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Thickness Incremental Method for Allocating Pavement
Construction Costs in Highway Cost-Allocation Study

T. F. FWA and KUMARES C. SINHA

ABSTRACT

A new incremental approach is proposed for allocation of pavement construction
costs to highway users. A description of the concept and a working algorithm
for computation of the cost responsibility of each vehicle class are presented.
The proposed procedure considers pavement thickness increments rather than
traffic volume increments or decrements commonly employed in past cost-alloca-
tion studies, thereby eliminating the need for an iterative process to compute

the vehicle equivalent single-axle load

(ESAL) , which is required for cost re-

sponsibility calculations. The procedure also eliminates the economy-of-scale
problem present in the classical incremental cost-allocation method. A hypo-
thetical numerical example is given for illustration. Cost responsibility re-
sults of a full-scale analysis are also presented.

Highway cost-allocation studies seek to distribute
highway cost equitably among all classes of users.
The results of costrallocation studies have been
used to assist state legislatures as well as the
U.S. Congress in making highway user tax decisions.

New pavement cost is one of the major cost items
in a highway cost-allocation study. Historically,
the most commonly used procedure for allocating
pavement construction costs has been the traditional
incremental method. In this method, the costs of
pavement are allocated on the basis of the incre-
mental costs needed to build a thickness capable of
accommodating a particular category of traffic (1).
The cost-allocation method employed by a 1965 FHWA
study (2) is an example of the incremental technique
in which trucks and cars share the costs of the ba-
sic pavement depth necessary for carrying cars, and
the costs of the extra pavement depth required to
carry heavy trucks are charged to heavy trucks (2).

In spite of its wide application in the area of
cost-allocation, the traditional incremental ap-
proach has been found to he unsatisfactory as a pro-
cedure for allocating pavement construction cost.
Pavement costs remain one of the most controversial
aspects of highway cost allocation. Presented in
this paper is a review of the traditional incre-
mental method as well as other methods adopted in
recently completed studies, and a proposal for re-
vised incremental approach for allocating pavement
construction costs.

REVIEW OF EXISTING COST-ALLOCATION METHODS

In general, the existing pavement cost-allocation
methods may be classified into three broad catego-
ries: (a) methods that follow the traditional incre-
mental approach, (b) methods that distribute cost
directly in proportion to a cost allocator, and (c)
decremental or avoidance methods based on a removal
technique that hypothetically removes vehicle groups
from the traffic stream. Listed in Table 1 are some
recent studies classified according to their alloca-
tion methods (2-11).

The direct cost-allocator approach is easy to
use. However, its theoretical basis is weak, and it
is questionable whether an equitable and fair cost
allocation is attainable with such an approach.

TABLE 1 Allocation Procedures for New Pavement Cost in
Recent Studies

Procedure Type and Study Description

Traditional incremental
approach
Oregon, 1980 (4)
Wyoming, 1981 (5)
Maryland, 1983 (6)

Incrementally by observed axle weight

Traditional six-step incremental method

Eleven axle load increments, cost allocated on
the basis of axle miles

Direct cost-allocator approach
Kentucky, 1982 (7) Based on total 18-kip ESAL for a 20-year
period

First 5-in. concrete or equivalent asphalt
concrete thickness distributed to all vehi-
cles according to vehicle miles of travel
(VMT); balance allocated on the basis of
ESAL and VMT

Minimum pavement method; minimum thick-
ness costs distributed by average daily traffic
(ADT); balance allocated by ESAL

Passenger car equivalent (PCE), 50 percent of
minimum pavement cost; VMT, the other
50 percent; balance allocated by ESAL

Common costs allocated by VMT, attribut-
able costs by ESAL

Georgia, 1979 (8)

Virginia, 1982 (9}

Maine, 1982 (10)

Connecticut, 1982 (11)
‘Decremental removal’ or
avoidance approach

FHWA, 1982 (2) Uniform removal technique by hypotheti-
cally removing vehicle classes and calcu-
lating costs saved using AASHO Road Test
equations

Basic costs distributed in proportion to PCE
miles; service costs allocated by avoidance
technique; remaining unallocated service
costs distributed to all vehicle groups in
proportion to ESAL

Similar to Wisconsin basic-avoidance-residual
technique, except that the basic costs are
allocated to all vehicles on the basis of ADT

Wisconsin, 1982 (3)

Virginia, 1982 (9)

The traditional incremental approach, which has
enjoyed wide application in the past, has been much
criticized for its unfairness in allocating pavement
thickness costs by giving the benefits of economy of
scale to heavy vehicle classes (2,3,12). Economies
of scale in pavement cost allocation arise from the
nonlinear relationship between pavement thickness
and traffic loadings. A curve of pavement thickness
plotted against traffic loading tends to level off
as load increases. Figure 1 shows a typical pavement
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thickness-load relationship for rigid pavements. A
similar nonlinear relationship also holds for flex-
ible pavements. This means that the last unit thick-
ness at the top of a pavement could withstand much
higher traffic 1loading than could the first unit
thickness at the base of the pavement. Under the
traditional incremental approach, vehicle classes
are addecd scquentially to the traffic stream and
those vehicle classes added later are assigned lower
unit costs than those vehicle classes added earlier.
An unfair allocation results as long as the sequen-
tial addition of vehicle classes, which is the cen-
tral idea of the traditional incremental approach,
is retained.

In reality, traffic loadings are applied randomly
and not in the pattern assumed in the traditional
incremental approach. Applying traffic loads sequen-
tially in vehicle classes is also not consistent
with most pavement design procedures. Practically
all pavement design methods involve consideration of
the entire traffic loadings as one entity and the
pavement thickness is then designed for these mixed
traffic loadings as a whole. No existing design pro-
cedure has indicated or implied that a certain
thickness is designed explicitly for a particular
class of vehicle. In other words, vehicle classes
have never been considered individually for thick-
ness design purposes.

The considerations discussed in the preceding
paragraph can be used as a vyardstick to judge the
rationality of any cost-allocation procedure for
pavement thickness cost. Several attempts have been
made to improve the accuracy and rationality of the
traditional incremental method. Studies have been
made by using 15 or more increments (2), instead of
the traditional six increments that were used to in-
crease the accuracy of cost allocation. Unfortu-
nately, the cost (pavement thickness) increment is
not a linear function of the parameter (in this
case, the vehicle class) increment. Increasing the
number of increments alone does not eliminate the
inherent weakness of the method. That is, the econ-

omy-of-scale problem remains no matter how many in-
crements are used in the analysis.

In an attempt to overcome the economy-of-scale
problem, the Wisconsin study (3) employed a tech-
nique called Basic-Avoidance-Residual (BAR) for al-
locating pavement costs. A vehicle group is randomly
removed from the traffic stream and the reduction in
pavement thickness is calculated. This vehicle group
is then returned to the traffic stream and the pro-
cedure is repeated by removing a different vehicle
group. The calculated cost reduction for the pave-
ment saved each time is considered to be the respon-
sibility of the vehicle group removed. The main
drawback of this procedure is that thickness reduc-
tion is computed for each vehicle group at the top
end of the thickness design curve shown in Figure 1.
This is not consistent with the actual concept used
with most pavement thickness design procedures. An-
avoidance technique described in the preceding para-
graphs cannot fully account for the entire attrib-

utable pavement thickness. A iesidual thickness is
left unallocated after all vehicle groups have been
considered. This leftover portion is distributed to
each vehicle group in proportion to its contribution
to the total equivalent single-axle load (ESAL).

A notable contribution toward logical allocation
of pavement thickness cost was made in the federal
cost-allocation study completed in 1982 (2). A dec-
remental approach was adopted in which traffic was
systematically removed and the attendant hypotheti-
cal cost savings were assigned to the vehicles under
consideration. Because order of removal can drastic-
ally affect the costs assigned to a given axle, it
was proposed that each vehicle class be divided into
an equal number of subgroups, and one subgroup from
each vehicle class be removed hefore the second sub-
group was removed from any class. The amount of
thickness saved was distributed to vehicle classes
on the basis of ESAL., On the basis of the argument
that the ratios of thickness saved for one vehicle
class relative to other vehicle classes were nearly
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constant at different points on the removal curve,
only an average ESAL value for each vehicle class
was computed. Each average ESAL value was obtained
iteratively by first assuming a middle-range pave-
ment thickness.

DESCRIPTION OF THE PROPOSED APPROACH--THE THICKNESS
INCREMENTAL METHOD

A revised incremental procedure is developed in this
paper to (a) overcome the problem of economy-of-scale
in pavement thickness cost allocation and (b) be con-
sistent with procedures commonly used in pavement
design.

The proposed cost-allocation procedure begins by
defining pavement thickness increments, in contrast
to the common practice of starting with traffic in-
crements or decrements. There are two advantages to
this new approach: (a) by beginning with a known
thickness, calculation of ESALs becomes a straight-
forward noniterative procedure, and (b) pavement
thickness is more directly related to cost than is
traffic loading.

In the definition of the number and magnitude of
pavement thickness increments, a minimum practical
pavement thickness must first be determined because
it is impractical to construct surface, base, or
subbase courses of less than some minimum thickness.
This minimum thickness is the basic pavement thick-
ness that 1is required regardless of the traffic
level. For instance, the AASHTO TInterim Guide (13)
recommends the following minimum practical thick-
nesses:

Course Thickness (in.)
Surface 2
Base 4
Subbase 4

Only those costs that correspond to the thickness
in excess of the specified minimum will be allocated
by the incremental approach described in this sec-
tion. The costs corresponding to the minimum thick-
nesses cannot be allocated to any particular vehicle
group and will be considered as nonattributable
costs or basic costs. These costs are the collective
responsibility of all the vehicles that use high-
ways. They are commonly distributed to vehicle
classes on the basis of a use-related travel func-
tion such as vehicle-miles of travel (VMT) (2) or
passenger car equivalent (PCE) (3).

The total thickness in excess of a specified min-
imum is divided into equal increments, the number
and thickness of which depend on the desired ac-
curacy of the final results. Beginning with the
specified minimum thickness, a thickness increment
is first added. With this thickness, the ESAL of
each vehicle type or a representative vehicle type
of a vehicle class can be computed directly from
equations developed from the AASHO Road Test (14).

The same procedure is repeated for each addi-
tional increment until the last increment is added
and analyzed. The incremental pavement thickness
cost calculated for each thickness increment is
assigned to all vehicle classes based on their need
for that thickness in accordance with pavement de-
sign procedure. When each increment is sufficiently
small, the proportional amount of incremental pave-
ment thickness cost attributable to a given vehicle
claos can be taken as being in direct proportion to
its ESAL value at the thickness concerned.

An important feature of the foregoing procedure
with respect to input data requirements is worth
mentioning. With the exception of direct cost-allo-
cator methods (i.e., the second procedure category

in Table 1), virtually all analytical cost-alloca-
tion methods use the following general relationships:

c = £(T,C,m) (1)
t = g(Vt,vPx,ESALx,r,s,k) (2)
ESALX = h(t,Wx) (3)
CRx = w(ESALx,)] ESALx,t,c,VPx) (4)
X
where
¢ = unit pavement thickness cost;
m = pavement material type;
T = total thickness of pavement;
C = total pavement cost;
V = total traffic volume;
Vt = traffic volume considered in an intermedi-

ate stage of cost-allocation analysis,
0 <Vt <V;
t = pavement thickness corresponding to traf-
fic volume Vt, 0 <t < T;
VPx = volume proportion of vehicle class x, x =
1,2,¢04e4n;
n = total number in vehicle class;
ESALx = equivalent 18-kip single axle load of ve-
hicle class x, x = 1,2,...,n;

r = regional factor to account for regional
climatic and environmental effects;
s = subgrade soil property parameter;
k = pavement material properties;
Wx = axle loads of vehicle class x, x = 1,

2,...,n; and
CRx = cost responsibility of vehicle class x,
X = 1,2,404,0N.

The FHWA study's Uniform Removal Technique, Wis-
consin's BAR method, and the traditional incremental
approach all involved consideration of increments or
decrements of traffic volume and the resulting pave-
ment thickness was computed iteratively by using the
relationships in Equations 2 and 3. This process
requires a complete range of input information, as
is needed in a design problem. Cost-allocation anal-
ysis, though closely related to design, is not a
design problem because the total pavement thickness
is already known. For a pavement constructed or go-
ing to be constructed with a total thickness T and
cost C, Equations 1, 3, and 4 indicate that with an
appropriate procedure such as the method proposed in
this paper, it is not necessary to resort to the
iterative thickness design steps in order to calcu-
late cost responsibilities. Consequently, informa-
tion such as V, r, s, and k need not be known in a
pavement cost-allocation problem.

COMPUTATIONAL ALGORITHM OF THICKNESS INCREMENTAL
METHOD

The AASHO Road Test equations (13,14) for the ESAL
calculation can be expressed as follows:

log ESALx = G [(1/byg) - (1/by)]

+ log {[(Ly + L)/1912 ¢ (L)B} (5)
G = log [(I - P¢)/(I - 1.5)] (6)
bx = C + [D(Ly + L)E/(sw + 1F » (¥ (7
SN = T for rigid pavement (8a)

SN = al * DL + a2 °* D2 + a3 * A3 for flexible
pavement (8b)
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where

L, = axle load (kips);
L = 1 for single axles, 2 for tandem
axles;
Py = terminal serviceability index;
SN = slab thickness (for rigid pave-
ment) , structure number (for
flexible pavement) ;
A,B,C,D,E,F,H,I = constants with values specified
in Table 2;
al,a2,a3 = layer coefficients representa-
tive of surface, base, and sub-
base course, respectively; and
D1,D2,D3 = thickness (in.) of surface,
base, and subbase course, re-
spectively.

TABLE 2 Values of Constants
in Equations 5-8

Flexible Rigid
Constant Pavement Pavement
A 4.79 4.62
B 4.33 3.28
C 0.40 1.00
D 0.081 3.63
E 3.23 5.20
F 5.19 8.46
H 2,23 2,52
1 4.20 4.50

Inputs to the problem include (a) cost informa-
tion, (b) pavement data, and (c) traffic composi-
tion, wvehicle axle configuration, and axle-weight
data. In practically all previous cost-allocation
studies, pavement costs were assumed to be directly
proportional to thickness. The Thickness Incremental
Method presented herein does not have this restric-
tion. The algorithm described in the following can
accommodate any nonuniform linear or nonlinear
thickness-cost relationship.

The computation algorithm for cost allocation in-
volves the following steps:

1. Divide the pavement thickness in excess of a
practical minimum into N equal increments. In the
case of flexible pavement, each increment is com-
posed of thickness of surface, base, and subbase
materials in the same proportions as are in the
otal "excess" thickness to be allocated.

2. Calculate the cost for the minimum thickness
and distribute to all vehicle classes on the basis
of VMT.

3., Calculate the incremental thickness cost.

4., Add an increment to the minimum thickness;
and compute ESAL for all vehicle classes (or vehicle
types if desired) using Equations 5 through 8.

5. Compute the c¢ost responsibility factor of
each vehicle class (or vehicle type) as the follow-
ing ratio:

M
F(i,3) = P(i) * ESAL(i,j)/ [ [P(r) * ESAL(r,i)1  (9)
r=1
where
F(i,j) = cost responsibility factor of vehicle
class i for thickness increment j,
P (i) = proportion of vehicle class i in traf-
fic stream,
ESAL(i,j) = ESAL of vehicle class i for thickness

increment j,; and
M = total number of vehicle classes.

Transportation Research Record 1009

6. Allocate incremental thickness cost to each
vehicle class as follows:

c(i,j) = F(i,3) < cd(i) (10)

where c(i,j) is the cost allocated to vehicle class
i for thickness increment j, and Cd(j) is the incre-
mental cost for thickness increment j.

7. Repeat steps 5 and 6 for each new thickness
increment until the full pavement thickness is
reached.

8. Calculate the total allocated cost for vehi-
cle class j by summing up its cost responsibility
for all increments:

N
C(i) = cM(i) + | c(i, (11)
i=1
where
C(i) = total cost responsibility of vehicle

class i,
Cm(i) = cost responsibility of vehicle class i for
the minimum thickness, and
total number of thickness increments.

N
AN ILLUSTRATIVE EXAMPLE AND FINDINGS

A hypothetical problem, described in Figure 2, is
developed herein for illustration purposes. Only two
vehicle Lypes are chosen for ecase and clarity in
presentation. Also, minimum practical thickness is
set to 0 to highlight the salient features of the
incremental allocation procedure. Cost is assumed to
be directly proportional to pavement thickness. From
the results shown in Figure 2, the following obser-
vations can be made:

1. Incremental cost responsibility varies with
pavement thickness. A fair allocation of cost cannot
be attained by using a direct cost allocator. Using
an ESAL evaluated at full thickness as the cost al-
locator overestimates cost responsibility of the
heavier vehicle whereas using an ESAL at intermedi-
ate range tends to underestimate its responsibility.

2. The cost responsibility curve fluctuates be-
cause it depends on the relative magnitude of ESALSs
of different vehicle classes that are themselves
nonlinear functions of thickness. It may not be ap-
propriate to use an average ESAL value for each ve-
hicle class to allocate costs.

3. The overall cost responsibility distribution
will change when a minimum practical thickness is
introduced. The direction of this change depends on
the magnitude of the minimum thickness introduced
and the wehicle-mile proportion of each vehicle
class,

4. For structural numbers greater than 6, fur-
ther analyses show a small but steady increase of
heavy vehicle responsibility.

5. Results from a similar analysis performed on
concrete pavement (see Figure 3) show the same pat-
tern of cost responsibility distribution, but the
amplitudes of fluctuations of the cost responsibil-
ity curves are much smaller.

Figure 4 presents a plot of cumulative cost respon-
sibility versus pavement thickness for the problem
described in Figure 2. The total cost responsibility
of each vehicle class is given by the responsibility
value at T, the total pavement thickness.

In Table 3, cost responsibility factors for the
hypothetical problem in Figure 2 are computed by
using five different methods. The traditional incre-
mental method always underestimates the cost respon-

L]
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(a) TRAFFIC DATA (b) PAVEMENT DATA

Vehicle Class I Vehicle Class T 7.0"[ Layer | 2;=0.40/in.
‘- ~ 10"| Layer 2 2,=0.20/In.
Axle Weight 10¥ 10X 10% 48k

15" Layer 3 ay=0.087in.

Traffic Volume
Proportion

0.95 0.05
Terminal Serviceability Index=2.5

(e) INCREMENTAL COST RESPONSIBILITY BY THE THICKNESS INCREMENTAL METHOD

J
70

Vehicle Class 1

o
o

PERCENT COST RESPONSIBILITY

50 ~
/// ~
b \\
/ e
40+ P Vehicle Class I =~
//
//
30 1 1 + 1 . t —
0 I 2 3 4 5 6 7
STRUCTURAL NUMBER (SN)
0 5 1o Is 20 25 3032

PAVEMENT THICKNESS (INCH)
FIGURE 2 A hypothetical cost-allocation problem for flexible pavement.

(&) TRAFFIC DATA (b) PAVEMENT DATA
Vaehicle Class | Vehicle Class T ]
‘- ‘- ™ Concrete Slab
Axle Welght 10X 10X 10% agk

T i i ili =2
Traftic Volume erminal Serviceability Index=2.5

Proportion G.95 0205

(c) INCREMENTAL COST RESPONSIBILITY BY THE THICKNESS INCREMENTAL METHOD
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FIGURE 3 A hypothetical cost-allocation problem for rigid pavement.
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FIGURE 4 Variation of cumulative cost responsibility with pavement
thickness—by thickness incremental method for problem in Figure 2.

