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Results of a Parametric Cost Analysis of Differences 
Between Urban and Rural Transportation Services for 
Transportation -Disadvantaged Persons 
SUE F. KNAPP AND ARMANDO M. LAGO 

It has been difficult in the past for local transportation service providers 
serving transportation-disadvantaged persons to accurately understand what 
their services should or will cost. This information is important for localities 
that contemplate the initiation, expansion, or evaluation of transportation 
services. In addition, information on the cost of services that differentiates 
among the various types and levels of service is important for federal, state, 
and local program managers because many use this information to apportion 
and distribute funds among local projects. A portion of the results from a 
study conducted by Ecosometrics, Inc., for the Administration on Aging, U.S. 
Department of Health and Human Services, is presented. The differences in 
costs of transportation services for the elderly in urban and rural areas are 
evaluated. Nevertheless, many of the services included in the study serve other 
transportation-disadvantaged groups; thus the results are applicable to multi· 
client services as well. Further, the parametric cost analysis performed in the 
study has analytical value beyond the differences in costs in urban and rural 
areas. The findings presented in the paper include (a) a brief review of the 
literature on the differences in costs between urban and rural transportation 
services for the elderly, and (b) a report on the results of the parametric cost 
analysis performed during the study. by using secondary data. 

One of the most important issues facing providers of 
transportation to transportation-disadvantaged per
sons involves estimating and evaluating the cost of 
those services. Not only have costs risen steadily 
during the past few years, but availability of fund
ing for those services has been declining. 

For many reasons it has been difficult to examine 
a particular transportation service for transporta
t .ion-disadvantaged persons (either existing or under 
consideration) and to have an accurate understanding 
of some general guidelines for what those services 
should or will cost. First, costs in localities are 
different: what costs a certain amount in one local
ity may cost twice as much in another. Second, it 
is often difficult to find cost information that is 
current because inflation may seriously affect cost 
comparisons. Third, there is little published mate
rial that synthesizes information that cuts across 
more than a few proiects. Finally, many agencies 
account for costs and services in different ways. 

These observations are disheartening because 
accurate information on the costs of providing ser
vices is important to federal, state, and local 
program managers. Accurate cost information is 
important for localities that consider initiating or 
expanding a service because their estimate of costs 
should be as realistic as possible for the (\lnalysis 
of project feasibility and the preparation of a 
project budget. Accurate guidelines on what costs 
should be are also important for local areas evalu
ating their transportation services because these 
guidelines can act as benchmarks for determining how 
well the system is performing. Even more important, 
it is valuable for local system managers to have an 
understanding of their expenditures (relative to 
other services) for specific cost elements (such as 
drivers and gasoline) because this type of compari
son gives managers data on what portions of the 
system are not as efficient as they might be. 

Finally, an accurate estimation of the cost of 
providing services is important for federal, state, 
and local funding program managers. Many state and 
local governments have apportionment formulas for 
their funding programs that distribute available 

funds to local projects based on local conditions, 
quality of service, type of service, efficiency, and 
so on. In addition, the federal government has some 
program restrictions that affect the state or local 
apportionment of funds. For example, many programs 
have requirements for cost-effectiveness or they 
offer incentives for meeting cost-effectiveness 
standards. When these requirements are imposed, it 
can mean that systems that serve more severely dis
advantaged persons or that operate in areas that 
inhibit efficiency will rec.eive less money. 

Another example is that of social service pro
grams that apportion funds on a state or regional 
level based on factors such as total population or 
population density. When this is done, it often 
means that areas with less population receive less 
money. This result may be unfair to the more rural 
areas becau_se more miles of service generally are 
required to provide one person trip in less densely 
populated areas. Both of these examples illustrate 
why it is important that federal, state, and local 
agencies have an understanding of the legitimate 
differences in costs among projeQts in different 
areas so that they can take these differences into 
account in their apportionment and distribution 
procedures. 

The purpose of this paper is to present the find
ings of a portion of a study performed by Ecoso
metrics, Inc., for the Administration on Aging, U.S. 
Department of Health and Human Services. In this 
study the differences in needs and services of 
transportation programs for the elderly in rural and 
urban areas were evaluated. Although the study 
encompassed much more than is described herein, the 
discussion in this paper is confined to the subject 
of the cost of transportation services. The two 
topics explored in the study are as follows: 

1. A brief review of the literature on the dif
ferences in costs between rural and urban transpor
tation services for the elderly, and 

2. A report on the results of the parametric 
cost analysis that was performed during the study by 
using secondary data. 

It should be noted that many of the transporta
tion services included in the study also serve other 
transportation-disadvantaged groups (such as the 
handicapped and low-income groups). Also note that 
the parametric cost analysis performed in the study 
has value beyond an analysis of the differences in 
cost in urban and rural areas. The cost analysis is 
structured to compare the cost of various elements 
among urban systems or rural systems (as well as 
between the two types) • 

CURRENT LITERATURE ON COMPARISON OF TRANSPORTATION 
COSTS IN RURAL AND URBAN AREAS 

The literature review uncovered some sources that 
identified costs of transportation services to the 
elderly and other transportation-disadvantaged per
sons in urban and rural areas. Some of these sources 
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only identified costs in one of the areas, some 
provided costs in areas of urban and rural mix, and 
some either made no distinction between the areas or 
mad~ di ff PrPnf-. ~ i !::tf-; nt:-t i0!!~ : ~0t:e t!'!et ~~!~,. .;:. i?~~

tion of the sources reviewed for the cost analysis 
can be considered truly literature sources, because 
much of the data contained in the analysis is actu
ally drawn directly from report forms submitted to 
the Administration on Aging by ,. states and local 
agencies on their projects. 

