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CONCLUSIONS 

A variety of applications of computer graphics to 
the field of transportation planning has been pre­
sented. The benefits realized through the work il­
lustrated here include the ability to have tradi­
tional transportation planning programs produce 
graphics for analytic purposes; the capability for 
non-computer-oriented planners to select from a menu 
list and generate graphics for varied and special­
ized purposes; the potential for the experienced 
system analyst to interactively manipulate and ana­
lyze information in a manner not addressed by the 
standard models; and, finally, the production of 
graphics that are used for analysis and that may 
also be used in presentations and publications. 

Even though there is a definite need for the de­
velopment of specialized interactive graphics tools, 
especially for operations analysis, it is thought 
that low-cost, commercially available graphics pack­
ages can be effectively used to enhance the knowl­
edge of transportation planners and their audience. 
The planning field is characterized by the complex­
ity of its data sources and structures. The profes­
sional should make use of all tools available in 
order to realize the full potential of personnel, 
data, and models. 

In conclusion, it is recommended that every ef­
fort be made to explore potential applications of 
existing software packages. In addition, efforts 
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should be made to train transportation professionals 
in basic uses of computer graphics, both batch and 
interactive, in order to take the best advantage of 
the enormous potential. 
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Design of a Single-Route Ridership Forecasting Model 
ALAN J. HOROWITZ 

ABSTRACT 

The transit ridership forecasting model 
(TRFM) has been designed to overcome many of 
the serious obstacles to implementation pre­
sented by previous methods of forecasting 
ridership 011 d ,;lnyle route. TRFM simpli­
fies, optimizes, and repackages conventional 
ridership forecasting techniques to make the 
job of the planner as easy as possible. The 
model exploits the advantages of a popular, 
modest-sized microcomputer (e.g., animated 
color graphics), but it also deals effec­
tively with inherent limitations of micro­
computers (e.g., small memory and slow cal­
culation speed). 

Travel demand estimation is considered an integral 
part of transportation planning. However, despite 
two decades of model development, few transit plan­
ning agencies use the best available methods for 
ridership estimation, Transit planners instead often 

substitute rules-of-thumb or intuition in determin­
ing the impacts of service changes. There are many 
reasons for this gap between theory and practice, 
but one major reason is that virtually all available 
computer packages for ridership estimation require 
more data, more computer expertise, more equipment, 
and more time than planners generally possess. 

The transit r ielership forecasting model (TRFM) 
attempts to put sophisticated forecasting methodol­
ogy into the hands of transit planners. TRFM greatly 
simplifies ridership estimation from the planner's 
viewpoint and attempts to retain the accuracy of 
mainframe models. In TRFM, simplification takes 
three forms: (a) eliminating mathematical procedures 
that are unnecessary to its sole objective of sin­
gle-route ridership estimation; (b) designing the in­
put procedures to remove, as much as possible, the 
burden of data preparation; and (c) organizing the 
program so that planners may easily customize the 
model to their needs. 

TRFM is a fully interactive, color graphics pro­
gram that just estimates ridership on a single 
route. The design of TRFM retains the salient parts 
of mainframe models such as the urban transportation 
planning system (UTPS) but exploits the advantages 
of microcomputers, specifically the Apple II+/IIe. 
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However, the limitations of the Apple II and similar 
computers (limited memory, slow computation speed, 
long disk access time, and limits to the resolution 
of color graphics) have resulted in several compro­
mises, TRFM serves as a good reference point for 
what may and may not be accomplished on a modest­
sized microcomputer and indicates the types of 
trade-offs that must be made, 

The research project that generated TRFM had two 
purposes: the first was to design a microcomputer 
program that would overcome the implementation ob­
stacles of previous models; the second was to deter­
mine whether planners would adopt the methodology 
when it was made available, The first purpose has 
been satisfied, but the second is only now being 
pursued. 

