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ABSTRACT 

This report describes an evaluation of the effect on inter- 
city bus ridership of changes in frequency of service and cost. 
The sZudy was based on a comparison of travel between 19 selected 
cities in Virginia served by air, bus, or rail. These modes were 
compared wiZh highway travel by auto us•ing various assumpZions of 
energy availability. The effect of increasing the frequency of 
bus service was also investigated Zo determine if it is a viable 
means for attracting additional travel demands. 

Network data for each mode consisted of travel Zime, cost, 
and frequency of service. These data were applied to three state 
of-the-art intercity travel demand models selected from eleven 
reported in the literature. A sZaZus quo demand esZimate was pro- 
duced for •ravel wi ; th•n the Virginia sysZem and the results were 
compared with demand resulZing from increasing the number of bus 
departures per day and increasing per mile auto cosZs. The effect 
of increases in bus fare due to rising fuel cosZs was also deter- 
mined. 

The results of this investigation indicate that inZercity bus 
Zravel demand will not be significantly altered wiZh increases in 
the number of bus departures per day, but will increase as costs 
of auto fuel rise. The intercity demand model developed by the 
state of Michigan yielded Zhe most consistent results of all models 
Zested. 
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INTRODUCTION 

Nationwide, the intercity bus industry consists of approxi- 
mately 2?6,000 miles (442,000 km) of regular routes serving ap-. proximately 15,000 communities, 93• of which are not served by 
any other mode of public transportation. In Virginia, service 
is provided by 12 bus companies covering an estimated 300 principal 
communities, the majority of which are served by only the bus. 

Since 1966, the intercity bus industry has experienced a 20.0% declin• in regular route miles and a 5.5% decline in total route miles.-l) Between 1971 and 1976, operating expenses increased from 
$664.4 million to $945.5 million, an increase of 30.5%. This in- 
crease corresponds to a decrease in the operating profit margin 
from 12.4% to 4.5%. In the same time span, revenue passengers de- 
cr.eased 5.2%, even though charter and special service increased 
82.6% from 1971 to 1977.(2) 

•he• Wisconsin Department of Transportation, in its study en- 
titled Intercity Bus Transportation in Wisconsin, reported that 
between 1970 and 1975 total route miles on the Wisconsin bus net- 
work declined 11%, operating expenses increased 69%, the operating 
profit margin decreased 4.7%, and annual ridership decreased 26%. (3) 

There are several reasons for the decline in regular route and 
total route miles of intercity transportation in the United States. 
•mong these are (I) development of the interstate highway network, 
(2) an increase in charter service, and (3) the elimination of 
marginal or unprofitable routes. Technological advances developed 
by competing common carriers (primarily air) have lowered both cost 
per passenger mile and city to city travel time, and the result has 
been a substantial growth in those competitive markets. Subsidies 
are not available to the intercity bus industry. On the other hand, 



airlines do receive aid, which assists in maintaining unprofitable 
service, and Amtrak, the national passenger rail system, is subsi- 
dized for operating losses and capital outlays to purchase new equipment and facilities. 

Thus, with a declining share of the market and a lack of gov- 
ernment subsidy, the intercity bus industry faces a crisis of risL•ng 
costs and declining passengers and revenue. The industry has found 
it increasingly difficult to replace obsolete equipment and facili- 
ties. Revenue can no longer be increased simply by raising fares 
because of competition from other common carriers and the private 
automobile. The viability of the bus industry will depend on the 
competitive advantage created by improvements in level of service-• 
and external factors that will affect the relative cost of each 
mode. The effects of these changes o.n bus patronage is the topic 
of this report. 

PURPOSE AND SCOPE 

The purpose of this study was to investigate the service 
characteristics of the intercity bus industry in Virginia, to ex- 
amine and evaluate state-of-the-art intercity travel demand fore- 
casting models, to select and implement appropriate intercity 
models using the Virginia bus network, and to determine the likely 
effect on intercity bus patronage of changes in bus service supply 
(frequency of service) and increases in the price of fuel. 

Data on passenger travel was unobtainable in this study-and 
travel demand forecasting was restricted to models r.eported in th{ 
literature. No attempt was made to calibrate a forecasting model 
using origin-destination data of inter.city bus travelers in Vir- 
ginia. The use of previously calibrated models was considered to 
be appropriate in this situation as the study was concerned with 
the relative importance of various service and socioeconomic fac- 
tors and the resulting changes in ridership. The study results 
are not dependent on absolute values of ridership between city 
pairs. 

The models are sensitive to conditions that affect the inter- 
city bus markets, including level of service characteristics (e.g. 
travel time, cost, and frequency of service), socioeconomic vari- 
ables (e.g. population and income), and the availability of com- peting modes (e.g. aim, rail, and auto). The models were applied 
to selected routes within the state and analyzed for consistency 
and trends. 



METHODOLOGY 

The study involved four basic tasks" (I) a review of the 
known characteristics of intercity bus users; (2) investigation 
of intercity demand models and selection of models appropriate 
to Virginia conditions; (•) the selection of a network of routes 
and collection of data on system characteristics, and (4) network 
investigation and evaluation. Each of these tasks is described 
below. 

Interc ;*y Bus User Characteristics 

Three sources were used to obtain information about the inter- 
city bus user and travel demand forecasting. These were- (i) a 
file search performed through the facilities of the Highway Re- 
search Information Service, (2) an examination of the publications 
of the Transportation Research Board on travel demand forecasting, 
and (3) contacts with specific state departments of transportation 
where intercity bus studies or intercity demand studies had been 
performed. 

Investigation of Intercity Demand Models 

From the collection of studies reviewed, eleven models were 
identified and investigated for applicability to the Virginia inter- 
city bus network. Data requirements were categorized for each model 
and this performance was investigated. From the coileetion of models 
obtained, those most adaptive to the Virginia network were selected 
for imp lementation. 

Route Selection and Data Collection 

Typical routes throughout the state were selected for use in 
a network investigation. Data concerning level of intercity travel 
service required for each model were obtained by consulting the 
Official Airline Guide, Russell's Official National Motor Coach 
Guide, and highway maps, and by contacting common carriers. Socio- 
economic variables were found in the 1970 census and other state 
publications. The data are based on conditions as of 1978. 

Network invest, iggti,,9•n a, nd Evaluation 

The models selected were implemented through the use of the 
computing facilities at the Virginia Highway and Transportation 
Research Council. 



The netwomk was investigated by applying the models using 
various level of semvice scenarios. The results pmoduced were 
used to descmibe how the inZercity bus market flucuates in me- 

sponse to various levels of semvice as pmovided by the inter- 
city bus cammiems and is affected by the service of competing 
modes of tmavel. 

The results obtained from each of the models were evaluated 
to determine if they reasonably p.ortrayed the actual characteris- 
tics of the Virginia intercity bus market.. Each model was evalu- 
ated fop its overall performance in describing intercity bus travel 
using a Virgini a data base. 

CHARACTERISTICS OF INTERCI•TY BUS USERS 

The purpose of this section is to briefly review cumment in- 
formation on inZemcity bus transportation charactemistics. The 
data repomted ame based on comprehensive, inZemcity statewide bus 
studies completed in Iowa, Michigan, 0regon, Tennessee, and Wis- 
consin. 0them soumces weme the Intemstate Commemce Commission 
(ICC) and the American Bus Association (ABA). 

Modal Compari.son 

Intercity buses carry more people than any other public trans- 
portation mode. In 1978, intercity buses carried 340 million passen- 
gers compared to 220 million airline passengers and 18 million rai• 
passengers. (4) The intercity bus system directly Peaches more 
communities than does any other common carrier and the system con- 
tains more route miles than any of the other public transportation 
modes. 

Figures i and 2 show relative market shares for auto, air, bu•, 
and rail as a function of travel distance and trip purpose. For 
both business or nonbusiness travel, the proportionate share by air 
increases as trip length increases. Air travel attracts passengers 
from the automobile market faster than from other common carrier 
markets. For travel distances in excess of about 250 (400 kin) miles, 
the market share retained by intercity bus declines rapidly. 
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Bus User Profiles 

Intercity bus users consist of both captive and choice 
ridems. Generally, captive riders are persons who do not have 
ready access to an automobile for making the trip. This group 
includes many elderly, handicapped, and young people, and 
those with limited financial resources. Choice riders are those 
who have a choice in selecting a transportation mode for making 
the trip. Riders who choose to travel by bus do so because of 
reduced cost, energy conservation, safety, or the overall per- ceived benefit of traveling by intercity bus. (5) 

User Occupation 

The occupations of bus users, as reported in several state- 
wide surveys, are shown in Table i. Three occupational groups 
appear to be the predominant users of intercity bus transporta- 
tion. Students represent over 20% of all passengers. The next highest category is made up of professional and technical employees, 
and these are followed by retirees. Professional and technical 
employees account for approximately 17% of the riders, and retirees 
account for about 15% of the total. 

User Income, Age and Sex 
•;... 

The income of intercity bus riders as reported in "four studies 
is shown in Table 2. Approximately 40% of bus riders earn less 
than $i0,000 per year, and 20% earn less than $5,000. Approximately 
15% of riders earn $20,000 or more. 

Table 3 shows that a substantial percentage of riders (approxi- 
mately •0%) are between the ages of 18 and 24 years. However, a substantial portion are under 18. Retired persons were previously 
shown to be a significant user group. Over 10% of bus users are 65 years and over. The age group with the lowest percentage of 
users is the range of 35-55 years. 

Six intercity bus studies provide information on user sex. The 
results, shown in Table 4, indicate that the predominanr user is 
female, and accounts for between 55% and 70% of riders. 

User ,,•Tr,.ip P..u•pqse 
One of the most useful classifications of intercity bus travel 

is trip purpose. Five of the studies reviewed gave some indication 
of the purposes of trips and these are shown in Table 5. 