Cost Analysis Limitations 

Before discussing the literature on the cost of 
transportation services in urban and rural areas and 
their comparisons, it is important to note that 
these comparisons are of limited value. Al though 
some general inferences can be made about possible 
differences in cost in urban and rural areas, it is 
nOt possiblP. t:n m~l(~ ~ny d~finiti•!e s:tate~e~t~ 

the subject. There are five reasons for this. 

1. The service costs in the literature are from 
different years: The years for the cost information 
available vary from 197'2 to 1981. 

2. The literature sources reviewed have varying 
definitions for the services provided: It is not 
clear from much of the literature what services are 
actually being providP.d. w"'~t one EO'..!!'~~ c:!.!ls b~' 

one name may be called something else by another 
source. 

3. The measures for units of service used in the 
literature are inconsistent: Some of the literature 
uses units of service that measure output or produc
tion of service (e.g., number of bus miles, number 
of vehicle hours), w.hereas others use units that 
measure consumption (e.g., number of trips provided). 

4. It is not clear from the literature which 
costs have been included: It is not clear from the 
literature reviewed whether all costs or only direct 
costs are included, and whether all costs or only 
costs allowable under government projects a re in
cluded. 

5. It is impossible from the available litera
ture to control for local project service quality 
specifications: It is known that some projects pro
vide a service that is superior in quality to other 
projects. In comparing the cost of service for 
projects, only the costs for projects with similar 
service quality shonl d be compared. It is not pos
sible to ascertain from the literature what the 
quality of service or the service specifications are 
in the projects for which cost information is avail
able. 

Unit Cost Comparisons for Transportation 
i n Urban and Rural Areas 

Data are not currently available in the literature 
for directly comparing the cost of transportation 
for the elderly in urban and rural areas. Neverthe
less, given the caveats discussed previously, there 
are still some general inferences that can be made 
about cost differences. The data in Table 1 give 
the means and standard deviations for the cost per 
trip and cost per mile reported in the literature 
(all costs were converted to 1979 dollars by using 
the consumer price index). 

Several problems make it difficult to derive a 
meaningful compa rison of the cost$ of transporta tion 
for the elderly in rural and urban areas. The In
stitute for Public Adm i nist ration <.!>, Nelson (_£), 
and to a lesser extent Ar rillaga et al, (]) attempt 
to make consistent cost comparisons between ru ral 
and urban areas. Their comparisons, although gener
ally valid, suffer because the services compared in 
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Table 1. Cost per trip and cost per mile from literature. 

Costs($) 

Urban Rural 

Standard Standard 
Cost Items Mean Deviation Mean Deviation 

Overall' (all modes) 
Cost per trip 2.94 2.16 2.96 3.50 
Cost per mile 1.23 1.16 0.65 0.34 

Demand responsiveb 
Cost per trip 3.66 2.44 2.73 3.08 
Cu•l jJeJ mile 1.43 l.2ti U.'/U U.48 

Fixed routec 
Cost per trip 2.13 1.98 2.75 2.80 
Cost per mile 0.97 0.99 0.55 0.32 

Mixed demand re-
sponsive and fixed 
routed 

Cost per trip 2.25 0.83 3.10 2.58 
Cost per mile 0 Rl 0.74 0 73 n 14 

Note: Calculations by Ecosometrics, Inc. 
8TI1 isc~ 1 eg0f)' conts hui some. CM.es lhiJI 11.rc no t Juchlded in tho a.n11lysls by rnode becnUJC 
for thcso CMU it \\'as no1 known whlll tYPt of .service wa.s t;M:Jn1 provided. The SOIHJ'fO 
.s.i.ze for C:t>$ 1 pot uip i; I 06 Jn urbllo uan1, I l'l in rund arou.-1 and tbll!I. itlll1J'lo ib:c r'or c:mi 
per 111Ue Is 11 2 rn urbbn :tfOilS .1rnd ?8 In r ur11I a.re.as. 
hThcumplt· $i tc for cos1 per trip iJ SI in urb:rn at~ nnd 14 I" rural i.reas: nnd 1h e.sainple 
b:o (Qr COJI pCr milo is 68 In lith;tn .nrC.n5 nnd I l. fn rural •re:s.J, 

C.Tha .s~mple a:J:i o ror coiit per trip is 31 in urhnn arc".1 and 24 in rural areas; and the sample 
sJic for COil poe.r 1n llc. ls 3?; ht urban areas •ml 21 in rural areas. 
dTI1n umple sit.a for cast per tr1p is 12 in urban areas and 19 in ruraJ areas; and the sample 
51r:e for cou pe.t mile ts 1.3 in urban areas limd a 9 ID rural areas. 

urban and rural areas differ significantly in their 
service specifications. For example, some services 
are fixed-route bus services whereas others are 
demand-responsive services. 

Still, the comparisons are valid and based on 
common sense. The Institute for Public Administra
tion !.!l indicated that the cost per vehicle mile in 
rural areas ($0. 60 in 1979) was significantly lower 
than the cost in urban areas, which ranged from 
$0.93 to $1.00. Nelson (2) indicated that the cost 
per one-way trip in rural areas ($1. 39) was lower 
than in urban areas ($2. 24) • Similarly, Arr illaga 
et al. (3) indicated that the cost of demand-respon
sive tra-;;sportation in small cities was $10.50 per 
vehicle hour, and these costs were in the lowest 
part of the range of $9.60 to $15.40 per vehicle 
hour, which characterizes larger urban areas. It is 
reasonable that costs should be lower in small 
cities because transportation projects for the 
elderly in large urban areas face much higher costs 
of labor and because the prevalence of volunteer 
labor services is greater in rural areas. 