MINIMUM DESIGN STANDARDS 

A list of "musts" was developed at the beginning of 
the project to develop TRFM. It was believed that if 
the model failed to accomplish any one of these 
points, its applicability would be so seriously 
limited that few planning agencies would want to use 
it, For TRFM to be a useful tool rather than merely 
an academic exercise, the following had to be accom­
plished: 

1. Sensitivity to service changes on the route 
of interest, with the implication that ridership 
estimates would be based on a mode-choice model of 
sufficient breadth to reflect virtually all service 
changes contemplated by planners. 

2, Familiarity to quantitatively oriented plan­
ners; it was believed that if TRFM were too experi­
mental it would not become widely accepted as a 
planning tool. 

3. Compatibility with the 1980 Census because 
few transit planning agencies have the resources to 
collect and analyze vast amounts of travel and demo­
graphic data; TRFM needed to efficiently use exist­
ing data sources, 

4. Quick computation with an outside limit of 30 
minutes. Any program running longer than that could 
hardly be called interactive. 

5. Easy-to-understand structure, so that even a 
planner with only passing knowledge of ridership 
forecasting could produce reasonably good results. 

6. Enough sophistication to satisfy planners who 
possess extensive knowledge of the principles of 
ridership estimation; the model could not insult 
their intelligence by making too many assumptions 
nor by being overly restrictive in how calculations 
were handled. 

7, Attractive packaging--TRFM had to measure up 
to other software products in terms of user friend­
liness and polish. Much of the commercial software 
now available is so well written that expectations 
of owners of microcomputers are rapidly rising. 
Line-by-line input procedures that once were accept­
able on multiple-user systems are now unacceptable 
on single-user systems. 

8. Performance of the preceding 
tirely within the restrictions of 
microcomputer, because this is what 
available to transit planners. 

seven i terns en­
a modest-sized 
is most readily 

These were the minimum requirements; all of them 
were met. There was also an additional list of 
goals, many of which could not be fully realized: 

1. Color graphics to support all data input. 
Proper use of color graphics can make the tedious 
and boring process of data entry more enjoyable. 
This goal was fully achieved, 
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2. Parameters that are readily understood, so 
that they can be grasped by people not familiar with 
ridership estimation. This would be necessary if the 
model were to be trusted by users or explained to 
others, This goal was achieved for all but two pa­
rameters, which ended up with units of "utils/ 
minute." 

3. Applicability to cities of every size and 
geography. Although a microcomputer model might be 
most helpful to transit agencies in small cities, it 
probably would be first adopted by larger systems 
that had at least one full-time planner. This goal 
has been met, although systems in large cities are 
required to provide (proportionally) slightly more 
data than systems in small cities. 

4, Computation time of 5 minutes or less, A 
short computation time enables planners to adjust 
default parameters by repeatedly running the model 
until ridership estimates consistently match current 
levels, Formal, statistical calibration can thereby 
be avoided, This goal was achieved only for shorter­
than-average routes. 

5. Accuracy of results to within 1 percent of 
those obtained from mainframe models. This goal was 
surpassed; in many planning situations TRFM is just 
as accurate as mainframe models. 

In the following sections how well the minimum 
requirements were met and the extent to which the 
additional goals were achieved are discussed more 
fully, But first it is necessary to describe some of 
the mathematical portions of TRFM. 

ANALYTICAL STRUCTURE OF TRFM 

Mathematically, TRFM is an implementation of many of 
the results from a major investigation of riders' 
evaluations of the time spent in travel (1,ll, Psy­
chological scaling was used to determine the rela­
tive values placed on various elements of bus tran­
sit, walking, and automobile trips. In addition to 
providing many default parameters for TRFM, this 
study identified which elements could be ignored and 
which must never be ignored in a ridership estima­
tion procedure. Those that can be ignored, resulting 
in a more simplified model, will be discussed first. 

