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replaced could be added to the respective values of 
operating energy for a more complete comparison of 
dial-a-ride with alternate modes. Because only 10 per
cent of the total energy is involved in vehicle manufacture 
and because dial-a-ride has shown only a minimal pro
pensity for replacing automobiles in most cases, such a 
calculation would almost certainly reinforce the conclu
sion that dial-a-ride is an energy-intensive means of 
moving people. 

CONCLUSIONS 

Policy makers must apply their own priorities to this 
analysis in attempting to assess the utility of dial-a
ride in specific applications. Clearly, the dial-a-ride 
style of transportation carries significant energy penal
ties that must be considered along with its amenities. 
As energy prices increase, it is doubtful that dial-a
ride will emerge as the ultimate public transportation 
substitute for the private automobile. 

What should be dial-a-ride's long-term objective? 
In one scenario described by Ward (9), dial-a-ride 
would serve as a public transportatio n market develop
ment tool in suburban areas. Having coaxed people out 
of their automobiles (with substantial monetary and 
energy subsidies), dial-a-ride would eventually lead to 
a greater relative proliferation of lower cost, fixed
route elements as ridership density (riders per square 
kilometer per hour) increased. By that time many 
people would have recognized the considerable travel
time savings involved in foregoing the doorstep service 
and walking a few blocks to the nearest bus stop. Energy 
intensiveness would be much lower than for pure dial-a
ride service because, with a line bus, there is little or 
no marginal fuel consumption associated with serving 
additional passengers, up to the capacity constraint of 
the vehicle. (Each passenger added to a dial-a-ride 
vehicle does increase energy consumption because of 
the necessity to route the vehicle to his or her origin 
and destination.) 

Certain improvements can be expected in the effi
ciency of dial-a-ride. Vehicle fuel economy should im
prove as the automobile and small-bus industries become 
more serious about designing more efficient vehicles. 
Diesel-powered dial-a-ride vehicles will probably be
come more common. Increased use of day-in-advance 
prebooking of trips would allow more careful considera-
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quests than does a random influx of telephone calls for 
immediate service. Carefully structured fare policies 
can help discourage nonessential trips and encourage 
group riding. Tough policies on no-shows can help re
duce unproductive vehicle movements. Drivers can play 
a major role by developing more conservative driving 

habits, thoroughly learning the service area to avoid 
unnecessary deviations, and turning off their engines 
while waiting for their next tours. 

If these measures and others fail to produce signifi
cant improvements in energy efficiency, perhaps dial
a-ride will have to be reserved for those who need it 
most. Many operations are currently limited to desig
nated user groups such as the elderly and the handi
capped. Depending on the rate of increase in energy 
prices, dial-a-ride may be increasingly restricted to 
such groups. All dial-a-ride costs and benefits must be 
considered, of course, as such decisions are made. 

The challenge to dial-a-ride operators is clear. By 
striving for higher productivity, choosing fuel-efficient 
vehicles, and instituting thoughtful operating policies, 
dial-a-i'icle operators may be able to reduce the ene1·gy 
(and dollal') c osts of dia l -a-ride and thereby make this 
popular service a more acceptable transportation option 
for the future. 
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Methodology for the Analysis of 
Local Paratransit Options 
Larry S. Englisher and Kenneth L. Sobel, Transportation Systems Division, 

Multisystems, Inc. 

A system of models has been developed that is capable of predicting the 
performance characteristics of transit service for the purpose of analyz-

ing a wide range of local trnnsit-service alternatives. Patronage and de
mand forecasting issues are treated parametrically. Local transit is de-



signed to serve access and egress trips bound to and from a regionally 
oriented line-haul transit system as well as shorter local circulation trips. 
The model system presented is capable of treating a wide range of modes 
that can offer such local transit service. In addition to conventional tran
sit and jitney services, which follow fixed routes, point-deviation and 
checkpoint route-deviation transit can be investigated. More flexible 
modes, such as checkpoint subscription bus, doorstep subscription bus, 
and doorstep, many-to-many, dynamically routed transit (dial-a-ride), 
can also be examined. Comparisons can be made both between alterna
tives and between operating policies (such as vehicle size and route spac
ing) wi~hin any _single alternative. The model system has been designed 
to predict four important consequences of implementing local transit 
service: user level of service, operator cost, pollutant emissions, and 
energy (fuel) consumption. Results from a sample model application 
are presented. Use of the system would allow a wide range of alterna
tives to be_ tested before significant demonstration and experimentation 
efforts or implementation funds are committed . Such tests can be inte
grated with corridor and regional analyses on both policy and planning 
levels of detail. 