Although the costs per vehicle hour and per vehi
cle mile are larger in urban areas, the available 
literature presents costs per passeng1>r trip, which 
are comparable for both areas. There is still great 
uncertainty about the comparisons of cost per pas
senger trip. First, the cost figures come from 
different researchers who differ in their methods of 
accounting for costs. Second, the cost comparisons 
are generally for services that vary significantly 
in thei r service specifications. Finally, the vari
ance of costs per passenger trip arising from the 
literature is so high that the observed cost differ
ences may be attributable more to service specifica
tions than to whether the area is rural or urban. A 
final conclusion on the issue of rural versus urhan 
cost differences in transportation services for the 
elderly has to wait for further work on the subject. 

COMPARISON OF COST FOR TRANSPORTATION SERVICES 
FOR THE ELDERLY IN RURAL AREAS 

In this section the outcomes of a parametric cost 
analysis of transportation services in rural and 
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urban areas, performed by using secondary data that 
were either readily available from secondary sources 
or available from the files at Ecosometrics, are 
presented. The analysis was based on data regarding 
the costs of resources, the relationships between 
the amount of each resource needed to produce a unit 
of transportation service, and information on ser
vice consumption rates. The results of this analysis 
are presented, which include (a) a description of 
the cost analysis methodology (both ideal and the 
one followed by using the secondary data), (b) a 
description of the secondary data sources used in 
the analysis, (c) a discussion of the parametric 
functions developed, and (d) the analysis results. 

Cost Ana l ysis 

The objectives of the cost analysis are threefold. 
The first objective is to produce the information 
required to compare the cost of providing a basic 
unit of service in rural areas with the cost of 
providing that same unit of service in urban areas 
(the comparison of the cost per vehicle mile in 
urban areas with the cost per vehicle mile in rural 
areas). The issues examined here are (a) whether 
the cost of resources (vehicles, drivers, gasoline) 
are different in urban and rural areas, and (b) 
whether the amounts of these resources needed to 
produce a unit of service (a vehicle mile of opera
tions) are different in urban and rural areas. 

The second objective is to provide the informa
tion required to compare the cost of a unit of ser
vice consumed by the elderly (the comparison of the 
cost per one-way passenger trip provided in urhan 
areas with the cost per trip for the same service in 
rural areas). This analysis answers the question of 
whether there is a difference in the cost for a 
local rural agency to provide a trip to an elderly 
person as compared with the cost for a local urban 
agency to provide a trip to an elderly person. 

The third objective is to identify factors that 
could explain differences in cost. Although it is 
important to understand differences in costs to make 
decisions on how program funds should be allocated 
between urban and rural areas, it is also important 
to understand why these differences occur. 

Secondary Data Used in the Analysis 

Three groups of data were used to' perform the analy
sis of transportation costs in urban and rural areas: 

1. Information on the basic cost of resources in 
urban and rural areas; 

2. Information on the relationships between the 
amount of each resource required to produce a unit 
(vehicle mile) of transportation service; and 

3. Information on consumption rates to estimate 
the amount of service consumed in relation to the 
service provided (trips provided for every mile of 
service operated). 

The literature review assessed the availahle 
literature on service costs. Unfortunately much of 
the information was not adequate on which to base a 
definite statement on the differences in service 
costs in urban and rural areas. There were some 
secondary data sources in the literature that either 
contained information on the basic cost of resources 
in urban and rural areas or on the amount of re
sources required to produce the service (4-13). 

In addition, Ecosometrics had in-house a variety 
of local project reports and data collected either 
for, or in conjunction with, previous stu.dies. 
These data included information on individual cost 
elements and services provided. This information 
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was of considerable value in the cost analysis. 
This information included data on systems that dealt 
with transportation for the elderly and the handi
capped in rural and urban areas throughout the 
country, and also Section 147 projects for FHWA. 
Finally, Ecosometr ics has previously developed and 
was able to adapt for use in this study a parametric 
cost model to estimate the cost per mile of service 
(_!.1) • 

Parametric Cost Models 

Parametric cost analysis is an analytical tool that 
can estimate transportation unit costs with rela
tively simplified equations. It was used in this 
study to estimate and compare the cost of providing 
transportation services in urban and rural areas. 
These costs are expressed in the basic cost per 
vehicle mile in each area. The equations or models 
must be complete (in terms of containing all the 
pertinent cost categories) and give cost parameters 
that correspond to attributable characteristics or 
output measures (e.g., vehicle miles, passenger 
miles, vehicle hours, number of buses). By varying 
the value of the independent cost parameters and the 
independent output levels, the costs that result 
from transportation operations in rural and urban 
areas can be determined. 

A cost-factor approach was used in this study to 
develop the parametric cost formulas. By using 
information on the basic cost of resources (i.e., 
cost of oil, gas, labor), cost factors have been 
developed for each cost parameter to explain the 
requirements for, or consumption of, resources in 
the production of service (i.e., miles per gallon of 
fuel, driver labor hours per vehicle mile of ser
vice). The cost factors were developed from the 
secondary data sources and represent cost as a 
multiplier of a known character is tic or output of 
the system. For example, overhead costs are ex
pressed as a percentage of total operating costs. 

The parametric cost formulas that were applied in 
the study are presented in the following sections. 
The cost formulas are discussed according to the 
four output variables of transportation costs: vehi
cle miles, vehicle hours, number of vehicles, and 
all other operating costs (overhead). In all cases 
costs are eventually converted to cost per mile 
regardless of whether they are dependent on vehicle 
miles, vehicle hours, or the number of vehicles 
operated. 

