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FRACAS: A Strategic Planning Model for

Bus Transit Systems

GEORGE KOCUR and JOHN DE TORE

ABSTRACT

The Fare and Route Analysis Computer Aided
System (FRACAS) is a strategic planning
model for transit systems, It is implemented
on an Apple II microcomputer. FRACAS both
generates and evaluates service and fare op-
tions for local transit systems, helping the
analyst achieve system goals. It accepts
data on objectives, operating conditions,
and existing service and market sensitivi-
ties, and it computes the best number of
routes, route length, headway, and fare for
the time periods and area analyzed. The user
can override the model in any service or
fare aspect. FRACAS also computes a set of
33 performance measures as part of its out-
put. The model is a flexible approach to the
problems of adjusting service and fares to
meet budget constraints, and it also treats
express service, vehicle size issues, and
peak versus off-peak service issues, which
are important elements of strategic planning
in many systems. To enhance its usability,
FRACAS is entirely menu driven with exten-
sive error checking and recovery; no pro-
gramming knowledge is required of the user.

The Fare and Route Analysis Computer Aided System
(FRACAS) program is a strategic planning tool de-
signed to interactively help transit managers and
planning staff with the task of establishing fare
and service policy. For a given transit system, cor-
ridor, or route, FRACAS computes a combination of
service and fare that best achieves system objec-
tives. The service is defined by the number of
routes in the analysis, their average length, the
average headway, and the fare. Express and local
service and peak and off-peak time periods can be
treated jointly. FRACAS computes the service levels,
ridership, revenues, and costs of options and pro-
vides statistics on bus-miles, bus-hours, and pas-
senger-miles, for example. These results are dis-
played in a four-page report on the computer monitor
and can also be printed out.

Specification of the service area is quite gen-
eral: a corridor within the system or even a partic-
ular route can be specified. In addition, the objec-
tive the model works toward can be varied, as well
as the number and choice of variables that the model
is given control over. For example, the model can
specify the optimum headway with routes and fares
fixed, or it can find the best headway and routes,
given a fixed fare. In the extreme, all variables
can be user specified. In this case, FRACAS simply
operates as an evaluation tool, estimating rider-
ship, revenue, cost, and service impacts. In all
cases, FRACAS estimates a full set of financial and
performance statistics for the service specified.

Because the output procedure typically takes 90
sec or less, the model can be run repetitively to

develop an understanding of the fundamental choices
affecting the performance of a particular transit
system. FRACAS uses system-, corridor-, and route-
level data typically available in a transit agency.
No additional data collection is required. All data
entry is through the five FRACAS input menus, which
are user oriented and provide data checking and help
in real time. FRACAS is a stand-alone program, not
linked directly to any other program or package. No
speclal skills are required to operate it; it is a
"turnkey" system that requires no programming knowl-
edge.

INFORMATION FLOW

The flow of information between the user and FRACAS
is described in this section. Because one of the
goals in designing FRACAS was to produce a system
that was user friendly, there was a substantial
amount of effort expended to organize the input data
into intuitive groups and to present the outputs in
an easily interpretable set of tables.

In designing FRACAS, several questions had to be
answered. First, what variables need to be deter-
mined by the system to make it an effective stra-
tegic planning tool? Second, what data are readily
available? And third, what level of detail should
the model cover? In other words, where on the scale
between a sketch-planning model and a network model
should this model lie?

The basic approach is to use an optimization
model to solve for the best service and fare levels
using a small set of input variables described in
this section. The decision variables are the number
of ‘routes in the corridor studied, the average route
length, the average fare, and the average headway.

The model applies only to a transit system con-
sisting primarily of radial routes extending from
the central business district (CBD). The analyst may
optimize the system with respect to one of three ob-
jectives: (a) the minimization of deficit, (b) the
maximization of weighted ridership minus deficit, or
(c) the maximization of ridership subject to a defi-
cit constraint. Fares and route structures may be
constrained if desired. It 1s also possible to
specify all the service and fare variables and use
the model only to determine the ridership and calcu-
late the resulting cost of service, revenue, bene-
fit, and deficit. The analyst may consider peak or
off-peak, or both peak and off-peak service within
the model, setting constraints (such as equal fare)
between the two periods. Likewlse, express or local
service, or both may be considered.

The model consists of nine cases, each optimizing
the system given data on what objective is desired,
what combination of local or express service during
the peak or off-peak period is to be analyzed, and
whether service or vehicle loading constraints ex-
ist. Thus the data needed for the specification of a
case are

- The objective;
- Whether each decision variable is constrained
to a preset value, constrained to be equal in
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the peak and off-peak periods, or free to vary;
and

- Which combinations of service (express, local)
and time periods (peak, off-peak) to analyze.

These data are entered on the OBJECTIVES menu in the
program. The preset values (if any) are recorded on
the CONSTRAINTS menu.

Data are required of the current transit opera-
tions, to establish a base from which to estimate
changes in ridership, service, and cost. For a cor-
ridor analysis, the following data are needed:

- Current number of routes,

- Current route length,

- Current fare,

- Current number of bus trips,

- Current ridership,

- Current percentage golng to and from the CBD
(determines relative CBD and non-CBD market po-
tential),

- Current percentage of passengers moving in the
peak direction, and

- Current market share for transit into and out
of the CBD.

This information is entered on the EXISTING menu.