Network S impl ifications 

Current mainframe models for forecasting ridership 
evolved from models to estimate highway traffic vol­
umes. But people use transit networks very differ­
ently from highway networks. An automobile driver 
has nearly unlimited freedom to choose a path that 
minimizes travel time between origin and destina­
tion, A transit rider has a very limited choice of 
paths. It has been established that riders dislike 
transferring and avoid transfers whenever possible 
(2,3). If an assumption is made that, by choice, 
rid~rs make at most one transfer, then there is only 
one possible path for the vast majority of trips 
that are known to use one particular route. Conse­
quently, it is necessary to produce only a network 
containing the route of interest and all immediately 
connecting routes. Furthermore, in gridded and ra­
dial systems these connecting routes almost never 
intersect the route of interest more than once, so 
circuits in the network can be avoided. TRFM insists 
that such circuits are not present, so that over­
lla,-nt!twurk trip timt!s; cc1u ue tap idly calculated. 

The process of creating a network for TRFM is 
similar to Dial's (_!) windowing and focusing con­
cept. The network focuses on the route of interest, 
which is shown in considerable detail; connecting 
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routes are shown in far less detail. A good network 
focusing on a single route can almost always be 
shown in less than 80 nodes, TRFM's current maximum. 
Consequently, a TRFM network requires a small frac­
tion (5-10 percent) of the data that would be neces­
sary without windowing and focusing. 

TRFM does not require a highway network. It has 
been repeatedly shown that automobile speeds are a 
roughly constant multiple of bus speeds, regardless 
of t r affic condit ions ii)• Whe n it is reasonable to 
assume that automobile trips follow the path of bus 
routes, TRFM calculates automobile trip time as a 
fixed fraction of bus running time. This permits 
elimination of most highway network data--data that 
are generally not available to transit planners. 

There are two important instances in which auto­
mobiles cannot be assumed to follow bus routes: when 
there are •u•s• or large one-way loops. Automobile 
drivers will generally travel shorter distances than 
bus riders between two points on a loop or a U. TRFM 
employs a scale drawing of the network, produced 
with the assistance of graphics routines, to detect 
the existence of a loop or a U and then shortens 
automobile trips by the appropriate amount. 

In gridded networks, as opposed to radial net­
works, a significant number of riders may reach 
areas around the route of interest without ever go­
ing on that route. To allow for this behavior, TRFM 
discards trips that start at a point on a connecting 
route and end at the transfer point between that 
route and the route of interest. TRFM also permits 
the planner to further discard a fraction of all 
trips that start or end at a point on a connecting 
route. This fraction is normally zero in small 
cities, but it can be as high as 0.5 for systems 
with closely spaced or perfectly gridded routes. The 
effect of discarding trips is similar to what would 
be achieved with stochastic traffic assignment. 

In addition to the significant savings in re­
quired data, these network simplifications have com­
putational advantages. The description of the net­
work can be compactly s~orec'i, preserving memory and 
disk space. Algorithms for finding node-to-node trip 
times and link loads can be optimized for a network 
without circuits. This is important because of the 
need for quick results. 

Trip Distribution 

Trip distribution equations vary greatly in complex­
ity but have similar effects on estimates of total 
route ridership. A doubly constrained gravity equa­
tion (e.g., where the trip table must be consistent 
with trips attracted to every zone as well as trips 
produced at every zone), which is preferred by high­
way planners, has more than twice as many parameters 
as nodes. These parameters must be iteratively de­
termined each time the model is run. A singly con­
strained gravity equation (i.e., where only trip 
productions need be consistent with the trip table) 
does not require iterative recalibration. Conse­
quently, the equation selected for trip distribution 
was singly constrained. 

In addition to speed, singly constrained trip 
distribution equations have other advantages because 
total trip production need not agree with total trip 
attraction, so a planner can adjust trip productions 
up or down according to the socioeconomic character­
istics of the people in each zone. Trip attraction, 
because it is only a measure of the ability of a 
zone to attract trips, can be determined by many 
different methods depending on data availability. An 
entropy-maximizing form (6) of the gravity equation 
was selected because more-is known about calibrating 
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this particular version than any other method of 
estimating trip distribution. 

Early in the development of TRFM it was found 
that total route ridership, the most important re­
sult, is relatively insensitive to the single pa­
rameter of the trip distribution equation. There­
fore , it made little sense to have more than one 
trip purpose (as is the practice in highway volume 
estimation) just to have a slightly more accurate 
trip table. Limiting TRFM to a single trip purpose 
has obvious computational advantages, but it also 
greatly reduces data requirements at the trip gener­
ation step. 