Operating Costs Dependent on Vehicle Miles 

There are four cost elements that are dependent on 
vehicle miles: fuel, oil, tubes and tires, and vehi
cle repairs and maintenance. The cost formulas are 
developed in a building-block fashion, as follows: 

Cost Element 

Fuel 
Oil 
Tubes and tires 
Vehicle repairs and 

maintenance 

Cost Element Formula (per vehicle mile) 

(PF1)(1/MPGi) 
(OLi) (PF;) (I/MPG;) 
T; 
RE; 

Adding these cost elements results in the following 
equation: 

OCVM; = [(! + OL;) (I/MPG;) (PF;)] + (T;) +(RE;) (I) 
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where 

operating costs per vehicle mile for costs 
that are dependent on vehic l e mi les fo r 
vans in area i; 
miles per gallon 
area i; 

for fuel for vans in 

price per gallon for fuel in area i; 
= proportion that oil and lubrication cost 

per mile are of fuel costs per mile in 
area i; 

Ti expenses for tubes and tires per vehicle 
mile for vans in area i: and 

REi expenses for vehicle repairs and mainte
nance per vehicle mile for vans in area i. 

Operating Costs Dependent on Vehicle Hour s 

Operating costs influenced by vehicle hours include 
driver wages (volunteer and nonvolunteer) and dis
patcher wages (also volunteer and nonvolunteer). 
The participation of volunteers in the provision of 
a service can reduce out-of-pocket costs consider
ably. Nevertheless, in the computation of true 
costs, comparable wages paid to volunters must be 
computed and included in the cost estimates. Thus 
two cost functions have been developed for driver 
and dispatcher wages, one accounting for true costs 
(including volunteer labor wages), and the other 
estimating out-of-pocket costs (not including volun
t eer labor wages) . 

Individual cost element formulas foe driver and 
dispatche.r wages include the following: 

Cost Element Cost Element Formula (per vehicle mile) 

Driver wages 
Paid (I + Fi)(DWi)(l - VDi)(DHi/RHi)(RHi 

+ VHiJ (1/MPHi) 
Volunteer (I + Fi)(DWi)(VD;)(DH;/RHi)(RH; 

+ VHi) (I /MPHi) 
Dispatcher wages 

Paid (DR)(l + Fi)(DPW;/DWi)(DWi)(l 
- VDi) (DPHi/DHi) (DH;/RHi) (RHi 
+ VHi) (l /MPHi) 

Voluntee r (DR) (1 + Fi) (DPWJDWi) (DWi) (VDi) 
x (DPH;/DHi) (DH;/RHi)(RHi/VH;) 
x (1/MPHi) 

Adding these cost elements results in t.he fnllnw
ing two equations (Equation 2 estimates real costs 
and Equation 3 estimates out-of-pocket costs) : 

OCVHTi = (1 + Fi)(DWi) (DHi/RHi)(RH;/VHi)(l/MPHi) [J +(DR) 

x (DPW;/DWi)(DPHi)/(DHi)J (2) 

OCVHOi = (1 + Fi)(DWi)(J - VDi)(DHi/RH;)(RH;/VHi)(J/MPHi) 

x [I + (DR)(DPW;/DWi)(DPH;/DHi)J (3) 

where 

OCVHTi total operating costs per vehicle mile 
for costs that are dependent on vehi
cles hours for vans in area i; 

OCVHOi 2 out-of-pocket operating costs per vehi
cle mile for costs that are dependent 
on vehicle hours for vans in area i; 

Fi fringe benefit rate for area i (ratio 
of fringe benefits to wages); 

DWi driver paid hourly rate and imputed 
driver volunteer rate in area i; 

VD i proportion of volunteer driver hours o r 
volunteer dispatcher hours to total 
driver or dispatcher hours in area i; 
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DHi/RHi c ratio of driver hours to revenue hours 
in area i: 

RHi/VHi a ratio of revenue hours to total vehicle 
.! ~ ... --- - .: ~ 
_.II 11-& Lo;;U .I., 

MPHi a miles per hour in area i; 
demand DR l if the system is 

sive, 0 if it is not; 
ratio of dispatcher 
driver hourly wages in 
ratio of dispatcher 
hours in area i. 

respon-

hourly wages to 
area i; and 
hours to driver 

Operating Costs Uependent on Number ot Vehicles 

Several costs are vehicle oriented, including in
surance, vehicle storage, licenses and tags, and 
maintenance of dispatching equipment. For each com
putation, vehicle storage and licensing costs are 
i ncluded in the o•rerhead. The indiv idual cost for-
rnulcu:; for insurance 
equipment follow. 

and maintenance ot dispatching 

Cost Element Cost Element Formula (per vehicle mile) 

Insurance (IN Si) (1 /VMVi) 
Maintenance of dispatching 

equipment 
(DR) (MR) [(DSCi) (STATi) + (DMCi) 

x (Ni)] (J/(NiJ (VMVi)J 

The summation of these cost elements results in the 
fo l lowing cost formula: 

ocvi = (1/VMVi) { (INSi) +(DR) (MR) [(DSC;) (STA Ti) 

+ (DMCi) (Ni)]} (4) 

where 

MR 

operating cost per vehicle mile for costs 
that are dependent on the number of vehi
cles in area i; 
annual insurance rate for a basic 10- to 
12-passenger van in area i: 
proportion that annual maintenance costs 
of dispatching equipment is of the ac
quisition cost of dispatching equipment: 

DSCi c cost of acquisition and installation per 
dispatch base station in area i, including 
base, antenna, and repeaters; 
number of stations needed in area i: 
cost of acquisition and installation of 
mobile radio units in area i; 

Ni ~ number of vehicles in system in area i; 
VMVi total vehicle miles per vehicle in area i; 

and 
DR ~ l if the eer~ic~ i~ d~m~nd responaiva , C 

if it is not. 

General and Administrative Overhead 

The overhead category includes all the personnel 
involved in general off ice administration, office 
rent and taxes, advertising, utilities and communi
cations, office supplies, licenses, vehicle storage, 
and so on . The gene r a l administra t i ve expenses are 
dominated by the pe r sonnel cos ts i nvol ved in general 
office administration. These personnel costs do not 
include the costs of the supervisors of vehicle 
repair or maintenance operations (whose costs are 
included among the repair costs) or the fringe bene
fits paid to the drivers, dispatchers, and mechanics. 

