improve 
personnel training productivity as suggested by Twin 
Cities transit specialists who had hands-on experi
ence with one version of this method. Recommenda
tions for improvements, made hy these specialists, 
have been incorporated in the current version, which 
is being continually updated with data from Metro-
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politan Transit Commission (MTC) routes in the Twin 
Cities. 

OVERALL MODEL STRUCTURE 

The structure of SOLON can be analyzed at several 
levels of detail. At the most general level, it may 
be pictured as a simple demand-supply model (Figure 
1) with the transit route performance sector acting 
as a link between supply and demand. For instance, a 
transit frequency increase in the service supply 
sector results in waiting time reduction in the per
formance sector i as level of service improves, so 
does travel demand. In turn, as demand for and use 
of transit grow along a route, cost-effectiveness 
measures (e.g., load factor, operating ratio) im
prove and call for service adjustments. Following 
such adjustments (e.g., frequency, fare) in the sup
ply sector, performance measures are further modi
fied and the interactions continue full circle. 

Demographics 
Socioeconomics 

work 
trips 

Tr0vel Dom-and 

Evaluation 

MA: mode availability 
AA : auto availability 

LOS: level of service 

HU : highway use 

Highway 
Congestion 

HU 

Service 

Supply 

TU : transit use 

LOS 

PI : performance Indicators 
GS: government subsides 

FIGURE 1 SOLON structure. 

However, secvice d~ well as pricing adjustment:,:; 
are limited by government regulations. For example, 
it may be impossible to increase transit fares in 
order to clear the market at given levels of transit 
service supply. Further, many of the changes in 
transit route service (e.g., route length and fre
quency modifications), supply resources (e.g., 
equipment and funding acquisition), and travel pat
terns can be accomplished only over relatively long 
periods of time or at infrequent time intervals 
(1-3). Such substantial physical and information 
d-;i;;:ys to transit supply and demand changes, to
gether with regulatory restrictions, imply that a 
realistic model of transport supply-demand interac
tions should be able to treat the time dynamics of 
response to policy changes. SOLON achieves this by 
tracing the interactions shown in Figure 1 contin
uously through time. 

As demand and supply continue to interact, each 
pass through the performance sector determines a new 
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value for the set of efficiency, cost-effectiveness, 
and productivity indicators of that sector. The 
tables and plots of these indicators through the 
study period are the major products of SOLON and 
will be discussed in a later section. These perfor
mance records can facilitate the route evaluation 
process by assisting managers in assessing candidate 
operating policies and by advising funding agencies 
in making subsidy decisions on the basis of perfor
mance. 

MODEL COMPONENTS 

Tracing the demand-supply interactions through time 
is done on the basis of component equations housed 
within each of the four major SOLON modules shown in 
Figure 1. A summary of the contents of the modules 
(i.e., logic, empirical base, and data sources) is 
presented in thin section. Although this exposition 
is necessarily constrained by space, it should 
nevertheless expose the strengths and limitations of 
the methodology. The summary should further aid the 
reader to identify the assumptions and, therefore, 
the applicability of SOLON to specific decision
making and policy evaluation situations. 

Travel Demand Sector 

Estimating the expected demand for a planned transit 
service is essential to system managers before im
plementation of specific service policies along a 
route. In SOLON the demand model should be capable 
of estimating ridership as a function of time and 
level-of-service measures based on initial route 
conditions only (i.e., without the need for exten
sive time-series data for the entire policy evalua
tion period). In addition, it should take into 
account the information delay between the time a 
service policy is implemented and the time residents 
of the service area become aware of the new service. 
However, most existing demand models are static 
(i.e., they estimate demand when the transport sys
tem is at equilibrium). Further, the static approach 
overlooks delayed interactions between the demand 
and the other transportation sectors and cannot 
treat transient policy impacts. Such impacts are of 
particular importance to decision makers during 
periods in which conditions exogenous to the trans
portation system, having created a trend, suddenly 
undergo major changes and force the system away from 
equilibrium. 

Because of the limitations of the existing 
rnuUt=ls, a dynamic dernaLJd equation ww u dev~l~pcd that 
fulfills the requirements of a time-sensitive tech
niq•.1e s1-1ch "'' SOT..ON. Assuming, for the purposes of 
this discussion, that the trip generation and trip 
distribution stages are completed, the dynamic de
mand equation states that Pt+l• the estimated 
probability of selecting a given mode of travel, is 
a function of the current probability (Pt), the 
estimated equilibrium probability (Pel, and an 
information time constant (Tp): 

(1) 

The information time constant can be determined ex
perimentally and is generally longer in rural areas 
(2). The equilibrium probability is estimated by a 
disaggregate legit specification calibrated with 
data from the area of application. When SOLON is 
implemented, the suggested parameter values, which 
have been validated at several rural and urban 
routes (1-j), can be updated with a small data sam
ple (1)• Alternatively, any steady-state demand 

-... 
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model, such as ULOGIT (_§.>, or a simple regression 
equation could replace the existing specification. 
It should be noted that Equation l is based on the 
assumption that transportation demand, unless other
wise driven, behaves as a first-order system. Al
though this assumption is based on data from several 
systems (4), transportation operations may exist for 
which higher order effects are substantial. 

All or some elements of the demand sector can he 
activated by the user, depending on the nature of 
the application. For instance, a modal split speci
fication for work trips should be employed for rush
hour applications. Other equations available in this 
sector include a joint generation/distribution / 
modal-split shopping specification based on concepts 
presented in Stephanedes (2) and Adler and Ben-Akiva 
(]) and specifications d~veloped particularly for 
area residents without a car, with one car, with two 
or more cars, and with or without transit access. 
Although the choice of specification or specifica
tions is made by the user, each equation takes into 
account the results from other sector elements as 
appropriate; for example, the shopping trips equa
tion is a function of automobile availability, which 
is estimated by the work trip equation. 

The data needs of the demand specifications in
clude conventional demographic , socioeconomic , and 
trip inf oana t ion traditionally r e quired by logit 
models (e . g., household i ncome, automobiles per 
household, workers per household, trip distance, 
travel time, waiting time, and cost). Most of the 
data are entered when the method is initialized. At 
that time, the user has the option of entering addi
tional data or elementary formulas generating such 
data for the simulation period; however, such infor
mation is not necessary. For example, forecasts of 
the price of gasoline and inflation and unemployment 
rates can be entered for each month of the study 
period if these are expected to change; further, 
formulas that forecast such changes for the evalua
tion period could be directly incorporated in SOLON. 
The second kind of data needed by the demand sector 
is created internally in the highway and transit 
route performance sectors at every time instant of 
the simulation. 

Transit Route Performance .Sector 

Efficiency, effectiveness, productivity, and quality 
indicators describing the route performance are 
needed by the supply and demand sectors for estimat
ing service and ridership decisions, respectively, 
during simulation. The time records of these indica
tors for the study period are also needed for policy 
evaluation and funding decisions as mentioned ear-
1 ier. Although there exist a large number of indica
tors that could be calculated with information from 
the demand and supply sectors, only a set of reason
able size is initially available to the user. The 
indicators included in this set have been selected 
on the basis of earlier work by Fielding and others 
( 2, 8-11) who sought to identify the measures that 
can - best be employed to evaluate transit perfor
mance. To be sure, the user can easily create addi
tional indicators using the components generated by 
SOLON (for a set selected by a typical urban user in 
the Twin Cities, see Table 1) . Similarly, the user 
can work with a smaller set that is generated auto
matically at the end of an evaluation and never turn 
to the SOLON library for additional information; 
such a small set could, for instance, be adequate 
for performing a preliminary evaluation of a rural 
transit route. 

Performance indicators are determined on the 
basis of identities, assumptions, and simple alge-

3 

TABLE 1 Selected SOLON Library Performance Indicators 

Condition To Be Measured Indi cator Type 

Absolute Measurements 

Demand 
Absolute ridership Ridership Output 
Absolute demand Demand per time period Impact 

Survivability of system Years in operation Effectiveness 
Quality of services 

Frequency Average headway and on-
time arrival Quality 

Travel time Average speed Quality 
Supply of services Vehicle-miles and route- Output 

(quant ity of service) miles 

Comparative Measurements 

Demand (relative) Passenger trip modal split Effectiveness 
Passenger trips/capita / 

time period Effectiveness 
Passenger trips/capita/time 

period after service im-
provement compared to 
before Impact 

Survivability of system Operating ratio Cost-effectiveness 
Quality of services 

Level of service Trip time compared to 
auto mobile Quality 

Cos t of service Fare compared to 
automobile out-of-
po cket cost Quality 

Fare/mile Quality 
Comfort Seat-miles/passenger-

mile Quality 
Supply of services Frequency compared to 

desired frequency Output 
Vehicle utilization Vehicle-miles/vehicle Efficiency 

Vehicle-hours/vehicle Efficiency 
Vehicle-hours/ve hicle/ 

service-hour Efficiency 
Cost per produced unit Cost/vehicle-mile Efficiency 

Cost/vehicle-hour Efficiency 
Utilization of service Passengers/vehicle-hour Cost-effectiveness 

Passengers/vehicle-mile Cost-effectiveness 
Passengers/seat-mi le Cost-effectiveness 
Passenger-miles/venicle-

mile Cost-effectiveness 
Cost per consumed Cost/passenger-trip Cost-effectiveness 
output unit Cost/passenger-mile Cost-effictiveness 

Subsidy Subsidy 
Per passenger trip Co st-effectiveness 
Per vehicle-mile Cost-effectiveness 
Per vehicle-hour Cost-effectiveness 

Diversion from other Percentage of trips Impact 
modes diverted from other 

modes 

braic equations calibrated in the area of applica
tion. For instance, headway in minutes is estimated 
from frequency in vehicles per hour on the basis of 
the identity: 

HEAD = 60/FREQ (2) 

As another example, bus highway time along a route 
is determined by adding the stop time per transit 
trip (STIME) to the automobile highway time. In 
turn, STIME is a function of DAT, deceleration and 
acceleration time; STOP, the average number of stops 
experienced by a typical rider; DIST, the average 
trip length of a typical rider; STPR, stop time per 
rider getting on or off; and RPBM, rider per bus 
mile: 

STIME = (DAT) (STOP) + (DIST) (2°STPR) (RPBM) (3) 

The values for the parameters of Equation 3 are rec
ommended by SOLON from previous urban and rural mea
surements and are supplemented with information 
entered by the user. "Riders per bus mile" is deter
mined internally at every time instant of the evalu-
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ation period from values generated by the demand and 
supply sectors. 

As a third example, the operating ratio is de-

estimates in the demand s ector, divided b y operating 
cost. Previous experience with SOLON and its prede
cessor, TRANSIT (12) , has indicated that most sys
tems break the opei;.ting cost down to a variable and 
a fixed unit cost component, b1 and bz, respec
tively: 

OCOST = bl (FREQ) + bz (4) 

where b1 i~ in dollara per round trip times houri. 
per week and b2 is in dollars per week; a third 
variable component, based on the number of route 
buses, can be added in Equation 4 if necessary. 
Route values for the b1 and bz parameters are 
usually available from transit operations or can be 
determined from routinely recorded information on 
9ds, u~i, ga Lagiug, rna~otcoaoca, nag~~, 
and other cost components. 

· ....................... ,.. 
•11,;;;,u.1.<.4 1, .._. ,;;.:: I 

Service Supply Sector 

Using information from the route performance sector 
regarding key performance indicators such as load 
factor, operating ratio, and net revenue, the service 
supply sector determines the transit frequency that 
is necessary to keep the route within certain per
formance guidelines. These guidelines are declared 
by the SOLON user during initialization and are es
sential to the policy evaluation and decision-making 
process. 

The guidelines reflect management's objectives 
and constraints and are usually expressed in terms 
of performance measures. For instance, most transit 
managers would not make a frequency change while the 
load factor remained within a range they consicler 
acceptable. Further, frequency changes cannot be 
implemented unless the route performance fulfills 
certain constraints. A set of basic guidelines that 
depend on the load factor, operating ratio, and 
available capital has been designed with data from 
conversations with experienced managers (l-il and is 
included in SOLON. The user can then indicate the 
specific threshold values of the performance con
straints as well as the desired frequency modifica
tion at those values. Alternatively, the user can 
override the proposed guidelines and enter others 
that are more appropriate to the application at hand. 

The service sector employs the information on thP
current state of the route available from the per
formance sector to determine the estimated frequency 
(FREQt+li as a func.;tion or Cu t:reut 
a management time (Tf) , and the 
~a.effi cient TJ : 

FREQt+l = FREQt + (U) (FREQt)/TF 

e - --·· - - - ·• IT':'lnT':'I" \ ~.Lc4 u.:uwy ,..:nu'lc!tl, 

frequency control 

(5) 

where U reflects the performance guidelines dis
cussed previously and is usually a function of the 
load factor, the operating ratio, and the available 
capital; namely, revenue, employees, and rolling 
stock (see Figure 2 for an illustration of U from a 
suburban route in the Twin Cities). The new fre
quency value is then fed back to the route perfor
mance sector where it is employed in the estimation 
of the performance measures and level of service, 
which, in turn, determine the demand estimate at the 
next time instant. 

Highway Congestion Sector 

Transit travel time and demand for transit are in
fluenced by the level of service supplied by the 

.c 1 n 
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FIGURE 2 Sample SOLON policy input. 

highway sector. This influence is substantially 
stronger in urban areas, where congestion effects 
are more likely. In addition, the differential ef
fect of congestion on mode choice may be consider
able where bus preferential treatment allows buses 
to avoid congestion areas. 

In SOLON the effects of congestion are treated by 
estimating the highway travel time for varying high
way characteristics via simple delay curves that can 
be updated by the user. In large urban areas, delay 
curves can be prepared off-line using simulation 
[e.g., the freeway priority entry control model 
FREQ6 (13)]. In simple corridor applications the 
same information can be prepared with limited field 
traffic measurements. In rural areas, where conges
tion is often not a problem, constant highway times 
can be used at different times of day and, there
fore, this sector is not needed. 

APPLICATION: POLICY EVALUATION AND SELECTION 

The basic process for evaluating and selecting route 
performance policies using SOLON is now illustrated 
through application of the dynamic method to peak
period work trips on bus Route 35, Burnsville-Min
neapolis, a radial route along a corridor south of 
the Minneapolis central business district. This 
route is characterized by local stops at the two 
ends of the trip and virtually no stops in the 
middle portion, which makes use of freeway I-35W ~ 
Census data on Burnsville and traffic information on 
I-35W were readily available to the project team in 
the course of t he study. 

Data initialization is the first step in applying 
the policy selection method. The data requirement!=; 
include conventional demographic, socioeconomic, and 
trip information, readily available to transport 
planners. Most of these data are required by the 
logit specifications that are built in SOLON. [The 
statistical properties and data needs of legit are 
well documented (5,14-17) and not restated here.] 
Additional data, a~~iated with the dynamic nature 
of the method, include Tp and TF, the informa
tion and management time constants, respectively, 
and the initial values of ridership and frequency. A 
summary of data initialization, with values from the 
Burnsville application, is shown in Figure 3. 

Performance guidelines, indicating how transit 
service should be modified in response to perfor
mance changes, must next be declared by the user. In 
this application, for instance, the Metropolitan 
Transit Commission (MTC) of the Twin Ci ties follows 
a policy that states that there should be no fre
quency change for round-trip load factors in the 0.3 
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SOLON here! 

For some of the input values that follow hit RETURN 
if [DEFAULT] value is desired, else enter the desired value. 

Ul ••• Round-trip transit fare, cents -
U2 ••• Round-trip drive cost, cents -
Al ••• Management implementation delay, wks 
A2 ••• Ridership infonnation delay, wks 

Are you happy with this input -
n 
Please enter the correct values now -

Ul ••• Round-trip transit fare, cents -
U2 ••• Round-trip drive cost, cents - -
Al ••• Mana~ement implementation delay, wks -
A2 ••• Ridership infonnation delay, wks 

Are you happy with this input - -
y 

XlINIT ••• J nitial value of ridership, rtrips/wk - -
X2INIT ••• Initial value of frequency, bus/h- - - - -
MINF ••••• Minimum value of frequency allowed, bus/h
DTl •••••• Management conference interval, wks- - -
DT ••••••• Value of time step for computing, wks-
DTP ••••.• Value of time step for printing, wks - -
LEN •••••• Time length of simulation period, wks- -

Are you happy with this input - - - - - - - - -
y 

- - - - -

You have an option to enter the input to the logit equation 
or else default values will be assumed. 

[200] 
[225] 
[3. 0) 
[3.0) 

(y/n) 

[200) 
[225) 
[3.0) 
[3.D] 

(y/n) 

[1000) 
[1.0) 
[DJ 
[5.DJ 
[O. l j 
[5.0 
[60] 

(y/n) 

425 

4.0 

WPOP ••• Total origin work population 
SERM ••• Fraction of origin served by 
PPH., •• Origin people per household
AALD ••• Autos available per licensed 

- - - - - - - - [13600) 
transit -

driver-

- - - - - - [0.16) 
- - - - - - - - [4.12] 

DAYS ••• Days/wk system operates- - - - - - - - - - - - -
DIST, •• One-way trip length, mi- - - - - - - -
NSTOP •• # Stops experiencedin aver. 1-way trip 
TWLKT .. Transit round-trip walk time, min-
ADVTT •• Auto out-of-veh rtrip travel time, min -

Are you happy with this input - - -
y 

FIGURE 3 Sample SOLON data initialization. 

...,. MANAGEMENT POLICY 

[0.64) 

[5.0) 
[15) 
[15) m~ 
(y/n) 

to 0.5 range; below this r ange , frequency should 
decrease whereas above it (i.e., when there are 
standees ), it should increase. To be sure, there 
exist an infinite number of candidate policies to 
deal with similar situations; see Stephanedes et al. 
(!) for a more detailed discussion . A visual display 
and hard copies of the policy are produced at this 
stage and can be used to facilitate communication 
among decision makers. The SOLON user can update 
this poLicy, if desired, at a later stage after the 
performance evaluation results have been reviewed. 
The management policy from the Burnsville applica
tion is shown in Figure 4. An illustration of this 
policy, which corresponds to control U of Equation 
5, is shown in Figure 2. 

*** 
*** 

This is the transit management policy which *** 
detennines frequency changes in tenns of changes*** 

Pollowing initialization, SOLON begins operation 
by computing the initial values of the route perfor
mance indicators . Load factor , operating ratio, and 
net revenue are key indicators in this application 
because they dete rmine the service frequency modifi
cations. If the load factor (LF) e xceeds the maximum 
value (LFmax> allowed by the size of the transit 
vehicles, then LF = LFmax and SOLON signals the 
need for more service. I f LF is below LPmin• the 
minimum value allowed by the operating ratio con
straints, SOLON signals that present service condi
tions should be reevaluated. Fulfillment of addi
tional performance criteria, critical to service 
change decisions, may also be similarly determined. 

-"** *** 
*** 

in the load factor, assuming maximun net *** 
cost per passenger trip R $1.50. The policy *** 
1s sunmarized as a graph of *** 
frequency change vs. load factor *** 

*** You must determine four points on this graph. *** 

1. 

2. 

3. 

4. 

When buses are empty ••• 
Frequency should change by (buses/hr) 

When buses are(% full) - - - - - - - - -
Frequency should change by (buses/hr) - - - - - -

When buses are(% full) - - - - - - - -
Frequency should change by (buses/hr) -

When buses are(% full) - - - - - - - -
Frequency should change by (buses/hr) 

[-1.0] 

[30J 
[OJ 

[SOJ 
[DJ 

[100) 
[0.5) 

Are you happy with this input - - - (y /n) 
y 
A plot of your management policy is being prepared. 

FIGURE 4 Transit route service policy input. 
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SOLON performance evaluation is here! 

Please select up to 5 indicators from SOLOM library. 
?Xl 
?X2 
?HEAD 
?LF 
?OR 

t ime ridership freq ue ncy headway 1 oad operating 
(weeks) _(rtr i ps/wk) __ (buses/hourl (minutes)_ factor _ratio_ 

0 1000 1 .0 60 1 .o 0.30 
5 1180 1.5 40 0.80 0.35 

10 1410 1.8 ::l::l 0.80 0.41 
15 1650 2. 1 29 0.80 0.48 
20 1880 2.4 25 0,80 0.54 
25 2110 2.7 22 0.80 0.60 
30 2250 3.0 20 0.77 0.63 
35 2350 3.3 1s o. 74 o.65 
40 2410 3.5 17 0.70 0.66 
45 2440 3.7 16 0.67 0.67 
50 l4/U j.~ 15 G.ti5 G.6i' 
55 2480 4.0 15 0.63 0.67 
60 2490 4. 1 15 0 . 63 D.67 

*** press RETURN to continue*** 

FIGURE 5 Sample rnute performance printout. 

LL 
1.0 ..J 

fare 1$ J 

0 
u .. 

0.6 LL 

"ti .. 
0 _, 

0.2 

0 20 40 

A B C 

2 2 3 

60 

weeks 

The next step is activated only at regular time 
intervals (lJTl), the length of which is controlled 
by the user (Figure 3). DTl indicates the points in 
time when transit management makes service change 
decisions. If current resources are adequate, fre
quency change is initiated on the basis of the state 
of the performance indicators determined previously. 
Owing to implementation time delays, the frequency 
change initiated in this step can only be imple
mented after a period of time. This is necessary as 
a result of regulations or because of needed adjust
ments in the rolling stock and the number of avail
able drivers. In extreme cases, when the available 
transit vehicles are not sufficient for satisfying 
the needed service improvements, additional capital 
(Rd) is desired; in this case vehicles may be 
ordered or drivers may be hired, or both. In such an 
event, order and acquisition delays intervene and 
service change decisions may be implemented more 
than a year after the process is initiated. At the 
same time, depreciating vehicles are retired and 
create the need for additional equipment orders. 

FIGURE 6 Load factor versus time for three 
different policies. 

If additional capital is needed, orders (R0 ) 

are placed according to the following plan: 

0 d 
"t+l - "t ;;.t '") 

As Equation 6 suggests, the orders are determined by 
desired capital (Rd) but take into account exist
ing capital (R) i that is, existing number of buses 
and all previous orders that have not yet arrived 
because of the capital arrival delay (p). Meanwhile, 

(7) 

An account of existing capital is kept, where R is 
estimated as the sum of Rt, current capital, and 
R

0
t , the capital ordered p weeks earlier and arriv-
-p 

ing now. Further, assuming a capital lifetime of L 
weeks, the appropriate amount of capital (Rt/L) is 
depreciated from this sum. 

Following the change in transit service, the 
route performance measures (and highway levels of 
service if needed) are determined and the demand is 
estimated. A record of the ridership, frequency, and 

a: 
0 1.0 

.2 
iv 
a: 
C> 
C: -ffl 
~ 

Cl> 
C. 

0 

0.6 

0 .2 

0 

A B 
I: O,lrequency lbuses/ hrl: 1 
fare I$ i : 2 

5 4 

2 3 

20 

_______ c 

40 60 
weeks 

FIGURE 7 Operating ratio versus time for three 
different policies. 

--
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other performance indicators is kept in the form of 
tables and plots. These are then available to the 
user interactively beginning with time zero (i.e., 
the time SOLON is initialized) and ending with the 
end of the time horizon or any other instant speci
fied by the user. In this application, the route 
performance is summarized in the printout sample 
(Figure 5) and in the plots shown by Line A in Fig
ures 6 and 7, which illustrate the progress of load 
factor and operating ratio, respectively. The print
out and the plots labeled "base case" represent the 
route performance under the policies initially pro
posed by the user. 

Having inspected the selected printouts and plots 
of route performance indicators for the base policy, 
the user can indicate policy modifications and com
pare the resulting route performance against the 
base case. To illustrate this option, two such 
policy modifications have been included in Figures 6 
and 7 along with the base case results. In this ex
ample, policy C succeeds in increasing the operating 
ratio so that it enters the desired region (i.e., 
becomes greater than O. 9) while the load factor re
mains within acceptable levels. The overplotting can 
continue and the user can evaluate additional poli
cies until he is confident that one or more of the 
policies are superior and should be selected . A typ
ical SOLON session in the Twin Ci ties application 
lasted 10 to 20 min before the user could make such 
a selection. This time length may, of course, vary 
depending on the complexity of the scenarios to be 
evaluated. 

As a final step of the SOLON process, time con
tours are presented that indicate the time required 
for the route being evaluated to reach t~e desired 
performance conditions, for any combination of ini
tial conditions. For instance, the user can deter
mine how long it will take for a specific route to 
reach and remain within a set of performance con
straints. This evaluation option is available for 
any policy selected at the end of overplotting in 
the previous stage . An illustration of this option 
with respect to the "base case" policy and policies 
B and C is shown in Figure 8. In that figure, the 
initial values of the base policy (A) are, load fac
tor (at t = 0) = 1.0 and operating ratio (at t = 
0) = 0.30 as previously computed and shown in Fig-

u. 
..J 

7 

ures 5: 6, Line A: and 7, Line A. Similarly, the ini
tial values of load factor and operating ratio for 
the other two policies were shown in Figures 6, 
Lines Band C, and 7, Lines Band c, respectively. As 
the data in Figure 8 indicate, the base policy (A) 
cannot guide the route to the desired conditions 
(i.e., to load factor ~0 . 4 and operating ratio 

~O. 9) • Policy B, selected by the user after gain-
ing some insights with SOLON, would also fail al
though it is substantially better than the initial 
"naive" policy. The third policy, selected after the 
user had some additional practice, is effective and 
is expected to lead the system to the desired region 
in approximately 25 weeks, in agreement with Figure 
7, Line C. 

From this application it can be seen that the 
number of policies that could be evaluated at once 
with respect to a pair of indicators, such as·,load 
factor and operating ratio, using Figure 8 covers 
the whole two-dimensional space and is, therefore, 
infinite . Thus , this figure can result in substan
tial time savings if the uset only seeks to ascer
tain the degree of success (or failure) expected 
from a wide range of policies. Together, Figures 5- 8 
provide information that can substantially facili
tate the policy selection process. 

SOLON USES AND LIMITATIONS 

SOLON has been applied to several transit routes in 
the Twin Cities (a validation example with Burns
ville data is shown in Figure 9) and has confirmed 
the benefits expected to be derived from the use of 
systematic interactive planning methods. Further, 
users of the software experimental versions have 
made a number of helpful recommendations for im
provements: incorporation of these in the current 
system has made it more responsive to the complex 
problems of the transportation practitioner. 

Several potential applications of the interactive 
method have been suggested. For the transit route 
manager, being able to anticipate ridership and 
other performance indicators in response to selected 
service policies before policy implementation is a 
most valuable asset. This was especially appreciated 
in cases involving long implementation delays such 

0 
• indicates weeks to reach desired condition 

u .. 
u. .,, .. 
0 

..J 

1.0 

0.8 

0.6 . 

0.4 . 

0.2 _ 

desired condition 

LF;? 0.4 

OR;? 0.9 

Q 1----L---'------'----'-----'---------
0 0.2 0.4 0.6 0 .8 1.0 Operating Ratio, 0 R 

FIGURE 8 Performance time contours. 
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FIGURE 9 Weekly ridership in urban system. 

as discontinuing service and laying off personnel. A 
recent movement of city suburbs toward opting out of 
the metropolitan transit system and beginning their 
own services has presented a different kind of ap
plication in which decentralized route service re
places the old provider, In this case SOLON can be 
employed to determine the benefits, if any, of the 
contemplated change and to estimate the v 1ao1L1cy 
and expected performance o f the proposed se·rvice. 
Meanwhile, all questions dealing with financing 
transit deficits are of special interest to the 
transit administrator s of the local department of 
transportation. Such issues are especially relevant 
in light of the recent discussions on the possibil
ity of reducing, restructuring, or discontinuing 
service on selected routes on the basis of perfor
mance. Answers to such problems can be provided 
through use of SOLON as a performance monitoring and 
evaluation tool. 

When implementing the performance evaluation 
strategies and the method developed in this work, it 
should be clear that the dynamic analysis described 
her e has addressed a particular set of questions on 
a particular type of transport service. The ques
tions addressed relate to ongoing policy making, and 
the type of service implied is one that may change 
in response to the strategies being implemented. The 
chosen application was commuter service in a metro
politan area that sought to improve the route oper
a ting ratio under a load factor constrainti fare and 
frequency were the major controls available to man
agement. However, other SOLON versions can address 
different type s cf s e!'vice ; 0bjecti,.,es i cons tr iEI int.A, 
and controls, in urban or rural areas, in a similar 
f~shinn. For instance , a simple version that is 
designed to assist transit plans for rural routes is 
now being implemented in a small town in northwest
ern Minnesota. New versions, which will also relax 
certain simplifying assumptions currently made by 
the method (e.g., assumptions on carpool occupancy 
and route transfers), are under development. All 
current versions are being implemented in microcom
puter PASCAL, APPLE-II, or IBM-PC and operate with 
8-64K RAM. 

CONCLUSIONS 

SOLON is an interactive microcomputer graphic method 
that addresses the problems of transit scheduling 
and route efficiency and productivity improvement. 
It has three unique characteristics: First, it pro
v ides s olutions at any specified t ime or contin
uously through the life of a transport service by 

tracing the interactions between scheduling changes, 
route ridership, and service cost-effectiveness. 
Second, it explicitly treats time delays that hamper 
route performance. Finally, its modules operate in
teractively or independently and can be modified by 
the user. 

By addressing the transit problems at the route 
l evel, SOL.ON can facilitate m,:1n ,:1 g RmAnt and funding 
decision making by determining the viability of in
dividual routes and aid in selecting the best per
formance policies. Further, because it assumes no 
previous computer knowledge , it can substantially 
increase personnel training productivity. 
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System and Route Optimization Model for 

Minimizing Urban Transit Operating Deficits 

JASON C. YU and UPMANU LALL 

ABSTRACT 

U.S. transit operators are faced with escalating operating deficits along with 
growing opposition to the inctease in taxes required to offset them. This fi
nancial situation has created an immediate need to restructure inefficient and 
underproductive transit operations. In response to this need, this study devel
oped an analytical framework to help control transit operating deficits. A bi
level optimization model based on nonlinear programming was developed at system 
and route levels of detail. The model postulates that transit operators could 
reach a feasible solution for minimizing operating deficits through modifica
tions of current fare and service policies. The model has an economic framework 
(through the specification of appropriate cost and revenue functions) and 
solves for optimality through system supply-demand equilibrium. Solutions of 
the optimization model will provide transit operators with specific operating 
guidelines for minimizing deficits subject to resource and policy constraints. 
The nonlinear optimization model is solved using a large-scale (sparse matrix) 
successive linear programming algorithm. The model was implemented on a micro
computer and was tested with a real-world application to establish its practi
cality and usefulness. 

The financial status of most urban transit proper
ties in the United States is at best bleak. During 
the past decade, total operating deficits rose more 
than $4.5 billion, and the problem is likely to get 
worse. The underlying causes of operating deficits 
are escalation in transit operating costs, rapid 

service expansion, and operators' decisions to re
duce fare levels. In the past, deficits have been 
met primarily by government subsidies, with a sig
nificant share coming from federal sources. However, 
as part of the Reagan administration's Program for 
Economic Recovery, federal operating assistance to 
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local transit properties may be scheduled to be 
phased out. With the expected subsidy reduction and 
escalating operating costs, transit operators will 
obviously be faced with serious financial difficul
ties. 

If the transit system is to be a viahle element 
in urban transportation, it is imperative that the 
operators establish and maintain a self-reliant op
erating budget. In considering ways to operate with
out federal assistance, a first response of most 
transit operators is to alter fare or service poli
cies, or both. Results from the American Public 
Transit Association survey indicate that 89 percent 
of the nation's operators will raise fares and 67 
percent will reduce service (1). This trend has been 
substantiated by the results of another national 
survey (2). Although an increase in fare may be in
strument;! in improving transit financing, it must 
be made without unduly suppressing ridership, be
cause this could actually result in decreasing the 
overall fare-box revenue. Along with an increase in 
fares, reductions in operating costs through service 
cuts may also be necessary to decrease deficits. 
However, the public demand for transit travel is 
usually more sensitive to the quality of service 
than to the level of fare (3). 

The net effect is that a reduction in transit 
service will have a greater negative impact on 
ridership and hence on revenues than will an in
crease in fare. Further, transit fare and service 
variations leading to adjustments in operating costs 
and revenues should be considered as an interactive 
process. Although fare and service structures lead 
to a level of fare-box revenue, a targeted level of 
revenue can also dictate fare and service policies. 
Revenue increases resulting from fare hikes, for 
example, could lead to a demand for a commensurate 
improvement in the quality of service. This may re
sult in an increase in costs and hence deficits, 
necessitating a further increase in fares to keep 
the deficit at the same level. Thus, fare, service 
costs, revenues, and deficits interact dynamically 
and sequentially. 

Many transit operators have also indicated that 
the federal subsidy loss will be partly recovered by 
increased operational efficiency (4). The transit 
industry is being encouraged to bec;:;-me more produc
tive, not only because of diminishing federal sub
sidies but also because of the overall economic 
conditions of the operators. However, this is a 
difficult task because transit policy making has 
many components and the problem of reducinq operat
ing deficits has many dimensions. Economic, social, 
and political factors all bear on fare and service 

only from its magnitude but from the diversity of 
its parts. At present, there remains a scarcity of 
comprehensive, yet easy-to-use, procedures that 
model the realities of transit pricing and operation 
to aid operators in reducing deficits through fare 
and service modifications. The literature review on 
transit planning and optimization aids included in 
Kaur (2_) and Yu and Lall (&_) bears out this state
ment. 

STUDY OBJECTIVE 

The principal objective of this study was to develop 
an optimization model to minimize or control transit 
operating deficits by manipulating current fare and 
service policies, instead of by capital-intensive 
system changes. The model, which is fully responsive 
to the typical environment of the urban transit sys
tem, can be used as an effective management and 
planning tool. Emphasis was placed on the practical-
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ity of the approach, so the data required are either 
readily available from or easily assembled by tran
s it operators. The model can be simply applied by 
using a variety of microcomputers with an inter
active preprogrammea pacKage. ·f·he mociei is able tu 
assess the impacts of and develop a strategy for the 
implementation of various fare and service policies, 
subject to resource limitations and policy con
straints for different situations in which transit 
services are provided. 

The optimization model was developed with the 
following specific objectives: 

1. Geuei dll Ly of application ( independent of 
route configuration and temporal period of applica
tion) i 

2. Focus on minor system modifications (i.e., 
fare, service frequency, stop spacing) of an exist
ing systemi 

3. Satisfaction of transit goals specified at 
the sys~ern level thruu~h muUl[i1,;aL.i.ons itt1pl-c:11,er1ted 
at the route level (i.e., treatment of each route 
individually and simultaneously in a systemwide con
text)i and 

4. Accurate representation of costs, service op
tions, relationship of demand to fare and service, 
interactions between transit operation components 
and between supply and demand, and physical and so
cial constraints on system operation. 

MODEL FORMULATION 

The complexities of transit operation and the need 
to provide solutions at a relevant level of detail 
necessitate the consideration of two hierarchical 
levels of analysis: the system as a whole and the 
individual route. The reason for this system and 
route structure is the need to provide solutions to 
the overall systemwide problem that can be imple
mented at the route level. The model structure is 
shown in Figure 1. The optimization model attempts 
to minimize systemwide operating deficit using route 
fare and service character is tics as decision var i
ables. Transit operating deficits are total operat
ing costs minus total fare-box revenues. Fare-box 
management and service cost control are inextricably 
intertwined. Optimal solutions to these two problems 
are not independent. 

Objective Function 

The objective function represents system operating 
deficits and is expressed in terms of a set of model 
v~~i~blc~ and i~put para~eters , Model ,,~riRhles are 
partitioned into two subsets: decision variables and 
r~lat ion;,l ""r iables. The latter are quantities de
fined as functions of the former and are used for a 
concise model presentation. Decision variables are 
defined for fare and service options over which 
transit operators have control. The optimal solution 
that leads to a minimum operating deficit is ob
tained by iteratively selecting values for these 
variables. Interaction between the costs of provid
ing services and the revenue generated by these ser
vices determines the optimal state in a supply
demand equilibrium framework. 

The objective function is formulated as the dif
ference between system operating cost, defined as 
the sum of individual route operating costs, and 
system revenue, defined as the sum of individual 
route revenues. The objective function is stated as 

Minimize D 
I 
I (Ci - Ril 

i=l 
(1) 

= 
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where 

total system operating deficit, 
operating cost of route i, 
fare-box revenue of route i, and 
total number of routes in the system. 

This function can be applied to any independent 
time-of-day (i.e., peak, off-peak, weekend) opera
tion and f or any leng th o f the total pla nni ng period 
(i.e., mont h, season, year ). I n computing ope rating 
deficit, the planning period usually refei; s to 1 
year because the ope ra t or's budget outlay is typi
cally on an annual bas i s . 

In the following sections the formulation of the 
operating cost function and of the operating revenue 
function as components of the objective function 
will be briefly presented. 

Operating Cos t Function 

The operating cost function is formulated using a 
cost a llocation procedure designed during this study . 
This proc edure assigns all relevant vari able costs 
to four resources: vehicle-hours, vehicle-miles, 
peak vehicles, and stops. The cost of vehicle-hours 
relates to labor costs, whereas the cost of vehicle
miles reflects vehicle operation costs. Vehicle and 
s t o p cos ts a re confi ned t o the l ocal s har e of capi
ta l deprecia t ion because both are s ubsidized through 
f e de r a l capital g ran ts . Th i s a s signme nt procedure is 
a significant departure from the traditional one. 
Only those variable costs that vary directly with 
minor system modifications are taken into considera
tion. All fixed costs and some of the operating 
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costs that do not vary with minor service changes 
are not included because they are not optimizable. A 
detailed discussion of the assignment procedure can 
be found elsewhere (~). 

The operating cost function at the route level 
can be expressed as 

where 

C total operating cost of a route, 
ch unit cost of vehicle-hours, 
Cm unit cost of vehicle-miles, 
cv unit cost of vehicles, 
Cy unit cost of stops, 

H vehicle-hours operated for the route, 
M vehicle-miles operated for the route, 
V peak vehicles needed for the route, and 
Y total number of stops on the route. 

(2) 

All route costs are summed to obtain the total sys
tem cost. The unit costs are assumed to be constant 
for the range of system modifications and the dura
tion of planning period conside red. The unit cost of 
each resource is derived by dividing the total sys
tem cost allocated to a resource by the total use of 
that resource. 

The four resources for each route are then pre
sented in terms of decision variables (frequency of 
service and stop spacing), relational variable (ve
hicle ope r ating speed), and other input parameters 
as follows : 

H = la(l + L)n/u (3) 

I Identify the obj ective function. I 
decision variables, and constraints 

l l I Formulate 
cost 

the operating I 
function 

I Fonnulate the operating I 
revenue function 

I I 
FORMULATE THE OPTIMIZATION MODEL 

Route Analysis Linkage System Analysis 

Route l decision Fare structure variables Ridership, revenue , 
Route 2 decision 

variables Fleet size cost, deficit 

assessments and 

Route I decision Other operating system decisions 
variables constraints 

I Solve t~e optimiza~ion problem I 
using a non-linear 

programming technique 

•• 
I Implement model I solution 

FIGURE 1 Developmental framework of the optimization model. 
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(4) 

(5) 

(6) 

where 

t round-trip route length in miles, 
a service hours per operating period, 
L layover time factor as a fraction of round

trip travel time, 
n = frequency of service per hour, 
u = average vehicle operating speed in miles per 

hour (mph), 
Pl additional vehicle factor as a fraction of 

vehicles operated on the route, and 
y number of stops per route mile. 

Equation 3 states that the annual vehicle-hours 
operated on a route are given as the product of 
round-trip travel time (round-trip length divided by 
operating speed) , annual operating hours, and fre
quency of service per hour. The amount of time spent 
on each round trip includes the layover time re
quired. Equation 4 states that the number of annual 
vehicle-miles of a route is given by the round-trip 
route length multiplied by the number of round trips 
during the operating period. Equation 5 states that 
the number of peak vehicles used on a route is given 
by the product of round-trip time and frequency of 
service, divided by the average operating speed, 
plus additional vehicles expected to be on the main
tenance schedule and needed to meet other require
ments. Equation 6 states that the total number of 
stops on a route is equal to the product of round
trip route length and number of stops per mile on 
that route. 

The average operating speed ( relative variable) 
for a route can be expressed in terms of decision 
variables and input parameters as follows: 

u = t/{[ (t - diy)/r] + [(dty)/Val 
+ [(cty)/3600] + (bQ/3600a)} 

where 

(7) 

r = vehicle peak running speed between stops on 
the route (mph), 

Va average vehicle speed during acceleration 
and deceleration (mph), 

d average distance traveled during acceleration 
and deceleration per stop (miles), 

c vehicle clearance time per stop (~e~i, 
b boarding and alighting time per rider at a 

stop {sec), and 
Q ridership of an operating period for the 

route. 

It is widely recognized in the transit industry 
that the costs associated with providing service 
during peak, off-peak, and weekend periods might 
differ substantially due to the quantity and quality 
of service required. To account for this temporal 
variation, a procedure based on Cherwony's and 
Mundle's peak-base model (7) was employed to derive 
unit cost adjustment factors for each of the three 
periods of service. In support of using such a rela
tively simple costing procedure, a comparative study 
reeently performed by carter, Mundle, and McCollom 
on various costing procedures (B) found that the 
increased sensitivity and compl~ity of the more 
detailed procedures did not increase relative model 
accuracy for minor service modifications. In addi
tion, information required by the peak-base model 
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was found to be more easily obtainable from the 
transit operator. 

The following equation, based on the peak-base 
model, was used to calculate the unit cost adjust
ment factors for temporal variations: 

AP = (~/Hp) (L Hp/l Hi) 
p p 

where 

p peak, off-peak, weekend, or night period 
index; 
temporal variation adjustment factor for 
period pi 

driver pay-hours for period Pi and 

revenue vehicle-hours for period p. 

(Bl 

~he adjuatmeut fuct~=~ ~r 0 ~~ltiplie1 by thP 

basic vehicle-hour unit cost to achieve separate 
unit costs for different service periods. The fac
tors are applied only to the vehicle-hour unit cost 
because the major percentage of temporal variation 
in cost results from variability in driver pay-hours 
and corresponding benefits, which are the main input 
in calculating the basic vehicle-hour unit cost, for 
various periods of operation. 

In calcul~ting the t-"f.~, C!YQ~Pm op~r.=tting cost 
using the cost functions for different operating 
periods, the vehicle cost and stop cost would be 
repeatedly counted, To avoid this cost repetition, 
unit cost weighting factors are devised to ration
ally distribute the peak vehicle cost and the stop 
cost among the differen t operating periods. The peak 
vehicle cost is basically the capital depreciation 
of the vehicles, which in turn is a function of ve
hicle mileage. Thus the weighting factors are deter
mined by 

(9) 

where Wp is weighting factor of vehicle cost for pe
riod p and Mp is vehicle-miles generated during 
period p. The vehicle unit cost weighting factors 
are then normalh!ed so that the sum of the factors 
equals one (i.e., f WV= 1), 

p 
The unit cost weighting factors (WY) for the stop 

p 
costs are determined using a similar procedure. In
stead of using revenue vehicle-miles, the relative 
number of r~venue vehicle-h(')\1r.s for different oper
a ting periods of stop utilized are used. The stop 
cost weighting factor is therefore obtained by 

wY 
p 

H /f H 
p p 

(10) 

where wY is weighting factor of stop cost for period 
p 

p and Hp is time-sharing stop utilization during 
period p. Again, the factors wY are normalized and 

p 
applied to the unit stop cost in each time-of-day 
cost equation so that r wY = 1. . p 

Incorporating Equations 3 through 9 and B through 
10, the final total cost function for a route is ob
tained as follows: 

C = chAtta(l + L)n/u + cmtan + cvW~R(l + P1Jn/u 

+ C #ty (ll) 
y y 

ii --
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Operating Revenue Function 

The revenue function is formulated by examining the 
effects of service and fare structure modifications 
on ridership and hence on fare-box revenue. The 
fare-box revenue on a particular route is computed 
as the product of the weighted average fare and the 
total ridership. The demand function is specified in 
terms of model variables through elasticity consid
erations. 

The average fare for a route is determined by 

(12) 

where 

F average fare for a route; 

Fe base cash fare; 
Wj fraction of riders on the route using method 

of payment j; and 

ej discount rate (i.e., the ratio of fare paid 
by the jth method to base cash fare). 

In addition to the level of fare, the average 
trip time of riders is selected as a crucial measure 
of the quality of transit service and its impact on 
rider demand responsiveness. Although other measures 
of service quality (e.g., reliability) were consid
ered, total trip time was believed to be of greatest 
concern to riders, and it lends itself most easily 
to the quantitative treatment required for inclusion 
in the model. Travel time is divided into in-vehicle 
time and out-of-vehicle time. 

Ridership response is modeled with a "shrinkage
ratio" elasticity formulation. Although other formu
lations may have somewhat greater theoretical valid
ity, the paucity of data precludes their use in 
practice. It was thought that a shrinkage-ratio 
formulation would provide adequate accuracy over the 
constrained range of response modeled. The route 
revenue function for eacil route is represented as 

where 

route fare-hox revenue, 
existing route ridership, 
fare elasticity of rider group j, 
in-vehicle time elasticity, 
out-of-vehicle time elasticity, 
average in-vehicle time, and 
average out-of-vehicle time. 