The analysis requires the user to specify the
following data about ridership characteristics and
overall market conditions for transit, entered on
the MARKET menu:

- Average walking speed;

- Maximum walk distance;

- Average peak and off-peak CBD parking costs;

- Ratio of walt time to headway; and

- Sensitivities of ridership to service and fare;
these relate ridership to fare, running time,
walk time, and wait time for each service and
time period.

Last, the following operating characteristics are
required on the OPERATING menu:

- Maximum policy headways;

- Length of the analyzed corridor along typical
traveled streets;

- Width of the corridor at its outer edge;

- Number of expressways in the corridor;

- Size of the CBD;

~ Average bus operating speed for each service
and time period;

- Length, in hours per day, of each time period;

- Fixed costs per day of each time period;

- Operating costs per bus-hour by time period; and

- Maximum number ot passengers per bus by service
and time period.

The transit system will have almost all of these
numbers at hand. The model manual provides curves
and defaults to select the market sensitivities, and
the CBD market share is obtained from the regional
planning agency if not known. Other variables are
either known from collected data or can be estimated
fairly well from experience. No special data-collec-~
tion efforts are needed to support this model.

FRACAS calculates 33 different outputs for each
service and time period, This information is organ-
ized in a two-screen Management Report, which con-
tains the decislon variables and the overall finan-
cial results, and a two-screen Technical Report,
which contains derived performance and productivity
data. The analyst can study these screens freely--it
is easy to return to a screen that has already been
viewed. The outputs provided are given in Table 1.
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TABLE 1 FRACAS Outputs

Management Report Technical Report

Service and Fare: Pardor e Svatdebdesy

o Number of Routes 0 Bus-Miles

o Average Route Length o Bus-Hours

o Average Headway o Number of Bus-Trips
0 Average Fare o Number of Buses

o Passengers Per Bus-Mile

Overall Impacts: 0 Passenger-Miles
o Load Per Bus 0 Passenger-Miles Per Bus-Mile
0 Mode Share (CBD) o Cost Per Passenger

o Revenue Per Passenger

Daily Impacts: o Deficit Per Passenger

o Cost o Benefit Per Passenger

o Revenue o Operating Cost

o Deficit o TFixed Cost

o User Benefit o Revenue/Cost Ratio

o Ridership o0 Average Passenger Travel Time

o Average Passenger Walk Time
Annual Tmpacts: o Average Passenger Walt Time
o Cost
o Revenue
o Deficit
o User Benefit

o Ridership

In response to the question posed at the begin-
ning of this section, FRACAS operates with a rela-
tively large set of declsion variables, which is
appropriate for a strategic planning function. Tran-
sit systems do consider strategic issues such as
route consolidation, differential pricing, express
service, and use of articulated buses, and FRACAS is
designed to perform these analyses. FRACAS does this
at a relatively low level of data, not requiring
trip tables, networks, on-off counts, or other spe-
cialized data collection. The data on which stra-
tegic planning is based must be current and easy to
maintain, so FRACAS relies on data that should be
available in all organizations for basic planning
and management functions. By not incorporating de-
tailed data, however, FRACAS gives up the ability to
look at most "fine-tuning"™ issues. FRACAS can be
used at a single-route level for general headway and
fare design issues, but it cannot prepare schedules.
Likewise, at the corridor level, it can indicate the
best number of routes to operate, but it is up to
the analyst to specify the detailed routing. Key
assumptions and limitations of FRACAS are discussed
in a later section.

USING FRACAS

When FRACAS starts, the analyst is presented with
the MAIN menu (Figure 1). From the MAIN menu, one
can select the OBJECTIVES menu, any of the data
menus (CONSTRAINTS, AREA, EXISTING, MARKET), the

- STORAGE page, or the OUTPUT routine. Each will re-

turn to the MAIN menu on termination except QUIT,
which ends the program.

The STORAGE page gives the analyst the ability to
store the information on each of the interactive
screens in one named file. With this feature, all
the screens can be reset to the values of a previous
session that was stored. When the STORAGE page is
selected, a screen appears with a menu of storage
options and a catalog of all the filles currently on
disk. This catalog is kept current through all stor-
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Main Menu File: EXAMPLE
Objectives Selaot objective to be used in this analysis,
5 Constraints Detinition of the user constraints.
: Operating Input of data describing the service araea.
A Existing Input of data desoribing existing services.
Market Input of rider sensitivities to fares, etc.
Output Display mode! output to screen and/or print.
Storage Data storage and retrieval to diskette.
Quit Terminate this worksession.
Use (-, -) to move cursor
Cntl-C to select

FIGURE 1 MAIN menu.

age and retrieval activity. The options available to
the analyst include storing, replacing, loading, and
deleting a file, plus printing a list of the data
sets on disk. The disk drive to be used for storage
and retrieval of data can be specified for the con-
venience of FRACAS users with more than two floppy
drives or a hard disk.

Selecting OUTPUT from the MAIN menu will cause
about 90 sec of activity from the computer, ending
with the first page of the Management Report being
displayed. Using the arrow keys, the user can look
through all four pages of output, returning to pages
that have already been viewed if desired.

The last option on the MAIN menu is the QUIT op-
tion. This option brings FRACAS to an orderly halt.