This paper presents a system of models that is capable 
of representing the performance of a number of local 
transit modes, that is, the access modes for a region
ally oriented line-haul system as well as neighborhood 
circulation systems. A comprehensive set of options 
can be compared relatively quickly and inexpensively by 
using this methodology. Depending on the level of detail 
of the required input information, the model system can 
be applied to planning decisions that involve vehicle size 
route and stop spacing, or the resolution of policy issue~ 
such as the desirable locations of dial-a-ride and the po
tential benefits of integrating various components of the 
public transportation sector. The models were de
veloped as part of a regionwide study of the potential im
pacts of major diversions to the transit mode (1) and 
were used to estimate possible economies of scale or 
service improvements or both without detailed design of 
bus routes on the local level. 

SERVICE ALTERNATIVES 

The following local s ervice options were investigated: 
conventional fixed route , nondeviating jitney, point de
viation, checkpoint route deviation, checkpoint subscrip
tion, doorstep subs cription, and dynamically routed 
transit . 

Nondeviating jitney service resembles conventional 
fixed-route service except that (a) passengex·s can board 
(by hailing) and alight anywhere along the route a nd (b) 
a greater number of smaller vehicles provide a fre
quency that is significantly higher than that offered by 
typical fixed-route operation. Checkpoint route devia
tion resembles standard route-deviation operation; how
ever, premium deviations are not made to the doorstep 
but to a finite number of designated checkpoints on re
quest. Point-deviation service makes scheduled stops 
at a sequence of checkpoints and is free to t ake any path 
between checkpoints ; doorstep deviations are accommo
dated on request. Checkpoint subscription services 
closely parallel standard (doorstep) subscription oper
ation except that pa s s engers are required to walk short 
distances to a relativel y small number of common check
points to meet the bus . Because checkpoints res emble 
bus stops, checkpoint subscription service resembles 
conventional fixed-route service. The fact that check
points vary in response to prearranged passenger re
quests distinguishes checkpoint subs cription from fixed
route s ervice. Dyna mically routed transit, commonly 
called dial-a-ride, is a many-to-ma ny, areawide ser
vice that is also quite responsive with regard to time of 
request. This service offers less direct routing than 
subscription service but greater spatial and temporal 
fl exibility in trip making. 
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Within any of these modes of local transit service a 
number of service options can be varied to alter the ~ost 
~s well a s the l evel o( s ervice provided. Such options 
rnclude (a) route spacing, for thos e mocles with route
like s tructm·e; (b) checkpoint 01· stop spacing where ap
propriate; (c) vehicle s ize· (d) des ign load factor; a nd 
(e) fleet s ize , whicJ1 affects frequency in routelike modes 
and all level-of-service components for demand
responsive operations. The model system is capable 
of considering service guidelines (maximum allowable 
wait time or walk distance) and of rejecting mode ser
vice option combinations that violate these planner
specified constraints. 

MODELING 

Approach 

The method of analysis described in this paper is de
signed to examine the level of service attainable and the 
corresponding system cost of local transit at given levels 
of ridership for various operating policies. The models 
may be used to examine local options in the context of a 
particular regional transit-network alternative. 

Figure 1 shows the overall model framework. The 
model is divided into supply, cost, and impact compo
nents. Complete model specifications are given by 
Batchelder and others (.!_, !), 

Issues of Modeling Process 

Equilibrium 

The supply model framework represents only half of the 
real-world process. Later versions of the model will 
include the demand as well as the supply relations. Sig
nificant prior work has been done elsewhere on demand 
modeling (~); therefore, this effort focuses on the sup
ply side. Load factors have been set as a given condi
tion, and demand has been parametrically varied. 

Network 

The models, being primarily a policy tool, do not in
clude a specific local network; input data requirements 
are thus significantly reduced. A number of parame
ters, e.g., route spacing, stop spacing, vehicle size, 
and speed, are used to represent design options. The 
local service area itself is fixed at the outset and is 
representative of a previously defined catchment area 
of a line-haul station on a regional transit network. The 
specification of local services to be offered and the as
signment of trips to local services are based on the pre
vjous designation of line-haul routes and terminals 
(trans fer points). 