TABLE 3 Solution to Figure 2 Problem with Different Cost-
Allocation Methods

Cost Responsibility (%)

Vehicle Vehicle
Method Class 1 Class 11
Thickness incremental method 43.81 56.19
ESAL cost-allocator method 40.00 60.00
FHWA study’s (2) Uniform Removal Technique?®
Evaluated at SN =2.5 48.38 51.62
Evaluated at SN = 3.0 50.54 49.46
Evaluated at SN = 3.5 50.45 49.55
Wisconsin study's BAR method® 38.79 61.21
Traditional incremental method® 81.54 18.46

AAdditional data: total 18-kip ESAL applications = 10,000,000; region factor = 1.0;
soil support valne = 2.5,

sibility of heavy vehicles because of the economy-
nf-gcale problem described earlier. The second and
third methods may underestimate or overestimate
heavy vehicle responsibility. In the €former case,
this depends on the total thickness of pavement as
can be seen from Figure 2 and in the latter, on the
thickness at which ESALs are computed. For most
practical situations where total heavy truck ESAL is
higher than total light vehicle ESAL, Wisconsin's
BAR method leads to an overestimation of heavy vehi-
cle responsibility.

RESULTS OF A FULL-SCALE STUDY

The thickness incremental method was used in the
1983-1984 Indiana cost=-allocation study to allocate
pavement construction costs. Presented in Tables 4
and 5 are data and cost responsibility results for
rural Interstate highways in Indiana. Sixteen con-
tracts completed between 1980 and 1983 were included
in the analysis.

Table 4 shows the average traffic volume composi-
tion of 14 vehicle classes on Indiana rural Inter-
states. Each of these 14 classes was further subdi-
vided into weight categories in increments of 2,500
1b. Table 4 presents the aggregate cost responsibil-
ities for the 14 vehicle classes. For illustration,
the breakdown of class 12 vehicle cost responsibil-
ity into weight category responsibilities is shown
in Table 5.

CONCLUSIONS

There are two unique features that distinguish the
proposed procedure from other existing cost-alloca-
tion methods: (a) a more direct approach using the
cost-related pavement thickness as the controlling
parameter is followed; and (b) the amount of input
data required is considerably less. For example,
only the proportional distribution of each vehicle
class in the traffic stream is needed.

TABLE 4 Average Traffic Volume Composition on Indiana Rural Interstates

7 8 9 10 1 12 13 14

Vehicle Class®

1 2 3 4 5
Volume (%) 15.64 48.84 236 0.31 112
Cost responsibility (%) 8.54 26.85 1.98 0.48 0.65

0.36 0.06 0,17 0.07 2.52 2720 0.76 0.16
0.47 0.03 0.23 0.06 3.73 54.19 2.13 0.24

2pefinition of vehicle classes: Class 1, smull pussenger cars; Class 2, standard and compact passenger cars, punels, and pickups; Class 3, two-axle truck (28 and 2D); Class 4,
bus; Class §, car with aneaxle trailer; Class 6, three-axle single-unit truck; Class 7, 251 tractor-trailer; Class 8, car with two-axle trailer; Class 9, fous-axle single-unit truck;
Class 10, 381 tractor-trailer; Class 11, 252 teactor-trailer; Class 12, 352 tractor-trailer; Class 13, other fivesaxle; Class 14, six or more axles.
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TABLE 5 Pavement Construction Cost
Responsibility Factors for Weight
Categories of Class 12 Vehicle on Rural

Interstate
Subdivision Cost Responsi-
No. Weight Category bility (%)
1 Less than 22,500  0.040
2 22,500-24,999 0.205
3 25,000-27,499 0.736
4 27,500-29,999 2.170
5 30,000-32,499 1.847
6 32,500-34,999 1.192
7 35,000-37,499 1.043
8 37,500-39,999 0.971
9 40,000-42,499 0.938
10 42,500-44,999 0.934
11 45,000-47,499 0.964
12 47,500-49,999 1.009
13 50,000-52,499 0.971
14 52,500-54,999 1.252
15 55,000-57,499 1.490
16 57,500-59,999 2.075
17 60,000-62,499 2.047
18 62,500-64,999 2,159
19 65,000-67,499 2.708
20 67,500-69,999 4.418
21 70,000-72,499 7.609
22 72,500-74,999 9.015
23 75,000-77,499 4,923
24 77,500-79,999 2.296
25 80,000-82,499 0.254
26 82,500 and above 0.624
Total 54.190

By having each vehicle class proportionally rep-
resented each time an incremental cost is allocated,
the proposed cost-allocation procedure effectively
eliminates the economy-of-scale problem associated
with the traditional incremental method. Iterative
procedure is avoided by taking the thickness incre-
ment as the starting parameter. The algorithm is
applicable to any nonuniform linear or nonlinear
thickness-cost relationship. The procedure is easy
to understand because it follows traditional thought
in increasing thickness to account for increasing
traffic.
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On the Elimination of Gasoline Tax Deductibility and
of

Income

ABSTRACT

Tn 1979, the deduction for state and local gasoline taxes on income tax returns
was eliminated. To determine the resulting impact on income distribution, the
change in net gasoline tax incidence must be determined. Conventionally, the
incidence of a (gross) gasoline tax has been calculated by noting the relation-
ship between income and purchases of motor fuel. Most studies have not explic-
itly included consideration of the impact of allowing state and local gasoline
taxes to be deducted; however, one study concluded that the impact of deducti-
hility ia tn make the fuel tax less redressive. Using data available from the
Bureau of Labor Statistics (U.S. Department of Labor) and the Internal Revenue
Service (U.S. Department of the Treasury), the opposite was found. This re-
sulted from the positive correlation of income with three factors: marginal tax
rate, percentage of taxpayers who itemize deductions, and amount of gasoline
tax paid. It is concluded in this paper that the elimination of deductibility
has made the gasoline tax less regressive.

Effective for taxable years beginning in 1979, the
Revenue Act of 1978 repealed the itemized deduction
for state and local gasoline taxes on federal indi-
vidual income tax returns. This was largely in re-
sponse to the mood of conservation and the concern
over dependence on foreign oil spawned by the energy
crisis of the 1970s. The purpose of this paper is to
examine the impact of this repeal on the net inci-
dence of a motor fuel tax.

In most studies of excise tax incidence it is
assumed that the final incidence is similar to the
initial distribution of liabilities (statutory inci-
dence) (1-3). This conclusion may be modified in
some market structures and under some cost condi-
tions. In general, tax increases will raise costs
and the relative price of the taxed product, which
will, in turn, cause resources to move out of the
industry thus further raising prices. To the extent
that labor and capital can receive approximately the
same income in other industries, the entire tax may
be shifted to buyers in the form of higher prices.

Such complete shifting of an excise tax may be
guestioned if different gecographic regions have dif-
ferent tax rates. This could alter consumer purchas-
ing patterns and the ability of a firm to raise
prices for competitive reasons. However, this prob-
lem can be avoided empirically if data on actual tax
payments by income level are available. If only the
repeal of gasoline tax deductibility is examined,
however, it can be safely assumed that differential
fuel tax rates would not change and therefore would
not affect purchasing patterns.

Approximately 35 percent of motor fuel taxes are
paid by businesses. The burden of this portion of
gasoline taxes will depend on resultant changes in
prices, profits, and wages. Because the emphasis in
this paper is on individual tax payments, business-
based fuel purchases will be ignored. The incidence
of a gasoline tax could therefore be calculated by
noting how gasoline purchases (and gasoline taxes)
vary by income level.

PREVIOUS STUDIES

A few studies have included consideration of a motor
fuel tax incidence. In most of these studies, how-

ever, this tax has been combined with other goods
that are either selectively taxed or combined with
all sales and excise taxes (2-4). One study that in-
cluded separate calculations on gasoline tax inci-
dence was conducted by Freeman (5) using 1972 house-
hold data provided by the Brookings Institution.
Using an assumed tax of $0.20 per gallon (although
the results would, in a relative sense, be represen-
tative of any tax that would be proportional to
use) , an incidence pattern was obtained that was
slightly progressive except at the extremes of the
income distribution where there was regression. A
second study, by Zupnick (6), examined the incidence
of a tax-induced $0.l0-per-gallon price increase.
Average fuel economy by model year was combined with
average miles driven by income group and with owner-
ship of each model year by income class. The result
was progressive in the lower to middle income brack-
ets, but was regressive in the upper income bracket.
Unfortunately, the type of data used by Zupnick are
no longer being collected. None of these endeavors
included consideration of deductibility impact on
incidence.

The only study that has included specific consid-
eration of deductibility was conducted by Due (7).
By using Internal Revenue Service (TRS) statistics,
the distributional pattern of state and local gaso-
line tax deductions was explored. For 1973, it was
estimated that such deductions fell continuously
from 2.3 percent of adjusted gross income (AGI) in
the lowest income bracket to negligible amounts (as
a percentage of AGI) in the highest income bracket.
He reexamined this result by using Brookings Insti-
tution data on tax savings from deductions as a per-
centage of tax paid in the absence of deductions, by
income 1level. The gasoline tax deduction again
tended to fall in percentage terms as income levels
rose, although the middle income brackets displayed
a proportional range. Due concluded that state and
local gasoline taxes are a progressive deduction
that reflects a declining percentage of taxable ex-
penditures relative to income. A deduction was re-
garded as progressive if the tax savings from it
constituted a lower percentade of income in high in-
come groups than in low income groups; that is, the
deduction increased the progressivity of the income
tax. The implication is that the removal of deducti-
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bility would make the distribution of income less
equal.

However, there is a serious limitation in Due's
analysis: as noted by the author, the sample was
limited to only those taxpayers who itemized deduc-
tions on their tax returns. Less than 2 percent of
all taxpayers in the lowest income bracket deducted
gasoline taxes. Those in this bracket who did item-
ize would be expected to have substantial individual

deductions because most taxpayers at that income
level took the standard deduction. On the other
hand, almost 80 percent of the highest income

bracket taxpayers itemized deductions. Although it
is true that for those who itemized deductions, the
amount deducted as a percentage of income decreased
as income level increased, the percentage of those
who itemized deductions increased strongly as income
level increased. Considering the population as a
whole, the overall benefits of itemizing accrued
largely to higher income taxpayers. As shown in the
following paragraphs, deductibility made the gaso-
line tax more regressive; removal of deductibility
made the tax system less regressive.

ANALYSIS

To determine the incidence of a state and local fuel
tax after deductibility, data on gasoline tax paid
by income bracket must be matched with data on gaso-
line tax itemized by income bracket. This necessi-
tates the merging of two data sources as follows.

Motor fuel tax paid by income level can be calcu-
lated from the Bureau of Labor Statistics report,
consumer Expenditure Survey (CES) (8,9). However,
because the CES does not report on tax deductions,
the average itemized gasoline tax deduction per tax
return by income level must be obtained from IRS
statistics. With knowledge of the marginal tax rate
per income level, the reduction in federal income
tax due to itemization is available. The net inci-
dence of a gasoline tax can thus be computed and the
impact of deductibility repeal examined.

One major problem in merging these two data sets
is that they use somewhat different definitions of
income, The CES uses a concept called family income,
which is broader than the IRS concept of AGI. Be-
cause they are not identical, those households in a
CES income bracket may not be the same group as
those in the same bracket using AGI. Family income
includes most of AGI, plus pensions, unemployment
and workers' compensation, and cash transfer pay-
ments less certain occupational expenses. The com-
patibility problem will be most evident in the lower
income brackets, where transfer payments and unem-
ployment compensation are proportionately larger. A
family with a low AGI in this situation would have a
somewhat higher family income.

Two options exist. The first would be to manipu-
late the two data sets by making adjustments to make
them more compatible. However, this may result in
simply substituting one set of problems for another.
The chosen option was to assume that the two data

TABLE 1 Gross Gasoline Expenditures and Incidence, 1972-1973 (8)

sets are compatible and note that this will intro-
duce some inaccuracy or bias in the analysis. As
concluded in the following, this problem will not
materially affect the results.

The first step in the analysis is to calculate
incidence ignoring the impact of itemizing. This
would reflect incidence if deductibility was not
allowed and can be determined by noting state and
local gasoline tax paid by income 1level. The CES
uses 12 income brackets, ranging from under $3,000
to over $25,000. As documented in Table 1, gross
motor fuel expenditures (including taxes paid) rose
from an average of $108 for the lowest income
bracket to $635 for the highest income bracket from
1972 to 1973.

To determine how much of the gross expenditures
represent the gasoline tax, it is noted that from
1972 to 1973, the weighted average of state and
local motor fuel taxes was about $0.75 per gallon
(10) . Coupled with an average gasoline price of
$0.40 per gallon, state and local taxes represented
about 18.75 percent of gross spending. Multiplying
the gross expenditures by 18.75 percent yields tax
payments and the results are displayed in row 2 of
Table 1. The families in the lowest income bracket
paid an average of $20 in state and local gasoline
taxes, whereas those in the highest income bracket
paid an average of $119.

Using the mean income within each bracket (row
3), the amount of gasoline tax paid as a percentage
of income is calculated (row 4). This percentage
falls from 1.2 percent of income in the lowest
bracket to 0.3 percent in the highest. These numbers
can be normalized by using the concept of relative
incidence. The highest income groups' fuel tax pay-
ments as a percentage of income is assigned an index
value of 1.0; the other income brackets are scaled
accordingly. On this basis, the lowest income group
pays 3.7 times more gasoline tax as a percentage of
income than does the highest income group--a re-
gressive result. Most of the regression occurs be-
tween the first two and the last two income brack-
ets. The tax is roughly proportional for a wide
income range.

There is some discrepancy between the previously
cited studies and the results presented in Table 1.
This may be partly because of the income brackets
chosen for these studies, which do not match the in-
come brackets of Table 1. Nevertheless, the regres-
sion at low and high income levels is consistent
with both Freeman's (5) and Zupnick's (6) findings.
The results of Musgrave et al. (2) agree with the
regressive impact at higher income levels.

Actually, relative incidence could have been cal-
culated by simply using data on gross gasoline ex-
penditures without separating out the tax. Because
gasoline taxes would be proportional to quantity
purchased and hence expenditures (being unit taxes),
the relative incidence for either expenditures or
taxes on expenditures would be the same. That is,
comparing total expenditures on gasoline as a per-
centage of income for each income bracket relative
to that of the highest income bracket would yield

Family Income ($000s)

<3 34 4-5 5-6 6-7 7-8 8-10 10-12 12-15 15-20 20-25 >25
1. Gross expenditures ($) 108 153 193 237 270 306 363 418 482 544 614 635
2. State and local gasoline tax ($) 20 29 36 45 51 57 68 78 90 102 115 119
3. Mean income ($) 1,713 3,491 4,494 5482 6,478 7,486 8,970 10,952 13,404 17,237 22,118 37,661
4. Gasoline tax (% of income) 1.19 0.82 0.80 0.81 0.78 0:77 0.76 0.72 0.67 0.59 0.52 0.32
5. Relative incidence B 2.6 2.5 2.5 2.4 2.4 2.4 2.3 2.1 1.8 1.6 1.0
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the same relative pattern as the distribution of
gasoline tax burden. However, because the deduction
value of motor fuel tax itemization was not uniform
by income level, the tax paid needs to be separated
out for iater adjusiments.

An initial concern relating to state and 1local
tax itemization on federal income tax returns is the
determination of who receives the most benefit. That
is, most taxpayers use the standard deduction, which
can be taken in lieu of itemizing. A certain amount
of the standard deduction implicitly includes state
and local tax payments; however, it is impossible to
determine how much. In addition, nonitemizers re-
celve no additivnal beuelflL for additional cxpendi-
tures of taxable goods. in other words, the only
beneficiaries at the margin are those who itemize.
For this group, the corresponding reduction in in-
come taxes would lower the (net) gasoline tax paid
for the purpose of calculating incidence. It is
assumed that the full amount of gasoline taxes paid
represented a deduciion by those who itcmized., That
is, the sum of all deductions except gasoline tax is
assumed to be larger than the standard deduction.

The first row of Table 2 displays the average
dollar amount of gasoline tax paid per tax return as
calculated by the IRS (11,12). It consisted of the
average gasoline tax deducted by those who itemized,
weighted by the percentage of all returns from those
households that itemized. For example, in the lowest
income bracket {($0-$3,000) the average gascline tax
paid by those who itemized was around $60. (This
amount is substantially higher than the correspond-
ing figure determined from CES data for all fami-
lies. As mentioned previously, those families who do
itemize would be expected to have substantial indi-
vidual deductions.) But because less than 2 percent
of families in this income bracket itemized, the
average per return was only $0.76. Separate calcula-
tions were made for 1972 and 1973, and the results
averaged out to be identical to the CES data for the
corresponding period.

Each dollar of gasoline tax deducted lowered in-
come tax liability. To approximate this amount, the
average income level within each tax bracket was
calculated from IRS data and the marginal tax rate
associated with this amount is noted in row 2 of
Table 1. Because the overwhelming majority of tax
returns that contained itemizations were filed
jointly (84 percent), the joint marginal tax rate
was used. In addition, the average taxable income
within each AGI bracket was calculated for itemizers
only because the tax benefit occurred to them only.

The third row is the average income tax savings
per return, obtained by multiplying the average gas-
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oline tax deducted by the marginal tax rate. For
example, the highest income bracket taxpayer aver-
aged $36.52 in income tax savings ($93.64 average
deduction multiplied by 0.39). As expected, the
value of itemizing rose significantly with income.
This occurred because the percentage of taxpayers
itemizing, the marginal tax rates, and the amount of
gasoline taxes paid were all positively related to
income. The final row suggests that the impact of a
gasoline tax deduction was regressive because the
tax savings constituted a higher percentage of in-
come, as income levels rose. This result is exactly
the opposite of that found by Due (7).

To ecalmnlate net incidence, gasoline taxes pald
at each income level (from Table 1, row 2) are re-
duced by the average income tax savings at each
level (from Table 2, row 3); the results are dis-
played as net taxes paid in the first row of Table
3. The second row displays net taxes paid as a per-
centage of income; it is seen that they remained the
same for the lower Iincome brackets, but declined
significantly in the higher income brackets (com-
pared with gross fuel tax incidence). Relative inci-
dence emphasizes this result. Tax payments for fam-
ilies in the lowest income bracket as a percentage
of income went from 3.7 times as much as the highest
income bracket ignoring deductibility, to 5.4 times
as much including deductibility. Thus, motor fuel
tax deductibility increases the regressive nature of
this tax. Alternatively, the existence of itemized
deductions makes the individual income tax less
progressive.

QUALIFICATIONS

The CES data reflect expenditure patterns and thus
incidence from 1972 to 1973. If the distribution of
these patterns has changed, tax incidence could
change. However, updated CES results are not now
available. In addition, the use of a single year's
income in calculating incidence can be criticized as
being unrepresentative of a longer-run view of in-
come [e.q., Davies (13)]. Unfortunately, no data are
readily available to correct this. As mentioned pre-
viously, the data and results are based on a na-
tional aggregate sample. Individual state or local
incidence could differ because of variations in tax
rates and expenditures. Finally, the merging of the
two data bases could cause inaccuracy in the re-
sults., As mentioned previously, the bias is most
likely in the lower income brackets. However, be-
cause the impact of deductibility appears minor in
these brackets, the problem does not appear serious.