FRACAS thus operates with six interactive
screens. Each screen displays a related body of data
or choices that can be entered, modified, or veri-
fied by the user. The computer model verifies all
data for completeness and correctness before com-
puting any results, Although most errors are de-
tected when the analyst "accepts™ a screen, some
error-checking requires data across several accepted
screens—-this checking is done before FRACAS pro-
cesses the input data. Any errors or omissions de-
tected will cause the program to temporarily return
to the affected screen and position the cursor on
the problem. A message will be displayed at the bot-
tom of the screen.

Each location to which the cursor moves on the
OBJECTIVES menu and the four data menus is a data
entry location. For a typical run, the system may
need about 50 pieces of information in the data
entry locations. When analyzing a variation on a
previous run, the user may only need to modify a few
values. Data are entered only for items that are
used in the analysis. For example, when a peak-
period analysis is being done, all off-peak values
may be left blank. No zeros or other numbers need be
entered.

There is also a "help" facility in FRACAS, which
will display a full screen of information for any
data item on the five screens containing input data.
The help screen will describe the name, type, dec-
imal places, and range of the data value, and give a
prose description of the variable.

Running FRACAS is straightforward: the user pages
through the interactive screens and inputs the data
needed. When finished, the OUTPUT selection is made
and the results are displayed. Any information
available on any screen can be printed at any time.

Any data in the work space can be stored under a
unique name at any time.

FRACAS STRUCTURE AND CODING

The first decision to be made in implementing the
FRACAS software specification was to choose a micro-
computer for FRACAS. Because the program would be
relatively large (more than 4,000 lines), there was
a temptation to use a powerful machine. However,
there were other considerations.

Costs to the end user can be minimized by imple-
menting the system on a small and inexpensive ma-
chine, such as the Apple II. The Apple II is likely
to be a machine that is often available in transit
agencies. For these reasons, the Apple II was chosen
as the hardware for FRACAS, even though FRACAS could
have been coded more quickly and would run faster on
a larger machine.

The second decision to be made concerned the
language to use for program development. The two
languages that are currently popular with the Apple
II are Pascal and Basic. Pascal is a version of Uni-
versity of California, San Diego (UCSD) Pascal. UMTA
suggests Pascal as an appropriate language for
microcomputers, and the UTPS Screen Handler, on
which FRACAS' interactive screens are based, will
operate only with software written in Pascal. Apple
Pascal, version 1.1, was chosen for FRACAS.

The number ?f columns available on the screen
will obviously affect the amount of information that
can be put on one screen and consequently the ease
of use of the system. Because both the Pascal system
and the UTPS Screen Handler support the addition of
hardware to the Apple II that expands the number of
displayed columns from 40 to 80, an 80-column card
was also specified as part of the hardware package
that runs FRACAS. The Videx Videoterm was used in
developing FRACAS because it is one of the most com-
mon 80-column boards available and would be most
likely to be part of existing equipment belonging to
transit operators. FRACAS also makes use of the
simple, nonstandard line graphics available to the
videx board.

The FRACAS menu screens use a software product
called the UTPS Screen Handler., The UTPS Screen
Handler is both a set of utilities and a library of
procedures for the easy implementation of inter-
active screens and menus. All of the interactive
screens except the REPORT screens were designed with
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Screen Handler utilities and operate by calling the
Screen Handler procedures. They are internal to
FRACAS and transparent to the user.

The FRACAS system is divided into four programs
responsible for the input menus, calculations, and
output reporting. FRACAS passes control from program
to program internally, storing any needed data on
disk.

The first program, SYSTEM.STARTUP, is only run
when the system is turned on. This program displays
the title and calls the input program, FRACAS. The
input program handles the interactive input screens,
runs the STORAGE page, checks the input data, and
writes it on disk before chaining to the output pro-
gram (OUTPUT). The output program reads the input
data from disk, calculates the output variables, and
writes the output data to disk before chaining to
the reporting program (REPORT). This program reads
the output data from disk and displays it on the
screen, The reporting program chains back to the
input program. This overall structure is shown in
Figure 2, It is the need for chaining among programs
and for storing intermediate data on disk that ac-
counts for most of the execution time of the FRACAS
system. The actual computation time is quite small
and if FRACAS were implemented on a larger and more
expensive microcomputer, it would run considerably
faster. These trade-offs are difficult to assess in
system development; experience will show whether the
slower, cheaper Apple II implementation is accept-
able or whether a faster, more expensive machine
would have been better.

SYSTEM. STARTUP

v

FRACAS

Input Screens
Storage Management
Input Error Checking
Writes Input to Disk
Chains to OUTPUT

Y

OUTPUT

Reads Input From Disk
Analyzes Input, Produces Output
Writes Output to Disk
Chains to REPORT

T

h 4

REPORT

Reads Output from Disk
Writes Report to Screen
Can Print Report
Chains to FRACAS

FIGURE 2 Program tasks.

EXAMPLE RUN

In this section, a step-by-step example of the
FRACAS model is run. After turning on the system,
the user is presented with a title page, automati-
cally followed by the MAIN menu. The MAIN menu con-
tains no data; it is used solely for the selection
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of the other screens. In this session, the objective
screen and the four data screens will be selected
and used, and the output of the model will be ex-

R —
amined.

MAIN Menu

As shown in Figure 1, the MAIN menu displays the
screens and options available in FRACAS, which are
selected by moving the cursor to the desired option
using the arrow keys on the keyboard and pressing
the "accept®™ key, ot "countrol®™ C. The cursor c¢an
also be made to move up to the work file name. This
allows the user to change the name of the file at
any time. In this example, the OBJECTIVES menu,
which is then displayed on the screen, is selected.