Local Circula tion Versus Collection-Distribution 
Service 

Local transit services play two roles in a regional tran
sit system: 

1. Local transit serves collection and distribution 
trips associated with the line-haul network. This func
tion is particularly important in peak periods when com
muter travel to major activity centers predominates. 

2. Local trans it serves short-haul circulation trips 
within individual neighborhoods or suburban towns . 

Thus, although s mall zones (census tracts) may be the 
finest level of data available, a local service district, 
or set of related and contiguous zones, was defined as 



20 

the unit for local transit analyses. Trips between zones 
within the local service district are assumed to use only 
the local transit system and are called circulation trips. 

Clear differences in local service alternatives also 
become evident when they are examined with respect to 
the two trip types. Flexible demand-responsive ser
vices provide a more evenly distributed quality of ser
vice for many-to-many local circulation trips. Fixed
route service, on the other hand, may offer some por
tions of these trips shorter travel times and leave other 
portions without any reasonable level of service. Thus, 
a fixed-route operation may be serving a different set 
of trips than the flexible service. 

In conducting the comparison of alternative modes 
for this analysis, data were prepared for fixed, deviat
ing, and flexible bus services where only the flexible 
alternative consisted of specially tailored service: sub
scription for many-to-one trips and dynamically routed 
transit service for many-to-many trips. Fixed-route 
and deviating alternatives were assumed to provide ser
vice for both circulation and collection-distribution 
service. 

Models 

Fixed Route 

The fixed-route model, which is based on the work of 
Ward (3), assumes one or more sets of parallel routes 
ope.rating within a recta ngular local service district 
(Figure 2). Routes within each set convel'ge at zone 
boundaries to allow for transfers between individual bus 
routes by intradistrict circulation travelers. In reality, 
these points would probably be located at line-haul stops 
to serve the dual purpose of transfer for both local and 
line-haul trips. The fixed-route program tests a wide 
range of alternatives by varying vehicle size and route 
spacing. 

The model first computes a design volume based on 
input h·avel data disaggregated by trip type (e.g., circu
lation) and direction. (Input data are based on the as
signment of origin-destination transit volumes to re
gional transit lines.) Other input data include bus-stop 
spacing, dwell and layover times, base bus speed, zone 
dimensions, average passenger travel distances, dura
tion of service, and limits for the variable parameters 
of vehicle size and route spacing. The model determines 
the frequency of service and the fleet size required to 
transport the passenger voiume, at a given ioad pt!1· Vt!

hicle, subject to walk and wait-time constraints. Model 
output includes supply measures such as fleet size, ve
hicle hours and kilometers, and level-of-service mea
sures including wait, walk, and travel time. 

Nondeviating jitney was analyzed within the context of 
the fixed-route model; small vehicles were used and 
fixed bus stops eliminated. The actual number of stops 
made was assumed to be a function of Poisson arrivals 
along a route with defined time and distance intervals. 

Deviating Bus 

The deviating bus model is an extension of the fixed
route model ( Figures 3 and 4). For either the point
deviation or the checkpoint route-deviation operation, 
the model computes the percentages of users who re
quest deviations based on geometry and maximum al
lowable walk distances specified by the analyst. The ex
pected (probabilistic) number of stops and deviations 
made by an average bus on a single round trip and the 
resulting round-trip length are calculated. For the 
point-deviation service, a "traveling salesman" tour is 
assumed for the doorstep pickups and drop-offs between 

fixed checkpoints. Various route and checkpoint spac
ings can be tested by the model. 

Flexible Transit Service 

1. Subscription bus model-Subscription service 
(Figure 5) is provided for pealt-period colleclio11 and 
clisti,ibution (back-haul) trips as pa1·t of the flexible al
te1·native (3). $pecilic zone to line-haul station (many
to-one) services are specified at the outset of the analy
sis and tested by the model. A service area is assumed 
to be divided into small sectors, each served on a con
tinuous basis by a single vehicle. That vehicle's trip 
may thus be divided into line-haul travel and collection 
tour portions. Given vehicle size, load factor, trip den
sity (trips per square kilometer per hour), speed, ser
vice area, and line-haul station locations, round-trip 
travel time and fleet size are determined. Both check
point and doorstep subscription options for various ve
hicle sizes can be tested by the model. 