TABLE 2 Gasoline Tax Deductions, Marginal Tax Rates, and Tax Savings, 1972-1973 (10)

Adjusted Gross Income ($000s)

<3 34 4-5 5-6 6-7 7-8 8-10 10-12 12-15 15-20 20-25 >25
1. Average deduction per return (8) 0.76 4.38 7.87 12.50 17.83 23.89 3426 4498 54.67 76.84 96.70 93.64
2. Marginal tax rate (%) 14 14 15 15 16 17 19 19 19 22 25 39
3. Tax savings per return (§) 0.11 0.61 1.27 1.88 2.85 4.06 6.51 8.55 10.39 16.90 24.18 36.52
4. Tax savings (% AGI) 0.006 0.017 0.028 0.034 0.044 0.054 0.073 0.078 0.078 0.077 0.098 0.097
TABLE 3 Incidence of (Net) Gasoline Tax, 1972-1973

Family Income ($000s)

<3 3-4 4-5 5-6 6-7 7-8 8-10 10-12 12-15 15-20 20-25 >25
1. Net state and local gasoline tax ($) 20 28 35 43 48 53 62 70 80 85 93 83
2. Net tax (% of income) 1,18 0.80 0.78 0.78 0.74 0.71 0.69 0.64 0.60 0.49 0.41 0.22
3. Relative incidence 5.4 3.6 3.5 35 3.4 3.2 3.1 29 2.9 22 1.9 1.0

| 8
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CONCLUSIONS

Given the qualifications, the results should be
viewed with some caution. Nevertheless, although the
numbers may not be exact, it is clear that by allow-
ing state and local gasoline taxes to be deducted on
federal income tax returns, coupled with the posi-
tive correlation between income and marginal tax
rates, and purchases of gasoline and percentage of
taxpayers who itemize, a more regressive tax would
result. This is the opposite conclusion to that
reached by Due.

The implication of this result is that the 1979
removal of the deductibility of state and local
motor fuel taxes made the net incidence of the tax
the same as the gross incidence. That is, the tax
became less regressive, making the distribution of
income somewhat more equal. Although this was not a
stated reason for the policy enactment, it is,
nevertheless, a significant by-product.
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A Model for Management and Public and
Private Finance of Rural Road Systems

Z. ANDREW FARKAS

ABSTRACT

The Forest Service, U.S. Department of Agriculture, directly manages vne of the
largest and most varied transportation systems in the world and may be an ap-
propriate model for general management and public and private financial manage-
ment of rural road systems. The Forest Service system includes approximately
321,000 miles of roads, foot trails, airfields, aerial tramways, waterways, and
cableways with low-volume roads making up most of the system. Examined in this
paper are the policies and requirements of the Forest Service as a possible
model for rural road management and planning, and ior coSperative public and
private financing. Because the economies of rural areas are generally natural
resource based, these policies and regquirements should be applicable in some
form to rural road systems worldwide. National forest management plans contain
the public's objectives for private sector development and public use of forest
resources. The national forest road systems are planned and managed to support
these objectives. The public and private sectors then cooperate in the financ-
ing of construction and maintenance of national forest roads. Explicit develop-
ment objectives require uniquely supportive road systems in order to properly
exploit natural resources. The private sector constructs and maintains roads
from which the public can also henefit. This model is an appropriate example
for coordinating economic development and roads expansion in rural areas with

limited public financial resources.

Although it is not a transportation agency, the For-
est Service, U.S. Department of Agriculture, di-
rectly manages one of the largest and most varied
transportation systems in the world and may be an
appropriate mndel for general management and cooper-
ative public and private financial management of
rural road systems. The Forest Service system in-
cludes approximately 321,000 miles of roads, foot
trails, airfields, aerial tramways, waterways, and
cableways. Low-volume roads make up the predominant
part of the transportation system and most are lo-
cated in the western United States in national for-
ests. National forest roads often carry less than
100 vehicles per day and traffic volumes vary sig-
nificantly by season and use. Of the 321,000 miles
of roads, 27 percent is currently closed to all
traffic, 29 percent is maintained for passenger car
use, and 44 percent is maintained for high clearance
(including two- and four-wheel drive) vehicles
(1,p.37).

The Forest Service is a natural resources manage-
ment agency that is responsible for managing the na-
tional forest road systems for use, protection, de-
velopment, and management of national forest lands,
and for providing access to natural resources extrac-
tion for the private sector and to recreational ac-
tivities for the public. The national forests contain
87 million acres of commercial forests and 41 million
acres of rangeland. The forests also contain 2.5
million acres of surface water (2,pp.3-1 - 3-3).
These land and water resources support commercial
timber harvesting, energy and nonenergy minerals
mining, commercial ranching, fishing and trapping,
and an assortment of public outdoor recreation ac-
tivities, including boating, hunting, and skiing.
The agency has a tradition of public and private
cooperation in resources development and transporta-
tion of goods and services.

Users of national forest roads are as varied as
the major activities occurring on national forest

lands. The transporting of forest products and min-
erals, recreationists traveling to and from the
forest sites, landowners commuting from within or
near national forests, and administrative-related
travel make up the bulk of traffic on forest roads.
In situations where the TForest Scrvice and other
public road agencies have mutual jurisdiction, local
commercial traffic, busing of school children, and
mail delivery may also be involved.

The objective of this research is to examine the
policies and requirements of the Forest Service as a
potentially more widely applied model for management
and cooperative public and private finance of rural
roads. Because the economies of rural areas in gen-
eral are natural resource based, Forest Service pol-
icies and requirements may be applicable in some
form to the management of other rural road systems
in mixed capitalist, developed, and developing coun-

Other rural jurisdictions are faced with similar
concerns for providing adequate roads to support
economic development. It has been suggested that, if
misallocation of resources and economic stagnation
are to be avoided (3,4), transportation planning by
developed and developing countries should be done in
concert with specific economic development and so-
cial objectives., Public and private financing of
roads could be beneficial to developing rural areas,
but the role of such cooperation should be more
clearly defined when economic development and social
objectives are incorporated into the planning pro-
cess.

FOREST SERVICE ROADS MANAGEMENT: PLANNING AND
ANALYSIS

Each national forest is required to develop an inte=-
grated land and resources management plan every 15

inr
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years. The management plan is the basis for each na-
tional forest's management program, including roads
management. The plans and programs are guided by na-
tionally established goals and locally established
issues of resources production and protection, en-
vironmental quality, and social and economic impact.
These plans identify the potential for resource out-
puts and examine management program alternatives for
resources production. One of the primary criteria
for evaluation of management program alternatives is
to maximize present net value of resource outputs
(5,p.F-2).

Each management program alternative must have a
road system associated with producing a mix of out-
puts at minimum costs. These costs include monetary
costs as well as physical, biological, social, and
economic effects (6,p.7).

National forest resources that are accessed for
the first time by road provide most of the calcu-
lated benefits to the economic analyses of road in-
vestments in management plans. These resources con-
sist of timber, energy and nonenergy minerals, and
recreation activities. The "willingness—-to-pay"
values of these resources are treated as the benefit
values of a road providing first-time access. Timber
benefit values, for example, consist of the "stump-
age value," the value on the stump as determined by
the bid price for timber by timber companies. The
stumpage value becomes a direct monetary return to
the United States Treasury. This stumpage value
minus the costs of producing and protecting the re-
source is the benefit value of access to the re-
source area (7,pp.F-13 - F-14). For those national
forest road projects that are reconstructions of
existing roads or are constructions of alternative
roads and do not provide first-time access, the ben-
efits consist of reduced user, maintenance, and op-
erating costs.

Selecting the most appropriate road system may
require analyses of several options to meet a man-
agement program alternative's resource mix. The an-
ticipated quantities of resource outputs for each
management program alternative are converted into
trips and allocated over the links in the road net-
work. After the estimated traffic has been allocated
throughout the network, a roads management alterna-
tive is developed, concerning road standards, facil-
ity construction, maintenance, and operation. For
example, a resource management program emphasizing
timber production may require restrictions on recre-
ation traffic and specific standards of construc-
tion. Each management program alternative may result
in unique trip generations and distributions through-
out the road network (8,pp.20-21). A selected man-
agement program will then require the implementation
of an appropriate road system for the anticipated
traffic.

IMPLICATIONS FOR RURAL ROADS MANAGEMENT PLANNING

The implications of the Forest Service experience
for other rural road systems are that economic and
social objectives can and should be seriously incor-
porated into a roads management planning process.
Although other rural areas may not have the organi-
zational unity and the relatively homogeneous land
uses or ownership that national forests have, rural
jurisdictions should attempt the integration of eco-
nomic development with roads management. Development
of mineral resources, prime agricultural lands, or
industrial areas can place differing requirements on
a developing road system.

An entire road system may be evaluated in terms
of several economic development scenarios. The sce-
nario most 1likely to occur with promotion of the
public and private sectors may require a road system
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different from the one in place. The system should
then be modified and managed in coordination with
development objectives.

The projected traffic in a rural area may not be
sufficient to justify road improvements on the basis
of reduced user costs. A "value-added" approach can
be used for measuring the benefits of increased pro-
duction of natural resource, agricultural, or manu-
facturing outputs resulting from a road investment.
This approach determines the difference in net in-
come to developers, manufacturers, and transporters
of outputs with or without a road investment. The
appropriate value-added approach may range from
estimates and hand~accounting of benefits to samples
of enterprise budgets and linear programming analy-
ses of shadow prices (9,pp.19-46; 10).

MANAGEMENT AND FINANCE OF NATIONAL FOREST ROADS

Appropriated Funds and Purchaser Credit

Once the planning of resources management and of
road systems has been accomplished, agency coopera-
tion with other public and private bodies takes
place, not only in the development and use of forest
resources but in the finance of roads needed to sup-
port commercial and public activities. The Forest
Service is often involved in cooperative road work
and ownership with other jurisdictions, if such work
or joint ownership is essential to providing access
to national forests or other lands managed by the
Forest Service (1ll). Of even greater significance,
however, are the relationships between the Forest
Service and private firms in the financing and man-
agement of roads.

The Forest Service does build national forest
roads from appropriated funds, but purchasers of
timber for commercial purposes are authorized to
build and maintain roads as well (12). Timber pur-
chasers built 5,733 miles of roads in fiscal year
1983 on national forests, while the Forest Service
built 2,016 miles with appropriated funds (13,
P.133). The cost of these purchaser-built roads was
about $131 million and for appropriated roads the
cost was about $252 million; purchaser roads are
generally built to lower design standards and conse-
quently cost less to build.

The timber purchaser may receive credit for the
cost of road work subject to the terms of a timber
sale contract. This purchaser credit may consist of
a sum deducted from the timber purchase amount if
the road is to be used later for national forest
management purposes. The purchaser is required to
build only the minimum standard of road needed to
harvest and remove timber or other products, subject
to environmental regulations (14). If the Forest
Service requires a higher standard road for future
resource protection or administrative purposes, the
Forest Service may enter into a cooperative agree-
ment with the purchaser. In this case, the Forest
Service may construct a road with a combination of
purchaser credit and government funds or furnish the
materials or funds to the purchaser for construction
(15) .

Management of Cooperatively Financed Roads

The Forest Service must actively manage its road
systems because of the variations in use by season,
traffic composition, and location. The agency may
restrict certain types of traffic at certain times
or close roads altogether for land management and
safety reasons (16). For example, if public recrea-
tion use is high during one season, then timber
hauling may be restricted and vice versa. Road
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closure is the most extreme management step and the
agency must coordinate that with other Jjurisdic-
tions, the general public, and private landowners.
When there is no need for a road for a certain pe-
riod, the road may be closed, which protects natural
resources and malntains the investment in the road
and public safety. For example, roads constructed
for seasonal or intermittent use are closed to mini-
mize road and environmental damage and to maintain
public safety. Roads that are not maintainable may
be closed until reconstruction or obliteration.
Short-term roads (i.e., those used only for a timber
harvest); may be closed until obliteration is com-
pleted (17).

The agency may not restrict acdess to property
owners within a national forest. Many parcels within
a national forest are privately owned and the agency
must allow access to them for the owners. Those who
may use roads during restricted or closed conditions
must adhere to rules of use, to conditions of a spe-
cial permit, and may even have to pay a bond to re-
pair any possible damage. Existing mining laws allow
miners the right of entry into national forests for
minerals exploration and development. A special use
permit to miners may require them to perform main-
tenarce or make payment for maintenance expenditures
caused by mining-related traffic (18). In any case,
commercial users are responsible for all traffic-
related maintenance commensurate with their uses.

The Forest Service is responsible for maintenance
necessitated by national forest administrative and
recreation activities. Levels of maintenance for a
road are generally determined by the amount of aver-
age daily traffic (19) on roads ranging from closed
intermittent service roads of any standard to double-
lane, paved roads that provide a high degree of user
comfort (20).

IMPLICATIONS FOR RURAL ROADS MANAGEMENT AND FINANCE

Other rural jurisdictions could rely on public and
private cooperation to build and maintain responsive
road systems., Roads would more readily accommodate
the changing spatial patterns of economic develop-
ment if private developers were to directly finance
the construction of portions of the public roads
system. Rural jurisdictions could share the costs of
new roads with developers, based on the expected
composition of traffic (e.q., development-induced or
general public traffic). A new development may re-
quire a higher standard of road than the current one
because of increased traffic volumes. Construction
of the higher standard road could be financed by the
private development. It may be argued that the pri-
vate sector in the United States already pays for
roads through property and fuel taxes. There is
often little immediacy or spatial sensitivity in the
public sector's allocation of tax revenues to roads
in areas of potential or actual development. It 1is
also perceived in many states and localities that
the financial burdens of such taxes have become ex-
cessive.

The private sector can be motivated to partici-
pate in public roads financing when tax benefits or
profits exist., Outright private ownership of trans-
portation facilities has been newly researched, dis-
cussed, and promoted in the literature (21). It is
questionable whether traffic volumes would be high
enough, the public's transportation objectives nar-
row enough, and the institutional constraints small
enough for privatization of most rural road systems
except in limited areas of private land development.

SUMMARY AND CONCLUSIONS

The Forest Service has developed policies and re-
quirements for integrated resources and roads man-
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agement and for cooperative public and private
financial management of roads. National forest man-
agement plans contain the public's program for pri-
vate sector development and public use of forest
resources. The national forest road systems are

planned and wmanaged Lo cupport those ohiertives. The

public and private sectors cooperate extensively in
the financing of construction and maintenance of
national forest roads.

The general and financial management of national
forest road systems in the United States provides a
unigue but applicable model for the general and
financial management of other rural road systems.
Although myriad land uses, ownership patterns, pub-
lic agencies, and economic prlocities in rural areas
may complicate the application of such a model, the
components of the model are based firmly on the con-
cepts of a mixed capitalist economic system. Yet, it
is rare when economic development objectives and
roads expansion are formally managed by the public

sector in financial cooperation with the private
trainte 0 aw~

sector., Instiiutional and Lc’ul fore
tensive public and private cooperation exist in this
as well as other countries and would have to be
lessened for wider application of this model to take
place.
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Cost-Effective and User-Oriented Sizing of

Rural Roads

SATISH C. SHARMA, AKHTARHUSEIN TAYEBALI, and AL WERNER

ABSTRACT

Analyzed in this paper are two important aspects of road sizing: the common ap-
proach to selecting the 30th highest hourly volume for design hourly volume
(DHV) for all types of road uses; and the development of a cost-effective an-
nual average daily traffic (AADT) criterion for upgrading two-lane rural high-
ways. The study's most important feature is that the road type variable is used
in a more detailed and objective manner than in past studies. The highway sys-
tem for Alberta, Ontario, Canada is investigated and the roads are classified
into six types according to trip characteristics (e.g., trip purpose and trip
length distribution). Based on other road design and traffic data, and economic
cost statistics from Alberta Transportation, a detailed economic analysis is
carried out. The main conclusions of this study are that: (a) the type of road
use is a significant variable that must be considered for appropriate sizing of
roads from the economist's and user's perspectives; (b) to provide a more uni-
form service to the users of various road facilities, it is more appropriate to
use a range of highest volume hours for the design of different types of roads;
(c) the total highway cost is minimized typically at a volume-to-capacity ratio
of 0.35 regardless of the type of road use; and (d) the typical AADT values at
which two-lane rural roads would need upgrading vary from a range of 1,750 to
2,500 for highly recreational routes to 6,500 to 8,500 for commuter routes.

have been (a) the traditional 30th highest hourly

During the recent years of budgetary constraints,
highway authorities have attempted to achieve the
greatest use from the dollar spent. There is an in-
creasing concern about many of the past approaches
to highway design and improvement programming that
have typically been subjective in nature and gen-
erally lacking in economic rationalization (1,2).
The sizing of roads, for example, has not been de~-
finitive under Alberta Transportation policy to
date. The major parameters considered in the past

volume for designing a new facility, (b) the average
annual daily traffic (AADT) volume and safety con-
siderations for upgrading an existing facility, and
(c) the use of level of service B for all applica-
tions including the urban and suburban areas that
fall in the Alberta Transportation jurisdiction.
Another point of concern regarding the current
practice in Alberta and other Canadian provinces is
that, in general, the basis for road-sizing criteria
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has been dependent mainly on U.S. research during
the 1940s and has seldom involved detailed economic
analysis of Canadian primary highways. Also, the
current practice focuses on facility utilization
rather than being reoadway-user oriented. The pur-
pose of this paper is to emphasize the need for eco-
nomic and road-user considerations in designing and
upgrading rural highways.

In particular, this study is concerned with two
aspects of road sizing: a cost-effective AADT cri-
terion for upgrading two-lane rural roads, and the
reexamination of design hourly volume (DHV) from the
road user's perspective. The road use type, or road
user's perspective, ic characterized in this paper
by such variables as trip purpose and trip length
distribution. More specifically, the objectives of
the analysis presented in this paper are to

1. Investigate the effect of road use type on
DHV and prioritization of highway improvements;

2. sSuggcst 2 range o€ highest hourly volumes
suitable for design purpose from the user's perspec-
tive, rather than the commonly used 30th highest
hourly volume, which focuses on facility utilization;

3. 1Investigate a cost-effective volume-to-capac-
ity (V/C) ratio for the design of roads; and

4., Carry out economic analysis for determining
the most appropriate levels of AADT values at which
roads of given geometric design standard and traffic
conditiong should he concidered for improvements.

However, it should be emphasized that the work 1in
this paper is based on a cost-effectiveness method-
ology that is not, in any sense, intended to replace
a benefit-cost analysis.

Presented first in this paper is a brief descrip-
tion of the variables considered in the analysis.
Then methodologies for reexamination of DHV and der-
ivation of highway cost relationships in terms of
the V/C ratio and BAADT are explained. Next the re-
sults and discussion are provided, followed by a
summary and conclusions.

STUDY VARIABLES AND ANALYSIS PROCEDURE

On the basis of a review of literature and Alberta
Transportation experience, the major critical ele-
ments that need to be considered in road sizing are
(a) traffic variables such as road use characteris-
tics, AADT, vehicle classification, and speed-volume
relationship; (b) geometric design variables such as
road standard type, passing sight distance (PSD),
and average highway speed (AHS); and (c) economic
fantars siuch as cost of highway construction, main-
tenance, travel time, and accidents; vehicle running
costs; and discount rate.

All of the previously mentioned factors are con-
sidered in this analysis with Alberta Transportation
statistics as the data base. The economic analysis
methodology and the DHV evaluation included here are
based mainly on concepts previously developed by
Haritos (3), Cameron (4), and Winfrey and Zellner
(5). The classification of the road system under in-
vestigation is based on a recent paper by Sharma (6).

Classification of Alberta Highways According to
Road Use Type

From past Alberta experience, it became evident that
one of the most important variables affecting the
design and upgrading of two-lane highways was the
user/driver consideration reflected by the purpose
and length of trips that involved use of a given
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facility. This user/driver variable was included in
the present analysis by grouping the roads into dif-
ferent categories by using an improved method of
road classification based on temporal volume varia-
tions and road use characteristics (e.g., trip pur-
pose and trip length distribution). The improvea
method, as proposed by Sharma (6), was believed to
be more objective, comprehensive, and statistically
more credible than the existing methods. It involved
the application of such standard computational and
statistical techniques as (a) hierarchical grouping
and (b) Scheffe's S-method of multiple group compar-—
isons. The road system under investigation was clas-
sified into six main types that were found to be
significantly different from each other with respect
to variables such as monthly, daily, and hourly vari-
ations in traffic volume; trip purpose; and trip
length distributions. These types are as follows:

1. Suburban commuter, [e.g., the Permanent Traf-
fic Counter (PTC) site C9 located on Highway 3 east
of Lethbridge];

2. Regional commuter/recreational (e.g., the PTC
site C39 located on Highway 1 west of Secondary Road
791);

3. Rural long distance (e.g., the PTC site C18
located on the Trans-Canada Highway west of Red-
cliff);

4. Rural nonrecreational (e.g., the PTC site
Cl44 located on Highway 2 north of Nampa);

5. Long distance/recreational (e.g., the PIC
site Cl114 located on Highway 16 east of Jasper Na-
tional Park); and

6. Highly recreational (e.g., the PTC site C165
located on Highway 11 near Nordegq) .

The detailed information on temporal volume varia-
tions, trip purpose, and trip length characteristics
of these different types of roads are included in
the paper by Sharma (6).