'fhe superscript o represents a value for existing 
conditions (i.e., input). 

The average rider in-vehicle time on a travel 
route is defined by 

(14) 

where La is the average round-trip length for a 
rider on the route. 

In the framework of the optimization model it is 
assumed that the average trip lengths (Lal are not 
affected by minor system modifications during the 
course of optimization. This implies that origin
destination characteristics of riders on a given 
route are relatively stable. 

Out-of-vehicle time has two components: walking 
time and waiting time. The former is the time spent 
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from the rider's origin or destination to a stop and 
the latter is the time spent waiting for a vehicle 
after arriving at a stop. 

Average walking time is obtained by dividing the 
average walking distance by the average walking 
speed of the riders (normally 3 mph). Determination 
of average walking distance is based on the assump
tion that potential riders are uniformly distributed 
in the neighborhood of a stop and that there is a 
maximum walking distance (Wml beyond which no rid
ers are attracted. The average walking time derived 
by this study is given as 

where 

{l + 2WrnY(ns +ms+ 1) + 2[W1ns<ns + 1) 

+ Wzms<ms + 1)]}/[4y(l + ns + mslVsl 

ns average number of blocks walked parallel 
to a route= 2 x int (Wm/W1), 

ms average number of blocks walked perpen
dicular to a route= 2 x int (1/2yw2 ), 

w1 average block length along the route, 

(15) 

w2 average block length perpendicular to the 
route, 

Vs average walking speed, and 
int integer operator. 

Estimation of average waiting time is based on 
the assumption that the rider arrival rate is uni
form during a final waiting time interval (t) and is 
a mixture of an exponential and triangular distribu
tions during the early waiting time (from the time 
of departure of the previous vehicle to the start of 
the final arrival period) if the headway (h) is 
greater than t. An exponential arrival rate distri
bution implies the response of well-informed and 
knowledgeable riders served by a reliable transit 
system; a triangular distribution implies riders who 
are misinformed or not well aware of service sched
ules. Figure 2 shows the concept of waiting times as 

IV 

Waiting Time 0 

I= Triangular distribution for arrival rate 
II = Exponential distribution for arrival rate 

III= Mixed (I & II) distribution for arrival rate 
IV= Uniform arrival distribution 

FIGURE 2 Function of waiting time distribution. 

Rider 
Arrivals 
per 
Minute 

I 

defined. If no information on riders' awareness is 
available, the average waiting time is 

ts= l/2(t/3) + [1200/(tn 2 + 60n)] + { [n(t 2 

+ 2t + 2)e-t - (1200n + 2n 2 + 3600)e-60/n1 

[2n 2 (t + l)e-t - 2(n 2 + 60n)e-&O/~) (16) 
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The total out-of-vehicle time (t2) is then given 
by tw + ts. The detailed derivation of tw and ts can 
be found in the final research report (§_). 

The complete specification of the revenue func
tion for a route can be expressed as follows: 

R = (Fe 1 W·e·)Qo(1 + i: "J'WJ·[(Fc - Fg)/Fg] + 81(u0 /u . J J . 
J J 

(17) 

Constraints and Bounds 

The objective function is minimized subject to a set 
of existing resource and policy constraints. Ex
plicit constraints are specified to (a) limit system 
peak vehicle use to a ratio of the existing fleet 
size, (b) limit peak ridership per vehicl e to max
imum vehicle loading capacity for each route, and 
' - ' - --- .1... - - •- .a. .......... , .......... '- .... - -.;~ ........... ~.;...., +-,... ~ M oC! ~,..orl 
\I.,;} 1...., Ulli::1'-J.ClJ.ll ._.._,._Q J.. U :J.:a'-=•11 .a. .,_ ...,. ._.._....,u•t:" 

ratio of total existing ridership. 

Constraints 

System Fleet Size 

The peak number of vehicles used for the system 
should not exceed a specified fleet size (N~) and 

ll 
should have a value of at least Nf. 

N~ < (1 + P1 ) L lli ni/ui .S. N~ 
i 

(18) 

Superscripts u and ll represent upper and lower 
limits and subscript i refers to the ith route. 

Permissible Vehicle Loading 

The number of riders on any vehicle should not ex
ceed the capacity of the vehicle (Lp). The con
straint applies to each route. 

(19) 

where P2 is ratio of peak load in major flow di
rection to average round-trip loading and P3 is 
average vehicle occupancy factor between major load
ing points in major flow direction. 

Total system ridership should remain above some 
fraction (g) of total existing ridership (Q~): 

l Q. > g Qo (20) 
1 - t 

i 

Bounds 

Upper and lower bounds (superscripts u and ll J are 
placed on each decision variable (x) where x in
cludes Fe, n, and y for all routes: 

xll < x ,S, xu (21) 

SOLUTION TECHNIQUE 

As indicated previously, the optimi zation model is 
based on a nonlinear programming technique. The non-
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1 inear programming problem formulated is solved us
ing successive linear programming. The algorithm 
used is one developed by Palacios-Gomez et al. (,~) 
and Lasdon and Kim (!9_) • 

The general statement ot tne non.Linear program
ming problem is 

Minimize f (x) 

subject to 
gll .s. g(x) ,S_ gU 

xll ,S, x < xU 

where 

X = 
f(x) 
g (x) 

a vector of decision variables; 
the objective function; 
a vector of constraints, with g1 

and gu vectors of constraint for lower 
and upper bounds, respectively; and 
vectors of lower and upper bounds 
- - .L L- -- - - l - 1- 1 _ ,.. ,,. ,....,.....,,..,.."-,:•• ,... 1 •• 

V U \..Llt::' VCl.LJ.ClU.1..1;.:JI .a.c;.:,t-'c;...,.._ _._ .., ,-: J.. J • 

The constraint set is assumed to be composed of a 
mix of purely linear and nonlinear constraints. The 
vector of variables is also partitioned into two 
subsets: linear and nonlinear. The nonlinear con
straints are then transferred to the objective func
tion using penalty weights specified by the user. 

The optimization problem can then he stated as 

where 

Minimize f(x) + W g(x) 
subject to 

bl < l aijXjll < b2 
j 

W penalty weights, 
coefficients of the jth linear vari
able in the ith linear constraint, 
linear variables, and 

bounds on the linear constraints. 

The problem is then linearized by evaluating the 
nonlinear objective function using a Taylor series 
approximation at a current solution. The resulting 
linear problem is solved using a standard linear 
programming (LP) algorithm designed for large sparse 
matrices. The LP solution is then used to compute 
the feasibility of the nonlinear constraints. If the 
solution to the nonlinear constraints is infeasible, 
Newton's method is used to find the closest feasible 

and the process is repeated. For a purely nonlinear 
problem, the algorithm behaves in the same manner as 
the well-known gradient projection algorithm. A num
ber of criteria are used for termination of the 
iterative scheme. These include (a) satisfaction of 
the Kuhn-Tucker conditions, (b) cycling between 
iterations, (c) slow rate of improvement of objec
tive function, and (d) slow rate of change in pen
alty functions at an infeasible point. 

The implementation of the standard LP package is 
transparent to transit operators; no mathematical 
sophistication on their part is required, Input can 
be provided from data files or interactively with a 
matrix-generating program that provides data prompts 
and input instructions. 

MODEL COMPUTERIZATION 

An interactive, user-friendly, machine- independent, 
modular structure was adopted for the computer im-

;;; -
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plementation of the optimization model. All the com
pute r prog rams are deve loped as a modul ar package 
wi th t hre e basic compone n ts- -a preprocessor, a n op
timi za tion process, and a postprocessor. Each of 
these packages is basically independent allowing for 
ease of modification. The programs are written in 
ANSI standard FORTRAN 77 for portability and are 
fully interactive with the user with respect to data 
input, result output, and help displays. Backup 
files for all data entered into the programs are 
automatically provided, with a label for each piece 
of data. Provisions have also been made for data 
entry using data files. The dat a saved in the backup 
files may be e d ited and submitted as a data file. 

MODEL APPLICATION--CASE STUDY 

The optimization model was applied to a medium-sized 
transit system operated by the Utah Transit Author
ity (UTA) to demonstrate its real-world usefulness 
and practicality. Fiscal year 1983 data were used 
for this case study. UTA serves an area covering 
appi:oximately 200 square miles and encompassing two 
main urbanized areas, Salt Lake City and Ogden, Dur
ing the study year the population of the service 
area was estimated to be about 910,000. UTA employ
ment was a total of 745, of which 410 were hired as 
bus drivers for a fleet of about 400 vehicles. There 
are 89, 69, and 60 routes for regular peak, off
peak, and weekend services, respectively. UTA re
ceived total o pe rati ng subsidies amounting to more 
than $21 mill i on in 1 983 with more tha n $4.6 million 
co~ing from federal sources and earned fare-box 
revenues covering only 21 percent of total operating 
expenses. 

In applying the model the bulk of the data was 
obtained from UTA, mostly from their 1983 Section 15 
annual report (11). However, because the Section 15 
report provides systemwide data only , route-level 
data were obta i ned or d e rived from UTA' s surveys, 
sche dules , monthly passenge r count summaries, and 
technical study reports, as well as personal inter
views and special studies conducted by the authors 
with the help of UTA. 

The total expenses incurred and resources pro
vided, a long with the unit cos ts calculated for four 
resources, are given in Table 1. These values are 

TABLE I System Cost and Resource Totals and Unit Costs 
for UT A Regular Services 

Expenses Resource Unit Cost($) 
Resource Assigned($) (A) Provided (B) (A-i-B) 

Vehicle-hours 7,742,483 533,564 ch: 14.51 
Vehicle-miles 7,0 14,497 8,461,880 Cm :; 0.83 
Peak vehicles 231,815 361 c;,:642.15 
Stops 55,750 11 ,150 C : y 5.00 
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operating statistics during peak, 
weekend service periods. The basic 
then subjected to the temporal and 
adjustments discussed previously, 
factors and the final unit costs 

off-peak, and 
unit costs were 
weighting factor 
All adjustment 

for each of the 
three service periods are given in Table 2. 

Th e r e venue fu nction f or UTA was e stimated by 
using t he va lues o f those parameters shown i n Equa
tion 17. A summa r y o f t hese pa rameter values is 
given in Table 3. All parameter values vary by route 
and are not presented in this paper. 

TABLE 3 Selected Input Parameters for UTA" 

Parameter Peak Off-Peak Weekend 

Cash fare, Fe ($) 0.50 0.40 0.40 
Methods of payment, j 5 5 5 
Di5count rate, ei (percentage of cash 

fare) 
Student 0.6337 0.6337 0.6337 
Adult pass 0.8770 0.8770 0.8770 
Special group pass 0.4385 0.4385 0.4385 
Commuter pass 1.0719 1.0719 1.0719 

Fare elasticity, °'i 
Cash -0.33 -0.43 -0.43 
Student pass -0.44 -0.54 -0.54 
Adult pass -0.32 -0.42 -0.42 
Special group pass -0.35 -0.45 -0.45 
Commuter pass -0.11 -0.21 -0 .21 

In-vehicle time elasticity, /J1 -0.52 -0.12 -0.12 
Out-of-vehicle time elasticity, /l2 -0.59 -0.51 -0.51 
Final waiting time interval, t (min) 10 10 10 
Average street block length, WI and 

W2 (mile) 0. 1 0.1 0.1 
Rider walking speed, W, (mph) 3 3 3 
Maximum walking distance, Wm (mile) 0.25 0.25 0.25 
Rider awareness factor, Wt 0.5 0.5 0.5 

aFrom UTA and the Literature. 

The model was independently applied to peak, off
peak, and weekend periods of operation. The overall 
deficits f o r optimal c o nd i tions coul d be compared 
wi t h the actual defici ts incurred for t he study yea r 
1983 . Compa risons of actual a nd estima t ed q uantities 
for existing conditions revealed insignificant dif
ferences (less than 3 percent error for all service 
periods), indicating that the model performs well as 
a forecasting tool. 

The computerized model produces an extensive 
amount of information at the system and route 
levels, such as the amounts of revenue, cost, defi
cits, a nd resources us e d for exis ting and optimal 
condit i ons . The model also produce s recommended ser
vice and fare policy changes to achieve the goal of 
minimizing operating deficits. In addition, values 
of system and route performance indicators are pro
vided. Performance indicators are formulated to rep
resent a variety of perspectives on transit system 
performance. A sample computer output for system
level and route-level results is shown in Figures 3 
and 4, respectively. 

TABLE 2 Adjustment Factors and Final Unit Costs for UTA 

Vehicle- Peak 
Hour Vehicle Stop 
Unit Cost Cost Cost Vehicle- Vehicle- Peak 
Adjustment Weighting Weighting Hour Mile Vehicle Stop 
Factor Factor Factor Unit Cost Unit Cost Unit Cost Unit Cost 

Period (Ap) (W1) (Wp) (ch) (cm) (c;,) (cy) 

Peak 1.067 0.353 0.450 15 .48 0.83 226.04 2.25 
Off-peak 0.962 0.491 0.41 9 13 .96 0.83 315.30 2.10 
Weekend 0.955 0.157 0.31 3 13.86 0. 83 100.82 0.66 
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_ DCO/TRANS.PEAK/OUTRPT .. 2 11-Sep-1984 11:21:48 

TEST SLC AND OGDEN FOR APRIL 12 1984 PEAK HOUR 

~Ybl~~I LtVtL ~t~ULI~ 

CATEGOR Y EXISTING 

---·----- ·-·- ----- --
TOTAL OPER. DEFICIT ($) 318185 5. 85 

TOTAL OPER. REVENUE ($) 2 382920.49 
CASH FARE .50 

AVERAGE FARE .35 
ANNUAL RIDERSHIP 6 83314 / . /U 

TOTAL OPER. COST ($) 5564776.34 
TOTAL REV . VEH. HOURS 191417.00 

COST OF REV.VEH . HOIJRS ($) 3035181.25 
TOTAL REV.VEH. MILES 2942509.00 

COST OF REV.VEH. MILES($ 2439200.38 
FLEET UTILI ZELJ 158 . 99 

TOTAL FLEET SIZE 361, 00 
CO ST OF REV.VEH. ($ ) 60619.23 

TOTAL NUMBER OF STOPS 11217.97 
AV. STOP SPACING / MILE 5.48 

TOTAL COST OF STOPS ($) 29775.48 
AVERAGE FREG!IJENCY/HR. 1. 53 

PER FORMANCE I NDICATORS 

- - ------------ - -______ , 
REV.VEH . MILES /REV.VEH. 

REV. VEH. H·ouRs /QPER. COST 
REV.VEH.MI./REV.VEH.HRS 

RIDERS /REV.VEH . HOUR 
REVENUE/REV.VEH. HOUR 

RIDERS/OPER.COST 
OPER.REVENUE/OPER.COST 

IN VEH TIME CMIN/Mil 
AV. WALKING TIME (MIN> 
AV. WAITING TIME <MIN> 

AV OUT OF VEH TIMECMINl 
AV OPER SPEED<MPHl 

OPER.COST/RIDER 
OPER.DEFICIT/RIDER 

REV.VEH. HOURS/REV.VEij. 
REVENUE/REV.VEH. MILE 
RIDERS/PEAK REV.VEH. 

RIDERS/REV.VEH. MILE 
REV.VEH. MILES/OPER.COST 

8150.99 
.03 

15.37 
35.70 
12.45 

1. 23 
.43 

3.08 
4.65 
9.81 

14.46 
19.50 

.Bl 
.47 

530.24 
.81 

44.06 
2,32 

. 53 

------- --
FIGURE 3 Sample computer printout of system-level results. 

OPTIMAL 

2501739.40 

2561575.36 
.54 
.38 

b80~441.91 

5063314.76 
171084.41 

2712779.97 
2735465.27 
2267570.95 

14.i. 07 
321.72 

54023.46 
10903.34 

4 . 95 
28940.37 

1. 40 

8502.60 
.03 

15.99 
39.78 
14.97 
1. 34 

.51 
3.08 
4.60 
9.71 

14.31 
19.46 

.74 

.37 

531.78 
.94 

48.08 
2.49 

.54 

%CHANGE 

-21,37 

7.50 
8 , 00 
8 . 57 
- , 411 

-9.01 
-10,62 
-10,62 

-7.04 
-7.04 
•" nn .a.u"""''"' 

-10.88 
-10.88 
-2.80 
-9 . 67 
-2.80 
-8.50 

4.31 
.oo 

4.03 
11,43 
20,24 
8.94 

18.60 
.oo 

-1.08 
-1.02 
-1,04 
-.21 

-8.64 
-21. 28 

.29 
16.05 
9.12 
7.33 
1. 89 

Sys tem-Level Study Re s ults 

Using the cost and r eve nue input data, the opt imiza
tion model was independently applied to peak, off
peak, and weekend periods of service. The system 
cost, reve nue, and deficit totals are obtained by 
aggregating the statistics for each of the three 
periods of operat ion. 

costs, and revenues, the key factors of interest to 
all transit operators, were examined together with 
the underlying causes affecting any forecast changes 
in ridership, service, and fare levels, 

Because ridership is a major indicator of social 
benefit and is a crucial performance measure with 
respect to system productivity, it was meaningful to 
conduc t a parametric sensitivity anal ysi s to see how 
rider s hip levels influenced deficit t ota ls. For this 
case study, optimal solutions were obtained for five 
levels (80, 90, 100, 110, and 120 percent) of pres
ent ridership to illustrate the interactive effects 
between cost, revenue, deficits, and ridership, Thus 
the relative change in ridership can be estimated 
for various expected deficit levels, and, con
ver s el y, future de f.i c i t s can be estimated using 
target ed ridership l evel s . In add ition, deficits, 

Operating Deficits 

The relationship between the optimal UTA deficits 
for the five levels of ridership and existing UTA 
deficits is shown in Figure 5. Point A in the figure 
represents the optimal level of deficit correspond
ing to no federal oper ating subsidies required. 
Achieving this indicated only a 5 percent decrease 
in ridership. However, most transit operators would 
like to reduce deficits while maintaining or in
creasing ridership, It can be seen from the figure 
that it is possible to keep ridership between exist
ing and approximately 112 percent of existing levels 
for UTA while keeping the deficit at or below exist
ing levels. Also, a reduction of 34 percent (about 

.. -
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STATISTICS FOR ROUTE 11 

CATEGORY 

OPER. DEFICIT ($) 

REVENUE CS) 
AVERAGE FARE CS) 
ANNUAL RIDERSHIP 

OPERATING COST CS) 
REV.VEH. HOURS 
REV.VEH. MILES 

STOPS/MILE 
ROUTE FLEET SIZE 

FLEET UTILIZED 
FREQUENCY PER HOUR 

PERFORMANCE INDICATORS 

REV.VEH . MILES/REV.VEH 
REV.VEH. HOURS/OPE~.COST 
REV.VEH.MI./REV.VEH.HRS. 

RIDERS/REV.VEH. HOUR 
REVENUE/REV.VEH. HOUR 

RIDERS/OPER.COST 
OPER.REVENIJE/OPER.COST 

IN VEH TIME (MINS/MILE> 
AV. WALKING TIME CMIN> 
AV. WAITING TIME CMIN> 

AV. OUT OF VEH TIMECMIN) 
OPERATING SPEED CMPH> 

OPER.COST/RIDER 
OFER.DEFICIT/RIDER 

REVENUE/REV.VEH. MILE 
RIDERS/PEAK REV.VEH. 
RIDERS/REV.VEH. MILE 

REV.VEH. MILES/OFER.COST 

EXISTING 

71584.09 

36665.56 
.35 

105964.00 

108249.65 
3602.31 

59552.68 
6.90 
6.99 
3.08 
1. 77 

19340.99 
.03 

16.53 
29.42 
10.18 

.98 
. 34 

3.24 
4.64 
8.80 

13.45 
18.51 

1. 02 
.68 

.62 
52.58 

1. 78 
.55 

FIGURE 4 Sample computer printout of route-level results. 
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OPTIMAL 

49479.40 

38554.99 
.37 

103170.80 

88034.39 
2818.78 

50602.96 
5.53 
5.47 
2.41 
1. so 

21002.59 
.03 

17.95 
36.60 
13.68 

1. 17 
.44 

2.99 
4.68 
9.76 

14.44 
20.10 

. as 
.48 

.76 
60.25 
2.04 

.57 

",CHANGE 

-30.88 

5.15 
5.71 

-2.64 

-18.67 
-21. 75 
-15.03 
-19.86 
-21.75 
-21.75 
-15.25 

8.59 
.oo 

8.59 
24.41 
34.38 
19.39 
29.41 
-7.72 

.86 
10.91 

9.09 
8.59 

-16.67 
-29.41 

22.58 
14.59 
14.61 
3.64 

................................. . E.~i.~~).~~ -~-~~~~-~(~~- -~~~-t . . ..... .. . ... . .. ........ . 
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12 

~st~Operatin~ficit 

10 
;; 
C 
0 

8 
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_Lx i Uj n!L._Op~at i.!!9 f!!_Yel!J!!! _ 4
1--~~~0ptimal Operating Revenue-~~- --2 

o._ ______ _._ _______ __. _______ _._ _______ _. 
80 90 100 110 112 

Ratio to Existing Ridership(%) 

FIGURE 5 System costs, revenue, and deficits as a function of ridership. 
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$3.7 million) of the total annual operating deficits 
could be achieved without decreasing ridership. The 
transit operator may focus on this operational range 
of increased ridership in optimizing the overall 
system. Also shown in the figure is that optimal 
operating deficits rise faster with ridership levels 
in excess of current levels than with lower rider
ship levels. 

Figure 6 shows the variation in UTA optimal defi
cits as a function of time period of operation 
(peak, off-peak, weekend) and as a function of rid
ership level. It is interesting to note that, for 
all three operation J?eriods, the percentage reduc
tion in the optimal deficit is almost identical when 
a reduction in ridership from 80 to 90 percent of 
existing levels is considered. When the level of 
ridership is increased, it is observed that the most 
improvement in deficits occurs for weekend oper
ation, followed by off-peak, and then peak. Increas
ing the level of ridership beyonn existing levels 
leads to a much higher rate of deficit increase tor 
peak than for off-peak and weekend operation. This 
observation is consistent with intuition and actual 
system observations. The justification is that the 
ridership level is the highest for peak, followed by 
off-peak and weekend operation, implying higher in
cremental costs for providing additional service. 
These in turn imply higher fares (marginal revenue) 
for system equilibrium and consequently reduced 
ridership increases resulting in increased operating 
deficits. 

Operating Costs 

Operating costs are reduced substantially from ex
isting levels to produce operating deficit reduc
tion. The main goal of the optimization model is to 
reduce deficits by increasing efficiency and produc
tivityi thus the lowered operating cost resulting 
from increased efficiency and productivity is a key 
element in lowering total deficits. 

The optimal costs with respect to various rider
ship levels for UTA are shown in Figure 5. As can be 
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seen in the figure, cost reduction provides the main 
contribution to the overall deficit reduction. Costs 
can be reduced by approximately $4 million while 
maintaining the present ridership level. Ridership 
can be increased up to approximately ii5 pen,.,11L ur 
existing ridership without increasing costs beyond 
the present level. 

Optimal costs are achieved by modifying service 
policies to increase vehicle use, thereby reducing 
vehicle-hours, vehicle-miles, and number of vehicles 
required for service. Frequencies are reduced 
slightly leading to a decrease in the number of peak 
vehicles required. The number of stops per mile is 
also decreased leacll11y Lo .!11 increaee in vehicle 
operating speed. These changes result in an overall 
increase in productivity and efficiency, which leads 
to reduced operating cost. 

Operating Revenue 

In examining the total revenue produced for the 
various levels of ridership as shown in Figure S, it 
is seen that the total UTA operating revenue remains 
relatively stable with respect to ridership change. 
As indicated previously, cost reduction provides the 
main contribution to deficit reduction for the UTA 
application. 

UTA revenue remains close to existing levels from 
approximately 88 percent. ridership tbtough 100 per 
cent ridership. Revenue decreases from the 100 per
cent ridership level to approximately 75 percent of 
existing revenue at 120 percent of existing rider
ship. This downward ti:end is brought about because, 
in order to at·tract more riders, not only must the 
cost associated with providing better service in
crease but fare levels should simultaneously de
crease. Because of the fare elasticities given ear
lier, the fare levels decrease at a higher rate than 
ridership increases; thus total operating revenue is 
decreased. Drastic service cuts (cost reduction) 
lead to reduced ridership. To satisfy the ridership 
constraints, fares have to be cut substantially, 
leading to reduced fare-box revenue. 

100 110 

I 
I 

112 

Ratio to Existing Ridership(%} 

FIGURE 6 Percentage changes in UTA operating deficit versus ridership by time of day. 
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Route-Leve l Study Results 

The results presented in the preceding sections are 
based on a system-level optimization; therefore no 
individual route-level statistics are presented. As 
indicated previously, the optimization model was 
developed within a system and route context. There
fore, it is capable of optimizing the entire system 
at the route level of detail. Any fare and service 
policy changes recommended to bring about overall 
s y stem deficit reductions must be implemented at the 
route level. The system may, however, be defined as 
c o mpr ising all routes, or as few as one r oute, of a 
g i ven transit system. In this way the model can be 
employed to optimize route operations within the 
sys tem context. 

For the sake of brevity, not all details of the 
route-level analysis are presented. To illustrate 
model application at the route level, the results 
obta ined for an example route, UTA Route 11, are 
presented in Figu r e 4. The economic a nd operating 
statistics re present ing peak-period s e r vice corre
spond to the case where existing ridership is main
tained. It is seen that operating cost can be re
duced by almost 19 percent and revenue increased 
more than 5 percent, leading to an overall deficit 
reduction of approximately 31 percent. The two main 
modifications responsible for the deficit reduction 
are the decrease in frequency per hour and the de
crease i n stops pe r mi l e . Freq ue ncy per hour, r epre
s enting the a verage f r eque ncy f or bot h directions, 
c a n be decreas ed 1 5 pe rce nt , a nd s tops pe r mile can 
be r educed almos t 20 pe r c e nt . As a result of cha nge s 
i n freque ncy and i n stops per mile, ope r ating spee d 
i ncreased from 1 8. 5 mph to 20. 1 mph. On t he bas i s of 
the modification of cash fare from $0.50 to $0.55 at 
the systemwide level, the average fare for Route 11 
during the peak period should change from the exist
ing $0.35 to about $0.37 per rider. 

It should be noted that the results are theoreti
cal. Slight modifications would have to be made in 
implementing the suggested modifications. For ex
ample, the optimal headway may be 28. 7 min. In ac
tual practice, a headway of 30 min would be used. 
The slight modifications necessary for application 
to the real-world will, however, change the deficit 
reduction only slightly. 

CONCLUSIONS 

The model formulated by this study optimizes s y stem 
deficits, sub ject to systemwide c ons tra i nts, through 
minor ind ividual-route service c hanges . Model re
sults at the system and route level of detail repre
sented by the decision variables (average fare, fre
quency of service, and number of stops per mile) are 
suitable for direct implementation by a transit 
operator. The optimal condition results in an over
all increase in system and route e ff iciency and pro
ductivity, which leads to a reduct ion in transit 
operating deficits. 

The model was developed in conjunction with con
tinual input from a typical transl t operator (UTA) 
and comprehensively incorporates most of the model
ing consideration relevant to transit operators. It 
has been implemented as a portable, efficient, user
friendly, interactive computer routine. 

The solution algorithm (standard LP) used for the 
nonlinear optimization program performed success
fully and satisfactorily, The exploitation of effi
cient, commonly available, large, sparse-matrix
oriented linear programming solution algorithms 
makes the choice of standard LP particularly attrac-
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tive. Converge nce to optimal solu tions was fairly 
rapid for the size of the problems solved . 

The experience with model applications for UTA 
indicated that the data needed for the model can be 
readily assembled by a transit agency. The model 
results were meaningful, implementa ble, and intui
tively consistent. For all a pplic a t i ons of the model 
using UTA data, significant deficit reductions were 
achieved without major sys t em modifications, loss of 
ridership, or undue fare increases . 

In summa ry , t he pe rfor mance o f the d eveloped op
timiza tion mode l was judged to be good and repre
sentative o f the type of model presented . 
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Guided Tour Through the Section 15 Maze 

ABSTRACT 

Before the first year's Section 15 data were released hopes were high among 
academics, researchers, and policy makers. It was believed that this wealth of 
new, dctililcd, oon&ii;;tant, ana 11r,r.11r;it.P information would help answer conclu
sively questions about transit productivity and performance and about whether 
subsidies contribute to better performance or are simply wasted in ineffi
ciencies and wage increases. In addition, the data base was eagerly awaited as 
a tool that would assist in making "peer" comparisons among transit systems, 
determine the reasons for performance variations, and possibly help in shaping 
future federal and state subsidy allocation formulas. After 4 consecutive years 
c,f data :::::cll~:::::tic::, h.-.no -.- .. or, <:o,..+-inn l i:; prou':l'rl t:o hP. f~r from what was origi
nally envisioned. Although the quality of data has been improving, for all 
practical purposes, a uniform reporting system that includes all transit prop
erties receiving federal assistance does not yet exist because of numerous 
problems that may be classified broadly into four categories: (a) access and 
structural problems, (bl erroneous and missing data, (cl inconsistencies and 
definitional ambiguities, and (d) exclusion of important data elements. The 
problems that were encountered in these areas when using the first 4 years' 
Section 15 data are presented. Suggestions are also made about how users may 
soi"'' "nmi> ,;,f th""" problems and how future editions of Section 15 .data may be 
improved. 

Section 15 of the Urban Mass Transportation Act of 
1974 as amended requires transit operators receiving 
federal operating assistance to annua l l y ·f ile audit
able repor t s on their s ystem's operations a nd fi
na nces, create an in te rnal sys tem of accounts and 
records that can provide accurate and detailed in
furmation, and improve overall budgeting and operat
ing management. To minimize data collection burdens 
a "Uniform System of Accounts and Records and Re
porting System" was established with a minimum set 
of mandatory reporting requirements as well as three 
possible levels (C, B, and A) of voluntary, more de
tailed reporting. The Transportation Systems Center 
(TSC) is responsible for editing, tabulating, stor
ing, and releasing to the public da t a tha t t r ansit 
o perators supply annually. So far (Januacy 191l5) 4 
consecut ive years of Sec tion 15 r eports are ava il
able (FYs ending June 30, 1979, 1980, 1981, and 
1982, which are a l so referred to as Year s 1, 2, 3, 
.and 41. All informat ion supplied by trans it system 
ope rators is available on mag netic tape. Most i nfor
mati on supplied at the required level is also avail
able in hard copy form in Annual Section 15 Reports 
(.!) • 

receiving federal assistance does not yet exist be
cause of a variety of problems that are discussed in 
this paper. 

Before the first year's Section 15 data were re
leased, hopes were high among academics, research
ers, and policy makers. It was believed that the 
wealth of this new, detailed, consistent, and ac
curate information that was about to become avail
able would be used to answer conclusively questions 
about transit performance and thus e nable research
ers to determine the impact of subsidies on perfor
mance, formulate or restructure federal or state 
subsidy allocation polic i es, make transit system 
"peer" comparisons , and use t he res ults to train 
future transportation profess iona l s better. Unfortu
nately, Section 15 proved to be a disappointment. 
Missing, inaccurate, and badly structured data made 
the use of Section 15 information a frustrating ex
per ience. For all pr actical purposes , a uni f orm re
port i ng system that includes all transit prope rties 

ACCESS AND STRUCTURAL PROBLEMS 

File WDSPSC, which contains the Weekday Service 
Period Schedule, is a good, but certainly not the 
only, example of the structural problems of Section 
15 data. In all 4 years of existing data, the first 
14 columns of the file provide system identifica
tion, fiscal year, and mode and day codes. The re
maining columns provide information on 11 more vari
ables, as the TSC documentation given in Table 1 

TABLE 1 File WDSPSC Variahie Length Specifications for 
Year 2 (left) and Years 3 and 4 (right)' 

Column Name 

15-18 
19-22 
23-26 
27-30 
31-34 
35-38 
39-42 
43-46 
47-50 
51 -54 
55-58 

AMSP.B 
AMPSB 
MYSRB 
PMPSB 
NTSRB 
NTSRE 
AMPRD 
MDYPD 
PMPRD 
NGTRD 
TOTHR 

Type 1Jescnpt10n 

llJ.:al 
Real 
Real 
Real 
Real 
Real 
Real 
Real 
Real 
Real 
Real 

A M. service beR.ins 
A.M. peak servi-;,e begins 
Midday service begins 
P.M. peak service begins 
Night service begins 
Night service ends 
A.M. peak period 
Midday period 
P.M. peak period 
Night period 
Total hours 

'File= 39: (DSNAME=WDSPSC.XMJ); from area: OPERA. 

15-18 
19-22 
23-27 
28-32 
33-37 
38-42 
43-46 
47-50 
51-54 
55-58 
59-62 

indicates. However, this detailed file description 
is mi sleading , because vadables MYSRB , PMPSB, 
NTSRB, and NTSRE are actually five a nd not the four 
columns wide that the column des cr i ption from the 
Year 2 documentation on the table's left side indi
cates. TSC attempted to correct the documentation 

-.. 
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for Years 3 and 4 and came up with the column widths 
on the right side of Table 1, but, again, this is 
wrong because the record is 60 and not 62 characters 
long, TOTHR is two not four columns wide as indi
cated. In addition to the incorrectly specified var
iable lengths, t he re are consid erable discrepancies 
between the docume n t ation desc ribing the f ile and 
its ac t ua l structu r e , and, to make things worse, 
file s t ruc tures vary from year to year in terms of 
record lengths and block sizes. Fortunately, after 
some changes in the first 3 years, the third and 
fourth year structure is i dentical. Furthermore, 
structural probl ems are not majo r , provided that the 
researcher remembers that block lengths produced b y 
TSC's computers are multiples of four and, f rom the 
second year on, record lengths are also multiples of 
four to a void the firs t year practice of adding 
blanks in the last record of each block. These prob
lems made trial-and-error the only appropriate tech
nique for accessing some of the files, at least 
during the first 3 years, and occasionally the dis
crepancies forced users to abandon a file entirely 
(1). 

ERRONEOUS AND MISSING DATA 

One major problem that Section 15 data users have to 
deal with is the distinction between missing data 
and legitimate zero entries. For some variables this 
distinction is trivial. zero vehicle-miles (VM) for 
a time period a system operates obviously means that 
the system failed to report. However, a zero for a 
minor expense item may mean either that the system 
spent nothing for that i tern or that it failed to 
report. Fielding et al. (2) have cover e d extensively 
the problem of missing data, which are fortunately 
progressively decreasing in consecutive years of 
Section 15 re l eases , and it is hoped that this prob
lem can be co mpletely corrected in the future. But, 
even when nonzero entr i e ·s are provided, on many oc
casions they are erroneous . 

Often erroneous data cannot be detected by in
spection. A bus system may report 3 million vehicle
miles accumulated on its vehicles during the period, 
and that it used 100,000 gallons of fuel. These fig
ures appear perfectly legitimate individually. How
ever, their ratio indicates an average fuel consump
tion of 30 MPG, which is impossible for buses. 
Ratios of other pairs of variables from all 4 years 
of data produce many more surprises, Average opera
tor salaries exceed $100,000, and vehicle-hours per 
operator exceed the total hours available in a year. 
These errors do not exist only in the machine read
able data but in the raw data and ratios contained 
in the annual reports as well. According to the sec
ond year annual report, taking the ratio of revenue
vehicle-miles to revenue-vehicle-hours, which can be 
interpreted as average speed of revenue s e rvice, the 
trains in Boston provided service at 153.9 MPH. 

This is the most serious problem with the Section 
15 data, because users may unsuspectingly use erro
neous data. For example, a person who wants to in
vestigate what determines the observed variations in 
expenses per vehicle-hour may read only operating 
expenses, vehicle-hours, fleet size, unlinked trips, 
and hours of system operations and attempt various 
regressions. Because errors in the data become ap
parent only when ratios are formed, this person will 
not suspect the validity of the data and will in
clude in the regression all nonzero values, However, 
if even a few of the provided entries are twice or 
three times (and occasionally 1,000 times) larger or 
smaller than they should have been, the regression 
fits will become completely meaningless. 

All 4 years of Section 15 data contain .XXXXXXEYY 
entries (Xs and Ys are integers), mainly because the 
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columns allocated to a variable are not enough to 
acconunoda t e its d ig i ts. I n Year 1, for example , the 
four file s that contain in f ormation on serv i c e sup
plied, servic e consumed, and service personnel for 
rail (Form 407) and nonra il (Fo r m 406) systems by 
hour of day and day of wee k (fi l e s NRSDWK, RSDWT< , 
NRSTDY, and RSTDY) contain a number of entries (56 
to be e xact) of the type .XXXXXXE69. In l ater years, 
the numbe r of .XXXXXXE69 e n tr ies was reduced and was 
replaced by entries of the form .XXXXXXEll. This 
could be interpreted as 10 to the 11th and it is 
correct in some instances. But, on other occas i ons, 
the power should be 9 or 10. However, whethe r the 
power is correct or not, the letter E thrown in un
expectedly will stop execution by causing conversion 
from decimal to character errors no matter what the 
access language or package is, 

INCONSISTENCIES AND DEFINITIONAL AMBIGUITIES 

For the purposes of this paper, a Section 15 data 
element is inconsistent if it can be read or derived 
from more than one data file and the alternative 
derivations produce values that differ by more than 
round-off errors would warrant. Inconsistent data 
exist in all 4 years of Section 15 data. However, 
unless otherwise indicated, Year 3 examples involv
ing single-mode, motor bus systems will be presented 
here due to lack of space. There is a total of 187 
such systems in the third year of data. 

Data on Se rv ice Supplied and Cons ume d 

Annual vehicle-miles (VM) is an important variable 
because it is often used to produce a number of per
formance indicators. It can be computed by multiply
ing average weekday, Saturday, and Sunday VM by 253, 
53, and 59, respectively (from file NRSDWK contain
ing Form 406 information) , or by summing the miles 
accumulated over the reporting period on all classes 
of vehicles that a system operates (file RVINV con
taining information on Form 408, Revenue Vehicle Sub
sidiary Schedule). Taking the ratio of VM from Form 
406 to VM from Form 408 should produce numbers prob
ably in the range of 0.98 to 1.02, because all s ys
tems may not operate on holiday schedule the same 
number of days and the multipliers used (253, 53, 
and 59) may be inappropriate. However, the ratios 
are distributed as given in Table 2, Ratios that are 

TABLE 2 Distribution of Form 
406 to Form 408 Vehicle-Mile 
Ratio 

No. of Systems 

5 
5 

26 
50 
14 
62 
17 
8 

Ratio Range 

More than 1,000 
31.13-889. l 9 
l.11-2.65 
1.01-1.09 
Exactly 1.00 
0.99-0.90 
0.89-0.56 
0.00 

close to 1,000 are easy to explain. Forms often in
dicate that figures should be reported in thousands. 
The line where the number has to be entered may read 
"Total vehicle miles (000)," although UMTA reversed 
itself and advised in the first year to report on 
Form 406 in whole numhers because the small systems 
could not report meaningfully in thousands. Some op-
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erators obviously became confused in the beginning 
and remained confused in subsequent years. But if 
the ratios that are close to 1,000 can be explained, 
a ratio of 2.65 or 0.6 is an unexplainable and in
excusable var iat1on. ti1mii.ar discref:'dUl,;.i.~:::i, ali..lKn..i.~!'.. 
not as large, exist if the ratio of vehicle-hours 
(VH) from Form 406 to platform-hours (time drivers 
spend operating a vehicle) from Form 321, Operators 
Wages Subsidiary Schedule, are calculated. 

Although VM are accumulated every time a vehicle 
moves, revenue-vehicle-miles (RVM) are accrued only 
when a vehicle is serving the public (i.e., RVM is 
MV minus deadheading miles). Therefore, RVM should 
always be less than VM, and, similarly, revenue
vehicle-hours (RVH) should always be less than VH. 
However, using only Form 406 information, the ratio 
of VM to RVM is identically 1.00 for 42 systems, or 
22 1,>ercent of those investigated and VH to RVH is 
1.00 for 55 systems or 29 percent of the total. On 
the other hand, some systems appear to have enormous 
rleadheading miles . .1neLe aLt:: 12 that h&v-c a VM-tc
RVM ratio greater than 1. 2, and 42 for which the 
ratio exceeds 1.1. 

The definition of RVM and RVH is rather confusing 
and it is certainly a factor that contributes to the 
inconsistencies. In defining Service Supplied, the 
original Volume III of the Uniform System of Ac
counts and Records that contains the required level 
forms provides the following instruction for Form 
406: 

Revenue miles ( line 04) and Revenue Hours 
(line 05) should e xclude charter and school 
bus miles and hours respectively. 

A later version of Volume III (Revised July 1982) 
changes the instruction to read: 

Revenue miles (line 04) and Revenue Hours 
(line 05) should exclude charter and dead
head miles and hours. 

And finally, Volume II of the Uniform System of Ac
counts and Records that contains definitions pro
vides on page B.7-1 yet a third version stating that 
what should be excluded is miles and hours traveled 
" ••• to and from storage facilities and other dead
head." In summary, deadhead travel is excluded by 
the second and third definition but not by the 
first. Charter service is excluded by the first and 
second definitions but not by the third, and · school 
bus service is excluded only by the first defini
tion. This is certainly sufficient to confuse and 
discourage even the most conscientious and well
meaning for~ preparer~ 

The existence of two alternative derivations for 
VM and VH implies that speed (an explanatory vari
able for many performance measures) can be computed 
four different ways as follows: 

(a) VM/VH (Form 406) 
(b) VM (Form 406)/platform hours (Form 431) 
(c) VM (Form 408)/VH (Form 406) 
(d) VM (Form 408)/platform hours (Form 431) 

Using these four alte rnative derivat i ons to compute 
system speeds, values that differ among themselves 
by up to a factor of 2 can be obtained as the small 
sample given in Table 3 indicates. 

Data on service consumed are derived from samples 
(i) and their accuracy depends on how rigorously the 
sampling instructions are followed. Some, and fortu
nately few, operators apparently fill the forms by 
copying the figures from the previous year's report. 
There are three systems that reported exactly the 
same unlinked trips in Years 3 and 4, one system 
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TABLE 3 Sample of System Speed Variations 
Depending on Calculation Method 

Speed Derivation Method 

Case a b d 

1 11.15 8.73 12.10 9.47 
2 8.13 6.30 9.36 7.26 
3 7.53 6.96 10.61 9.80 
4 12.95 13 .54 14.67 15 .35 
5 11.83 13 .74 10.38 12.05 
6 16.65 17.36 12.50 13.04 
7 12.52 13.77 6.35 6.98 
8 13.52 19.97 10.74 15.91 
\I 13.bl 11.29 l.UO 12 .80 

10 6.63 5.63 9.63 8.18 

that gave the same figures for Years 2 and 3, and 
finally one that reported identical trips through 
th~ fir~~ 3 yP.~rs. The accuracy of data on servic~ 
supplied (e.g., vehicle-hours and vehicle-miles) 
depends on the systems' record keeping diligence. 
Judging from the identical entries f or vehicle-hours 
that exist throughout the 4 years of data, operators 
are copying data on service supplied from one report 
to the next more frequently than they are copying on 
service consumed. There are 10 identical vehicle
hour entries between Years 1 and 2, 10 between Years 
2 and 3, and B between Years 3 and 4. In addition, 
there are five systems that Eeport the same vehicle
hours continuously from the first to the third year, 
and five more that give the same figures for Years 2 
through 4. Finally, there is one system that reports 
exactly the same vehicle-hours for all 4 years. 

Service-Profile Data 

Variables that describe a transit system's peaking 
characteristics provide valuable information for the 
analysis of efficiency indicators. Information on 
the peaking characteristics of supplied and consumed 
service can be obtained from Form 406 (file NRSTDY) 
and Form 401 (Transit System Service Period Schedule 
contained in files WDSPSC and WESPSC). A number of 
indicators can be derived from this information such 
as peak-to-base ratio in terms of vehicles and VH, 
shoulder-to-shoulder time (start of a.m. peak to end 
of p.m. peak), and interpeak hours. This wealth of 
information should satisfy even the most demanding 
researcher. However, a detailed examination of these 
indica t ors and the raw Section 15 data that produce 
them causes serious doubts about their validity. 
First of all, the beginning and ending of each 
period is not defined clearly. Volume ii inst. uc
tions simply say that the a.m. or p.m. peak begins 
when ''additional service is provided to handle 
higher passenger volumes • • • when scheduled head
ways are reduced" and ends when "headways return to 
normal." The problem with this definition is that it 
is not concise and it can be interpreted differently 
by the reporting transit systems. A typical service 
profile may look like the one shown in Figure 1. 