The costs formula for this cost element is 

(5) 
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where 

OHi overhead expenses per vehicle mile in 
area i; 

OVRATEF overhead rate in area i, which varies 
according to firm type F; the two types 
of firms considered are social service 
agency and transit operators; 

OCVHi a operating costs per mile for costs that 
are dependent on vehicle hours for vans 
in area i; 

ocvi operating costs per mile for costs that 
are dependent on the number of vehicles 
in area i; and 

OCVMi operating costs per mile for costs that 
are dependent on vehicle miles for vans 
in area i. 

Capital Costs 

Capital costs include both depreciation and interest 
cost of capital equipment, including vehicle dis
patching equipment. The estimation of capital costs 
in this study assumes that the vehicles and dis
patching equipment have a negligible scrap or resid
ual value at the end of their productive lives. All 
vehicle costs are estimated for a standard 10- to 
12-passenger van for 1979. Cost formulas for capital 
items are as follows: 

Cost Element Cost Element Formula (per vehicle mile) 

Vehicle capital costs 
Capital cost of dispatch

ing equipment 

( Rrv.,,,1) (VCJ)(TV1){l/ VMV1) 
{ (0.R} (TVD1) [(DSCi) (CRFSi) (ST A Ti) 

T (DMC1) (CRFM1) CN1)] }/ [(N1 
x(VMV; )J 

The capital costs per vehicle mile are then com
puted by using the following equation: 

CC1 = (J/VMV;) [ccRFV n,r,;) (VC;)(TV;) T { (DR)(TVD;) 

x ((DSCi)(CRFSn,r,;) (STAT;)+ (DMC1) 

x (CRFMn,r ,;)(N;)) }/N;] 

where 

(6) 

CRFVn, r, i 

CRFSn, r' i 

CRF'Mn, r, i 

DR 

capital cost per mile in area i; 
annual vehicle miles per vehicle in 
area i; 
capital recovery factor for vehicle 
for n years at rate of interest r in 
area i; 
capital recovery factor for dispatch 
base station for n years and at rate 
of interest r in area i; 
capital recovery factor for mobile 
dispatching units for n years and at 
rate of interest r in area i; 
vehicle acquisition cost for vans in 
area i; 
proportional terminal value for vans 
in area i {in this case terminal 
value is assumed to be negligible be
cause service lives are used rather 
than economic life) ; 
proportional terminal value for dis
patching equipment in area i {as with 
vehicles, this is assumed to be negli
gible) ; 
number of vehicles per system in area 
i; 
l if service is demand responsive, 0 
if it is not; 
cost of acquisition and installation 
per dispatch base station in area i, 
including base, antenna, and repeat
ers; 

Total Costs 
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number of stations required in area i; 
and 
cost of acquisition and installation 
of mobile radio units in area i. 

The total costs {TC) are computed by adding the five 
cost formulas presented earlier: 

Differences in Cost per Mile ia Urban and Rural 
Areas: Results of Parametric Cost Models 

(7) 

In this section the end results of the parametric 
cost analysis are presented; detailed descriptions 
of the cost models are given in subsequent sections. 
As described previously, the total cost per vehicle 
mile is computed by adding the five types of costs: 
operating costs dependent on vehicle miles, operat
ing costs dependent on vehicle hours, operating 
costs dependent on the number of vehicles, overhead 
costs, and capital costs. The data in Table 2 give 
the total costs per vehicle mile disaggregated by 
{a) whether the service was provided by a social 
service agency or a transit company, and {b) whether 
only out-of-pocket costs are considered. In all 
cases these costs have been computed for the year 
1979 for areas on flat terrain and for the operation 
of 10- to 12-passenger vans. 

The total costs per vehicle mile are approxi
mately 2.4 times greater in urban areas than in 
rural areas. For demand-responsive services provided 
by social service agencies, the total true cost per 
vehicle mile is $3.15 in urban areas and $1. 34 in 
rural areas. The corresponding cost per vehicle 
mile for demand-responsive services provided by 
transit companies is $2.80 in urban areas and $1.23 
in rural areas. Fixed-route services cost slightly 
less than demand-responsive services {because of the 
necessity for dispatching equipment and personnel in 
demand-responsive systems) • Fixed-route and sched
uled services provided by social service agencies 
cost $2.49 per vehicle mile in urban areas and $0.97 
per vehicle mile in rural areas. Fixed-route and 
scheduled services provided by transit companies 
cost $2. 22 and $0. 89 per vehicle mile in urban and 
rural areas, respectively. 

Operating Costs Dependent on Vehicle Miles 

In urban areas the operating costs dependent on 
vehicle miles are almost 1. 5 times those in rural 
areas ($0.2499 in urban areas and $0.1718 in rural 
areas) • 

Fuel costs per mile are estimated based on the 
costs of fuel per gallon and on the rate of fuel 
consumption. The cost per gallon for fuel for vans 
in urban and rural areas is almost identical ($0.88 
per gallon in urban areas and $0. 89 per gallon in 
rural areas in 1979). However, the fuel-consumption 
rate {miles per gal:..on) is higher in urban areas 
(8.0 miles per gallon) than in rural areas (10.6 
miles per gallon), which indicates that 32.5 percent 
more gallons of fuel are needed in urban areas to 
provide the same number of miles in rural areas 
{assuming fairly flat terrains in both areas). This 
is probably caused by the lower speeds and stop-and
go type of driving required in urban areas. Thus 
overall fuel costs per mile are $0.11 in urban areas 
and only $0.08 in rural areas. 