'l'r ip Gene.ration 

Single purpose trip productions and trip attractions 
are based on demographic and employment information. 
The default trip generation equations are patterned 
after those developed by the Southeastern Wisconsin 
Regional Planning Commission <1>· Trip production is 
based on numbers of households falling into speci­
fied size and automobile availability categories, in 
a form compatible with 1980 Census data. Trip at­
traction is derived from the number of service em­
ployees, nonservice employees, and students. 

Mode Split 

TRFM, following standard practice, divides transit 
riders into two categories: captive and choice. Cap­
tive riders are assumed to be insensitive to service 
variables and constitute a fixed fraction of all 
trips produced in the service area. Choice riders 
are divided between transit and automobile by a bi­
nary logit equation that has terms for initial wait­
ing time, walking time, transfer time, riding time, 
fare, automobile excess time, automobile costs at 
the destination, automobile costs per minute of 
travel, waiting penalty, and transfer penalty. The 
selection of terms was based on the previously men­
tioned study of evaluations of time spent traveling. 
Because of the availability of transferable param­
eters (8), the binary logit equation was preferred 
to other°" mode-split equations. 

INTERACTIVE COLOR GRAPHICS AND OTHER VISUAL DISPLAYS 

Graphics has been a positive force in transit route 
planning, dating back to IGTDS (2.) and NOPTS (10). 
However, extensive use of graphics was impractical 
unt il the introduction of the microcomputer because 
of the specialized hardware that was previously re­
quired. Nonetheless, these early efforts demon­
strated that an interactive graphic capability could 
make data preparation and manipulation easier, 
faster, and more pleasurable. The design of TRFM's 
graphics routines was heavily influenced by these 
pioneering efforts. 

The original goal of the graphics routines in 
TRFM was to allow the planner to enter a drawing of 
portions of the transit network. Then, whenever TRFM 
needed a piece of data, the program would prompt the 
user by pointing to the right node or link. Con­
versely, when the planner wanted to see a piece of 
previously entered data or a calculated result, he 
could get it by pointing to the correct link or node 
on the display. The drawing becomes a communications 
device, eliminating the need for explicit link and 
node numbers (or similar identification.) 

When the mathematical model steps of TRFM were 
refined, another important use was found for the 
graphics information. As previously mentioned, TRFM 
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does not use a highway network; it infers automobile 
trip times from bus running times. Consequently, it 
is essential for TRFM to know when automobile trips 
roughly follow bus routes and when they do not. The 
graphics display, if the network is drawn to scale, 
has sufficient information to make this determina­
tion and to allow for calculation of any necessary 
corrections in automobile trip time. 

The standard Apple II+ has been chosen for its 
popularity among transit agencies, not because it 
has outstanding graphics features. Apple II+ graph­
ics capabilities are the minimum necessary for net­
work display ( though the Apple is better in th is 
regard than many other popular brands of microcom­
puters). The design of the graphics routines had to 
overcome the limited color resolution (140 hori­
zontal x 192 vertical), the slowness of the BASIC 
graphics statements, aggravating and unexpected 
color changes, and the lack of a cursor or cross 
hairs. In addition, the graphics routines had to 
work on a monochrome display as well as a color one 
and make allowances for computers without light 
pens, paddles, or joysticks. 

Figure 1 shows the design of the graphics dis­
play. The arrows indicate a position within the dis­
play. They can be animated by paddles or keyboard. 
The strip of symbols along the right side of the 
display serves as the menu from which various func­
tions can be selected: plotting nodes (square dot), 
plotting links (vertical line) , deleting nodes and 
links (D), starting a new network (N), continuing to 
the numerical data input step (C), and printing the 
display (1 and 2). 

....................................................................................................................... + ....... 
II I I 

II 
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C 

FIGURE 1 Monochrome representation of the TRFM graphics 
display showing a route in Racine, Wisconsin. 