When does a.m. peak service really b egin in Fig
ure 1? If the Section 15 definition is followed, 
just about 4 a.m. (the beginning of a.m. service). A 
few operators reported just that, but most of them 
reported some later time, which they felt was more 
appropriate. This leads to a variety of starts, 
ends, and durations of service periods that are 
superficial. The service periods of 37 of the 187 
systems investigated cannot even be determined be
cause they have zero entries. This may be a problem 
introduced by the instructions, because operators 
are provided with an example on page 6. 3-4 of the 
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FIGURE 1 Typical transit service profile. 
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revised Volume I II where it is shown that entries 
should be left blank if service does not fluctuate 
by time of day. It is therefore impossible to dis
tinguish between systems that did not report and 
systems that should have zeros due to laok of peaks. 
Of the remaining 150 systems that report times for 
their various service periods, 40 report the same 
time as the start of a.m. service and start of a.m. 
peak service, and some have the peculiarities given 
in Table 4. Some of these entries may be legitimate. 
Systems may really start their a.m. peak before 6:00 
a . m. But an a.m. peak duration of 13.8 hr or a p.m. 
peak l onger than 7 hr makes the researcher wonder 
how valid the rest of the se rvice-period data really 
are. 

TABLE 4 Suspicious Service Period Figures 

No. of Systems 

29 
3 
7 

21 
I 

40 
10 
2 

Reported Variable 

Start of a. m. peak 
Start of a.m. peak 
End of a.m . peak 
Duration of a.m. peak 
Duration of a.m. peak 
Duration of p.m. peak 
Duration of p.m . peak 
Duration of p.m. peak 

Value 

Before 6 :00 a.m . 
Before S :00 a.m. 
11 :00 a.m. or lat er 
4 hr or more 
13.8 hr 
4 hr or more 
S hr or more 
More than 7 hr 

The problem is compounded if an examination is 
made of the VH reporting during each period. It 
would be expected that the ratio of (VH during 
period)/{ (veh,icles during period)• (duration of 
period)} would not exceed 1. 0 for the peaks and 
would roughly be in the o.ao to 0.99 range. This is 
obvious from Figure 1. Vehicles during the period 
are, according to the definitions, the maximum num
ber of vehicles. Therefore, the ratio for the a.m. 
peak is graphically the rectangle ABCD over the 
cross-hatched area under the service profile. If the 
midday period is considered, the ratio should be 
expected to exceed 1.0 for the same reason. However, 
when this ratio is computed, it is over 1.0 for 39 
systems in the a.m. peak and 34 systems in the p.m. 
peak. 

Vehicle Data 

Fleet size is critical because it is used in the 
denominator of many performance indicators. If the 
number of vehicles is incorrect, particularly if 
fleet sizes are small, the performance ratios can be 
over- or underestimated by rather wide margins. 
There are actually three files containing informa
tion on vehicles. File TRSYS gives the total number 
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of revenue vehicles, file TRSVEH gives the total 
number of revenue vehicles by type, and file RVINV 
describes revenue ve hicles in more detail and groups 
them according to make and model year. The distinc
tion between active and revenue vehicles is also 
made in the last file, and, according to the defini
tions, the number of revenue vehicles should be 
larger than the number of active vehicles. 

However, the ratio of revenue to active vehicles 
is less than 1.0 for 32 systems. In addition , the 
ratio o f total revenue vehicles from file RVINV to 
revenue vehicles from file TRSYS is greater than 1.1 
f'or 24 systems and greater t ha n 1.5 for 8 systems, 
which are not small , a nd therefore the discrepancy 
does not involve just a few vehicles. 

Examin;i.ng the ratio of revenue vehicles to peak 
vehicles in order to find out the percentage of 
reserve buses a system has (spare ratio}, often pro
duces surprises as the sample of some of the worst 
cases given in Table 5 indicates. The revenue vehi
cles for tbis table were taken from file TRASVEH, 
and those are also the figures that TSC provides in 
the third year annual report. Peak vehic les are the 
vehicles serving the highes t of the two peak pe
riods. A revenue-to-peak vehicle ratio of up to 1 . 5 
may be believable. However, it is extremel y diffi 
cult to think o f a reas on why a s ystem would have 
three or f our times the maximum number of vehicles 
it needs . A closer e xamination of the data given in 
Table 5 together with the data in file RVINV r e veals 
that the system of the third case does not have 102 
revenue vehicles; it owns only 52 outright and 
leases 4 more . Similarly, the system of the fourth 
case owns only 59 and leases from related parties 10 
vehicles, and the system in the fifth case owns just 
3 4 veh-icles. 

TABLE 5 Revenue-to-Peak Vehicle Ratios 
for Some Systems 

Case 

I 
2 
3 
4 
s 
6 

Revenue 
Vehicles 

3,362 
392 
102 
107 
47 
25 

Peak 
Vehicles 

1,948 
206 

24 
41 
17 
11 

Revenue-to
Peak V chicles 

l.73 
1.90 
4.25 
2.6 1 
2.76 
2.27 

Even if a system's fleet size can be determined, 
calcuiating the flee t 's capacity is not an easy 
task. There are two ways to compute average capac
ity. The first is to divide revenue capacity miles 
(RCM) by RVM from file NRSOWK. A second figure can 
be obtained directly by multiplying the number of 
vehicles times the sum of standing and seating 
capacity for every vehicle class in file RVINV and 
dividing by the total number of active vehicles. 
Table 6 gives 10 of the worst discrepancies between 
the two alternative derivations of average capacity. 
The figures differ between 12 percent and more than 
100 percent. The inconsistencies in Table 6 are 
serious because the cases were taken from Year 4 
data and from a reduced set of 87 systems that had 
reasonably clean data in Year 3, This implies that, 
even if a researcher works hard to select a set of 
systems that have reasonable data for a set of vari
ables in a given year, data for the same systems 
cannot be extracted blindly from another year of 
data either for the same or for different variables. 
The same painstaking clean-up and cross-checking 
efforts have to be undertaken for each year and for 
every variable. 
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TABLE 6 Average Fleet Capacity 
Discrepancies 

Average Fleet Capacity 

RCM/RVM Direct Computation 
Case (File NRSDWK) (File RVINV) 

I 64 73.5 
2 54 63.2 
3 45 58.3 
4 60 53.8 
5 62 51.4 
6 50 59. I 
7 RO 90.2 
8 41 61.0 
9 45 99.9 

10 42 53.4 

Along with fleet age, the variable average cumu
lc!tiv~ mil"" p<>r vehicle could be used for the pre
diction of maintenance efficiency variables such as 
r oad cells per vehicle-mile. Average cumulative 
miles per vehicle can be obtained from Fo rm 408 
(file RVINV). The data in Table 7 indicate that 
about one-third of the 187 s ystems in the sample 
have provided absolutely useless information b y 
r e porting unbelievably h i gh or low figures. The fig 
ures that are in the mill i ons are obviously operato r 
reporting errors. Some saw the column heading "Aver
age Accumulated Miles per Vehicle (000)" and instead 
of reporting in thousands, they mul t i p lied the ac
tual figure times one thousand , thu s crea t ing the 
1-million-rnile discrepancy. 

TABLE 7 Erroneous Mileages on Vehicles 

No. of Systems 

6 
2 
6 

11 
6 
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Emp loyee Data 

Average Cumulative Miles 
per Active Vehicle 
(range in thousands) 

157 ,892-GJO,OOO 
18,903-32,751 
1,487-3,122 
503-955 
Less than 18 
0.0 

Serious inconsistencies exist mainly in the files 
contain i ng infor mat i on on opera ting s tatistics i400 
series Forms). Some o f them have alre acW been pre
sen ted , l\nother common incon6istency e xi s ts between 
total labor-hours for inspection and maintenance 
(I/M) from file MNPENC (Form 402) and the sum of 
employees in the maintenance f unct ion containe cl in 
file EMPSCH (Form 404). These employees are grouped 
in five personnel classes as follows: 

Class 21 Maintenance executive, professional, 
and supervisory personnel: 

Class 22 Maintenance support personnel: 
Class 23 Revenue vehicle maintenance mechanics: 
Class 24 Other maintenance mechanics: and 
Class 25 Vehicle service personnel. 

The ratio of total labor-hours for I/M to the sum of 
employe es in these five classes should be 2 , 000, 
b ecause this is the annual person-hour equival ent 
for one employee according to t he instruct i on s (al 
though TSC appears to use 2,080 to p r oduce the hard 
copy annua l reports ). However, the ratio range s from 
the teens t o t he hundr e d tho usa nd s . Th i s is another 
example of the confusing reporting instructions. The 
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original Volume III contained the following Form 402 
instruction on page 6-5 concerning total labor-hours 
for I/M: 

::see ciefiniciun Vulum~ IL 0i£:cLiViJ. C.S, !\::.;:: 
8.5-1. NOTE: You should include all hours 
worked by employees in Employee Record hours 
to nearest hour. 

However, on page 8.5-1 of Volume II labor-hours for 
I /M a r e defined as : "The labor-hours of t ransi t s ys
t em ma intenance pe rsonne l wo rking on revenue veh i 
c les for t he per iod. " Exami n i ng t he defin it ions of 
J;mployee 11:lernenti, d11<l Cl t1ssif i c ei tion on pogco 8 . 1-:2 
to 8 .4- 7 o f Volume I I , it seems t hat the only per
sonnel working on revenue vehicles for the period 
are the revenue vehicle maintenance mechanics and 
the vehicle service personnel (Classes 23 and 24) 
and not all classes of maintenance employees as the 
Volume III instructions indicate. The revised Volume 
III L:ha.ug\::U ttt> i iist ructicii tc :-c=.d: 

See definition Volume II Section 8. 5, Page 
8.5-1. NOTE: You should include all hours 
worked by employees whose labor expenses 
were charged to Function 061 INSPECTION ANO 
MAINTENANCE OF REVENUE VEHICLES. (See defi
nition on pages 7.4-29 to 7.4-31 of Volume 
II)• 

Some operators interpreted this as: "include only 
Class 23." In addition, Function 061 pertains only 
to the most detailed, voluntary level of reporting 
(A). Taking the ratio of employee-hours to employees 
using the latest interpretation, a range of about 10 
to 100,000 is again obtained. Apparently operators 
became so confused that they simply threw in num
bers, and 14 did not even bother to report. 

A useful indicator for the examination of op
erator productivity is revenue vehicles per op
erator. The value of this ratio is determined by the 
number of additional operators ei system wishes to 
have during a period eithe r because of its s t a ndlw 
pol i cy or because o f nonope r ating d u t y a s signment s . 
Form 406 a nd f ile NRSTOY conta i n info rmation on ve 
h icles operate d during e a ch time period a nd t he num
be r o f ful l - a nd part-t ime opera tors during the same 
pe r i od. Tak i ng the ratio o f ve h icle s over f u ll- plus 
part-t ime oper ators, a resea rche·r wo uld expect 
v a lue s r oughly i n th e 0.8 5 t o 0.99 range . A r atio 
higher than 1.0 is impossible unless the vehicles 
are automatically controlled, and 15 percent or more 
extra ope ra tor s would be an ex t r eme waste of re
sources. Howe ver, the sample of c a ses given in Table 
8 produces u~reasonabl~ r.~~ios that are anothe r ex
ample of sources of errors that p roduce useless Sec-

TABLE 8 Erroneous Data on Operators 

Vehicles per 
Full-Time 

Operators + Part-Time 
Case Period Vehicles (full+ part time) Operators 

X 113 12.8 8.83 
y 46 4,6 10.00 

2 X 8 2 4.00 
3 X 32 52 0.62 

y 18 38 0.47 
4 X 281 340 0.83 

y 264 358 0.74 
z 101 200 0.50 

5 X 7 13 0.54 
6 X 30 56 0.54 
7 X 16 27 0 ,59 
8 X 27 46 0.52 
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tion 15 data. The first and most illogical case can 
be corrected by moving the decimal one place to the 
right in the number of operators: this is obviously 
a transcription error. The up to 100 extra operators 
of the fourth case are probably the result of a con
fusing definition. Operators are defined to be those 
scheduled to operate vehicles, Thus it is conceiv
able that if during a time period, for example mid
day from 10:00 a.m. to 4:00 p.m., the number of ve
hicles in operation were 100, the system might be 
inclined to report the number of operators as 210 
because 105 operators worked until 2:00 p.m., and at 
that time another 105 replaced them. 

The conflicting instructions and misunderstand
ings presented so far are certainly not the only 
ones. Holec et al. (5) mention more in their dis
cussion of Year 1 data. However, Section 15 data in
consistencies cannot always be blamed on conflicting 
or unclear instructions. The revised Volume III in
structions for Form 321 state clearly that the fig
ure to be placed in the dollar column for total op
erating and nonoperating time" ••• must balance to 
the dollar amount reported in Object Class 501.01--
0perators' Salaries and Wages on the appropriate 
Section 15 expense reporting forms." The appropriate 
form suggested in the instructions is Form 301 (Ex
penses Classified by Function), and the total for 
Object Class 501. 01 can be found in file XO. Al
though the instructions are perfectly clear, some 
operators report figures that differ between -3 and 
22 percent. 

Financial Data 

Financial and expense-related data that do not come 
from samples or inconsistent collection procedures 
should be expected to be more accurate, and gener
ally they are, although occasionally some expense 
figures are questionable. Average salaries by func
tion and for the entire system can be computed by 
taking the ratio of salaries over the number of em
ployees. Five such ratios are possible in the most 
aggregate function level (i.e., operations, vehicle 
maintenance, nonvehicle maintenance, general admin
istration, and total), and they would not be ex
pected to fall outside the approximate range of 
$10,000 to $30,000. However, some systems appear to 
pay large amounts for some employees, whereas other 
systems do not even pay the minimum wage. There are 
eight systems that report average salaries of more 
than $60,000 and as high as $800,000 and 16 systems 
that appear to be paying less than $7,000 and as low 
as $436 per year. 

Major discrepancies and inconsistencies exist in 
the financial data reported in series 100, 200, and 
300 Forms. Balance sheets and revenue summaries were 
reproduced for all systems and for each of the re
porting years and checks were performed on the addi
tions and to see whether assets were equal to li
abilities and capital. If discrepancies existed, ef
forts were made to resolve and correct them. 
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Year 1 data contain nine resolvable discrepancies 
most of which arise from the omission of the minus 
sign in depreciation items ranging from $2,000 to 
$48 million. Year 2 contains 28 resolvable discrep
ancies most of which involve the reporting of items 
10 times as large as they should have been, and the 
omission of the minus sign from accumulated losses, 
which appear as gains. Year 3 data contain 30 re
solvable discrepancies about half of which involve 
the improper addition of revenues. Finally, Year 4 
contains 12 resolvable discrepancies produced by all 
of the previously mentioned causes. Although the 
errors in the financial data are small in number, 
they are serious when they involve large systems. 
For example, the Washington Metropolitan Area Tran
sit Authority's assets were overestimated by $21 
billion in the second year. This figure should be 
compared with the approximately $15 billion in 
assets, $6 billion in liabilities, $9 billion in 
capital, and $7 billion of revenues for all Year 4 
systems together. Thus the errors of one system can 
make the calculation of totals or averages com
pletely useless. This is also true for variables 
that represent service supplied and consumed. 

Although most major errors in the financial data 
can be resolved, there are a large number of unre
solved discrepancies that are quite minor (less than 
$10 in most cases). Table 9 gives a summary of the 
unresolved discrepancies. Year 3 is the best of all. 
Sometimes the dollar amounts are smaller than the 
number of systems, because the real deviations be
tween totals and the sum of their component parts 
were used. Thus, if a total is larger than its parts 
by $2 in one system and smaller by $2 in another, 
the discrepancies will cancel each other out. The 
large dollar amounts that appear in Table 9 are con
tributed mostly by a single system in each case. 

The errors in the financial data provide an indi
cation of what portion of the Section 15 inaccura
cies can be blamed on transcription errors because 
there are no ambiguities involved in the preparation 
of a balance sheet. However, revenue inaccuracies 
may arise from the confusion of cash accounting, 
which most systems use, and accrual accounting that 
is required for Section 15 reporting (5,6). If there 
are about 30 major (more than $10 that can arise 
from round-off errors) balance sheet-related errors 
in each year of Section 15 data, it might be safe to 
assume that about 10 percent of the reporting sys
tems have errors in nonfinancial data as well be
cause of transcription errors and poor quality con
trol. 

EXCLUSION OF IMPORTANT DATA ELEMENTS 

On the basis of the structure of the Section 15 sys
tem, it appears that those who originally conceived 
the breakdown of the data into nine areas and 62 
files had intended to create a system that grouped 
the reported information better than the forms them-

TABLE 9 Unresolved Discrepancies Between Totals and Component Parts in Financial 
Variables 

Year l Year 2 Year 3 Year 4 

Discrepancies Systems $ Systems $ Systems $ Systems $ 

Assets 41 329 37 2,479 9 4 12 13,859 
Liabilities 6 3 10 896,664 6 8 9 1,006 
Capital 27 172 20 17,975 12 6 8 2 
Revenue ..l_ 22,702 ...2... 79,501 _§_ 38 ..JL 24 

Total 81 7·6 33 37 
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selves. This would allow the Section 15 data user to 
go easily to a file or set of files and obtain the 
pertinent information no matter what his interest 
was. Whether the data were to be used to evaluate 

evaluation, safety, or the cost-effective provision 
of service, the analyst would have a small number of 
files to access and could perform the intended task 
efficiently. The noble effort was also undertaken to 
provide users with even more data than the operators 
supplied. File UAREA is the produce of such an ef
fort, and it is supposed to contain two variables, 
the square miles of area (USQMI) and the urban popu
latir:in (IJPOP) thnt- Fl Ry11tPm serves. First of all, 
variable USQMI is always zero, so half of the file 
is useless. The values of UPOP are for all practical 
purposes useless too. The New York City transit sys
tem with more than 10,000 vehicles is shown to serve 
15.59 million people, and so do 35 more systems, in
cluding ones like the Resort Bus Lines of Yonkers, 
N,;,"1 Yori\; "1itli .,.11 nf it.,a R vehicles. Apparently, 
the system's address was the only determinant of 
population served. Area and population served are 
important elements in the analysis of a system's 
effectiveness, and for all practical purposes they 
are missing from the data. An attempt was made to 
include the variable UPOP in models that analyze bus 
systems' performance, and it failed to enter any of 
the equations with even a minimal degree of explana
tory power (see paper by Bladikas and Papadimitriou 
in this Record.) Obtaining data for USQMI and UPOP 
is certainly not an easy task. UMTA could obtain 
this information with a research grant, or at 
production cost from the Bureau of the Census. 

The usefulness of the Section 15 data would im
prove significantly if some additional information 
were collected. Most of this information could be 
collected by simply expanding Form 001 (Transit Sys
tem Identification Schedule) to two pages or by re
placing Form 332 (Pension Plan Questionnaire), re
quired for systems with 25 or more vehicles and 
apparently ignored by everybody, because only a 
handful fill it out every year. The additional in
formation could be useful not only because it would 
provide more explanatory variables for research in 
the area of performance evaluation, as others have 
already suggested (2), but because it would also 
make possible additional consistency checks. The 
minimum additional information should be 

• The system's fare structure by mode; 
• Entry, average, and maximum salary by functioni 
• The system;s organizational and management 

structure (city agency, independent authority, 
whether it is managed by an independent company, and 
so forth) i 

• Union contract data (whether employees are 
unionized and some key contract provisions such as 
split shifts, spread times) i 

• Vehicle retirements and purchases during the 
reporting period; and 

• Revenues (at least transportation revenues) 
broken down by mode, 

SUGGESTIONS FOR IMPROVEMENT 

There are three parties responsible for the intro
duction of errors in Section 15 and, therefore, the 
situation will be corrected only if all three make 
efforts to improve. UMTA has to work on the four 
volumes of the Uniform System of Accounts and Rec
ords and Reporting System to clear up the defini
tional ambiguities and conflicting instructions that 
the various volumes contain. In addition it should 
become stricter and reject operator reports that are 
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obviously erroneous or inconsistent. Operators cer
tainly see Section 15 as an additional burden im
posed on them by UMTA and appear to be the major 
cause of errors, Unfortunately, the lack of clear 
inc,tr11l"'tinnq nn th<> fnrm,s thFtt. t.hey are fillinq out 
does not make that burden easier. TSC can improve 
its quality control and the accuracy of the pub-
1 ished information, as it is capable of doing if 
judged on the basis of the excellent quality of 
other, more voluminous than the Section 15, data 
that it releases. 

As far as the machine readable data are con
cerned, the field lengths for the variables that do 
nnt fit. in them should increase so that the EYY en
tries can be eliminated, The detailed file descr ip
t ions should be changed to include the blanks (when 
they exist) at the end of every record, so that the 
record lengths match those described in the access 
JCL. The last set of files (LOOKUP) is practically 
redundant and useless because it contains the codes 
that exist on the reportinq form anyway. The infor
mation contained in the 17 data files should be 
placed on just 7 typewritten pages to provide the 
user with an easy reference. Mileage-weighted fleet 
capacities, ages, and capacity miles would be more 
valuable indicators in the annual reports, because 
it is most likely that the largest, smallest, oldest, 
or newest vehicles are used only during certain 
periods of time and the entire flee·t is not in ser
vice from the beginning to the end of the service 
period. 

There is a set of about 40 flags in the machine 
readable Section 15 data. Only eight of the files 
have from one to twelve flags each. Apparently when 
the files were initially created these flags were 
supposed to act as checks for the values of every 
variable. However, soon this effort was abandoned, 
leaving only eight files with flags. Unfortunately, 
even the existing flags are of little value because 
they do not appear to be flagging anything. Flags 
should be placed on all files and put to use. It is 
possible to devise a flag system as follows: 

.Flag Value 
0 
l 
2 
3 

Meaning that Item Is 
Correct 
Not reported (missing) 
Out of a preset range 
Inconsistent 

Of course, if such a flag system is to be imple
mented, TSC has to develop software that will 
perform range checks and look for all possible in
consistencies in the reports. When a report is re
ceived, it should be analyzed and returned by UMTA 
to the operator for corrections, Data should be 
flagged if, even after the corrections, they are 
still erroneous or inconsist~~t. 

Looking at Section 15 data for all 4 years sug
gests that there is some improvement in their qual
ity with every subsequent edition. However, the im
provements have to be speeded up by a factor greater 
than the normal learning process for all involved 
parties is bringing about. This is needed particu
larly because (a) the existence of a few years' data 
will soon allow the analysis of time series, (b) 
states are using Section 15 data to develop their 
own performance measures [e.g,, Michigan (_!!)I, and 
(c) future legislation may include in the allocation 
formulas even more performance measures than does 
the Surface Transportation Assistance Act of 1982. 
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Research Implications of Proposed Changes in the 

UMT A Section 15 Reporting System 

JOEL E. MARKOWITZ 

ABSTRACT 

An intensive effort started in 1983 to review the Urban Mass Transportation Act 
(UMTA) Section 15 reporting system for transit statistics. Although many tran
sit industry professionals have been involved, few researchers are aware of the 
ways in which proposed changes would alter the national data base. A summary of 
the efforts to date is presented, and the implications of the proposed changes 
for those who have been routinely relying on Section 15 data for the conduct of 
research on u.s. transit systems are highlighted. 

In 1974 Section 15 of the Urban Mass Transportation 
Act of 1964 was amended to require that transit 
agencies receiving federal formula grant funds sub
mit a uniform report on their financial and opera
tional characteristics each year (1). The require
ment grew out of a large-scale study that examined 
transit industry accounting practices in detail. The 
result was a series of forms and manuals documenting 
accounting definitions that would be used for the 
required annual reports (.~). The standards laid the 
framework for upgrading the management information 
systems in the industry as a whole. The nonfinancial 
data did not receive as much careful study in the 
early days and have continued to cause some prob
lems, especially now that certain of those data have 
been incorporated into the new Section 9 transit 
block grant formula program(~). 

Although transit industry representatives were 
actively involved in the work leading to the adop
tion of the Section 15 standards, some problems in 
the reporting system appeared only after the first 
few years of implementation (FY 1978-1979, 1979-1980 
and 1980-1981) • A massive amount of information is 

involved, from a few hundred data elements for the 
lowest level of required reporting to a few thousand 
elements for the larger multimodal systems. Inaccu
racies in reporting, misunderstanding of defini
tions, inconsistencies within reports, and diffi
culties in quality control joined with some 
instances of outright refusal to cooperate. The 
result was a national data base with serious limita
tions. At the 1984 Transportation Research Board 
Annual Meeting, several presentations were made on 
transit performance analysis using Section 15 data, 
All illustrated the many problems inherent in the 
data that required either elaborate cleaning proce
dures or simply the exclusion of whole sets of 
agency reports, Fielding et al. ( 4, 5) reported on 
the difficulties in organizing t.;;, - magnetic tape 
version of the FY 1980 data for statistical analy
sis. Of 304 agencies that reported that year, 106 
had missing data that prevented their being used in 
the performance analysis work. Vaziri and 0eacon (6) 
similarly used the FY 1980 data base and had to woik 
around problems caused by missing data. Hobeika et 
al. (]) found so much missing data on the items of 
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interest that the analysis was done only for systems 
with fewer than 100 revenue vehicles. Patton (_!!) 
used only 17 systems from the FY 1981 data base for 
exploratory analysis. All of these researchers tried 
to look for regularities in a variety of performance 
measures within a single year's Section 15 data. All 
were at least partly stymied by data problems and 
none could use data from several years for time
series comparisons. 

Beginning in 1983 several groups began actively 
examining the shortcomings in the current system of 
reporting. The TRB Committee on Transit Performance 
and Management formed a subcommittee to look at the 
analytical uses of the data. 'l'he American Institute 
of Certified Public Accountants (AICPA) formed a 
group to examine the new requirements under Section 
9 to certify the nonfinancial as well as financial 
data. The American Association of State Highway and 
Transportation Officials (AASHTO) formed a committee 
to examine how statP. transportation departments use 
Section 15 and how changes m1gnt arfect tnem. ·r ne 
American Public Transit Association (APTA) formed 
its committee, including several individuals who had 
participated in the development of the Section 15 
system, to look broadly at the present problems and 
future prospects for national transit reporting. 
Finally, the Urban Mass Transportation Administra
tion (UMTA) took the unusual step of appointing a 
special advisory committee, the first UMTA has ever 
had, to examine all aspects of Sectiun 15 policy and 
practices. ( 4/i C. F. R. 43352 estahlishP.d the commit
tee for its first term, September 1, 1981 to Septem
ber 1, 19831 48 c.F.R. 41124 extended the commit
tee's charter to September 1, 1985.) 

The UMTA committee, which is staffed by UMTA and 
meets quarterly, receives input from all interested 
parties. Typically, the APTA committee or other 
parties have prepared recommendations for considera
tion by the UMTA committee, which then acts by reso
lution. Consultants to UMTA have also assisted the 
committee's deliberations by preparing background 
papers. one paper, for example, present~a the re
sults of asking the analysts responsible for check
ing the validity of the Section 15 data to assess 
its reliability. The assessment covered 233 data 
items in the 100, 200, and 400 series of reporting 
forms (excluding the 300 series detailed financial 
data). Of those items, 98 (42 percent) were rated as 
either inconsistently accurate or generally inaccu
rate or missing (~). Fortunately, there is some 
overlap in the membership of the groups and a direc
tion for reforming Section 15 is beginning to ap
pear. In the remainder of this paper the efforts to 
date, focusing on the APTA committee, and the poten
tial b~nefits arid problern~ ,=;11~h (!hr.1ngP.s would pre
sent to researchers who now depend on the data are 
described. 

USE OF SECTION 15 DATA IN RESEARCH 

There appear to be several principal research uses 
of Section 15 data. Perhaps the most widespread use 
is the most difficult to document. That is the rou
tine use of Section 15 data, especially in the form 
of the published annual report, as an encyclopedic 
reference, as if it were the transit equivalent of 
census data. When a researcher wants a national sum
mary statistic on transit or a particular statistic 
on an individual agency, the book is there to pro
vide the numbers. Although much of the data is 
straightforward, there are many underlying limita
tions that the casual user of the data could not be 
expected to know about. The most common situation is 
that circumstances affecting the data were not docu
mented in the report. Unusual weather, service dis-
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ruptions caused by labor disputes, major service 
changes, or fare changes could greatly affect an 
agency's data in comparison either with other agen
cies' or with the same agency's data from prior 
years. Unless the user of the ctata e1 tner Knows 
enough about the data to tell if a number looks sus
picious or takes th.e trouble to contact the agency 
to confirm the numbers, there are possibilities of 
misinterpretation. This has been one of the sorest 
points with transit agencies. The format of lengthy 
tables of raw data and ratios, listing each agency 
in fleet-size groups, encouraged such comparisons 
but had few cautions to the user. 

A turther and more subtle limitation uu u>,lug Lhe 
published data for routine reference needs is that 
some numbers are not what they appear to be because 
of the way individual agencies collect the data. 
Some discrepancies are matters of local policy, such 
as standing capacity on vehicles. Some are the re
sults of estimates, such as scheduled versus actual 
veh1.c.1e-miies of revenue service f:J.ruv .i.U~U, which 
depend on the local agency's ability and willingness 
to provide accurate information. Other data leave 
out key elements due to local institutional arrange
ments. For example, when a transit agency is part of 
a state, city, or county government, certain ser
vices, such as purchasing or personnel, may be pro
vided to the transit agency. The full amount of 
these expenses may not be reflected in the transit 
agency•s budget, wit:h the result thai:. Lhe "tr-ue" 
operating expenses are underrepresenten in compari
son with an independent agency that must provide all 
of its own services. Again, only prior knowledge or 
checking with each agency would prevent misinterpre
tation or misuse of the data. It is likely that few 
casual users have the time or inclination to double 
check the published figures, and even less likely 
that they know they need to be concerned about the 
data at all. 

In addition to using the published Section 15 
data for simple reference work, researchers have 
worked with the entire set of published data or have 
gone to the much more detailed computer tapes to 
conduct analyses that might be categorized by the 
purpose of the research and the style or method of 
analysis used. The principal purposes, judging from 
papers such as those presented at the 1984 TRB An
nual Meeting and others, are (a) the development and 
testing of statistical tools to aid transit managers 
in analyzing performance and (bl the analysis of the 
data to answer particular national policy questions. 
In both cases the emphasis is on cross-sectional 
comparisons of "similar" operators, with the bulk of 
the research effort devoted to defining the dimen
ed nn of similarity. Researchers have expressed in
terest in longitudinal analysis as well, but they 
generally have found that the quality of the data 
over time has not been sufficient to the task. 
Thanks to increasingly sophisticated data validation 
by UMTA, the accuracy of the FY 1982 report was 
greatly improved, and recommendations by the UMTA 
advisory committee to further improve the data have 
been adopted or are being considered by UMTA. In 
time, these improvements should allow meaningful 
time-series analysis. 

A particular focus of Section 15 research efforts 
has been on statistically determining a summary set 
of descriptive performance measures on the basis of 
which an operator may be compared to the "average" 
performance of a group of similar operators. These 
"peer groups" have been a controversial aspect of 
this type of research. Many transit managers readily 
admit that they compare their performance with that 
of other systems, but they also bring to such com
parisons some direct knowledge of the operational, 
institutional, and managerial character of the se-
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lected agencies. Managers have some misgivings about 
surrendering the selection process to a statistical 
procedure less able to capture such qualitative dis
tinctions and with which they may be technically 
unfamiliar. Proponents of such research efforts, 
however, point out that the purely qualitative se
lection of peers invites comparisons designed to be 
favorable to the agency making the selection. An
other school of thought is that any such cross-sec
t ional comparisons of operator performance are of 
little real use to managers and what is needed in
stead is analysis of an individual agency's perfor
mance indicators over time. Regardless of where one 
stands in this debate, more consistent, accurate, 
and reliable Section 15 data are essential for any 
meaningful research. 

ISSUES IN REVIEWING SECTION 15 

Both the APTA and UMTA committees set ambitious 
goals for their review. Among the issues identified 
for study were the following: 

• Administrative and procedural issues 
Certification and audit requirements, 
Definition of reporting period, 
Quality and availability of Section 15 in

structions, and 
Treatment of overdue reports. 

• Policy questions 
Should very small systems be exempt? 
How should purchased transportation be 

treated? 
How should private, noncontract service be 

reported? 
• Specific areas for improvement 

Section 9 formula factor definitions, 
Urbanized area definitions, 
Commuter rail, 
Sampling for service-consumed data, 
Fleet inventory data, 
Safety and accident data, and 
Maintenance data. 

• Changes in the published report 
Format and content of tables, 
Addition of explanatory material to aid in-

terpretation, 
Performance indicators, if any, to be used, 
Graphic summaries, and 
Groupings, if any, by size or other "peer" 

categories. 
• What shall be reported? 

What should be reported at the national level? 
Mandatory versus voluntary levels of report

ing, 
Amount of detail required versus need at na

tional level, 
Need for cross-classification of expenses by 

function and object by mode, and 
Modal versus system data. 

By the end of 1983 some of these issues had been 
discussed thoroughly, some superficially, and few 
conclusively. Both the APTA and UMTA committees de
e ided that it would be most appropriate to focus 
their efforts on the cluster of issues under the 
rubric of "What shall be reported?" When the princi
ples were established, it was thought, there would 
be a firmer basis for discussing all other issues. 
The remainder of 1984 was spent developing a frame
work for considering "What shall be reported?" Both 
the APTA and UMTA committees are scheduled to meet 
in early 1985 to consider these recommendations. 
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SECTION 15 REVISION OBJECTIVES AND PROPOSALS 

Assumptions 

The APTA committee began with several working as
sumptions. Each is subject to further discussion and 
revision, but together they establish a springboard 
for the debate. There were four major assumptions. 
First, certain problems in the data are the result 
of the entire reporting system's being too cumber
some. With so many data i terns required and so many 
different forms to complete, errors and inaccuracies 
are inevitable. Therefore, simplification through 
reduction in the sheer number of discrete data ele
ments should be a goal. Second, part of the reason 
for noncomparability of data items across operators 
comes from basic problems in data definitions and 
difficulties in obtaining the data from typical op
erator information systems. Therefore, the feasibil
ity of accurately and efficiently collecting the 
desired information should temper demands for data. 
Third, if the data are not useful to a transit man
ager, they probably are of little use to national 
policy makers or researchers. National reporting 
should be no more than summary reporting on an an
nual basis of much more detailed data the transit 
agency must itself keep on an ongoing basis to man
age its own operations. (A notable exception may be 
data required for the formula grant program.) 
Fourth, multiple levels of mandatory and voluntary 
reporting contradict the need for comparability of 
data i terns across all operating systems. A single, 
required level of reporting is desirable, but a two
tiered system of more detailed reports for larger 
systems and less detailed reports for smaller sys
tems should be considered. 

Criteria 

With this as a basis, the committee developed three 
types of recommendations: (a) restructuring existing 
data items, (b) reducing the existing data items by 
consolidating them, or (c) eliminating data items. 
For the financial reporting forms, the approach 
taken was to examine each of the functional, line 
item (object), and revenue categories, irrespective 
of the current reporting format. When the categories 
and grouping of categories had been set out in prin
ciple, issues involving specific definitions and 
forms design could be addressed. Each nonfinancial 
reporting form was examined on its own merits. The 
committee developed the following criteria for 
screening out unnecessary data items: 

• Is the information required for the Section 9 
formula? 

'Is the information useful for the purposes 
defined by Section 15 (i.e., federal, state, and 
local policy decisions, information for the public 
and for transit agencies)? 

' Is the information comparable from operator 
to operator? Similar data should be collected for 
each mode. Voluntary reporting of selected data 
should be discouraged. Contracted services and di
rectly provided services should be clearly separated. 

• Is it feasible to collect the information so 
that it is comparable, statistically valid, clear, 
simple, and easy to understand? Data should flow 
f ram the operator's regular reporting system, with 
no special collection procedures or excessive costs 
required. Data should only be reported if they will 
be suitable for annual publication by UMTA (i.e., if 
data will not be readily accessible to most users, 
they should not be required). 
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Application of these criteria resulted in recom
mendations for a substantial reduction in the number 
of data items required currently under the voluntary 
levels and some reduction or slight increase in the 
number of items for the required level. The specific 
recommendations for the financial data items are 
described next. 

Recommendations 

Revenue Classes 

The revenue classes recommen~e~ tor national report
ing are in place of the 80 under the most detailed 
voluntary (A) level and the 15 under the current 
required (R) level: 

1. Operating revenue 
'Passenger fares (currently item 401); 

Other transportation revenue (currently 
items 402, 403, 404, 405, and 406); and 

• Nontransportation revenue (currently item 
407). 

2. Other revenue 
' Contributed services (currently item 430) 

and 
• Subsidy from other sectors of operation 

(currently item 440). 

It is proposed that these revenue items he com
bined on the form that presents operating assistance 
by source and type. This is intended to reduce du
plication and ensure internal consistency in re
porting. 

Functional Classes 

The committee recommended that there be only 12 
functional categories, compared to the current level 
A number of 44. The 12 collapse into the same four 
functions currently used at the lowest (required) 
level of reporting: 

1. Transportation/operations 
Administration (currently item 011); 
Revenue-vehicle operation (currently item 
031); and 

• All other transportation/operations (cur
rently items 012, 021, 151, and 161). 

2. Vehicle maintenance 
• Administration (currently item 041); 

Revenue-vehicle maintenance (currently items 
n,, ,..,..., - -.!I ,,...,., ' - --~ 
UV.J.., VUL., CHIU VI -'-I f 

• Non-revenue-vehicle maintenance (currently 
items 051, 081, ano 091). 

3. Nonvehicle maintenance 
• Administration (currently item 042); 

Track/roadway (currently item 121); 
• Other structures/grounds (currently items 

122, 123, 124, and 125); and 
• All other nonvehicle maintenance (currently 

items 101, 111, 126, and 141). 
4. General administration 

' General support functions (currently items 
165, 166, 167, 168, 169, 170, 171, 172, 174, 
175, 176, and 181); and 
Planning and public information (currently 
items 145, 162, 163, 164, 173, and 177). 

The committee has also recommended certain 
changes in the classification of expense items to 
improve the usefulness and comparability of the 
data. These include showing purchased transportation 
expenses as to total amount unassigned to functions; 
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shifting passenger security, ticketing, and fare 
collection to the operations function; and requ1r1ng 
all expenses to be allocated to modes (i.e., noun
allocated "joint expenses"). These recommendations 
a.r:e 1:1il unU~r. .Lu~th~r. ~cuUy. 

Object Classes 

Finally, recommendations on expense object classes 
(line items) would reduce the 54 most detailed cate
gories to 25. The least detailed level now includes 
21 categories; items 4, 9, 14, and 17 in the follow
ing list would be in addition to those current cate
gories: 

1. Operators' salaries and wages (currently 
501.01); 

2. 
3. 

Other salaries and wages (currently 501.02); 
Fringe benefit costs (currently 502.15); 

4. 
,..,,.., "'""' -
;JVJ • V:J/ I 

Contract maintenance costs (currently 

5. Other services (currently 503.01-503.04 and 
503.06-503.99); 

6. Fuel, including fuel taxes (currently 504.01 
and 507.05); 

7. Tires and tubes (currently 504.02); 
8. Other materials and supplies (currently 

504.99); 
9. Propulsion power (currently 505.01); 

10. Other utilities (currently 50~.02); 
11. Casualty costs (currently 506.01-506.10); 
12. All taxes other than fuel (currently 507.01-

507 . 04, 507.06, and 507.99); 
13. Purchased transportation (currently 508 . 01); 
14. Advertising and promotion (currently 509.08); 
15. All other miscellaneous expenses (currently 

509.01-509.07 and 509.99); 
16. Expense transfer reclassifications (cur

rently 510.01 and 510.02); 
17. Capitalization of nonoperating costs (cur

rently 510.03); and 
18. Reconciling items (to remain the same, 511-

516). 

This set of proposals was extensively reviewed by 
transit agencies during the summer and fall of 1984. 
A consensus was reached on this set of function, 
object, and revenue categories, and general recom
mendations were prepared on how these categories 
would be represented on forms. 

Nonfinancial nata Forms 

Although the committee developed detailed recommen
n~tinns on the nonfinancial data forms as well, many 
issues remained unresolved pending further analysis 
of specific items, such as maintenance and accident 
reporting. In every case, however, the same criteria 
were applied to screening nonfinancial data. The 
principal recommendations have been to reduce the 
number of items on the service supplied/consumed 
forms (406 and 407) and delete or substantially re
vise other items that have suffered from inconsis
tent reporting. Definitions of "roadcalls," for 
instance, are notoriously inconsistent across opera
tors and provide misleading indications of mainte
nance performance. On the 406/407 forms, capacity 
miles and all serv i ce personnel reporting would be 
deleted, but other items by time period would be 
preserved. 

Recommendations 

As the APTA committee continues to develop recommen
dations, they will be forwarded to the UMTA commit-

-
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tee for consideration. Depending on the outcome of 
those deliberations, certain recommendations will be 
made to UMTA, which then must decide how to respond 
to its advisory committee. Even though there is a 
long lead-time to change the reporting system sub
stantially ( including both internal UMTA revie w and 
Office of Management and Budget review), UMTA staff 
have already taken many actions to improve some of 
the early recommendations of its committee, includ
ing the following: 

• Incorporating summary graphics in the FY 1982 
National Report, 

• Adding guidance on use of the data in FY 1982 
Report, 

• Revising and reducing the number of reporting 
forms for added clarity, 

• Consolidating reference manuals into a single 
document, 

• Conducting workshops for transit agency per
sonnel on how to fill out the required forms, and 

• Formalizing the data validation process for 
reporting agencies to ver i fy any changes before pub
lishing the a nnual report . 

The positive response to date by UMTA staff augurs 
well for the future treatment of committee recommen
dations. 

IMPLICATIONS FOR RESEARCHERS 

For r e searchers who have relied only on the pub-
1 ished reports, the proposed changes should improve 
the quality of much of the summary data that cur
rently appear there. For those who have delved into 
the detailed data tapes or have gone back to the 
voluntary level source documents, the loss of detail 
will be more noticeable. The major los s in data 
would be in the financial items, but few systems 
reported consistently at the voluntary levels in the 
past. The primary additional item requested by re
searchers has been identification of fare revenue by 
mode. This is now included in UMTA' s latest forms 
revision as a voluntary, optional item. Response to 
the voluntary item may provide clues to the feasi
bility of making the item mandatory in the future, 
but difficulties with multimodal systems, especially 
those with a high level of multiride pass use, must 
be resolved first. Researchers might want to pay 
attention to the practical aspects of collecting 
such data items because the accuracy of the data is 
directly tied to the ease of collection or estima
tion at the source. 

Researchers and policy makers alike will benefit 
from a streamlined national reporting system. Such a 
system will better ensure consistent, accurate data 
over time for the variety of research purposes of 
interest. No matter what recommendations for simpli
fying the reporting system are eventually imple
mented, the burden will always be on the individual 
researcher to make certain that the data are not 
used blindly. It is the rare number that truly 
speaks for itself. More frequently, the number only 
takes on meaning when placed in an appropriate con-
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text and it will remain for the researcher to deter
mine what that context should be. 

The development of recommendations for substan
tially reducing the number of data i terns reported 
nationally may alarm some researchers. It i s essen
tial that the research community develop its own 
recommendations on Section 15 reform to provide a 
balance to what may have started out as an overly 
eager effort to cut back. Researchers must, however, 
be prepared to defend the necessity of data items 
they wish to have preserved or added. There is com
mon ground among researchers, managers, and policy 
makers in wanting to improve the quality of informa
tion on U.S. transit systems. Interested researchers 
should make their voices heard as the various review 
groups develop recommendations that may affect the 
national transit data base for years to come. 
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Part-Time Public Transit Operators: 

Experiences and Prospects 

KENNETH CHOMITZ, GENEVIEVE GIULIANO, and CHARLES LAVE 

ABSTRACT 

Most U.S. transit agencies have begun to use part-time operators as a way to 
reduce operating cost. In this paper, based on five case studies, the cost sav
ings and organizational impacts associated with this change are evaluated. Re
sults indicate that cost savings have been small but significant in situations 
in which peak service expansion occurred. Where the schedule was static, con
tract protections for existing operators made it difficult to use part-time 
labor and hence savings were small or insignificant. It was found that in tran
sit agencies with highly peaked schedules, part-time operators (PTOs) save 
money for two reasons: they improve schedule efficiency (the ratio of hours
paid to hours-worked) and their wages and fringe benefits are lower than those 
of full-time operators. In agencies with relatively flat schedules the only 
savings is from lower wages and fringe benefits, and it is possible that this 
kind of "two-tier" wage system may be bargained away over time. It was found 
that, for agencies with flat or static schedules, it may be more effective to 
concentrate on alternative strategies such as absenteeism control and extra
board staffing, which may be more beneficial and easier to implement. On the 
organizational side, no unusual costs associated with use of PTOs were identi
fied. PTOs have proven to be as reliahle as, er even more so than, full-time 
operators, they have not created unusual supervisory costs: and there have been 
relatively few problems between part-time and full-time operators. Instead of 
creating a permanent force of PTOs, as had been anticipated, most of the PTOs 
who were hired really wanted full-time work. 

During the past decade the U.S. transit industry has 
made a concerted effort to contain ever-increasing 
operating deficits and halt the long-term decline in 
productivity. Faced with the alternatives of cutting 
service, increasing fares, or reducing service 
costs, transit agencies have developed and imple
mented a number of actions to achieve the latter. 
These actions have frequently focused on improving 
labor productivity because labor is the largest sin
gle component of transit operating costs. 