Road Type and Highest Hourly Volume Characteristics

The highest hourly volume patterns are convention-
ally represgsented by plotting the percent of AADT
volume versus highest volume hours of the year. From
past experience, it is conceptually known that the
road use characteristics of a given route generally
affect such highest hourly volume patterns. This
generalization was found to be true for the highest
hourly volume patterns of various road types ob-
served in the present study. In fact, a statistical
analysis indicated that the type of road use has a
much more significant effect on the highest hourly
volumes compared with other variables such as volumc
of traffic or AADT value. The high demand for travel
on predominantly recreational road sites during only
a few periods of the year accounts for a large pro-
portion of the total annual traffic, but on commuter
road sites, the total annual volumes are more evenly
distributed throughout the hours of the year.

The distribution of hourly volumes associated
with a particular type of road is used as one of the
main variables in this study. All of the 8,760
hourly volumes in a year are considered in the anal-
ysis. The probability that a user will experience a
traffic volume exceeding the nth highest hourly vol-
ume is defined by the relationship

n
P(CON)pp = [100/365(BADT)] | * Vi (1)
i=1

where P(CON), is the percent probability that a
user will experience a traffic volume exceeding the

| 8 ]
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TABLE 1 Vehicle Classification at Typical Road Sites

Vehicle Classification (%)

Road Site and Type PC RV su? HT Remark

C9 - Suburban commuter 84.0 5.0 6.0 5.0 Average of 6 samples
C39 - Regional commuter/recreational 75.0 9.0 6.0 10.0 Average of 3 samples
C18 - Rural long distance 72.0 11.0 7.0 10.0 Average of 15 samples
C144 - Rural nonrecreational 80.0 6.0 73 6.7 Average of 5 samples
C114 - Long distance/recreational 71.0 20.0 4.0 5.0 Average of 4 samples
C165 - Highly recreational 78.0 20.0 2.0 0.0 Guessed

Note: PC = passenger cars; RV = recreational vehicles; SU = Single-unit trucks; HT = heavy trucks.

2Buses are included in SU class.

nth highest hourly volume, and V; is the volume
during the ith highest hour. The probability value
calculated from Equation 1 is also referred to in
this paper as the probability of user congestion.
The hourly volumes, when ranked in decreasing order
of their percentages of AADT, are referred to as
"highest hourly patterns", or "hourly volume signa-
tures."

Road Type and Vehicle Classification

Another important variable in this study is vehicle
classification. Although the proportion of various
types of vehicles will vary within the different
road classes to a certain extent, there will usually
be a significant variation between the classes. For
example, the recreational road sites would be ex-
pected to have a larger proportion of recreational
vehicles, and the rural 1long distance road sites
would generally be expected to have a larger propor-
tion of trucks than would the commuter sites.

The vehicle classification in this study is used
as a variable that is associated with a particular
type of road. Table 1 shows the vehicle classifica-
tion at the typical road sites. (These data are
based on past Alberta Transportation studies.)

Alberta Highways Cost Data

In any attempt to define the costs attributable to
providing a highway 1link, the costs for right-of-
way, construction, maintenance, environmental dis-
ruption, motor-vehicle running costs, accidents, and
travel time might be included. In the analysis pre-
sented here for Alberta, the following cost factors
are used: construction, maintenance, motor-vehicle
running cost, and travel time.

Quantifiable costs related to environmental dis-
ruption (e.g., costs of erosion control, noise
attenuation, and other measures to protect the en-
vironment) can be included in construction costs.
However, unquantifiable costs, (e.g., those for
wildlife disruption) are not included. Accident
costs have not been included here because no Alberta
data were readily available and accident costs can
be considered part of the safety analysis that some
agencies prefer to handle separately.

The highways cost data and the road design data
that follow are based on past Alberta Transportation
studies (7,8) and can be updated to 1982 dollars by
using appropriate inflation factors. RAU-209, RAU-
211, and RAU-213 are road decoign class codes used in
Alberta and refer to rural arterial, undivided, two-
lane facilities with total pavement widths of 9, 11,
and 13 m, respectively. A right-of-way cost of
$4,942/hectare ($2,000/acre) is included in the cost
figures. (Also, these costs apply for the region

east of Red Deer and may vary considerably from area
to area.)

1. Capital costs: $306,180/km for RAU-209,
$364,500/km for RAU-211, and $422,820/km for RAU-213;

2. Annual maintenance costs: $1,600/km for RAU-
209, $1,900/km for RAU-211, and $2,200/km for RAU-
213;

3. Discount rate: 8 percent over a 20-year
sign) life of facilities;

4. Vehicle running costs: The 1979 running costs
given by Ashtakala (7) were updated to 1982 dollars.
The running costs for recreational vehicles (RVs),
however, were not given by Ashtakala (7); therefore,
an average of costs for passenger cars (PCs) and
single-unit trucks (SUs) was estimated to be the
running cost for RVs; and

5. Value of travel time: $7.00/hr for passenger
cars, $7.00/hr for recreational vehicles, $13.30/hr
for single-unit trucks, and $15.30/hr for heavy
trucks (HTs). These values are also in 1982 dollars
and are based on the Alberta Transportation studies
(7,8) .

(de-

Cost-Volume Relationships

It can be observed from these data that the fixed
capital costs for roads are high, and annual mainte-
nance costs are also significant. If the road car-
ries little traffic, the unit agency cost of provid-
ing the roadway is very high; as volume increases,
however, unit cost decreases.

For road user costs (time plus running costs),
lower traffic volumes usually provide the least unit
cost, and as volume increases, the cost to the user
increases because of congestion. Adding the agency
cost (construction cost plus the maintenance cost)
curve and the road user cost curve should result in
a relationship in which, at some volume of traffic,
a minimum total cost of travel will occur.

To compute the total cost relationship as a func-
tion of the volume of traffic, it is necessary to
relate capital and maintenance costs and road user
costs to a common base. Because agency costs are a
function of volume and road user costs are a func-
tion of travel speed, the speed-volume relationships
presented in the 1965 Highway Capacity Manual (HCM)
(9) were used to determine the user costs as a func-
tion of volume and expressed in term of cents per
vehicle kilometer.

Two types of cost-volume relationships were com-
puted for the purpose of this study, unit cost (in
cents per vehicle kilometer) versus V/C ratio, and
unit cost versus AADT.

The agency cost for a particular volume of hourly
traffic was calculated by using the relationship

AC = [100(CC x CRF; , + MC)1/8,760 Vol (2)
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where
AC = agency cost (g¢/vehicle-km);
CC = capital cost ($/km);
CRFj ,n = capital recovery factor for interest rate

i and useful facility life of n years;
MC = annual maintenance cost ($/km); and
Vol = volume of traffic (vehicles/hr).

The first step in determining the vehicle running
cost was to calculate the V/C ratio for a particular
hourly volume of travel and given road traffic and
design conditions. The speed of travel was then es-
timated from the speed-volume cnrves presented in
the HCM (9). Finally, the vehicle running costs were
obtained from the empirically derived tables of
running costs at various speeds (7).

The denominator of the V/C ratio, [e.g., the ca-
pacity (C) of a road facility] was calculated by
using the HCM method for two-lane rural highways.
The walnee of adinstment factor (W) for lane width
and lateral clearance at capacity were assumed to be
0.90, 0.95, and 1.0 for RAU-209, RAU-211, and RAU-
213, respectively. The passenger-car equivalents
(10) of 2 and 1.6 were used for trucks and RVs, re-
spectively.

The travel time cost for a given traffic stream
was calculated by using the following relationship:

TC = {[(PpcTpe + PryTry) + (PsuTsu *+ PntTht)]
+100}[(1/8) - (1/AHS)], or

TC = (TW/100) [(1/S) - (1/BHS)] (3)

where

TC = travel time cost (g¢/vehicle-km);
PpcrPryvsPsusPht = percentages of PCs, RVs, SUs,
and HTs, respectively, in the
traffic stream;
Tpc'Trv'Tsu'Tht = time values for PCs, RVs, SUs,
and HTs, respectively (g/hr);
TW = weighted mean travel time cost;
AHS = the average highway speed or the
desired speed of travel (km/hr);
and
S = space-mean speed of travel pos-
sible at a given volume of
travel (km/hr).

The cost-volume relationship in terms of AAHC
(average annual hourly cost in cents per vehicle
kilometer) versus AADT was developed to exhibit a
measure of economic efficiency that might be used to
minimize the total highway cost as a function of
AADT, which undoubtedly is the most common measure
of traffic volume used by all those who are 1nvolved
in highway transportation. At a given value of AADT,
the traffic volumes for each of the 8,760 hours of
the year were computed from the (highest) hourly
volume pattern associated with a particular type of
road use. The total highway cost for each of the
hourly volumes was then calculated in the manner de-
scribed earlier. The weighted average annual hourly
cost was defined as

8,760
1 [vi(acy + RUC; + TCi)1  (4)
i=1

ARHC = [1/365 (AADT) ]

where

AAHC = average annual hourly cost (g¢/vehi-
cle-km) ;
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ACj ,RUC; ,TC; = the agency cost, vehicle running
cost, and travel time cost, respec-
tively, for the ith hour (¢/vehi-
cle-km) ; and

V: = traffic volume for the ith hour.

RESULTS AND DISCUSSION

Reexamination of DHV Concepts from the User's
Perspective

The DHV is the volume of traffic during 1 hour that
is used as an acceptable operating condition for de-
sign purposes. Traditionally, the determination of
DHV involves the use of a graph showing the highest
hourly volumes of the year according to rank. The
30th highest hourly volume is used by a number of
agencies as the DHV for rural highways on the prem-
ise that the slope of the curve changes rapidly at
that point and it provides the most economical vol-
umes for use in design (l). In a case in which the
slope changes rapidly at some point other than the
30th highest hourly volume, the DHV is chosen at the
knee of the curve.

Highway designers have raised some serious gues-
tions in the past about the validity of the conven-
tional DHV approach (1). One is that the identifica-
tion of the knee of the curve of the hourly volume
distribution can be a difficult matter requiring ex-
cessive judgment (4). Another criticism of the tra-
ditional approach is that 1t focuses on facility
utilization rather than being roadway-user oriented.
The problem of selecting a design hourly volume is
addressed in the HCM, which contains the statement,
"This frequent reference to the 30th highest hour
should not be misconstrued as a recommendation for
rigid adoption, but rather as an example of typical
highest hour relationship and trends."”

Figure 1 shows a plot of the percent probability
[P(CON),] that a user will experience a heavier
traffic congestion than design hourly volume. The
plots are calculated by using Eguation 1. It should
be noted here that detailed analyses were carried
out for a total of 25 road sites in Alberta, but for
the sake of simplicity, only the results for the

HIGHLY LONG DISTANCE / SUBURBAN
RECREATIONAL  RECREATIONAL LDNG 0|STANCE COMMUTER
;. O (et {SITE C165) (SITE C114) (SITE C18) (SITE C9)

1777

25

PERCENTAGE OF TIME THAT USER WILL EXPERIENCE
GREATER VOLUME THAN DESIGN HOURLY VOLUME

0 = 5 L S R B (A 1 1 | S [
20 40 0 80 00 120

HIGHEST HOUR OF THE YEAR CHOSEN FOR DESIGN

FIGURE 1 Percent user congestion as a function
of the highest hour chosen for design.
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typical sites of €9, C18, Cll4, and Cl165 are in-
cluded in Figure 1 and the rest of this section. The
analysis results for the sample site Cl44 (rural
nonrecreational route) were very similar to the re-
sults of site C9, the example of a suburban commuter
route. Also for the sake of simplicity, the other
sample site, C39 (a regional commuter/recreational
route), was excluded from presentations because it
appeared to represent conditions between the sub-
urban commuter site, C9, and the rural long distance
site, Cl8.

If the traditional approach of selecting the 30th
highest hour as the design hour is taken for all
types of road facilities, it can clearly be seen
from Figure 1 that even though each facility will
experience hours equalling or exceeding the 30th
highest hour volume of only 30 hours per year (0.34
percent of all hours), the percent of the time that
a typical user will experience a volume exceeding
that of the 30th highest hour will vary signifi-
cantly with respect to the type of road under con-
sideration. For example, of all the travelers using
the commuter site, C9, only 0.92 percent will expe-
rience user congestion as compared with 1.25 percent
for the rural long distance site, Cl18; 2.2 percent
for the long distance recreational site, Cl1l4; and
3.35 percent for the highly recreational site, C165.
It is therefore obvious that the traditional ap-
proach of facility utilization (e.g., 0.34 percent
facility congestion at the 30th highest hour) does
not provide an equitable transportation service from
the user's perspective.

The user congestion plots such as those given in
Figure 1 would be helpful to the highway authorities
in developing road design policies that consider the
user's perspective. One obvious alternative approach
is to provide a more uniform service to the user by
selecting different design hours for different types
of road uses. For example, to provide a service that
permits a 1.5 percent user congestion, the highway
agency can select a design approximately correspond-
ing to the 50th highest hour for a commuter route,
whereas the rural 1long distance, long distance/
recreational, and highly recreational routes could
be designed to the 35th, 20th, and 10th highest
hours, respectively. (The use of the 10th highest
hour in designing a highly recreational route may
seem to be an overdesign but the tourism business is
so important in some provinces that this has become
necessary.)

Cost-Effective Volume-to-Capacity (V/C) Ratio

Figure 2 exhibits cost-volume relationships for the
typical road sites. For the highway cost data as
used in this study, it is evident that the total
(agency plus user) unit cost (CT) for all the sites
is at a minimum level corresponding to a V/C value
of about 0.35. The magnitude of the minimum cost
varies because of the values of travel time and the
vehicle mix associated with a particular type of
road site. The rural long distance site, C18, oper-
ates at a most expensive level because it carries
the highest average percentage (17 percent) of
trucks for which the value of travel time is consid-
ered to be higher than that of passenger cars or
recreational vehicles.

Although the location of the minimum cost point
shown in Figure 2 lends some credibility to provid-
ing level of service B as a design criterion, there
are several factors that will affect the analysis
and cause a shift of the minimum cost point. These
factors include increased construction and mainte-
nance costs in difficult terrain and the perception
of travel time value.
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FIGURE 2 Cost versus volume-to-capacity ratio
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The literature on travel time value (ll) suggests
that the long distance travellers attach more impor-
tance to the amount of travel time saved and its
dollar value than do the short distance travellers.
Comfort and convenience are also considered to be
more important for long distance trips. If these
factors were considered in the analysis and differ-
ent travel time values were assigned to the differ-
ent road sites depending on the trip length distri-
bution, then the suburban and regional commuter
roads would have the cost minimization at the higher
V/C ratio than the long distance or provincial and
interprovincial roads.

AADT as a Criterion for Upgrading of Roads

Figures 3-6 show certain cost relationships in which
the unit costs are plotted against AADT values. Each
of these figures is drawn for a different sample
site and contains three types of curves: (a) the
annual average hourly cost as calculated from Equa-
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FIGURE 3 Cost versus AADT curves for site C9
(RAU-211; AHS = 100 km/hr; PSD = 80 percent).
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FIGURE 5 Cost versus AADT curves for site C114
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tion 4 wversus AADT; (b) the total unit cost (CT)
curves for the 10th, 30th, 50th, and 100th highest
hours; and (c) the road user cost during the 30th
highest hour [UC(30th)] as a function of AADT.

The minimization of AAHC cannot be taken as an
appropriate criterion for upgrading (or designing)
two-lane roads because, before the AAHC reaches a
minimum value, hundreds of highest hours would expe-
rience user congestion--an unacceptable situation
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FIGURE 6 Cost versus AADT curves for site C165
(RAU-211; AHS = 100 km/hr; PSD = 80 percent).

from the user's point of view. But the AAHC curves
along with the other cost curves in Figures 3-6 ap-
pear to help in establishing the appropriate values
of AADT at which the roads of different types should
be upgraded.

By taking the example of rural long distance site
Cl1l8 and carefully examining the various cost curves
of Figure 4, a number of interesting points can be
made. One is that the AAHC, which includes both the
agency cost and the user cost, is very high at low
AADT values and the rate of increase of AAHC 1s par-
ticularly high for AADT values less than 4,000. An-
other observation is that, when the total agency and
user costs during the 10th, 30th, 50th, or 100th
highest hour are considered, the highway cost is
minimized at an AADT value between 3,000 and 4,000.
Finally, the plot of user cost during the 30th high-
est hour appears to indicate that the user cost
starts increasing rapidly beyond the 3,000-4,000
AADT range, The plots of user costgs during other
sample hours, (i.e., the 10th, 50th, and 100th) were
excluded to avoid overcrowding the fiqures. More-
over, the results would not be affected by including
the user costs during those hours.

The AADT ranges at which the highway costs for
other examples are minimized during the selected de-
sign hours are 4,500-5,500 for the commuter site,
Cc9; 2,000-3,000 for the long distance/recreational
site, Cl14; and 1,000-2,500 for the highly recrea-
tional site, Cl65. These are also the RADT ranges at
which the user costs start increasing rapidly.

Figures 3-6 may also be used to compare the AADT
values resulting in the minimum highway cost if a
user congestion of 1.5 percent is permitted for all
types of roads. As mentioned previously, a 1.5 per-
cent user congestion corresponds to the 50th highest
hour for site C9, the 35th highest hour for site
Cl8, the 20th highest hour for site Cl1l4, and the
10th highest hour for cite C165. The values of AADT
at which minima occur are 4,500, 3,500, 2,300, and

t
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1,250 for sites C9, Cl18, Cl14, and Cl65, respec-
tively.

Another interesting observation that can be made
from these figures concerns the user cost increase
rate with respect to AADT beyond the range where the
total cost minimization occurs. It is evident that
this rate is lowest in the case of the commuter
site, C9, and highest in the case of the highly
recreational site, Cl65. The user cost increase rate
is higher for the long distance/recreational site,
Cl1l4, as compared with the rural long distance site,
c1s.

The plots of Figures 3-6 correspond to the road
standard RAU-211 with an average highway speed (AHS)
of 100 km/hr and a passing sight distance (PSD) of
80 percent. The costs were also computed for other
road standards (e.g., RAU-209 and RAU-213) and PSDs
(e.g., 0 and 100 percent). Other variables being
constant, it was generally found that the higher the
road standard, the higher will be the value of AADT
at the point of cost minimization. For example, if
site C18 is considered with 1.5 percent user conges-
tion, the AADTs for the minimum costs will be
approximately (a) 3,250 for RAU-209 with 80 percent
PSD and (b) 3,750 for RAU-213 with 80 percent PSD,
as compared with a value of 3,500 for RAU-211 with
B0 percent PSD,

Importance of the Road Use Variable

The analysis carried out for this study clearly in-
dicates that the consideration of the road use type
is one of the most important variables affecting the
sizing of rural highways. It may even be stated that
for a project such as this the road use variable is
more important than the vehicle classification (or
percent trucks) variable that is widely wused in
traffic engineering studies.

Figure 7 shows the importance of the road classi-
fication (RC) variable as compared with the vehicle
classification (VC) wvariable. It may be recalled
that the RC variable has been characterized in this
paper by the highest hourly pattern or hourly volume
signature exhibited by the road under consideration.
In Fiqure 7(a), the road classification (RC) is
varied while the vehicle classification (VC) is kept
constant at a PC of 72 percent, an RV of 11 percent,
an SU of 7 percent, and an HT of 10 percent--the
same vehicle classification as that of site C18
(i.e., VC18).