Oil costs are expressed in terms of the propor
tion that oil and lubrication costs per mile are of 
fuel costs per mile. This proportion is higher in 
urban areas than in rural areas (0.0083 and 0.0076, 



6 

Table 2. Total costs per mile in 1981 costs for 
fixed-route and demand-responsive systems. 

Cost Element 

Operating cost per mile dependent 
on vehicle miles 

Total operating cost per mile 
dependent on vehicle hours 

Out-of-pocket operating cost per 
mile dependent on vehicle hours 

Operating cost per mile dependent 
on number of vehicles 

Overhead costs per vehicle mile' 
Social service agency 
Transit company 

Capital costs per vehicle mile 
Total out-of-pocket costs per 

vehicle mile 
Social service agency 
Transit operator 

Social service agency 
Transit operator 

a Assumes a flat terrain. 

Symbol 

OCVM; 

OCVHT; 

OCVHO; 

CC; 
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Costs($) 

Urban Rural 

Fixed Demand Fixed Demand 
Route Responsive Route Responsive 

0.2499 0.2499 0.1718 0.1718 

1.113 1.425 0.3309 0.4415 

0.8912 1.141 0,2482 0.3311 

0.0652 0.1601 0.0276 0.1026 

0.843 1.083 0.244 0.329 
0.571 0.734 0.164 0.222 
0.2178 0.2350 0.1986 0.2958 

2.2671 2.869 0.8901 1.2306 
1.9951 2.520 0.8106 1.189 

2.4889 3.153 0.9728 1.3410 
2.2169 2.804 0.8933 1.234 

respectively). This fesults in an oil cost per mile 
of $0.0009 in urban areas and $0.0006 in rural areas 
(50 percent greater in urban areas). 

Hoth tube and tire costs and vehicle repair and 
maintenance costs are expressed in a cost per vehi 
cle mile. The cost per mile for tubes and tires is 
$0.020 in urban areas and $0.013 in rural areas 
(almost 50 percent greater in urban areas). Again, 
this is probably because of the stop-and-go nature 
of the driving in urban areas. Vehicle repair and 
maintenance costs include all expenses associated 
with repair shops, parts, labor, and equipment. 
Vehicle repair and maintenance costs per mile are 
almost 61 percent greater in urhan areas than in 
rural areas ($0.119 and $0.074, respectively). This 
is probably caused by both higher labor costs in 
urban areas and also the stop-and-go, conjested 
traffic in these areas. 

Finally, labor cost per mile is higher in urban 
areas because average speeds are lower (9.9 mph in 
urban areas and 15.9 mph in rural areas). This 
means that for every vehicle hour, a rural vehicle 
covers 60 percent more miles than a n u r ban vehicle. 

Operating Costs Dependent on Vehicle Hours 

Driver and dispatcher wages and total labor expenses 
are the greatest factors that account for differ
ences in costs in urban and rural areas. Considering 
real costs for demand-responsive services, total 
driver and dispatcher labor costs per vehicle mile 
are $1. 43 in urban areas and $0. 44 in rural areas 
( 225 percent greater in urban areas) . For fixed
route systems, driver wages per vehicle mile are 
$1.11 in urban areas and $0.33 in rural areas (236 
per~ent g~~at~r in urban areas). 

The proportionally greater costs in urban areas 
may be attributed to four factors. First, driver 
wages are considerably higher in urban areas ($6.57 
per hour in urban areas versus $4. 53 per hour in 
rural areas). Second, fringe benefit rates (ratio 
of fringe benefits to wages) are higher in urban 
areas. (The 27.2 percent fringe benefit rate in 
urban areas and the 16.0 percent rate in rural areas 
produce a wage plus fringe benefit rate of $8.36 in 
urban areas and $5.25 in rural areas.) 

The third factor is the ratio of driver paid 
hours to vehicle hours. In urban areas this ratio 
is 1.32, whereas in rural areas it is approximately 
1.0. This means that in urban areas more than 24 
percent of the paid driver hours are not spent driv
ing the vehicle. Nevertheless, because these costs 
are an expense of the service, the cos·t of these 
labor hours must be included, which increases the 
overall labor cost considerably. 

Note that if only out-of-pocket costs are con
sidered (if volunteer labor is considered free and 
therefore not included as an expense), costs are 
reduced in both urban and rural areas. Nevertheless, 
this reduction in labor cost is not equal between 
areas. Data indicate that although approximately 25 
percent of driver and dispatcher labor is volunteer 
in rural areas, only 20 percent of this labor is 
volunteer in urban areas. This means that out-of
pocket costs in urban areas would be relatively 
higher than out-of-pocket costs in rural areas be
cause of the higher degree of volunteerism in rural 
areas. 

Operating Costs Dependent on Number of Vehicles 

Overall, the operating costs per mile for insurance 
in urban areas are approximately 2.4 times those in 
rural areas. For demand-responsive systems in urban 
areas, the overall operating cost per mile for in
surance and acquisition of vehicles and operation of 
dispatching equipment is approximately 60 percent 
greater than those costs in rural areas. 

There are a number of factors that influence 
thes e cost differentials. r·irst, annual insurance 
costs per vehicle are greater in urban areas ($1,060 
in urban areas and $619 in rural areas), and second, 
urban vehicles operate for fewer annual miles than 
rural systems (16,260 annual miles per vehicle in 
urban areas and 22,416 annual miles per vehicle in 
rural areas). These two factors combine to create 
much higher insurance costs per vehicle mile in 
urban areas. 