Getting the graphics to work was straightforward; 
BASIC is a good language for graphics if speed is 
not important. Getting the graphics to work quickly 
required substitution of machine language subrou­
tines for BASIC statements plus the use of some 
little-known tricks (e.g., hiding some of the pro­
gram from itself) to dramatically improve BASIC' s 
execution time. 

When the network has been drawn, data can be en­
tered for each node and link. TRFM prompts the plan­
ner for information by pointing to each link with an 
arrow and highlighting each node in a contrasting 
color. As the data are assembled, nodes turn differ­
ent colors depending on their status (route of in-
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terest, connecting route, transfer point) and one­
way links are marked. 

The graphics routines have the feel of an arcade 
game. Ridership estimation is serious business, but 
it need not be boring. The use of color, sound ef­
fects, and game paddles with a fire button make plot­
ting the network far more enjoyable and no less ac­
curate than it would be if the drawing were produced 
by inputting screen coordinates onto a quiet, mono­
chrome display. 

Other Aids to Data Preparation 

TRFM employs 10 on-screen work sheets to aid data 
preparation. Any time TRFM prompts for a number, a 
work sheet is available. At the minimum, a work 
sheet displays the current value and gives the plan­
ner an opportunity to change it. All work sheets ac­
cept both numbers and arithmetic expressions as 
inputs. Some work sheets (e.g., those used for cal­
culating trip production and trip attraction) allow 
the planner to reference statistical equations, When 
the calculations on a work sheet call for param­
eters, a "parameter page" is readily available. It 
displays the necessary parameters and gives the 
planner an oportunity to change them. TRFM is pro­
vided with a complete set of default parameters. Ex­
amples of a work sheet and an associated parameter 
page are shown in Figures 2 and 3. 

1 . # OF 0 AUTO HH'S 10 
2 . # OF 1 AUTO HH' S 36 
3 . # OF 2+ AUTO HH'S 53 
4 . # OF 1 PERSON HH'S 20 
5 . # OF 2 PERSON HH' S 29 
6 . # OF 31 4 PERSON HH' S 35 
7 . # OF 5+ PERSON HH' S 15 
8. TOTAL FAMILIES 99 

9. % TO MAIN LINE AREA 100 
10. TOTAL TRIPS 361 

ENTER NUMBER OF 
CONT I NUE OR I P1 

? 

CHOICE OR 1 C1 TO 
TO SEE PARAMETERS 

FIGURE 2 Example of a work sheet: trip production. 

Some model designers have adopted the attitude 
that parameters should be difficult or impossible to 
change. They fear that, if parameters can be easily 
modified, inexperienced planners will botch fore­
casts. The philosophy behind TRFM is considerably 
different. Users are encouraged to adjust default 
parameters as needed. TRFM remembers any changes and 
incorporates them in subsequent forecasts. Over 
time, and without formal calibration, parameters can 
be refined until highly accurate forecasts are con­
sistently achieved for a given system. 

The work sheets and parameter pages were pat­
terned after those of VisiCalc. The popularity of 
VisiCalc sterns largely from two features: the abil­
ity to see all numbers as if they were written on a 
sheet of paper and the instantaneous recalculation 
that occurs when any number is changed. These capa­
bilities were incorporated into TRFM's work sheets. 
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1 . 
2. 
3. 

4. 
5. 
6. 
7. 
8. 

9. 
10. 
11 . 

12. 
13. 
14. 
15. 

RATE/1 PERSON HH 1 S 
RATE12 PERSON HH 1 S 
RATE1314 PERSON HH 1 S 
RATE15+ PERSON HH 1 S 
CONSTANT TRIPSIHH 
% 
% 
% 

OF 0 AUTO HW S 
OF 1 AUTO HW S 
OF 2+ AUTO HH' S 

% OF 
% OF 
~ OF % OF 

1 PERSON HW S 
2 PERSON HW S 
31 4 PERSON HW S 
5+ PERSON HW S 

ENTER NUMBER OF CHOICE 
OR ,. C1 TO CONT I NUE 
? 