However, in Figure 7(b) , all the plots use the
same RC or hourly volume signatures as that of site
C1l8 whereas the variable VC is assigned the values
vC9, VCl1l8, vCl1l4, and VCl65, which are the vehicle
classifications for C9, C18, Cl14, and Cl65, respec-
tively. (Note that the notations such as RC18, etc.
represent the road classes or hourly volume signa-
tures of the various sample sites such as C18, etc.)

It is obvious from these figures that road use
type greatly influences cost minimization in rela-
tion to AADT. A two-lane recreational route would
require upgrading at a much lower AADT value than a
two-lane commuter route from the perspectives of
total highway cost and user cost. The overall high-
way cost levels are higher for roads carrying a
higher percentage of trucks because of the higher
value of time allocated to these vehicles.

Testing of Results and Further Comments

The study results pertaining to the minimization of
highway costs as a function of AADT were tested by
comparing them with the actual practice by Alberta
Transportation of upgrading two-lane roads.
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As mentioned earlier, upgrading two-lane roads to
three- or four-lane facilities has not been defini-
tive under Alberta Transportation policy to date. In
the past, facilities have been reconstructed on the
basis of need, as dictated by traffic demand and
safety. In one of its reports (12), Alberta Trans-
portation indicated that "expansion to four-lanes
will not be undertaken until volumes reach the 6,000
to 8,000 AADT range." However, since the time of
that report, the province has received a large num-
ber of user complaints about the poor level of ser-
vice provided by some of the two-lane roads carrying
volume ranges of 2,000 to 4,000 AADT. In many such
cases, requests were made to upgrade these roads to
four-lane standard.

Table 2 includes a list of two-lane roads typi-
cally of RAU-211 standard with AHS equal to 100
km/hr and PSD equal to 80 percent that were expanded
to four-lane standard during the last several years.
The upgrading of some sections of Highway 1 (Trans-
Canada Highway) at a range of 3,000 to 5,000 AADT
might have been perceived by some as political or a
result of public pressure at the time. But the re-
sults of this study indicate that there is good jus-
tification from both the economic and user consider-
ations to upgrade rural long distange roads at AARDT
values in the range of 3,000 to 5,000.

As shown in Table 2, the recent cases of road up-
grading in Alberta have been for three types of
roads: (a) suburban commuter, (b) regional commuter/
recreational, and (c) rural long distance. A careful
examination of the actual practice and the results
of this study, such as those shown in Figures 3 and
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TABLE 2 Some Recent Alberta Examples of Two-Lane Roads
Upgraded to Four-Lane Standard

Year of Estimated
Upglac.'l- AADT Beforc
Road Section ing Upgrading
Rural long distance sites
Highway 1 west of Highway 36 1981 4,490
Highway 1 east of Secondary Road 550 1982 4,250
Highway 1 east of Secondary Road 873 1983 3,110
Highway 1 east of Redcliff 1981 4,500
Highway 1 west of Highway 41 1983 3,120
Regional commuter/recreational sites
Highway 1 east of Medicine Hat 1983 5,650
Highway 1 east of Highway 21 1981 5,100
Highway 2 south of Morinville 1984 5,430
Highway 16 east of Highway 22 1983 5,160
Highway 16 east of Elk Island Park 1982 5,500
Suburban commuter sites
Highway 1 west of Highway 3 in Medicine Hat 1981 8,000
Highway 2 north of St. Albert 1984 9,180

Noie. Twosanc roads v

PSD = 80 percent.

* 2f RAYILA11 etandard with AHS = 100 km/hr and

4, appears to indicate that an appropriate range of
AADT for upgrading is past the minimum cost point
when the total highway cost starts to increase rap-
idly.

There is another example regqarding the planned
upgrading of the Yellowhead Highway (Highway 16)
during the next few years. This highway west of
Wabamun Lake to Jasper National Park is a two-lane
facility with provisions for climbing lanes in some
places, It represents a rural long distance/recrea-
tional function except in the vicinities of towns
(e.g., Edson) where the function changes partly to
commuter or regional trips. The estimated AADT on
the 1long distance/recreational portions that now
varies between 2,300 to 3,750 is expected to in-
crease to between 2,500 and 4,000 at the time of up-
grading. This range of AADT for upgrading a long
distance/recreational route is also suggested by the
results of this study.

According to these results, a two-lane highly
recreational route such as the one represented by
site C165 would require upgrading at an AADT value
in the range of 1,500 to 2,500. It may be rare, how-
ever, to have a route with a high volume such as
2,000 (note that the present AADT at Cl65 is 700). A
similar comment about the nonrecreational rural
routes can also be made here. As mentioned earlier,
the cost-volume characteristics of nonrecreational
routes are similar to those of the local or suburban
commuter: therefore, a nonrecreational rural route
with a RAU-211 standard classification and a PSD of
80 percent should require upgrading at an AADT above
6,000; however, these roads carry only a low volume
of traffic that generally varies between 1,000 and
3,000 in Alberta.

It should be noted that the term "upgrading™ does
not necessarily refer to a four-lane option only--
other options, such as shoulder widening or three~
laning, may be appropriate in a number of situa-
tions. Also, even though the analysis, such as that
presented here, includes many variables (e.g., road
type, vehicle classification, AADT, geometric design
variables, and various highway costs), other inves-
tigations (e.g., the conventional benefit/cost study
involving various matters as safety considerations
and possible changes in flow patterns because of up-
grading) should also be carried out before a final
decision is made. In other words, the AADT criterion
as proposed in this research should be used to es-
tablish a preliminary prioritization of highway im-
provements.
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SUMMARY AND CONCLUSIONS

This paper analyzes two important aspects of road
sizing, PFirst, it reexamines the common approach of
gselecting the 30th highest hour for design hourly
volume (DHV) for all types of road uses. Second, it
develops a cost-effective AADT criterion for upgrad-
ing two-lane rural highways.

The most important feature of this study is that
it uses the road type variable in a more detailed
and objective manner than in previous studies. Al=-
berta's highway system is investigated and the roads
are classified into six types according to trip
ocharaoteristios such as trip purpnse and trip length
distribution. These characteristics are

* suburban commuter,

* regional commuter/recreational,
rural long distance,

rural nonrecreational,

* long distancs/recreational, and

highly recreational.

Based on other road design and traffic data, and
economic cost statistics from Alberta Transporta-
tion, a detailed analysis is carried out that at-
tempts to make the DHV approach more user-oriented
and minimize the total cost of highway transporta-
tion for upgrading two-lane roads. The main conclu-
sions of this study are as follows:

1. Road use type is a significant factor that
must be considered for appropriate sizing of roads
from the economist's and user's perspectives.

2, If the traditional approach of selecting the
30th highest hour as the design hour is taken for
all types of road uses, it is clear that, even
though each facility will experience hours equalling
or exceeding the 30th highest hourly volume during
only 30 hours per year (0.34 percent of all hours),
the percent of the time that a typical user will ex-
perience a volume exceeding that of the 30th highest
hour will vary significantly with respect to the
type of road under consideration. For example, of
all the travelers using the commuter site, C9, only
0.92 percent will experience user congestion as com-
pared with 3.35 percent for the highly recreational
site C165.

3. An obvious alternative DHV approach will be
to provide a more uniform service to the users by
selecting different design hours for different types
of road uses. Por example, to provide a service that
permits a l.5-percent user congestion, the highway
agency can select a design corresponding to approxi-
mately

a. The 50th highest hour for suburban and rural
nonrecreational routes;

b. The 40th highest hour for regional commuter/
recreational sites;

c. The 30th to 35th highest hour for rural long
distance sites;

d. The 20th highest hour
recreational sites; and

e. The 10th to 15th highest hour for highly rec-
reational routes.

for long distance/

4. The total unit cost versus volume-to-capacity
curves indicates that the total highway cost is min-
imized typically at a V/C ratio of 0.35 regardless
of the type of road use. However, there are several
other factors that may cause a shift of the minimum
cost V/C point (e.g., the perception of the value of
travel time).

5. The cost versus AADT curves developed in this
study and the actual practice followed by Alberta
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Transportation indicate that the AADT can be used as
a good criterion for cost-effective and user-ori-
ented upgrading of two-lane roads. The AADT values
at which the total highway costs are minimized dur-
ing certain selected highest hours (i.e., 10th,
30th, 50th, and 100th) vary significantly from one
road type to another. The geometric design vari-
ables, such as the road (RAU) standard, average
highway speed, and PSD also affect the value of AADT
at which cost minimization occurs. The analysis also
indicates that for the purpose of upgrading two-lane
roads, road use type is a more significant variable
than vehicle classification.

6. On the basis of results and the experience
gained from this study, the suggested typical ranges
of AADT for the purpose of prioritizing the upgrad-
ing of two-lane roads are

a. 6,500 to 8,500 for suburban commuter and
rural nonrecreational routes;

b, 5,000 to 6,500 for regional commuter/recrea-
tional routes;

c. 3,750 to 5,000 for rural long distance routes;

d. 2,500 to 3,750 for long distance/recreational
routes; and

e. 1,750 to 2,500 for highly recreational routes.

It is believed that the analysis presented in
this paper contributes toward the clarification and
further understanding of the DHV considerations and
cost-effective criteria for upgrading two-lane rural
highways. It is hoped that this will lead highway
agencies to invest more wisely not only from the
economist's viewpoint, but from the user's viewpoint
as well.
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Texas Highway Finance: The Highway Cost Index

MARK A. EURITT, KENNETH J. CERVENKA, €. MICHAEL WALTON,

LEIGH B. BOSKE, and W. NORTON GRUBB

ABSTRACT

The major era of highway development in 'exas, and in the United States in yen=-
eral, began with the creation of the Federal Highway Trust Fund and the 1956
initiation of the Interstate highway program. By the 1970s, dedicated revenues
flowing into state and national highway trust funds were lower than expected,
which resulted in the recognition of an impending financial shortfall. Reviewed
in this paper is Texas' experience with a new funding approach, the Highway
Cost Index (HCI). Discussions are presented on the major activities and events
that preceded the adoption of House Bill 3, which established the HCI in 1977;
the structure of the HCI; and on two of the major problems encountered during

its operation that caused it to fail.

In the early 1970s, the Texas State Department of
Highways and Public Transportation (SDHPT) experi-
enced a highway planning and funding dilemma. The
cost of highway activities, mainly construction and
maintenance, was increasing. Financial resources
available to the state were lower than had been
originally forecast. Dedicated revenues flowing into
the state (and national) highway trust funds were
lower than expected and this resulted in a financial
shortfall.

In response to this funding dilemma, the State
Legislature adopted House Bill 3 (H.B. 3) in 1977,
which created a new mechanism for highway funding.
This mechanism was established, in part, to provide
increased funding without increasing taxes by uti-
lizing a part of the state's large budget surplus. A
major aspect of H,B, 3 was the measure of increased
oversight and budgetary control that was created by
the formation of the Highway Cost Index (HCI) Com-
mittee. The HCI Committee, which included the gov-
ernor, the lieutenant governor, and the comptroller
of public accounts, would periodically review and
certify index numbers that directly affected the
annual program activities of the SDHPT. House Bill 3
increased funding by providing for the inclusion of
general funds in the State Highway Fund when dedi-
cated highway revenues failed to meet a specified
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funding level. The traditicnal "user pay" pelicy,
the form of dedicated revenues, was linked with non-
user or general fund revenues to ensure a sustained
level of state highway activity.

This paper contains a review of Texas' experience
with this new funding approach. The first section
provides a discussion of the major activities and
events that preceded the adoption of H.B. 3. Follow-
ing this are reviews of the structure and procedures
of the HCI, and of two of the major problems en-

countered during its operation.

THE FUNDING DILEMMA

In June 1975, the management consulting firm of
McKinsey and Company was hired by SDHPT to conduct a
comprehensive and objective year-long evaluation of
the department's highway program. It had become evi-
dent before this time that SDHPT was committed to a
large backlog of construction projects. (Construc-

tion projects include right-of-way, acquisition,
rehabilitation, and reconstruction.) Because of the
anticipation of a financial shortfall over a 20-year
period, there was growing concern that most of these
projects would never be completed.

Anticipated Revenues

Because of steady increases in the number of vehi-
cles and the total miles of travel in Texas, motor
vehicle registration fees and motor fuel taxes have
been increasing consistently over the years. From
1955 to 1975, revenues from state sources grew at an
average rate of 6 to 7 percent per year. However,
inflation rates have also been rising. Construction
costs in Texas increased 3.2 percent per year from
1955 to 1965, 7.0 percent per year from 1965 to
1971, and 19.0 percent per year from 1971 to 1975.
Just as the inflation rate was increasing, there
was a growing concern that the rate of increase in
revenues would decrease as many Texas drivers pur-
chased smaller, more fuel-efficient automobiles and
were forced to drive at lower, more economical
speeds. Decreases in fuel consumption were also ex-
pected to decrease the amount of construction reim-
bursement monies available from FHWA (FHWA). Fore-
casts by the McKinsey/SPHPT study team indicated
that only $1.9 billion in constant 1975 dollars
would be available from 1976 to 1995 for reduction
of the construction backlog. It was conciuded that
without new revenue sources, virtually all state
revenues would be absorbed by nonconstruction expen-
ditures. By 1985, only $20 million (in 1975 dollars)
would be available for use toward the reduction of
the construction backlog, and only $28 million (in
1975 dollars) would be received from FHWA. From 1976
to 1995, a total of only $120 million (in 1975 dol-
lars) would be available for reduction of the back-

log.

The Construction Backlog

When the McKinsey study began, SDHPT estimated that
the value of the 20-year backlog of construction
projects was $5.2 billion (in 1975 dollars). The
McKinsey/SDHPT study team, however, carefully ex-
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amined the cost figures of these projects and rein-
terpreted the definition of a project backlog. The
revised inventory of committed projects included all
projects

l. On which a formal action or commitment had
been made by SDHPT (e.g., a minute order of the com-
mission, public speeches, the construction of the
first stage of a project);

2. That identified the existence of a "gap"--a
short section of unimproved roadway on an otherwise
improved highway; and

3. For which there was the expectation that a
facility would be maintained at a safe level of ser-
vice, without recurring periods of intense conges-
tion.

The addition of the newly identified projects and
the revision of all construction and right-of-way
costs resulted in a backlog increase (in 1975 dol-
lars) from $5.2 billion to $10.9 billion. New esti-
mates for rehabilitation costs were later produced,
resulting in a 20-year committed backlog of §$11.8
billion.

A major objective of the McKinsey study was the
examination of the projects in this $11.8 billion
backlog. The central question was, "How did the con-
struction backlog get so large?" Aside from infla-
tion, one possibility was that there may have been
major limitations in the traditional project-
oriented approach to planning. Four major problem
areas were identified:

* Authorization of too many projects;

* Requirement of large-scale, rigid responses;

* Preparation of too many detailed designs; and

* Assumption that adequate funding was avail-
able.

Public requests for projects were commonly autho-
rized, with no detailed evaluation of the project in
relation to the total highway system or the avail-
ability of funds. The McKinsey Report cited, as fur-
ther examples, large and costly highway designs
where (in the study team's opinion) simpler designs
might have been adequate.

Confronted with limited funding and rising costs,
a new approach to highway planning was recommended:
the development of a balanced statewide system that
would result in maximum benefits for a given level
of funding. This was accomplished by providing for
the transfer of general state revenues to the State
Highway Fund (SFD) to supplement dedicated-tax reve-
nues so that a guaranteed level of funding could be
attained. The amount of general revenue to be trans-
ferred each year was determined by the following
formula:

General revenue transfer = (base amount x HCI)
- dedicated revenue.

The implication was that Texas should build a
practical highway system for near-term needs rather
than an ideal one for the needs of the distant
future--system benefits, rather than individual
project benefits, should be maximized. Once a fund-
ing level was established for the entire state, the
projects submitted by the districts would be se-
lected by the SDHPT on the basis of how much they
would contribute to the overall statewide system.

THE HCI

The HCI was designed to maintain the 1979 level of
highway services (4750 million) by measuring and
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compensating for the impact of inflation on the
costs of construction, maintenance, and operations--
the three functional areas of highway activity. This
was accomplished by comparing the combined weighted-
average costs of construction, maintenance, and
operations in the current fiscal year to what they
were in the 1979 base year.

The SDHPT established a detailed record-keeping
system for identifying relevant costs whereby the
major expenditure activities of each functional area
could be divided sequentially into increasingly dis-
aggregated classes of expenditure denoted as catego-
ries, elements, and control items. For example, the
functional area of maintenance contains categories
of expenditures for maintenance materials, contracts
and lease services, fuels, and highway equipment.
These categories would be subdivided into 13 ele-
ments and 24 control items. The Texas Highway Cost
Index Procedures manual defines the cost index for
each step as "the summation of the products obtained
by multiplying each of its respective cost indices
by their corresponding usage factors or weights."

PROBLEMS WITH THE HCI

In the determination of the total state revenues for
the SDHPT, the HCI and state-dedicated revenues must
be forecast. Then, at the beginning of the fiscal
year, the total dedicated revenues of the SDHPT must
be set by multiplying the forecast HCI by $750 mil-
lion. These dedicated revenues have two components:
forecasted dedicated revenues, and a general revenue
transfer equal to total dedicated revenues (8750
million times the forecasted HCI) minus forecasted
dedicated revenues.

At the end of the fiscal year, when actual values
for the HCI and dedicated revenues are known, cor-
rections must be made. Revenues for SDHPT are cor-
rected by determining the difference between what
revenues should have been (the true HCI times $750
million) and the dedicated revenues (the forecast
HCI times $750 million). Thus an underforecast of
the HCI leads to additional revenues at the end of
the fiscal year and an overforecast leads to the
loss of revenues. (More precisely, any correction is
added to or subtracted from the following vyear's
certified revenues.) At the same time, the actual
amounts of the dedicated revenues become known, and
a correction in general revenue transfers is made.
Therefore, errors in forecasting create two distinct
problems: (a) a planning problem for the SDHPT, be-
cause incorrect forecasts of the HCI generate incor-
rect revenues that must be corrected later, and (b)
the incorrect transfer of general revenue funds,
which, under some conditions, may affect other state
programs.

The forecasting of the HCI and general revenues
became a problem because of serious errors in fore-
casting in the years following the adoption of the
HCI. Table 1 gives information on various forecasts
of the HCI, when they were made, and how they com-
pare with the actual HCI for each fiscal year since
the HCI forecasting procedure went into effect.
(During fiscal years 1978 and 1979, the first years
under House Bill 3, the HCI was assumed to equal
100.0.)

The data in Table 1 indicate that the HCI fore-
casts for 1981, 1982, and 1983 were consistently
high and off by large amounts. Adjustments caused by
these overestimates resulted in significantly re-
duced revenues in succeeding fiscal years. The ef-
fects of these overforecasts are even more signifi-
cant considering that $7.5 million is associated
with one point of error in the forecasts. In fiscal
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TABLE 1 Forecast and Actual Values of the HCI

Fiscal Date of Forecast Actual
Year Forecast HCI HCI
1980 - 109,16 122.04
1981 =8 118.16 113.80
1982 1980 151.43 120.15
1983 1980 162.97 120.15
1984 1982 143,51 127.85°
1985 1982 155.32 138.72°

8 These two ‘“forecasts,’” made in 1979, were determined by avail-
able general funds and not by u forecasting technique. The regular
forecasts would have required more general funds than were avail-
nble.

Kepresents torecasts made in April 1984,

years 1982 and 1983, the overforecasts amounted to
$234.6 million and $319.8 million, respectively, and
$117.4 million and $169.5 million for 1984 and 1985,
respectively. Because of the correction mechanism in
the House BDill 3 formula, any overforecasts of the
HCI would lead to revenues being taken back at the
end of the fiscal year. Thus, these overestimates
make it extremely difficult for financial planning.