Table 2 

Ridership Percentage By Income 

•i.chigan 
$0- 2,999 13 

$3,000- S 999 13 

.•16,000-8,999 II 

$9,000-11,999 9 

$12,000-14,999 I0 

$15,000-14,999 8 

$25,000 over 11 

Iowa 

less than $$,000 25.8 

less than $10,000 

less than $20,000 

47.2 

15.I 

Wisconsin 

$0-4,999 

$S,000-9,999 

$10,000-14,999 

$15,000-19,999 

$20,000-24,999 

$25,000 Over 

18.3 

16.8 

12.6 

10.5 

6.5 

8.8 

ICe 

$0 4,999 

$5,000-7,499 

$? ,500-9,999 

$10,000-14,999 

$iS,000 over 

26.S 

17.4 

14.9 

23.4 

15.4 

Tab le 3 

Ridership Percentage by Age 

Michigan 

17 or under 6 

8-29 46 

30-39 11 

40-49 9 

$0-64 IS 

•5 and over II 

under i 6 

Wisconsin 

13 under 18 14.1 

[6-44 51 18-24 32.0 

.4S-64 20 25-34 13.2 

65 and over 16 35-44 O.S 

45-54 7.S 

65 and over I0.2 

under 18 

ICC 

18-24 

2S-34 

35-44 

45-54 

65 and over 

30.0 

7.9 

10.9 

8.4 

10.8 

16.8 



Ridership 

Table 4 

Percentage by Sex 

Sex 

Mal• 

Female 

No Response 

Michigan 

41 

55 

40 

Iowa 

70.9 

Oregon 

34 

Wisconsin 

31.7 

61.8 

5.5 

ABA 

61 

ICC 

36.9 

3.1 

Ridership 

Table 5 

Percentage by Trip Purpose 

Trip...PurPos• 
work 

shop 

conduct business 

personal business 

visit friends/relatives 

social activity 

vacation/recreation 

other social recreation 

other 

Michiga• 
14 

1 

16 

47 

6 

2 

11 

50.i 

O•regon 

10 

48 

13 

12 

88 

ICC 

12.2 

32.6 

7.0 

17.5 

#personal and family matters 

I0 



The primary trip purpose is to visit friends or relatives. 
Over 45% of the users fall into this category. The ABA report 
indicates that 88% of the users' trips were for personal and 
family matters. The percentage of trips for work was small 
and that for shopping was almost insignificant. Thus, a majority 
of the trips appear to have been for social or recreational reasons. 

.,Avai!ab,.i•ry of Anot•er 
To obtain a clear understanding of the division between cap- 

tive and choice riders, a review was made of three of the previously 
mentioned intercity bus studies •hat provided information on the 
extent of dependency on the bus. 3,5,•) 

The Iowa study indicated that over 66% of the riders were de- 
pendent on the bus to make their trip. This category could include 
those with access to a competing common carrier. The Iowa study 
also found that approximately 40% of the riders did not have access 
to a family car. 

The Oregon study showed that only 17% of the riders had no 
access to an automobile and only 1% of the riders had only the 
choice of the intercity bus. Thus, it appears that theme was a 
substantial proportion of choice riders in Oregon. 

The Wisconsin study had a similar finding to that of the Iowa 
study; approximately 46% of the riders were dependent on •he bus 
to make their trip. This may indicate that in WisconsLn, too, 
there was a substantial portion of choice riders traveling by inter- 
city bus. 

Summar_z 
A profile of the average bus user can be described based on 

characteristics pmovided from intercity bus studies. The typical 
intercity bus rider is a female student under the age of 25 years, 
with an annual income less than $i0,000. She would be traveling 
for social reasons and would most likely be visiting friends or 
relatives. Her trip would be less than 250 miles (400 kin) in length 
and would last no more than six hours. 

Other riders on the bus would be professionally or technically 
employed or retired. Very few people on the bus would be middle- 
aged. Most of the bus riders would be traveling for social reasons. 



INTERCITY TRAVEL DEMAND MODELS 

In order to make comparisons of the effects of service and 
cost changes on inZercity bus travel demand it is necessary to 
determine the ridership on each competing mode (e.g. auto, rail, 
and air) under a specified set of system characteristics. This 
study identified eleven travel demand models that have been used 
for intercity forecasting. This section examines the characteris- 
tics of these models, the socioeconomic and system variables used, 
their data requirements, and their outputs. 

Model Characteristics and Classification 

Characteristics of each model are shown in Table 6 in terms 
of the model output, input, modes considered, and adjustment factors. 
For example, the Baumol-Quant model (to be described later) pro- 
duces travel demand by air, auto, bus, and rail based on socioeco•. 
nomic variables of population, median income, and city characteriS- 
tics, and system characteristics of number of modes, travel time, 
cost, and frequency of service. 

Intercity travel demand models are classified as pre-distribu- 
Zion, post-distribution and hybrid. Discussions of these types 
follow. 

Pre-distribution Models 

Pre-distribution models forecast mode-specific demand direct- 
ly through a compari.son of modal attributes or through time serie• 
forecasts of base year volumes. A generalized format of a pre- 
distribution model is 

Modal demand : (production function) x (impedance function). 

The trip production function usually consists of socioeconomic terms 
such as population and economic variables. The impedance expression 
includes system characteristics such as travel time, cost and fre- 
quency of service. Figure 3 illustrates the relationship of the two 
generalized input expressions to the model output. 

Pre-distribution models are useful in explaining captive rider- 
ship. The models tend to rely on the production function to produce 
modal travel by selecting an appropriate measure of population such 
as the percentage of government employees in the origin and destina- 
tion cities. The impedance expression identifies the mode being 
investigated. The process generally produces results which are in. 
sensitive to the attributes of competing modes. Total travel demand 
is found by summing all modal demands. 

12 
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PosZ-distribution Models 

Post-distribution models forecast mode-specific travel demand 
through a forecast of total travel and modal split or market share. 
The total travel portion of a post-distribuZion model is unlike 
The trip producZion function of a pre-distribution model in thaZ 
iZ is a forecast of the total travel by all modes between a spe- 
cific origin-desZination ciZy pair. The total travel forecast 
then distributed among competing modes through the modal split 
forecast portion of the model. A generalized for-mat of a post- 
disZribution model is 

Model demand = (total travel) x (modal split). 

The total travel expression is commonly a simple or modified 
gravity model which employs socioeconomic measures of the origin 
and destination cities. The modal split forecast utilizes a corn-_ 
parison of a mode's level of service to the total l.evel of service 
of all modes combined. A mode's level of service is defined by 
system variables such as .travel time, cost and. frequency of service. 
Figure 4 illusZrates the components of the two sections of the model 
and how Zhey relate to the model output. 

Post-distribuZion models are especially useful in explaining 
the effecZs of competing modes. Hence, Zhey are useful in explain- 
ing the behavior of choice riders. One weakness is apparent-with 
Zhe model form. Pest-distribution models suffer from the so-called 
Independence of Irrelevant AlZernatives (IIA) axiom, which has the 
property ZhaZ new traffic attracted to an alternative mode will b• 
drawn from the other alternative modes in proportion to their original 
share. Latent demand is noZ accounted for in the model structure. 
This can lead to absurd diversions in certain market contexts. (7) 

Hybr.!d_ •odel• 
Hybrid models combine the strengths of the pre-and post- 

distribution model approaches. The total travel portion of the 
post-distribution model can be combined in a number of methods with 
the modal demand results of the pre-distribution models to balance 
the total modal demands. Such procedures often require a compre- 
hensive data base and may require complicated calibration techniqu•6s. 

16 



,.-, 0 

.M 

0 

0 

2.7 



MODEL REVIEW 

This secZion contains a descripZion of the ii inZemciZy 
tmavel demand models as classified in the previous section. 
Five of Zhe models are pre-distmibution and six are post- 
distmibution models. This section fumnishes a discussion of each 
of •hese models in o•der to detemmine rheim possible use in the 
Virginia study. 

Pre-d istribution Models 

Pre-distribution models have been in use longer than any 
other form of travel demand models. Two classical models are pre- 
sented first, the Baumol-Quandt abstract mode model and the Kraft- 
Sarc demand model. Following these two models are descriptions 
of travel demand models developed for the Sacramento-San Francisco 
corridor, for Canadian travel demand, and for forecasting air 
travel demand. 

Baumo..1-Quandt 

The Baumol-Quandt abstract mode model became widely used 
sequent to its application in the Northeast Corrodor Project. (7) 
The model is unique in its ability to accommodate an abstract mode. 
An abstract mode is a hypothetical mode which may have corresponding 
characteristics that are better than currently available modes. 
An example would be vertical take-off and landing (VTOL) or short 
take-off and landing (STOC) air transportation service. 

Figure 5 illustrates in general terms the relationship of the 
trip production function and its terms associated with the travel 
impedance expression and the parameters it comprises. The mode for 
which travel demand is being forecast is identified in the relative 
level of service parameters. The characteristic of the mode is 
compared to the characteristic of the best mode. 

Model Formulation 

Tkij : 

aoPikl pjk2 y'k31 yjk3 M.k5l M.k6] Nljk7 fl (H)f2(C)f3(D) 

b k r k fl (Hij ) l(Hki 
j ) 2 

18 
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b k 3 r k 
4 f2 (Cij (Ckij 

6 k r k f3 : (Dij) 5(Dkij ) 6 

where 

Tki j -- travel by mode k between cities i and j, 

Pi' Pj = population of cities i and j, 

Yi,Yj median income for cities i and j, 

Mi,M 
• 
• 

institutional character index for cities 
i and j 

= the number of modes serving cities i and j, N1] 
Hki j = travel time of the kth mode, 

Ckij. = cost of the kth mode, 

Dki j = frequency of the kth mode, and 

ki,..-.,k 7 : calibration coefficients. 