The use of part-time operators (PTOs) has emerged 
as one of the most widely adopted, yet controver
sial, methods for improving productivity. Pioneered 
by a handful of transit agencies during the late 
1970s, contract provisions allowing PTOs became 
nearly universal ducing tbc early 1980s. A recent 
American Public Transit Association (APTA) survey 
indicates that more than nine out of ten U:S; ag~n
cies have secured the right to employ PTOs, and the 
great majority currently exercise that right. 

The purpose of using PTOs is to match operators 
to service patterns. PTOs can be assigned the short 
pieces of peak-period work that are extremely costly 
to operate with full-time operators (FTOs). Manage
ment attempts to use PTOs have met with significant 
opposition from transit unions, however. Unions 
claim that part-time labor enables management to 
circumvent hard-won work rules, and they fear that 
PTOs will replace FTOs and that this will lead to an 
actual loss of full-time jobs. Such opposition has 
resulted in strikes at several major transit agen
cies. 

Despite the obvious importance of these issues, 
little is known about the actual consequences of 
using PTOs. The fiscal and organizational impact of 
the use of PTOs is examined in this paper, which is 

based on a national survey of the use of PTOs and in
depth case studies of five representative transit 
agencies. These agencies range in size trom 100 to 
l, 100 vehicles and are located in medium to large 
metropolitan areas. Two of the case study agencies 
are suburban systems: the others operate both local 
and downtown-oriented commuter services. Data on 
scheduling, expenses, and personnel were examined, 
and extensive interviews with transit managers, de
partment heads, union leaders, and operators were 
conducted. 

WHY PART-TIME OPERATORS? 

..1.. L. is t:A~t::rn:,.i. v~ for transit agencie:: tc provide 
peak-period service because of its inherent ineffi
ciency (1,2). The .size of the tranRjt agency (number 
of oper~ors, vehicles, and garages) is determined 
by peak service requirements, but these resources 
remain underutilized during the rest of the day, 

Labor is a prime example. It is inherently inef
ficient to assign peak service to an FTO because the 
operator is not needed during midday, though he is 
guaranteed a full day's pay. For instance, an opera
tor responsible for two 3-hr peak assignments would 
also receive 2 hr of guarantee pay, along with 6 hr 
of pay for driving. In many cases the operator also 
receives an additional spread premium payment if 
there is a long interval between morning sign-on and 
evening sign-off. Consequently, there is an ineffi
cient excess of pay-hours over driving-hours. PTOs 
have the potential for reducing this inefficiency 
because they are paid only for the hours they work: 
hence the cost of peak service falls, In situations 
in which the peak-to-base ratio is high and work 
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rules are restrictive, PTOs can offer substantial 
savings (2). 

Transit agencies can use the cost-saving poten
tial of PTOs in three ways . First, PTOs can replace 
FTOs (perhaps through natural attrition) on existing 
peak-hour runs, thus reducing the operating deficit. 
When subsidy constraints are severe, such cost re
ductions reduce the need for fare increases or ser
vice cutbacks. 

Second, PTOs can be used to expand peak service. 
Additional peak service would be prohibitively 
costly if FTOs were usedi it is relatively less ex
pensive to expand with PTOs. Many transit agencies 
consider peak service their first priority and wish 
to expand it whenever possible. In addition, some 
transit agencies have an implied mandate to provide 
peak service by virtue of their subsidy arrange
ments. In many cases, earmarked local subsidies are 
aimed at providing better transit services for com
muters. 

Third, PTOs may enable transit agencies to reduce 
unproductive day-base service. Many transit agencies 
keep excess vehicles in service at midday because 
there is little additional cost involved: the peak
period operator is guaranteed 8 hr pay, so he might 
as well be driving even if the service is not 
needed. Thus PTOs enable transit agencies to tailor 
service to actual demand. 

EXTENT OF USE OF PART-TIME OPERATORS 

Given the apparent promise of PTOs, it is not sur
prising that their use has di ffused rap idly through
out the industry . In 1971 Seattle Metro became the 
first large district to win the right to use PTOs. 
By 1981 more than half of the APTA member transit 
agencies had obtained a PTO provision, and by 1983 
the right to use part-time labor was almost uni
versal (Table 1) Q.,!l . However , Seattle remains 
unique in the proportion o ·f PTOs allowed ( 100 per
cent of FTOs). Excluding Seattle Metro, this propor
tion ranged from 1 to 40 pe rce nt in 1983 , with an 
average of 13 percent. Thus, although almost all 
agencies have the right to use PTOs, the number per
mitted is generally quite small. 

TABLE I Extent of Use of Part-Time Operators• 

Part-time operators allowed (as percentage 
of survey total) 

Part-time 011crntors allowed (but not hired) 
Number of parl-time opcrnrors allowed 
(as percentage of full-time operators) 

Averaie 
Range 

1981 (%) 

58 
18 

NA 
< 1 to 100 
N = 207 

1983 (%) 

92 
13 

13 
< 1 to 100 
N = 182 

~Compiled from APTA data (3,4). 
Includes SeattJe Metro. Without Seattle the range is < I to 40 percent in 1981 and 1983~ 

In addition to limiting the number of PTOs, most 
contracts also restrict the amount and type of work 
they may do. To preserve the distinction between 
part-time and full-time operators, total work time 
is restricted: the limitation ranges from 15 to 40 
hr, with an average of 28 hr. Where the limit is 40 
hr, there are other restrictions that generally pre
vent the PTO from actually working 40 hr. PTOs are 
most commonly restricted to trippers ( short pieces 
of work that ca·nnot be paired together to create a 
full-time split run). Other assignments include 
charter, holiday, night, and weekend work. 
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To protect existing full-time jobs, many con
tracts (35 percent) require that PTOs be laid off 
first during any general cutbacks. Some contracts 
also require that all FTOs be rehired before any 
PTOs, and others require that the size of the full
time ~ork force be guaranteed. As long as the agency 
is stable or expanding, these provisions cause no 
problem. However, if budget problems ever cause a 
service reduction, the agency must lay off its most 
productive operators, the part-timers, first. 

FISCAL IMPACT OF PART-TIME OPERATORS 

The use of part-time labor can reduce costs in two 
ways. First, substitution of part-time for full-time 
operators increases schedule efficiency (the ratio 
of pay-hours to vehicle-hours) by reducing guarantee 
and spread premium payments. Second, PTOs generally 
receive an effectively lower wage rate, and a sig
nificantly lower fringe benefit rate, than do FTOs . 
Against these savings must be halanced any cost
increasing bargaining concessions, such as increased 
wages or fringe benefits for FTOs, necessary to se
cure union acceptance of part-time labor provisions. 
These three issues are examined in turn. 

Schedule Efficiency 

Chomitz and Lave estimated that using PTOs could 
reduce operator cost by as much as 13 percent, de
pending on the service profile, spread limit and 
premium provisions, and the percentage of PTOs al
lowed (1). Given most "typical" work rule restric
tions (spread limit of 13 hr: premium pay after 12 
hr), estimated savings are 1 to 4 percent, depending 
on the particular peak-to-base ratio, if PTOs are 
limited to 10 percent of FTOs and 2 to 6 percent if 
PTOs are limited to 20 percent. Because operator 
compensation comprises about half of total costs, 
this translates into total cost savings of 0.5 to 3 
percent. 

The Chomitz and Lave estimates were based on ex
perimental run cuts, using five actual transit 
schedules. The schedules were recut using the RUCUS 
automated run-cutting procedures, and savings esti
mates were based on the change in scheduled pay
hours resulting from using PTOs. The estimates as
sume everything else is held constant: the schedule 
remains unchanged I and no significant concessions, 
in the form of more expensive work rules, more 
fringe benefit s , or wage increases , are given in 
return £or the right to use PTOs . 

How does actual experience compare with those ex
perimental run cuts? It would be easy to measure the 
financial impact of PTOs if an agency's service 
schedule remained unchanged: Just calculate schedule 
efficiency before and after the introduction of 
PTOs. Unfortunately for the analyst, schedules do 
change--and to some extent they change as a direct 
consequence of the decision to employ PTOs. In many 
cases the motivation for adopting PTOs was a desire 
to expand peak service. In other cases, because the 
contract guarantees the jobs of existing FTOs, the 
agency must expand service in order to provide open
ings for the PTOs. 

If an agency simultaneously introduces PTOs and 
alters the service schedule, it becomes difficult to 
even define, let alone measure, the savings from PTO 
implementation. Consider, for instance, a hypothet
ical transit agency that hires PTOs and changes to a 
more peaked service schedule at the same time. The 
data in Table 2 indicate that there are four possi
ble combinations for work rules and schedules whose 
costs can be compared. Which comparison yields the 
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TABLE 2 Hypothetical Operating Cost of Schedule 
and Work Rule Combinations 

Work Rules 

Old: pre-PTOs 
New: post-PTOs 

Service Schedule 

Old (flat) 
{$) 

IO 
8 

New (peaky) 
($) 

20 
IO 

"true" value o f c os t savings? If the old rules and 
old schedule combination is compared with the new 
rules and new schedule combination, there is no 
change in costs. All the potential savings from PTOs 
have been spent on expanded service. To evaluate 
changes in labor productivity, the service schedule 
must be held constant (i . e., costs examined within a 
single column). But the left-hand column indicates a 

hand column shows a 50 percent saving, from $20 down 
to $10. Alternatively stated, under the old service 
schedule, use of PTOs could save 20 percenti under 
the new service schedule, if management were to give 
up use of PTOs, operating costs would double. (Note 
that columnwise comparisons require experimental run 
cuts, because the old/new and new/old combinations 
were never actually put on the street.) This is not 
~n unrcaccnablc example, nor is it a semantic ga~~~ 
The savings from part-time labor can be discussed 
only in the context of a given service schedule. 

Case Study Results 

For four of the five case study agencies, expansion 
of peak service was the primary motivation for using 
PTOsi it would have been prohibitively expensive to 
undertak e the new service without PTOs. The fifth 
agency planned to expand base service. Only two of 
the case study agencies actually sustained the in
creased service. Financial problems, brought about 
by loss of subsidy money or by insufficient fare-box 
revenue, resulted in service cutbacks at the other 
three. The contracts at these three agencies specify 
that PTOs must be laid off first. Consequently, two 
agencies lost all their PTOs, but the third was able 
to keep some part-time positions through an aggres
sive early retirement program for FTOs. 

In all cases the use of PTOs was one of several 
productivity improvement strategies being pursued hy 
management during the period of this study. Other 
strategies included absentee reduction programsi 
changes in wage scales, cost-of-living adjustments, 
and v aca t iu11 P~YJ reduct ions in extr ~boar d ~taffing: 
work rule changesi and a host of minor policy 
changes. Tc isolate the impact nf PTOs: it is neces
sary to take all of these other changes into account 
as well. Accordingly, a disaggregate approach was 
chosen. Cost impacts can be broken down into savings 
on scheduled costs and on fringe benefits. Each will 
be discussed in turn. 
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Impact on Schedule Efficiency 

Schedule efficiency is expressed here as the ratio 
of pay-hours to platform-hours. This ratio is always 
greater than one because opera1:ors are paiu Iu• • .,
port and travel time. The minimum possible (e.g., if 
no make-up, premium, or overtime were paid) is about 
1. 04. There are two possible ways to estimate the 
impact of PTOs on schedule efficiency. One is to use 
a ctual "before" and "after" schedule data and at
tempt to control for service and other changes. Re
ferring to Table 2, this is equivalent to moving 
diagonally from "Old/Old" to "New/New" while trying 
to estimate "Ohl/New." A second method i!! to uoe 
experimental run-cut data: take the new schedule, 
perform a run cut under the old rules, and compa re 
the results. This gives the needed wi thin-column 
comparison. However, because the new schedule would 
never have been adopted under the old rules, it 
could be argued that such a comparison may not be 
appropriate. 

Both methods were used in this case study analy
sis, and the results are summarized in Table 3. Ac
tual "before" and "after" schedule data were avail
able from two agencies. Agency A increased service 
by about 40 percent, and the peak-to-base ratio in
creased from 2. 25 to 2. 65. Such increased peaking 
should have substantially reduced the schedule effi
ciency at this transit agency. However, the simulta
ueous ad.option of PTOs, with thair inherently higher 
productivity, overcame the negative effects of in
creased peaking. The overall result was a 5 percent 
improvement in the pay-to-platform-hour ratio, com
pared to the preexisting service . 

Agency B reduced peak service and increased base 
service after hiring PTOs. The result was a decrease 
in the pay-to-platform-hour ratio of 2 percent. As
suming two part-time runs are equivalent to one 
split run and using the change in the ratio of 
straight to split runs resulting from the cha nge in 
peak-to-base, it was e s t i mated that about half of 
the pc:1y-lu-plalform-hour reduction is due to PTOs. 

Because of anticipated service cutbacks, two 
agencies had performed experimental run cuts to de
termine the impact of losing their PTOs. Agency C 
had a peak-to-base ratio of 3.5, and they were 
allowed 15 percent PTOs. Their run-cut simulation of 
the effects of losing PTOs showed a 2.9 percent 
decrease in schedule efficiency. This is substan
tially less than would have been expected for an 
agency with such a high peak-to-base ratio (l)• The 
reason for the small change is that Agency C already 
had an exceptionally efficient schedule ( 1.19 pay
to-platform-hour ratio) because of pay calculation 
p rov ision s that werl:' quite favorable to manaqementi 
thus PTOs could not make as much difference as might 
have been anticipated from their peaky schedule. 
Agency D had a peak-to-base ratio of 2. 0, and 10 
percent of its operators were PTOs. An experimental 
run cut was performed to see what would happen if 
the agency were to retain its existing service 
schedule while changing the labor force from 10 per-

TABLE 3 Impact of Part-Time Operators on Schedule Efficiency 

Observed Data 

Change in Pay/ 
Platform-Hour 

Service Peak/Base (%) 

Agency A Increased Peaky, increased -5.0 
-1.7 

Agency B Stable Flat, decreased -2.0 total 
-1.0 due to PTOs 

Experimental Data 

Percentage 
Part Time 

Agency C 15 

Agency D 10 

Peak/ 
Base 

3.5 

2.0 

Change in Pay/ 
Platform-Hour 
(%) 

-2.9 

-2.5 

--
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cent PTOs to no PTOs. The results showed a 2.6 per
cent decrease in schedule efficiency. 

Wages and Benefits of Part-Time Operators 

The ra tionale behind use of PTOs is their ability to 
incre a s e schedule efficiency. In practice, most 
transit agencies gain additional savings by paying 
PTOs lower fringe benefits and (effectively) lower 
wages as well. Table 4 gives the data for fringe 
benefits: most agencies offer no sick, holiday, or 
vacation pay, no health insurance, and no retirement 
pay to PTOs. In cases in which these benefits are 
provided, they are most frequently provided at re
duced rates. 

TABLE 4 Part-Time Operator Fringe Benefits" 

Sick leave 
Holiday pay 
Vacation 
Health insurance 
Retirement 

N = 112 

Same as 
Full Time(%) 

10 
12 
13 
l 5 
21 

8 Co mpiled from APTA data (4), 

Reduced(%) 

13 
17 
23 
17 
7 

None(%) 

77 
71 
64 
68 
72 

Additional wage cost savings are generated by the 
wage rate progression. In most cases PTOs have the 
same pay scale and progression as FTOs, Because the 
wage progression is based on work hours, it requires 
more calendar time for a PTO to reach the top of the 
scale. For example, the 1983 U.S. average number of 
work hours to reach top rate was 4,938. In full-time 
equivalents (e.g., 2,080 work hours per year) this 
is about 2, 4 years, but in part-time equivalents 
(national average of 28 hr per week= 1,456 hr per 
year) this is about 3.4 years, If the tenure of PTOs 
is 2 or 3 years (the case study data indicate less 
than 2 years), most PTOs never reach the top of the 
pay scale. 

An example from an experimental run cut can be 
used to show the relative contribution of each of 
these factors to PTO cost savings. On the basis of 
data from the Agency D run cuts, a 10 percent com
plement of PTOs reduces pay hours by 2. 6 percent. 
The lower wage rate of PTOs contributes an addi
tional 2 percent reduction, raising the estimated 
savings from 2.6 to 4.6 percent. The savings from 
reduced fringe benefits brings the total reduction 
to 5.7 percent compared to an all-full-time operator 
schedule. This translates to 2.5 percent of total 
operating cost. 

Cost of Part-Time Operator s 

A central issue in this research is the cost (in 
general terms) of winning the right to use PTOs. In 
view of staunch union opposition, it was .anticipated 
that management would have to give up something in 
return for PTOs. Only one of the case study agencies 
specifically identified a bargained cost: an ex
tremely small wage rate increase. In all other cases 
management had identified a set of possible bargain
ing issues, and the cost of PTOs was an "opportunity 
cost": other alternative means of reducing costs were 
not pursued, and attention was concentrated on gain
ing PTOs. In at least one case detailed analyses of 
the relative merit8 of these alternatives were con-
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ducted; in other cases the choice was largely sub
jective. In any event, the actua l outcome of using 
PTOs could not be accurately fo recast by management 
because of the complexity of schedule character is
tics and work rule provisions that affect PTO utili
zation and because of all the other changes affect
ing labor productivity that were implemented over 
the same time period. 

An additional analysis of the impact of hiring 
PTOs on compensation rates is currently being con
ducted. Using data from 50 U.S. transit agencies, 
FTO compensation is being predicted as a function of 
environmental and service characteristics. By com
paring predicted versus actual values, it can be 
determined whether agencies that obtained the right 
to use PTOs gave greater compensation increases. 
Prelimiary results show that an initial increase in 
fringe benefits did occur, but under later contracts 
benefits returned to normal levels. A similar effect 
on wage rates was also found, though it was not 
quite statistically significant. 

CONSTRAINTS ON USE OF PTOs 

PTO cost-savings estimates are based on the schedule 
not the actual operating costs of the case study 
agencies. To the extent that constraints on the use 
of PTOs come into play, these savings may not be 
realized. The case studies revealed that the transit 
agency's ability to use PTOs can be significantly 
constrained by a variety of contract limitations. 
These limitations, together with the characteristics 
of the service schedule, can make it impossible for 
an agency to use the full number of PTOs the con
tract allows. For example, PTOs are often restricted 
to runs that begin and end at a bus depot, whereas 
FTOs can be relieved "on the road" without taking 
the bus out of service. In addition, there is almost 
always a maximum allowable time limit for part-time 
runs, and there is sometimes a minimum. Pieces of 
work smaller than the minimum are reserved as bid
dable overtime for FTOs. Another common provision is 
that the number (or proportion) of PTOs must be the 
same at each division. Because the service profile 
usually differs among divisions, this provision lim
its the total proportion of operators to the number 
that can be used in the division with the least 
peaky schedule. Two case study agencies also have a 
provision that prohibits the splitting up of two
piece runs in order to create part-time work, In 
practice, this provision is unenforceable because it 
is almost impossible to retain the identity of spe
cific runs over several run cuts. 

Contract provisions like these tend to reduce the 
potential efficiency gains from use of PTOs. Transit 
managers who have been involved in the contract bar
gaining process acknowledged that the full impact of 
such provisions is difficult to anticipate, hence 
savings from using PTOs are often much lower than 
had been anticipated. When subsequent contracts come 
up for renewal, these unanticipated restrictions be
come focal points for bargaining. 

ORGANIZATIONAL AND OPERATIONAL ISSUES 

When the part-time labor issue was first raised, 
unions predicted a number of serious negative conse
quences. It was feared that PTOs would be uncom
mitted and unprofessional, resulting in higher acci
dent rates, absenteeism, turnover, and passenger 
complaints. To a large extent these fears have been 
unfounded. The unions were also concerned about the 
impact of PTOs on the job security and overtime op
portunities of incumbent FTOs. There was concern 
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about the working conditions of the part-timers and 
apprehension about how well they could be integrated 
into the union. On these counts the record is mixed. 

I mpacts o n Full-'l' ime Operators 

The right to use PTOs was not easily achieved by 
most agencies. FTOs perceived the issue as a threat 
to both their jobs and their working conditions. 
Whereas transit management has every incentive to 
replace FTOs with PTOs, union opposition is natural. 
A nearly universal compromise is to protect the jobs 
nf inr.11mhPnt. FTOs. This is accomplished by requ i ring 
that no FTO be laid off until all PTOs have been 
dismissed or by guaranteeing a minimum number of 
FTOs or runs. At such agencies the only way to im
plement PTOs is to add new service. 

A second effect on FTOs is a reduction in the 
types of runs available to them. Because management 
assigns the most costly runs (those with a high 
ratio of pay-hours to work-hours) to PTOs, there 
will be fewer runs with premium pay and overtime 
available to FTOs. FTOs can lose the chance to earn 
such pay in two ways. First, at some agencies, FTOs 
can volunteer to drive trippers in addition to their 
assigned runs. In the absence of a contractual 
agreement to the contrary, such trippers will gener
ally be reassigned to PTOs. Second, FTOs can lose 
the chance to earn premium pay when split runs are 
reassigned to PTOs. (At agenc ies with a high peak 
t o-base ratio, split runs pay more than ~traight 
runs and can involve less actual driving time.) If 
there is a contractual minimum number of FTOs, how
ever, the only way to reassign a split run is to add 
new base service, creating a new straight run for 
the displaced FTO. 

This strategy was used at one of the agencies 
studied. Both peak and base service were increased i 
PTOs were assigned all the peak service and some of 
the old split runsi and the former holders of those 
split runs were assigned to new straight runs. Thus 
the number of full-time runs has remained constant, 
but their composition has been altered signifi
cantly: the proportion of split runs fell from 41 to 
31 percent. Because the split runs had paid about 15 
percent more than straight runs, this is a signifi
cant loss to the FTOs. On the other hand, the work 
available to FTOs is now more pleasant (e.g., a 
higher proportion of straight runs is available) • 
Premium and overtime payments were originally begun 
as extra compensation for onerous assignments. Thus 
the los s of premium pay is now offset by better work. 

FTOs may also end up with a less desirable selec
tion of weekly schedules. The proportion of FTOs who 
can have the weekend off depend s on t he ratio of 
weekday runs to weekend runs. If PTOs, who are gen
etally res tr ic tea to weekday peak sarvice , supplant 
some FTOs, the remaining full-timers will face a 
lower probability of securing weekends off. On the 
other hand, it is hard to say how important this is 
to FTOs. In most instances in which management has 
asked to use PTOs on weekend runs, thus giving FTOS 
a regular weekday schedule , the un i ons have been 
adamantly opposed. 

Status and Performance of Part-Ti me Operators 

Three issues related to PTOs were explored during 
the case study visits: PTOs' perception of the job, 
relationships between part-time and full-time opera
tors, and job performance of PTOs. 

Both transit management and union members ex
pected that those people who applied for PTO posi
tions (e.g., college students, mothers of younger 
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children) would be interes ted in permanent part-time 
work, but it has turned out that most PTOs are seek
ing full-time work. As part-time work is now sched
uled it is not surprising that few PTOs are perma
nent. Work hours are inconvenient for those who need 
child care, and work scneauJ.es cnange i:oo ire4u.,11i.ly 
for students or people working other jobs. 

Both union and management officials estimate that 
60 to 80 percent of PTOs would really prefer full
time work. All of the case study transit agencies 
have contract provisions that give preference to 
PTOs when full-time jobs become available. In some 
cases a majority of PTOs move on to full-time posi
tio ns , and most full-time positions are fill e d this 
way. Thus the part-time position has become a 
stepping-stone to full-time employment. It should be 
noted that the case studies took place during a 
period of economic recession and high unemployment. 
Given that most PTOs would prefer full-time work, it 
remains to be seen whether part-time recruitment 
will become more difficult as the economy improves. 

Transit managers cited several indirect b.,D.,[iL& 
of the part-time to full-time progression. In ef
fect, the part-time position becomes a longer proba
tion period, and managers and supervisors have more 
opportunity to evaluate operators before they are 
hired in full-time positions and thus managers be-
1 ieve they can make better choices. In addition, an 
already experienced operator is hired, lessening the 
need for training. 

A major conce rn in bringing PTOs into the transi t 
agency hes been whether they would be accepted by 
full-time operators and whether a good working rela
tionship between part-time and full-time people 
could be established. In spite of the initia l oppo
sition to part-time contract provisions, no hostil
ity appears to have carried over to PTOs themselves. 
Discussions with operators indicated that PTOs are 
not treated differently than FTOs. Some part-time 
people thought that the union did not seem committed 
to them, but no specific problems were identified. 

When the right to use PTOs was won, unions 
claimed that qualified people willing to take part
time jobs would be difficult to find and that safety 
problems and customer complaints would consequently 
increase, but the performance record of PTOs has 
been at least as good as that of FTOs. At the case 
study agencies no evidence could be found to indi
cate that PTOs behave any differently than do FTOs 
on the job. As one supervisor put it, "Once they 
have the uniform on, there's no way to distinguish a 
PTO from a full-time operator." 

Absenteeism 

Absenteeism is one aspect of job performance that is 
of great concern to transit management. Table 5 
gives comparative sick rates for PTOs and FTOs for 
the five case study agencies. The rates are based on 
approximately 1 year of data at each agency, and 
they are computed as the percentage of workdays per 
year when an operator calls in sick. The FTO sick 

TABLE 5 Comparative Sick Rates for Part-Time and 
Full-Time Operators(%) 

FTO sick rateb 
PTO sick rate 

Agency 

A 

3.75 
1.41 

B 

3.52 
1.71 

c• 

2.31 
1.02 

D 

4.2 9 
1. 59 

~Age ncy C is an unreliably smaU .S."\mple. 
l'ro1,o rtion of yearly work days Drt operator will call in sick. 

e 

3.06 
1. 60 
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rate exceeds the PTO rate at every agency and on 
average is 2.3 times higher. 

Why do PTOs have lower sick rates? The most ob
vious explanation is that PTOs do not receive sick 
benefits. However, at two of the age ncies it is pos
sible to compare groups of drivers with identical 
sick benefits . Ta ble 6 gives a compar i son at Agency 
E where PTOs r eceive no sick benef i t s and FTOs re
ceive no sick benefits during their first year of 
employment. The rates are expressed as the percent
age of workdays the operators call in sick. In small 
samples like this, the presence of a few random in
stances of major illness can substantially bias the 
apparent rate. Hence, Rate 1 excludes any operator 
who was sick more than 40 days (8 weeks), and Rate 2 
sets a tougher standard by exclud ing any operator 
who was sick for more than 6 weeks . (Neither Ra t e 1 
nor Rate 2 screening ever exclude more than 10 per
cent of the sample.) Because the FTOs are on proba
tion for much of this period, their sick rates 
should be biased downward. Despite this bias, the 
data in Table 6 indicate that the PTO sick rate is 
lower. 

T HLE 6 Comparison of Part-Time and Full-Time Operators 
when Neither lleccive Sick Pny (perccnlnge") 

Full time with no sick pay 
Hired in 1982, 1983 data, 18 operators 
Hired in 1983, 1984 data, 18 operators 

Part time with no sick pay 
Hired in 1982, 1983 data, 18 operators 
Hired in 1983, 1983 data, 41 operators 
Hired in 1983, 1984 data, 23 operators 
Hired in 1984, 1984 data, 33 operators 

3 Proportion of yearly workdays. 

Rate I 
(no sicks 
>40 days) 

3.56 
3.27 

1.67 
l.64 
1.52 
1.58 

Rate 2 
(no sicks 
>30 days) 

3.03 
2.39 

1.67 
1.64 
1.52 
1.58 

Agency B has a c lass of PTOs who receive the same 
sick be ne fits as t heir FTOs. Using the Rate 2 defi
nition, it was found that the absence rate was 3.52 
perce nt for FTOs and 2.44 per cent for PTOs. It was, 
there fore, concluded that PTOs have less absenteeism 
than do FTOs and that this effect is even true in 
those instances where both groups of operators re
ceive i dentica l sick benefits. 

Accident Rates 

The analysis in this section is still in progress 
and the results should be regarded as tentative. 
Table 7 gives comparative accident rates, PTO versus 
FTO, as a function of amount of experience for one 
of the case study agencies. The da t a show that the 

TABLE7 Comparative Accident Rates for Part-Time and Full-
Time Operators' 

FTO FTO FTO FTO PTO PTO 

Years of 
expenence 3.7 2.6 2.3 1.3 1.3 0.6 

Accident rate 
Total 1.33 1.50 1.17 1.59 1.17 0.95 
Chargeable 0.49 0.27 0.34 0.59 0.58 0.38 
Nonchargeable 0.84 1.23 0.83 1.00 0.59 0,57 

Sample size 9 28 18 18 23 33 

3 Accid,wu per year; total of all vehicle and passenger incidents. Rates are not 
stamlnrdh:ed for driving exposure. 
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number of accidents per year declines with experi
ence and that PTO accident rates are lower than 
those of FTOs. The table also breaks down the acci
dents into "chargeable" (i.e., the driver could have 
prevented the accident) and "nonchargeable.• 

Table 8 gives comparative accident rates at a 
different agency , and this time the data are struc
tured by the type of work assignment. The PTO acci
dent rate is higher than that of FTOs who do regular 
runs but lower than or equal to that of regular 
drivers who do relief runs or extraboard work. The 
accidents are also broken down as preventable and 
nonpreventable. The PTOs are judged to have a higher 
proportion of preventable accidents. This might be 
an i ndica t ion that PTOs are worse drivers or that 
the drivers who evaluate the accidents are biased 
against PTOs and thus more likely to decide that 
PTOs were at fault. 

TABLE 8 Comparative Accident Rates, Agency D' 

Accidents 
per year 

Regular 
Run 

0.68 

Regular 
Relief 

2.35 

Ext ra
board 

2.2 0 

Vacation 
Relief 

1.38 

Part-Time 
Run 

1.39 

8 Potential " reporting" bias against PT01 as percentage of tOl;al accidents judged "pre· 
ventable ": extraboard, 45; regular drtvars, S l; and PTOs, 60, 

Accidents per year is not a wholly adequate sta
tistic for judging the quality of the two driver 
groups because it does not take into account other 
factors that may affect full-time and part-time ac
cident rates. FTOs do more driving and thus might be 
expected to have more accidents. On the other hand, 
FTOs also have more experience, and experience 
should lower the rate. PTOs do more driving in con
gested cond itions in which accidents are more likely 
to occur. Moreover, there may be substant ia l dif
ferences in the dr i vability of the veh i c l es (e.g., 
size, age) used by t he two groups. I dea lly , the ac
cident rates should be standardized for all of these 
different exposure factors. 

In their study of accident rates at the Massa
chusetts Bay Transportation Authority (MBTA) in 
Boston, Attanucci, Wilson, and Vozzol o (1) reported 
that standardized PTO accident ra tes were clearly 
higher during the PTO introductory period but appear 
to converge with the FTO rates thereafter. Given the 
unusual nature of the MBTA data and the tentatively 
positive ev i de nce o f t he da t a i n Tables 7 and 8, 
evidence on a cc ident r ates appears to be q uite 
mixed. The tentative conc lusion i s t ha t FTO and PTO 
accident rates are roughly similar. 

CONCLUSIONS 

The results of this research indicate that PTOs can 
be used to expand peak service economically. How
ever, few transit agencies today are in a financial 
position that permits service expansion. Whether 
part-time labor can be used to reduce the cost of a 
static service schedule depends a great deal on con
tractual restrictions. Many apparently minor re
strictions can prevent full or efficient use of the 
nominal quota of PTOs. Above all, the efficiency 
gains from part-time labor depend on the existing 
ratio of pay-hours to platform-hoursi where this 
ratio is high (greater than 1.15), there are signif
icant opportunities to increase productivity. The 
ratio itself depends on both schedule peaking and 
work rules: an agency with generous work rules may 
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have a low pay-hour-to-platform-hour ratio despite 
substantial peaking, Additional savings have been 
realized at many properties by restricting fringe 
benefits of PTOs, However, there is some evidence 
+-h~+- ""dnna =!.!~ c:n,("("f?'~q'fnl 1 y !'rAq~i ng for i n~r~r1ic=u~rl 

PTO benefits: sick and vacation benefits have re
cently been granted to PTOs at two of the case study 
agencies. 

Observed changes in schedule efficiency are con
sistent with the experimental run-cut predictions of 
Chomitz and Lave (1). Because the indirect effects 
of PTOs are negligible, experimental run cuts are an 
effective tool for exploring the potential cost ef
fPr.tR of r.h;,nges in labor provisions, A new genera
tion of run-cutting software makes such experimenta
tion feasible for transit districts with adequate 
computational resources. 

There is no appreciable indirect effect of PTOs 
on absenteeism, supervision, hiring, or t raining 
costs. It may, however, become more expensive and 
difficult to recruit part-time workers as the bur
geoning economy provides more alternatives for full
time work. There is no definitive evaluation of ac
cident effects as yet. 

Finally, there appears to be some opportunity to 
make better use of part-time drivers. First, the 
1 imitation of PTOs to weekday work seems to be un
necessarily restrictive. If PTOs were permitted to 
work weekends, FTOs would have proportionately more 
weekends off, In addition, PTOs would have the op
portunity to work more hours, which would make the 
job more attractive. The weekend schedule might also 
be better suited to permanent part-time work. Two of 
the case study agencies have recently allowed a 
limited amount of part-time weekend work, 

Second, the option to work part time on a tempo
rary basis might be given to FTOs, Two of the case 
study agencies have such a provision, In one case, 
the distinction between full and part time was re
placed with a two-class system. Class I operators 
can have up to 4 percent part-time positions. Class 
II operators are all part time and limited to 6 per
cent of the full-time force. Class I operators, 
whether full or part time, receive the same fringe 
benefits. The assignment of part-time work thus de
pends on the seniority roster. This system allows 
FTOs the option of choosing part-time work without 
loosing seniority or benefits. Many FTOs took advan
tage of the opportunity and chose part-time runs at 
the summer shake-up. At the same time, low seniority 
PTOs were able to work full time. Both of these al
ternatives provide benefits to full-time as well as 
part- time operators. 

Use of part-time labor has not been a panacea. 
Although it has permitted some agencies to expand 
peak service or increase efficiency, i t hao ,,,ade 

Transportation Research Record 1013 

relatively little difference at others. Alternative 
strategies for increasing labor productivity may be 
more beneficial and easier to implement i two areas 
with particular promise are absenteeism control and 
Pxtr.,,hn.,,rn st:;,ffjng. Operator absenteeism is costly 
because a corps of standby operators ( the extra
board) must be maintained to cover the absent opera
tors' assigned work. Moreover, the costs of reducing 
absenteeism may be relatively low: improved record 
keeping coupled with increased supervision and 
counseling, The political costs of implementing an 
absentee control program may also be relatively 
small, Because a small number of operators account 
for a disproportionate number of absences, the 
majority of operators may be sympathetic to a more 
equitable enforcement of absence rules, Two of the 
case study agencies implemented absenteeism control 
programs with relative ease, decreasing absenteeism 
by 2 to 5 percent, which is more than they had saved 
by implementing part-time labor. The use of PTOs is 
thus j ust one of many possible strategies for in
creasing labor productivity, 
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Review of the Use of Part-Time Transit Operators and 

Methods for Assigning Part-Time Work 
MARTIN J. WELLS, BRIAN McCOLLOM, and THOMAS DOOLEY 

ABSTRACT 

The use of part-time transit operators is a subject of increasing attention as 
a means of controlling labor costs and improving transit productivity. Part
time operators can significantly reduce the cost of providing peak-period ser
vice because they are subject to less restrictive work rules than are their 
full-time counterparts: they typically receive no spread or overtime premiums, 
they almost always receive lower fringe benefits, and they may earn lower 
wages. Three of four labor contracts permit the use of part-time operators, and 
one of every twenty operators nationwide is a part-timer. A national perspec
tive on the range and norms of contractual provisions affecting the use of 
part-time operators is offered. The methodologies used by three transit agen
cies to assign part-time operators on the basis of existing run cuts, in ac
cordance with the different work rules that govern the use of part-timers at 
each agency, are presented. The methodologies used by two systems to incorpo
rate part-time operators into automated run-cutting procedures are also pre
sented. 

Productivity in the transit industry has become a 
subj ect of i ncreasing attention as capital a nd oper
a ting costs have risen and fa re-box recovery ratios 
have fallen in recent years . Transportation wages 
and fringe benefits account for nearly half of total 
ope rating costs. Transportation salaries and wages 
accounted for 32 percent, and fringe benefits an
other 13 percent , of total 1980 transit operating 
expenses according to the American Public Transit 
Association (!). It is logical, therefore, to focus 
on controlling labor costs in the effort to improve 
transit productivity. 

Operator labor costs are significantly affected 
by the work rule provisions that are a fundamental 
part of all operator-management contracts (1)• These 
work rules were formulated in response to the peaked 
nature of transit demand. Approximate.ly two-thirds 
of all daily transit passengers are carried during 
the morning a nd late afternoon commuter peak peri
ods. Less than hal f this number o f passengers is 
carried in the early morning, midday, and late even
ing periods. 

The numbers of vehicles ( including spares) and 
operators (including absence and vacation extras) 
are determined by peak-period passenger demand. 
Twice as many operators are needed in the two peak 
periods as in the base period. The additional opera
tors can be provided in three ways : (a) by assigning 
regular operators to split runs that include both a 
morning and an afternoon shift and a break in be
tween: (bl by assigning extraboard operators to 
short tripper assignments; or (c) by wor1t_ing short 
trippers on an overtime basis . Each approach can be 
costly, involving spread premiums, unproductive 
guarantee pay, or overtime pay. 

The use of part-time operators (PTOs) can signif
icantly reduce the cost of providing peak-period 
service, thereby improving labor productivity, for 
the following reasons: 

1. PTOs are subject to less restrictive work 
rules than are their full-time operator (FTO) coun
terparts. In nearly eight of every ten transit sys
tems, PTOs receive no guarantee pay per assignment. 

The median guarantee at transit systems that have 
one is only 2 hr per assignment, compared to a guar
antee of 8 hr for FTOs. 

2. PTOs typically receive no spread or overtime 
premiums. However, they may be subject to a maximum 
spread time, or effectively restricted to working 
only single trippers, by daily or weekly work hour 
l imi tations . 

3. PTOs almost always receive lower fringe bene
fits than do FTOs. A transit system can save on both 
fixed and variable fringe benefit costs if a PTO 
obviates the need to hire an additional FTO. 

4. PTOs earn lower wages than FTOs at two of 
every ten systems permitted to use PTOs. 

The use of PTOs has become widespread in systems of 
all sizes in all regions of the nation. Three of 
four systems are currently permitted to use PTOs, 
and one of every twenty operators nationwide is a 
PTO. 

The Urban Mass Transportation Administration 
(UMTA) of the U.S. Department of Transportation un
dertook a study in June 1984 to (a) examine the ex
tent to which PTOs are currently used in the U.S. 
transit industry and (bl identify methods currently 
used to assign PTOs to work assignments . 

The findings of that study are presented in this 
paper. First , a national perspective on the range 
and norms of contractual provisions affecting the 
use of PTOs is presented. Second, cur.rent methodolo
gies used to assign PTOs work is presented. Three 
methods are described for assigning work on the 
basis of existing run cuts and two methods are pre
sented that are used to incorporate PTOs into auto
mated run-cutting procedures. In the third and final 
section the major conclusions of the study are sum
marized. 

NATIONAL PERSPECTIVE ON THE EXTENT OF PART-TIME 
OPERATOR USE 

An analysis of the Comparative Labor Practices Re
ports 3 (Number of Employees by Type) and 5 (Part-
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Time Operators) compiled by the American Public 
Transit Association (APTA) and telephone interviews 
and site visits conducted as part of this study in
,H r.;,1:p t:hat: t:he use of PTOs is widespread, in sys
tems of all sizes in all regions of the nation. 
Three of four labor contracts permit the use of 
PTOs, and one of every ten operators at these sys
tems is a PTO. The typical PTO (a) is a union mem
ber, (bl is paid at or near the FTO wage scale, (c) 
is permitted to work a maximum of 25 to 30 hr per 
week, (d) receives no guarantee per assignment or 
premium pay , and (e) rece i ves reduced fringe bene
fit. compa r <1d tn F"T'Os. PTO seniority is qenerally 
not transferable to FTO status. About half of the 
sample agencies require that all PTOs be laid off 
before any F'l'Os are la id o ff . 

These find ings we re de ve loped through a statis
tical analysh of the da ta assembled for 228 trans i t 
agencies in the United States. The t ransit systems 
in the sample r a nged in size from agencies with 
fewer than 10 employees to the largest system in the 
country, the New York City Transit Authority, that 
has more than 10,000 employees. Summary numbers were 
computed for the major labor practices regarding PTO 
use. Chi-square tests were made to determine if 
there were differences in practices by system size 
or geographic r eg i on. A value of 95 percent (i.e., 
probabi lity of cha nce ~ 0.05) was used as the confi
dence level in these tests . 

System size was frequently found to be a sign ifi
cant variable in the chi-square tests of PTO labor 
practices. Labor practices in small systems (50 or 
fewer employees) are less restrictive regarding the 
use of P'l'Os than are those in large systems (more 
than 50 employees) • This suggests that the labor
management climates in small and large systems may 
be different with respect to PTOs. 
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Use of PTOs 

One hundred seventy-six or 77 percent of the transit 
agencies in the sample are permitted to use PTOs. 
The ability to use PTOs is statistically re1area ro 
the size (measured in terms of number of FTOs em
ployed) of the system. As t he data in Tables 1 and 2 
indicate, a higher percentage of systems with fewer 
than 50 employees than of systems with more than 50 
employees is permit ted to use PTOs . This may sugqest 
t hat FTOs in s mall transit systems feel less threa t
ened by PTOs than do their counterparts in large 
systems. 

A statistical relationship was also found between 
th e ability to use PTOs a nd geographic locat i on . The 
t ransit s ystems in t he AP'l'A reports we r e c oded by 
UMTA fede r a l r egion and g rouped into f i ve geographic 
areas (see Table 2). Between 85 and 95 percent of 
the transit systems in the west (i.e., midwest, 
southwest, and west) are permitted to use PTOs com
pared to 60 percent of the systems 1n rne easl: 
(i.e., northeast and southeast). This regional rela
tionship may reflect historic differences in the 
relative power of management and labor in contract 
negotiations. 

Number of PTOs 

The 176 systems pe rmitteO to use PTOs ~mploy a tota l 
of ~2, 171 FTOs and 4,402 P'T'O !'l . This number of PTOs 
is equiva lent to 10.44 pe rce nt of the number of 
FTOs, or 9.45 percent of the total operator work 
force. Therefore, nearly one of every ten operators 
at systems permitted to use PTOs is a PTO. 

The number of PTOs that can be hired is often 
limited in the labor contract. Almost half of the 

TABLE 1 Use uf Parl-Time Operators by System Size 

Systems Permitted 
PTOs 

Systems Not 
Permitted PTOs 

Percentage 
Number Systems in Sample of System 
of Employee 
Employees Number Percentage Number Class Number 

0-25 51 22.4 47 92.2 4 
26-50 42 18.4 J4 81.0 8 
5!-!00 44 19.3 30 68.2 14 
101-250 37 16.2 29 78.4 8 
251-500 18 7.9 12 66 .7 6 
501-1.000 14 6.1 10 71.4 4 
More than 1,000 ...R. -2.&.. ~ 63 .6 i.. 
Total 228 100.0 176 77.2 52 

Note: Chi-square= 12.59, degrees of freedom= 6, and probability of chance= 0.05 , 

TABLE 2 Use of Part-Time Operators by Geographic Location 

Systems Permitted PTOs 

Systems in Sample Percentage of 
UMTA Systems in 

Location Region(s) Number Percentage Number Region 

Northeast I, 2, 3 59 2 5.9 35 59.3 
Southeast 4 32 14.0 19 59.4 
Midwest 5, 7 62 27.2 53 85 .5 
Southwest 6 21 9.2 19 90 .5 
West 8, 9, 10 ..2.±.. ..111... .J.Q_ 92.6 

Total 228 100.0 176 77.2 

Note: Chi-square = 28.2 7, degrees of freedom= 4, and probability or chance= 0 .00. 

Percentage 
of 
Employee 
Class 

7.8 
19.0 
31.8 
21.6 
33 .3 
28.6 
3o .4 

22.8 

Systems not Permitted 
PTOs 

Percentage 
of Systems 

Number in Region 

24 
13 
9 
2 

...£ 
52 

40 .7 
40.6 
14.5 

9.5 

..Li.. 
22.8 
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contracts that permit the use of PTOs have an ex
pressed provision that limits the number that can he 
employed. As the data given in Table 3 indicate, the 
most common limitation is to express the maximum 
number of PTOs as a percentage of the number of 
FTOs. Sixty-four systems have this provision with 
percentages ranging from 5 to 100 percent. In the 
remaining 19 contracts, an actual number is speci
fied in 12 contracts and the maximum number is based 
on the number of scheduled runs, biddable runs, un
signed trippers, or peak-hour trippers in the con
tracts. 