When the HCI is broken down into its three major
components, it becomes clear that the major error in
forecasting the HCI comes from the construction com-
ponent. The basic reason underlying this is the 4dif-
ficulty in forecasting energy prices. Energy prices
are most important to construction coste and least
important to operation costs (which are largely per-
sonnel costs), and are somewhere in between for
maintenance. The large overforecasts of construction
expenditures can therefore be explained partly by
the fact that, although most forecasters in the
early 1980s thought energy prices were going to in-
crease steadily, energy prices actually stabilized
in the early 1980s,

Also, beginning in 1981, increased competition
from construction apparently drove down bids sub-
mitted for construction projects, a phenomenon that
was not foreseen and not included in HCI forecasts.
Because the construction component of the HCI is
based on bids submitted by contractors, it is an im-
portant variable in the forecasting procedures.

In addition to forecasting difficulties, the HCI
also had a theoretical flaw in its construction. The
HCI was designed to measure price inflation associ-
ated with the cost of individual inputs for provid-
ing highway services rather than price inflation
associated with the cost of producing outputs for
highway services. The latter should cause signifi-
cant concern. However, this problem would not be
significant if, from one year to another, similar

Transportation Research Record 1009

types of projects (e.qg., the construction of a new
mile of road on the Interstate system or the reha-
bilitation of a mile of road on the state system)
required the same ratio of input to outputs (e.g.,
the exact same amount and kind of machinery, man-
hours, cubic yards of earth removal, etc.). Wnen Lh&
ratio of inputs to outputs changes, so does the pro-
ductivity from providing highway services. As pro-
ductivity increases, the cost per unit of output
might well decrease, even in the face of rising
prices for inputs. The difficulties of creating re-
liable measures of outputs of highway services are
well known; yet, some effort should have been made
to establish one or more output indices, whatever
their weaknesses, to determine changes in produc-
tivity and to gauge the real impact of price infla-
tion on the provision of highway services.

CONCLUSIONS

Bfter 6 years of operation, the Texas legislature in
its first 1984 special session voted to discontinue
the use of the HCI procedure. In place of the gen-
eral revenue transfer, fuel taxes were increased to
10 cents per gallon and motor vehicle registration
fees were also increased. The HCI mechanism did not
provide the desired stability for highway funding.
Unpredictable energy prices as well as a mix of
othar factors created considerable concern over the
basic utility of the index. Although the index it-
self did not succeed, it served as a catalyst for
major discussions on highway finance.

During the past decade, the SDHPT has performed a
number of planning studies that have affected their
programming operations. These studies are seen to be
evolving toward a rational cost-benefit concept of
balancing mobility and preservation reguirements
with financial constraints. Priority or preference
assignment predicated upon such a concept can be a
means of ensuring goal attainment, effective manage-
ment, and accountabllity,

This paper reflects the views of the authors, who
are responsible for the contents, facts, and the ac-
curacy of the data presented herein. The contents do
not necessarily reflect the official views of the
institutions they represent. This paper does not
constitute a standard, spacification, or regulation.

Publication of this paper sponsored by Committee on
Taxation, Finance and Pricing.
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Highway Bond Financing, 1962-1982:

JOHN DOYLE and DANIEL C. FALTER

ABSTRACT

The current emphasis on rehabilitation of the nation's public works infrastruc-
ture suggests that state and local highway officials will be considering the
use of additional debt financing. Coincidentally, there is a growing concern
over the magnitude of outstanding public debt. This paper provides an examina-
tion of state and local highway debt financing from 1962 through 1982. For
state highways, 10 eastern states accounted for nearly two-thirds of new debt
assumed during the study period. Toll facility debt remained relatively con-
stant over the period, falling from two-thirds to only one-third of total state
highway debt. A significant trend at the state level has been the increased
emphasis on issuance of general obligation bonds and the declining use of lim-
ited obligation and revenue bonds. The relative importance of bond funds as a
source of state highway construction has changed only moderately. The propor-
tion of road-user taxes used for debt service payments doubled during the study
period. Municipal highway debt and local debt incurred for highway-related pur-
poses grew at about twice the rate of state highway debt. On a per capita
basis, total state and local highway debt increased at a much lower rate than
total dollar debt. The study revealed that there was significant variation in
the manner in which debt was used by individual states to finance highways. The
growth in highway debt has generally been conservative when compared with other

An Examination
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major categories of debt.

Financing through debt is a basic tenet of a capi-
talistic system. Debt financing not only allows in-
dustry and business to build and expand, but con-
tributes largely to the development of the public
infrastructure. Without debt financing, many major
U.S. highways and bridges would not have been built.

The economic advantages of debt are not particu-
larly complex. When practiced with prudence and in-
telligence, debt acquisition can provide similar
benefits to an individual, a private firm, or a pub-
lic entity. High on the 1list of justifications for
debt financing are

1. The inability to finance projects or acquire
goods with current revenues and cash flows;

2, The realization that the present value of
money is greater than the future value of money to
the borrower; and

3. The greater derived benefits of debt over the
cost of debt.

However, there is growing concern among public
officials and taxpayers over the magnitude of public
debt. There is also an awareness of costly failures
in the banking and nuclear plant construction indus-
tries that have resulted largely from poor debt man-
agement. Coincident with these concerns, there is a
growing emphasis on the need to rehabilitate and
maintain the highway infrastructure. Conseguently,
many highway officials will, at some point, have to
address the issue of debt financing and their deci-
sions that follow will attract the scrutiny of state
legislators and the public. The purpose of this
paper is to examine the trends and patterns of high-
way debt over the past 21 years. Included are an
examination of

* State highway obligations,

* Sources of highway construction funds,

* Debt service requirements,

* Local government debt (highway related),

* Per capita highway debt, and
* Highway debt versus other debt.

Previous work in this area was done by Duzan et al.
in 1952 (1) and McCallum in 1963 (2). This paper may
be viewed as an extension of these previous efforts.
[Note that short-term debt and refunding bonds
(bonds sold to retire existing bonds) are not in-
cluded in the study; and the term "highway" is used
in this paper to refer to state highways, county
roads, and city streets.]

HISTORY OF HIGHWAY BOND FINANCING

Bond financing has been an important factor in fi-
nancing highway construction throughout this cen-
tury. The 1920s saw the first significant use of
bond proceeds relative to other revenue sources;
nearly 40 percent of construction was financed with
bond funds. Several states financed major highway
programs almost exclusively with bond authoriza-
tions. The 1930s saw several major projects funded
through bond issues (e.g., San Francisco Bay Bridge,
Pennsylvania Turnpike). However, because of 1large
infusions of federal aid, the relative amount of
bond financing decreased to about 20 percent of
total construction. The 1940s were characterized by
two distinct periods of activity: (a) very limited
construction levels, and thus bond sales, during the
war years; and (b) rapid acceleration of highway
building in postwar years with about $2.2 billion in
new debt assumed at state and local levels.

Borrowing for highway purposes increased dramati-
cally during the 1950s, with 39 states and the Dis-
trict of Columhia incurring almost $10 billion in
new debt. Outstanding debt for all types of obliga-
tions increased from $1.5 billion to $9.4 billion.
Ten states located in the northeast and north cen-
tral regions issued more than $400 million in bonds
and accounted for almost two-thirds of new highway
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obligations between 1950 and 1960. The principal use
of bond funds in these states was for the construc-
tion of major turnpikes.

STATE HIGHWAY OBLIGATIONS

State Bonding Practices

During the 21 years of this study, 41 states and the
District of Columbia issued or assumed $24.8 billion
in highway obligations. This assumed debt is approx-
imately 50 percent greater than obligations issued
during the previous 60 Yyears. New lssues CLur Lhe
1962-1982 period are indicated in Figure 1 (3, Table
SB-1), split between toll and free facilities.
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Great variation exists among the states with re-
spect to bonding practices. Nine states, all 1lying
west of the Mississippi River, assumed no debt for
either free highways or toll facilities during the
21-year period. These states were generally rural
with relatively small populations. Nine additional
states issued bonds during 5 or fewer years over the
period; again, these were primarily western states
with low population densities (Indiana and Michigan
are exceptions). Ten states incurred highway debt
exceeding $1.0 billion each during the 21 vyears; the
total for these states ($15.4 billion) amounted to
62 percent of all state highway debt for the period.

states, WNew Jersey and Pennsvlvania.

Mhem ~F bb‘\nn
I <Tnese otTates, New Jeree

accounted for one-fifth of total obligations. The 10
states all lie east of the Mississippi River and are
characterized as urban with relatively high popula-
tion densities.

The bonding practices followed by these various
groups of high- and low-debt states are consistent
with trends in existence since World war II. Rural
western states have generally managed to meet their
lower construction needs with state funds and fed-
eral aid, whereas many eastern states with greater
population pressures have required additional funds
to provide needed facilities.

Toll Facility Bond Issues

During the study period, 23 states issued revenue
bonds to finance toll roads, bridges, and ferry cap-
ital construction. For six states (California, Indi-
ana, Iowa, Oklahoma, Texas, and Virginia), toll fa-
cility financing was the only purpose for which
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bonds were issued. Toll financing during the study
period resulted in the issuance of $4.6 billion in
bonds, or about one-fifth of all state highway bonds
issued as shown in Figure 1. This is in contrast to
the 19808, when approvimately the ahaolnte
level of toll revenue bonds accounted for nearly
one-half of new obligations.

The relative decline in the
financing for toll facilities is due partially to
increased availability of federal funds. In many
instances, debt service on general obligation bonds
issued for toll facilities is actually paid from
toll revenues. For the year 1982, general obligation
bondo were oold to provide funding for toll roads in
Florida and Virginia, but toll revenues from the
projects will be used for debt service. In the same
year, bonds issued for the San Francisco Bay Bridge,
the Maine Turnpike, and the Dallas-North Tollway are
supported only by tolls.

2ame

importance of bond

Outstanding Debt by Facility Type

Outstanding state government highway debt for all
types of facilities increased from $10.5 billion to
$19.3 billion between 1962 and 1982 [Figure 2 (3,
Table SB-2)]. Total debt peaked in 1979 at $20.3
billion. Figure 2 shows that state debt for toll
facilities and for state highways (i.e., toll-free
facilities) have reversed positions of dominance
during the study period. State highway debt grew
from $3.6 billion in 1962, or one-third of the total
debt, to $12.2 billion in 1982, nearly two-thirds of
the total debt. Toll facility debt was relatively
constant over the two decades, standing at $6.7 bil-
lion in 1962, peaking at $8.0 billion in 1972, and
declining to $6.2 billion at the end of 1982. The
relative share of toll facility debt declined from
64 percent to 32 percent during the period. By the
end of the study period, 27 states had outstanding
debt for toll facilities. Eight states in the East
and the South had $300 million or more in outstand-
ing toll facility debt, accounting for two-thirds of
total state debt.
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FIGURE 2 Outstanding end-of-year state obligations for

highways, 1962-1982.

An interesting trend occurring over the study
period was the growth of state government bond is-—
sues for local roads. By the end of the period, out-
standing debt included only about $1.0 billion of
this type of debt (5 percent of total debt), but the
absolute amount of state-incurred debt for local
roads grew by more than 500 percent ($163 million in
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1962) . About 75 percent of this type of debt was
concentrated in two states and the District of Co-
lumbia. Of course, all outstanding debt in the Dis-
trict of Columbia ($178 million) was classified in
this manner. Maryland ($351 million outstanding for
county roads) and Washington ($200 million outstand-
ing for cilty and county arterials) had regularly
issued bonds in support of local roads. The other
states with programs of this type were Alabama,
Georgia, Massachusetts, Mississippi, and New Jersey.

State Bond Issues by Type of Security

The various types of bonds available for funding
public capital projects are classified according to
the security that underlies the debt. Three major
types of bonds have historically been utilized to
fund highway construction:

1. General obligation bonds--Principal and in-
terest payments on these bonds are guaranteed by the
full faith and credit of the governmental unit issu-
ing the bonds. These bonds can generally be sold at
a lower interest rate than other bond types because
the full taxing power of the issuing authority is
available to repay the bonds. For highway facili-
ties, a specific road-user tax is normally pledged
to provide principal and interest payments. General
obligation bonds have been utilized to finance high-
way projects during most of this century.

2. Limited obligation bonds--These bonds are
secured by a pledge of a specific tax or revenue of
a specific fund. Revenues generated by the construc-
ted facility may also be pledged, but such revenues
cannot be the sole security. Limited obligation
bonds thus have a broader security base than bonds
backed only by project revenues, but are not as se-
cure as general obligation bonds. Limited obligation
bonds were first issued at the state level in 1929;
their use peaked in the 1960s but continues today as
an important method of securing highway construction
funds.

3. Revenue bonds--Revenue bonds are obligations
issued in support of specific projects, and are se-
cured only by pledged earnings of the facility.
Bondholders stipulate in some cases that tolls or
other earnings of the facility must be adjusted if
earnings prove insufficient. Revenue bonds have been
in use in the highway field for the last half-
century to fund bridges and tunnels, and have been
used extensively since World War II to finance major
turnpike systems.

Use of the three major types of security arrange-
ments has changed markedly during the 2l-year study
period. Figure 3 (3, Table SB-2B) shows outstanding
debt by security type for state highway facilities
in 1962, 1972, and 1982. The most significant trend
throughout this period has been the increased use of
general obligation bonds. Bonds backed by the full
faith and credit of state governments accounted for
$11.1 billion in outstanding debt in 1982 compared
with $2.8 billion 21 years earlier, an increase of
nearly 300 percent. Total outstanding debt increased
only 85 percent during this period. Although general
obligation bonds accounted for about one-fourth of
outstanding debt in 1962, they now account for well
over one-half of outstanding debt. For 1982, about
65 percent of the $1.6 billion in new highway obli-
gations was backed by the full taxing power of the
states issuing the bonds.

As indicated in Figure 3, issuance of 1limited
obligation bonds increased substantially through
the 1960s in terms of absolute dollars. Outstanding
debt for these types of bonds grew from $2.8 billion

29

124
TOLL REVENUE BONDS (57)
[E7] LIMITED OBLIGATION BONDS

184 [ FULL OBLIGATION BONDS

B ¢ ) = PERCENT OF TOTAL

BILLIONS OF DOLLARS
T

(26)(27)

8- T T
1962 1972 1982
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to $5.2 billion between 1962 and 1982, an increase
of 86 percent. Although the chart indicates a 30
percent share of all bond types for limited obliga-
tion bonds in 1972, they actually peaked at 32 per-
cent from 1969 to 1970. During 1982, eight states
issued $370 million in new limited obligation bonds,
or 23 percent of total new highway debt.

Outstanding debt for toll facilities remained
fairly constant through the 1960s and 1970s in terms
of absolute dollars. However, the trend toward
greater use of deneral obligation bonds for toll
facility financing has reduced the relative percent-
age share of outstanding debt for toll facilities
financed by revenue bonds to about one-fifth of the
total debt, compared with nearly one-half in the
early 1960s. In recent years, toll facility bonds
have generally been concentrated in a few large
issues. Table 1 (3, Table SB-1) lists 1978-1982
total bond issues for toll facilities including
general obligation issues, issues backed only by
tolls, and the largest single issue for each year.

TABLE 1 Toll Facility Bond Issues, 1978-1982

Bond Category (8§ millions)

Total Backed
Including General Only by

Year Obligation Bonds ~ Tolls Single Largest

1978 174.2 174.2 Texas-Houston Ship Canal Bridge
(102.0)

1979 190.9 19.3 Florida-Hillsborough County Ex-
pressway (117.5)

1980  283.1 283.1 Indiana-East-West Toll Road (259.5)

1981 99.0 25.0 California-San Francisco Bay Toll
Bridge (25)

1982 297.5 200.6 Texas-Dallas-North Tollway (168.1)

Source of Highway Construction Funds

Analysis of the source of funds for state highway
construction presents a somewhat different perspec-
tive of the role played by bond financing. As noted
previously, significant growth has occurred over the
last two decades in new bond authorizations for
state highways. However, as shown in Figure 4 (3,
Tables SF-3, SF-4), the relative importance of bond
funds as a source of state highway construction
changed only moderately during this period.

During the early 1960s bond sales for construc-
tion of state-administered highways averaged about
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$0.6 billion annually and provided about 8 percent
of total construction funds. Beginning in the middle
1960s and continuing through the middle 1970s, bond
sales averaged about $1.4 billion annually and 15
percent of funds available for highway construction.
The year 1971 was atypical of this period, with 26
percent of consgtruction funds provided by bond pro-
ceeds. In that year, six states (Florida, Illinois,
Rentucky, New Jersey, WNew York, and Pennsylvania)
had unusually large bond issues totalling $1.5 bil-
lion.

During the last 5 years of the study period, use
of bond proceeds for highway construction declined,
averaging about $1.0 billion and 8 percent of total
construction funds (the year 1982 being an exception
to this latest trend). Figure 4 shows that the use
of state funds other than from bond sales has been
consistent over the years, having averaged about 30
percent of construction funds. Federal aid funds
accounted for 58 percent of construction dollars in
the early 1960s, declined to about 50 percent during
the late 1%60s to middle 1570s, and increased rather
dramatically from 1976 through 1982 to an average of
64 percent of total highway construction.

As an indicator of the variability among states
in the use of bond funds, Table 2 (3, Tables SF-3,
SF-4C) shows total construction funds, bond proceeds
used for construction, and the percentage of the
total made up of bond proceeds. The data shown are
for the 32 states that issued bonds for use in con-
struction of state-administered highways from 1978
through 1982. Four states utilized bond funds for
more than 25 percent of their construction needs
during this period, led hy DNelaware at nearly 50
percent. One of these four states, Arizona, has not
historically depended upon bond issues, but had a
very large issue 1n 1982. Six states issued bonds
only once during the 5-year period. As noted previ-
ously, total bond proceeds over this period provided
8 percent of total construction funds, and this fig-
ure increases to only 11 percent when the 18 states
with no bond sales are excluded from this calcula-
tion.

NDebt Service Requirements

Another way of assessing the impact of state highway
borrowing is to examine the level of debt service
payments over time and among the states that have
incurred long-term debt. Of particular interest is
the use of road-user tax receipts (primarily motor
fuel taxes and motor vehicle fees) to support in-
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TABLE 2 Use of Bond Funds for State-Administered
Highways, 1978-1982

Total State Bond Funds

Highway Used for

Construction Construction Bond Fund
State ($ thousands) ($ thousands) Percentage
Delaware 323,733 157,315 48.6
Massachusetts 1,012,693 307,300 30.3
Arizona 844,787 218,829 259
Connecticut 683,721 172,946 25.3
New Jersey 935,425 191,052 20.4
New Hampshire 304,380 60,500 19.9
Illinois 3,219,675 585,061 18.2
Kentucky 2,032,528 386,797 18.0
Louisiana 2,296,634 414,015 18.0
North Carolina 1,676,589 300,517 179
Maine 357,137 63,655 17.8
Hawaii 358,754 59,347 16.5
West Virginia 1,515,884 200,000 13.2
Indiana 857,751 104,020 12.1
New Mexico 603,725 65,825 10.9
Georgia 2,040,335 208,650 10.2
Minnesota 1,339,025 132,100 9.9
Ohio 1,647,725 150,000 9.1
Washington 1,564,693 135,000 8.6
Alaska 627,009 45,600 7.3
Alabama 1,321,751 79,000 6.0
Wisconsin 801,730 47,970 6.0
Vermont 190,401 10,803 5.7
Florida 3,014,334 169,646 5.6
Nevada 450,453 25,041 5.6
Mississippi 991,143 55,000 5.5
Pennsylvania 2,290,586 112,247 4.9
Kansas 851,006 40,000 4.7
Texas 5,164,612 175,951 34
Virginia 2,156,206 57,000 2.6
California 2,804,253 55,432 2.0
Oregon 845,774 15,000 i.8

Total, above states 45,124,452 4,781,619 10.6
Total, all states 61,084,771 4,781,619 7.8

debtedness. This is because the amount of such re-
ceipts remaining after debt service payments gives
an indication of the state's ability to fund current
and future construction needs, as well as to match
federal aid receipts. .
Figure 5 (3, Table DF) shows, for states with
debt service payments, the change through the study
period in state road-user tax receipts and the
amount of these receipts used for debt service. In
this chart, the top of each bar indicates the level
of total tax receipts, and debt service payments are
shown as a portion of tax receipts. The percentage
of road-user tax receipts used for debt service is
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FIGURE 5 Total road-user tax receipts and portion used for
bond debt service, 1962-1982.
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indicated for each year. Total tax receipts approxi-
mately doubled over the 2l-year study period,
whereas debt service payments quadrupled. Thus, the
percentage of tax receipts dedicated to the support
of highway debt doubled during the study period,
peaking at 21 percent in 1980, but declined during
1981 and 1982, It is clear from the trend shown in
Figure 5 that servicing of highway bond debt has
claimed a steadily increasing portion of state funds
that would otherwise be available for current con-
struction work. It should be noted that when this
analysis is performed using total receipts available
for highways (including federal aid) and debt ser-
vice payments made from all sources of revenue, the
ratio of debt service versus total receipts drops
considerably. Using this computation method for 1982
shows that only 8 percent of total highway receipts
was used for debt service payments, whereas (as
shown in Figure 5) 18 percent of state road-user
taxes was used for this purpose.