A superscript b denotes the "best" value of the characteris- 
tic among all modes and the supe•rscript r denotes the ratio of the 
value of the characteristic for the given mode to the value of the 
characteristic for the best mode. 

Discussion 

The elasticities of demand with respect to each variable are 
the calibration coefficients. The structure of the model indicates 
that the calibration coefficients are invariant. Hence, the model 
is said to be a constant elasticity model. This feature neglects 
how each mode competes with each other. An improvement in the non- 
best mode has little effect on the output of the model. The model 
does explain the competition between an individual mode and the 
best mode only in terms of each measure of the level of s.ervice. 

2O 



Since the intercity bus usually provides more departures 
per day than any other common carrier, frequency of bus-service 
can be considered as a best characteristic among all modes. Air 
and auto modes have the best characteristics of travel time and 
cost. In most intercity market contexts, intercity bus competes 
with only the private auto, which would have the best characteris- 
tics of travel time and cost. 

Kraft-Sarc 

The Kraft-Sarc intercity trave$ demand model was developed 
for the Northeast Corridom Project. (7) The model cannot accommodate 
an abstract mode in the same sense as the previous model. Level of 
service characteristics of an abstract mode can be applied with the 
model but the effect of it on competing modes is not shown as ex- 
plicitly as with the Baumal-Quandt model. 

Figure 6 illustrates in broad terms the components of the trip 
production function and the impedance expression. The mode being 
investigated is identified through the calibration coefficients. 
This will be discussed .once the model formulation is presented. 

Model Formulation 

a a m a a a Tki j : ao(P P ) I(IN IN ) 27. (Timeij ;) 3(Costijz) 4(Freqijz ) 5 
I 3 i' j ;=I 

where 

Tki j = trips made by mode k between i and j, 

P.P. = the product of the population of i and j, 
m 3 

INi,IN j the product of the mean income of i and j, 

Timeij 
• = travel time by mode Z between i and j, 

Costijz = cost by mode.Z between i and j, 

Freqijz : frequency of service by mode Z between i and j, 

m- number of modes, and 

ao,...,a 5 = calibration coefficients. 

21 
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Discussion 

The model is a constant elasticizy model, with the elasticiZy 
with respect to each vamiable being the calibration coefficients. 
The mode being evaluated is identified through the calibmation co- 
efficients. Sepamate calibrations ame pemfommed for each mode. 
This is a standamd featume of most pine-distribution models. 

The model is mome sensitive to competitive effects than the 
Baumal-QuandZ model, since modal atZributes (Zravel time, cost, 
and fmequency of service) ame assembled in a product forum. This 
feaZure of the model pmovides ease in investigating and evaluating 
potential system changes.- When investigating inZemcity bus passen- 
gem demand, the constant elaszicity feaZure of Zhe model combined 
with the pmoduct forum of the level of semvice parameters mesults in 
an inadequate pomZrait of modal competition. 

Though the model lends itself to examining system changes, it 
will noZ easily depict the diversion of passengems from other modes 
to a specific mode. Changes in system variables will pmovide an 
indication of the amounZ of induced travel. Thus, the model has 
some usefulness in explaining the compeZitive effects of all common 
carriers against the use of the private auto. 

Sacramento-San Francisco 

The model is an extension of the Baumal-Quandt abstract mode 
model. (7) It was developed for the Sacramento-Stockton-San Fran- 
cisco corridor study. The model is structured to accommodate a 
broad range of system characteristics, fluctuations in gasoline 
prices, and other conditions surrounding transportation. 

Figure 7 illustrates how the model can accommodate a broad 
range of variables and how the variables comprise the trip produc- 
tion function and the impedance expression. The theory of the 
model is based on the premise that a city will attract a certain 
number of trips due to characteristics of the city. At the same time, the city will produce a certain number of trips to another 
city because of another set of characteristics. The combination 
of production and attraction trips will lead to a measure of the 
total number of trips made between two cities. The total number 
of trips are im.•.eded by the level of service and adjusted through 
adjustment factors.. 

23 
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Model Formulation 

a b c d figlg 
! 

f2g 
2 T (•IPI + •2P2)(•IAI+•2A2)ZI Z 2 X I X 2 e e 

where 

T : trips between 1 $ 2, 

P1 ,P 2'AI'A2 : extensive production and attraction variables, 

ZI,Z 2 : intensive production and attraction variables-, 

Xl,X 2 : interchange service variables, and 

e calibration coefficients. 

The model was developed for two forecasts" the number of 
auto trips and the number of transit trips. 

Discussion 

The model represents an application of direct demand theory 
to the urban transportation case rather than To inTercity trans- 
portation as it forecasts only auto and transit trips, QithouT 
distinction between air, rail, and bus. 

The model does not examine modal competition beyond the 
division of auto and transit trips. Nevertheless, it could be 
useful for estimating The demand of inTerciTy markets where There 
is only one common carrier, as is often The case. 

If there were more than one common carrier in an intercity 
market, it would be difficult to examine common carrier competi- 
tion. For the model to be applicable in this situation, additional 
modal disaggregation would be required, which could weaken the struc- 
tural integrity of the model. 

Transpg,,Ft canada 

The Transport Canada model was developed to analyze the 1975 
intercity air, auto, bus, and rail system throughout Canada. (8) Its 
form is similar to that of both the Baumal-Quandt and the Kraft-Sarc 
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models. Abstract modes can be accommodated and modal competition 
is mathematically expressed. 

Figure 8 identifies the components of the model. Two param- 
eters in the model deserve additional comment. First, a linguistics 
pairing index is incorporated to account for cultural differences 
that may affect intercity travel. Second, a mode-specific adjust- 
ment factor is used to reduce residual error. 

Model Formulation 

T.. = (exp a 
)P..al L..a2 

x (Z C.. bl H.. b2 
D.. b3)b4 

• ]m o •3 •3 
m 

z3m •]m •]m 

x (exp k m) (C b 
ijm 1 H.. b2 

D. b3)/Z (exp k m) 
m]m m]m m 

bl 
H. b2 

D. b3) 
x F.. x (.Cij 

m zjm •jm z3m 

where 

Tin3 m.. : travel demand ,city i to j on mode m; 

P ij : population cross product, cities i and j; 

L.. : linguistics pairing index, cities i and j; 
13 

C.. : cost or fare (cents) of mode m from city i to j; 
13m 

H.. : travel time of mode m from city i to j; 
l]m 

D.. : departure fmequency (per week) of mode m from 
i3m city i to j; 

k 
m 

modal constants that may be interpreted as modal 
acceptability factors representing the unmeasured 
convenience involved in intercity travel; and 

F.. : city-pair modal-specific adjustment factor. 
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Discussion 

The numerous policy alternatives investigated (52 in all) 
ranged from the null alternative to combinations of changes af- 
fecting travel times (55 mph [88 kin/hi highway speed limit com- 
bined with improving rail travel time) or costs (increases in the 
price of crude oil). The various scenarios were used to examine 
impacts on each individual mode. 

The results of these various system changes showed that the 
intercity bus competes mainly with the auto• whereas changes in 
the air system produced only minor variation in intercity bus 
passenger demand. Surprisingly, modifications in the rail system< 
produced little impact on intercity bus passenger demand. 

Limiting the maximum speed limit to 55 mph (88 kin/h) produced 
significant increases in intercity bus passenger demand• as did an 
increase in the price of crude oil and gasoline. 

Intercity• Transportation Effectiveness 

The model was developed for the Department of Transportation 
to approximate intercity air passenger demand at major hub air- 
ports. (9) It is based on gravity model theory, as is each of the 
models previously described. 

Figure 9 depicts the con%ponents of the model. It is the only 
time trend model reviewed. The time trend adjustment factor ex- plains the growth pattern in air travel. The mode split adjustment 
factor accounts for differences in air travel attraction for short 
trips. The attraction adjustment factors depict the characteris- 
tics of the trip ends. 

Model Formulation 

V.. : (pip )a 
13 3 

x C.. x PF.. x S x kF.. x kF. x kF. 

C.. = exp (g/(TF..T.) + b/M.. + d/W.. + h/(A. + A.) + k.), 

where 

V.. = passenger demand for air trip from i to j; 

P i,Pj : population of i and j; 
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C.. = conductance function for trips between i and j; 

PF.. = air trip probability factor; 
•3 

S = time trend adjustment factor; 

kFij ,kF i,kFj = adjustments for unusual level of attractiveness of 
travel between i and j, to/from i, to/from j; 

T.. = terminal-to-terminal nonstop travel time between 
•'3 i and j 

M.. -- terminal-to-terminal coach class air fare; 
m3 

W.. frequency of service from i to j in flights per •3 day; 

= access time to airport; 

Aj egress time from airport; and 

a,b,d,g,h,k = calibration coefficients. 

Discussion 

The model has limited applicability for investigating inter- 
city bus passenger demand. It does not consider modal competition 
The review of this model was intended solely to provide insight in- 
to an additional approach to modeling intercity travel demand. 

Post-distribution Models 

The introduction of post-distribution models began almost a 
decade after the Baumol-Quandt model was implemented. These models 
are sensitive to competition between modes and thus useful for fore- 
casting bus travel demand by choice riders. The models are char- 
acterized by two components" a total travel forecast and a modal 
split or market share prediction which distributes the total travel. 
over the competing modes. 

Of the five models classified as post-distribution models, 
four forecast modal travel demand and one estimates market shares. 
The unique feature of a post-distribution model is that the two 
components of the model are usually mutually exclusive. Thus, 
modal split forecasts can be compared without considering total 
travel predict ions. 
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Canadian Transportation Commission 

The intercity travel demand model used by the Canadian Trans- 
portation Commission was developed to study intercity passenger transportation in eastern Canada. (I0) It is intended for use in investigating common carrier passenger demand The model is 
formulated in such a way that the automobile passenger volumes 
are not required for its calibration. 