.71 

.06 
-.58 

-1.425 
-.36 
.47 
1. 315 
3.89 

10.01 
36.22 
53.77 

20.57 
29.54 
34.79 
15 . 1 

FIGURE 3 Example of a parameter page: trip production. 

When data have been entered, TRFM allows the 
planner to quickly view the entries, change any 
value that might have been typed improperly, and 
modify the network. A network can be saved on disk 
for later reference. 

COMPUTATION TIME 

It should be clear from earlier discussions that 
computation time was of great concern. An initial 
goal was a computation time of 5 minutes. A substan­
tially longer computation time would inhihit thP rP­
finement of parameters and of data preparation tech­
niques by simply running the model repeatedly. When 
the first draft of TRFM was prepared, calculation 
for a full-sized network took 3 hours, This greatly 
exceeded the maximum computation-time standard set 
at the beginning of the project. 

The long computation time was caused by the BASIC 
interpreter (a slow way to execute any program) and 
exacerbated by structured programming techniques. 
Compiling the program produced a sevenfold improve­
ment in speed. Additional time savings were achieved 
by three measures: extensive rewriting to combine as 
many steps as possible, substitution of integer 
arithmetic for floating-point arithmetic, and reduc­
tion of the dimensionality of frequently referenced 
arrayo. These actions reduced maximum computation 
time to 18 minutes. The set of test networks for 
Racine and Milwaukee, Wisconsin, averaged about 13 
minutes. Further improvements in computation time 
were achieved by installing some additional hardware 
(a widely available 8088 coprocessor board) in the 

Apple, which cut average computation time to 8 min­
utes. Brute-force refinement of parameters was made 
practical by these improvements in computation time, 

Unfortunately, these speed increases carry a 
price tag. It is now more difficult for a user to 
customize those portions of the program that have 
been compressed and compiled. 

CALIBRATION ISSUES 

All forecasting models need some calibration, In 
recent years, calibration has become synonymous with 
statistical estimation, but other methods do exist. 
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Statistical calibration is essential when models be­
come so large that only a portion of parameters can 
be determined at one time. But if a model has only a 
few parameters that require minimal adjustment, the 
model can be run repeatedly until the planner is 
comfortable with the accuracy of the forecasts. 

This brute-force calibration will not work prop­
erly unless the program has been specifically de­
signed for that purpose. TRFM includes several fea­
tures to facilitate brute-force calibration: (a) 
TRFM runs guicklYJ (b) TRFM allows for transferable 
parameters so that the number of truly unknown 
parameters can be held to a minimum1 (c) parameters 
are ea~ily acca&&ad and well explained, both on 
screen and in written documentation; (d) where 
possible, parameters are presented in ways that have 
physical, economic, or behavioral meanings; (e) de­
fault parameters are provided to serve as a reason­
able starting point; and (f) results are consistent 
with the way transit agencies collect ridership data 
( total ridership, revenue ridership, on-off counts, 
and check-point loads) to aid comparison between 
model results and data from the existing system. 

ERROR ANALYSIS 

TRFM was subjected to extensive error analysis to 
determine if the simplification assumptions could 
substantially affect the results. The error analysis 
(11) will only be summarized here. Tests were per­
formed on three routes in Racine, Wisconsin, to de­
termine if the following four procedures would lead 
to significant error: (a) adopting a no-multiple­
transfer rule, (bl approximating automobile trip 
times as fractions of bus running times, (cl correct­
ing for loops and U's from the scale drawing of the 
network, and (d) showing connecting routes in less 
detail than the route of interest. In each case, er­
rors were less than 0.1 percent in total ridership, 
or less than one rider. 

More worrisome are errors due to misspecification 
of model parameters. All forecasting models, not 
just TRFM, are vulnerable to inappropriately se­
lected parameters. However, TRFM confronts this 
problem directly by presenting parameters in easy­
to-understand terms and by giving the planner ample 
opportunity to study and modify them as necessary. 

Another source of error, almost never discussed, 
is sloppy work. It is only human nature to be more 
careful in preparing a few pieces of data than in 
preparing many pieces of data. Consequently, a model 
that is optimized in its data requirements, like 
TRFM, may be much more accurate than a complex 
model, which appears to be better on paper. 