Table 3 (3, Table DF) provides further indication
of the wide disparity among states in the assumption
of highway debt. This information represents a
state-by-state analysis of the data shown in Figure
5 for the year 1982. Three states, Connecticut,
Delaware, and Hawail, used more than one-half of
their road-user taxes for debt service, and an addi-
tional eight states used at least one-fourth of
available road-user tax receipts for this purpose.
Connecticut and Delaware might be expected to appear
near the top of this list because they were pre-
viously shown to be leaders in the use of bond funds
for construction (Table 2). Hawaii heads the list in
Table 3 partially because it is one of the few
states that used only road-user taxes to make debt
service payments. Arizona appeared high on the list
of states using bonds for construction primarily

TABLE 3 Use of State Road-User Tax Receipts for Bond
Debt Service Payments, 1982

Road-User Debt Service
Tax Receipts Payments Debt Service
State ($ thousands) ($ thousands) Percentage
Hawaii 26,763 16,966 63.4
Delaware 54,467 28,028 5145
Connecticut 146,426 73,464 50.2
Georgia 156,199 64,471 41.3
West Virginia 199,568 81,592 40.9
Mississippi 114,688 44,858 39.1
Massachusetts 258,186 98,117 38.0
Kansas 138,322 46,479 336
Louisiana 250,068 78,959 31.6
New Jersey 163,603 49,860 30.5
Rhode Island 49,901 13,560 27.2
Illinois 369,857 91,100 24.6
Vermont 58,472 12,937 22.1
New York 501,086 113,822 22.7
Pennsylvania 914,901 196,113 21.4
Maine 70,536 10,490 14.9
Ohio 535,582 78,540 14.7
Alabama 132,533 19,374 14.6
Michigan 241,203 26,098 10.8
Tennessee 223,481 22,462 10.1
Wisconsin 218,366 21,045 9.6
Nevada 68,592 5,640 8.2
New Hampshire 79,674 6,147 7.7
Washington 234,563 17,205 7.3
North Carolina 462,858 32,565 7.0
South Carolina 237,544 13,251 5.6
Florida 411,711 22272 5.4
Maryland 250,580 12,485 5.0
Oregon 136,194 5,802 4.3
Minnesota 243,963 8,724 3.6
Arlzona 136,161 3,294 2.4
Nebraska 83,139 1,419 17
Kentucky 292,759 3,415 1.2
Total, above states 7,461,946 1,320,554 17.7
Total, all states 11,052,181 1,320,554 11.9
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because of a large bond issue in 1982, but it is one
of the lowest states in terms of debt service pay-
ments. With the exceptions of Hawaii and Ransas, the
states with the highest percentage of debt service
lie east of the Mississippi River and are concen-
trated in the Northeast and the South.

Local Government Bond Financing

From 1962 through 1981, local government agenciles
issued approximately $20 billion in long-term bonds
for streets, roads, and indirect street functions.
At the end of 1981, $10.7 billion in combined debt
was outstanding for all local government entities.
Growth of outstanding debt over the study period for
the rural, municipal, and "other local" categories,
is shown in Figure 6 (3, Tables UB-2, LB-2, UF-11,
Ur-12).
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FIGURE 6 Local government outstanding highway debt:
municipal, rural, and other local, 1962-1981.

Continuing a trend established in the 1950s, mu-
nicipal highway debt grew between 1962 and 1981 at a
significantly higher rate than highway debt in the
counties, townships, and other rural governments,
With total new issues of $10.6 billion during the
period, municipal debt stood at $6.0 billion at the
end of 1981, or 113 percent higher than in 1962, In
the rural units, $4.1 billion in debt was assumed
during the 20 years; outstanding debt grew 68 per-
cent and stood at $2.2 billion in 1981. It may be
assumed that the relatively large growth of munici-
pal debt is a direct result of growth in urban areas
as compared with rural areas during the 1960s and
1970s. Pressures to reduce traffic congestion and
develop new services, as well as shortages of neces-
sary construction funds, have resulted in a wide-
spread requirement to obtain needed funds through
bond issues.

The highest growth rate in local government debt
has occurred in the "other local" category in Figure
6. This category includes bond debt for parking
facilities and indirect street functions (street
lighting and cleaning, sidewalks, and storm sewers)
for both municipal and rural government agencies at
the beginning of the study period; this type of debt
accounted for less than one-fifth of total rural and
municipal highway-related debt. Through 1981, out-
standing debt for parking and indirect street func-
tions nearly tripled, and at the end of that year
constituted one-fourth of total local government
debt. Again, the increase is largely due to growth
of cities and the resultant need for streets and
related facilities.
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As was found to be the case with state highway
debt, considerable variation exists among the states
with respect to local government bonding practices.
Rural authorities in 17 states had no outstanding
debt at the end of 1981; for municipalities and the
"other local"™ categories, the comparable numbers are
9 and 14 states, respectively. Only four states
(hlaska, Nevada, Oklahoma, and Utah) had no out-
standing local debt of any kind, whereas minimal
local debt (less than one-half of 1 percent of the
total) existed in 14 other states. These 18 states
with little or no local highway debt are primarily
western and northeastern states.

Local agencies in 17 states had assumed greater
debt for highway and related purposesg than had their
counterpart agencies at the state level., For ex-
ample, Texas possessed one-fourth of total municipal
debt, one-fifth of total rural debt, and slightly
less than one-fifth of total local outstanding debt.
New York also had significant local debt with 12
percent of the total. The top 10 states in terms of
total local debt are listed in Table 4 (3, Tables
UB-2, LB-2, UF-11, UF-12).

TABLE 4 Outstanding Local Highway Debt, 1981

Debt Category ($ millions)

State Rural Municipal Other Local Total Local
Texas 446 1,499 67 2,012
New York 245 634 396 1,275
California 34 225 619 878
Minnesota 27 491 51 569
Pennsylvania 52 66 235 453
Ohio 9 262 170 441
Louisiana 179 184 23 386
Florida 277 98 0 375
Wisconsin 84 243 34 361
Maryland 184 54 109 347
Total, 10 states 1,537 3,856 1,704 7,097
All other states 627 2,107 857 3,591
Total, all states 2,164 5,963 2,561 10,688

COMBINED STATE AND LOCAL DEBT

Outstanding

Combined outstanding debt for state; municipal, and
rural highway facilities is shown in Table 5 and
Figure 7 (3, Tables SB-2, UB-2, LB-2, UF-11, UF-12).

: P, T

Total outstanding debt grew consistently at about 4
percent annually through 1978, but has since leveled
off. State highway debt has generally accounted for
at least two-thirds of total debt through the study
period, although with the drop in the states' out-
standing debt in 1981, this share was reduced to 62
percent of the total. A major factor in the 1981
decline in state highway debt was redemption of
nearly $1.5 billion in bonds by Kentucky.

Only Utah had no state or local highway debt out-
standing in 1981, although several other states
(primarily north central and mountain states) have
incurred limited highway debt. Illinois, New Jersey,
New York, Pennsylvania, and Texas accounted for
nearly one-third of the combined state and local
highway debt. The most prominent states in terms of
total amounts of state and local highway debt were
generally southern and northeastern.

Per Capita Highway Debt

The absolute level of highway debt in the state does
not necessarily give a true measure of the impact of
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TABLE 5 Annual Outstanding Highway Debt for State and
Local Authorities, 1962-1982

Debt Category (3§ millions)

Year State Municipal Rural Other Local Total

1962 10,454 2,803 1,285 875 15,417
1963 10,579 2,967 1,281 920 15,747
1964 10,913 3,019 1,317 983 16,232
1965 11,059 3,048 1,363 1,005 16,475
1966 11,814 3,144 1,394 1,056 17,408
1967 12,123 3,285 1,450 1,129 18,041
1968 12,903 3,384 1,555 1,178 19,020
1969 13,514 3,430 1,579 1,242 19,765
1970 14,020 3,501 1,632 1,313 20,466
1971 15,851 3,653 1,678 1,425 22,607
1972 17,171 3,868 1,770 1,552 24,361
1973 17,462 4,103 1,810 1,614 24,989
1974 17,631 4,323 1,775 1,855 25,584
1975 18,136 4,556 1,820 1,947 26,459
1976 18,657 4,686 1,875 2,131 27,349
1977 19,128 4,917 2,036 2,277 28,358
1978 20,282 5,190 2,003 2,123 29,598
1979 19,761 5,247 2,106 2,398 29,512
1980 20,091 5,383 2,023 2,465 29,962
1981 18,095 5,963 2,164 2,561 28,783
1982 19,312 -A -8 -2 -2

2Data not available.

w
=4
<
=
e
o
=
[
o
(2]
p=4
[=]
—
—
-
== 1 - 1
= I i Bl () R M ) RURAL Y I S
% D HMUNICIPAL
4 n STATE
0 . AL o Gl G el o (el G I,}.IA:P?:

b7 b4 bb b 70 72 74 16 78 66

FIGURE 7 Annual outstanding highway debt by jurisdiction,
1962-1981.

the debt on the state's residents. Examination of

the states with the largest outstanding highway debt
shows that these are primarily the states with the
greatest population. For example, of the top 10
states in terms of total highway debt, 7 are also
among the nation's 10 most populous states. These 10
states accounted for 55 percent of state and local
highway debt and 48 percent of the total U.S. popu-
lation in 1981,

One method of giving perspective to the level of
highway debt in the various states is to compute the
debt on a per capita basis. Per capita state and
local highway debt stood at $127 in 1981 compared
with $84 in 1962. The 20-year growth rate of 51 per-
cent in per capita debt is significantly lower than
the growth rate of total debt (87 percent). Per
capita debt peaked in 1978 at $134.

Individual state per capita debt varied in 1981
from $0 (in Utah) to $671 (in Delaware). Many of the
states with relatively high per capita debt were
also found to rank relatively high in terms of using
road-user taxes for debt service and bond funds for
state highway construction. BAbout one-half of the
states with greater than average per capita debt are
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located 1In the East, with the South, the Midwest,
and the Pacific states also represented. Figure 8
(3, Tables SB-2, UB-2, LB-2, UF-11, UF-12; 4) shows
1981 per capita highway debt for the 23 states with
values higher than the national average of $127.

Highway Debt Versus Other Debt

Assumption of debt for highway purposes is not a
unique situation in our society. Public agencies
issue bonds for many purposes in addition to high-
ways. At the local level, schools and utilities are
major recipients of bond proceeds. State governments
incur debt for school and other public buildings,
and a wide variety of facilities used for waste dis-
posal, water supply, pollution control, recreational
purposes, and so on. Federal government debt is not
assumed for specific capital facilities, but it
funds a broad spectrum of programs dealing with na-
tional defense, social services, and resource devel-
opment. Of course, many other sectors in our economy
assume debt as well, including corporations and con-
sumers.

It has been noted that combined state and local
highway debt has grown steadily, approximately
doubling during the study period. Table 6 (5, Tables
448, 511, 857, 928, 1159; 6, Table 18), shows the
20-year growth of various categories of public and
private debt and demonstrates that the increase in
highway debt has been relatively conservative. It is

TABLE 6 Comparison of Highway Debt with Other
Public and Private Debt, 1962-1982

Debt 1962 1982 Percent
Category ($ billions) ($ billions) Increase
Public
Federal 298.2 1,142.0 283.0
State 22.0 143.7 553.2
Local 59.3 236.6 299.0
Private
Mortgage 236.0 1,545.0 554.7
Farm 30.2 201.7 567.9
Consumer 46.0 370.6 705.7
Highway
State 10.5 19.3 83.8
Local 5.0 10.78 114.0

%1981 data.

particularly notable that state highway debt has
increased less than 100 percent whereas total state
government debt has increased more than 550 percent.
Local government debt in total has grown at more
than twice the rate of local highway debt. In 1962,
state and local highway debt included 19 percent of
total state and local government debt. By 1982, this
share had dropped to only 8 percent.

CONCLUSION

Perhaps the most important finding of the study is
that from a national perspective, state and local
highway debt has not become an unmanageable burden.
Although indebtedness for highways has shown steady
growth through the past two decades, this growth has
been extremely conservative when compared with other
major categories of debt. The comparison to state
and local nonhighway debt is especially relevant and
shows that the other major governmental programs
have utilized bond financing to a much greater
degree than has the highway program. This is par-
tially due to the widely accepted philosophy of ded-
icated funding for highways, resulting in assured
sources of revenues and a reduction in the need to
incur debt. The favorable indebtedness situation for
highways is also a tribute to the major commitment
at the federal level to provide an adequate national
transportation system on a pay-as-you-go basis.

At the state level, a significant trend has been
increased emphasis on issuance of general obligation
bonds and the concurrent reduction in use of limited
obligation and revenue bonds. This phenomenon has
coincided with a general increase in interest rates,
and reflects a prudent approach to debt management
that minimizes total debt service costs. It should
be noted, however, that even with the current preva-
lence of general obligation bond funding, highway
user taxes and toll receipts continue to be the
principal sources of revenue used for debt service
purposes.

Use of highway bond financing by local rural
authorities has not shown significant growth during
the period of study. However, municipal highway debt
and local debt incurred for highway-related purposes
have grown at nearly twice the rate of state highway
debt. This trend is one indicator of the exceptional
infrastructure needs that have developed in the na-
tion's urban areas and the inability of local au-
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thorities to generate sufficient funds to finance
capital programs from current revenues. These prob-
lems will inevitably affect both state and 1local
government as the municipalities seek greater dis-
tributions of state highway user taxes as well as
additional sources of local funds.

Analysis of highway debt at all jurisdictional
levels has shown a remarkable variability among the
states with respect to bonding practices. Several
states (primarily western) have followed a pay-as-
you-go philosophy and have avoided highway indebted-
ness completely, or nearly so. The philosophy has
been adopted at the state level in a few states but
not hy the local government agencies. Many states
(primarily eastern) appear to have transcended the
acceleration principle of bond financing, that is,
incurring debt only during short periods of rela-
tively great construction needs and retiring debt as
construction needs are reduced. These states tend to
utilize bond funds on a regular basis and as a re-
sult must use a relatively high proportion of cur-
rent revenues to retire debt, It must be noted in
this discussion that although philosophical differ-
ences may account for some of the variation in state
bonding practices, it is certainly easier to remain
with a pay-as-you-go policy in a rural, low popula-
tion state than in an urbanized, high population
state. It is recognized in many cases that the
immediate and long-term benefits of reduced traffic
congestion and improved safety derived from a new
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highway facility will outweigh the costs of incur-
ring new debt to build the facility.
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Development and Application of New
Highway Cost-Allocation Procedures

ARTURO VILLARREAL-CAVAZOS and ALBERTO GARCIA-DIAZ

ABSTRACT

Previous attempts at resolving the highway cost-allocation problem of determin-
ing equitable changes for each vehicle class that shares transportation facili-
tles such as highways and bridges can be reduced to two approaches: propor-
tional allocation methods that determine costs in proportion to one or more
measures of highway usage, and incremental methods that allocate costs on the
basis of highway design differences necessary to accommodate heavier vehicle
classes. Developed in this paper are two new highway cost-allocation methodolo-
gies that actually extend the basic concepts of the incremental and propor-
tional allocation procedures. The new methods are referred to as the "modified
incremental approach"™ and the "generalized method". Both methods fulfill the
following conditions: (a) highway costs are completely financed by users (com—
pleteness condition); (b) vehicle classes reduce their cost responsibilities by
sharing the facilities with other vehicle classes (rationality principle); and
(¢} vehicle classes are charged at least enough to cover their corresponding
marginal costs (marginality principle). An example using Texas Pavement data
illustrates the application of the proposed methods.
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The issue of highway financing has received a great
deal of attention from state legislators in recent
years because a significant portion of U.S. highway
pavements is deteriorating to unacceptable levels of
user serviceability. To combat this problem, a high-
way cost-allocation procedure must be implemented
that includes the cost of keeping a highway (or
other transportation) facility operational during a
specific planning horizon. A primary objective of
this procedure would be to determine the fraction of
the total cost to be charged to each vehicle class
served by that facility.

The results of recent cost-allocation studies are
summarized in this paper. Two alternative cost-allo-
cation methods are developed in particular: modified
incremental and optimization. The optimization
method will be referred to as a generalized proce-
dure as it is based on an extension of the concepts
used in the incremental (1-3) and proportional allo-
cation (2,4,5) methods.

Proportional allocation methods determine cost
responsibilities based on the extent to which each
vehicle class uses a highway facility. This is de-
termined by such measures as gross vehicle weight,
vehicle miles travelled, and equivalent single axle
loads (ESALs). These methods, however, may yield re-
sults that conflict with the perception of fairness
by individual vehicle classes--this hinders the ac-
ceptability of the results by all the users of the
facility and questions the overall applicability of
the proportional methods.

Incremental allocation methods identify cost re-
sponsibilities on the basis of the cost differences
associated with the sequential introduction of vehi-
cle classes into the traffic stream. Different
results are obtained when vehicle classes are intro-
duced in different sequences, however. This incon-
sistency constitutes a serious flaw in any cost-
allocation method in terms of equitability.

The two procedures discussed in this paper ex-
hibit properties that make them superior to those
previously used in the context of highway facility
planning. In particular, they fulfill three funda-
mental requirements:

1. Completeness: the provision of highway facil-
ities must be entirely financed by the various vehi-
cle classes that utilize them;

2. Rationality: the common facility is the most
economically attractive alternative for all vehicle
classes to meet their transportation needs; that is,
any other alternative to satisfy this need, such as
using an exclusive facility, would be more expensive
for any vehicle class; and

3. Marginality: the allocated costs associated
with any vehicle class must be sufficient to at
least cover its corresponding marginal costs.

The completeness requirement ensures that only funds
provided by highway users are considered for financ-
ing the common highway facility. (This condition
conforms to the directives established in Section
506 of the Surface Transportation Assistance Act of
1978.) The rationality requirement is a well-estab-
lished concept in the economics literature (6) that
deals with a fundamental characteristic of economic
behavior. Therefore, any procedure that violates
this condition would be strongly objected to as it
would be uneconomical for a vehicle class to con-
tribute toward a common facility when there are more
economical alternatives available. The marginality
requirement is another widely accepted economic
principle (7). Assuming that the completeness re-—
quirement is met, the violation of this principle
implies the existence of cross-subsidization among
the vehicle classes involved. The rationality and
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marginality requirements established an essential
element of fairness or equity in the cost-allocation
procedure,

In conclusion, having an equitable cost-alloca-
tion methodology (that satisfies the rationality and
marginality principles) to analyze the aspects re-
lated to highway financing enhances the acceptabil-
ity of the results among the various vehicle classes
that ultimately must cover the total cost of the
facility. This important issue is briefly discussed
in the following sections on the proportional and
incremental methodologies.