Figure l0 illustrates the components of the total travel 
pattern of the model. Competition between common carriers and the 
automobile is accounted for by utilizing the difference between 
travel times and costs. As with the Transport Canada pre-distribu- 
tion model, a linguistics pairing index is employed. 

Model Formulation 
b 

I b (b 
w. = k.(T ) (C.) 2e a/F i 

S. w./W 
1 

a VAB = k(PaPB) •(LAB 2ex 
p (a3/ra)eXp (a4[D_T])(C_p) 5 w 6 

where 

= impedance of mode i, W 
l 

W system impedance, 

S i : market share of mode i, 

T i average total trip time by mode i, 

C i average total cost by mode i, 

: daily departure frequency, F• 

VAB : annual total trips generated from city A to B 
by common carrier, 

PA,PB population of cities A and B, 
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LAB : linguistics paiming index, 

r A : % of families with income greater than $12,000, 

D : highway driving time, 

T average total trip time by common carriers, 

C = average total cost by common carriers, 

P = perceived cost by automobile, and 

a l,-..,a 6,b !,b 2,b 3,k i,k 
t 

calibration parameters. 

The value of the linguistics pairing index equals zero when 
linguistic similarity does not exist and one when the city pair 
is linguistically matched. Mode-specific passenger demand is found 
through the product of the market share of the mode and the total 
common carrier demand. 

Discussion 

The model has been relatively successful in describing his- 
torical trends in the eastern Canada intercity transportation market. 
Use of the linguistics pairing index feature of the model would 
limit its applicability to Virginia conditions. 

The model is capable of limited evaluation of abstract modes. 
Two such modes, the tracked air-cushion vehicle and STOL modes, 
were investigated. Such an evaluation is difficult and the results 
obtained must be viewed with skepticism since passenger levels, 
which are needed for effective model calibration, are estimated. 
Little was mentioned in the report pertaining to intercity bus 
passenger demand. 

Northeast Corridor Transportation Pro$ect (NECTP) 

The model presented here is the mode split model used exten- 
sively in the Northeast Corridor Transportation Project of the De- 
partment of Transportation. (ii) The model has also received ex- 
tensive use in other high density corridors in the United States. 
it was calibrated under seven conditions. The calibrated models 
are known as CN22 through CN28. CN27 is the best overall model and 
is stratified by trip purposes. CN22 is the best unstratified model. 

Figure ii describes the mode split model and can be used to 
describe most mode split models. Automobile passenger levels are required for calibration of the model. The model can easily be 
coupled with total travel models. 
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Model Formulation 

w.1 : c.l t'all cia2 f.al 

fro. -- (I- exp (- kf-l) 
W -- Z 

S i = 

W 

where 

C i ,k i ,a ! ,a 

w. = impedance of mode i, 

W = system impedance, 

t i average one-way door-to-door travel time, 

ci average one-way travel cost, 

f i average number of one-way departures, and 

= calibration coefficients. 2 '•a3 

Discussion 

The model is a cross-elasticity model. The calibration co- 
efficients al and a 2 are negative since an. increase in travel 
time or cost implies that a mode has become less attractive. The 
calibration coefficient a 3 will be positive since an increase in 
the frequency of service increases the personal utility derived 
by travel on that mode. 

The model is easily adaptive to investigating intercity bus 
passenger demand. Historically, CN26 is the best model for de- 
termining intercity bus market share with non-Northeast Corridor 
data. However, for accurate results the model should be reca!i- 
brated if transferred. 

Spaith 

The intercity travel demand model developed by Spaith was 
developed using 150 city pairs obtained through the 1972 National 
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(7) 
Travel Survey. The model utilizes a modified gravity model to 
forecast total travel and NECTP model CN22 to forecast mode split. 

Figure 12 illustrates the total travel portion of the model. 
Mode split is not shown since this is calculated using the NECTP 
model. The unique characteristic of this model is that the results 
of the mode split model are used in the forecast of total variablO•. 
As modal attributes change, the modal split adjusts to produce a 
new average travel time and cost across all modes. 

Model Formulation 

where 

T.. : total travel between city i and city j, 

Pi,Pj : population of cities i and j, 

Yi,Yj per capita income of cities i and j, 

dij : 
d•stance between i and j, 

AC.. : system average travel cost between i and j, 
•3 

AT.. = system average travel time between i •nd j, and 

: calibration coefficients bo,... ,b 
4 

Discussion 

The total travel model developed by Spaith is quite similar 
to the structure of pre-distribution models. The difference comes 
in the treatment of system variables. There isn't a calculation 
of impedance in the total travel portion of the model. 

In most post-distribution models the total travel and mode 
split portions are mutually exclusive. This is not true in this 
model. •This feature aids in accounting for latent demand since 
a change in the transportation system directly affects the total 
travel forecast. In some instances, the lack of accounting for 
latent demand is sighted as a weakness of post-distribution models. 
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Michigan 

The model developed for application in and around Michigan 
was formulated at the Stanford Research Institute. (12) The ob- 
jective of the model is to accurately forecast intercity passenger 
demand for a wide range of origins, destinations, and city sizes. 
Numerous existing models have difficulty in forecasting consistent •I 
ly with a wide range of city sizes. This-feature of the model clas- 
sifies it as a segmented model. 

Figure 13 illustrates the relationships of the components of 
the total travel portion of the model. The structure of the mode 
split portion of the model is identical to that of the NECTP mode 
split model in general terms. A unique feature of the total travel 
demand submodel is the socioeconomic variables used. One variable 
is used to measure both population and income at the origin and 
destination cities. The variable is the number of families with 
incomes exceeding $i0,000 in the Standard Metropolitan Statistical 
Area (SMSA) or county of the origin or destination city. 

Model Formulation 

b b 
D = b (F D.) i W 2 for F.F. > G 

o i ] m 3 

i b b 
D bo (FiF" 

3 
) 1 W 2 for F.F. _< G 

a I a 2 a• 
w = A t c (! exp [-kf ]) for m • auto 

m m m m 

w = t a4 a5 
m m (c /i. 7) for m auto 

m 

where 

W = • w 
m 

m 

D. = Dw /W, 
1 m 

w = impedance of mode m, 
m 

W = total system impedance, 
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D = total travel demand, 

D = travel demand of mode m, 
m 

t = total travel time of mode m, 
m 

c = total out-of-pocket cost, 
m 

f : frequency of service in trips per day, 
m 

F number of families with annual income exceeding 
$I0,000 (families x i0) in the SMSA or county of 
the origin city or destination city j, and 

b 
° 

,b I ,b I i i 2'bo 'bl 'b2 'al'''''a5 = calibration coefficients. 

Discussion 

The parameter G is used to segment the model. It is chose• 
such that the model is sensitive to various city pair sizes through 
statistical tests of travel demand data used for calibration of 
model. The parameter could prove to be a weakness in the model 
since various combinations of city pair.s could have the same product 
but different travel patterns. 

The mode split portion of the model is slightly different 
from that of the NECTP mode split model in its treatment of the 
market share of the automobile. Rather than letting the coefficient 
a 3 equal zero, as is the case in the NECTP model, an equation is 
used which assumes an average auto passenger level of 1.7 persons. 

New York State DePa•..tment of Transportation 

The model developed by the New York State Department of Trans- 
portation (NYSDOT) was used in the investigation of improved rail 
service in the Buffalo-New York City corridor. (13) It consists of 
two basic sections" a total travel demand submodel and a binary 
logit competition mode split submodel. The post-distribution models 
presented up to this point have incorporated a multinominal logit 
competition mode split model. The binary logit competition model 
examines how a specific mode, rail in the NYSDOT study, competes 
with each of the other available modes individually. A multi- 
nominal !ogit competition model examines how a specific mode com- 
petes with all the available modes at once. 

Figure 14 illustrates the components of the model. The pivot 
point analysis utilized in the model is a method of adjusting the 
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model forecast to reduce residual error. A base year is selected 
for which data are available. The base year is then forecasted 
with the model. The ratio between the base year data and the 
base year forecast is the pivot point adjustment. When this tech- 
nique is applied to the binary logit competition model, the sum of 
the modal share is greater than one. Normalization is used to re- 
move the introduced error. 

Model Formulation 

(TOTB) (PB) 
i 

(PB) 
Modal Demand (TOT F) x ,-- x (P) 

(TOT) F (p•,-)- xz(•-"•.mF )' •'•mB' 
B B m 

b a(P.P.) 
TOT = 

1 ] 
F 

tooC 

i + Ze G 
m m 

G : a + a X + a X + 
m om im I 2m 2 

where 

TOT' : forecast future total demand, F 

TOT' = forecast total demand for the base year, B 

T0T B -= actual base year total demand, 

P' : forecast future modal share, F 

P' forecast base year modal share, B 

PB : actual base year modal share, 

Pi,Pj : population of cities i and j, 

T.. : travel impedance between cities i and j, 

SI,S : modal attributes, 
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a,b,c calibration coefficients, and 

a ,a = mode-specific calibration coefficients 
om Im' 

Discussion 

Modal attributes used in the binary logit competition model 
are identifi.ed Through stepwise regression. This results in dif- 
ferent system variables being used to determine the modal share. 
Since various system measures appear in describing binary competi- 
Tion, the model produces information on how the modes compete with 
each other. For instance, the NYSDOT report concludes that the 
ratios of aim to mail frequency of service and travel Time were 
critical in determining the competitive effects of air service on 
the rail market share. Food service, the ratio of bus to rail fre- 
quency of service, and the difference between bus and rail Travel 
times were important in determining the competitive effects of bus 
service on the rail market share. This information is valuable in 
determining policies to improve the market share of a mode. 