The size of the transit system was found to be 
statistically related to the type, if any, of limi
tation on the number of PTOs. In small systems 
(i.e., SO employees or fewer) more than 86 percent 
of the contracts have no provision that limits the 
number of PTOs who can be hired ( see Table 3) • In 
contrast, 74 percent of the contracts in large s ys
tems (i.e., more than 50 employees) contain some 
type of limiting provision. This difference further 
supports the inference that FTOs in small systems 
feel less threatened by PTOs or have had less power 
in labor negotiations than FTOs in large systems, or 
both. 

l?TO Wages 

PTOs are typically paid the same wage that is paid 
to FTOs. Nearly eight of every ten PTOs (79 percent) 
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earn the same wages as FTOs. Six percent earn 50 to 
74 percent of FTO wages and 14 percent receive be
tween 75 and 99 percent of FTO wages. Only one sys
tem, the San Francisco Bay Area Rapid Transit Ois
trict (BART), was found to pay a higher wage rate to 
PTOs. PTOs at BART receive 110 percent of the FTO 
wage rate. No statistical relationships were found 
between wage rates and system size. 

PTO Fringe Benefits 

Although their basic wages are generally the same, 
PTOs usually receive fewer fringe benefits than 
FTOs. At nearly nine of every ten transit agencies, 
PTOs are union members and are therefore represented 
by grievance and arbitration procedures. However, 
PTOs are often treated differently in terms of se
niority and layoff procedures. Seniority as a PTO is 
transferable to full-time status at only about three 
of every ten systems (see Table 4). Almost one-half 
of the systems require that all PTOs be laid off be
for e any FTOs are laid off. A system size relation
ship was again found in which a greater percentage 
of small systems tend to allow the transfer of PTO 
seniority and do not require PTOs to be laid off 
first. 

Most transit systems do not grant sick leave, 
holiday, vacation, health and welfare insurance, or 
retirement benefits to PTOs. One-fourth of all sys-

TABLE 3 Contract Limitations on Number of Part-Time Operators 

Systems Permitting 
PTOs 

Limiting 
Provision Number Percentage 

Percentage of FTOs 62 36.0 
Other basis" 19 11.0 
No provision ...2..! ...iL2.... 
Total 172b 100.0 

System Size 

50 Employees or 
Fewer 

Percentage of 
Systems with 
SO or Fewer 

Number Employees 

8 I 0.4 
3 3.9 

Q2_ ~ 
77 100.0 

Note: Chi-square f60.27, degrees of freedom= 2, and probability of chance = 0.00. 

More than 50 
Employees 

Percentage of 
Systems with 
More than 50 

Number Employees 

54 56.8 
25 16.8 
1.2... ..li..L 
95 100.0 

a Includes the specification or an actual number and percentages based on number of scheduled runs, biddable runs, un
bsigned trippers, or peak-hour 1rip11crs. 

Four additional systems employ only PTOs and were not included in this analysis. 

TABLE 4 Seniority and Layoff Procedures 

Seniority" 

PTO seniority trans
ferable to full
time status 

Yes 
No 

Total 

Layoff Proceduresb 

PTOs laid off first? 
Yes 
No 

Total 

Systems Permitted 
PTOs 

Number 

45 
ill 
156 

75 
....fil. 
156 

Percentage 

28.8 
...11..L 
100 .0 

48.1 
..2..L2.... 
100.0 

System Size 

50 Employees or 
Fewer 

Number Percentage 

33 
ll_ 

64 

18 
i§_ 

64 

51.6 
~ 
100.0 

28. 1 
..1..L2.... 
100.0 

More than 50 
Employees 

Number 

12 
fil1._ 

92 

57 
IL 
92 

Percentage 

13.0 
.JU..&.. 
100.0 

62.0 
_]]_&_ 

100.0 

~Chi-square (corrected) = 25.43, degree oF fre edo m = 1, and probability of chance= 0.00. 
Ch i-sq uare (corrected) = I 5.97, degree of freedom= I, and probability or chance== 0.00. 
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terns give PTOs full or reduced sick leave (see Table 
5). About one-third of the systems give PTOs full or 
reduced holiday, vacation, and retirement benefits. 
Four of every ten PTOs receive full or reduced 
health and welfare insurance benefits. With the ex
ception of retirement benefits there is a statisti
cal relationship between system size and the grant
ing of these benefits. Roughly one-half of the small 
systems grant full or reduced benefits whereas only 
about one-third o f the l arge systems provide them. 

PTO Work Rules 

The use of PTOs can significantly reduce the cost of 
providing peak-period service because they are sub-

TABLE 5 Fringe Benefits 
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ject to less restrictive work rules than are their 
FTO counterparts. At nearly eight of every ten tran
sit systems, PTOs receive no guarantee per assign
ment. Another 16 percent receive guarantees of 2 hr 
or less. No statistical pattern was found in work 
rule guarantees, either by system size or geographic 
location. 

PTOs also do not receive spread premiums. Only 
one system, the Central Contra Costa Transit Author
ity in California, that pays spread premiums was 
identified. 

Spread premiums are probably not an issue in most 
systems because of the maximum work hour limitations 
that are contained in many contracts. As the data in 
Table 6 indicate, more than three-fourths of the 
systems have work hour lirni tat ions with a median 

Systems Permitted 50 Employees or More than 50 
PTOs Fewer 

Number Percentage Number Percentage 

Sick Leave" 

No 117 74.5 44 68.8 
Reduced 20 12.7 8 12.5 
Full _1Q_ .....l1l !1- -1.!LlL 
Total 157 100.0 64 100.0 

Holidays" 

No 104 66.2 35 54.7 
Reduced 26 16.6 11 17.2 
Full ...]J_ -1.1.,l_ 1..§_ ....1!U.... 
Total 157 100.0 64 100.0 

Vacationb 

No 97 61.8 31 48.4 
Reduced 33 21 .0 14 21.9 
Full ...]J_ -1.1.,l_ 1.2.... ...12..l 
Total 157 100.0 64 100.0 

Retirementc 

No 105 66.9 38 59.4 
Reduced 13 8.3 3 4.7 
Full ...l2.... ...1.ilL. ll.. ...1il... 
Total 157 100.0 64 100.0 

Health and Welfare Insuranced 

No 93 59.6 30 46.9 
Reduced 33 21.2 12 18.8 
Yes 30 19.2 22 34.4 

Total I 56 100.0 64 100.0 

~Chi-square= 1.12, degrees of freedom= 2, and probabHity of chance= 0.57. 
Chi-square= 1 2.95, de~ees of freedom= 2, and probability of chance= 0.00. 

~Chi-square= 7.4, degrees of freedom= 2, and probabilHy of chance= 0.02. 
Chi-square= 7.4, degrees of freedom= 2, and probability of chance= 0.00. 

TABLE 6 Maximum Work Hour Provisions 

System Size 

Systems Permitting 50 or Fewer 
PTOs Employees 

Maximum Work 
Hours per Week Number Percentage Number Percentage 

Less than 20 3 2.2 l 1.9 
20-24 25 18.2 10 18.5 
25-29 27 19.7 2 3.7 
30-39 37 27 .0 11 20.4 
40-42 13 9.5 11 20.4 
No maximum ....R. ..1..1.1... 1.2.... ..J.U_ 

Total 137 100.0 54 100.0 

Employees 

Number Percentage 

73 
12 
.JL 
93 

69 
15 
...2.... 
93 

66 
19 
.JL 
93 

67 
10 
1.§_ 

93 

63 
21 
.JL 
92 

78.S 
12.9 

____§_&__ 

100.0 

74.2 
16.1 

__!ll_ 
100.0 

71.0 
20.4 

____§_&__ 

100.0 

72.0 
10.8 

-1.1.,l_ 

100.0 

68.5 
22.8 

____u_ 
100.0 

More than 50 
Employees 

Number 

2 
15 
25 
26 

2 
Ll.._ 

83 

Percentage 

2.4 
18.1 
30.1 
31.3 

2.4 
_lLl__ 
100.0 

NntP: rhi-,a1rn1.rP. = 2Q. S4, rlf~ £:_rP.e.<. of frP.edom = 5. rind prohahility of chance== 0 .00. 
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value of 25 hr. There is a statistical pattern by 
system size: a higher percentage of small systems 
than of large systems has either no or extremely 
large maximum work hour limits. Again this small
large system pattern suggests better acceptance of 
PTOs by small systems than by large systems. 

METHODS OF ASSIGNING PTOs WOR~ 

The purpose of the second part of the UMTA study was 
to identify methods currently used to assign PTOs 
work. Two types of methodologies were identified: 
(a) methodologies used to assign PTOs work on the 
basis of existing run cuts and (b) methodologies 
used to incorporate PTOs into automated run-cutting 
procedures. The five methodologies that were found 
in the study are discussed in the next sections . 

Methods of Assigning PTOs on the Basis of Existing 
Run Cuts 

Methodologies for assigning PTOs on the basis of 
existing run cuts were identified at three systems. 
These systems are the Washington Metropolitan Area 
Transit Authority (WMATA), the Southern California 
Rapid Transit District (SCRTD), and the Alameda
Contra Costa Transit District (AC Transit). These 
agencies have more part-time eligible pieces of work 
than they have PTOs to fill them. The question they 
face is: "What pieces of work should be assigned to 
PTOs in order to maximize cost savings?" 

Work rules governing the use of PTOs influenced 
the development of the assignment procedure at each 
agency. As the data in Table 7 indicate, the defini
tions and values of work rules vary considerably 
among the three agencies. For example, there are 
three variations of work hour limitations of which 
WMATA must follow one (weekly maximum) , AC Transit 
two (daily maximum and weekly maximum), and SCRTD 
all three (daily minimum, daily maximum, and weekly 
maximum) • Because each of these rules must be con
sidered, the PTO assignment procedures at AC Tran
s it, SCRTD, and WMATA are different. 

TABLE 7 Summary of PTO Work Rules at AC Transit, 
SCRTD, WMATA 

AC 
Work Rule Limits Transit SCRTD 

Percentage of FTOs 
Division 15 10 
Systemwide 10 None 

Work hours 
Daily minimum None 2.5 
Daily maximum 5 5 
Weekly maximum 25 25 

Type of work piece permitted 
Weekday trippers Yes Yes 
Split runs Yes No 

Washington Metropolitan Area Transit Authority 

WMATA 

None 
10 

None 
None 
30 

Yes 
Yes 

WMATA uses a three-step approach to assigning work 
to PTOs. First, a.m. and p.m. trippers are rank
ordered on the basis of descending pay time. Second, 
the number of FTOs and PTOs; working trippers off of 
the extraboard is determined for each division by 
WMATA's Schedules Section. Finally, the tripper 
pairs with the highest pay times are assigned to 
FTOs by WMATA's Operations Department: the remaining 
pairs are assigned to PTOs. 
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Full-time extraboard operators, regular FTOs, and 
PTOs work trippers at WMATA. The number of regular 
FTOs working trippers is calculated at each division 
as the difference between the number of a.m. and 
p.m. trippers at that division. For example, 29 reg
ular FTOs worked trippers at WMATA's Four Mile Run 
Division that had 112 a.m. trippers and 83 p.m. 
trippers for the schedule effective January 24, 
1983. Approximately 70 percent of the remaining 
trippers are assigned to PTOs; 30 percent are as
signed to full-time extraboard operators (i.e., 
FTOs). This 70/ 30 split was calculated to comply 
with the contract provision that limits the maximum 
number of PTOs to 10 percent of the number of FTOs, 
systemwide. 

FTOs and PTOs are assigned to a.m. and p.m. 
paired trippers (or "married" trippers) on the basis 
of the criterion of combined pay time. The objective 
of WMATA's Schedules Section is to minimize make-up 
time (or the difference between the 8-hr guarantee 
and combined pay time) paid to FTOs. Morning and 
p.m. trippers are each rank-ordered by descending 
pay time. The highest paid a.m. tripper is then 
"married" to the highest paid p.m. tripper, the sec
ond highest paid a.m. tripper is married to the sec
ond highest p.m. tripper, and so forth. 

Figure l shows how the a.m. and p.m. trippers 
were paired at WMATA' s Four Mile Run Division for 
the schedule effective January 24, 1983. Each a.m. 
and p.m. tripper is ranked by number by descending 
pay time. The combined pay time is shown in column 
6, and difference between the 8-hr guarantee and 
combined pay time (i.e., make-up time) is shown in 
column 7. 

In the case of the Four Mile Run Division, this 
yielded 83 married trippers effective January 24, 
1983. The 20 married pairs with the greatest com
bined pay times (and, hence, lowest combined make-up 
times) were assigned to FTOs. The combined make-up 
time for the top 20 married trippers is then deter
mined in order to establish a daily make-up time 
budget for each division. In this case, the Four 
Mile Run Division had a budget of 23 hr 20 min of 
daily make-up time effective January 24, 1983. Part
time paid hours are equal to 334 hr 16 min or 5 hr 
18 min per day per PTO, on average. The overtime 
penalty, calculated at one-half times the number of 
hours worked by regular FTOs assigned single-piece 
trippers, also appears at the top of this sheet and 
is equal to 34 hr 37 min. 

Southern California Rapid Transit District 

SCRTD uses a two-step procedure to assign work to 
PTOs. First, part-time eligible pieces of work are 
identified at each division on the basis of the con
straints of the labor agreement and other practical 
considerations specified by SCRTD' s Transportation 
Department. Second, these pieces of work are rank
ordered and the highest ranked pieces are assigned 
to PTOs: the remaining work is assigned to FTOs. 
PTOs are restricted to working only single-piece, 
weekday tripper assignments at SCRTD. 

Only certain trippers within a division are eli
gible to be worked by PTOs at SCRTD. They must, by 
contract, (a) be nonbiddable by regular FTOs, (b) 
have at least 2.5 hr of work, and (c) have no more 
than 5 hr of work . Biddable trippers are defined by 
the Schedules Department as short peak-period pieces 
of work that are worked at overtime by regular FTOs 
before or after their regular runs. They are gener
ally less than 2.5 hr work time and are less costly 
to work at overtime than by extraboard FTOs. Unlike 
WMATA, SCRTD does not define the number of biddable 
trippers as the difference between the number of 
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/ Overtime Penalty 
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PART TIMI:. 1-'AY HUUK~ .).)4:16 

DIVISION· Four Mile 

Tripper 112 Tripper 
Number A.M. Pav 

, 
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I 

1004 3:27 2043 
'"" 3:26 ,nq 
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l1nnq 1•72 onr11 
l,n~~ 1·19 7n71 
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5:42 
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0:42 
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0·"" 
0:48 
0:53 
n-~7 
1,n1, 
1:06 
1,11 
1:13 
1:16 
1:19 
1:20 
1:20 
1:23 
l:?I\ 

l:27 
1:27 
1:28 
1-1n 

7 \•7f .... 

--, 
I 

I 

Make-up 
Time Budget 

FIGURE I Facsimile of rank order of a.m. and p.m. trippers at WMA'l'A's l<'our Mile Kun Division. 

a.m. and p.m. trippers. Therefore, after the bid
dable trippers have been assigned to regular F'I'Os, 
the numbers of a.m. and p.m. trippers may not be 
equal at the division. As a result, not all full
time extraboard operators are assigned an a.m./p.m. 
tripper pair. Some full-time extraboard operators 
must work an a,m, or p.m. tripper and stand extra 
during the remainder of the day. 

SCRTD's prioritization algorithm consists of 
three procedural steps. First, a.m. and p.m. trip
pers are separated and listed by ascending sign-on 
and sign-off times, respectively. For example, as 
shown in Figure 2, Iteration 1, the a.m. tripper 

signing on at 4:32 a.m. is listed first and followed 
in order by those trippers signing on at 5:00, 5:09, 
5:12, and 5:15 a.m., respectively. Thus, runs rep
resenting the most spread cost (i.e., the earliest 
pull-outs) are placed at the top of the list. These 
runs are best worked by PTOs because PTOs receive no 
spread premiums. 

In the second step, the time savings that would 
result from exchanging the positions of run N with 
run N+l, N+2, and all subsequent runs are consid
ered, This is done by computing the time savings of 
operating run N with an FTO and run N+l with a PTO, 
The increase in FTO spread time is calculated at 
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2:24 
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2:01 
2:00 
2:00 

Work Hours 
FIGURE 1 continued. 

time and one-half the difference in sign-on time for 
a.m. trippers or sign-off time for p.m. trippers. 
Next, the decrease in work time paid to PTOs is 
calculated at straight time because PTOs are paid 
for only the hours they work, without overtime or 
spread premiums. 

The increase in FTO spread is then added to the 
decrease in PTO work time. If the sum is negative, 

Pav 
Combined 
P av Time 

5:37 
5:37 
5:36 
5:36 
5:35 
5:34 
5:33 
5:32 
5:29 
5:27 
5:26 
5:25 
5:27 
5:14 
5:07 
4:59 
4:49 
4:48 
4:48 
4:46 
4:45 
4:43 
4:42 
4:42 
4:40 
4:39 
~·'\9 

3J4:16 -

I 

' 

I 

I 
: 
I 

B Hours 
Guaranteed 

PTO 
- Pay Hours 

the decrease in PTO work time is greater than the 
increase in FTO spread time, and run N+l is less 
costly worked by a PTO than by an FTO. In this case 
the positions of run N and run N+l should be ex
changed. If the sum is positive, the increase in FTO 
spread time more than offsets any PTO work time sav
ings and the positions should not be exchanged. 

All sums are positive relative to the 4:32 a.m. 



46 

Sign-On 
Rank Time 

FTO 
Spread 
Premium 
Difference 

Sign-Off 
Time 

PTO 
Work 

Work Time 
Time Difference 
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Sum of 
Differences 

ltPr:1tinn 1 • Pv:1minP Pvrh:1nP"ino 4·i'J :1 m. Run 

4:32 a.m. 
5:00 +42 
5:09 +55'h 
5: 12 +60 
5: 15 +64'h 

8:04 a.m , 3: 32 
8:43 3!43 
8:31 3:22 
8:23 3 :11 
8:36 3:21 

+II 
-JO 
-21 
-11 

+53 
+45\lz 
+39 
+53\1, 

Iteration 2: Examine Exchanging 5:00 a.m. Run 

I 4:32a.m. 
2 5:12 118 

5:09 +13Y2 
5:00 
5: 1 5 +22Y2 

8:04 n.m. 3: 32 
8: 2J 3: 11 
8: 31 3: 22 
8:43 3:43 
8:36 ~: 21 

32 
-21 

-22 

14 
-7Y2 

+Yz 

Iteration 3: Examine Exchanging 5:09 a.m. Run 

I 4:32a.m. 
2 5: 12 
3 5:09 

5:00 -13\lz 
5: 15 +9 

8:04 a.m . 3:32 
8:23 3: 11 
8:31 3:22 
8:43 3:43 
8:36 3:21 

+21 

- J 

+7\lz 

+8 

Iteration 4: Examine Exchanging 5: 00 a.m. Run 

I 4:32 a.m. 8:04 a.m. 3:32 
2 5:12 8:23 3: 11 
3 5:09 8:31 3:22 
4 5:00 8:43 3:43 

5: 15 +22\lz 8:36 3:21 - 22 +Y, 

Iteration 5: Final Rankings 

I 4:32 a.m. 8:04 a.m. 3:32 
2 5: 12 8:23 3:11 
3 5:09 8:31 3:22 
4 5:00 8:43 3:43 
5 5: 15 8:36 3:21 

FIGURE 2 Example of SCRTD's part-time operator assignment algorithm. 

run in Figure 2, Iteration 1, and no changes are 
made. The 4:32 a.m. run is therefore ranked first 
among the five a.m. trippers. 

In Iteration 2, the 5:00 a.m. run is compared to 
the 5:09, 5:12, and 5:15 a.m. runs, respectively. 
The 5: 09 and 5: 12 a.m. runs have negative sums of 
7.5 and 14 min, respectively. The 5:12 a.m. ruri is 
ranked second because it has the most negative sum. 
That is, the 5:12 a.m. run has the highest net de
crease in PTO work time compared to the 5:00 a.m. 
run. 

These computations are repeated in Iterations 3 
through 5. The 5:09 a.m. run is ranked third in 
Iteration 3: the 5:00 a.m. run is ranked fourth in 
Iteration 4, The final ranl<ingo are shown in Itera
tion 5. It can be observed that the same ranking 
would be obtained by listing the runs in ascending 
order of the sum of differences computed in Iter
ation 1. 

The rank-ordered list of a.m. and p.m. trippers 
constitutes a priority-ordered list of PTO assign-
mon~a Fnr ca~h nF s~o~nla ,~ ~i~Yiainna. ~hoao lia~a 

are forwarded to the 'l'ransportation Department for 
use on a routine daily basis in assigning work to 
PTOs and FTOs. 

Alameda-Contra Costa Transit District 

AC Transit uses a less formalized procedure for 
assigning operators to part-time eligible pieces of 
work than does SCRTD or WMATA. Under AC Transit's 
labor agreement, PTOs (a) are guaranteed 2 hr per 
day but can work no more than 5 hr per day or 25 hr 

per week, (b) can work only on weekdays, (c) cannot 
exceed 10 percent of FTOs systemwide or 15 percent 
at any division, and (d) must originate and termi
nate their assignments at a division (i.e., no on
street relief). 

AC Transit's Schedules Department selects PTO 
assignments from among all eligible pieces of work 
at each division on the basis of a number of cri
teria derived from the labor agreement work rule 
provisions and other considerations. These criteria 
include: 

1. PTOs should generally work close to the 5-hr 
daily limitation: 

2. PTOs should generally be assigned to early 
pull-outs and late pull-ins to reduce spread premi
ums paid to full-time extraboard operators: 

'l P'!'0~ ~~".:'~!~ ~e~e!'~!!~r ~·:':'!'": ~~!.it: !''.!~~ i~~t:'='?.~ 
of straight runs: 

4. If PTOs work a split run, they should work 
the same line in the a.m. and p.m. because PTOs 
break in on only one line: 

5. FTOs (i.e., •expensive" labor) should be 
assigned to contract service operated for BART and 
others by AC Transit: 

6. FTOs must work runs that are relieved on the 
street, according to the labor contract: and 

7. Individual PTO preferences regarding work 
times, work hours, and days off may also be taken 
into account. 

The Schedule Department's suggestions are forwarded 
to the Operations Department, which may take these 
suggestions or assign PTOs to alternate runs. 
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Comparison of Methodologies 

A comprehensive evaluation would include testing the 
methodologies on a common set of PTO assignment 
problems. Properly constructed, this testing would 
provide useful information on the sensitivity and 
accuracy of the procedures. Unfortunately, this type 
of testing was not included in the UMTA study. 
Therefore, the comparison of methodologies in the 
study was limited to an evaluation of the variables 
that are included in each procedure . 

A comprehensive procedure for assigning PTOs to 
runs selected from existing schedules should con
sider PTO pay hours, FTO make-up time, FTO spread 
premiums and overtime, and PTO and FTO fringe bene
f {ts. As the data in Table 8 indicate, the proce
dures used by WMATA, SCRTD, and AC Transit consider 
some but not all of these variables. Each agency 
considers PTO pay hours; WMATA considers FTO make-up 
time; and both SCRTD and AC Transit consider FTO 
spread premiums in assigning PTOs to existing runs. 
None of these agencies includes FTO extraboard over
time or FTO or PTO fringe benefits in driver assign
ment decisions. 

TABLE 8 Comparison of PTO Assignment Procedures 

Property 

WMATA SCRTD AC Transit 

Type of procedure 
Automated X 
Manual X X 

Variables considered 
PTO pay-hours Yes Yes Yes 
FTO make-up hours Yes No No 
FTO spread premiums No Yes Yes 
FTO overtime No No No 
PTO fringe benefits No No No 
FTO fringe benefits No No No 

The importance of considering full-time extra
board operator spread premiums depends on a system's 
spread rule provisions and service profile. Spread 
premiums are most onerous at systems with relatively 
short maximum spread times and spread penalty 
thresholds, relatively sharp peaks and relatively 
long a.m. and p.m. peak periods. Spread premiums 
were shown to be significant at SCRTD, but they may 
or may not be as important at WMATA or AC Transit. 
The consideration of both spread and overtime premi
ums is especially important at systems such as AC 
Transit that pay both overtime and spread penalties 
when applicable. 

Fringe benefits are an important factor in deter
mining which trippers to assign to regular FTOs, 
extraboard FTOs, and PTOs. Systems with relatively 
high fringe benefits may find it less costly to 
assign more trippers to regular FTOs on an overtime 
basis in order to avoid the fixed fringe benefit 
costs that would be incurred by hiring additional 
extraboard operators. A significant operator cost 
savings may be attributable to the lower fringe bene
fits received by PTOs. 

Methods of Incorporating PTOs in Automated 
Run-Cutting Procedures 

Two automated procedures were identified that con
sider PTOs when run cuts are made. The first proce
dure uses a version of RUCUS and is used by the San 
Francisco Municipal Railway (Muni). The second pro
cedure is part of a computerized scheduling package 
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called RAMCUTTER. Both Muni and AC Transit are cur
rently experimenting with this procedure. 

San Francisco Municipal Railway 

Muni uses Version 5.01 of the RUCUS run-cutting 
package, developed by Kenneth Roberts & Associates, 
to schedule both PTOs and FTOs. PTOs at Muni are 
permitted to work "short runs" and a PTO extraboard, 
up to 5 hr a day, 25 hr a week. PTOs are guaranteed 
3.5 hr per assignment. 

The RUCUS methodology uses a seven-step proce
dure. In the first step, long blocks are cut into 
straight runs. All runs beginning before 5:50 a.m. 
and ending after 6:00 p.m. are made into straight 
runs. The minimum and maximum platform times are 
specified as 7 hr 14 min and 8 hr 50 min, respec
tively. The maximum spread time is specified as 10 
hr 59 min. (The spread premium threshold is 10 hr.) 
These parameters are established in an iterative 
fashion, through repeated attempts to improve the 
results of previous runs by adjusting each param
eter. The straight runs are then "frozen" and are 
not modified in subsequent steps. 

In the second step, the work remaining after the 
straight runs are cut is divided into two nearly 
equal pieces with a target platform time of 4 hr. 
The minimum and maximum platform times are specified 
as 30 min and 5 hr 45 min for any piece of a two
piece run. 

Next, two-piece PTO runs are cut with relatively 
long spread and swing times. The minimum and maximum 
spreads for PTO runs are specified as 10 hr 15 min 
and 11 hr 59 min, respectively. As a matter of 
policy, 11 hr 59 min is used as the maximum spread 
for PTO runs; 11 hr 59 min is the maximum spread for 
FTO runs established by Muni's labor agreement. 
Swing times for PTO runs are specified as 6 hr to 9 
hr 30 min. The minimum and maximum platform times 
for PTO two-piece runs are specified as 3 hr 20 min 
and 4 hr 39 min, respectively, in accordance with 
the 3. 5 hr guarantee and 5 hr work per day limita
tion stipulated for PTOs in Muni's labor agreement. 
The PTO two-piece runs are then "frozen" and are not 
modified in subsequent steps. 

FTO two-piece runs are cut from all remaining 
work in the next two steps. In both steps the maxi
mum spread time and the average platform time are 
specified as 11 hr 59 min and 8 hr 30 min, respec
tively. FTO swing time is limited to no more than 3 
hr in the fourth step. 

The work remaining is then cut in the fifth step 
into two-piece runs with a maximum swing of 4 hr. 
All other parameters are held constant. 

An attempt is made to reduce costs in the sixth 
step by switching pieces between two two-piece runs 
output from the fourth and fifth steps. Any one
piece trippers remaining are manually worked into 
the cut. 

AC Transit 

Muni and AC Transit are currently experimenting with 
an automated run-cutting procedure that takes into 
direct account wages, fixed and variable overhead, 
and work rules governing the use of both PTOs and 
FTOs when searching for a least-cost run cut for a 
given service schedule. This package, called the 
RAMCUTTER, was developed by Re~earch Applications 
for Management (RAM), Inc. 

The RAMCUTTER m1n1m1zes total annualized cost 
incurred for schedule work time, fixed and variable 
overhead, and other allowances for both FTOs and 
PTOs, subject to a series of constraints imposed by 
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the labor agreement and the schedule department. AC 
Transit uses a total of 270 input parameters that 
specify minimum and maximum constraints, various 
thresholds, penalties and bonuses, output formats, 
and so forth. Thirty-four of these variables attect 
the use of PTOs. These parameters include such 
"hard" constraints as maximum percentage of PTOs, 
hourly pay rate, and maximum pay time. The "soft" 
rules include penalties for runs starting hefore a 
specified time, runs ending after a specified time, 
pieces of work below a specified threshold size, 
runs with platform times less than a specified time, 
and so forth. The schedules department can also 
penalize (or reward) part-time work in general, 
thereby reducing or increasing the number of part
time runs cut by the RAMCUTTER. Annual fixed over
head costs for each PTO and FTO, and variable over
head expressed as a percentage of PTO and FTO pay 
times, are also direct inputs to the RAMCUTTER. 

There are a large number of potential solutions 
for assigning PTOs and FTOs to a given service 
schedule. It is not practical to test each of these 
alternatives to identify the least-cost solution, 
even with modern electronic computers. A greater 
number of alternatives can be tested by the 
RAMCUTTER as schedulers allocate more and more com
puter time to the problem. 

AC Transit's schedulers operate the RAMCUTTER in 
an iterative fashion. A few minutes of computer time 
are allocated to produce an initial run cut. Addi
tional runs are then produced using the same amount 
of computer time by tightening or loosening certain 
constraints or rules in order to achieve implement
able run cuts that are acceptable to the schedules 
department and others. When the input parameter val
ues have been established, the schedulers can allo
cate a greater amount of computer time to achieve a 
more nearly optimal solution, 

Comparison of Methodologies 

The RAMCUTTER and RUCUS Version 5.01 are both auto
mated procedures that consider both PTOs and FTOs 
when cutting runs for a given service schedule. Both 
consider differences in PTO and FTO work rules. The 
RAMCUTTER also considers PTO and FTO fixed and vari
able overhead costs, which RUCUS does not. In addi
tion, the RAMCUTTER incorporates a greater number of 
constraints regarding start and end times, road re
liefs, platform ties, and so forth, which help to 
generate acceptable, implementable run cuts. A com
parison of the RAMCUTTER and RUCUS Version 5.01 by 
the creator of the RAMCUTTER at Tri-Met in Portland, 

Transportation Research Record 1013 

Oregon, indicated that the procedures result in 
solutions of approximately equal cost. 

C.ONC.T,!TS TONS 

The major conclusions of this study regarding the 
methods for determining the use of part-time opera
tors are as follows: 

The use of PTOs is widely regarded as a means of 
reducing the cost of providing peak-period transit 
service, thereby improving transit productivity, be
cause 

• PTOs are governed by less restrictive work 
rules than are their FTO counterparts, 

• PTOs typically receive no spread or overtime 
premiums, 

• PTOs almost always receive lower fringe bene
fits than do FTOs, and 

• PTOs sometimes earn lower wages than do FTOs. 

The use of PTOs is widespread in transit systems 
of all sizes in all regions of the nation. Three
fourths of all u.s. transit systems are permitted to 
use PTOsi one of every ten operators in these sys
tems is a PTO. 

A higher percentage of small systems (50 em
ployees or fewer) are permitted to use PTOs than 
large systems (more than 50 employees) • Labor con
tracts of small systems also tend to be less re
strictive in the permitted use of PTOs, 

A variety of procedures is being used to assign 
PTOs to pieces of work selected from existing run 
cuts. These procedures consider PTO pay hours, FTO 
make-up hours, and FTO spread premiums or FTO over
time, or both, in deciding which pieces to assign to 
FTOs and which to assign to PTOs. No procedure was 
identified that considered all of these variables or 
PTO or FTO fringe benefits. 

RUCUS Version 5. 01 and the RAMCUTTER are promis
ing computerized procedures that incorporate PTOs 
directly into the run-cutting process. RUCUS is 
presently used at San Francisco Muni, and the RAM
CUTTER is in the testing stages at both Muni and AC 
Transit. 
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Analysis of Bus Transit's Operating Labor 

Efficiency Using Section 15 Data 

ATHANASSIOS K. BLADIKAS and CHARLES PAPADIMITRIOU 

ABSTRACT 

Operator labor costs are the biggest operating expense category for motor bus 
transit systems; these costs account for approximately 42 percent of total 
operating expenses. Thus, if operating labor becomes more cost-efficient, sig
nificant overall cost reductions are possible. Operator labor cost per plat
form-hour or vehicle-operating hour was used as a macro measure of cost effi
ciency, and this measure was built up gradually from elementary ann composite 
factors. The effect that environmental factors have on operator costs is exam
ined by regressing them on each of the elementary and composite cost-efficiency 
measures. Using the results of these analyses, transit managers will be able to 
diagnose and possibly remedy the causes of their labor inefficiency. 

Escalating costs, declining productivity, and in
creasing dependence on public subsidies have been 
the trend in the transit industry for the past two 
decades (1). Furthermore, transit has been given the 
assignment of accomplishing an array of social ob
jectives, ranging from energy conservation to pro
viding mobility for the poor and the handicapped. 
All this has led to an increased interest in the 
performance evaluation of the nation's transit sys
tems. There is no general agreement on how to define 
and measure the performance of a transit system be
cause the goals to be accomplished are often vague 
and conflicting. However, most researchers agree 
that transit performance is a multidimensional con
cept that includes some or all of the following ele
ments (_~,1): 

• Efficiency, 
• Effectiveness, 
• Quality of service, and 
• Societal impacts, 

All of these elements of performance are not 
dealt with here; the focus here is only on the cost
efficiency concept (Link l in Figure l) as it re
lates to thP efficient use of operators in providing 
a vehicle-hour of service. For the purposes of this 
paper the term "operator" means only vehicle opera
tors (i.e., drivers). The transit agency or firm 
that is responsible for the provision of service 
will be called system operator. Operator labor costs 
are the biggest system operating expense category 
and account for approximately 42 percent of total 
operating expenses (4). Thus, if operating labor. 
becomes more cost-efficient, significant overall 
cost reductions are possible. Oirect comparisons of 
systems and cross-sectional analyses are not gener
ally useful because the major causes of operator 
cost variations are factors that are determined by 
the environment in which the system operates and are 
mostly outside the system operator's control. These 
environmental factors and their effect on operator 
labor costs are examined. 

TRANSIT LABOR PRODUCTIVITY 

Operators 
only for 

are 
the 

paid at different 
hours that they 

hourly rates not 
drive their buses 

(platform time) but for additional time as well, as 
the various Section 15 reporting categories given in 
Table l indicate. The definitions of all Table l 
items can be found in Volume II of the Uniform Sys
tem of Accounts and Records (l). Table 2 gives ab
breviated definitions of some key items as well as 
information on how these items are treated in labor 
contracts. Some of the categories in Table l are af
fected greatly by the combination of the system's 
service profile and its labor contract provisions 
(e.g., overtime and spread premiums, pull-in and 
pull-out times), and others are the result of con
tract clauses (e.g., run selection time, student 
training time). Because different categories are 
paid at different rates, the crucial question is not 
how many hours operators were paid in excess of 
their platform time hut how much more they received 
in excess of the amount due to straight platform 
time service. 

Before Section 15 became available, the best 
method for examining operating labor productivity 
was to look at vehicle-hours per operator. Some 
researchers used the ratio of revenue vehicle-hours 
per operator, which does not reflect only labor pro
ductivity but is also dependent on the route and 
network structure of the system, which is a major 
factor in the accumulation of deadheading time. Be
sides, as pointed out by Fielding et al. (_§_), both 
of these ratios have an inherent major flaw: they 
make transit systems that use part-time operators 
seem unproductive, whereas the reverse is actually 
true. 

The concept of employee equivalents was intro
duced later, with one operator being equivalent to 
2,000 or 2,080 hours of work, but problems persist 
with this measure because it does not make the dis
tinction between hours of work and hours paid for. 
An operator may "work" 8 hr during a day but he may 
get paid for 8, 9, or 10 hr depending on when and 
under what circumstances those hours were clocked. 
Employee equivalents, therefore, tend to hide the 
effect of work rules that require system operators 
to pay premium wages for certain types or hours of 
work occurring outside some predetermined norms. To 
make matters worse, system operators (or at least 
those who fill out the Section 15 forms) do not ap
pear to grasp the employee equivalent concept. The 
hard copy Section 15 annual reports present figures 
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Link interaction definitions: 

Efficiency (cost, labor, resources) 
Service Effectiveness 
Cost Effectiveness 
Revenue Effectiveness 
Service Coverage/Intensity 
System Effectiveness 
Service Quality 
System Impacts 

EX: Rev.Veh.Hrs./Op.Costs 
EX: Passengers/Veh.Hr. 
EX: Passengers/Op.Costs 
EX: Op.Costs/Fare Revenue 
EX: Veh.Hrs/Population 
EX: Passengers/Population 
EX: Accidents/Mill. Veh. Miles 
EX: Retail Sales 

FIGURE 1 Transit system performance evaluation model. 

TABLE 1 Operators' Wages Subsidiary Schedule Data Elements 

Form No. 321 

TIME CLASSIFICATION 

1. OPERATING TIME 

1 .01 Report time (Pull out) 
1 .02 Turn-in time (Pull in) 
1.03 Travel time 
1.04 Platform time-line service 
1.05 Platform time-charter & special service 
1 .06 Intervening time 
1. 07 Paid breaks & meal allowance 
1 .08 Min. guarantee for call out 
1. 09 Minimum guarante-daily 
1 .10 Minimum guarantee-weekly 
1 .11 Overtime premium-scheduled 

.12 Overtime premium-unscheduled 
1 .13 Spread time premium 
1 .14 Shift premium 
1 .15 Other operating premium 

1.nn TOTAL OPERATING TIME 

2. NONOPERATING PAID WORK TIME 

2.01 Instructor premium for operator training 
2.02 Student training time 
2.03 Accident reporting time 
2.04 Witne~~ time 
2.05 Stand-by time 
2.06 Time spent on uniform functions 
2.07 Run selection time 

DOLLARS 

2.08 Other time spent in transportation administration 
2.09 Time spent in revenue vehicle movement control 
2.10 Time spent in ticketing and fare collection 
2.11 Time spent in customer service 
2.12 Time spent in other nonoperating functions 

2.00 TOTAL NONOPERATING PAID WORK TIME 

3.00 TOTAL OPERATING AND NONOPERATING TIME 

HOURS 
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TABLE 2 Definitions of Selected Terms 

Term Item No. Definition 

Report time 
Turn-in time 

I.O J 
1.0 2 

Covers payments for the time allowed an operator to report to the dispatcher and receive in
structions at the beginning and end of a piece of work. 

Travel time 1.03 Covers payment for the time allowed an opcru tor to trovel between the operation station and the 
point where he relieves or is relieved by another opera tor. 

Platform time-line plus charter and special 
service 

1.04 
I.OS 

Cove.rs payments for time d ll ring wh ich nn operator operates the revenue vehicle in line or 
chn rter and special sorvlce, rcspect i<c.ly. Deadhcading and layover time is included . 

Intervening time 1.06 Covers payment for the time between any two pieces of a run that is made up of more than 
two pieces. 

Paid breaks and meal allowances 1.07 Covers pa.yment for brcnk time, ot her than layover time and intervening time, and allowances 
for company-paid meuls. 

Minimum guarantee for call-out 1.08 Co,·ers payment for the time beyond that associutc.d with the performance of a work piece, in 
o rder to bring the total amount paid up to the guaranteed minimum for the call•Olll. 

Spread time premium 1.1 3 ls t he bonus r,bovc st raight- time pay for hours worked nftern sped ,cd nurn ber of hours from 
the stnrt of thco.pera tor's day . An op ar:i tor whQ works two shifts, soy from 7 to 11 n.m. and 
from 3 to 7 p.m., oct.ua lly work,s 8 hr bu t "spre.1ds" them over o 12-hr poriod In two "s11lit'" 
sh ifl.S, cnc.:h one consis1ing of 4 hr of continuous working limo,. The contract may 1novidc !ha t 
operators li re eniit led to sprc.1d premiums. ft ur the tc111 h hour Qf work in a spread , Thus, tilts 
opernlor will get paid th esprClld premium for the l~st 2 hr of work . In ud dit ion , work assign
monts may be prohfbitccl bc>•ond :1 specified m11ximum sprcod t imc (~.g., 12 or I hr). Somo 
coutracts mny nlso provide for nn upper limit on the runs lhal co uld l>c s pread (e.g., it may l>e 
stipulntcd tha1 slrnight mns should be at lcas1 60 percent of 1hc total runs). Furl her more, n 
minimum work piece in n 1>lil shift may also bl! sti pnluted . Thi.s lmmlly rc,1uircs that ench 
piece of o s111lt shifl l?e at lenst 2 or 2.S hr long. Thus, on operator may not work Just I hr in the 
mornJ ni: a nd 7 hr in lh nrtcrnoon and cvcni11g. 

Shift premiums 1.14 Cover bonu ses for working during times of the day that are subject to special time differentials 
(e.g., nigh t or weekend service). 

on vehicle-hours per operator and revenue vehicle
hours per operator. It might be thought impossible 
that these ratios exceed 2,000; however, the Year 4 
annual report has 97 cases in which vehicle-hours 
per operator exceed 2,000 and some go higher than 
5,000. 

The results of recent research efforts in the 
area of transit labor productivity illustrate the 
problems encountered when trying to explain the 
labor efficiency of transit systems. Most of the 
studies were done using a relatively small and 
regionally segregated number of systems (1), and the 
data were not generated by a uniform reporting sys
tem. This is the reason for the conflicting results 
that were produced on some occasions. For example, 
in Giuliano's work (~) the positive sign of the vari
able average wage rate indicates that hiqher wages 
induce a more efficient use of labor, but Barnum's 
equation (9) shows the opposite because the variable 
enters with a positive sign also, but it explains 
what is effectively the inverse of Giuliano's vari
able. Some attempted to explain their efficiency 
measures by including a number of subsidy variables 
(_~ 1 10) that failed to increase significantly the 
explanatory power of the regressions. Using mostly 
contract provision variables in his equation, Wilson 
was somewhat successful in predicting pay-hours per 
bus-hour (11) • 

The operator efficiency analysis presented in 
this paper differs from all previous studies in 
most, if not all, of the following respects: 

• Data are used for the first time that were 
produced from uniform, consistent, and precise re
porting procedures and classifications; 

• The transit systems in the sample represent 
all geographic regions of the country; 

• The analysis is carried to the most detailed 
level possible, thus pinpointing the causes of inef
ficiency; and 

• Greater emphasis is placed on the service 
characteristics of the systems. 

OPERATOR LABOR COSTS 

The indicator that best describes the total costs 
associated with operators is operator labor cost per 
platform-hour or vehicle-operating hour. However, 
this ratio is a macro measure, and it is possible to 
dissect it and build it up from elementary or com
posite factors as follows: 

• Element A: Unproductivity factor ($ paid for 
total salaries/$ paid at the base rate for platform 
service), 

• Element B: Average base wage rate ($ paid at 
the base rate for platform service/platform-hours), 

• Element C: Total salaries per platform-hour 
(product of A• B), 

• Element D: Fringe benefits per platform-hour, 
and 

• Element E: Operator labor cost per platform
hour [C + o or A'(B + O)J. 

If transit system managers want to evaluate their 
performance, analyses have to be performed not only 
on the macro measure but on all of its component 
elements as well. A transit system, for example, may 
appear to be doing well in terms of the macro ratio, 
but a closer examination may reveal that its unpro
ductivity ratio is well above average and that it is 
paying rather low wages. Obviously, the corrective 
action suggested in this case would be entirely dif
ferent from that for a situation in which the re
verse is true (i.e., low unproductivity ratio and 
higher wages) • The approach taken in this paper is 
to build up the macro measure from its component 
parts analyzing each one of them along the way. 

DATA SOURCES 

Data on operator labor costs, characteristics of 
service supplied and consumed, and generated reve
nues were obtained from the fourth year (FY ending 
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June 82) of Section 15 data (4). Data relating to 
socioeconomic and physical variahles were obtained 
from the 1983 City and County Data Book (]2), and 
additional information on wages for city employees 
was extracted from Bureau of the Census statistics 
(Jl). 

Section 15 Data Elements 

The Operators Wage Subsidiary Schedule (Form 321 and 
machine readable file OWSS, required for systems 
operating more than 25 revenue vehicles and effec
tively duplicated in Table 1) was used to obtain 
values for the first two elementary factors that can 
be used for the calculation of the macro measure. If 
the average base wage rate is defined as 

Dollars for platform (line+ charter.) service/Hours 
of platform (line+ charter) service, 

the Form 321 items needed to compute it are 

Dollars (1.04 + 1,05)/Hours (1.04 + 1.05). 

In computing the unproductivity factor, the ques
tion may legitimately be raised whether Items 2.08 
through 2.11 (time spent on a temporary basis on 
nonoperating functions) should be counted as produc
tive or unproductive time. Operators getting paid 
for these items may be unproductive because they are 
not performing their major function (i.e., driving a 
bus). On the other hand, it may be noted that they 
perform at least some service to the system's public 
and therefore they are productive. To resolve this 
problem, three major unproductivity ratios were com
puted in terms of the following Table 1 items: 

Yl Item 3.00/Items (1.04 + 1.05), 
Y2 Item 3.00/Items (1.04 + 1.05 + 2.08 + 2.09 

+ 2.10 + 2.11), and 
Y3 Items [3.00 - (2.08 + 2.09 + 2.10 + 2.11) J 

Items (1.04 + 1.05). 