2. Dynamically routed transit model-The many-to
many, districtwide, dynamically routed transit model 
(Figure 6) describing system performance was statis
tically fit by using ordinary least squares regression on 
data produced by a simulation model. The simulation it
self, originally developed at the Massachusetts I11stitute 
of Technology for the Computer-Aided Routing System 
(CARS) project, has itself been validated by using data 
collected during the Haddonfield, New Jersey, demon
stration (4, 8). Given volume, area, base bus speed, 
and a targeClevel of service, response and travel times 
are calculated along with the fleet size necessary to at
tain that level of service. 

Because subscription service would be provided during 
peak hours by the same basic fleet as that used for dy
namically routed transit, a minimum vehicle size re
quired for dynamically routed transit operation is com
puted based on Poisson multiple-server queuing theory 
to ensure that smaller vehicle sizes are not tested by 
the subscription model. Queuing theory also provides 
a useful productivity measure-the dead-time fraction, 
or the fraction of time a dynamically routed transit ve
hicle would be idle. 

Measures 

Output of the models includes various measures of im
pedance (i~vel ul i:;t:i·vie:t:) and i"esuui-ce eA-penditu.re. 

Level of Service 

For evaluation purposes, the overall average level of 
service offered by each service alternative was com
puted. Level-of-service components such as in-vehicle 
a nd out-of- vehicle time (walk1 wait, response, or sched
ule delay) are of varying importance in the overall per
ception of service quality. Thus, the impedance mea
sure is a weighted sum of the individual components 
that reflects the differences in wait time at a bus stop, 
wait time in the home, and the inconvenience of meeting 
scheduled departures. The relative impedance weights 
were determined by analyzing data and results of a line
haul access study discussed by Liou and Talvitie (~). 

Cost 

Service cost per passenger, without consideration of 
fares or revenues, was used as the major evaluation 
measure. Annual direct and indirect operating costs, 
labor costs, and fleet capital costs are calculatecl by the 
model based on input unit costs (2_). Supply model out-
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puts, such as fleet size and vehicle hours of service and 
kilometers of travel, and peak and off-peak fleet cost
allocation factors are input to the cost models. 

Impact Models 

Easily quantifiable impacts of inte1·est to transit planners 
include the energy and environmental effects of transit 
use . Pel'-passenger fuel consumption and pollutant 
emissions were chosen as the appropriate model out
puts. Carbon monoxide, hydrocarbons, a11d oxides of 
nitrogen were the pollutants viewed as most significant. 
Both enel'gy and environmental impacts are related to 
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Figure 4. Local checkpoint route-deviation service. 
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Figure 5. Flexible local service alternative: subscription bus. 

Typica l 
Service 
Sector 

Zone ri.:,und,u::y I 
1_1 _____ _ 1, 

I __] Express Run to Line-Haul IN4 Station -lF--
1 1

-) ~--i:.irn>-11, ,11 Houte 

II I 11 IL--- -- / 
Collection/Distribution Tour 

vehicle kilometers of travel and are easily computed (~. 

Productivity 

Variabl es such as passenger h'ips per vehicle hour, pas
senge1· kilometers pel' seat kilometer, and dead-time 
fraction for dynamically routed transit are useful fo1· the 
evaluation of relative operating productivity. Such mea
sures are used in determining system economics and 
potential economies of scale. 

MODEL APPLICATION 

The model components (i.e., flxed, flexible, and hybrid 
service) were applied to an analysis of a high-density 
suburban distl'ict ove1· a wide range of peak-period 
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modal splits. This application of the model was part 
of a stµdy of the design implications of major diversions 
to transit (1, 2). Thus, the range of mode splits was 
considerably greater than that presently experienced 
with flexible modes. 

The models produce data on numerous alternative 
system designs according to input guidelines. Analysis 
of these data led to a number of conclusions. 

Figure 6. Flexible local service alternative: dynamically 
routed transit. 
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Economies of Scale 

Direct operating costs per passenger for alternative 
service options were plotted as functions of trip density; 
level of service (weighted travel time or impedance) was 
held constant. Figure 7 shows a typical result. Each 
point in the figure represents the vehicle-size and route
spacing alternative that produces the least cost while 
meeting the specified service standard [in this case 
equal to 3.6 (perceived) min/ km (5.8 min/ mile), includ
ing out-of-vehicle time]. 