The total travel demand submodel is a simple gravity model. 
The travel impedance measure utilized in the model is travel time. 
Population figures are used to generate traffic. Income measures 
do not appear in the model. 

West Virginia 

The model develQped for application in West Virginia is a total 
travel demand model.(l•) It does not incorpoz•ate a mode split mod•l 
to forecast modal travel demand. The model is formulated to esti- 
mate intercity travel for towns of less than 50,000 population. It 
is developed for intercity travel and city-to-rural travel and is 
structured as a modified gravity model. 

Figure 15 shows the simplicity of the model structure. Origin 
and destination city populations are used to generate a measure of 
total travel. The amount of total Travel is impeded by the travel 
time between the city pair. 

Model Formu!at ion 

Intercity travel demand is estimated by either of the follow- 
ing two equations- 





I) T..m] : aoP.P.m 
] exD_ (bIDij 

2) T.. : a I 
m ]•. 

iPj)½ 
z] D. 2 D 2 

City-to-rural travel demand is estimated by 

13 3 

(P. + P.) 

D.. 
2 

where 

T ij : travel demand from city i to city j, 

Pi,Pj : population of city i and city j, 

D.. : travel time from city i to cit• j, and 

ao,...,a3,b I : calibration coefficients. 

Discussion 

The second intercity travel demand model gave slightly better 
forecasts than the first model in the West Virginia study. The 
calibration coefficient b I is negative ih the first intercity travel 
demand model so that the travel time variable functions as an im- 
pedance term. 

The city-to-rural travel demand model was segmented for three 
population ranges. The following are values of the calibration co. 
efficient a 3 contained in the model. 

•opulati.0n ,.R.a.ng e a 3 

greater than i0,000 

5,000 I0,00.0 

less than S,000 

2.67 

5.11 

10.67 
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MODEL AND ROUTE SELECTION 

This section discusses the selection of intercity travel 
demand models that would be appropriate for analysis of the 
Virginia network. The selection of .a model(s) was dependent on 
the availability of input data and the transferability of cali- 
brations. Three models were selected .for use in the study and 
these are described together with the routes within the Virginia 
network that were analyzed. 

Model Selection 

In order that models correctly replicate existing conditions, 
they are calibrated using a data base for the region under study. 
However, where data are not available or are too costly to obtain, 
models developed in one area can be used in another. Intercity 
bus ridership origin-destination was not obtained nor were data on intercity travel by auto or rail. Agencies performing similar 
studies in other states have examined ticket receipts at bus ter- 
minals to obtain origin-destination information but this was not 
feasible in the present_ study because .of budgetary and time con- 
straints. Accordingly, those models selected for use in this 
study had been previously calibrated using a statewide intercity 
travel data base. Eight of the models described earlier had been 
calibrat.ed and were thought to be possibly appropria,te for the 
present analysis. After examination, it was concluded that three 
of these models were tran.sferable to Virginia conditions and these 
were used to investigate intercity bus passenger demand. 

The two Canadian models had been sufficiently calibrated, but 
since they contain a linguistics pairing index they would not be 
easily adapted to the Virginia intercity travel market The NYSDOT 
model is a binary logit model which compares rail travel to all 
other available modes. Since intercity bus is not calibrated 
separately, this model would not produce the desired results. The 
West Virginia model is a total travel model which does not con-. 
sider modal attributes. The intercity transportation effectiveness 
model was developed for investigating air travel demand only and 
does not consider modal competition. Thus, it would appear that 
of the eleven models reviewed, three are calibrated to meet condi- 
tions appropriate to this study. These are the NECTP, SPAITH and 
MICHIGAN models. These models and their calibrated values are 
discussed below. 

NECTP 

The NECTP model has seven calibrations" some are more accurate 
in their forecasts than others. Three of the models have aggregate 
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calibmations. Two of the models are disaggmegated for business 
and nonbusiness tmip pumposes. Table 7 p•esents all the calibma- 
tions. The model's fommulation is as follows" 

a 

w. : C t 
Ic 2 

m m m m 
(i exp [-kf]) 

where each term in the expression has been defined in the previous 
section. 

Discussion 

The model appears with thrse calibrations CN22, CN25, and 
CN26 which consider frequency of bus service in Their calibrated 
formulations. The other calibrations CN27 and CN28, business 
and nonbusiness have bus frequency coefficients (k and a3) equal 
to zero, indicating that the frequency measure of level of service 
does no• affect the relative market share of the intercity bus 
industry. This cannot be assumed for the Virginia intercity bus 
market. Therefore, the four calibrations of CN27 and CN28 are 
discarded for implementation. 

The NECTP model was calibrated using 64 city pairs within 
the northeast corridor. The models were tested for transferability 
out of the northeast comridor using 44 other city pairs. The re- 
sults, based on root mean square error, indicated that C•22 was the 
best overall model and was followed by CN26. For forecasting the 
intercity bus market share, CN26 ranked first and was followed by 
CN28. 

Calibrations CN22 and CN26 were selected for investigating 
the Virginia intercity bus network. 
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Table 7 

N]•CTP Model Calibrations 

Air 
Rail 
Bu• 

Air 
Rail 

Auto 

Air 
Rail 

Auto 

Air 
Rail 

Auto 
Air 
Rail 

Air 

Air 
Rail 

Auto 

C 

1.01 
1.46 
0.33 
1.0 

1.1144 
I. i144 
1.1144 
1.000 

1.8978 

1.4486 
1.0 

I.IZ•2 
1.481• 
0.3767 
1.0 
0.7767 
1.9881 
1.3872 
1.0 

0.937 
1.2563 
0.5767 
1.0 
1.1163 
1.4710 
0.9324 
1.0 

al &2 

-2.25 -i.ii 
-2.23 -I.ii 
-2.23 -i.II 
-2.32 -1.16 

-1.9102 -0.9551 
-1.9102 -0.9551 
-1.9102 -0.9551 
-1.9288 -0.9644 

-1.9135 -0.8555 
-1.9135 -0.8555 
-1.9135 -0.8555 
-1.9135 -0.8555 

-3.384 -0.483 
-3. 384 -0. 483 
-3.384 -0.483 
3. 384 -0. 483 
I..58 21 I. 58 21 

-1.5821 -1.5821 
-I.5821 -1.5821 
-I.5821 -1.5821 

-3. 384 -0. 483 
-3.384 -0.483 
3. 384 -0. 483 

-3. 384 -0. 483 
-1.5821 -i.3821 
-l.5Sll -1.5821 
-1.5821 -1.5821 
-i.$821 -I.5821 

a 3 

0.53 
1.05 
0.05 
0 

0.3247 
0.3247 
0.3247 
0 

0.5.•36 
0.5536 
0.5536 
0 

2.279 
2.279 
0 
0 
2.0462 
1.0462 
0 
0 

5.587 
5.587 
0 
0 
5.587 
5.587 
0 
0 

0.12 
0.12 
0.12 
0 

0.12 
0.12 
0.12 
0 

0.007 
0.007 
0.007 
0 

0.12 
0.12 
0 
0 
0.18 
0.18 
0 
0 

O.SO 
0.50 
0 
0 
0.672 
0.672 
0 
0 



The Spaith travel demand model is broken down into two 
portions- a total travel submodel and a modal split submodel. 
The model is an aggregate model with one calibration. The 
NECTP model calibration CN22 previously presented is used for 
the modal split submodel. The total travel demand submodel is 
formulated as 

T.. : b (P P.) 
m3 o i ] 

bl 
(y.y.) 2 ij_ • (AT.. 

The calibration coefficients are as follows- 

b 
° 

= exp (-48.4), 

b I = 0.23, 

b 2 = 3.40, 

b 3 0.58, and 

b = 1.03. 
4 

Discussion 

The total travel demand submodel was calibrated using a data 
base .of 150 city pairs from the 1972 National Travel Survey. This 
is the same survey used by the ICC in its preliminary study of the 
intercity bus industry. The survey sampled travel characteristics 
of households. Population and per capita income data were obtained 
from 1972 figures. 

Michigan 
The Michigan model is an aggregate trav.el demand model. The 

modal split submodel is similar in form to the NECTP modal split 
model. Automobile travel costs are based on 1.7 persons per auto. 
The total travel submodel is segmented according to city pair size. 
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The total travel formulation is 

b b 
T.. = b (F.F.) i 

w 
2 for F.F. > G 

b b Tin].. = bo (FiF3") I 
w 

2 for F.F. <- 
m 3 

G 

The modal split formulation is 

a & a 
w ='C t 

ic 2 (i exp [-kf]) 3 
m m m m 

The calibration coefficients were identified using a con- strained search technique which produced the results presented in 
Table 8. 

Table 8 

Michigan Calibration Results 

Modal Split Submodel 

C_oeff ic ient Air Rail Bu s Auto 

C 1.50 0.75 0.75 1.0 

a I -1 50 -1.50 -1.50 -1.50 

a 2 -I. S0 -I. 50 -i. 50 -i. 50 

a 3 0.3247 0.3247 0.3247 0 

k 0.12 0.12 0.12 0 

Total Travel Submodel 

b 25 000 b 2,500 
O O 

b I : 1.0 b I : 0.i 

b 2 = 0.9 

G 0.075 
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The Virginia Network 

The Virginia intercity bus network is comprised of five regu- 
lar route carriers (see Figure 16). Greyhound Lines, Inc. and 
Trailways, Inc. provide service throughout the state. James River 
Bus Lines is based in Richmond and serves the outlying regions. 
Bristol-Jenkins Bus Lines, Inc. provides service in the western 
tip of the state and the DgM Bus Company serves Martinsville and 
Danville in the southern portion of the state. 