The first of these unproductivity factors considers 
Items 2.08 through 2.11 as unproductive time, the 
second considers them as productive, and finally the 
third simply ignores them completely by not includ
ing them in the computation. The unproductivity fac
tor is a dimensionless ratio and either hours or 
dollars can be used for its derivation. Dollar 
amounts were chosen as more representative because 
the objective is not to reduce operator hours per se 
but to reduce the cost associated with those hours. 
A transit system, for example, may pay 1.1 times the 
baoe wage rate for night shift servicg and twice the 
base rate for unscheduled overtime. Therefore, pay
ing an operator for an hour of unscheduled overtime 
results in overpayments that are equal to .Lu nr or 
night shift premiums. 

A close examination of the items in Table 1 
reveals that some of them are greatly dependent on a 
system's service characteristics {e.g .. , Items 1.06, 
1.13, 1.14) and that others simply reflect system 
policy (e.g., Items 1.01, 1.02, 2.01). To perform a 
more detailed analysis of a system's unproductivity, 
dollar amounts from file OWSS were used to produce 
the following six partial ratios: 

Y4 Items (1.06 through 1.15 + 2.05)/Items (1,04 
+ 1.05): 

Y5 Items (1.03 + 1.06 through 1.15 + 2.05)/Items 
(1.04 + 1.05): 

Y6 Items (1.01 + 1.02 + 1.03 + 1.06 through 1.15 
+ 2.05)/Items (1.04 + 1.05): and 
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Y7 =1 Numerators as in Y4, Y5, and Y6, respect
YB = tively, and denominator= Items (1.04 + 1.05 
Y9 = + 2.08 + 2.09 + 2.10 + 2.11). 

The major unproductivity ratios (Yl to Y3) are 
always greater than one, but the six partial ratios 
(Y4 to Y9) have values that are less than one and 
cannot be used in their presented raw form as a 
building block for the computation of total operator 
labor cost per platform-hour. Variables Y4 to Y9 are 
in effect ratios of unproductive to productive time, 
whereas Yl, Y2, and Y3 are ratios of total to pro
ductive time. Payments for the unquestionably pro
ductive times (platform time-line plus charter and 
special service) are the denominator of Y4, Y5, and 
Y6, and the questionable Items 2.08 to 2.11 are 
added to the denominators of Y7, Y8, and Y9. The 
numerators of Y4 and Y7 contain only items that are 
influenced mainly by a system's service characteris
tics. Travel time is added to the numerators of Y5 
and Y8, and, finally, report and turn-in times are 
also included in the numerators of Y6 and Y9. The 
three major and six partial unproductivity ratios 
constitute a total set of nine unproductivity mea
sures that were examined individually in order to 
determine whether they are affected differently by 
the various environmental and service characteris
tics factors. 

Fringe benefit data were obtained from the Tran
sit System Employee Count Schedule (Form 404 and 
file EMPSCH) and Expenses Classified by Function 
(Form 301 and file XTFO). File XTFO contains aggre
gate data by function (Vehicle Operations, Vehicle 
Maintenance, Nonvehicle Maintenance, and General 
Administration), and it is not possible to isolate 
operators' benefits. File EMPSCH contains employee 
equivalents for the following classes in the vehicle 
operations function: 

11. Transportation executive, professional, and 
supervisory personnel: 

12. Transportation support personnel: and 
13. Revenue-vehicle operators. 

In terms of these classes, the fraction of vehicle 
operating personnel that actually operates vehicles 
is 13/(11 + 12 + 13). Therefore, by taking the prod
uct of this fraction times total fringe benefits for 
the vehicle operations function, an approximate fig
ure for operators' benefits can be obtained. 

The Transit System Service Supplied, Service Con
sumed and Service Personnel Schedule (Form 406 and 
file NRSTDY) provides data by time period for vehi
cles in operation, vehicle-hours, vehicle-miles, and 
full-time plus part-time operators. Service period 
durations were obtained from the Transit System Ser
vice Period Schedule (Form 401 and file WDSPSC), and 
Q'IFC!'~om !~1,on,~,'? i~fnrm:::11+-inn w.::11~ Pxt.rr1r.t:Prl from the 

;;;~~ue Summary Schedule (Form 201 and file REVSCH). 
Systems were considered to be privately owned if 
they reported in their balanr.P AhP.P.ts (Form 101 and 
file CAPSCH) capital for private corporation or non
corporat.e ownnAhip. Finally, the population of the 
urbanized area in which the system operates was ob
tained from file UAREA. 

Only single-mode motor bus transit systems were 
analyzed in order to avoid problems with joint ex
penses. Because the use of file OWSS was necessary, 
only systems with more than 25 vehicles were in
cluded. There are 108 such systems, but 20 of them 
had to be eliminated because they either did not 
file Form 321 or had zero entries in file WDSPSC. 
Two additional systems were excluded due to missing 
data on other variables. Thus 86 systems with valid 
data were available for the analyses. These systems 
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represent 29 states and range in size from 26 to 
2,960 revenue vehicles. 

Census and Other Data Sources 

The 1983 edition of the County and City Data Book 
(12) was used to extract information on 

• Percentage of persons using public transpor
tation for the work trip for both the county and 
city area, 

' Percentage of the civilian labor force unem
ployed in the county and city, 

• Percentage of area (county) that is urbanized, 
' Mean temperature in January and July, and 

Heating and cooling degree-days in a year. 

Data on average monthly earnings of city em
ployees were derived from Government Statistics Re
ports on City Employment (13). These reports provide 
data for the month of October of each year. Reports 
for 1980, 1981, and 1982 were used to extrapolate 
data and make them coincidental with the sixth month 
of each system's fiscal year. The Directory of Regu
larly Scheduled, Fixed Route, Local Public Transpor
tation Service (_!i) was used to identify the systems 
that are managed by private contract management 
firms. 

OPERATOR LABOR COST ELEMENT ANALYSIS 

Unproductivity Factor (Element A) 

Factors Hypothesized to Influence this Variable 

The service profile of a transit system influences 
greatly the payment amounts for some of the catego
ries given in Table 1. The variables derived from 
the service profile and expected to be proportional 
with the unproductivity factor are as follows: 

• Vehicles high peak to vehicles midday, 
Shoulder-to-shoulder time (start of a.m. peak 

to end of p.m. peak), 
Midday duration (end of a.m. peak to start of 

p.m. peak), and 
' Vehicles high peak to vehicles low peak. 

In addition, the unproductivity factor should he 
influenced by the following: 

1. Size of the transit system. Union strength 
and bargaining power should be greater in larger 
systems, but, on the other hand, larger systems may 
have better scheduling techniques that may result in 
the reduction of the unproductivity factor. The vari
ables used to represent system size were 

'Number of employees, 
• Number of revenue vehicles (total and dur-

ing each service period), 
• weekday hours of operation, 
' Annual hours of operation, 
' Annual vehicle-miles, and 

Annual vehicle-hours. 
2. The relative weal th of the system's area of 

operation represented by 
'County income per capita and 
' Average monthly earnings of city em

ployecc. 
3. The system's ability to generate revenue rep

resented by the variable passenger revenues per 
platform-hour. 

4. The system's organizational or management 
structure or whether it is 

53 

Public or private, 
• Managed under contract by a private firm, 

or 
' A transit authority or transit district. 

5. The fraction of operators that work full 
time. The use of part-time operators enables a sys
tem to alleviate some of the problems arising from 
its peaking characteristics, and it would be ex
pected that unproductivi ty would increase as this 
fraction approaches 1.0. 

Results Obtained 

For these as well as all other variables, the Sta
tistical Package for the Social Sciences (SPSS) was 
used to test regression equations of various linear 
and nonlinear functional forms. Variables were 
checked for multicollinearity problems and they were 
included in the equations only if they entered at a 
0.05 level of significance or better. The number f 
cases (N) is 86 for all regressions, and the stan
dardized regression coefficient along with the F
value of each independent variable are presented in 
brackets and parentheses, respectively. The equa
tions that predict best the nine unproductivity in
dices are the following: 

Yl 

Y2 

Y3 

Y4 

Y5 

Y6 

Y7 

0.342 + o.105•10· 2·x1 + 0.119•10· "·x3 
{ 0. 53) {0.21) 
(33.7) (5. 4) 
R2 = 0.561 (adjusted= 0.545) 

0.386 + 0. 653' 10" 2' Xl + 0.125•10· •·x3 
{0.53) {0.24} 
(36.8) (7.5) 

R2 = 0.593 (adjusted = 0.578) 

o.369 + 0.669'10· 2·x1 + o.124•1o·•·x3 
{0.54} {0.24) 
(37. 6) (7.4) 

R2 = 0.596 (adjusted= 0.581) 

-0.423 + o.367•10· 2·x1 + o.694•10· 2·x2 
{0.39) {0.36) 
(23.2) (20.7) 

+ o.353'X4 + 0.394•1o·•·x5 
{0.25) {0.16) 
(10.3) (4.1) 

R2 = 0.587 (adjusted= 0.567) 

-0.394 + 0.641'10" 2'Xl + 
{0.55} 

o.411•10· 2·x2 
{0.18} 

(42.9) 
+ o.902•10·••x3 

{0.20) 
(5.8) 

( 5. 6) 
+ 0.292'X4 

{0.17) 
(5 .1) 

R2 = 0.640 (adjusted = 0.622) 

-0.374 + o.645°10· 2·x1 
{0.55) 

+ o.463•10· 2•x2 
{0.20) 

(40.7) 
+ 0.854'10"''X3 

{0.17) 
(4.1) 

(6.5) 
+ 0.310'X4 

{ 0 .17) 
(5.4) 

R2 = 0.625 (adjusted= 0.607) 

-0.410 + 0.360•10· 2•x1 + o.654•10· 2•x2 
{ 0. 40) (0.35) 
(23.4) (19. 2) 

+ 0.346'X4 + 0.378'10- 4 'XS 
{0.25) { 0 .16) 
(10.4) (4.0) 

R2 = 0.581 (adjusted 0.567) 

+ 0.609'X4 
{0.30) 
(16.2) 

(1) 

+ 0.556•X4 
{0.30) 
(17.1) 

(2) 

+ 0.574'X4 
{ o. 30} 
(17.4) 

(3) 

(4) 

(5) 

(6) 

(7) 
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YB 

Y9 

-0.387 + o.629°10- 2•x1 
{0.55} 

+ o.376•10- 2•x2 
{0.16} 

(42.3) 
+ 1.00•10-••x3 + 

{ 0. 21} 
(6 .1) 

(4.6) 
0.288'X4 
{ 0 .17} 
(5.1) 

R2 = 0.612 (adjusted= 0.598) 

-0.367 + 0.632°10- 2•x1 + o.419·10- 2•x2 
{0.55} {0.16} 
(39.8) (5. 4) 

+ o.an•1o·•·x3 + 0.305'X4 
{ 0. 21} { 0 .17} 
(4. 4) (5.3) 

R2 0.618 (adjusted 0 .599) 

(8) 

(9) 

where 

Xl 
X2 

X3 
X4 
XS 

passenger fares/platform-hour, 
duration midday x fraction of full-time 
operators x high peak-to-base ratio, 
county income per capita (1981), 
vehicles high peak/vehicles low peak, and 
average monthly earnings for city employees 
(adjusted for system FYs). 

The signs of the various regression coefficients 
indicate that the factors hypothesized to influence 
the unproductivity factor really do so, although not 
all of them managed to be included in the equations. 
The relatively low coefficients of determination 
( R2 ) are somewhat disappointing. However, this is 
because the explanatory variables used here did not 
try to forecast costs using actual contract provi
sions but rather to investigate the influences that 
the system's operating environment has on the vari
ous measures of unproductivity. Entries for Table 1 
Items 2.08 to 2.11 are supplied by few systems and 
in extremely small amounts. This is the reason for 
the practically identical fits and coefficients of 
the equations that predict the three major unproduc
tivity indices, although Equation 3 has a slight 
edge over the previous two. Considering that any 
work done on Items 2.08 to 2.11 is by definition 
only on a temporary basis and only a minute fraction 
of the total labor hours, it appears that Y3 should 
be the most appropriate unproductivity factor. 

The revenue-generating ability variable, pas
senger fares per platform-hour, which also reflects 
service use intensity, proved to be the variable 
with the highest explanatory power for all nine in
dices. The service characteristics factors, duration 
midday, fraction of operators working full time, and 
high peak-to-base ratio, were represented in a sin
gle variable (X2), which had a better explanatory 
power than the sum of its three individual compo
nents. This prohahly reflects the fact that service 
characteristics factors have a dynamic and multi
plicative influence on each other. It is interesting 
LO noc.e c.ha1: variable A2 explains che six parcia:i 
unproductivity ratios (Y4 to Y9) that focus on pay
ment categories that are greatly influenced by the 
system's service profile, but it does not enter the 
equations explaining the three major unproductivi ty 
factors. The only service profile varlaule that 
entered into all equations was the vehicles high 
peak-to-vehicles low peak ratio. The hypothesis that 
operating labor will obtain more generous contract 
provisions in wealthier areas is supported by the 
finding that county income per capita (X3) is an 
explanatory variable for all three major and most of 
the minor unproductivity factors. In the only two 
cases (Y4 and Y7), where X3 does not enter the equa
tions, another measure of area wealth, the average 
monthly earnings of city employees (XS), takes its 
place. System size variables have some individual 
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correlation with the unproductivity factors (r = 
0.25 to 0.40) but they did not enter the equations 
at the required level of significance. Shoulder-to
shoulder time proved to be insignificant also, pos
sibly because of definitional ambiguities and erro
neous Section 15 reporting by system operators. 
Private ownership or contract management dummy vari
ables were not well correlated with the unproductiv
ity factors. 

Average Base Wage Rate (Element B) 

The averaqe base wage rate represents hourly pay
ments for regular, straight operating time and its 
exact derivation was presented previously. 

Factors Hypothesized to Influence this Variable 

A variety of system operating characteristics, pol
icy, and environmental factors was considered to in
fluence the wage rate as follows: 

1. City employee wages in the system's area of 
operation. 

2. Income per capita in the county of operation. 
3. Transit system size. 
4. Public transportation's predominance in the 

area as measured by the percentage of work trips 
made by public transportation in the system's city 
and county of operation. 

5. The fraction of operators that work full 
time. This factor influences the wage rate because 
of the following: 

• Part-timers may be getting paid at a 
lower ratei 

• The mere allowance of part-time operator 
use might indicate a diminished union strength, 
which in turn implies that full-time operators 
may be forced to accept lower wagesi and 

• The union may allow part-timer use as a 
trade-off for higher full-time operator wages. 
6. The ratio of line service hours to total 

(line plus charter and special) service hours. Driv
ing in a regular line service environment requires 
more effort than charter and special services do. 
Operators may, therefore, ask for higher wages as 
this ratio increases. 

7. Average vehicle capacity. The larger the 
vehicle an operator drives, the more likely it is 
that he would want to get paid more for his services. 

8. Intensity of system use (or utilization) 
factors such as 

Passenger-miles/vehicle-mile, 
• Passengers/vehicle-mile, 
• Pi'IRRPngPr-mi l PR/VPh i r.l P-honr, and 
• Passengers/vehicle-hour. 

9. Regional characteristics. The Section 15 
var..id.Ul~ Uiwi'IA t'u~ui.ai..iuu wa::, 

size of the urban area, and, 
dummy variables, the following 
regional differences: 

to avoid the use of 
were used to describe 

• Mean July temperature (degrees Fahrenheit), 
• Mean January temperature (degrees ~·ahren

heit), 
• Heating degree-days in a year, and 

Cooling degree-days in a year. 
10. The system's organizational and management 

structure. 

Results Obtained 

The regression equation that best predicted the av
erage wage rate was 
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YlO 

where 

-11.24 + o.242•10- 2 •xs + 
{ 0. 47) 

0.515'X6 
{0.30) 
(17. 0) (40 .1) 

+ o.212·10-•·x7 + 
{0.26} 
(14.4) 

3.22•x0 + 9.64'X9 
{0.22) {0.15) 
(10.3) (4.4) 

0.648 (adjusted= 0.628) 

average base wage rate, 

(10) 

YlO 
X5 average monthly earnings for city employees 

(adjusted for system FYs), 
X6 
X7 
XS 

Ln (vehicles operating in the p.m. peak), 
heating degree-days per year, 
fraction of operators working full time, 
and 

X9 line service hours/total service hours. 

The coefficient signs of the independent vari
ables are in agreement with the hypotheses. The nat
ural log of vehicles operated during the p.m. peak 
(X6) is the only variable associated with system 
size that entered the equation. The positive sign of 
X8 indicates that wages are higher when full-time 
operators predominate in a system. This implies 
that, in Item 5 in the preceding list, the first and 
second hypotheses, but not the third, are correct. 
The variable heating degree-days per year (X7) acts 
as a proxy for all regional characteristics descrip
tors. The positive sign of its coefficient indicates 
that, other things being equal, systems in the north 
are paying higher wages. Historical reasons may be 
the cause of this because transit was developed 
first in the old, northern, industrial cities. Vehi
cle capacity, the intensity of use factors, and city 
population are all reasonably well correlated with 
the base wage rate (r = 0.30 to 0.40), but they be
come insignificant when entering the equation along 
with the other variables. The percentage of work 
trips made by public transportation in the city was 
well correlated (r = 0.50) with the wage rate. How
ever, it was also correlated with other independent 
variables such as system size and city employee 
wages, and this is the reason for its exclusion from 
the equation. Variables describing the system's 
organizational and management structure were not 
well correlated with the wage rate. 

Total Salaries per Platform Hour (Element C) 

The total amount paid for salaries per platform hour 
is a composite variable obtained by the product of 
the wage rate times the unproductivity factor. This 
composite variable should be influenced by the same 
factors that influence its two component parts. 

The regression equation that predicted total sal
aries per platform hour best was 

Yll = -45.68 + 0.32°10- 2 •x5 + 3.46'X8 + 15.38'X9 
{0.44} {0.17} {0.17} 
(30.0) (7.2) (5.7) 

+ 0.740'Xl0 + 0.138'Xll + 3.03'Xl2 
{0.18} {0.19} {0.23} 
(7.8) (7.2) (8.4) 

R2 0.720 (adjusted= 0.70) (11) 

where 

Yll total salaries per platform-hour; 
XS average monthly earnings for city employees 

(adjusted for system FYs); 
XB fraction of operators working full time; 
X9 line service hours/total service hours; 

XlO high peak-to-base ratio; 
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Xll weekday hours of operation; and 
Xl2 Ln (county income per capita, 1981) • 

The results are as expected. Most of the vari
ables that explain this composite ratio appeared 
also as explanatory variables of either or both of 
its two component elements (X8 and X9 for the wage 
rate, XS for both, and Xl2 for the unproductivity 
factors but in a different functional form). The 
high peak-to-base ratio (XlO) replaced X4 (and 
partly X2) as a service profile characteristic vari
able, and the weekday hours of operation (Xll) en
tered as a substitute for X6. In addition, Xll 
serves as a service characteristic descriptor be
cause it leads to higher unproductivity through the 
payment of night shift premiums. 

Fringe Benefits per Platform-Hour (Element D) 

This variable is greatly affected by the total sal
aries per platform-hour because most fringes (FICA, 
pensions, and so forth) are by legal or contractual 
provisions in direct proportion to paid salaries. 
Even fringe categories such as vacation and holiday 
pay will be directly proportional to wages (the par
tial correlation between wages per platform-hour and 
fringes per platform-hour is 0.8). Therefore, fringe 
benefits per platform-hour would be affected by the 
same factors that influence the unproductivity fac
tor and the average base wage rate. 

The regression equation that best predicts fringe 
benefits per platform-hour is 

Yl2 = -16.32 + o.200•10- 2 •xs + 
{ 0. 48} 
(48.0) 

+ 0.759'Xl0 + 0.088'Xll 
{ 0.32} { 0.20} 
(21.2) (7.4) 

l,90'X8 + 12.23'X9 
{0.16} {0.23} 
(5.9) (11.7) 

0.682 (adjusted 0.662) 

where 

Yl2 fringe benefits per platform-hour, 

(12) 

X5 average monthly earnings for city employees 
(adjusted for system FYs), 

X8 fraction of operators working full time, 
X9 line service hours/total service hours, 

XlO high peak-to-base ratio, and 
Xll weekday hours of operation. 

The strong relationship between total salaries 
and fringe benefits is confirmed by the fact that 
all the independent variables of Equation 12 were 
also used in Equation 11. 

Total Operator Cost per Platform-Hour (Element E} 

This is the overall composite measure of the opera
tors' cost efficiency and it should be influenced by 
the combined effects of the variables appearing in 
all previous equations. 

The regression equation that best predicts total 
operator cost per platform hour is 

Yl3 = -34.34 + 0.616°10- 2 •xs + 6.88'X8 + 26.56'X9 
{0.55} {0.24} {0.22} 
(75.0) (12.2) (13. 7) 

+ l.2l'Xl0 + 0.273'Xll - 0.42l'Xl3 
{ 0 .19} {0.19} {0.14) 
(7 .9) (9. 7) (4.8) 

R' = 0.746 (adjusted= o. 726) (13) 
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where 

Yl3 ~ total operator cost per platform-hour, 
X5 = average monthly earnings for city employees 

(adjusted for system FYs) 
Ao - fraction of operators working full tima, 
X9 = line service hours/total service hours, 

XlO = high peak-to-base ratio, 
Xll = weekday hours of operation, 
Xl3 = mean January temperature (degrees Fahren

heit). 

With the exception of Xl3 all other variables 
have already been uced to explain &ome of the compo
nent parts of this final, composite, efficiency in
dicator. The mean January temperature entered the 
equation replacing the number of heating degree-days 
per year (X7) that was used previously as the geo
graphic region descriptor. Although both Xl3 and X7 
are temperature-related variables, they are nega
tively correlated and this is the reason why Xl3 
enters Equation 13 with a negative sign, whereas X7 
had a positive sign in Equation 10. 

SUMMARY OF RESULTS 

The results indicate that a major , portion of the 
variation in the operator unproductivity factors, 
the base wage rate, and the consequent composite 
operators' efficiency ratios, can be explained hy 
the socioeconomic, regional, revenue, and service 
characteristics variables that constitute the envi
ronment in which a transit system operates. These 
findings make it possible to make useful and mean
ingful comparisons among transit systems by account
ing for the exogenous factors that affect their 
efficiency, and thus m9ving a step further along the 
difficult, crucial process, which is of interest to 
every transit manager, of exploring and determining 
the sources of unit cost variations among transit 
systems. 

Explaining the total cost variations is, without 
a doubt, a much easier process than explaining unit 
cost variations, as the following model demonstrates: 

Yl4 = 0.757 + l.148"Xl4 
{ 0. 98} 
(1,828) 
R2 = 0.956 (adjusted= 0.956) (14) 

Yl4 -0.0247 + l.013"Xl4 + l.085"Xl5 + l.072"Xl6 
{0.86} {0.20} {0.08} 
(19,524) (1,017) (181) 

R2 = 0.999 (adjusted= 0.998) (15) 

where 

Yl4 Ln (total operators' cost), 
Xl4 • Ln (plotform-houro), 
Xl5 Ln (average base wage rate), and 
Xl6 = Ln (unproduotivity factor Yl). 

Platform-hours explain almost all the variation 
in total operators' cost (Equation 14), and the ad
dition of two more variables produces a perfect fit. 
However, this is a rather trivial exercise because 
Equations 14 and 15 can only be used for forecasting 
purposes and are completely useless as diagnostic 
tools. On the other hand, Equations 1 through 13 can 
be used for diagnostic purposes and can pinpoint the 
sources of operators' inefficiencies. 
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OBSERVATIONS AND CONCLUSIONS 

Although the diagnostic equations presented here 
have reasonably good fits, their applicability, 
validity, and accuracy are a function of the follow
.: ... g ,..,.... ... #"".:~ft ... ~+--lr.neo +-h=t+- ~h'"',,ln ho lropt- in minM be-
fore system comparisons are undertaken: ' 

1. Most variables were derived from Section 15 
data, the uniformity of which provides unique re
search opportunities. However, Section 15 data are 
far from perfect. Detailed examinations of each 
transit system had to be performed to ensure data 
validity (see paper by Bladikas and Papadimitriou in 
this Record). Missing data are a minor problem com
pared with possible definitional ambiguities in the 
data definitional elements that cause erroneous en
tries that are harder, and occasionally impossible, 
to identify. 

?. • Layover time--the time spent at the end of a 
route before the commencement of another run--is 
included in the platform-hours of service, and, 
therefore, it is counted as productive time even 
though vehicle and driver are idle and are not serv
ing passengers. Layover time provides leeway for 
variations in the running time and is used to main
tain schedule adherence. There is, therefore, a 
trade-off between efficiency and quality of service 
because long layover times practically guarantee 
strict schedule adherence, whereas short layover 
times imply a high risk of scheduling abnormalities. 

3. Deadheading hours--traveling to and from the 
first (last) passenger stop from (to) the bus yard-
are included in the platform-hours. Although dead
heading hours should be minimized, the problem here 
is not one of driver productivity but one of route 
structure and garage location. 

4. The wage rates calculated and used here in
clude only 1 year of observations, although most 
labor contracts are in effect for more than a year. 
It may, therefore, make a difference if the wage 
rates used represent wages that a contract stipu
lates for its first or last year. Pooled wages from 
3 consecutive years of data could be used in further 
research. 

5. The wage rate also affects the quality of 
hired and retained personnel. It is safe to assume 
that low wages will not attract good drivers and 
will also induce high turnover rates, thus creating 
unproductive times during the training of new driv
ers. Employee dissatisfaction and absenteeism could 
also be the product of low wage rates. 

6. The service characteristics variables used 
represented supplied and not demanded service. For 
example, the actual high peak-to-base passenger de
mand may be three, but the high peak-to-base ratio 
calculated from service supplied data is two. This 
is because transit managers find it more cost effec
tive to run vehicles during the midday period and 
.LJJL.:U1. i..in: L u,111.i.uy 

remain idle. 

- • - • - • •• - • • L - - ---
'-,;U~ l.:::. \..lJCl.11 \..V },'Q_l -----<1..---Ut-"C• .... "-"'"" ... 

In spite of the limitations that are inherent in 
these models, the results indicate that the addition 
of a limited number of environmental variables to 
the Section 15 data is sufficient to analyze the 
factors that influence variations in operators' 
costs. The variables identified and used in the 
equations are to a large extent and for all practi
cal purposes outside the system operator's control. 
This provides the opportunity to make valid compari
sons of transit systems because inefficiencies are 
diagnosed in terms of variables that cannot be af
fected by the system operators' managerial skills. 
However, a system operator is not completely help-
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less, even if the operator's efficiency is a func
tion of mostly exogenous variables. 

Using the models presented here, transit managers 
can determine their efficiency relative to other 
systems and thus know if they are above or below 
industry norms. Although no indexing measure has 
been developed to determine the exact position of a 
transit system among the rest, it is sufficient to 
know at least if a system is over- or underperform
ing. With the assistance of the models that diagnose 
each individual cost component, a system operator 
may take corrective action to improve efficiency in 
any of the cost components. Future labor contracts 
could be less generous with clauses that affect ef
ficiency, and wage increases could be tied to pro
ductivity improvements. Steps can also be taken to 
reduce the detrimental effects of peaking character
istics by using more part-time labor, using opera
tors for other functions during the midday, and pur
chasing transportation during peak periods. 

It is difficult to solve or even discuss the ex
tremely delicate problems of labor efficiency. The 
issue is not only highly political, it also deals 
with human resources that cannot be manipulated or 
treated like inanimate objects. However, in view of 
the financial difficulties of the transit industry, 
it behooves both labor and management to improve the 
system's efficiency. The proper diagnosis and under
standing of the problem is in the best interest of 
all parties concerned with the viability and surviv
ability of public transportation. 
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Getting Control Over Operating Budgets: 

Methodology for Evaluating Productivity Alternatives 

JEFFREY E. PURDY, DOUGLAS W. CARTER, and WILLIAM R. STEINMETZ 

ABSTRACT 

Produclivily improvement.,; hav!! bec.:ume a key element in the struggle to pre
serve the integrity of transit service in an environment of diminishing public 
funding. The need for increasing operating efficiency through productivity im
provements is not unique to transit operators in the United States. Transit 
systems in the United Kingdom are also being pressed to realize operating sav
ings by reductions in funding from the central and regional governments. One 
agency, London Transport-Rail, has incorporated productivity improvement pro
grams as a fundamental element of daily operations. In doing so, they have 
encountered a number of problems related to productivity project development, 
analysis, and control. These prohlems provided the impetus for conducting a 
study that developed a standardized process and analytic technique for prepar
ing a productivity program. The methodology, detailed in this paper, allows for 
consistent analysis and evaluation of a wide variety of productivity tasks that 
require varying degrees of capital or operating expenditures, or hoth, and sav
ings over incongruent time periods. The analytic technique is simple to apply 
and uses net present value analysis to compare diverse projects. The standard
ized productivity development process allows anyone in the organization to pre
sent a "good idea" for improving efficiency and provides a consistent evalu
ation of these ideas to facilitate sound decision making by top management. 

Operating in an era of diminished public funding, 
transit agencies are pressed to find ways to reduce 
or constrain expenditure of limited operating dol
lars. Many systems facing severe financial con
straints have already initiated substantial service 
reductions and fare increases to balance costs with 
available revenues. Although this response may be 
appropriate for averting an immediate cr1s1s, it 
often serves to undermine transit's goal of meeting 
local transportation needs and contributes to the 
downward spiral of service utilization. Transit man
agers cannot rely on service and fare changes as the 
sole means of budget control and are now seeking 
improvements in productivity as a means to balance 
budgets while preserving service integrity. 

Productivity options take a number of different 
forms, each with unique requirements in terms of 
cost and time. Transit systems may use a capital 
investment to reduce operating costs, Procurement of 
computers and automation of labor-intensive activi
ties have proven successful in many agencies. Other 
systems have engineered improvements of equipment 
anri c~r,it.::11 1-n riorl11r4? "':'':l'r~tj!''J' ::-!'t.:I m-?i!'!f:~!'!?!'!':"e !'~

quirements. Transit systems may also invest operat
ing dollars to gain productivity improvements. Such 
investments may focus on staff training or purchas
ing improved materials, which are then leveraged to 
achieve even greater savings. Other productivity 
programs may focus on tactical changes such as dis
banding an internal function and contracting those 
services out. There are many options available to 
transit agencies for improving resource utilization 
ranging from the sublime to the ridiculous. The dif
ference between one extreme and the other often 
translates to what program will bring the greatest 
net return (i.e., reduction in overall expenditures) 
if implemented. This relationship is not always ap
parent because productivity options require varying 
degrees of investment of funds and energy and pro-

vide different returns over incongruous time pe
riods. 

Transit systems need a structured approach for 
identifying and evaluating productivity options to 
meet successfully the current financial challenge. 
The results of a study that developed a standardized 
process for identifying, reviewing, and evaluating 
productivity options for London Transport-Rail (LT
Rail) are described. Although the methodology was 
developed to address the specific needs of LT-Rail, 
many parallels exist with agencies in the United 
States, and the evaluation framework has hroad ap
plications elsewhere. 

CASE STUDY: LONDON TRANSPORT-RAIL 

LT-Rail has fully recovered operating expenditures 
from passenger fare revenues (i.e., achieved a 1.00 
fare-box recovery ratio) durinq the last decade. 
However, during the past 2 years, achieving a favor
able fare-box recovery ratio (i.e., the percentage 

has been increasingly difficult. Factors that have 
been contributing to the problem include 

• Declining central London population and em
ployment, 

' Increasing staff levels due in part to a 
shorter work week, 

• Operating costs that are increasing at a pace 
that exceeds the Retail Price Index, and 

'A tendency to increase fares to compensate 
for increased costs and declining passenger levels. 

At the same time, the LT-Rail infrastructure was in
creasingly in need of major capital investment. Sta
tions, trackform, workshops, and the fare collection 
system were in need of modernization and attendant 
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infusion of capital investment funds. However, be
cause total funding for transport has been limited, 
a new approach for revitalizing the LT-Rail system 
was needed. 

In May 1983 the LT-Rail directors approved their 
first comprehensive strategic plan. The plan com
mitted LT-Rail to an ambitious capital investment 
program that would modernize and revitalize the huge 
underground rail system. The key to the program's 
success was the more efficient use of capital funds 
and the reduction of operating expenditures to be 
achieved through new procedures and reduced staffing 
levels wherever possible. One area of obvious oppor
tunity for reduced operating cost was the mainte
nance budget, which currently stands at ElOO million 
($130 million) per year in expenditures for mainte
nance activities. The plan required a reduction in 
this operating expenditure of 2 percent per year, or 
roughly E2 million ($2. 6 million) per year, for 2 
years. The challenge was to achieve this operating 
cost reduction while improving the condition of the 
infrastructure through judicious capital investment 
and maintaining the quality standards for which LT
Rail is famous worldwide. 

Two types of initiatives are now being undertaken 
by LT-Rail to implement their approved strategic 
plan. The first is capital projects that are devel
oped by a formal process conducted by dedicated 
staff, including financial evaluation and top man
agement review and direction resulting in successful 
project implementation. The second set of ini tia
t ives is productivity tasks for maintenance and en
gineering functions. The objective of these tasks is 
to reduce the operating expenditure for rail mainte
nance through a wide variety of procedural, organi
zational, and operational changes. Departments are 
given targets in the strategic plan for reducing 
operating budgets and are directed to develop pro
grams to reach those targets. Productivity options 
are developed by any number of staff members in a 
given department. Some options are a response to a 
visible problem (e.g., an equipment reliability 
problem), although most are the result of a "good 
idea" generated by someone who has identified a bet
ter (i.e., more efficient) way to perform existing 
functions. There are now more than 300 productivity 
tasks that were developed to reduce maintenance ex
penditure. The implementation of these tasks is 
under way and has contributed more than £2 million 
per year in cost reduction to date. The challenge is 
to keep these tasks progressing and contributing to 
operating cost reduction. 

A system entitled value analysis was developed to 
assist the manager of each productivity task in the 
development and implementation of his productivity 
tasks. Many of these tasks require significant cap
ital investment to achieve the operating expenditure 
reduction desired. Moreover, productivity tasks gen
erally have alternative approaches that must be 
evaluated. All productivity tasks require review by 
several layers of the organization, including the 
line manager responsible for day-to-day operation, 
financial staff, and top management. LT-Rail's expe
rience in developing capital projects needed signif
icant improvement to meet the ambitious objectives 
of the new strategic plan. The objective of reducing 
maintenance expenses required a new process that was 
efficient and easy to use for the managers involved 
and the reviewers. The resulting value analysis sys
tem, in both its manual and microcomputer versions, 
meets these objectives. 

INITIAL PROBLEM 

Although the response to the need for productivity 
improvements has been tremendous, several problems 
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have occurred in comparing potential tasks and de
veloping implementation priorities. The problems 
fall into three areas: the process, the analysis, 
and the documentation of productivity tasks. Each of 
these is discussed hereafter. 

The approach to productivity task development is 
decentralized--virtually any staff member can sug
gest a potential improvement. The review and authori
zation of productivity tasks, however, are central
ized and require that top management review each 
task. At the onset, there was no accepted standard 
for developing tasks or soliciting input into task 
development by affected parties. Poor communications 
in the initial proposal development process led to 
incomplete identification of alternative ways to 
implement a project and to interpersonal conflicts 
when affected parties were not consulted during pro
posal development. Further, the staff members re
sponsible for developing projects did not fully 
comprehend finance department and top management 
expectations in terms of alternatives development, 
analysis, and documentation. Several engineers found 
the productivity proposal process to be frustrating 
and could not determine the criteria that the fi
nance department used to evaluate projects. The 
staff members responsible for proposal development 
were becoming increasingly frustrated by the seem
ingly ad hoc productivity development and review 
process. 

In addition to inadequate communications, the 
analysis of alternatives varied considerably among 
departments and individuals. Capital and operating 
costs (savings) were estimated at various levels of 
aggregation and accuracy. The time period required 
to implement programs, and realize the savings, was 
not typically considered in the analysis. Also, no 
indication of the relative accuracy or range of 
potential savings was shown in proposals. The result 
was that managers responsible for project authoriza
tion and cost reduction were comparing incomparable 
numbers to make key productivity decisions. 

Another problem occurred in documenting projects. 
There was no accepted format for documentation and 
even the best projects often lacked sufficient docu
mentation for authorization. Two common problems 
were that alternative implementation plans that were 
dropped during the analytical phase and relevant 
assumptions or constraints were omitted from the 
proposals. Frequently, reviewers would request that 
additional analysis be done on those alternatives 
already dismissed by the proposal author; this re
sulted in substantial delays. 

The deficiencies inherent in the initial produc
tivity development process, shown in Figure 1, led 
to substantial problems at all levels of the produc
tivity program. The results included extensive de
lays in authorizing projects and failure to realize 
the maximum savings anticipated from many projects. 
Recognizing the shortfall, LT-Rail and their con
sultant conducted a study to revise and standardize 
the productivity evaluation program. 

PROJECT OBJECTIVE 

The objective of the project was to develop a pro
ductivity process and analytic methodology that 

• Assesses capital, operating, and maintenance 
costs of productivity projects; 

• Applies to capital investment, tactical 
(e.g., contracting out), and productivity proposals; 

• Is consistent with and complementary to ex
isting finance department principles and practices; 

• Produces reliable and comparable results 
through consistent analysis of all projects; 
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FIGURE 1 Overview of initial task/project development process. 

• Promotes effective alternative project iden
tification and analysis: and 

• Is easy to use and understand. 

To satisfy these diverse criteria and address the 
problems identified in the review of existing proce
dures, a two-level approach to value analysis was 
formulated. 

VALUE ANALYSIS FRAMEWORK 

The analytical process and procedure developed to 
address LT-Rail's need was entitled "value analy
sis." The process consists of two levels, a prelim
inary and a final value analysis, as shown in Figure 
2. 

The value analysis methodology has several key 
features: 

• Capital and operating cost and savings impli
cations of engineering productivity projects are 
expressed in whole-life costs, or net present value: 

PROBLEM /NEED 
DEFINITION 

(Client, Engineer) 

• Generation of alternative implementation 
strategies is encouraged early in the process 
through use of a quick and simple level of analysis: 

• Input from the finance department and other 
affected parties is solicited early in the process: 
and 

• The value analysis technique serves as a 
standard to guide all productivity projects, thus 
ensuring consistent and comparable program analysis. 

The preliminary analysis step is intended to de
velop many alternatives in brief detail without 
developing rigorous specifications for the task's 
operating characteristics. Aggregate cost estimates 
are developed for capital requirements and the im
pact on operating expenses. A simplified net present 
value analysis, which assumes an even annual cash 
flow, is performed so that alternatives can be com
pared and evaluated. The preliminary proposal is 
submitted for initial review by all affected parties 
and identifies the most promising alternatives for 
inclusion in the final analysis. Reviewers may pro-
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FIGURE 2 Value analysis framework. 
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vide new alternatives or suggest a revision to ex
isting options before the detailed analysis begins. 

The final value analysis structure is similar to 
that of the preliminary value analysis except that 
it requires a more rigorous analysis of fewer alter
natives. The procedure conunences with the selection 
of preferred options that are arrived at by project 
review with the affected parties. 

The preferred option specifications are detailed 
and comprehensive capital and operating cost savings 
are estimated. A net present value analysis is per
formed for each preferred option and incorporates 
implementation schedules for realization of capital 
and operating costs and ensuing cost reductions. The 
results are compared, a reconunendation is developed, 
and a final proposal is written and submitted for 
financial conunentary before authority is sought. 

The financial conunentary is currently a step in 
the existing procedure and acts as a check to ensure 
that the estimates are reasonable and the analytic 
techniques are acceptable. In this activity, the 
finance department serves as an "outside auditor" or 
watchdog over financial estimates. Following finan
cial conunentary, the proposal is submitted to top 
management for the authorization decision. 

APPLICATION OF THE PROCEDURE 

The value analysis procedure is applicable to virtu
ally all types of capital investment, tactical, and 
productivity projects. By using net present value 
analysis, capital investment, tactical, and produc
tivity alternatives can be equitably compared with 
each other to optimize the return of investment to 
the transit system. The procedure should be applied 
to all projects that realize both capital cost and 
operating expense or savings. It is particularly 
important to use the procedure with projects that 
have phased capital costs or uneven annual streams 
of operating expense or savings, or both. 

However, the procedure does not necessarily apply 
to all projects. The procedure need not apply to 
projects that realize constant annual operating cost 
reductions without incurring capital expenses. An 
additional case in which the procedure may not be 
appropriate is when the cost savings of a particular 
project are relatively small (i.e., the level of ef
fort required might exceed the benefit received). 

Flexibility can be built into the procedure. The 
preliminary value analysis should be applied to all 
projects regardless of the magnitude of savings. 
However, a cut-off point can be established to avoid 
excessive work on minor productivity issues. The 
cut-off point could be a net present value or cap
ital cost threshold that, if exceeded, would require 
application of the final value analysis step. If the 
threshold is not exceeded, reconunendations would be 
developed from the results of the preliminary value 
analysis. 

In the study for LT-Rail, a threshold of £25,000 
for operating cost (savings) or a capital cost (sav
ings) of £50,000, or both, was determined as having 
a significant impact on the organization. Below 
these thresholds only the preliminary value analysis 
is required. The full two-level value analysis is to 
be applied to all projects that exceed these cost or 
savings figures. 

PRELIMINARY VALUE ANALYSIS PROCEDURES 

The preliminary value analysis focuses on developing 
and screening productivity task options. The prelim
inary analysis conunences with definition of a prob
lem or need, or simply a good idea for doing things 
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more efficiently. On the basis of the need defined, 
the task manager must develop options for meeting 
the need. The task manager can rely on his own inge
nuity, assistance from affected parties, and knowl
edge of similar situations to develop an initial set 
of options. 

Options are alternative approaches to solving 
productivity problems and reducing operating expen
ditures. They may involve a capital expenditure to 
achieve a greater operating expense reduction and 
involve an inunediate or phased-in implementation 
schedule. Options can include technology invest
ments, organizational change, incentive schemes, new 
production techniques, or procedural revisions. Any 
process can be considered an option at this stage of 
the analysis regardless of reasonableness or feasi
bility (qualitative measures of cost-effectiveness). 
The most obvious and common solution may not be the 
most cost-effective. 

The process of option generation relies on the 
different engineering disciplines and experience, 
which often bring varying solutions and contribu
tions. The process of developing options encourages 
the generation of the "bright idea" and unconven
tional approaches to problem resolution. 

When options have been identified, the task man
ager proceeds to conduct the preliminary financial 
analysis, which is relatively uncomplicated and re
quires a nominal effort to apply properly. The 
operating savings and capital cost estimates are 
provisional in nature and are intended for option 
comparison and screening purposes. The preliminary 
financial analysis is guided by a series of standard 
procedures. The result of the preliminary analysis 
is an estimate of the net financial impact, and 
value range, for each option. 

Options are then compared and evaluated by the 
task manager and the client. Evaluation should focus 
on both the financial and the nonfinancial implica
tions of each option. The annual operating cost re
ductions, capital cost, and net present value 
provide a sound basis for financial evaluation. An
ticipated impacts on organizational effectiveness 
must be considered and documented as well. The ini
tial proposal and analysis documentation are com
pleted and submitted for review by other interested 
parties (e.g., department manager and finance di
rector). 

The preliminary value analysis is intended to be 
an uncomplicated, but sound, financial evaluation of 
task options. The analysis is guided by four stan
dard procedures: 

• Capital cost estimation, 
Incremental operating cost/savings, 

'Net present value calculation, and 
• Initial proposal documentation. 

Each procedure develops a specific element of the 
preliminary value analysis that, when completed, 
provides adequate documentation of the analytic re
sult. 

Capital Cost Estimation 

The procedure for preparing the preliminary capital 
cost estimate assumes that all capital costs will 
occur in the first year of project implementation. 
High and low capital costs are estimated to define a 
value range, The opecific requirements for estimat
ing cost are as follows: 

' On the basis of the options identified, major 
and ancillary equipment items are to be defined in 
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terms of quantity and unit cost, the product of 
which is total cost. 

• Installation and site costs may be estimated 
using a single value amount (i.e., lump sum). 

• Training and manuals may be needed for some 
task options. These labor and materials costs can be 
estimated in one lump sum. 

• The preliminary capital cost estimate should 
include a single amount for the initial supply of 
maintenance materia l s and supplies (e.g., spare 
parts). 

• Each capital cost area is summed for best and 
worst cases. 

• The useful life of the equipment is required 
for net present value analysis. 

• All sources should be listed and may include 
telephone inquiries to sales outlets, manufacturers' 
price lists, examination of similar projects, and 
previous experience. 

The results of the capital cost estimate for each 
option are documented for inclusion in the net pres
ent value analysis and in the initial proposal. 

Annual Incremental Operating Cost 

The procedure for preparing the preliminary incre
mental operating cost/saving estimate is conceptu
ally simple. The operating cost estimate represents 
the expected change in current annual operating 
costs if the proposed option were implemented. High 
and low estimates of the expected effect on revenue 
expenditures are to be prepared and recorded for 
each option. The specific requirements for estimat
ing the change in revenue expenditures are 

• Direct labor costs are estimated on the basis 
of the change in the number of employees by position 
and average annual salary for the respective posi
tion. 

• An estimate should be made for those elements 
in overhead expenses that vary with the number of 
staff employed or person-hours worked, and the vari
able overhead factor should be determined. 