On the other hand, the maintenance costs of dis
patching equipment are greater in rural areas be
cause of the need for more equipment and, in some 
cases, more sophisticated equipment. The cost per 
base dispatching station in an area of flat terrain 
is slightly lower in rural areas than urban areas 
($3, 600 in rural areas for VHF and $4, 200 in urban 
areas for UHF), but the cost per station in a moun
tainous rural areas is almost 4 times either of 
these costs ($15,000). In addition, rural areas 
need more base stations because of greater dis-
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tances, and, because rural systems tend to have more 
vehicles, they need to have more mobile units. 

General and Administrative Overhead 

Overhead costs will be partly dependent on the type 
of agency operating the system. It has been noted 
that overhead rates for social service agencies are 
almost 50 percent greater than overhead rates for 
transit companies operating a transportation ser
vice. Overhead rates for social service agency 
systems are 46 percent in rural areas and 59 percent 
in urban areas. Overhead rates for transit company 
systems are 31 percent in rural areas and 40 percent 
in urban areas. Overall, in urban areas the over
head cost per vehicle mile is 3.5 times the overhead 
cost per vehicle mile in rural areas. 

Capital Costs 

Two concepts of vehicle life appear in the litera
ture: service life and economic life. The service 
1 ife is the total time that the equipment--through 
continued repair and rebuilding--is operational. 
Vehicle economic life ends at that certain point 
when a vehicle becomes more expensive to own and 
operate than to replace. Th i s cost model makes 
extensive use of service lives and thereby assumes 
negligible terminal values of the equipment at the 
end of their service lives. 

Capital recovery factors are used to convert 
one-time costs such as vehicle acquisitions into 
equivalent annual costs. Conceptually, the product 
of the capital recovery factors and the capital 
costs gives the constant end-of-year annual amount 
over the life of the equipment necessary to pay 
interest and to recover the capital costs in full. 

Overall, the capital cost per vehicle mile for 
fixed-route systems is slightly (10 percent) higher 
in urban than in rural areas ($0.2178 in urban areas 
and $0.1986 in rural areas). However, the capital 
cost per vehilce mile for demand-responsive systems 
is 30 percent higher in rural areas than in urban 
areas. 

The cost of acquiring vehicles (10- to 12-passen
ger vans) is approximately the same in the two 
areas. Thus the slight increase in capital costs 
for vehicles in urban areas is because vehicles in 
urban areas operate fewer vehicle miles over which 
to distribute costs. Nevertheless, the considerably 
higher costs for dispatching equipment in rural 
arec. s are because (a) in some cases (with moun
tainous terrain) dispatch base stations are more 
expensive for rural areas, (b) rural areas require 
more base stations per system because of the dis
tances involved, and (c) rural areas tend to have 
more vehicles requiring more mobile units. 

Summary 

The comparison of the overall costs per vehicle mile 
in urban and rural areas concludes that the unit 
cost per mile is almost 2.5 times greater in urban 
areas than in rural areas. The greatest factor 
contributing to this difference is the hourly rate 
for labor and the amount of labor hours needed in 
urban areas as compared with rural areas. Although 
fuel, oil, tires, ma i ntenance, insurance, and 
capital costs are all greater in urban areas, these 
cost elements do not affect the overall cost differ
ential anywhere near as greatly as driver and dis
patcher wages and the overhead costs associated with 
them. The only production cost that is higher in 
rural areas than in urban areas is the cost of ac
quisition, installation, and maintenance of dis
patching equipment. 

7 

Service Cons umption and Demand Rates 

For the purpose of this study, service consumption 
or demand rates are expressed in terms of the number 
of one-way passenger trips provided per mile in the 
two areas. From the secondary data examined in this 
study, the number of trips per mile ranges from 0.40 
to 0.45 in urban areas and from 0.15 to 0.20 in 
rural areas. 

The accuracy of the values used for the number of 
trips per mile was verified by examining load fac
tors and average trip lengths for the two areas. A 
load factor is a value expressed as a percentage, 
which indicates how full vehicles are (on average) 
over the total service period. Load factors are 
equal to the ratio of passenger miles to seat miles 
(seat miles equal number of seats on the vehicle 
times vehicle miles). Load factors can be used with 
the trip length to verify the accuracy of the value 
used for trips per mile, because load factors are 
calculated as follows: 

Load factors= (One-way passenger trips .;- vehicle miles) 

x (Trip length 7 seats on vehicle) {8) 

On the one hand, from the secondary data analyzed 
for this study, it appears that load factors are 
fairly comparable in urban and rural areas, with the 
vehicles approximately 14 to 23 percent full in both 
areas. On the other hand, trip lengths in urban 
areas are only one-third to one-half the distances 
of those in rural areas (4 to 6 miles in urban areas 
and 12 to 14 miles in rural areas). By using the 
empirical data discussed and Equation 8, trips per 
vehicle mile for urban and rural areas are calcu
lated as approximately 0.45 and 0.15, respectively. 

Differences in Cos t per Trip i n Urban a nd 
Rural Areas 

The unit cost per service consumed is expressed in 
terms of the total cost per one-way trip provided to 
an elderly person. Unit costs per trip in urban and 
rural areas were calculated by dividing the cost per 
mile in the two areas by the number of trips per 
mile. Because trips per mile are expressed in terms 
of a range of values, costs per trip are also ex
pressed as a range of costs. (It was not possible, 
using the secondary data available, to estimate a 
mean or median value for trips per mile in the two 
areas.) 

The ranges of values for the cost per trip in 
urban and rural areas, disaggregated for fixed-route 
and demand-responsive services, are given in Table 
3. The data in the table indicate that the esti
mated values for the cost per trip in urban areas 
fall within the range of values for the cost per 
trip in rural areas (with, in all cases, a wider 
range of values for rural areas). A tentative con
clusion is that the costs per trip are comparable in 
urban and rural areas. Unfortunately, from the data 
available for the study, it is not possible to con
trol for, or take into account, differences in the 
quality of service in the two types of areas. 
Nevertheless it is known that the quality of service 
is considerably lower in rural areas in terms of 
lower frequencies, longer reservation times, and 
fewer trips per service area population. 