Service is provided to approximately 300 principal conur•unities. 
In addition, other small communities are serviced through flag stops 
and nearby highway stops. Two types of route service are present 
in the state. Greyhound Lines, Inc. and Trailways, Inc. operate 
routes which primarily originate or terminate in major population 
centers of the south, such as Miami; southwest, such as Dallas; 
and in the northeast, such as New York City. James River Bus Lines, 
Bristol-Jenkins Bus Lines, Inc. and the D g M Bus Company operate 
routes which provide service that is more regional in nature. 

Route Selection 

The objective of the route selection task was to identify 
routes throughout the state which are representative of the Virginia 
intercity bus network. The selected routes are reflective of the 
dynamics of the level of service parameters and travel demand. 

The ICC report indicates that a form of cross-subsidization 
occurs in the intercity bus industry. High density route revenues 
are used to offset the losses of low density routes Government 
regulation prevents intercity bus operators from discontinuing 
service on unprofitable routes without approval. Therefore, the 
high volume route between Washington, D. C. and Richmond was not 
included in the sample network. The level of service for this 
city pair was disproportionally high compared to that of other 
Virginia city pairs. The variety of travel times and costs for 
the intercity bus result in average values for those measures of 
service that are unrepresentative of the service provided through- 
out the state. 

Figure 17indicates the routes selected. Either Trailways, Inc. 
and/or Greyhound Lines, Inc. operate over the routes. Table 9 lists 
the origin-destination city pairs which comprise the sample network. 
The sample includes 19 cities and 138 one-way city pairs. A majority 
of the population centers in Virginia are included in the sample. 
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NETWORK DATA 

This section describes the data for each mode (air, rail, 
bus, auto) of the Virginia intercity network evaluated in this 
study. The section includes sources of information and socio- 
economic data such as population and per capita income for each 
of the cities served, and describes intercity network characteris- 
tics of travel time, cost, and frequency of service. 

Data Collection 

Socioeconomic data were obtained from the 1970 Census of the 
Population and the Virginia Department of Highways and Transporta- 
tion. Air level of service data (travel time, fares, and frequency 
of service) were obtained from the May 1978 off!c_!al Airline•.Guide. 
Rail service data were obtained from Southern-•Raiiways and••trak. 
Travel time and frequency of service information for intercity bus 
was obtained from the December 1978 Russell's Official Motor Coach 
Guide. Fare structure information was •b•t-aine-d-•y conti-c•-s with 
••e operators. Intercity auto cost and travel time were derived 
from highway mileage. 

Socioeconomic Data 

The socioeconomic data (Table I0) consist of population, per 
capita income, and the number o • •am•!ies with annual incomes, o • 
less than $i0,000 in the SMSA or county of the origin and destina- 
tion cities. The populations range from 4,447 persons in Abingdon 
to 756,000 persons in Washington, D. C. Per capita incomes range 
from $2,376 in Bristol to $3,859 in Washington, D. C. The number 
of families with an annual income of less than $I0,000 varied from 
1,380 in Wytheville to 453,570 in Washington, D. C. 

Two cities (Bristol and Abingdon) are located in the same 
county and three cities (Norfolk, Portsmouth, and Virginia Beach) 
are located within the same SMSA. Use of these data will produce 
error in the Michigan model forecasts since the socioeconomic 
variable used to generate travel pertains to the SMSA or county of 
the origin and destination cities. Therefore, when the Michigan 
model was used to forecast both total and bus travel demand, the 
city pairs of Abingdon-Bristol, Norfolk-Portsmouth, Norfolk-Virginia 
Beach, and Portsmouth-Virginia Beach were excluded from the 
investigation. 
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Table i0 

Socioeconomic Characteristics 

Town 

Abingdon* 

Bristol* 

Charlottesville 

Danville 

Parmville 

HarrisonburK 

Lexington 

Lynchburg 

Newpor• News 

Norfolk* 

Porzsmouzh* 

Richmond 

Roanoke 

$•aunzon 

Virginia Beach* 

Washington, D.C. 

Williamsburg 

Winchester 

Wy•heville 

Per Capita 
Population Income ($) 

4,447 2,552 

14,854 2,376 

38,880 3,190 

46,391 2,796 

4,203 2,748 

14,605 2,742 

7,597 2,581 

54,083 3,045 

138,177 3,034 

307,951 2,797 

110,963 2,656 

249,621 3,168 

92,115 2,935 

2.4,504 2,888 

172,106 3,098 

756,510 3,859 

9,069 3,066 

14,645 2,954 

5,893 2,840 

* belong •o same SMSA or county 

No. of families with 
less than $I0,000 
Income (xl0- 5 

0.02t•5 

.0245 

.0399 

.0373 

.0093 

.0375 

.0118 

.1290 

.3353 

.6540 

.6540 

.6668 

.2116 

.0409 

.6540 

4.5357 

.0158 

.0265 

O. 0130 
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Intercity Trayel Network Data 

The network data consist of travel time, cost, and frequency 
of service for air, auto, bus, and rail modes. Travel time is 
measured from door to door using an estimate of 15 minutes for 
accessing and egressing the terminal. The cost data are measured 
as out-of-pocket cost, and frequency of service is in units of 
number of departures per day. 

Air Network Data 

Figure 18 illustmates the Virginia nonstop flight system 
operating in May 1978. Nine cities in the sample network had non- 
stop flight service; namely, Charlottesville, Danville, Lynchburg, 
Newport News, Norfolk, RicPumond, Roanoke, and Staunton. In the 
figure, all routes except that between Staunton and Charlottesville 
provide nonstop and round-trip service. Service between Charlottes- 
ville and Staunton is provided only in the westbound direction. Round- 
trip and nonstop service is available between Roanoke and Washington, 
D. C. and between Charlottesville and D. C. 

Tables ii, 12, and 13 contain travel time, t-ravel cost, and 
frequency for all flights connecting the nine cities, including 
direct flights with intermediate stops. 

For the Charlottesville-Danville city pair, there is service 
from Danville to Charlottesville but not in the reverse direction 
(with an intermediate stop-in Lynchburg). 

Rail Network Data 

Figure 19 illustrates the intercity rail service pertaining 
to the sample network. During 1978 service was provided by Amtrak 
and the Southern Railroad. Amtrak operated service between Washing- 
ton, D. C. and Charlottesville and between Richmond and Norfolk. 
The Southern Railroad operated the Southern Crescent serving Wash- 
ington, D C., Charlottesville, Lynchburg, and Danvi• • e 

Table 14 contains travel time, cost, and frequency of service 
information for the Southern Crescent. The fare structure used in 
May 1978 is based on a cost rate of 7.092¢ per mile. Amtrak's 
Cardinal service was assumed to be the same as that of the Southern 
Crescent. Amtrak was unable to .provide information on the Norfolk- 
Richmond route. 
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Northbound service departs from Danville at 3"30 a.m., from 
Lynchburg at 4-45 a.m., and from Charlottesville at 5 "45 a.m. and 
6"00 a.m. Southbound service departs from Charlottesville at 9"35 
p.m. and midnight, from Lynchburg at I0"45 p.m., and from Danville 
at 12"20 p.m. With service at these times, there is a significant 
degree of inconvenience involved in riding the train. This factor. 
is not reflected in the data. 

Amtrak service between Richmond and Norfolk was not estimated. 
It was possible to determine the Richmond-Norfolk fare using the 
Southern Crescent fare rate. However, travel times and frequency 
of service data could not be reasonably estimated. 

Intercity Bus Network Data 

The complete Virginia intercity bus network was presented in 
Figure 16 and the sample network was presented in Figure 17. Tab$•s 
15-17 contain data on travel time, cost, and frequency of interci 
bus service for the sample network. The data vary for specific 
city pairs by direction of travel. Data s.re shown for one-way trav- 
el, since the level of service will vary for each direction of a 
round trip. The frequency of service is more likely to vary for 
opposite directions of a city pair than would cost or travel time. 

Auto Network Data 

Auto network data are based on the distance between the origin 
and destination. The average travel time for each city pair of the 
sample network was calculated assuming an average speed of 45 mph 
(77 km/h). This assumes travel on the hi[hway to be ap•proximately 
55 mph (88 kin/h] With s.ome slower speeds for access an• egress. 

The automobile travel cost was difficult to estimate because 
of increases in fuel cost and increases in automobile fuel efficien- 
cy. The U. S. Department of Transportation (DOT) estimates 
bile travel cost as 

$0.04 per mile (Dij) + tolls 
2• d' 

where 

C.. = out-of-pocket automobile cost per person, and 

D.. : highway mileage between i and j. 
m3 
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(15) This formula assumes an average vehicle occupancy of 2.0 persons. 
The formula was developed in 1973 for ten major intercity corridors 
in the United States before energy costs dramatically increased. 

The fuel cost was approximately $0.70 per gallon ($0.19 per 
liter) in May 1978 and the average automobile efficiency was ap- 
proximately 15 mpg (6 km/l). To check the DOT formula, the Char- 
lottesville-Washington, D. C. city pair was chosen. The gasoline 
cost for a one-way trip was calculated as $2.66 per person, assuming 
a 2.0-person occupancy, whereas the DOT formula estimated a cost of 
$2.28 per person. 

The travel mileage used for calculating travel time and cost 
was taken from a Virginia highway map. When the mileage differed 
between the mileage table and link total, the link total was used. 
Tables 18 and 19 contain the travel time and cost calculation re- 
sults and Table 20 contains the highway mileages. 

68 



o 

0 



•l.t n quo•; Ta..•H 

7O 



71 



NETWORK INVESTIGATION AND EVALUATION 

This section describes the results of the estimates pro- 
duced for travel on the Virginia bus network using three travel 
demand models (NECTP, Spaith and Michigan). The percentage of 
total intercity demand by bus is compared with trip length, bus 
fare, and frequency of service. Thus, the status quo is altered 
by increasing auto costs 50% and 100% and comparing the effects 
on bus patronage with bus fare increases of 10% and 20%. Finally, 
the frequency of service was increased by one and two departures 
per day. 