• Total labor expense/savings is calculated by 
summing direct labor costs for all positions and 
multiplying the sum by the variable overhead factor. 

• The change in the cost of materials and ser
vices can be expressed as a lump sum based on past 
experience, or built up based on major elements 
(e.g., spare parts, utilities, paper and ribbons, 
bearings). 

• The expected change in total expenses is 
found by summing total labor and materials costs. 

The present value of the expected change in an
nual revenue expenditures is also calculated. Both 
best and worst case revenue estimates are analyzed 
?I~ fol lnw~! 

• The previously determined expected annual 
operating savings/expense is inserted. 

• The analysis period is identified consistent 
with the longest use fol eCJll ipment 1 i fe if a r.11pi t;i1 
expenditure is involved in any task option. If no 
capital expense is required for any option, the 
analysis period can be relatively short (e.g., 5 
years). The same analysis period must be used for 
all options in a single task. 

• The simple present value factor for an an
nuity is determined from standard annuity tables and 
must correspond with the analysis period. 

• The present value of operating expense/sav
ings is the product of annual operating expense/sav
ings and the present value factor. 
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The results of the present value analysis and 
ceding steps are documented. The sources for 
operating cost estimate are recorded. This 

pre
each 
will 

assist in answering reviewer comments and in refin
ing the preliminary estimates in the final value 
analysis. 

The discount (i.e., interest) rate has been es
tablished as a matter of policy at LT-Rail. The fig
ure used by London Transport is 7 percent and repre
sents the actual cost of money to LT, given its 
sources of funds and avenues for borrowing and in
vesting public monies. u.s. agencies faced with de
termining a discount rate might consider using cur
rent interest rates for u.s. Treasury Bills, which 
include some allowance for inflation, or some s im
ilar rate to determine the cost of funds. It is im
portant to note that the LT-Rail value analysis pro
cedure is applied by individual engineers, and as 
such does not include an algorithm for incorporating 
inflation into productivity estimates. The finance 
department, however, does use a complex computer 
model to incorporate the anticipated implications of 
inflation in the actual budgeting process. 

Net Present Value 

The net present value for a given option is defined 
as the sum of capital costs and the present value of 
the change in annual operating expenses over the 
effective life of the task. The procedure for deter
mining net present value is simple and relies on 
estimates developed in the preceding two steps. The 
steps in the analysis are as follows: 

• The mean of the capital cost estimate is 
found by summing the best and worst case capital 
cost and dividing by two. 

• The mean of the present value of operating 
cost/savings is found by summing the best and worst 
case operating expenses and dividing by two. 

• The net present value for best, worst, and 
mean cases is found by summing capital cost and the 
present value of operating expenses. 

• The value range from the mean is found by 
dividing either best or worst case net present value 
by the mean and expressing the result as a percent
age difference from the mean. 

• The average annual operating expense/savings 
is determined by summing best and worst cases and 
dividing by two. 

When the net present value of each option has been 
calculated, an evaluation of each alternative is 
performed and the initial proposal summary is pre
pared. The proposal summary indicates which options 
are recommended for final value analysis. 

Initial Prooosal Summarv 

The initial proposal summary briefly presents an 
overview of. the task development and analysis re
sults, as shown in Figure 3. The key issues reported 
are 

• A brief summary of the problem, need, or ob
jective that the task options try to address. 

• The option or options recommended by the task 
manager for final value analysis or management ap
proval should be noted. Reviewer recommendations are 
required as well. 

• A summary of each option is to be recorded, 
including option title, mean capital cost, mean an
nual operating expense change, and mean net present 
value. The task manager is to fill in the comments 
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PROJECT NO : 
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REVIEWER: 2 3 4 5 

OPTION SUMMARY 

OPTION 1: 
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Comments: 

OPTION 5: 

Annual Rev. Exp. Ch, nge £ 

Commtnts: 

FIGURE 3 Initial proposal summary. 

section with a brief description of the option and 
any pertinent nonfinancial issues related to the op
tion. 

The initial proposal summary, with the documentation 
developed at each step of the preliminary value 
analysis procedure, is to be circulated to appropri
ate reviewers (e.g., department managers, client, 
finance director) to solicit their comments and sug
gestions. 

FINAL VALUE ANALYSIS PROCEDURES 

The final value analysis is intended to be a de
tailed evaluation of a limited number of potentially 
beneficial options. It builds on, and refines, the 
preliminary value analysis. The documentation from 
the preliminary analysis will serve as the starting 
point for further option evaluation. The final 
analysis procedure is guided by four standard proce
dures: 

• Estimate final capital cost, 
• Estimate final incremental operating expense, 
• Calculate final net present value, and 
• Develop and submit final proposal summary. 

Each procedure provides detailed documentation of 
the analysis and results. The information on cost/ 

Capital Investment £ 

Net Present Value £ 

Capital Investment £ 

Net Present Value £ 

savings, tasks, and implementation schedules is to 
be of a quality appropriate for inclusion in operat
ing budgets, formal cost estimates, and project im
plementation. 

The approach requires a disaggregate cost/savings 
buildup with documentation on sources of estimates. 
The disaggregate procedure incorporates phased cap
ital expenditures and lags in realization of operat
ing expense reductions. The net present value analy
sis combines the lifetime incremental operating and 
capital cost/savings in a single amount. 

Final Capital Cost Estimate 

The final capital cost estimate is to be built up 
from individual line item categories (e.g., major 
equipment items, site costs). It is intended to pro
duce a cost figure suitable for budgeting purposes, 
inclusion in a formal cost estimate, and revision of 
capital and operating estimates for productivity 
within the monitoring system. The analysis procedure 
begins with a review of the preliminary capital cost 
estimate and culminates with completion of the final 
capital cost estimate. 

A separate capital cost estimate should be pre
pared for best and worst cases when any significant 
degree of uncertainty exists in either quantity or 
cost elements of the estimate. In cases in which the 
option is well defined and the degree of uncertainty 
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is minimal, a most likely estimate alone will suf
fice. The specific procedures for final capital cost 
estimation follow: 

• The major equipment items listen in the pre
liminary capital cost estimate should be examined 
and revised, as appropriate. The project manager 
should examine and refine the level of detail for 
line items (e.g., a finer breakdown of equipment 
items may be appropriate), the quantities of equip
ment by type, and unit costs, as needed. 

• The site and installation costs should be 
reviewed and disaggregated, as appropriate. It is 
nft-Pn e,rniPr t-n npvplnp rt mnrp r1r.r.11r,:1t-p r.nRt- PRti
mate by examining individual cost elements instead 
of a single lump sum. 

• The training and manuals cost, previously 
addressed as a lump sum, should be itemized to allow 
a better cost estimate. The number of person-days 
required in training and required training materials 
(e.g., manuals) may be an appropriate level of 
detail. 

• The initial supply of materials should be re
fined, as needed. It may be appropriate to note 
major maintenance materials and supplies by category. 

• The total capital cost is found by summing 
cost estimates for each element. 

• The useful equipment life should be reviewed 
and revised, as appropriate. This figure is to rep
resent the number of years the equipment is expected 
to be used and maintained in a cost-efficient man
ner, This may well be shorter than the total life 
expectancy of the hardware if at some point it be
comes too expensive to maintain or too costly to op
erate. 

The level of detail contained in the final capital 
cost estimate is the most significant difference 
from the preliminary capital cost estimate. In addi
tion, capital cost phasing, or the capital cost 
realization schedule, is also valued in the final 
estimate. This is particularly important for proj
ects with large capital costs that require new fa
cilities and, therefore, take time for construction 
and for the procurement of equipment. 

Final Incremental Operating Expense Estimate 

The final incremental operating expense/savings es
timate is to be built up from individual line item 
categories and should be suitable for decision-mak
ing and budgeting purposes. The analysis procedure 
begins with a review of the preliminary estimate. 
Like the capital cost estimate, the operating cost 
estimate must be time relevant; that is, if it re
quires more than 1 year to realize the maximum reve
nue oavingo potential (e.g., labor reductioni. 
through attrition or if annual operating cost reduc
tions are expected to decrease over time), this must 
oe ret~ectea in tne cost estimate. ~f any signifi
cant degree of uncertainty exists, best and worst 
cases should be estimated. The specific procedures 
for the final incremental operating expense estima
tion are as follows: 

• Direct labor should be estimated by position 
and by the period when the savings/expense occurs. 
If a labor savings or expense occurs partway through 
the year, this should be indicated. The analysis 
should use 13 equivalent (i.e., 4-week) periods per 
annum as the basis for allocation of labor savings 
(i.e., an employee expected to leave the rail busi
ness after six periods would be indicated by multi
plying one employee by 6/13 by the annual salary for 
that position to determine the annual cost reduc
tion). 
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• Allowance should be made for those elements 
in overhead expenses that vary with the number of 
staff employed or person-hours worked. This should 
be done with the department's costing office. 

• Total labor expense/savinqs is calculated by 
summing direct labor costs for all positions and 
multiplying the sum by the variable overhead factor. 

• The change in annual materials and services 
costs should be itemized to facilitate an accurate 
cost buildup. Cost categories might include mainte
nance materials, office supplies, utilities, and 
fuel. 

• Other costs should be estimated by item as 
well, An example of a cost in this category might be 
the cost of contracting out maintenance services or 
the use of a typing service. 

• Total annual expense/s,,vings is the sum of 
the previously mentioned operating expenditures. 

• All quantity and unit cost elements should be 
accompanied by a source reference to ~nsuro account
ability. 

Following these steps and recording the analyses, 
assumptions, and sources of data will result in doc
umentation that supports project recommendations in 
the final proposal summary. 

Calculation of Final Net Present Value 

The net present value for a given option is defined 
as the sum of capital costs and present value of the 
change in annual operating expenses over the effec
tive life of the task option. The procedure for de
termining the net present value is relatively 
straightforward, though somewhat repetitive. Infor
mation needed for the calculation is obtained from 
the previous final estimates of capital costs and 
incremental operating expenses. The procedure for 
calculating final net present value, shown in Figure 
4, is as follows: 

• From the final capital cost estimate, extract 
the capital cost by year. The first year is ex
pressed in current dollars and all the remaining 
years are in present value terms as calculated in 
the estimate. 

• From the final incremental operating cost 
estimates, enter the cost estimates by year up to 
the effective life of the project. Each amount is 
expressed in current dollars calculated in the esti
mate. 

• Determine the simple present value factors 
from appropriate financial tables made available for 
the analysis, for years 1 to 20. To simplify the 
analysis, incremental costs/savings occurring in the 
Y"'<lrR h.,y,mn t-hP ?.Ot-.h YP/lr RrP. tn'!lltP.d as uniform 
annual amounts or annuities. Select the annuity 
present value factor to express the value of the 
dI1nu.ii:..it:?ts .iu l..iat:? ZUC.i1 yt:?<11. 

• Calculate the present value of annual incre
mental operating costs/savings by multiplying the 
simple present value factor, For years 21 and be
yond, multiply the costs/savings by the annuity 
present value factor and then by the simple present 
value factor for a lump sum payment in the 20th year. 

• Calculate the net present value by summing 
all capital costs and operating costs and then sub
tracting total operating costs from the total cap
ital costs. 

The results of the net present value should be 
documented, showing all steps taken, analysis pe
riod, and interest (i.e., discount) rate used. If 
best and worst cases are developed, net present 
value should be calculated for both along with the 
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FIGURE 4 Procedure for calculating final net present value. 

mean net present value. A value range, which repre
sents the percentage difference from the mean, 
should then be calculated and recorded. 

Final Proposal Summary 

The final proposal summary briefly presents an over
view of the complete value analysis, from the pre-
1 iminary value analysis through the final value 
analysis. The key issues reported are 

• A brief summary of the problem, need, or ob
jective that the task options are intended to ad
dress. 

• The action recommended by the project manager 

for management approval, for authorization, or for 
both. 

• The schedule recommended for implementation 
that should correspond to the schedule developed for 
the capital investment and realization of revenue 
savings in the analysis. 

• A brief discussion of the reasons for recom
mending one option and rejecting other options, or 
rejecting all options in some cases. 

• A summary of each option evaluated in the 
final analysis is to be recorded, including option 
title, capital investments, maximum operating ex
pense change, net present value, and the value range 
(best and worst from the net present value). 

The final proposal summary, shown in Figure 5, 
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n.rnT/rot IC~IT , u~r I /\..tLIL..1'\111 , 

PROBLEM STATEMENT: 

ACTION RECOMMENDED: 
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TASK NO: 
PROJECT NO : 

DATE : 

SCHEDULE RECOMMENDED : Start Date ______ _ Completion Date -------

REASONS AND COMMENTS: 

FINAL OPTIONS SUMMARY 

OPTION 1: 

Max. Rev. Exp. 
Change 

Comments: 

OPTION 2: 

Net Present 
Value 

Net Present 

Capital Investment .=£ ______ _ 

Value Range Best .. £~-----
Wor~t "--------

Capital Investment~-------

Value Range Best~£ ______ _ Max. Rev, Exp . 
Change Value . £~----- Worst _E ___ _ 

Comments: 

OPTION 3: Capitol Investment-=£~------

Net Present Value Range Best.,._ ______ _ Max . Rev. Exp. 
Change Value .£~----- Worst~£~------

Comments: 

OTHER OPTIONS REJECTED IN PRELIMINARY ANALYSIS 

OPTION ; 

OPTION : 

OPTION : 

OPTION : 

FIGURE .5 Final proposal summary. 

shoul<l l>e accomµanie<l l>y ,ill suppor Ling documenta
tion developed during the final value analysis pro
cedure. 

BENEFITS OF THE TWO-STEP PROCESS 

The value analysis of options pres~nts unique bene
fits to LT-Rail, Engineering. Before this technique 
was developed, the engineers responsible for devel
oping proposals and performing cost estimates were 
unaware of the analytic techniques used by the fi
nance department, such as net present value analy
sis. The procedure removes the mystery of financial 
analysis and demonstrates the simplicity of the net 
present value analysis technique. The finance de
partment's work load is shifted .to the engineers who 
are more knowledgeable about the impacts that new 
projects have on operating costs in their respective 
......... g.; .... ,...'-"'r.;""g ~.;C",....;p1.; ....... C". li'nr+ho.-m,... .. o, by ha,,ir!g the 

REASON : 

REASON : 

REASON: 

REASON : 

net present value analysis performed by the engi
neers, the trade-off between capital costs and oper
ating expense becomes more apparent to the personnel 
directly responsible for project implementation de
cisions. 

Another benefit of the process is that more al
ternatives can be considered in developing solutions 
to productivity problems. The value analysis proce
dure screens alternatives and focuses the expendi
ture of resou~ces on the most promising options-
those witb optimal net present value and highest 
return to the system. 

The process is developed for 1 ine managers. The 
line managers are responsitle for operating budgets 
and have been directed to achieve productivity im
provements. The value analysis process generates 
implementation schedules during the final analysis 
that can he 1is~d to 
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• Monitor project implementation 
achievement of scheduled efficiencies and 

• Develop better cost and schedule 
for future project proposals, 

and the 

estimations 

The procedure improves the likelihood of authori
zation for proposals that change standard operating 
procedures, staffing levels, and job responsibili
ties. The procedure was conceived with direct input 
from the line managers, finance, and top management 
and recognizes that they are the users and beneficia
ries of the procedure and its results. A user's man
ual and microcomputer program were developed for 
applying value analysis as a result of the study, 

The value analysis procedure has been adopted by 
the LT-Rail engineering departments and is currently 
in use, The procedure has been successfully imple
mented, and productivity tasks evaluated using the 
technique are now in the implementation phase. The 
standardized value analysis procedure is contribut
ing to more effective conununications between staff 
engineers, finance, and top management. It is still 
too early to compare actual-to-anticipated savings 
estimated using the technique, but this should be 
known in the coming year as projects are implemented 
and monitored at LT. 

CONCLUSIONS 

Although the value analysis methodology for develop
ing, analyzing, and reviewing productivity alterna
tives was devised to meet the specific needs of 
London Transport-Rail, it offers broad applications 
to transit operators in the United States. The impe
tus for developing a program of continued productiv
ity improvements is apparent in both nations. Use of 
a standard productivity development, analysis, and 
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review procedure offers transit agencies several key 
advantages: 

• Ideas for improving productivity can be gen
erated by line staff, clerical personnel, super
visors, or managers in any discipline and still be 
compared and analyzed on a consistent basis. 

• Interaction and early conununications with 
others encourage wider development of productivity 
alternatives and identification of different imple
mentation strategies. Further, soliciting involve
ment of other interested parties may broaden support 
for productivity projects . 

• Use of an uncomplicated analysis technique, 
like the one presented in this paper, takes the 
mystery out of financial analysis and the time value 
of money, 

• Net present value can be used to compare pro
ductivity options that require varying degrees of 
investment of funds and energy and provide different 
returns over incongruous time periods on an equi
table basis. 

• The results of the value analysis provide a 
sound basis for decision making and define a plan 
for monitoring implementation and achievement of 
cost savings. 

The value analysis technique, as presented 
herein, would require some minor revisions for ap
plication at other agencies. The primary areas of 
modification are the reviewing groups, the minimum 
threshold for a detailed value analysis, and deci
sion-making authority. The sequential development 
and review process and the two-level net present 
value technique remain valid for practical applica
tion anywhere. Development of a productivity pro
gram, such as LT' s value analysis, is a major step 
toward making efficiency improvements a keystone in 
the transit operating environment. 

Improving Section 15 Passenger Data 

Collection Techniques 

ROBERT L. SMITH, Jr. 

ABSTRACT 

The Urban Mass Transportation Administration requires all transit systems that 
receive federal funds to collect basic data on transit ridership. The transit 
systems are required annually to furnish estimates of systemwide passengers, 
passenger-miles, and, until recently, passenger-minutes under the Urban Mass 
Transportation Act Section 15 reporting requirements. Many transl t operators 
have complained that the collection of Section 15 passenger data is an unwar
ranted burden. Modern stiiti!Stical sampling techniques, however:, provide the 
opportunity for somewhat reducing the effort required by Section 15, The spe
cific objectives of this study were (a) to identify the range of techniques 
used by large transit properties to collect Section 15 passenger data and (b) 
to identify and evaluate improved techniques for collecting Section 15 data. A 
review of the literature showed little application of statistical sampling 
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techniques to bus passenger data collection until 1977. Two recent statistical 
approaches that are relevant to Section 15 data collection are reviewed. An 
inventory of 58 transit systems in the United States with 100 or more peak-hour 
buses showed four main Section 15 data collection techniques: (a) standard 
Wells r~ndom sample, {b) sample from e~tensive ride checks, (c) .. n .... _ .... +-_..g .... ........ ._.;_ 
mation, and (d) extensive ride checks. One or more case study transit systems 
were selected for each technique. Statistical sampling theory was applied to 
develop alternative sampling plans and estimation procedures. The analysis 
showed substantial potential for improvements in accuracy or reductions in data 
collection costs, or both. 

The Urban Mass Transportation Administration (UMTA) 
requires all transit systems that receive federal 
funds to collect basic data on transit ridership. 
The transit systems are required annually to furnish 
estimates of systemwide passengers, passenger-miles, 
and, until recently, passenger-minutes under the 
Section 15 reporting requirements. The procedure 
recommended by UMTA for collecting the ridership 
data is to conduct ride checks (on/off counts) on 
three randomly selected one-way trips every other 
day. The recommended procedure is designed to 
achieve a precision of 10 percent for a 95 percent 
confidence interval. Other statistical sampling 
plans are acceptable as long as the required level 
of accuracy is achieved. 

Since the introduction of the Section 15 report
ing requirements in 1978, many transit operators 
have complained that the collection of the Section 
15 passenger data is an unwarranted burden. Some 
operators assert that ride-check data are not at all 
useful to them, and others argue that the random 
sample obtained under Section 15 is too small and 
scattered to be useful for operational planning. The 
latter group may conduct extensive ride checks but 
not use a random sampling procedure so that follow
ing the UMTA sampling procedure requires an addi
tional commitment of checker time. 

The concerns of transit operators about UMTA' s 
Section 15 "passenger service consumed" reporting 
requirements have been addressed as part of a 
broader study of transit passenger data collection 
techniques (1). In terms of Section 15, the specific 
objectives of the study were (a) to identify the 
range of techniques used by large transit properties 
to collect Section 15 passenger data and (b) to 
identify and evaluate improved techniques for col
lecting Section 15 data. 

RESEARCH APPROACH 

Tu ptuvl~e tesulls that transit manager~ can easily 
relate to their own needs, a case study approach was 
selected for the research. The first step was to 
document the data collection procedures that are 
currently used by transit properties in the united 
States. To keep the data collection effort manage
able, only systems with 100 or more peak-hour buses 
were included. Both published reports and direct 
telephone contacts were used to dc-cument the full 
range of bus passenger data collection procedures 
used by each system. Only the procedures for col
lecting Section 15 passenger data are documented in 
this paper. 

The second step was to develop classification 
schemes for the Section 15 data collection proce
dures and to classify the systems accordingly. The 
classification scheme was then used as the basis for 
selecting at least one case study system for each 
classification. Statistical sampling and analytical 
techniques were applied i:.o identify the potential 

for improvements and the limitations of each class 
of procedures. 

LITERATURE REVIEW 

Overview 

Until recently transit managers have had little 
technical documentation of appropriate passenger 
data collection procedures available to them. The 
recently reprinted 1947 American Transit Association 
Bus Scheduling Manual: Traffic Checking and Schedule 
Preparation (2) did provide guidelines for the fre
quency of maximum load point checks, but no statis
tical analysis was presented to justify the guide-
1 ines nor was any indication given of the accuracy 
of the resulting point-check data. The more recent 
(1976) fourth edition of the Manual of Traffic Engi
neering Studies (3) also gives no real guidance on 
how frequently ride checks should be made. Reference 
is made to an appendix on statistical procedures for 
determining the accuracy of a sample, but only the 
case of a simple random sample is considered. 

Modern statistical sampling theory was first 
applied to the collection of bus passenger data by 
the Wells Research Company in 1977 (_i). John Wells 
developed alternative sampling procedures for col
lecting Section 15 data. One problem faced by Wells 
was the lack of historical and even current data on 
the day-to-day and within-day variations in bus 
ridership. Two subsequent studies provided informa
tion on the data collection procedures used in the 
transit industry, but no indication was given that 
modern statistical sampling methods were being ap
plied, nor were any accuracy measures presented 
(5,6). In 1977 Stone and others at the University of 
Utah applied statistical quality control techniques 
to monitor route-level performance on the Denver and 
Salt Lake City transit systems (1). Stone also mea
sured the accuracy of the monthly passenger counts 
taken by Salt Lake City bus tlrlve1s. 

A comprehensive, statistically based methodology 
for bus passenger data collection is presented in 
the recently published two-volume Bus Transit Moni
toring Manual (8). Although the focus of the manual 
is on point- a-;d ride-check data collection, the 
sampling procedure could be applied to driver-based 
data collection programs as well. Case study appli
cations of the manual are in progress. 

Contacting transit properties for this research 
revealed that several systems have contracted with 
consultants to produce statistically based data col
lection plans. The reports documenting the data col
lection plans are either "in-house" reports or re
ports that have received only limited distribution. 
To date none of this work has been reported in the 
standard technical literature. Similarly, statisti
cally based work by local staff has generally gone 
unreported. One exception is a paper by Susan Phifer 
(.~). Two key technical reports that are relevant fer 
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Section 15 data collection procedures are reviewed 
next. 

Wells Memorandum 

In the Wells memorandum (4), John Wells of the Wells 
Research Company documen t s the sampling procedures 
recommended for Section 15 passenger data collection 
in UMTA Circular 2710.1. The basic design criterion 
was that annual total passenger-miles are to be 
estimated at a 95 percent confidence level with a 
precision of at least 10 percent. To minimize the 
potential impact of periodic variations by day of 
week and seasonal variations, a frequent and system
atic sample of days throughout the year should be 
selected. 

Wells developed alternative sampling plans based 
on the formula for the relative variance of a two
stage cluster sample and cited Hansen, Hurwitz, and 
Madow (10) as the reference. The formula is based on 
taking a random sample of days in the year in the 
first stage of the sample and then a random sample 
of one-way trips to be ride checked in each of the 
sample days. Wells assumes that a systematic sample, 
such as every other day or every third day, is 
equivalent to a simple random sample. The basic 
formula is 

2 cvpm [ (M - m) /M] (CVg/m) 

+ [ (N - n) /NJ (cvi/mn) (1) 

where cvim is the r elative var ianc e of annual total 
passenger-miles , cvl and cva ar e the between and 
within-day r elative variances of tota l passenger
miles, respectively; M and N are the population 
sizes for number of days in the sample period and 
number of one-way trips per day, respectively; and m 
and n are the sample sizes for days and one-way 
trips, respectively. 

In computing the maximum relative variance al
lowed by the 95 percent confidence level and a pre
cision of 10 percent, Wells rounded the t value of 
1.96 to 2.00, thus providing a slightly more conser
vative estimate of the accuracy of the sampling 
plans. The resulting c oefficien t of variation is 
cvpm = 0 ,1/ 2.0 = 0 .0 5 giving c v i m ~ O.D025. To e va lu
ate al terna t ive combinations of number s of days and 
trips sampled, assumptions about the between- and 
within-day relative variances were required. On the 
basis of limited data, Wells chose conservative 
values of cvb = 0.1 and CVw = 1.0. Analysis of 
passenger-mile data for this research indicates that 
Wells' assumptions are nearly always quite conserva
tive. 

The limiting case for number of days sampled per 
year is 365. Using Equation 1, only the within-day 
relative variance term remains. Thus, with m = 365 
and sampling one trip each day Cn ~ 1) s o t hat 
(N - n)/N is appr oximately one, cvim = cv3/36 5 = 
(1.0) 2/365 = 0.002 74 , which is eq uivalent to a 
precision of 10,5 percent for t = 2,0 or 10.3 per
cent if t = 1.96, Wells rejects this sampling plan 
because the specified precision of 10 percent is ex
ceeded. A sampling plan with three trips every other 
day (n = 3 and m = 183) gives cv2 = 0.002093, which 
gives a precision of 9.1 percent. The sampling plan 
requires 3 x 183 or 549 sample trips, which is fewer 
than the other sample plans that have a greater in
terval between sample days. 

On the basis of an analysis of Section 15 data 
for Albany, New Yorki Madison, Wisconsin; and Omaha, 
Nebraska, it appears that for most transit proper
ties the within-day coefficient of variation (CVwl 
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and hence cvi are likely to be somewhat less 
than 1.0. Consequently most properties can justify a 
sample of one trip every day, which is a saving of 
about one-third over the minimum recommended sam
pling plan. 

Bus Transit Monitoring Manual 

The Bus Transit Monitoring Manual (BTMM) (~) pro
vides a methodology for developing a statistically 
based route-level transit monitoring program. The 
focus of the sampling plan is on point and ride 
checks conducted by traffic checkers. The same two
stage cluster sampling plan used by Wells for Sec
t ion 15 passenger data collection is applied in the 
BTMM methodology (see Equation 1 in the previous 
section). The time period over which the sample is 
to be taken will vary depending on whether monthly, 
quarterly, or annual performance estimates are 
wanted. 

The development of a sampling plan involves spec
ification of the desired confidence level and pre
cision and then selection of the number of sample 
days and the number of sample trips per day that 
meet the accuracy specifications, The maximum number 
of trips sampled per day is constrained by the num
ber of checkers available. The trade-off between 
number of days and trips sampled per day is a func
tion of the between-day and within-day coefficients 
of variation for the data item of interest, usually 
total passengers, passenger-miles, or running time. 

To develop a sampling plan, estimates of the be
tween-day and within-day coefficients of variation 
(CVb and CVwl are required. An intensive data collec
t ion effort is proposed in the BTMM so that route
level cvb and CVw can be computed. Other data 
sources such as counts by drivers can also be used, 

The primary limitation of the BTMM is that it 
does not address a full range of sampling options. 
In particular, potential applications of stratified 
and systematic sampling are not considered. The man
ual, however, does provide a starting point for 
transit systems that do not have any expertise in 
developing statistically based sampling procedures. 

STATISTICAL SAMPLING PROCEDURES 

Reasons for Sampling 

Sampling involves selecting a number of observations 
or elements of a population and using the character
i sties of the sample to make inferences about the 
characteristics of the population. For example, if 
an estimate of the number of passengers using a par
ticular bus route is wanted, the passengers on a 
random sample of one-way bus trips during a given 
day could be counted. Multiplication of the total 
passengers counted in the sample by the inverse of 
the sampling rate (expansion factor) will give an 
estimate of the total passengers that rode on all 
the one-way trips during that day. Statistical sam
pling theory provides measures of the accuracy of 
the sample estimate. 

Sampling provides many potential advantages: (a) 
reduced cost, (b) greater accuracy, (c) more infor
mation, ann (n) spP.P.n in prnr.essing, Tf the costs of 
collecting data on the entire population are high, 
then collecting data on only a fraction of the popu
lation can reduce costs substantially. The addi
tional costs of preparing, monitoring, and analyzing 
the sample results must also be included. 
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Basic sampling Techniques 

The two basic methods for collecting the data on 
passenger-miles required by Section 15 are ride 
checks and automatic passenger counters. Because 
both methods are relatively costly, sampling tech
niques are essential to provide the required data. 
The four basic sampling techniques are (a) simple 
random sample, (b) stratified random sample, (c) 
cluster sample, and (d) systematic sample. Only a 
brief overview of each is presented here. More de
tailed treatments of survey sampling theory and 
practice are found in standard texts. Cochran (11) 
provides lucid explanations of the theory as well as 
of the advantages and disadvantages of the various 
techniques. 

Simple Random Sampling 

A simple random sample is a method of selecting n 
units out of a population of N units such that every 
unit in the population has an equal chance of being 
selected. If the sample is truly random, then the 
sample estimate of some characteristic of the popu
lation will be unbiased; that is, the mean value of 
the estimate taken over all possible random samples 
of size n is equal to the population value. A simple 
random sample also has the desirable property that 
the sample variance is an unbiased estimate o f the 
population variance, 

The key formula for a simple random sample is the 

variance of t he sample mean (y) given by 

v (y) = (s2/n) (1 - n/N) (2) 

where s2 is the sample variance, n is the sample 
size, and N is the population size. The term in 
parenthesis (1 - n/N) is the finite population cor
rection factor (fpc) for sampling without replace
ment in a finite population of size N. Clearly, as 
the sample size approaches the population size, the 
fpc approaches zero and the variance of the sample 
mean also approaches zero. If n = N, there is no 
longer any sampling error. The population mean and 
variance are known. 

Equation 2 shows that the sampling error in esti-

mating the population value Y or Y can be made as 
small as desired simply by increasing the sample 

size. Confidence limits for the estimate of Y are 

given by y ± tsy where sy = v(y)l/2 is the standard 

error of the sample mean. For a 95 percent confidence 
level the t-value for large n is 1.96 or about 2.0. 
The meaning of the confidence interval is that in 
repeated sampling 95 times out of 100 the population 
mean will fall within the confidence interval. 

Tlie ]Jre<.:hilun (r) uf the i;ample for a given conti-

dence level is given by the error in y divided by the 

J..uuo, uo .. LL1y ~yuai...i.uu ~, 

the precision is 

r = [t(s/y)/n112J (1 - n/N)l/2 (3) 

Decause s/y h the coefficient of variation (CV) 
Equation 3 provides a convenient means of estimating 
the sample size given a desired precision (level of 
accuracy) and an estimate of CV. An initial estimate 
of CV may be available from a previous sample or 
from data for a similar transit property. 

Stratified Random Sampling 

Stratification is a method of dividing a population 
of N units into L distinct subunits or strata, N1, 
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N2 , ••• ,NL" The sum of the units in the L strata 
must equal N. For stratified random sampling a 
simple random sample is drawn in each stratum with 
sizes n1, n2,•••,nL. Stratification may be used for 
administrative convenience or to increase the preci
sion of the population estimate by dividing a heter
ogeneous population into homogeneous subgroups. 

For stratified random sampling, an unbiased esti

mate of the variance of the sample mean (y) is given 
by 

v(y) (4) 

where Wh equals Nh/N. Thus, v(y) is simply the sum 
of variances for a simple random sample in each 
stratum weighted by the square of the relative size 
of the stratum. 

Cluster Sampling 

Surveys in which the sampling unit is a group or 
"cluster" of smaller units are called cluster sur
veys. The primary reason for sampling clusters is to 
reduce the cost of sampling. For a given size sample 
a smaller sampling unit usually gives a more precise 
estimate than a larger sampling unit. If the costs 
of collecting data for the large sampling unit are 
much less, then the sample size can be increased 
enough to offset the reduction in precision from 
using the cluster. 

For a simple random sample of n clusters, each 
containing M elements (subunits), drawn from N clus
ters in the population, the variance of the sample 
mean per element is 

V(y) • ((1 - f)/nM]S 2 [1 + (M - l)P] (5) 

where s2 is the variance among the elements, f is 
the sampling fraction (n/N) , and p is the intra
cluster correlation coefficient. The intracluster 
correlation coefficient is a measure of the homoge
neity of the clusters. If within each cluster the 
values for y are similar, then p • 1 and the vari
ance of the mean is obtained by dividing the popula
tion variance by n. When the values for y within a 
cluster are as diverse as the entire population, 
then P • 0 and the variance of the mean is essen
tially the same as if a random sample of n x Mele
ments had been selected from the population. 

Systematic Sampling 

Selection of a systematic sample of size n from a 
population with N units ordered from 1 to N involves 
~~!.'=~i:i0!'! ')f ~,.r'=!."~' lt:f:h ~!?if: '':.'ii:h ~ !':!!?'30~ !=f::!!."f: f!."0!'! 

among the_ first k uni ts. This is called an "every 
kth systematic sample" with nk = N. The primary 
advantage of systematic sampling is that the sample 
is usually easy to draw and can be done accurately. 
Also, because th& systematic sample is spread evenly 
over the population, systematic sampling may be more 
precise than simple random sampling. 

One problem with systematic sampling is that 
estimation of the sample variance requires knowledge 
of the population variance. With unknown populations 
systematic sampling should be used with caution. If 
there is high correlation among the units within a 
sample, then the sample estimate may be an extremely 
poor estimate of the population mean. This is true 
if unsuspected periodicity is present in the popula
tion. In contrast, if the population is essentially 
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in random order, then the systematic sample will 
contain the same information as a simple random 
sample of size n and have the same variance, 

Extension of Basic Sampling Techniques 

The most common extension of the basic sampling 
techniques is the use of multiple levels or stages 
of sampling, The basic sampling technique at one 
stage may be different from the sampling technique 
at the next stage, The two-stage cluster sample used 
by Wells and the Bus Transit Monitoring Manual is 
the most useful extension for Section 15 purposes, 
Another useful extension of the basic sampling tech
niques is the use of ratio or regression estimation, 
Ratio and regression estimation can improve the pre
cision of an estimate when there is a high correla
tion between the variable of interest and a second 
variable and there is independent information avail
able for estimating the second variable. 

With ratio estimates an auxiliary variable (xil, 
which is correlated with Yi• is obtained for each 
unit in the sample. The population total (X) of the 
Xi is known so that the population total (Y) can be 
estimated as 

The increase in precision obtained from 
estimate depends on the relative variance 
ficient of variation squared) of the ratio 
by 

CVft [ (1 - f) /n] (CV§ + CV~ - 2pCVyCVxl 

which is equivalent to 

CV:= CV~+ CV~ - 2pCV-CV-
R y X y X 

the 
(or 
(R) 

(6) 

ratio 
coef-
given 

(7) 

(8) 

If CV- and CV- are approximately equal, then it is 
y X 

easy to show that the precision of R results in an 
increase in the precision of YR when P ~ 0.5. 

The ratio estimate is useful when the xi are much 
cheaper to sample than the y i so that X can be de
termined directly or when X is available from some 
other source. For Section 15 the ratio estimate of 
average passenger trip length can be used to esti
mate total passenger-miles on the basis of total 
passengers at the system level. 

CURRENT OATA COLLECTION PROCEDURES 

The concerns that transit managers have raised about 
the need for Section 15 passenger data reporting 
could possibly indicate a lack of interest in ride
check data collection and even a more general low 
level of interest in all checker-based data collec
tion. The inventory of the passenger data collection 
techniques used by 58 transit systems with 100 or 
more peak-hour buses, however, revealed that there 
is a substantial commitment to ride checks. As the 
data given in the following table, which gives the 
distribution of transit systems by checker effort 
devoted to ride checks, indicate, all but 10 percent 
of the transit systems devote a.t least some of their 
checking staff time to ride checks. 

Percentage of 
Checker Effort 
0 
1 to 33 
34 to 66 
67 to 99 
100 

Percentage 
Distribution 
10 
33 
28 
24 

5 
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More than one-quarter of the systems devote at least 
two-thirds of their checking staff time to ride 
checks. 

The large transit systems also devote substantial 
resources to passenger data collection in the form 
of a regular checking staff. As the data in the fol
lowing table, which gives distribution of transit 
systems by size of transit system, indicate, only 17 
percent of the systems had less than one checker per 
100 peak-hour buses. 

Size of 
Checking Staff 
(staff per 100 peak buses) 
Fewer than 1.0 
1 to 1.9 
2 to 2.9 
3.0 or more 

Percentage 
Distribution 
17 
42 
22 
19 

Clearly, most transit systems have the checking 
staff required to conduct the ride checks under the 
Section 15 data collection plan recommended by UMTA, 

The inventory of the 58 large transit systems 
revealed a surprising diversity in the procedures 
used to obtain Section 15 passenger data. As the 
data in Table 1 indicate, only about 60 percent of 
the systems use the standard random sample ride
check procedures developed by Wells and recommended 
by UMTA in Circular 2710.1. Most of these systems 
also have an extensive ride-check program that may 
be partly or wholly integrated with the random sam
pling procedure. 

TABLE I Distribution of Section 15 Passenger Data 
Collection Procedures 

Procedure 

Standard Wells (random sample) 
Minimum level only 
Extensive ride-check program 

Sample from extensive ride checks 
Year-long program 
Short intensive program 

Two-stage program 
Extensive program 

Total 

Distribution of Properties 
[number (percentage)] 

35 (60.3) 
12 (20.7) 
23 (39_6) 
11 (19.0) 
8 (13.8) 
3 (5.2) 
9 (15.5) 
3 (5.2) 

58 (I 00) 

Eleven properties meet the Section 15 requirement 
by selecting a random sample of ride checks from 
their regular, extensive ride-check program. In gen
eral, these properties ride check all of the daily 
one-way trips in the system at least once a year, 
Thus, the sample will be unbiased in terms of cover
age, but it may be biased as the result of seasonal 
and secular trends, 

The two-stage procedure involves multiplying es
timates of passenger-miles per passenger by total 
passengers to obtain the required estimate of pas
senger-miles required by Section 15. The estimate of 
passenger-miles per passenger (average trip length) 
may be obtained from ride checks or from passenger 
surveys. With proper statistical sampling the proce
dure can be even more accurate than either of the 
first two procedures. In practice, however, the es
timates of average trip length are based on whatever 
data are available. 

A few properties such as Metro Area Transit in 
Omllhl!, NP.hraska, havP. extP.nsivP. ride-check programs 
that are based on a large random sample. The result 
is an accurate estimate of passengers and passenger
miles at the route level. Omaha uses traffic check
ers, Automatic passenger counters (APCs) are also 
being used for extensive ride-check programs. A num-
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ber of APC-based counting programs are currently 
being developed and more can be expected in the fu
ture as more experience is gained with the tech
nology ( 12) • 

The four basic categories of Section 15 data col
lection procedures given in Table 1 provided the 
framework within which case study transit systems 
were selected to illustrate the potential for im
provements and possible limitations of a particular 
procedure. Three of the six transit systems selected 
for the case studies were selected because the local 
transit staff had either developed an improved Sec
tion 15 data collection procedure or had analyzed 
Section 15 data in order to identify possible im
provements. The other three case studies were se
lected as the result of data availability or the 
need to cover each of the four categories. Three 
case study transit systems were selected in the 
"standard Wells" category and one system was se
lected from each of the other categories given in 
Table 1. 

CASE STUDY DATA COLLECTION PROCEDURES 

Standard Wells : Madison, Wisconsin , Case Study 

To develop the basic data needed to analyze alterna
tive sampling strategies for Madison, the tabulation 
of the Section 15 ride-check data was computerized. 
The resulting data for 183 ride checks conducted 
during the first half of 1982 are summarized in 
Table 2. The computer file also included data on 
route, day of week, and time of day. 

TABLE 2 Section 15 Sample Data for Madison Metro 

Standard Coefficient 
Variable Meana Deviation of Variation Precisionb 

Iloardings 43.8 26.9 0.61 0.039 
Maximum load 25.4 16.4 0.65 
Passenger-miles 157.0 110.0 0.70 0.102 
Passenger-minutes 740.8 560.0 0.76 0.110 
Average passenger-miles 3.47 1.25 0.36 
Average passenger-minutes 15.7 4.57 0.29 
Average speed 3.1 2.81 0.21 

~B1n.ct.l on 183 observations. 
For tJ 95 percent confidence level. 

At the system level the primary interest is in 
reducing the sampling rate within the UMTA-imposed 
constraint of estimating total passenger-miles 
within 10 percent at the 95 percent confidence 
level. If the data in Table 2 are assumed to be 
based on a simple random sample of size 183, then 
the precision of the estimate of passenger-miles is 
almost eaual to the reauired 10 percent level, and 
the estimate of average boardings per trip is even 
more precise (precision of O. 089) • If the coeffi
cient of variation does not increase significantly 
for the sample covering the entire year, then a 
sample of about 200 omi-way t.rips instP.;icl of 546 
trips would be adequate. Although not recommended, a 
minimal sample of 182 trips could be obtained by 
taking a simple random sample of one trip from every 
two-day period during the year. 

With Madison Metro's current sample of one trip 
per day the annual sample of 365 trips will result 
in a precision for average passenger-miles per trip 
of 7. 2 percent assuming a coefficient of variation 
of 0.70. The coefficient of variation could increase 
to nearly 1. O and still meet UMTA' s accuracy re
quirement. Thus, it is clear that Madison Metro's 
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current sampling rate is more than adequate to cover 
substantially greater variations in average pas
senger-miles than currently occur. 

Some minor improvement in the accuracy of the 
system-level estimate of total passenger-miles is 
made possible by stratifying the sample by day of 
the week. The average passenger-miles per trip for 
weekdays is 171 compared with 130 for Saturday and 
Sunday. This difference in stratum means appears to 
be large enough to make the additional effort of 
stratifyi ng t he sample worthwh ile. 

Other possible stratifications include time of 
day and route. One-way analysis of variance of aver
age boardings stratified by time of day and consid
ering only the five main routes on weekdays showed a 
highly significant difference between the evening 
period from 6 p.m. to 12 midnight and the three 
other periods (a.m. peak, midday, and p.m. peak). In 
stratifying by route there is a significant differ
ence in passenger-miles per trip between the short 
university routes and the main-line routes. Although 
some improvement in the accuracy of the estimates of 
passenger-miles and total boardings could be 
achieved through stratification by time of day and 
route, the additional complexity of the resulting 
sampling plan would no doubt outweigh the benefits 
of the accuracy improvements. 

Because Madison Metro now is obtaining 100 per
cent counts of passengers on a daily basis, the ac
curacy of the annual estimate of total passengers is 
only limited by the accuracy of the drivers' counts 
and clerical errors in recording the data. If the 
total passenger counts are assumed to be highly ac
curate, then substantial improvement in the accuracy 
of the annual estimate of passenger-miles can be ob
tained by using a ratio estimate of passenger-miles 
per passenger. Using Equation 7, the relative vari
ance of the ratio estimate is given by 

cvim/p = [(1 - f)/nl (cvim + cvt 
- 2Ppm,p • CVpmCVb) (9) 

where CVpm and CVb a re the coefficients of vari
ation of passenger-miles and total passengers, re-
spectively, and Ppm p is the correlation be tween 
passenger-miles and fotal passengers. For the Madi
son data Ppm, p is qu ite lligh (0.916). Thus , using 
Equation 9, cvpm/p is found to be O. 02-1 on the 
basis of the available sample size of 183 . The re
sulting precision of the ratio estimate of pas
senger-miles is 4.1 percent. If a precision of 10 
percent is all that is required and CVpm/p is 
assumed to remain the same except for the sample 
size, then a sample of only 32 ride checks would be 
needed. Thus, use of the ratio estimate results in a 
reduction of the sample size required to give a pre
cision of 10 percent from 183 to 32, or more than an 
80 percent reduction. 

senger can only be used to improve the precision of 
the estimate of total annual passenger-miles if the 
precision of an independent estimate of total annual 
passengers is about as good as or better than the 
ratio cotimatc, If an independent estimate of total 
annual passengers is not available, then the ratio 
estimate is likely to be less useful as a means of 
improving the precision of the passenger-miles esti
mate. At this point the dramatic increase in the 
precision of the ratio estimate compared with the 
direct estimate of passenger-miles should not be 
used to reduce the sampling rate because then the 
accuracy of the Section 15 estimate of total passen
gers would be reduced as well, The Section 15 esti
mate is needed to provide a check on the accuracy of 
the driver counts. 
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Standard Wells: St. Louis Case Study 

As is the case with many systems, St. Louis collects 
Section 15 ride-check data independently of its reg
ular ride-checking program. Because the Section 15 
data have not been integrated into the regular data 
collection effort, there is an incentive to reduce 
the effort devoted to Section 15. St. Louis used 
Section 15 data on passenger-miles for each one-way 
trip stratified by time period and day of the week 
to develop a new sampling plan. 