OBJECTIVES Screen

The instructions at the bottom of Figure 3 indicate
that the arrow keys will move the cursor; the ESCAPE
key will return the user to the MAIN menu; Cntl-P
will print the screen; and Cntl-C will "accept"”
data. Accepting data means that the data on the
screen are accepted by the user for storage in the
work space. Both ESCAPE and Cntl-C will return the
user to the MAIN menu, but only Cntl-C will put the
entered data into memory. Thus ESCAPE can be used to
leave a menu if users get into trouble changing data
that they did not intend to change. The data that
were shown when the screen was started will be left
in memory.

The cursor starts on the position asking "Analyze
local service?" This prompt is requesting that the
user enter the periods of local service that should
be analyzed with this run. In this example, only
examining peak-period local service is of interest,
so "1" is selected for this first data entry loca-
tion, The cursor automatically advances to the next
position. Because no express service fits into the
plans for analysis, "4" is selected here.

It is also necessary to indicate what services
are currently being operated. Data describing these
services will be entered at a later point and used
in the analysis. For this reason, existing data are
required in the same time periods (peak or off-peak)
as the service or services to be examined although,
for example, peak express service can be analyzed
even if only local service exists in the peak cur-
rently. In this example, there is both peak and off-
peak local service already existing, so "3" is en-
tered for the third question. There is no existing
express service, so "4" 1is entered for the fourth
question.

Next Objective 2 is chosen from the four possi-
bilities. In this objective, an additional (or lost)
rider has a value to the transit operator above and
beyond the fare paid. A value of $0.50 will be set
on the CONSTRAINTS page to reflect the judgment that
the region would be willing to support up to a $0.50
per rider extra deficit for new patronage. The sen-
sitivity to this number can be tested by repeating
the analysis with several different values per rider.

The other options for the objective include mini-
mizing the deficit (Objective 1) or maximizing the
ridership within a user-specified deficit limit (Ob-
jective 3). This deficit limit is entered on the
CONSTRAINTS page. By selecting Objective 4, all of
the service and fare variables could be specified
and the system would report performance data on the
design.

The constraints for the output variables are then
specified. Because it 1is desired that the model
choose all of the variables, a "1" is entered for

[ B il
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Objeotives, Constraints, Time Periods File: EXAMPLE
Time Periods & Service Types:
1 ...... Analyze Local Routes? 1 - Peak
4 ...... Analyze Express Routes? 2 - Offpeak
1 e g vz Existing Local Routes? 3 - Both
& e Existing Express Routes? 4 - None
1l - Minimize Deficit
2 Ta Ned 94 Objective 2 - Max Weightad Riders-Deficit
3 - Max Riders w/Deficit Constraint
4 - All Predetermined
Constraints:
I 5 @0 ek No. of Routes 1l - Model Chooses, Separate
1 % 55 7 Route Length 2 - Model! Chooses, Equal (2 periods)
» N X ¢ 3 - Predetermined
Use (-, =) to move cursor Esc to MAIN menu
Cntl-C to accept data- Cntl-P to print screen

FIGURE 3 Example OBJECTIVES screen.

these data. In this case, "1" and "2" are equiva-
lent. If both peak and off-peak service were being
looked at, choosing "2" for a variable would con-~
strain the model to pick one value for that variable
that worked best for both periods. A variable can be
prespecified by entering a "3" here. In this case,
the value of that variable would also be entered on
the CONSTRAINTS page.

The screen is now finished and can be accepted by
pressing Cntl-C. From the MAIN menu, the next option
is selected--the CONSTRAINTS screen, FRACAS antici-
pates that the user will go to the next screen and
moves the cursor down one step on the MAIN menu.

CONSTRAINTS Screen

This screen shown in Figure 4 is similar to the pre-
vious screen, but more complicated; as many as 25
data items may be specified here, and the screen ac-
cepts multidigit real numbers.

Not all of the data that can be entered on this
screen are needed for this run, although the user
may put in additional information so that it will be
there if needed for future analysis. To determine
what is needed, the user needs to look at the line
on the screen labeled "used this run."

Data are needed in the boxes that have a bar on
this line. Data are needed for the value of rider if
there is a bar above it. Notice that for this run
data need to be entered only for "Fixed Costs" and
for "value of Rider." In fact, data need to be en-
tered only for the peak-local cell for fixed costs,
because this is all that is being analyzed. If the
user wishes to prespecify some of the output vari-
ables, that can be done here under "Predetermined
Vvalues."

Values entered are "278" for fixed costs and "50"
for the value of the rider; then Cntl-C is pressed
to return to the MAIN menu and Cntl-C is pressed
again to move on to the next menu,

OPERATING Screen

The operating data reflect many of the characteris-
tics of the area and the transit system., Some of the
area characteristics are described in greater depth
in Kocur (1) and care must be taken in setting their
values in actual analyses. They are discussed only
briefly here.