Mode Sp•!..t..M.0.de. ! Per.f.o..rmance 
The mode split models utilized in the investigation are 

multinominal logit competition models whose variables are travel 
time, cost, and frequency of service. The forecasts produced by 
the mode split models were compared to each other and to the leve• 
of service parameters to gain an understanding of the market sensi- 
tivity. 

General Results 

The average bus market.share forecasts of the CN26, Spaith, 
and Michigan mode split models are 5.59%, 13.19%, and 4.80% of the 
total market, respectively. A t-test was used to determine if the 
models produced significantly different mode split forecasts for a 
0.05 level of confidence. The analysis indicated that the Spaith 
model produced significantly greater bus market share forecasts. 
The Michigan and CN26 mode split models produced forecasts that 
were statistically the same. 

Market Share and Distance 

Though distance does not explicitly enter any of the mode 
split models, it is a surrogate of travel time. Figures 20-22 pre- 
sent the bus market share estimations of the CN26, CN22, and Michigan 
mode split models in relation to the distance between origin and 
de.stination. Overall, the model estimations increase as trip length 
increases to I00 miles. For trips between i00 and 200 miles, the 
models estimate a constant market share of approximately 5% of the 
total market. For travel greater than 200 miles, the estimations 
do not show a clear pattern. 
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CN26 Mode Split Estimations 

For travel less than i00 miles, the CN26 estimations cover 

a broad range of market shares, from 18% to less than I% of the 
market, as shown in Figure 20. Even though there is a wide vari- 
ation in the •stimations, an increasing trend in the market share 
forecasts can be seen as trip length increases to I00 miles, wher• 
the bus market share is estimated at 5%. From i00 miles to 200 
miles, the market share is maintained at 5%. Beyond 200 miles, the 
bus market share estimations do not indicate a reliable trend. 

Spaith Mode Split Estimations 

The CN22 mode split model is utilized in the Spaith travel 
demand model. The forecasts of the mode split model are presented 
in Figure 21. The results do not clearly define a trend in the bus 
market share estimations; however, some information on the bus market 
share can be obtained. 

For trip lengths less than !00 miles, the estimations range from 
2% to 24% of the travel market. The majority of the forecasts are 
above 8% and below 20% of the total market. For trip lengths be- 
tween I00 and 200 miles, the estimations vary from a low of 6% to 
a high of 20%. The majority of the estimations fall between 10% 
.and 17% of the total market. For trip lengths greater than 200 
.miles, a trend in the estimat'ions is-not defined. 

Michigan Mode Split Estimations 

The relationship between the bus market share and trip length 
is defined more definitively by the Michigan mode split model than 
by any other model tested, as shown in Figure 22. For trip lengths 
up to i00 miles, the bus market share increases to about 5% and 
then levels off until trip lengths exceed 200 miles. Beyond 200 
miles, the trend is not clearly shown. 

Bus Market Share and Bus Fare 

The relationship between bus fare and bus market share is 
illustrated in Figures 23-25. For each mode split model, the bus 
market share increases as bus fares increase. The specific trend 
is for the bus market share to increase to 5% of the total market 
as bus fares increase to approximately $i0. The bus market share 
is maintained at 5% as bus fares increase to $18. After a bus 
fare of $18, mode split trends are inconclusive. The following 
discussion examines the results of each mode split model. 
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Figure 23. CN26 bus market share and bus fare. 
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Figure 24. CN22 bus market share and bus •are. 
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Figure 25. Michigan bus market share and bus fare. 
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CN26 Mode Split 

The relationship of the CN26 bus market share to bus fare 
is shown in Figure 23. As bus fares increase to $6, the bus 
market share increases to approximately 5% of the total market. 
The bus market share levels off at this point until bus fares 
reach $18. Once bus fares exceed $18, the market share estima- 
tions do not lend themselves to a clearly defined trend. 

Spaith Mode Split Estimations 

The CN22 bus market share estimations are relaied to bus 
fares in Figure 24. The trend identified in the CN26 estimations 
is not as clearly illustrated in those for CN22. When the bus 
fare is below $i0, there is a wide range of estimations ranging 
from a high of 24% with a bus fare of $6 to a low market share 
estimation of 2% for a bus fare of $2. As bus fares increase, th• 
range of bus market share decreases to a high of 18% and a low of 
10% of the total market. 

Overall, there appears to be a decreasing upper bound and an increasing lower bound of the bus market share as bus fares increase. 
The upper limit is highest at 26% of the total market for a bus 
fare of $2, and lowest at 18% of the market for bus fares greater 
than $14. The lower bound is least at 2% of the market for a bus 
fare of $2 and highest at 14% of the market for bus fares greater 
than $18. 

Michigan Mode Split Estimations 

The relationship of the mode split estimations of the Michigan 
mode split model to bus fares is illustrated in Figure 25. The 
trend identified with the CN26 estimations is more clearly shown 
with the Michigan estimations. The bus market share increases fror. 
2% to 5% of the market as fares increase to $i0. For fares from 
$i0 to $18, the bus market share is constant at approximately 5% of 
the market. The market share estimates for bus fares exceeding $18 
show no clear trend. 

Bus Market ..S..hare and...Frequen.cY 
The relationship between frequency of bus service and market 

share is shown in Figures 26-28. For each mode split model the 
bus market share improves as the frequency of bus service increases 
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from one to four departures per day. Improving the frequency of 
service beyond four departures per day does not improve the bus 
m•rket share, which remains constant at approximately 5% of the 
total market. 

CN26 Mode Split Estimations 

The results of the CN26 mode split model are shown in relation- 
ship to frequency of service in Figure 26. As service is improved 
to five departures per day, the bus market share increases to ap- proximately 6% of the market and maintains this market share for 
up to ten departures per day. Above ten departures per day, market 
share estimations do not show a definable trend. 

Spaith Mode _Split Estimations 
--..• 

The CN22 mode split estimations do not clearly define a trend 
as frequency of service increases (see Figure 27). Market share 
estimatio•ns are highest for two to five departures per day at ap- proximately 14% of the market. Beyond five departures per day, 
the market share estimations vary over a broad range and disclose 
no trend. 

Michigan Mode Split Estimation 

The Michigan market share forecasts illustrate the same trend 
as the CN26 mode split estimations as shown in Figure 28. For one 
to four departures per day, the bus market share increases from 1% 
to 5% of the total market. For five or more departures per day, 
the bus market share remains constant at 5% of the market until ten 
departures per day. The market share estimations are inconclusive 
for more than ten departures per day. 
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Conclusions 

The results produced by the three mode split models indicate 
that the bus market share remains constant over a range of the 
level of service parameters. There appears to be a range over 
which the bus market share can be improved by increasing the level 
of service, but increasing the level of service beyond a point 
yields inconclusive estimations of the bus market share. 

The bus market share remains approximately constant at 5% 
of the total market for the following ranges in value of the level 
of service parameters" .travel distance I00 to 200 miles, fare 
$i0 to $18, and frequency 4 to I0 departures a day. Below .these 
values, increasing the level of service results in increased esti- 
mations of the bus market share. Beyond these values, the effect 
of increasing the level of service on the bus market share is 
not established. 

The CN26 and Michigan mode split models produce statistically 
equal bus market share estimations and define the clearest trends 
as the level of service varies from link to link. The forecasts 
are within a reasonable range. The intercity bus market share 
never exceeds 10%. The Spaith mode split model forecasts bus market 
shares considerably in excess of those by the CN26 and Michigan mode 
split models and apparently unreasonable for existing market condi- 
tions. 

Level of Service Scenarios 

The purpose of this_ por.tion of the network investigation was 

to gain insight into bus market sensitivity as it pertains to 
various policy alternatives. The technique employed was to examine 
the bus market share forecasts for changes in the frequency of ser- 
vice and relative cost and compare these to present conditions. 

F.req!e..n.c.y... of. service Seenar•io 
Increasing the frequency of bus service by one or two depar- 

tures per day had a minimal impact on the bus market share. For 
example, as shown in Table 21, the bus market share increased 
from 4.8% to 5.2% if there were two additional bus departures. 
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Table 21 

Frequency of Service Scenario 

Bus Market Share 

CN26 

F F+I F+2 

X .0559 .0618 .0662 

s .0296 .0304 .0320 

n 69 69 69 

Spaith 
F F+I F+2 

.1319 .1327 .1333 

0639 06"42 0645 

69 69 69 

F=existing bus frequency of service (departures per day) 

Michigan 
__F F+. 1 F+ 2 

.0480 .0502 .052• 

.0282 .0292 030 

65 65 65 

Cost Scenario- Increased Auto Costs 

The 
the cost 
of this 
the DOT 
cost of 

increased auto cost case of the cost scenario increased 
of traveling by automobile by 50% and 100%. The purpose 

scenario case was to eliminate inaccuracies produced by 
automobile cost formula and to reflect the increasing 
fuel. 

Table 22 presents the average bus market shares of the mode 
split models and their associated standard deviations. A t-test 
indicates that for a 95% level of confidence, there is a significant 
increase in the bus market share as automobile costs increase by 50% 
and 100%. 

Table 22 

Cost Scenario: Auto Case 

Bus Market Share 

CN26 

C C*1.50 C'2.0 

0559 .0753 .0925 

.0296 .1394 .1479 

69 69 69 

Spaith 
C C*1.50 C'2.0 

.1319 .1887 .2370 

.0639 .0906 .1124 

69 69 69 

Michigan 
C C*1.50 C'2.0 

.0480 .0902 .1366 

.0282 .0508 .0704 

65 65 65 

c=existing auto costs ($) 
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Cost Scenario Increase Auto and Common Carrier Costs 

The increased auto and common carrier costs case of the cost 
scenario involved increasing the automobile costs by 50% and in- 
creasin,g all common carrier costs by 10% and 20%. The premise 
underlying this scenario is that the automobile costs will increase 
prior to increases in common carrier fares. The case was intended 
to identify how much increasing common carrier fares would erode 
the gains made by the bus market when only the automobile costs 
were increased. 

