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tation system. For example, the potential for a volun
teer driver system to serve as a feeder system for a 
regular fixed-route system needs to be examined. 
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Forecasting Experiments for Rural 
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Four major groups are involved in the development of 
transit service in an area: (a) users, (b) management, 
(c) planning and funding agencies, and (d) the com
munity. This paper addresses problems faced by 
transit managers and funding agencies. Such problems 
have been identified through the interaction of state and 
federal officials and during a review of rural transit 
systems in northern New England performed during the 
first part of 1978 (.!.). The authorization of more th.an 
$24 million for FY 1976 by Section 147 of the Federal
Aid Highway Act of 1973 and $420 million by Section 
303e and Section 313a of the Federal Public Transporta
tion Act of 1978 for FYs 1979-1982, will encourage the 
growth (in size and number) of rural transit systems. 
With this growth, the number of problems will increase. 

Some of the first problems that transit managers 
face are in the initial application for funding and making 
plans based on socioeconomic and demographic char
acteristics of the service area. During the same 
period, federal subsidies for rural transit projects 
may be allocated to applicants based on the relative 

merit of alternative proposals. The benefit/ cost 
standards that a local community applies to the ex
penditure of federal or state subsidies can be some
what different from those used for local subsidies; 
since the former are considered to be marginally free, 
the accrual of any form of benefit is a net gain to 
the community. In most cases this means that the 
effectiveness of the expenditures of federal subsidies 
depends heavily on an operator's internal evaluation 
of his or her service or on the external evaluation of 
the allocating agency. 

These problems are further complicated by the 
urgency with which funding agencies expect to see re
sults in order to decide about funding continuation and 
budget approval. Because of this urgency, state and 
federal officials often use single average values to 
describe system performance in order to make 
decisions about the long-term feasibility of rural 
transit operations. Such values are then compared 
against each other at the national level and decisions 
made about whether a system's performance is ac-



ceptable or not. The danger of such decision making 
is illustrated by Figure 1. During its 19th month of 
operation the transit system in Bennington, Vermont, 
exhibits acceptable behavior. The same system if 
reviewed at the end of the 7th month would seem un
acceptable. The figure shows that about 19 months 
were needed for the Bennington system to reach 
equilibrium behavior (i.e., a range of performance 
values that do not change appreciably with time). The 
magnitude of this overall system delay depends on 
four individual delays, each of which is from 4 months 
to one year long (!} . These delays have been identified 
during our work on case studies of rural transit sys
tems in northern New England: 

1. Vehicle acquisition delay, 
2. Schedule change delay, 
3. Subsidy award delay, and 
4. Ridership information delay. 

GENERAL RESEARCH APPROACH 

This research consisted of three sequential sets of ac
tivities. The first was an evaluation of the rural transit 
systems in northern New England (primarily New 
Hampshire and Vermont) . The evaluation and com
parisons served as a base of information from which 
the more generalized analyses proceeded. 

In the second part, the effects of characteristics of 
(a) the service area, {b) management policies, and (c) 
funding policies on different measures of productivity 
and efficiency were tested. One of the findings was 
that an overall delay of at least one year occurs before 
the system exhibits steady-state behavior. For ex-

Figure 1. Bus ridership in Bennington, Vermont. 
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Figure 2. Bennington load factor (four-month 
moving average). 
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ample, this delay was about 19 months for the Benning
ton system, as evidenced by the behavior of its rider
ship over time. Another finding was the existence of 
a seasonal variation in system performance, which was 
particularly evident from the moving average of a per
formance measure (e.g., the 4-month moving average 
of the Bennington load factor, which exhibits a seasonal 
variation during a period of 6 months) (see Figure 2). 

The third part of the analysis was a detailed study, 
by use of a computer simulation, of the effects of dif
ferent policies or environmental changes (e.g., energy 
shortages) on rural transit productivity and efficiency 
{both in the short and long term). Examples of the 
types of policies that were tested are (a) different 
federal or local subsidy policies, {b) fuel price in
creases, and (c) different operating and design strate
gies (e.g., fleet size, vehicle utilization, and service 
area). The set of nonlinear differential equations de
veloped to simulate the rural transportation system 
across time incorporates (a) logit travel demand models 
(3 , 4) pr eviously shown to be transferable to areas of 
ciiffel'ing- characteristics, modified and calibrated 
in rural Goffstown, New Hampshire, and {b) supply and 
resource functions developed empirically in rural 
northern New England. More information on the model 
structure and a comparison with other existing models 
can be found in Stephanedes ® and in other forthcoming 
papers. 

EXPERIMENTS THAT USE THE 
RURAL TRANSIT MODEL 

The results of simulation experiments reflect the im
plications of structural assumptions used in formulating 
the model. [Area and service characteristics that were 
input to the model are detailed in stephanedes (!}.] For 
example, this particular model assumes that managers 
and funding agencies behave in a particular manner in 
response to changes in ridership. In most cases, these 
representations should be different, depending on the 
specific transit system being analyzed. The same basic 
structure, as represented by the existence of certain 
delays (e.g., in vehicle acquisition) and of interrela
tionships (e.g., between ridership changes and service 
levels), should, however, apply to all rural transit sys
tems. Thus, the results of experiments described here 
should be interpreted as having numerical values that 
apply to the specific prototype system, whose managers 
and funding agencies behave as assumed, but the 
direction of changes applies more generally to other 
rural transit systems. 