The area dimensions must be entered, so the
length of the corridor is selected as 8 miles (Fig-
ures 5 and 6), beyond which there is little develop-

DATA Constraints, Objectives File: EXAMPLE
Predatermined Values
R Gireuioni: %, SUEs e, SRSimaiEE T e e i, o ks alanle. PG !
used Number of | Route Lngth Fare No . ot Max Deficit|Fixed Costs
this Routaes (mi.) (cants) Trips (s/day) (o/day)
run
)
loe axp loc exp loc exp loe exp loc exp loc exp
peak: 278
offp:
Value of a Rider 50.0 (cents)
Use (-, -) to move cursor Eso to MAIN menu
Cntl-C to accept data Cntl-P to print screen

FIGURE 4 Example CONSTRAINTS screen.
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CHD

1 jlength measured
along typical
street = 8 mile

width measured
along typical
street = 6 miles

FIGURE 5 Map of example area.

ment. Maximum width of the corridor at its outer
edge is about 6 miles. The number of expressways in
the corridor is 1, although this number is used only
in express analysis. The length of the CBD is also
used only in express analysis to determine the time
spent in CBD distribution. The distribution run for
expresses would be 0.5 miles. The number of analysis
days per year is used only to convert from daily to
annual statistics.

The expected ratio of total bus-hours to in-
service hours is estimated by the user. Total bus-
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hours include 1layovers, deadhead time, and other
nonservice time., In-service hours are those the bus
is actually in revenue service operating along the
route. A ratio of 1.4 is used in this example toc
estimate total bus-hours and the bus fleet size.

The bus operating cost varles between peak and
off-peak periods. Although the model will accept a
uniform cost for peak and off-peak service, it is
generally better to estimate the two separately. For
the peak period, the cost of a peak-only bus, com-
puted as the average cost per in-service hour over
trippers, split shifts, and other driver assignments
for peak-only runs is used. In off-peak periods, the
cost per in-service hour of a vehicle operated all
day is used. In both periods, costs are strictly for
in-service time, not including layover or deadhead
times. A peak cost of $36 per hour is used here. The
off-peak cost is not needed in the example.

The length of the analysis periods is the number
of hours each day with peak or off-peak service. For
the example, there are 4 hr of peak service each day.

The maximum load per bus reflects the equipment
type and the loading standards of the property. Dif-
ferent equipment types can be reflected by varying
the values of the maximum load per bus, cost per
bus-hour, and speed. Because maximum load is a con-
straint on the average load in a peak or off-peak
period at the peak load point, it should be lower
than the ultimate capacity of the vehicle, Forty
passengers per bus are used in this example.

For local service, the average bus speed includes
delays for boarding and alighting. The speed chosen
for this example is 12 mph in the peak.

EXISTING Screen

This screen (Figure 7) allows the user to enter data
for eight variables describing existing service.

The number of routes, six, is determined from the
map. The average route length is found by adding the
total length of all routes counted and dividing by
the number of routes. The average route length cal-
culation gives 7 miles.

The average fare should be estimated for each of
the service and time periods for which data are re-
quired. If the average fare paid in each service and
time period is not known, the nominal adult fare
should be used. The fare for this example is $0.70.

The current number of bus trips in the peak di-
rection is calculated from the current schedules.

DATA Operating

File: EXAMPLE

Corrtdor Length (mi): -]
Corridor Width (mi) &
No. of Expressways : 1 .
CBD Length (mi) 1]
Analysis days/year : 250
Total/Serv. Bus-Hrs.: 1

Bus Operating Cost
(8/hr) peak-only: 36.00
base period:

Length of Period (hrs)
for peak analysis: 4.00
for offp analysis:

Maximum Passenger Load/Bus
Local Express

peak: 40.00
offpeak:

Average Segment Speed (mph)

Looal Express
(w/stops) (w/o stops)
peak: 12.00

offpeak:

Use (-, =) to move cursor
€ntl-C to accept data

Esc to MAIN menu
Cntl-P to print screen

FIGURE 6 Example OPERATING screen.

11



Kocur and De Tore

19

DATA Eristing Service File: EXAMPLE
No. ot Routes Local Express Total Ridership Local Express
peak: €.0 peak: 5168
offpeak: offpeak:
Route Length (mi) % to/from CBD
peak: 7.0 peak: 8z .0
offpeak: offpeak:
Fare (cents) % in Peak Diraection
peak: 70.0 peak: 80.0
offpeak: offpaak:
No. ot Bus Trips Transit CBD mkt shr %
peak: 80.0 peak: 20.0
of fpeak: offpeak:
Usa (~, =) to move cursor Esc to MAIN menu
Cntl-C to accept data Cnti-P to print screen

FIGURE 7 Example EXISTING screen.

Short-turns are counted as fractional values. 1In
this example, the number of bus trips over the six
routes is 90, This is the number of inbound trips in
the morning peak plus the number of outbound trips
in the evening peak.

The total ridership over all routes is found from
revenue or passenger count data. Ridership for the
example is 5,165 in both directions over the two
peaks. The fraction of current transit riders bound
to or from the CBD, including transfers in the CBD,
is estimated from ridership counts or from expe-
rience. In this case, the value is 0.80.

The current mode share of all CBD trips captured
by transit is generally obtainable by dividing tran-
sit ridership to the CBD by the total person trips
to and from the CBD. The total flow of persons to
and from the CBD is usually obtainable from regional
transit planning agencies, state departments of
transportation, or downtown associations. For this
example, 0.20 is used.