Table 23 presents the results of the scenario. A t-test indi- 
cates that if bus fares increased by 10% after automobile costs had 
increased by 50%, there would be no significant decrease in the 
bus market share for a 95% level of confidence. An increase in bus 
fares of 20% following a 50% increase in automobile costs would re- 
sult in a significant decrease in the bus market share. However, 
the bus market share for such a condition would be significantly 
greater than the bus market share forecast for existing conditions 
at a 95% level of confidence. 

Table 23 

Cost Scenario" Common Carrier Case 

Bus Market Share 

CN26 

C "1.50 C'1.10 C'1.20 
a 

.0753 .0703 .0660 

.0394 .0369 .0347 

69 69 69 

Spaith 

Ca*1.50 C*I.IO. C*1.20 

.1887 .1742 .1621 

.0906 .0839 .0783 

69 69 69 

Michigan 

Cal. 50 C*l. i0 C* I. 20 

.0902 .0788 .0686 

.0508 .0451 .0404 

65 65 65 

Ca=eXisting auto cost ($) 

C =existing bus fare ($} 

Summary of Results 
• 

The network investigation revealed information on market sensi- 
tivity as it pertains to trip length, travel cost, and frequency of 
service. The level of service scenarios utilized in the investiga- 
tion were a status quo scenario, frequency of service scenario and 
a cost scenario. 
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The status quo scenario produced information on the dynamics 
of the bus market share as influenced by trip length, cost, and 
frequency of service. In general, the findings showed a range of 
trip lengths, cost, and frequencies over which the bus market 
share remained constant at 5% of the travel market. The bus market 
share remained constant for- 

I. trip lengths between i00 miles and 200 miles, 

2. bus fares between $i0 and $18, and 

3. frequency of bus service between 4 and i0 
departures per day. 

Below these ranges increases in trip length, fare, and fre- 
quency of service improved the bus market share. Above these ranges, 
the mode split models produced inconclusive trends. 

The level of service scenarios provided insight into the sensi-• 
tivity of the bus market. The frequency of service scenario indi- 
cated that the bus market share is insensitive to the frequency of 
bus service. A unit increase in bus departures per day resulted 
in an approximate 0.5% increase in the bus market share. 

The cost scenario showed that i.ncreasing automobile costs re- 
sulted in signifi.cant i•provements in the bus market share. A 50% 
increase in automobile costs resulted in an average 3.8% increase in 
the bus market share. Raising common carrier fares while also in- 
creasi•.g automobile costs showed that a 10% increase in fares will 
not significantly erode the gain in the bus market share which resulted 
from a 50% increase in automobile costs. 

The two level of service scenarios indicated that the bus market 
share as estimated by the mode split models is insensitive to the 
frequency of bus service and is sensitive to automobile costs. Further- 
more, the results of the cost scenario showed that increases in the bus 
fare should remain below increases in automobile costs to increase 
bus market share. 

In an overall sense, the Michigan mode split model provided 
the most concise information and is, therefore, the best mode split 
model. The next best model is the CN26 mode split model. Both the 
Michigan and CN26 models produced information which appeared to be 
reasonable. The CN22 mode split model provided wide ranges in fore- 
casts which were well above the market shares found by the state of 
New York. However, this does not mean that the results from any of 
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the mode split models accurately reflect the true characteristics 
of the Virginia intercity bus market, because all the models have 
calibrations from other parts of the country. 

CONCLUSIONS AND RECOMMENDATIONS 

The investigation of intercity bus transportation based on 
the Virginia network has produced the following conclusions and 
recommendations. 

Conclusions 

Conclusion No. i 

The intercity bus market is insensitive to the frequency of 
bus service. The increasing market share trend indicated by the 
status quo scenario for 1-4 departures per day is deceptive. Of 
the 138 city pairs, 31 (22.5%) are served by less than 4 buses per 
day. An examination of the data indicates that 30 of the 31 city 
pairs have populations of less than I0,000 persons. It appears 
that the bus operators have determined through experience that these 
city pairs cannot support additional service. All of the 31 city 
pairs could have additional service, since buses do pass through 
them without .stopping. 

Conclusion No. 2 

The bus market share is sensitive to escalating travel costs. 
As gasoline prices rise, the intercity bus market share will in- 
crease provided that bus fares increase at a rate less than the 
rate at which automobile travel costs escalate. Both the status 
quo and cost scenarios indicate that as travel costs increase, the 
bus market share increases. 

It appears that as travel costs increase, the bus industry's 
fare structure improves the attractiveness of traveling by inter- 
city bus. •.avei costs are a crude-measure of trip length since 
as trip lengths increase, travel cost.• increase. Bus fares appear 
to be structured such that as the differential between automobile 
travel costs and bus fares increases, the inconvenience of traveling 
by bus is perceived to be alleviated. The increased savings out- 
weigh the increase in travel time required in traveling by bus. 
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Conclusion No. 3 

The accuracy of the forecasts is indeterminable since Vir- 
ginia ridership data were unobtainable However, of the three 
mode split models, the calibration utilized by the Michigan 
model produced the most consistent estimations. The CN26 calibra. 
tion of the NECTP model provided the next best results, producing 
forecasts similar to those produced by the Michigan model. The 
CN22 calibration of the NECTPmodel resulted in erratic estimations 
which did not identify trends in the bus market share. The CN26 
and Michigan models rarely produced bus market share estimations 
greater than 10%, which is reasonable. The CN22 model regularly 
produced bus market shares in excess of 30%. 

Overall, when applied to the Virginia conditions, the seg- 
mented approach of the Michigan model appears to be better than 
the approach taken by William Spaith in his model. 

Recommendations 

The lack of a comparative data base makes specific recom- 
mendations difficult. The results and conclusions of the project 
provide some implications for bus operators and the Commonwealth. 

Imp•$icat ion s., .•or Bus• 0pe,Fat0•S, 
Bus fares should increase at a rat.e less.than the rate at 

which automobile costs escalate for buses to gain an increasing 
share of the travel market. Such a policy will increase ridership 
more for long distance trips than for short distance trips. How- 
ever, the gains for short trips will also be significant. A fare 
policy which increases the cost di =• 

• 
•erential between the automobile 

and intercity bus will improve the bus market share. 

The finding that the bus market share is insensitive to the 
frequency of bus service does not indicate that new buses should 
not be purchased. While purchasing new buses to improve the fre- 
quency of service will have only a modest impact on ridership, the 
replacement of older equipment is necessary. 

Implications for the State 

The data collection task of the project indicated that the 
intercity bus is a vital service to many of the small towns of 
Virginia. Research should be undertaken to maintain and improve 
the level of intercity transportation service. 
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Since the bus market share was shown to be sensitive to 
travel costs, policies affecting the bus industry should reflect 
this sensitivity. State policies should allow for a changing 
cost environment as fuel costs increase dramatically. 

Recommendations for Future Research 

Three recommendations for further research are discussed. 
The first recommendation would result in information on transporta- 
tion patterns in Virginia. The second recommendation concentrates 
on intercity transportation alternatives to the automobile and how 
those alternatives have been changing through time. The third 
recommendation is concerned with developing additional information 
abou• the Virginia intercity bus industry and its users. 

Research Recom•.endation No. I 

The data collection task of the research identified an area 
where further research would be beneficial. General intercity travel 
patterns within Virginia have not been clearly defined. The clari- 
fication of production and attraction travel sources would provide 
information on the hinterlands of the major population centems with- 
in Virginia. Travel characteristics, including trip origin and des-- 
tination, could be utilized to plan both private and public, regional 
and interregional transportation service. 

Three sources could supply a measure of interci*y- v ,.ra el with- 
in Virginia. They are a road side survey, telephone calls, and the 
volume of mail. Road side surveys throughout the state would be 
expensive to conduct. Therefore, a road side survey could be uti- 
lized ro collect a small travel pattern data base to calibrate a 
transferred travel demand model. 

The number of telephone calls between two cities and the volume 
of mail are surrogates to travel, since transportation is the means 
to face-to-face communications. Telephone calls and mail are means 
of other forms of communications. Spot highway counts could be 
used to adjust the parameter. Spot counts including highway vehicle 
mix could supply sufficient data on mode split. 

Research Recommendation No. 2 

To gain additional insight into the. Virginia intercity bus in- 
dustry, its historical trends should be identified. National bus 
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trends indicate that intercity bus service has been deteriorating 
for the past decade. The degree of decline of Virginia intercity 
bus operations is unknown. By identifying the degree of decline, 
the stability of the bus industry and the stability of public 
transportation service to small towns and communities in Virginia 
would be known. Such an investigation would point out which 
communities have inadequate intercity travel alternatives to the 
private automobile. 

Two approaches can be taken to produce data on Virginia inter- 
city bus trends. Contacts with the bus operators can produce level 
of service data for past years, including schedules and tariffs. 
However, ridership data are unavailable. Financial trends could 
be found through the State Corporation Commission. 

Research Recommendation No. 3 

The third recommendation for further research concentrates 
on the Virginia intercity bus industry. An on-board bus user sur- 

vey would provide information on a wide range of factors. Rider- 
ship levels would be found and these coul.d be used in the identifi- 
cation of parameters and their impact on ridership through a re- 
gression and correlation analysis. Ridership levels could also be•_ 
used to calibrate transferred travel demand models. 

An on-board bus user survey would also provide a profile of 
a typical Virginia intercity bus user. Once the user is clearly 
defined,, policies could be identified and implemented to meet the 
needs of the bus user. 
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