Should High-Quality Service Be Offered 
Early in System Life? 

An example was used of headways that were assigned a 
lower upper limit (30 min; base value = 1 h), and lower 
initial headways (24 min; base value = 30 min). These 
decisions were combined with an aggressive managerial 
policy that had a low desirable load factor (0.3; base 
value= 0.5). Even though load factors remained 
slightly below full capacity, headways became half of 
the base value, passenger trips tripled, and noncapital 
net cost per kilometer decreased by 30 percent [from 
about $0. 54 ($0. 75/ mile) J within a five-year period. The 
choice of service quality to be offered remains to be 
made by the transit manager, who could be aided in 
this task by the use of a simulation approach. 

Should Capital or Operating Subsidies 
Be Reduced? 

When capital subsidies are reduced to 50 percent of 
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what is applied for and initial capital equipment are 
doubled, service quality declines slowly, as does 
ridership (by 60 percent) and noncapital net cost (by 
3 5 percent). The prototypical system in our example 
went into the zone of unacceptable service (headways 
above 1 h) after seven years of operation. Given that 
service quality and ridership start to decline only ' 
toward the end of the fourth year, this policy may be 
tried in combination with incentives to increase the 
local share of transportation costs while the transit 
system still enjoys a good reputation with the com
munity. 

Reduction of operating subsidies causes service 
quality to quickly deteriorate. Within two years head
ways fall (from about 25 min) to the lowest acceptable 
level, r idership decreases by 90 percent (from about 
320 passengers/week), and costs more than double . 
Similar results were obtained by doubling initial capital 
and by varying subsidy decreases between 20 and 50 
percent. 

If Operath1g Subsidies A1:e Reduced, 
Should New Systems Be Preferred? 

After the transit system had been in operation one to 
two years, operating subsidies were reduced by 20-50 
percent. Results did not differ appreciably from the 
case where operating subsidies started at a reduced 
level. Unless old systems have picked up the necessary 
local funding support, they are as likely to suffer at 
reduced subsidy levels as are new systems. 

How Much Should Be 5),?ent for 
Advertising and How Much 
for st1·eamlining the Transit 
Funding and Schedule Change 
Process? 

Rider information delays are particularly high for rural 
systems. Because of low demand, capital acquisition 
delays are also appreciably higher than should be ex
pected. Because the rural transportation programs 
are new, a large amount of paperwork is necessary 
during the funding application process. The same holds 
for procedures to approve schedule changes, especially 
when they are in conflict with interests of established 
interstate carriers. The question that arises is, What 
will be gained if these delays are reduced? 

When information delay alone was reduced by 50 per
cent, the behavior of the system did not change ap
preciably, except for the total net cost at the end of 
five years, which was reduced by 5 percent. When all 
other delays were reduced by 50 percent, noncapital 
net cost increased by 100 percent and buses ran 20 
percent less full than in the base run-probably a re
sult of excess capacity, because ridership was still 
slow in responding. Reduced delays by 50 percent 
across the board, however, increased the noncapital 
net cost by 50 percent but caused a 60 percent in
crease in ridership; thus the noncapital net cost per 
vehicle kilometer was reduced by 15 percent. 

What Is the Effect of Fare Increases 
and P'i·o1notional Policies on the 
Sistem Behavior? 

Fare increases have negative effects on ridership, and 
such effects are smallest when changes are instituted 
late in the life of a system (i.e., at least after the first 
six months of operation). Data from the two Section 
147 systems in Vermont confirm this observation. 

Promotional policies (e.g., free rides) have negligible 

effects on ridership, unless they last for a long period 
(i.e., six months). Data from the Stagecoach system 
in Bethel, Vermont, confirm this observation. 

CONCLUSIONS 

A simulation technique is used in the analysis of the 
effects of different policies on the development of a 
rural transit system. Results from policy experiments 
agree with the observed behavior of rural transit sys
tems in northern New England. The technique is useful 
primarily as a quick-turnaround policy-analysis tool. 
A complete simulation run consumes less than 10 s of 
central processing unit time on a Honeywell 66/40. 

The technique has potential applications for policy 
analysis at two levels: (a) at the managerial level to 
provide help in project planning and operation and (b) 
at the fund allocation level to help in decisions about 
funding approval, funding allocations, and funding 
renewal. The inclusion of a large set of policy
relevant variables as endogenous in the rural structure 
allows for the testing of policies that vary with time, 
and requires relatively limited initial data input. No 
intermediate data are necessary. 

Four major delays in rural transit are identified. 
Specific ways of reducing the effects of delays are 
proposed and applied to experimental cases. The 
effects such improvements have on transit behavior are 
not obvious and may vary, depending on the particular 
way such improvements are instituted. 

Further research will identify, through implementa
tion case studies, ways in which transit managers and 
others can use the model to increase the effectiveness 
of rural transit programs. Inclusion of more variables 
as endogenous to the transit structure will make it pos
sible to ask policy questions of a much broader spectrum. 
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