MARKET Screen

These data (Figure 8) pertain to the market charac-
teristics of the geographic area. BAlong with the
EXISTING data, these data tend not to change much
after they have been set,

The average walk speed is generally considered to
be 3 mph; this is what is used here. The maximum
distance beyond which no persons are willing to walk
is based on operator experience and judgment. A
value of 0.5 mile is used in the example.

The average CBD parking cost is entered for both
peak and off-peak users. A peak CBD parking cost of
$1.50 is used here.

The maximum policy headway is set by the analyst
on the basis of either formal or informal service
standards. These standards will not typically be
binding in the peak period. Maximum policy headway
is 60 min in this example.

The standard value for the ratio of average pas-
senger wait time to route headway is 0.5. It can be
greater than 0.5 for poorly kept, short headways and
less than 0.5 for well-kept long headways. Because
good schedule adherence is expected in the example,

this ratio is set at 0.4.
The market sensitivities in the second column are

set by examining the graphs shown in Figure 9. Typ-
ically, the market coefficients will differ between
peak and off-peak period travel and may differ be-
tween local and express traffic. Choose a coeffi-
cient that represents a curve in the figure that is
believed to represent the true changes in ridership
that would occur in the corridor being studied. The
user may interpolate between the curves if neces-

DATA Market

File: EXAMPLE

Avg. Walk Speed (mph) 3.0
Max. Walk Distanoe (mi): 0.5
Avg. CBD Parking Cost

SENSITIVITIES
seleot from graphs in the manual

Cntl-C to accept data

(cents/trip) peak: 150 Local Express
offp:
Fare pk:.001000
Max. Headway Policy Local Express oftpk:
(in min) peak: 60.0
offp: Running Time pk: . 003000
offpk:
Wait-to-Headway Ratio
peak: 0.40 Walk Time pk:.010000
oftp: offpk:
Wait Time pk:.010000
oftpk:
Use (-, -)> to move cursor Esc to MAIN menu

Cntl-P to print screen

FIGURE 8 Example MARKET screen.
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FIGURE 9 Market sensitivity curves.

sary. Alternatively, the demand coefficients can be
found from the corresponding elasticities if known.
Values are entered from the curves, as shown, and
the screen is accepted. OUTPUT is then selected from
the MAIN menu because all input is complete.

Output

When the calculation messages have finished, the
report screen will show the results. Notice the
changes that were made in the system (Table 2). The
fare has increased from $0.70 to about $1.00; head-
way is reduced from 16 to 12 min; the number of
routes comes down from 6 to 4.

These optimal values are indicative of directions
that produce ridership increase, deficit decrease,
or productivity increase. In this example, the value
per extra rider is rather low ($0.50), so service is
expanded only until the deficit for the last rider
reaches $0.50. Because the deficit per rider in-
creases as marginal patronage is sought, most riders
cost the system less than $0.50 deficit. with a
$0.70 current fare, this means that a high revenue-
to-cost ratio is implicitly required. The model sug-
gests the best way to achieve this. Note that head-
ways actually improve, although routes are cut and
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fares increase sharply. This strategy differs from
those many systems may follow. If the user wishes to
alter portions of the solution, they can be con-
strained by returning to the OBJECTIVES screen and
setting the variables as predetermined and then mov-
ing to the CONSTRAINTS page to specify a value. For
example, the fare could be locked in at $0.80 if
that was the maximum value the operator felt could
be implemented. The model can be rerun, and the new
results obtained. Using this iterative process, the
user of FRACAS should be able to achieve a better
intuitive understanding of the transit system than
was previously possible.

If the operator found all the changes in this run
satisfactory (which is not expected for a first run,
but was assumed for sake of example), the design and
impacts of the best service to achieve the system's
goals are set. In this example, approximately four
routes at 12- to 13-min average headways will be
operated; a fare of approximately $1.00 will be
charged; the routes will be run out about 7 miles in
the corridor. The specific design of the four routes
is left to the analyst and his local knowledge; this
is a hard task for a computer. A possible revised
route pattern is shown in Figure 10. It uses four
routes instead of the current six, and they are
slightly longer. They are spaced as evenly as pos-
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TABLE 2 Output Report
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File: EXAMPLE
PEAK OFFPEAK TOTAL
Local Express Local Express

Servioe

& Fares: No. of Routas: 3.81 0.00 ¢.00 0.00
Route Length (mi): 7.14 g.a0 g.00 0.00

Avg. Headway (min): 12.45 0.00 0.00 0.00

Avg. Fare (ocents): 102.812 a0.00 0.00 Q.00
Impacts: Load Per Bus: 40.00 0.00 0.00 0.00 40.00
Mode Share (CBD): a.17 0.00 a0.400 0.00 0.17

Daily

Impacts: Cost(3): 3421.8535 0.00 0.00 0.00 3421 .85
Revenue($): 4332.29 0.00 0.00 0.00 4332.29
Defioit(s): -910.84 0.00 0.00 0.00 -910.64
User Benefit(s): 28680.40 0.00 Q.00 0.00 2890.49
Ridership: 4214.08 0.00 06.00 0.00 4214.08

Annual

Impacts: Cost(§): 833,41 0.00 0.00 0.00 83%5.41

{(000's) Revenue($): 1083.07 0.00 0.00 0.00 1083.07

Defioit(s): -227.88 0.00 0.00 0.00 -227.686
User Benef {L(S$): 722.62 0.00 0.00 .00 722.62
Ridership: 1053.52 0.00 a0.00 0.00 10353 .52