The first step in developing the new sampling 
plan was to assume a simple random sample over the 
entire year. On the basis of the observed coeffi
cient of variation of passenger-miles for the 1981-
1982 fiscal year of 0.971, a sample size of 362 is 
required to meet UMTA' s accuracy requirements. This 
is the same basic calculation that was made using 
the Madison Metro data. There is clearly much 
greater variation in the St. Louis data, which prob
ably reflects the much greater emphasis on express 
service and lower usage during midday in St. Louis. 
Nevertheless, St. Louis could have adopted Madison's 
one trip per day sample plan. Instead, St. Louis 
used an optimal allocation of trips to the four time 
periods of the day followed by a proportional allo
cation of trips to each day of the week. The objec
tive of using a more complicated sampling plan ap
parently was not to reduce the sample size further 
but to provide a safety factor in case the new sam
pling plan is not as accurate as predicted by the 
available data. 

The main question in evaluating St. Louis' two
stage sampling plan is whether the additional effort 
of stratifying the sample by time of day and day of 
the week is justified by the expected increase in 
accuracy. In analyzing the raw data obtained from 
St. Louis, a slightly lower coefficient of variation 
of 0.948 was obtained, which gives a lower sample 
size of 346. The required sample size is highly sen
sitive to the coefficient of variation. 

In evaluating the accuracy of St. Louis' two
stage sampling plan, the order of the stratification 
was reversed and optimal allocation was used in both 
stages. A detailed calculation of the precision of 
the new sampling plan (new calculations based on two 
optimal allocations) resulted in a precision of 
0. 094. The gain in precision over a simple random 
sample is only 0.006, which is clearly not worth the 
additional effort required for stratification. The 
gain in precision can be translated into a reduction 
in sample size of about 30 trips. 
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Standard Wells: Denver Case Study 

The Denver Section 15 ride-check procedure is of 
interest because application of the standard Wells 
sampling plan will not meet the desired precision of 
10 percent for passenger-miles. As the data in Table 
3 indicate, the precision of the passenger-miles 
estimate is only 11.6 percent. The lack of accuracy 
in the passenger-miles estimate is explained in part 
by the approximations used in computing the distance 
between stops. Because an up-to-date stops file with 
complete distances between stops was not available, 
the Denver Regional Transit District (RTD) allocated 
the known distance between time points equally to 
all stop-level segments. To the extent that pas
senger loads are concentrated on route segments that 
have closer spacing of stops, the assumption of 
equal distances between stops will tend to overesti
mate passenger-miles. 

Because Denver does have an independent estimate 
of total passengers, the ratio estimate of pas
senger-miles per passenger can be used to increase 
the precision of the passenger-miles estimate. Al
though the correlation between passenger-miles and 
total passengers is relatively low (P = 0.587), 
the coefficient of variation of the ratio estimate 
from Equation 9 is low enough (CVpm/p = 0.0478) to 
give a precision for the r at i o estimate (9.4 per
cent) that is within the UMTA guidelines. Thus, if 
the independent estimate of passengers is accurate, 
the product of the ratio of passenger-miles per pas
senger and total passengers will give an estimate of 
passenger-miles that is within the UMTA guidelines. 

Substantial improvements in the accuracy of the 
estimate of passenger-miles should be possible 
through stratification by route type. As the data in 
Table 3 indicate, there are large differences among 
the average passenger-miles per trip by route type. 
For example, Denver local service generates only 156 
passenger-miles per trip whereas express and inter
city routes generate more than three times as many 
passenger-miles per trip. Stratification by route 
type will eliminate that part of the total variance 
that is the result of the difference between the 
route-type mean and the overall mean. As the data in 
Table 4 indicate, the precision of both the pas
senger-miles and the passenger-minutes estimates is 
improved substantially by a stratified sample. In 
contrast, the precision of the passengers estimate 
is essentially the same, which is explained by the 
relatively small differences among the means of the 
route types. 

TABLE 3 Denver Section 15 Data Stratified by Route Type" 

Passengers Passenger-Miles Passenger-Minutes 
Route Sample 
Classification Size Mean CV Mea n CV Mean CV 

Weekday Only 

Denver local 260 40 .9 0.631 156 0 .872 692 0.843 
Boulder lo cal 15 21.1 0.829 63.8 1.28 262 1.046 
Longmont local 12 4.2 1.07 8.3 1.23 22.0 0.658 
Denver circulator 34 11.4 1.24 25.2 1.30 125 1.465 
Intercity 16 28 .3 0.88 552 1.13 1,118 I .097 
Express 37 45 .6 0.40 490 0.467 1,462 0.491 
All routes 381 35.8 0.723 188 1.26 695 0.997 

All Days 

All routes 538 31.6 0,796 157 1.37 582 1.09 
Precisionb 

(percentage) 6.3 11.6 9.2 

~ l) l:l ri Yed from dnta in Ueuthel (13). 
llt1o1md on • :d mple random sample. 
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TABLE 4 Precision of Simple Versus Stratified Random 
Sample for Denver, Weekday Only' 

Sample Type Passengers 
Passenger
Miles 

Passenger
Minutes 

Simple random sample 
Stratified random sample 
(proportional allocation 
by route classification) 

0.073 

0.076 

8 DeriVed from data in Beuthel (1 3 ). 

0.127 0.100 

0.104 0.083 

The ratio estimate could also be applied to the 
coefficients of variation obtained from the strati
fied sample. The resulting precision of the ratio 
estimate of passenger-miles per passenger should be 
substantially less than 10 percent and thus well 
within UMTA's guidelines. 

The potential for stratification by a number of 
variables can be determined from Table 5. The be
tween-class variation is eliminated by stratifica
tion. Thus, the greatest reduction in variance is 
achieved by selecting the classification with the 
highest between-day coefficient of variation. Strat
ification by route type is best for passenger-miles, 
whereas stratification by day is best for passengers 
and passenger-minutes. Based on the weekday data, 
stratification by day in Denver with a random sample 
of one trip each day would be adequate for both pas
senger and passenger-minutes estimates. A ratio 
estimate of passenger-miles should come close to 
giving a precision of 10 percent. A daily sample of 
one trip would represent a reduction of about one
third from the current sample rate of two trips 
every other day. 

S ampl e f rom Extens ive Ride Checks Cas e S tudy 

Overview 

A number of transit properties have extensive ride
checking programs in which every daily one-way trip 
is ride checked at least once during the year. At 
the end of the year ride-check data for at least one 
day are available for all routes so that comparisons 
of route performance cim be made. One problem with 
spreading the ride checks over the entire year is 
that route-level comparisons are biased by seasonal 
variations and ridership trends. To avoid this prob
lem, some properties concentrate their ride checks 
in a short period of a few weeks. In some cases both 
spring and fall checks are made. 

A number of properties have used their 100 per
cent ride checks as the data base for satisfying 
Section 15 reporting requirements. Because all of 

Weekday Section 15 Data• 

Day of 
Variablebc Day Week 

Passengers 0.582c 0.714 
(CV= 0.724)d 0.430° 0.113 
Passenger-miles I.OJ 1.24 
(CV= 1.27)d 0.758 0.265 
Passenger-minutes 0.821 0.982 
(CV= 0.997)" 0.564 0.163 
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these properties have considerably more daily one
way trips than the 546 trips required by the stan
dard Wells minimum random sample, a random sample of 
546 trips typically is drawn from the 100 percent 
ride checks. This two-stage sampling procedure is 
valid statistically if the first stage (the 100 per
cent ride-check data) gives an unbiased estimate of 
passenger-miles, passenger-minutes, and total pas
sengers. The ride checks that are spread over the 
entire year shou l d provide unbiased estimates as 
long as the checks for each route type such as local 
and express routes are distributed reasonably uni
formly over the year. The ride checks that are con
centrated in a short period, however, are likely to 
produce biased estimates because seasonal variations 
and secular trends are omitted. A partial solution 
in this case is to use a ratio estimate of pas
senger-miles per passenger as the basis for estimat
ing annual passenger-miles. Passenger-miles per pas
senger measures average passenger trip length, which 
should be more stable over time than either pas
senger-miles or total passengers. 

Milwaukee Case Study 

A test of the validity of using 100 percent system
wide ride checks collected over a short period as 
the basis for Section 15 reporting requ i res data on 
average passenger trip length over time, which in 
turn requires an extensive ride-check data base. 
Milwaukee County Transit in Milwaukee, Wisconsin, 
nas the required data base in machine readable for
mat. Time series ride-check data for one crosstown 
feeder line, Route 55, are given in Table 6. 

TABLE 6 Variations in Average Passenger-Miles per Passenger 
on Milwaukee Route 55 

Sample Passenger-Miles Coefficient Precision 
Month Size per Passenger of Variation (r) 

January 64 6.07 0.382 0.096 
October 62 6.38 0.392 0.100 
November 63 6.49 0.357 0.082 

The passenger-miles per trip estimates given in 
Table 8 are not true ratio estimates but the average 
of the ratio of passenger-miles per passenger over 
the 100 percent ride check for that time period. The 
precision of the estimate, thus, i s a measure of 
variation in the average of the ratios and is only 
an indirect measure of the variation in average pas
senger-miles per passenger over the entire day. 
Clearly, the average of the average trip lengths is 

Time of Doy 

Denver 
All Local 

0.681 0.476 
0.242 0.209 
1.17 0.659 
0.480 0.279 
0.905 0.627 
0.415 0.299 

Peak vs 
Off-Peak 

0.696 
0.198 
1.18 
0.454 
0.917 
0.389 

Route 
Type 

0.647 
0.323 
0.972 
0.809 
0.849 
0.522 

~ l)crivcd from d• •• In Ucuthc l (IJ/. 
Mr.1rn Ya.lut-s: r•usuunori ::: JS. 8. p:iss~rtg4.lt •miles == J 88, and passenger-minutes= 695. 

~Whhin ·dny co"(ticicn1 uf varinffon, Sw/ .. 
<.:o~ffklrnt or ,•.n rhulon. 

e U"tWllen·d~ r co cmchrn1 of varln llon, St.i /X. 
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reasonably stable over time at least for Route 55. 
Pairwise tests for equality of the means between 
months showed that the null hypothesis of eguali ty 
could not be rejected at the 5 percent level. 

Although a sample of three 100 percent ride 
checks on one route over an 11-month period does not 
provide a definitive test of the hypothesis that 
average trip lengths a re stable over time, the re
sults for Milwaukee are encouraging. A complete 
evaluation of the hypothesis would require time se
ries data on systemwide average trip lengths as 
well. The trip lengths for individual routes may not 
be constant over time but the systemwide average 
could still be relatively stable. 

Two-Stage Estimation Case Study 

Overview 

As outlined in the Madison, Wisconsin, case study, a 
ratio estimate of average trip length (passenger
miles per passenger) can improve the precision of 
the estimate of passenger-miles if the correlation 
between passenger-miles and passengers is high and 
if an accurate, independent estimate of total pas
sengers is available. Total passenger-miles are com
puted as the product of average trip length and 
total passengers. If a random sample of ride checks 
is used to compute the ratio estimate, then the ra
tio and the resulting estimate of total passenger
miles will be unbiased. 

In some cases ratio estimates of average trip 
length have been based on intensive ride checks con
ducted over a short period of a few weeks. The as
sumption is made that the ratio estimates are stable 
over time. The limited time series data on average 
trip length for one route in Milwaukee that were 
presented in the previous section support the time 
stability assumption, but systemwide data were not 
available. Although the assumption of time stability 
may be a good assumption, there is always the possi
bility for change. Thus, a random or otherwise un
biased sample over the time period of interest is 
the only method for assuring that an accurate esti
mate of total passenger-miles is obtained. 

Albany Case Study 

As part of its transit route performance monitoring 
study, the Capital District Transit Authority (CDTA) 
implemented a new ride-check program using the sam
pling techniques presented in the Bus Transit Moni
toring Manual (_!!, 14) • The primary purpose of the 
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ride-check program was to estimate route-level aver
age trip length and revenue per passenger within 15 
and 10 percent, respectively. Because accurate esti
mates of route-level total boardings are available 
from 100 percent counts by drivers, it was e s timated 
that system-level estimates of average trip length 
and revenue per passenger would be within 5 and 2 
percent, respectively. 

The number of trips per route that is to be 
sampled for the ride-check program varies from a low 
of 2 to a high of 16 for weekdays. For weekends, the 
range is from 4 to 13 trips . The results of ride 
checks for three routes are given in Table 7. The 
variation in average trip length (passenger-miles 
per passenger) as measured by the coefficient of 
variation is less than that for passengers and for 
passenger-miles. The precision of the estimates of 
average trip length is computed in two ways : (a) 
direct computation based on the coefficient of vari
ation of the trip lengths for each observation and 
(b) ratio estimate based on the coefficients of 
variation of passenger-miles and passengers and the 
correlation between passenger-miles and passengers. 
The direct estimates of precision are within the 
specified 15 percent level, and two of the ratio 
estimates are slightly above the 15 percent level. 

The CDTA's total ride-check program requires 503 
weekday and 233 weekend ride checks. The total pro
gram of 736 ride checks is considerably larger than 
the minimum Wells' sample of 546. The advantage of 
CDTA' s approach is that precise estimates of trip 
lengths and average fare are obtained at the route 
level. If only systemwide estimates are of interest, 
then the sample size can be reduced substantially 
particularly when the ratio estimate for average 
fare is used as was shown for the Madison, Wis
consin, case study, 

Extensive Ride-Check Case Study 

Overview 

An extensive ride-check program in which every daily 
one-way trip is checked at least once a year can be 
conducted either manually or with automatic pas
senger counters (APCs). Properties with extensive 
manual count programs are generally interested in 
total passengers, load profiles, and running times. 
Passenger-miles are usually not of direct interest 
so they are usually computed only for a sample of 
trips for Section 15 reporting purposes. In con
trast, with APCs passenger-miles can easily be com
puted for all sample trips with essentially no extra 
effort. 

TABLE 7 Estimation of Average Trip Lengths from Ride Checks-Albany• 

Passenger- Passenger-Miles 
Passengers Miles per Passenger 

Precisiond 
No.of Mean Mean Meanc 

Route Observations (CV)b (CV) (CV) Direct Ratio 

9 16 24.4 44.8 1.86 0 .145 0.161 
(0.450) (0.531) (0.331) 

12 15 16. l 42.4 2.47 0.136 0.151 
(0.442) (0.710) (0.299) 

8 9 19.3 40.0 2.05 0.112 0.126 
(0.304) (0.355) (0.180) 

~Derived from dntD jn Transit Route Performance Monitoring Study {14). 
Codficlent of vn.rlation. 

c Average of the ratio of passenger-miles to passengers. The unbiased estimates of passenger-miles per 
pa!i11:n5ur fQr lho three rnu lct i:ire t.84, 2.63, and 2.01~ rospc~tlvely. 

dDirccr cs-lln1111 v of prciai-Jion Is bruiod on the formula for D ."timph1 rnndom Jiitn·,pla. 1111: ulio estimate 
Is ba~~d 0 11 a r• llo cJl!m 11 1c uJfni; 11u:1,.,,cn11:er-miles and s,:, JCfliJtU; lhnt b,CV3m/p = cvim + CV~ 
- ipcv1,.,,cvp, 
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Because of the expense of the APC counting units, 
only a small fraction of the fleet can be equipped. 
Various sampling strategies can be developed depend
ing on the data needs of the property and the logis
tics of assigning buses. 

Columbus, Ohio, Case Study 

The Central Ohio Transit Authority (COTA) contracted 
with a consultant to undertake a comprehensive ride
check program using APCs. The APCs provide route
level data on passengers, passenger-miles, pas
senger-minutes, vehicle-hours, vehicle-miles, and 
runuluy tlme!; !;U that both route- and system-level 
performance measures can be computed. A weekday pro
ductivity analysis report is produced every 4 months. 

Because passenger-miles are obtained routinely 
from the APCs, the Section 15 reporting requirements 
are easily met. The six AFC-equipped buses could 
cover the entire fleet of 234 peak-hour buses in 
about B weeks. During the course of a year each ve
hicle block could be sampled five or six times. 
Thus, the primary concern is not the sample size but 
the need for an unbiased sample. Although the pre
cise details of the sampling procedure used by COTA 
were not available, the sampling procedure appears 
to involve a trade-off between coverage and route
or corridor-level problem solving. All vehicle 
blocks have been covered at least once. Multiple 
checks have been made for a few select routes. 

For system-level estimates a random sample of 
vehicle blocks each day will give the best results. 
In contrast, for evaluating route operational char
acteristics, 100 percent checks done route by route 
are likely to be more useful. The result is a point 
estimate of demand at the route level. The system
level estimates should still be reasonably accurate 
as long as the routes are selected in random order. 

RUMMARY AND CONCLUSIONS 

The three cases of alternatives to the standard 
Wells random sample approach demonstrate that sub
stantial reductions in sample size are possible 
within the UMTA-imposed constraint of a precision of 
10 percent. In Madison, Wisconsin, a reduction of 
the sample rate to one trip per day still provided a 
more than adequate level of accuracy. Further im
provements in accuracy were made possible by using a 
ratio estimate of passenger-miles per passenger. 
Stratified sampling with stratification by day of 
the week and route type appeared to have some po
tential. 

st. Louis chose a fairly complicated two-stage 
stratification by time period and day of the week to 
reduce the required sample size. Analysis indicated 
that a simple random sample or a random sample 
stratified by day would be nearlv as accurate. In 
contrast, the standard Wells sample for Denver did 
not quite meet the UMTA accuracy requirements. By 
using the ratio estimate, howewir, the 10 percent 
precision level could just be met. Stratification by 
route typP reRulted in a further incre.ii;e in pre
cision. 

The second major group of Section 15 data collec
tion procedures, the sample from extensive ride 
checks, requires the assumption of time stability of 
average trip length when the extensive ride checks 
are concentrated in a short period. Ride-check data 
available from Milwaukee on one route indicated that 
average trip lengths were reasonably stable over a 
period of 11 months. 

The two-stage estimation approach also uses aver
age trip length to improve accuracy or reduce sample 
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size. In Albany, New York, application of the ap
proach at the route level required only modest 
sample sizes to achieve a precision of 15 percent 
for a 90 percent confidence level. The total sample 
size of more than 700 trips could be reduced sub-
stantially if only system-level estimates were of 
interest. 

The last approach is the extensive ride-check 
program that is of interest for Section 15 purposes 
when passenger-miles are computed for all ride 
checks. Full computation of passenger-miles is more 
likely for APC-based programs than for manual ride
check programs. As shown by the Columbus, Ohio, APC 
program, a large sample is obtained. A primary con
cern of the sampling plan for Section l!:i purposes 
should be to give an unbiased estimate of annual 
passengers, passenger-miles, and other data of in
terest. 

The case studies show that there are many oppor
tunities for improving the accuracy of the standard 
Section 15 data collection programs. If the only 
concern is with meeting the minimum accuracy re
quirements, then improved sampling plans can he used 
to reduce the sample size. The potential for simple 
stratification or ratio estimates can be evaluated 
using the existing Section 15 data base. Use of 
ratio estimates is possible if an accurate, inde
pendent estimate of total passengers is available. 

Additional research is needed to determine how 
Section 15 data collection requirements can best be 
met with the alternatives to the standard Wells sam
pling procedure. Identification of the variability 
in average trip length is a key problem that re
quires an extensive ride-check data base. Such data 
bases are currently available in only a few systems. 

From a broader perspective the UMTA requirement 
for estimating annual passenger-miles with a pre
cision of 10 percent needs to be reviewed. If the 
focus of Section 15 were on developing accurate es
timates of total annual passengers, the data could 
possibly be made more relevant to transit operators. 
Additional reeearch ie needed to explore alternative 
means of integrating passenger counts obtained from 
ride checks with other techniques for estimating 
total passengers. 
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Transit Operator Performance Evaluation: 

Study Group Review at Muni 

LARRY S. ENGLISHER, MARTIN J. MORGENBESSER, and JOHN P. ATTANUCCI 

ABSTRACT 

The results of a study group review of employee performance evaluation at the 
San Francisco Municipal Railway are outlined. The review was undertaken as one 
step of a demonstration funded by the Urban Mass Transportation Administration, 
which is aimed at improving the reliability of transit service. Muni is cur
rently implementing study group recommendations as part of the ongoing demon
stration. The study group process was used in a previous study of safety issues 
at Muni and proved quite helpful. By bringing together representatives of other 
transit properties that have been addressing similar problems, the study group 
was able to "brainstorm" and exchange ideas. Both Muni staff and the represen
tatives from other properties left the 4-day session with new insights and 
ideas. The study group addressed several components of a performance standards 
and motivation program, including measurement of performance, setting targets, 
establishing incentive and awards programs, ongoing procedures for appraisal 
and communication, and outlining and operating under a system of discipline. 
Among the aspects of performance discussed were attendance and punctuality; 
adherence to schedule i safety i courtesy and appearance i stress and substance 
abusei and general conformance to rules, procedures, and directives. 

The San Francisco Municipal Railway (Muni) has un
dertaken a transit service reliability demonstration 
under a Service and Methods Demonstration grant from 
the Urban Mass Transportation Administration. The 
objective of the demonstration is to improve the 
reliability of service delivered to transit passen
gers by applying a variety of management and opera
tional strategies. Among the primary strategies are 
an operator performance evaluation and motivation 
program, an attendance management program, and on
street supervision and control strategies. 

Multisystems initiated the project in December 
1983, preparing summary papers to generate discus-

sion on possible demonstration strategies. The 
papers reviewed Muni' s current performance evalu
ation procedures and the approaches of several other 
transit authorities, including Metro-Dade, Houston 
Metro, Seattle Metro, MTC (Twin Cities), Flint MTA, 
Chittenden County (Vermont) , and San Diego Transit. 
The papers also included summaries of the following 
approaches to improving productivity and motivation 
outlined in research performed by the Urban Insti
tute (l): monetary incentives, performance ap
praisal, performance targeting, job enrichment, and 
employee assistance programs. Research on the causes 
of absenteeism among transit employees was also re-



78 

viewed, including studies of the impacts of extra
board scheduling and workers' compensation by Peat, 
Marwick, Mitchell and Company (_~), MacDorman and 
MacDorman Associates (l,!l, and the u.s. Department 
of Transportation (5), and on the role of stress by 
the University of California at Irvine (&_,l). Recent 
developments in employee assistance programs (_!!), 

participatory management (9, 10) and attendance pol
icies (11) were also reviewed---;;ind presented to Muni. 

On the basis of recent experience with an acci
dent and safety program, Harold Geissenheimer, 
Muni's General Manager, suggested that a meeting 
with managers from other transit properties would 
help Muni to formulate an effective program design. 
Therefore, on April 11-13, 1984, representatives of 
Muni labor and management and the management of six 
other transit properties met to discuss approaches 
to operator performance standards and motivation 
that could be applied to Muni. The six properties 

and on the basis of recent innovations they had 
undertaken. (The study group participants are listed 
in the acknowledgments at the end of the paper.) 
The recommendations of the study group are summa
rized in this paper. 

STUDY GROUP RECOMMENOATIONS 

The study group discussions focused on three major 
components of a performance standards and motivation 
program, as outlined in research by the Urban In
stitute: 

• Measurement and targeting; 
Incentives, awards, and disciplinei and 

• Appraisal and communication. 

Within these three categories, six aspects of 
performance were considered: 

1. Attendance and punctualityi 
2. Schedule adherencei 
3. Safetyi 
4. Appearance and courtesyi 
5. Substance abuse and dealing with stressi and 
6, Observance of rules, operating procedures, 

and directives. 

These six aspects were selected by Muni and Multi
systems, They were addressed both as a group and 
individually in the context of a performance stan
dards and motivation program. The s tudy group's 
recommendations are generally applicable to all as
pects, although individual references are made in 
special cases at the end of the paper. 

Tn the cn11rRP nf t.hP Rt.11ny gro11p' R ni sc:ussions, 
Muni representatives reported on Muni' s activities 
to date in this area. As a result, the study group's 
L ~t,;UHU1U:!r1Ud-i:..iuub UuiiL uu Ll1ub~ ~it:rnt:::ui...o u.L ct f't::'1. .L01.

mance standards and motivation program already in 
place. The recommendations of the study group are 
discussed in the following sections, 

Performance Measurement and Targeting 

Measurement 

The measurement of performance provides the founda
tion on which a performance standards and motivation 
program can be built. Although the extent to which 
performance can be quantified depends on the aspect 
of performance being measured, the study group made 
a number of general recommendations. 

Ideally, performance data should be accurate and 
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t imelyi an automated management information system 
would facilitate this. As a first step, Muni should 
establish a limited number of simple performance 
measures that can be managed manually and are 
clearly understandable to supervisors, operators, 
and all management levels. The use of a personal 
computer was suggested by some members of the study 
groupi a pilot program using a personal computer 
could be part of a longer term effort to develop a 
t'e.1.fv.L.ma1n .• ~ mv11.i.tu1..;.11y ;:,yotem. 

Measures should ideally be expressed in terms of 
performance per operator as opposed to systemwide 
statistics (i,e., absences per operator per year 
instead of the currently used percentage of opera
tors not present on an average day). Expressing the 
measures in this way makes them more readily under
standable and usable to supervisors and operators 
who are trying to achieve established goals. 

Measurements should be done on a rolling basisi 
11 per year II should mean the immediately preceding 12 
months not the calendar year. This approach removes 
artificial time constraints and allows for a more 
meaningful time period (i.e., 1 year instead of the 
current 3 months). It also addresses an issue raised 
by Muni regarding the use of an individual's long
term record in the application of discipline. The 
use of a rolling year also departs from Muni's cur
rent practice of allowing a certain number of miss
outs per quarter. 

On the basis of these general recommendations and 
the specific discussions at the meeting, a sample 
set of performance measures has been prepared: 

1. Attendance 
• Unscheduled absences per operator, 
• Miss-outs per operator, 
• Sick and occupational illness absences 

per operator, and 
• Late reports per operatori 

2. Safety 
• Chargeable accidents per operatori 
• Chargeable accidents per 100,000 miles by 

mode, division, and type of accident; 
• Safety commendations per operatori and 
• Safety violations per operatori 

3. Schedule adherence 
• Early departures (1 min or more) as per

centage of departures checked for system, 
• Percentage on-time arrivals (to be de

fined), and 
• Ahead-of-schedule violations per operatori 

4. Appearance and courtesy 
• Passenger service reports per operator, 
• Commendations per operator, and 
• Uniform violations per operatori and 

5. General adherence to rules 
• Rule infraction write-ups per operator and 
• commendations for general adherence to 

rules. 

t'1oce chac because performance characcer iscics may 
vary by mode, performance measurement should be per
formed separately for each mode, where applicable. 

Performance measurement is not in and of itself a 
motivational factor. However, making average 11...,.,... .... ,,..~. 
operator" statistics available, and graphically pre
senting trends in such statistics ( for the system 
and by division) , can provide a clear picture to 
operators and their supervisors of movement toward 
achieving goals. 

Similarly, the manner in which performance mea
surements are• implemented and articulated can sig
nificantly affect morale. A negative emphasis and 
complicated, imposing forms could alienate and demo
tivate the majority of operators who want to perform 
well and do little to improve the performance of 
others. 
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A positive approach to performance measurement 
should be presented using clear, agreed-upon defini
tions of the measures to be used. Furthermore, at 
the start of implementation, it should be understood 
that, as for anything new, there will be a shakedown 
period during which the measurement system can be 
adapted to the particular situation before being 
institutionalized. All parties involved in the ini
tial design of the measures should have an oppor
tunity to provide input to any revision process. 
Such an approach addresses the natural concerns 
about new procedures and provides the initial flex
ibility for developing a "tailor-made" system. 
(After the shakedown period, there should be peri
odic reevaluation, but changes should be infrequent.) 

Targeting 

Targets can be set for each of the established mea
sures. Instead of transfering standards from other 
transit properties to Muni, it was recommended that 
Muni assess current performance and establish tar
gets for percentage increases or decreases in se
lected performance statistics. The targets should be 
achievable and arrived at in a participatory manner; 
getting supervisors and operators involved in the 
process of establishing targets fosters commitment 
to achieving them. The targets should be reevaluated 
and revised periodically. 

Multisystems is currently assisting Muni in 
implementing a set of performance measures and a 
microcomputer-based monitoring system, and in estab-
1 ishing targets based on improvements over current 
performance. 

Incentives, Awards, and Discipline 

Incentives and Awards 

When a measurement system has been established, pro
grams can be designed to reward employees for their 
superior performance. Incentives, awards, and, in a 
larger sense, recognition are all positive motiva
tors. They can be divided into three distinct cate
gories: 

1. Pay incentives, which are a significant 
percentage of the total paycheck (i.e., 5 to 15 per
cent), are monetary payments (i.e., bonuses, in
centive-based pay scales) directly tied to perfor
mance. Such pay incentives may be offered to 
individual employees or to groups (divisions) that 
meet the criteria. 

2. Nonpay awards and recognition may be a small 
monetary award (less than $200), a nonmonetary gift 
(trip, dinner, trophy), preferential parking, dedi
cated bus with driver's name on it, or social activ
ities. Publicizing the award (ceremonies, articles 
in newspaper) is also a form of recognition that 
enhances the impact of the award itself. 

3. Time off is a unique type of nonmonetary re
ward that can be used to reward superior attendance 
and punctuality. Depending on its application, it 
can discourage the abuse of sick leave and transform 
a large number of expensive unscheduled absences 
into a smaller number of less expensive scheduled 
absences. 

The second category, "nonpay awards and recogni
tion" was cited by the study group as offering the 
greatest return in terms of being both relatively 
inexpensive and a strong performance motivator. Fur
thermore, it appears that these are implementable by 
Muni now, in contrast to pay incentives. Although 
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pay incentives were cited as effective (in Flint and 
Houston), the increased data processing requirements 
and complication of pay structures might make them 
difficult for Muni to implement in the immediate 
future. More important, San Francisco City Charter 
laws prohibiting "give-away of city funds" would 
constitute a greater barrier to pay incentives than 
to nonpay incentives. Thus, pay incentives should be 
considered only a longer term possibility. Although 
the law may also apply to monetary nonpay awards 
(i.e., cash prizes), the smaller magnitude and spe
cial nature of these awards might make them easier 
to structure to come within the law. Furthermore, 
because the cost is relatively low, it may be prac
tical to establish special funds, perhaps raised by 
nontransit activities (advertising, business contri
butions) , that would not be subject to the res tr ic
t ion. In the long run it may be advisable to seek 
legal advice on how to remove the city restrictions. 

In addition to these constraints, there was clear 
sentiment expressed at the meeting by both manage
ment and labor that nonpay awards, in particular 
publicized recognition, would be stronger motivators 
than pay incentives. This led the study group to 
recommend that Muni give a higher priority to nonpay 
incentives than to pay incentives for the immediate 
future. 

Two philosophies were identified in designing an 
incentive and award system: awards can be large and 
go to a few operators or awards can be smaller and 
go to many operators. Rewarding a few results in 
focused recognition; positive "examples" are cre
ated. Spreading the rewards, however, spreads rec
ognition and makes rewards more attainable; this 
increased attainability is consistent with the phi
losophy of setting achievable (not necessarily easy) 
goals--success is a strong motivator. 

The Metropolitan Transit Commission (MTC) of Min
neapolis-St. Paul struck a compromise between these 
two philosophies in designing its incentive system. 
Using a two-tiered approach, several levels of 
achievement with increasing rewards were estab
lished. As many as 40 to 60 percent of operators 
qualified for the first level; a much smaller per
centage reached the highest level. This appears to 
be a good compromise and is recommended to Muni. It 
will enable Muni to recognize and give a "pat on the 
back" to the large group of operators doing a good 
job while further rewarding those doing a superla
tive job. (Another aspEct of the MTC system 
recommended to Muni is that several aspects of 
performance are considered so that each level of 
achievement represents a complete performance 
profile.) 

Muni should also widen award distribution by giv
ing them out separately for each division or mode 
(i.e., instead of one driver of the month there 
would be several from various divisions or modes.) 
Alternatively, divisional awards can be given to 
create positive competition among divisions and 
esprit de corps within. This approach has been ap
plied successfully in Houston. 

There was considerable discussion at the study 
group meeting about which incentives are the strong
est motivators; the recommendation was that this 
question be addressed to the employees themselves. 
Accordingly, a survey of operators is being under
taken. The study group stressed the importance of 
follow-up and action based on the survey. Otherwise, 
expectations might be raised but not realized, which 
could adversely affect morale. 

Another method for selecting the strongest moti
vators is, where practical, to build some flexi
bility in the award programs. For example, an oper
ator might be offered a choice between a cash award 
and some time off. 
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Finally, in selecting operators for awards and 
recognition, selection criteria should be made clear 
to ensure credibility. These criteria should be tied 
in to the performance measurement system. Additional 
credibility can be achieved by involvinq operators 
in the selection process (an approach used at MTC), 

Discipline 

Discipline works in concert with incentives and 
awards to encourage good performance, Al though it 
can be considered a "negative incentive," if prop
erly implemented, it is a positive force. 

Two distinct philosophies of di.scipline were dis
cussed at the meeting. One, the traditional 
approach, views discipline as punishment for viola
tion. The other approach, which has been success
fully applied at Seattle Metro, is dubbed "positive 
discipline" nnd views discipline as a means of 
clearly articulating what is expected of the oper
a tor and obtaining the operator's commitment to 
meeting the expectations. When these accepted expec
tations are not met, discipline is applied progres
sively (i.e., in accordance with severity and past 
record) along with counseling to help the operator 
make a commitment to and meet the expectations in 
the future. Should the point of termination be ap
proached, the operator is given a decision-making 
leave--time to decide whether to make a commitment 
to meeting performance expectations or to accept 
termination. 

The study group recommended the positive disci
pline approach. The success of such a system re
quires trust between management and· labor; regular 
conferences with division supervisors; and the ex
istence of an established, working grievance proce
dure. Muni generally possesses these prerequisites, 
although a greater emphasis on conferences was rec
ommended. 

The key aspects of the recommended discipline 
program include the following: 

• Clear, understandable, agreed-upon rules, 
This may involve management-labor discussion and 
rule book revision. The current rule book, in place 
for some time, was deemed by both labor and manage
ment to be confusing and out-of-date. When rules are 
clear, understood, and agreed-on, operator commit
ment can be obtained. 

• Fair, consistent application of specific dis
cipline balanced by appropriate management discre
tion. For discipline to be respected and upheld, 
fairness, consistency, and specificity are essen
tial. However, in order to (a) allow managers to 
manage, (bl accommodate special circumstances, and 
(c) consider an individual's total racord, a cartain 
amount of managerial judgment must exist. Such lee
way can be built into the system and fairness and 
cons1stency can De preservea, proviaea there is ex
tensive training and review of supervisors charged 
with administering discipline. (At MTC, a range of 
discipline choices is built into the system and man
agers are trained to make appropriate choices.) 

• Discipline should be progressive. Discipline 
for minor infractions should be keyed to the sever
ity of the problem and the individual's past record 
(over a rolling year period). 

' An individual's overall performance should be 
considered. This will prevent demotivation of good 
operators who may have erred but whose past record 
indicates acceptable or superior performance. 

• Counseling at each stage of the disciplinary 
process. The operator should be counseled about what 
performance is required and how the requirement can 
he met. Thi~ necessitl3_tes a mr11nr!lgPmPnt- Atr11,..t-11r,:t, 
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that allows managers administering discipline the 
time, information, training, and incentive to con
structively counsel operators. The study group rec
ommends that the division supervisor conference 
program now in effect at Muni aevote more tiJTie to 
conferences and improve the quality of the confer
ences. 

• Employee assistance program referrals. If, in 
the disciplinary process, it becomes apparent that 
there may be personal, stress, or substance abuse 
problems, the individual should be referred to the 
employee assistance program for appropriate counsel
ing and rehabilitation. In the case of substance 
abuse or other safety threatening conditions, it is 
also necessary to take the operator out of service 
(substance abuse is discussed further later in this 
paper). 

To successfully implement the program described, it 
is crucial that all managers involved in the disci
plinary process receive proper training and that the 
program be reviewed. 

Appraisal and Communication 

Performance appraisal and communication were identi
fied as crucial elements of a performance standards 
and motivation program, Using the information pro
vided by performance measurement, the goals that 
have been targeted, and the motivational tools of 
incentive, award, and discipline, the manager should 
communicate to the operator what is expected and 
whether those expectations are being met and should 
let the operator know how to progress toward them 
when they are not met. The manager must also recog
nize and reward superior performance, The operator, 
in turn, needs to communicate an understanding of 
expectations and a commitment to them, There must be 
a channel open for the operator to communicate ques
tions and problems. 

To facilitate this two-way communication, all 
operators should have conferences with their super
visors on a regular basis. Muni already has a pro
gram of conferences by division supervisors and 
assistant division managers; the following para
graphs outline guidelines for conducting and review
ing conferences that may lead to improvements. 

The supervisor must have the time, information, 
training, and incentive to conduct a constructive 
conference. Division managers should periodically 
review the conferences. It should be made clear to 
operators, in advance, that these conferences are 
separate and distinct from the disciplinary process, 
although disciplinary matters may be discussed. This 
a priori understanding will allow better communica
tion. 

The time interval between !'!uch conference:,; should 
be short enough for the conference to be remembered 
and thereby have an effect on performance and mo
raLe, but it should be long enough so that supervi
sors and operators are not overwhelmed by constant 
conferences. A longer interval will allow supervi
sors to expand the time spent with the operator and 
do the preparation needed to have a meaningful con
ference. Six months was suggested by the study group 
as a good interval, This represents an increase from 
the 3-month interval previously in place at Muni. 
More time for preparation should facilitate longer, 
higher quality conferences, As of this writing, Muni 
has already implemented the 6-month interval. 

In addition to these formal conferences, other 
channels of communication can be opened or strength
ened: 

• Company newsletter, The study group recom-
mends IJSing ~ nPw~l ,:::i,f-f-,:::i,r f-n .::arqn::.; n+- np.:::.r.::af-1"\rC!. .:.nn 
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supervisors with each other, publicize performance 
trends, recognize exceptional operators, and encour
age "letters to the editor" to raise questions, 
identify problems, and suggest solutions. Both oper
ators and supervisors should be involved in the 
newsletter. [The Washington, D.C., Metropolitan Area 
Transit Authority (WMATA) and Seattle Metro publish 
newsletters and claim they are highly beneficial.] 
As of this writing, Muni has implemented a news
letter. 

• Informal "rap sessions." Such sessions in-
volving operators and supervisors should be used to 
discuss achievements, problems, and solutions. 

• Joint labor-management board (JLMB). The JLMB 
should be continued and its role strengthened as a 
channel of communication and an avenue for operator 
participation and job enrichment. 

• Intermanager communication. Improved communi
cation within management, especially including 
first-line supervisors, will benefit supervisor
operator communication as well. 

Aspects of Performance 

The aspects of performance identified at the begin
ning of this paper have been referred to implicitly 
( and occasionally explicitly) in the preceding dis
cussion of recommendations for an operator perfor
mance evaluation program at Muni. This section 
contains comments of specific pertinence to the in
dividual aspects of performance. 

Attendance and Punctuality 

There are really two management goals with regard to 
attendance. The first is to reduce overall absen
teeism. The second goal is, for a given level of 
absenteeism, to create incentives that will encour
age the appropriate use of scheduled time off 
(vacation, individual personal days) in lieu of 
unscheduled absence (sick days) and lateness. This 
facilitates planning, which helps maintain schedule 
reliability and results in less expense than do 
unscheduled absences. 

To achieve these goals, data collection and 
analysis should be undertaken so that understanding 
of the causes of absenteeism can be improved. Re
search at other properties and absenteeism records 
will be helpful in this task. Management should 
understand the different needs for different types 
of time off and should examine how its policies 
affect attendance and punctuality. Such policies 
include 

• Size of extraboard and resulting extent of 
overtime use, 

• Limitations on vacation or personal days 
(scheduled time off) that encourage sick leave abuse 
(unscheduled time off), 

• Operator selection criteria (Are operators 
selected who can handle stress of the job?), 

• Operator training and communication, 
• Reduction of unnecessary stress, and 
• Equipment availability to match operator com

mitment. 

It is also necessary to educate operators and 
supervisors about the relationship of attendance and 
punctuality to service reliability. This will help 
develop a commitment to good attendance and punctu
ality. 

Schedule Adherence 

It is recognized that running ahead of schedule is 
more within the control of the individual operator 
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than is running late. It should therefore be the 
primary focus in measuring individual operator per
formance. Running late, however, should not be ig
nored. The limited extent of driver control over 
lateness should be explored, along with the full 
range of causes, including equipment availability, 
scheduling, traffic, weather and road conditions, 
and load factors. 

In measuring schedule adherence, it is important 
that those performing the measurement be objective. 
If, for example, street supervisors are charged with 
gathering data on schedule adherence and those same 
street supervisors are evaluated on the basis of 
schedule adherence, there may be a problem with 
objectivity. 

Safety 

Safety training and awareness should be emphasized. 
In conjunction with efforts to set standards and 
motivate safety, it is important to clearly deter
mine what is and what is not an operator preventable 
accident and to investigate each accident promptly 
and thoroughly to establish cause. 

The study group was made aware of a separate "Ac
cident Peer Group Review" that addressed safety at 
Muni. Its recommendations provide additional input 
to the development of measures, targets, incentives, 
discipline, and so forth. 

Appearance and Courtesy 

Instilling pride and a sense of commitment in gen
eral should produce specific gains in this area. 
Awards and recognition are particularly appropriate 
to reward courteous service. 

Involving operators in the design of uniforms was 
recommended to encourage their subsequent use. (This 
approach has been used in Seattle.) A process for 
union input to the design of uniforms is already in 
place at Muni. 

Substance Abuse and Dealing with Stress 

Although substance abuse is difficult to quantify, 
it is an extremely important area because it di
rectly affects safety. A strong, accessible, and 
trusted employee assistance program (EAP) is a major 
preventive asset. One approach to encouraging pre
ventive use of the EAP before an accident occurs is 
to offer the following (a version of which is in 
place at WMATA): 

• If an operator has a drug or alcohol problem 
that affects the ability to drive safely, and so 
notifies the supervisor, the operator will be put on 
a noncritical job (e.g., cleaning) and sent to the 
EAP, drug rehabilitation program, or other appropri
ate source of help. After successful completion of 
the prescribed program, the driver will be returned 
to service with the understanding that recurrence of 
the problem will necessitate dismissal. (Follow-up 
counseling will be available, however, to help the 
operator avoid recurrence.) 

• If operators with drug or alcohol problems 
fail to take advantage of this opportunity to seek 
help, however, they are subject to normal disciplin
ary procedure (i.e., termination of employment). (At 
WMATA, every employee involved in an accident is 
required to submit to a blood test to determine Lhe 
presence of alcohol or drugs.) 

In all cases the emphasis should be on getting 
the unsafe driver off the road before an accident 
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occurs. Correct the condition, if possible, but 
first get the operator off the road. 

The EAP can also provide assistance for other 
stress-related problems (e.g., divorce, depression) 
that may impair job performance: all Muni employees 
shou.ld be encouraged to make use ot this resource 
before a stressful condition results in serious 
deterioration of performance. 

nhc::i:aru::an(""P Of Rnl ,::i.Q. i npi:,,r;:::iit i ng Prnr.P'111TPS - and 
Directives 

This aspect of performance includes miscellaneous 
yet important items, such as running with proper 
signs, calling out stops, stopping at dcoignatcd 
locations, responding to passenger inquiries, fol
lowing supervisor directives, and awareness of 
notices, all of which affect the quality of service 
and are performance indicators in themselves. Im
proved communication and appropriate use of disci
plinary procedures shou.1a produce gains in cn1s 
area. Many of the aforementioned communications im
provements, such as newsletters and more confer
ences, can be used in efforts to increase observance 
of rules. Specific incentives and awards may be 
created to reward attention to these aspects of 
quality of service. 

CONCLUSIONS 

The study group review process enabled Muni to bene
fit from the experiences of other transit properties 
in tackling the issues related to evaluating em
ployee performance and motivating employees to im
prove service. The study group initiated a mutually 
beneficial exchange of ideas among representatives 
of several properties, brought new ideas to Muni 
staff at several levels, and fostered a dialogue be
tween union and management that will be beneficial 
to the special demonstration project and to Muni em
ployees. As a result, Muni was able to reevaluate a 
number of its programs and to plan enh-:1.ncement~ for 
both the short and the long term. The developments 
at Muni in implementing these enhancements, as well 
as the guidelines for employee performance evalu
ation and motivation programs, should prove useful 
to other transit properties. 

EPILOGUE 

As of this writing, Muni has implemented a number of 
the recommendations of the study group. Current ac
tivities include installation of an operator perfor
mance monitoring system that has been developed for 
use on a microcomputer using commercially available 
data base management software, setting of perfor
mance targets, review of attendence policies, ex
panded recognition programs, revisions to the oper
a tor rule book, and analysis of street supervision 
activities to desian an ~xpPrimP.nt fnr implPmP.nt::1-

tion in the coming year. 
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