All modes tested reveal economies of scale, although 
at diminishing rates. These economies result primarily 
from the ability to use larger vehicles and still. maintain 
frequent service, which yields increased driver and ve
hicle productivity at high modal splits. 

Comparison of Modes 

Figure 7 clearly shows fixed route to be the least cost 
option for providing good peak-period service in an inner 
suburban district [population density of 2200 to 2500 
persons / km 2 (6000 to 7000 persons / mile2

)] over a broad 
range of trip densities. Figure 8, which plots direct 
operating costs for a range of service levels at the low
est modal split examined, confirms this dominance: 
Points closer to the origin are desirable, and thus 
shorter travel times are provided at lower operating 

Figure 7. Direct operating cost versus trip density for 
various service options and resulting increase in modal 
split. 
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Figure 8. Local service performance at 10 percent peak 
modal split. 
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Figure 9. Sensitivity of operating 
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costs. The sensitivity of cost to changes in service 
varies dramatically by mode, and the route-based modes 
are the most sensitive, i.e ., have the steepest slopes. 
Increases in vehicle size, which cause increased head
ways and poorer service, result in large cost savings 
for these modes because of increased driver productivity. 
(Fixed-route bus, as analyzed in this study, includes a 
non-deviation-jitney alternative operated with automobile
size vehicles.l At the other extreme, doors tep flexible 
operation, an increase in vehicle size increases the 
length of the collection tour and results in insignificant 
cost savings. 

Two basic questions can be raised at this point: 

1. Do the models reflect the real world, where suc
cessful flexible operations have been developed to re
place failing fixed-route service? 

2. If so, do other modes dominate at the lower trip 
densities that occur in the off-peak and in other parts of 
the metropolitan area? 

Further examination of the model results helps to answer 
these questions and provides insight into the operation of 
local transit. 

Labor Cost Sensitivity 

Most flexible operations do not face the high cost of un
ionized transit labor but more closely resemble the 
taxi situation. If taxi labor costs are assumed for flex
ible transit options, significantly lower wage rates make 
these services more competitive. Figure 6 should be 
compared with Figure 9. At the lowest modal split ex
amined, costs for checkpoint subscription with dynam
ically routed transit circulation are only 20 percent 
more than those for fixed route and 8 percent cheaper 
than those for deviating bus. Fixed route, however, 
still dominates. 

Trip Density 

The range of trip densities found in existing flexible-
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route services seldom exceeds more than the 14 to 18 
trips/(km2·h) [40 to 50 trips/(mile2 ·h)] served by the 
Regina, Saskatchewan, and Bay Ridges, Ontario, sys
tems (7). Thus, there is no inconsistency between the 
results obtained here and the successful operation of ex
isting flexibly routed services. The previous figures do 
indicate, however, that, if demand density passes certain 
thresholds, then the types of service provided should 
change in the direction of less spatial responsiveness. 

Flexible Service Operation 

In this study, flexible service is provided by a composite 
of doorstep dynamically routed transit for intradistrict 
circulation travel and subscription service (either door
step or checkpoint) for collection-distribution travel to 
and from line-haul stations. Significant improvements 
in productivity (accompanied by decreases in per
passenger costs) can be obtained by serving more pas
sengers at each stop with checkpoint subscription and 
thereby reducing the time of a collection-distribution 
tour. However, because passengers would no longer be 
served by door-to-station service, it is expected that 
these improved productivities would be "bought" with 
degraded levels of service. 

Surprisingly, Figure 10 shows that the checkpoint 
service provides higher quality service (lower travel 
time) for all trip densities and for all but the smallest 
vehicle size, as well as less expensive operation, which 
was expected. Thus, the required walk distance is more 
than compensated for by the reduction in the collection
distribution tour that results from multiple pickups at 
each checkpoint. This effect, therefore, is even more 
pronounced as vehicle size and trip density increase. 

In addition to the above, investigation of various time 
periods and areas in the metropolitan region tends to 
show flexible and hybrid (deviating) services in a dif
ferent light. Whereas fixed route tends to dominate 
in high-density inner suburbs in the peak, the off-peak 
and the outer suburbs are more suited to flexible ser
vice, probably because of more dispersed trip patterns 
and street configurations. 