Daily
Statistics: Bus-Milaes: 1047 .88 0.00 0.00 0.00 1047.88
Bus-Hours: 122.23 0.00 0.00 0.00 122.235
No. Bus Trips: 73.43 0.00 0.00 0.0¢ 73.43
No. Buses: 30.58 0.00 0.00 Q.00 30.56
Psgr./Bus-Mile: 4.02 0.00 .00 0.00 4.02
Psgr.-Miles: 15034.3 0.00 g.00 0.00 15034 .3
Psgr.-Mile/Bus-Mile: 14.33 0.00 0.00 0.00 14.35
Avg. Travel Time (min): 17.84 a.00 0.00 0.00 17.84
Avg. Walk Time (min): 4.88 0.00 0.00 0.00 4.88
Avg. Wait Time (min): %.98 0.00 0.00 0.00 4,98

Daily:

(in ) Cost/Passenger: 0.81 0.00 0.00 0.00 0.81
Revenue/Passenger: 1.03 0.a0 0.00 0.00 103
Deficit/Passenger: -0.22 0.00 0.00 6.00 -0.22
Benefit/Passenger: 0.69 0.00 0.00 0.00 0.69

Operating Cost: 3143 .65 0.00 0.00 0.00 3143 65
Fixed Cost: 278.00 0.00 0.00 Q.00 278.00
Ratio Revenue/Cost: 1.27 0.00 g.00 0.00 1.27
sible and operate over existing route segments when- times will increase. Thus the operator can argue

ever possible.

There are some major implementation issues in
making such a routing change, and these have to be
weighed carefully. However, the model does point out
that even under the objective used in this example,
which places tight financial bounds on the operator,
headway increases are self-defeating. Obviously,
fares go up; but the key is to increase walk times a
little, by adjusting route structure, instead of
increasing wait times a 1lot through headway in-
creases. These conclusions are dependent on the
market sensitivities of wait and walk time, which
should be varied to examine the robustness of the
result.

Under objectives that place more value on rider-
ship or allow larger deficits, route restructuring
is likely to be more acceptable. In such cases, the
fares will be at or even below current levels; head-
ways will improve; travel time will improve (due to
elimination of loops and probably more widely spaced
stops, treated elsewhere in the model); but walk

that the disadvantage of slightly longer walk dis-
tances is more than offset by the other improve-
ments. Express service can also aid in this argument.

The "profit®™ of $911 earned in the example is
only a peak-period surplus; off-peak losses will
more than offset it. The ridership of 4,214 is a 19
percent decrease from current ridership. Combined
walk and wait times are almost the same in the cur-
rent and redesigned systems, although the mix is
different: wait times decrease from 6.4 to 5 min,
and average walk times increase from 3.8 to 5 min.
The fare increases from $0.70 to about $1.00. With a
fare elasticity of about 0.35, the expected rider-
ship decrease is about 0.35 x 30/70 or 15 percent. A
slight further decrease is caused by the slightly
shorter route lengths and correspondingly smaller
service area. Thus the model results "check™ against
all the parameters.

This would not be the only model run for the cor-
ridor, of course. It could be rerun setting the num-
ber of routes to exactly four, or the fare could be
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CBD

\

length measured
along typical
street = 8 miles

width measured
along typical
street = 6 mileg-~

FIGURE 10 Revised route pattern.

constrained to something less than $1.00, and so
forth. Express and off-peak services could also be
considered, and routes could be examined one by one
if they varied greatly in their ridership and oper-
ating characteristics. The model 1is a design and
analysis aid, but the analyst must use it creatively
to develop good, implementable, strategic options,
which always require detailed local knowledge.

ASSUMPTIONS AND LIMITATIONS

Corridor Characteristics

The FRACAS model requires only data that are gener-
ally avallable to or can be estimated by a transit
operator. It uses no networks, trip tables, statis-
tical demand models, or other conventional data
sources in transportation planning. Nonetheless, it
generates acceptable alternatives and evaluates a
wide. range of impacts. To do this, the model makes
assumptions about the difficult-to-measure data
items that it does not use.

FRACAS is a so-called "continuous"™ model that
treats each route or corridor as operating in an
area of slowly varying population density and oper-
ating characteristics, FRACAS assumes that popula-
tion (and trip) density declines approximately
piecewise linearly from the CBD outward.

Route ridership data (from which trip density is
inferred) can be entered for two segments if route
boardings vary greatly. If boardings follow a rela-
tively smooth, increasing pattern, a single rider-
ship number will produce a good "fit" with the ob-
served boarding pattern.
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The model treats the corridor as having fairly

continuous development with most of the area occu-_
pied. If development is very concentrated with much

undeveloped space in between (e.g., a set of small
towns with open farmland in between), the model is
not appropriate. In urban areas, even if there are
clusters of development or concentrations along
particular streets, the model is adequate as long as
the remaining development is continuous.

The corridor 1is assumed to have enough through
streets to operate the desired number of routes and
it is assumed that the rest of the street network is
well enough connected to allow users to walk a mod-
erately circuitous path to a bus route. In some sub-
urban areas, this may be a problem. In that case,
the bus operating speeds and user walk speeds are
reduced to reflect circuity.