COMPARISON WITH OTHER MODELS 

The impetus for development of TRFM came from tran­
sit operators who were disappointed that the inter­
active graphics transit design system (IGTDS) could 
not be implemented on readily available hardware, 
IGTDS forecasts ridership and other impacts of bus 
rapid transit. In particular, it handles situations 
in which there are many origins of trips but only 
one destination, such as park-and-ride or freeway 
flyer service. In structure IGTDS is similar to 
TRFM, employing graphics to facilitate data input 
and basing ridership on the traditional four-step 
modeling procedure (trip generation, trip distribu­
tion, mode split, trip assignment). TRFM is much 
broader than IDGTS in the types of routes it can 
analyze, but TRFM does not provide as comprehensive 
an evaluation of route performance. 

One recently developed computer program that in-

.... 
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vites comparison with TRFM is the transit operations 
planning (TOP) model system developed by Turnquist, 
Meyburg, and Ritchie (12). Like TRFM, TOP is a mi­
crocomputer program that can estimate ridership on a 
single route; it is based on the traditional four­
step procedure. TOP is more comprehensive than TRFM, 
because in addition to ridership estimation it esti­
mates level-of-service variables and performance in­
dicators. In structure, TOP is similar to mainframe 
models and requires a big microcomputer (an Apple 
III with 256K bytes of memory and three disk drives). 

The most striking difference between TRFM and TOP 
is the emphasis placed on user needs. TOP assembles 
several sophisticated mathematical steps (e.g., an 
optimization procedure for reconciling trip tables 
with on-off counts, consideration of stochastic var­
iations in bus arrival times, and a procedure for 
establishing equilibrium between levels of service 
and ridership) into a complex package. However, less 
effort was placed on streamlining the process for 
the planner. TOP appears to be best suited for plan­
ners who are well versed in the principles of rider­
ship estimation. In contrast, TRFM dispenses with 
relatively less-important data and procedures, plac­
ing greatest emphasis on helping the planner enter 
the data and extract the results. In TRFM a highly 
complex step is permitted only when both theory and 
existing data indicate the step is required for the 
specific task at hand. 

DISCUSSION 

Computers have not fulfilled their early promise in 
transit planning. They perform calculations quickly 
and they display intricate drawings, but they cannot 
collect and cull data or judge whether a particular 
equation is appropriate. There have been many at­
tempts to create more elaborate mathematical models 
but relatively few recent attempts to improve the 
computer-human interface. 

The introduction of microcomputers presents a new 
opportunity for model designers. Costs are now so 
low that a major percentage of computer resources 
can be devoted to making the job of the planner 
easier. Interactive techniques for doing this (e.g., 
color graphics, menus, and work sheets) are all well 
developed. They merely require adaptation to the 
particular needs of transit planners. 

It is essential that planners understand any 
model being used. However, the state of the art has 
now reached a point where only people well versed in 
operations research and statistics can properly ap­
ply the newest techniques. Transit agencies, weigh­
ing the advantages and disadvantages of mathematical 
models, often will opt to do without forecasting 
rather than use techniques that few of their people 
understand. If any model is to be widely adopted, 
its assumptions need to be made explicit; its ra­
tionale for selection of particular equations must 
be made obvious; and, desirable but less important, 
complexities should be either scrapped or presented 
as readily bypassed options. Furthermore, the inter­
active features of the computer program should serve 
to illuminate the process, both as data are entered 
and as alternatives are tested. 

The acid test in determining if a program is suf­
ficiently user friendly is its acceptance or rejec­
tion by transit operators. For this reason some 
emphasis has been placed on publicizing and distrib­
uting TRFM. Unfortunately, but understandably, there 
is considerable resistance among managers of transit 
systems to mathematical models of any sort. Efforts 
are being made to explain the benefits of ridership 
forecasting and the ways in which a microcomputer 
can help. Transit managers, in turn, are now provid-
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ing valuable feedback on how this and future pro­
grams can aid and improve transit planning. 
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