Without controlling for service quality, it is 
impossible to make definitive conclusions concerning 
differences in cost. Nevertheless, because it ap
pears that service quality is lower in rural areas 
than in urban areas, service costs may be the same 
but for an inferior type of service in rural areas. 
It is cautioned that this conclusion cannot be fully 
substantiated without the collection and analysis of 
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Table 3. Total cost per one-way trip for fixed-route and demand
responsive systems. 

Location and Operator 

Urban 
Social service agency 
Transit operator 

Rural 
Social service agency 
Transit operator 

Tv Lai Cusl \.i} 

Fixed Route 

5.44-{'i.12 
4 .93-5 .54 

4 .86-{;.48 
4.46-5.96 

Demand Responsive 

7.00-7 .88 
6.23-7.01 

6 .71-8 .94 
6.17-8 .23 

primary data designed to control for service quality 
specifications. 

CONCLUSIONS 

In the examination of the differences in costs to 
provide transportation services to the elderly in 
rural and urban areas, a number of conclusions can 
be drawn. First, the basic cost of resources needed 
to provide the service (i.e., labor, tires) is gen
erally greater in urban areas. Second, the amount 
of resources needed to produce the service is gen
erally greater in urban areas (i.e., miles per gal
lon fur fuel is luw~1 in tiLban aceas, driver hours 
to vehicle hours is greater in urban areas). Final
ly, because of these characteristics, the cost per 
vehicle mile in urban areas is almost 2.5 times 
greater than the cost per vehicle mile in rural 
areas. 

There was considerable variation in the consump
tion rates in both urban and rural areas. Consump
tion rates in terms of trips per mile ranged from 
0.40 to 0.45 in urban areas and from 0.15 to 0.20 in 
rural areas. This represents a trip length of about 
12 to 14 miles in rural areas and from 4 to 6 miles 
in urban areas. 

The final consideration--differences in the unit 
cost per one-way trip in urban and rural areas--is 
less conclusive than the other areas of analysis. 
Indications are that the costs per trip in urban and 
rural areas are roughly comparable, with rural areas 
having a greater range of values for these unit 
costs. However, as explained previously, this con
clusion does not take into account the quality of 
service being provided in the two areas. Because 
service quality is considerably lower in rural 
areas, the conclusion might be drawn that, although 
the cost per trip in rural areas is the same as for 
urban areas, it buys a lower quality of service. If 
this conclusion is true, and the quality of service 
was controlled, then the cost per one-way trip of 
comparable quality would probably be considerably 
more expensive in rural areas. (Again, the validity 
of this statement can only be verified by the col
lection and analysis of primary data designed to 
control for service quality.) 

ACKNOWLEDGMENT 

Presented in this paper are the results of work 
conducted by Ecosometrics, Inc., under contract to 

Transportation Research Record 934 

the Administration on Aging, U.S. Department of 
Health and Human Services. We wish to thank Theron 
F-uller, Administration on Aging, for his guidance 
Anr-1""" •\...n. et-nA .. ,. ~e =!.!;.~ ~-;r!.~h t~ t~~~~ :!~~ ~~:~-

h;~d·t: M-~~k -W~~·n~, and Mark Ramsdell, who directed 
the overall study for Ecosometrics, for their assis
tance and leadership on the cost analysis. 

REFERENCES 

1. Institute for Public Administration. Improving 
Transportation Services for Older Americans. 
Administration on Aging, U.S. Department of 
Health and Human Services, 1980. 

2. G. Nelson. Social Services to the Urban and 
Rural Aged: The Experience of Area Agencies on 
Aging. Gerontologist, Vol. 2, No. 2, April 
1980, pp. 200-207. 

3. B. Arrillage et al. Demand-Responsive System 
Transportation Planning Guidelines. UMTA, U.S. 
Department of Transportation, April 1973. 

4. A.M. Lago et al. A Forecast of Nonurbanized 
Area Transit Capital and Operating Costs. 
UMTA, U.S. Department of Transportation, May 
1977. 

5. S. Morin. National Urban Mass Transportation 
Statistics: First Annual Report on Section 15 
Reporting system. UMTA, U.S. Department of 
Transportation, May 1981 . 

6. Transportation for the Elderly and Handicapped 
in Arizona, Semiannual Report, 16 (b) 2 Program. 
Arizona Department of Transportation, Phoenix, 
May 1981. 

7. H. Meier. Accessible Public Transit. United 
Cerebral Palsy Association, San Francisco, 1981. 

8. Michigan Small Bus Program Management Book. 
Michigan Department of State Highways and 
Transportation, Lansing, Sept. 1979. 

9. E. Baksa et al. The Use of Radio Communication 
in Rural Transportation. Tennessee Department 
of Transportation, Nashville, 1980. 

10. Institute for Public Administration. Transpor
tation for Older Americans: A State-of-the-Art 
Report. Administration on Aging, u.s. Depart
ment of Health, Education, and Welfare, 1975. 

11. Cost of Owning and Operating an Automobile. 
FHWA, 1979. 

12. Pennsylvania Mass Transit Statistics Report, 
1975-1976. Pennsylvania Department ot Transpor
tation, Harrisburg, 1976 . 

13. Small Bus Transit. U.S. Department of Transpor
tation, series, May 1976. 

14. A.M. Lago et al. A Forecast of Nonurbanized 
Area Transit Capital and Operating Costs. 
tJMTA: U:S= Department of Tran!!portet!on. May 
12, 1977. 

Notice: The authors are solely responsible for the contents of this paper, 
which do not necessarily represent the views or policies of any other indi
vidual or agency. 

. 
• 