Population density is assumed to be the same in
different portions of the corridor at the same dis-
tance from the CBD. If this is not the case, the
corridor-average optimal service levels may not re-
flect route averages very well (although the cor-
ridor summary statistics will still be fairly good
estimates in all but the most extreme cases). To
deal with this problem, single-route analyses should
be done in the corridor, or the corridor can be
broken into more uniform parts.

The route structure suggested by the model is
laid out by the analyst. The model assumes equally
spaced routes 1in making its assessments, but moder-
ate departures from equal spacing have little ef-
fect. The analyst should choose the routing for the
selected number of routes that is believed to be
best, If the route spacing is extremely nonuniform,
rerun the model at a single-route level to confirm
the results.

Transit Market

The model gelects whether the primary market €for
transit is CBD trips only or both CBD and non-CBD
trips. It does this by comparing the value of ob-
jective functions that can be achieved in either

case. Three possibilities emerge:

1. The service is designed and priced strictly
with the CBD travel market in mind; non-CBD transit
trips essentially are not made. This occurs particu-
larly if high fares are set, which CBD users will
pay because of high parking costs, but non-CBD
travelers will not pay.

2. The service 1s again designed and priced for
the CBD travel market, but residual non-CBD transit
travel remains. Here the non-CBD market is not large
enough to affect the design, but the pricing and
service are still attractive to some non-tBD
travelers.

3. The service is designed and priced for both
CBD and non-CBD travel, because both are potentially
significant. In this instance, the fares, headways,
and route structure are a compromise for both
markets.

The non-CBD travel included in the model is
within-corridor travel along the radial routes plus
transfers through the CBD. This version of FRACAS
treats radial routes only. (An extension to cross-
town and grid routes is belng prepared.) Specific
service to non-CBD destinations within a corridor
cannot be treated except as a deviation of the CBD-
bound routes passing by it. A diagonal or crosstown
route cannot be treated. Transfer trips through the
CBD are treated as CBD trips for simplicity.

To predict ridership for new options, the model
uses an internal linear demand function based on the
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coefficients input by the analyst. The model pre-
dicts changes from the base ridership using these
coefficients, instead of generating an estimate from
scratch. It is similar to an elasticity or (logit)
pivot point approach, except that it uses the linear
approximation because it is easier to compute. (As
in logit pivot point, the elasticity in the linear
model is not constant but varies with market share
and service level.) All transit users are assumed to
be choice users. They may not all have driving as a
choice, but they can walk, get a ride, move, or make
some other change if transit service changes.
Travelers are assumed to react to travel time, walk
time, .wait time, fare for transit, and automobile
parking cost (for CBD travelers). The times and
costs of non-transit options are implicit in the
model and are assumed not to change. Travelers are
assumed to use the transit route nearest their home.

Operating Characteristics

The model treats costs on a per minute (or hour)
basis only, because labor is the most important com-
ponent. Two cost levels are used: those for buses
that operate in the peak only (split duties or trip-
pers, or both) and those that operate all day. De-
tailed timing and scheduling issues are not consid-
ered, such as whether vehicles on long routes can
make two round trips in a peak period. For example,
substituting express for local service on a long
route will decrease running time and cost in the
model, while it may or may not eliminate vehicles or
drivers in the actual schedule. These issues are
beyond the scope of FRACAS.

The variation of passenger loadings within a peak
or off-peak period is treated only indirectly in
FRACAS. The bus capacity constraint is applied to
the average load over the period, as is done by many
transit properties today. To consider variations in
passenger flow more explicitly, the period must be
subdivided into shorter time periods and the model
rerun for each (with constrained route structure and
fare) to find the best headway and meet short-term
demand peaks. The trip density (computed from exist-
ing ridership), cost, speed, and loading standard
can vary for each period.

Use of Approximations

The number of routes that emerges as the optimum
from FRACAS is not an integer. Either round up or
down (or try both) and rerun the model with prede-
termined routes to find an integer answer. The best
number of routes will always be the next smallest or
next largest integer from the initial solution.
Generally, either one will be quite good.

The optimal values of all the fare and service
variables are found from approximate solutions of
complex equations. Occasionally, by playing with the
model, the user may be able to improve on the op-
timal solution given by FRACAS. Usually the improve-
ment will be quite small. The one exception is that
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the route length calculation does not take fare or
route spacing constraints into account. If severe
constraints exist, the best route length will gen-
erally be somewhat shorter than the model indicates.

These are the major assumptions and limitations
of FRACAS. It is a design tool to aid operators in
coming up with their own service, routing, and fare
plans for specific corridors and routes, as well as
a strategic planning model at the systemwide level.
Some of the input data are judgment based, and there
are approximations and assumptions in the model that
may not hold in every case. Its output should not be
taken as absolute, but as a guide to local transit
decisions. However, FRACAS can generate and evaluate
options for a wide range of circumstances and goals
in a flexible manner, and it represents a substan-
tial advance in the ability to do transit fare and
route analysis.

CONCLUSIONS

An overview of a microcomputer-based strategic plan-
ning model for bus transit systems has been pre-
sented. The model is entering its field test stage,
so no implementation results are yet available. It
has the promise of allowing flexible analysis of
routing, pricing, vehicle size, express service, and
headway options in a user-friendly environment and
without the collection of additional data. It oper-
ates at a level of detail that is more approximate
than most current service planning analyses, which
are focused on route-level detail. FRACAS seems most
appropriate for strategic planning (and general
learning about trade-offs), and it may support cer-
tain (though not all) service planning functions
well.
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