SUMMARY AND CONCLUSIONS 

Although only a small sample of the results that can be 
produced by using the models are illustrated in this 
pap':'!', the n1ode!s do Rss~ss v::1ri011B imp::1~t~ ThP.y 
may be useful in revealing the dominance of one particu
lar option over another, pinpointing the thresholds at 
which alternative policies begin to offer better solutions, 
and aiding the analyst in other sketch-planning tasks for 
local transit. 

The analysis tool developed in program package form 
can be extended and refined considerably. Among the 
areas that call for further work are 

1. Automation of the evaluation and selection process; 
2. Inclusion of demand models; 
3. Refinement of the DRT model so as to increase 

sensitivity to local transit trip and street patterns; 
4. Extension to checkpoint DRT, premium taxi, car 

pooling, van pooling, and park-and-ride. 

The models may be used by a transit analyst to in
vestigate local service alternatives on a macroscale as 
well as at a finer level of detail. In an overall metro
politan area study, this is useful for indicating which 
local districts and during which time periods fixed, de-

viating, or flexible local transit service should be pro
vided. In a long-term study of a dynamic demand situ
ation, the model may help to determine at which point 
in time it may be advantageous to modify service so as 
to gain efficiency and reduce subsidies. On the finer 
level of analysis, preliminary estimates of fleet size 
and overall cost of service in an area, as well as the 
comparison of checkpoint and doorstep alternatives and 
different geometric options (such as route spacing and 
stop spacing), can be made. 

The model has conveniently integrated present un
derstanding of some widely different services and has 
already proved to be useful in analyzing alternative local 
transit-service policies. 

ACKNOWLEDGMENTS 

The work reported here was considerably aided by the 
helpful guidance of James Batchelder, Nigel Wilson, 
Daniel Roos, and Martin Flusberg of Multisystems, Inc.; 
Brian Kullman and Lea Tsai, formerly of Multisystems, 
Inc.; Jerry Ward, Norman Paulhus, and Katherine 
O'Leary of the Office of the Secretary, U.S. Department 
of Transportation; and Donald Ward of the Transporta
tion Systems Center. Although the work was supported 
by the U.S. Department of Transportation, we accept sole 
responsibility for any errors in fact or opinion. 

REFERENCES 

1. J. Batchelder, L. Englisher, B. Kullman, and K. 
Sobel. Operational Implications of a Major Modal 
Diversion to Transit: A Macro Analysis. U.S. De
partment of Transportation, April 1976; NTIS, 
Springfield, Va., PB 255 921. 

2 . J. Batchelder, L. Englisher, and K. Sobel. Oper
ational Implications of a Major Modal Diversion to 
Transit: Program Users' Guide. U.S. Department 
of Transportation, April 1976; NTIS, Springfield, 
Va., PB 254 759. 

3. D. E. Ward. A Theoretical Comparison of Fixed 
Route Bus and Flexible Route Subscription Bus 
Feeder Service in Low Density Areas. Transporta
tion Systems Center, U.S. Department of Transporta
tion, 1975; NTIS, Springfield, Va., PB 240 808. 

4. M. Flusberg and N. Wilson. A Descriptive Supply 
Model for Demand Responsive Transportation Sys
tem Planning. Transportation Research Forum, 
1976. 

5. P. S. Liou and A. Talvitie. Disaggregate Access 
Mode and Station Choice Models for Rail Trips. 
TRB, Transportation Research Record 526, 1974, 
pp. 42-52. 

6. Characteristics of Urban Transportation Systems: 
A Handbook for Transportation Planners. DeLeuw 
Cather and Company and U.S. Department of Trans
portation, 197 5. 

7. Demand Responsive Transportation: State-of-the
Art Overview. U.S. Department of Transportation, 
Aug. 1974. 

8. D. Roos and others. Summary Report: The Dial-a
Ride Transportation System. Urban Systems Lab
oratory, MIT, USL-TR-70-10, March 1971. 

9. Method for Estimating Patronage of Demand Re
sponsive Transportation Systems. Cambridge Sys
tematics, Inc.; Multisystems Inc.; and Transporta
tion Systems Center, U.S. Department of Transporta
tion, draft final rept., Aug. 1976. 