BACKGROUND

Current solution procedures for the highway cost-
allocation problem yield results that are not
totally acceptable from an economic point of view
because they deviate from the ideal concept of
charging each user class based on the cost it
causes, Although a noncontroversial solution method-
ology to the problem may not exist, cost must be
allocated in some rational way. Traditionally, it
has been an accepted practice to define cost respon-
sibilities on the basis of some criterion that rep-
resents the use of the facility by the various vehi-~
cle classes.

The most widely used highway cost-allocation
method is the incremental approach, which was
adopted for use in the earlier cost-allocation stud-
ies conducted in the United States. This approach
was adequate while new construction was the princi-
pal element of highway cost. However, now that a
larger portion of the budget must be assigned to the
maintenance and rehabilitation of existing facili-
ties, the incremental approach has been reviewed and
questioned, and some important problems, which will
be discussed later, have been discovered.

The incremental method has been used in a number
of cost-allocation studies such as the first Federal
Highway Cost Allocation Study (1), and studies con-
ducted in several states including Kentucky, Mon-
tana, North Dakota, Rhode Island, Virginia, and
Washington (2,3,8-11).

According to the incremental method, the cost of
a highway facility designed for the lightest vehicle
class is initially calculated; then, vehicle classes
are added in order of increasing axle weight, and
corresponding highway design or rehabilitation costs
are calculated for the resulting traffic streams and
a specified design period. The cost difference in
each step between one design and the next is allo-
cated to the vehicle class incorporated in that
step. Some minor variations of the basic incremental
method have also been considered (4).

Although it meets the aforementioned complete-
ness, rationality, and marginality requirements,
there is one important problem with the incremental
method: it is inconsistent. The method produces dif-
ferent results when vehicle classes are introduced
in different orders. This is due to the presence of
overlapping facility requirements demanded by the
various vehicle classes. Figure 1 shows this incon-
sistency. The shaded areas in parts a-c represent
costs allocated to vehicle classes 1, 2, and 3 when
they are sequentially introduced. However, the
shaded areas in parts d-f represent the same costs
when class 3 is included first, followed by classes
1 and 2.

Another aocepted approach to the problem under
consideration is to allocate costs in proportion to
a numerical criterion which, in the context of
transportation systems, represents a measure of use
or damage caused by the vehicle classes using a com—
mon highway facility. This method 1is known as the
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(d)

(e)

FIGURE 1 Basic approach of the incremental method.

proportional method or the consumption approach
(4,5). The appeal of this method lies in its sim-
plicity and that, when the appropriate basis is se-
lected, the fairness of its results is less contro-
versial.

A major issue with the proportional allocation
method, however, is that it may vield cost alloca-
tions that conflict with the interests of the indi-
vidual vehicle classes. This problem arises because
the strategic alternatives (coalitions) available to
the vehicle classes for meeting their transportation
needs are ignored in this method. Such strategic
alternatives include sharing a common facility with
all vehicle classes, sharing a facility with some of
the other vehicle classes, and having an exclusive
facility. In other words, under the proportional
allocation method, it is possible for a particular
vehicle class to pay more for sharing a common fa-
cility than for having an exclusive one.

In a pioneering and enlightening article, Young
et al. (12) analyze several cost allocation methods
used in water resources management. Among the
methods discussed, those that stem from the theory
of cooperative games (6,13) are of particular inter-
est. These methods provide the means for spproaching
the cost allocation problem by accounting for all
the possible strategic alternatives available to
each vehicle class in providing needed highway
facilities. These various strategic possibilities
actually establish constraints that define a set of
feasible solutions that satisfy the completeness,
rationality, and marginality requirements. The cost
allocations resulting from these methods are more
likely to be accepted because they are formulated on
the basis of fundamental economic principles.

THE MODIFIED INCREMENTAL APPROACH

A modified version of the incremental approach is
proposed as a suitable methodology for allocating
construction, reconstruction, or rehabilitation
costs. The proposed modification to the incremental
approach attempts to overcome the consistency prob-
lem previously mentioned; however, an indirect re-
sult of this modification is that the computational
complexity of the new procedure is increased.

In the modified incremental approach, cost esti-
mates are prepared for every vehicle class, as well
as for every combination of two or more vehicle
classes. As an illustration, if a highway is de-
signed to accommodate vehicle classes 1, 2, and 3,
the final cost alliocation for each class is deter-
mined only after considering hypothetical designs
for the following vehicle class combinations and
computing the corresponding design costs: (a) class
1, (b) class 2, (c) class 3, (d) classes 1 and 2,
(e) classes 1 and 3, (f) classes 2 and 3, and (g9)
classes 1, 2, and 3.

Ueing the cost ectimates obtained for these class
combinations and a few fundamental operations, the
total cost (corresponding to the combination includ-
ing classes 1, 2, and 3) is partitioned into as many
cost components as vehicle combinations; moreover,
each cost component can be considered as the esti-
mate of the cost effect of a vehicle class combina-
tion. To simplify the description of the method, the
following notation is used:

Cy = cost of a highway designed for vehicle
class 1 alone,

Cy = cost of a highway designed for vehicle
class 2 alone,

C3 = cost of a highway designed for vehicle
class 3 alone,

Cy1,2 = cost of a highway designed for vehicle

classes 1 and 2,

C1,3 = cost of a highway designed for vehicle
classes 1 and 3,

C2,3 = cost of a highway designed for vehicle

classes 2 and 3,
C1'2,3 = total cost of a highway designed (for
vehicle classes 1, 2, and 3).

The shaded areas in Figure 2 illustrate the nota-
tion described above. In this figure, each individ-
ual vehicle class is represented by a circle. When
two or more vehicle classes are simultaneously con-
sidered, the corresponding circles exhibit a certain
degree of overlapping. This overlapping represents
the portion of the total cost that is due to a com-
bined effect of two or more vehicle classes.

As can be shown in Figure 2, the portion of the
total cost that can be attributed only to individual

L unl
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FIGURE 2 Input cost estimates.

classes is given by Equations 1, 2, and 3, respec-
tively:

Py =C,2,3 - C2,3 (1)

P =C,2,3 - C1,3 (2}

P3 = C,2,3 - Q,2 (3)
The portions of the total cost attributed to the in-
teraction of any two vehicle classes, (1 and 2, 1
and 3, and 2 and 3) can be calculated similarly by
using Equations 1-3 and the initial cost estimates
Cyr Ca, C3, and Cy,2,3 as follows:

P1,2 =C,2,3 - C3 -P - Py (4)
P1,3=C,2,3~-C2~-P1 -P3 (5)
P2,3=C,2,3-C - P -P3 (6)

The results from Equations 4-6 are used to obtain

P1,2,3, the total portion of the cost attributed
to' the interaction of all vehicle classes, as fol-

lows:
P1,2,3 = C,2,3 ~PL - Py - P3 - Pp,5-P3
- P,3 e
Figure 3 depicts the partitioning of the total
cost C1,2,3 into the portions defined in Equations
1-7. As shown in this figure, the allocated cost for
vehicle class 1, for example, is equal to Pj plus
appropriate fractions of the portions P1,2s P1,3¢
and Py, 3,3. These fractions can be defined in terms
of relative facility usage, as measured in vehicle

\/

FIGURE 3 Partitioning of
the total cost.
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miles of travel (VMT). 1If Vj, Vj, and V3 represent
the amount of VMT associated with classes 1, 2, and
3, respectively, the final allocated cost Ry, is
given by Equation 8:

Rl = Pl + [Pl,zvl/(vl + Vz)] + [Pl’3V1/(V1 + V3)1]
+ [Py,3,3V1/ (V] + Vy + V3)] (8)

Similar results can be obtained for the cost alloca-
tions corresponding to classes 2 and 3.

Ry = Py + [Py pVy/(Vy + Vo)1 + [Py, 3Va/(Vy + V3))
+ [P1,9,3V2/ (V] + Vy + V3)] (9)

Ry = P3 + [P1'3V3/(V1 + v3)] + [P2’3V3/(V2 + V3) ]
+ [P1'2’3V3/(V1 + V2 + V3)] (10)

Figure 4 represents the final cost allocations
given in Equations 8~10. In Figure 4a, it can be
concluded that the modified incremental method meets
the completeness condition because the sum of the
areas representing Ry, Ry, and Ry is equal to the
area representing the total cost Cp, 5,3 of Figure
2. The shaded area shown in Figure 4b represents the
marginal cost of vehicle class 1. As can be seen by
comparing Figure 4b with Figure 3, this marginal
cost is exactly equal to Py. By comparing Figures
4a and 4b it is also clear that Pj < Ry; therefore,
the cost allocated to vehicle class 1 is at least
equal to its marginal cost. This shows that the mar-
ginality requirement is satisfied. Similarly, the
fact that Ry < C; indicates that the cost allocation
corresponding to class 1 in a joint design is less
than it would be in a design intended only for class
1. This also shows that the rationality requirement
is satisfied.

(a)

FIGURE 4 Cost allocation using the modified incremental
approach,

The modified incremental approach does not bhave
the inconsistency limitation of the standard incre-
mental method because all possible vehicle class
combinations are considered in it and the vehicle
classes are not required to be included in any se-
qguence. The development presented in this section
can be used for any number of vehicle classes.

THE GENERALIZED METHOD

This procedure is based on concepts from the theory
of cooperative games (6,13). A linear programming
model that includes a set of meaningful economic
constraints is formulated and solved to determine
the appropriate cost allocation among the vehicle
classes that share a transportation facility. Al-
though the procedure developed in this section is
valid for any number of vehicle classes, it will be
demonstrated by using three classes. The notation
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given in the previous section will be used here,
also.

The generalized method expresses the complete~
ness, rationality, and marginality principles in
terms of a mathematical model. The completeness re-
quirement, which establishes that the vehicle
classes must entirely finance a highway facility, is
stated below:

Ry +Ry + Ry =Cp 3,3 (11)

The rationality principle, which imposes the con-
dition that the common facility must be the best al-
ternative for each individual vehicle and for all
subgroups of vehicle classes 1 and 2, 1 and 3, and 2
and 3, is represented as follows:

Ry <Cp (12)
Rg iCZ (13)
R3 £ C3 (14)
Rl + Ry < Cy,2 (15)
Ry + R3 £C1,3 (16)
Ry + R3 < Cp 3 (17)

The marginality principle establishes that the
cost allocations for vehicle classes 1-3 and the sum
of allocations for subgroups 1 and 2, 1 and 3, and 2
and 3, must at least equal the corresponding mar—
ginal costs; this requirement is expressed by:

R1 2C1,2,3 - C2,3 (18)
Ry 2C1,2,3-C1,3 (19)
R3 2 C1,2,3 - C1,2 (20)
Ry + Ry 2C1,2,3 - C3 (21)
Ry + Ry 2Cy,2,3 - C2 (22)
Ry +R3 2C1,2,3-C) (23)

As indicated by Young et al. (12), if Constraint 11
holds, then Constraints 12-17 are equivalent to Con-
straints 18-23. This means that Constraints 18-23
are redundant and need not be considered in the
analysis.

Constraints 11-17 define the set of feasible
solutions for the cost allocation problem. This set
is called the "core" (13) of the problem and is rep-
resented in Figure 5a. In this Fiqure the core 1is
the shaded segment on the plane representing Con-
straint 11. The boundaries or sides of the core are
indicated by Constraints 12-17.

The core may contain several solutions of which
only one must be selected. One way to accomplish
this is to systematically reduce the set of feasible
solutions until it contains exactly one solution.
The core reduction procedure is illustrated in Fig-
ure 5b. The core is reduced by "moving” its sides
(constraints) in the directions of the corresponding
arrows while keeping them parallel to the original
positions. Mathematically, the size of the core is
reduced if an amount t is subtracted from each
right-hand side of Constraints 12-17. Because only
one point is desired, the amount t should be as
large as possible without violating any of the con-
straints., In conclusion, the core reduction proce-
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FIGURE 5 The core in the generalized method.
dure can be formulated in terms of the following
linear programming model:
maximize t (24)

subject tos

Ry £C -t (25)
Ry <Cy -t (26)
R3 £C3 -t (27)
Ry +Ry <Ci,2-t (28)
Ry +R3 <Cj,3-t (29)
Rz +R3 <C2,3- ¢ (30)
Ry + Ry + Ry = Cp,3 3 (31)
Ry, Ry, Ry, £ >0 (32)

ENVIRONMENTAL FACTORS

An attractive feature of the generalized method is
that it lends itself to a meaningful analysis of en-
vironmental costs. Environmental costs are those
caused by factors other than traffic loads and,
therefore, cannot be directly attributed to the in-
dividual vehicle classes.

The procedure described in this section can be
easily extended to more than three vehicle classes.
For convenience in this presentation, it is assumed
that only three classes are involved. The total num-
ber of vehicle combinations 1in this case is eight.
Each of these eight combinations can be represented
in terms of a sequence of plus and minus signs, as
indicated in Table 1. In this table, a negative sign
indicates that a vehicle is not included in a combi-
nation, and a positive sign indicates that it is in-
cluded. BAs an illustration, combination 2 corre-
sponds to a design for class 1 only with cost Cj,
while combination 4 corresponds to a design for

classes 1 and 2, with cost Cj,2. In particular,
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TABLE 1 Vehicle Combinations

Vehicle Class
Combination _—
No. | 2 3 Cost®

|

1
o

=]

OB W —

+ o+ 4+

+A L+ A+

P e S
Ke¥eXeXs
w

3 Cost” refers to the cost of a highway designed for a

particular vehicle class or classes (i.e., Cg = highway cost
for 0 vehicle classes; Cy = highway cost for vehicle class |;
and Cy 5 3= highway cost for vehicle classes 1, 2, and 3).

combination 8 corresponds to a design for vehicle
classes 1, 2, and 3; this is the design whose cost
C1,2,3 is to be allocated to the three vehicle
classes. Combination 1 corresponds to a scenario
with no vehicle classes. Because the cost Cg asso-
ciated with this scenario 1is not traffic-load-
related, it is assumed that it estimates the cost
effect due to environmental factors.

It is always possible to express Cp as a frac-
tion of the total cost; that is,

Co = eC,2,3 (33)

where e is an unknown number between ¢ and 1. The
methodology described in this section can be used to
find a maximum value for e for given Cj, Cy,
o C1'2'3.

The proposed method is based on the concept of
effects associated with a two-level factorial ex-
periment (14). This concept is illustrated here
using Table 1. As can be seen in this table, four
combinations include vehicle class 1 and four combi-
nations do not include it. The average cost associ-
ated with the combinations not including class 1 is
given by _

Ef = (Cp + Cy + C3 + Cp,3)/4 (34)

Similarly, the average cost associated with the ve-
hicle combinations including class 1 is equal to

Ef = (C) +Cy,p +Cy,3 +Cyp,2,3)/4 (35)

The statistical effect of class 1 is defined as
E'{ - E‘i because this difference measures the average
increase in cost due to vehicle class 1. Letting Ey
equal FI - E], and using Equations 34 and 35, E; can
be written as

Ey = [(C = Cy +Cy,5 = C3+Cyp,3-Cy,3+Cy,2,3)/4)
- eC1,2'3/4 {(36)

By setting A7 = [(C; = Cp + C3,2 Cq + Cp 3
-C2,3 + C1,2,3)/41 and B = C1,2,¥4, it is possibie
to rewrite Equation 36 as

El = A]. - Be (37)

The relationship given in Equation 37 is 1linear
and indicates that the effect due to vehicle class 1
decreases as the impact of the environmental factors
is increased. This behavior is shown in Figure 6a.

A similar procedure is followed to find the rela-
tionships for vehicle classes 2 and 3. Figure 6b
shows three hypothetical linear relationships for
the three vehicle classes under consideration. Since
Ey, Ey, and E3 must be positive, the range for e is
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FIGURE 6 Effects of the vehicle classes on cost as
functions of e.

between zero and the minimal A;/B value. In the case
of the illustration given in Figure 6b, this value is
Ay/B. In general, 0 < e < e' where

e' = min{(A1/B), (Ry/B), (A3/B)] (38)

In summation, the cost effect due to the environ-
mental factors can, at most, be a fraction e' of the
total cost. Values of e exceeding e' are not valid
because they would yield a negative value for the
effect associated with at least one vehicle class.

APPLICATION

An application of the modified incremental approach
and the generalized method using a small sample from
Texas pavement data is presented in this section.
Although realistic, these data are by no means com-
prehensive and are used here only for illustrative
purposes. Results from these methods are compared to
those from existing procedures.

It is intended to allocate the estimated rehabil-
itation costs incurred in an 18-year analysis period
among four vehicle classes for a highway system con-
sisting of two kinds of pavements. Table 2 describes
the vehicle classes considered in this example, ac-
cumulated ESALs throughout the analysis period for
each vehicle class, and percentages of VMTs corre-
sponding to each vehicle class, Table 3 displays
highway classification, pavement type, and pavement
mileage for each of the two kinds of pavement.

TABLE 2 Vehicle Class Data

Vehicle Truck ESALs VMT
Class Type (millions) (%)

1 2D 3.590 96.43
2 3A 0.647 1.18
3 3-S2 15.317 2.06
4 2-S1-82 5.172 0.33

TABLE 3 TIllustrative Pavement System

Highway Mileage
Pavement Classification Pavement Type (lane miles)
1 Interstate Flexible overlaid 37
2 U.s. Hot mix 135

A modification of the RENU program (l5) was per-
formed to obtain rehabilitation costs for the varia-
Lion vehicle combinations. Using theoc figurce and
ESAL data, rehabilitation costs were estimated for
all vehicle combinations. Table 4 gives the rehabil-
itation cost estimates associated with each vehicle
class combination. Figure 7a shows the behavior of



40
TABLE 4 Rehabilitation
Cost Estimates
Cost
Combination ($ millions)
1 1.06
2 0.76
1,2 1.11
3 1.87
1,3 2.04
2.3 1.90
1:2.3 2.06
4 1.18
1,4 1.46
2,4 1.24
1,2,4 1.51
3,4 2.105
1,3,4 222
2,34 213
1,2,34 2.24
COST COST
(a) (b)
.—"'r_‘
B - e

"’_. //

ESAL ESAL

FIGURE 7 Rehabilitation cost as a function of ESALs.

these costs as a function of the number of ESALs
applied during the analysis period.

Table 5 displays allocated rehabilitation costs
for five cost allocation methods. The first column
(INCR1) corresponds to the standard incremental
method as described previocusly. The second column
(INCR2) gives results from a variation of the stan-
dard incremental method where a cost increment is
assigned not only to the vehicle class introduced at
a given step but also to heavier vehicle classes,
and is further divided among them on the basis of

TABLE 5 Comparison of Cost-Allocation Methods

Cost by Method ($ millions)

Vehicle

Class INCR1 INCR2 PROPR MIA GM

1 0.349 1.075 0.883 0.947 0.410
2 0.759 0.009 0.049 0.033 0.320
3 0.731 1.098 0.979 1,047 1.030
4 0.401 0.058 0.329 0.213 0.480

Note: INCR1 and INCR2 = incremental methods 1 and 2, PROPR = pro-
portional method, MIA = modified incremental approach, and GM = gen-
eralized method.

vehicle miles travelled (VMT). The column 1labeled
"PROPR" shows costs allocated using a proportional
method where the total cost is divided into nonload-
related cost (33 percent) and load-related cost (67
percent). Nonload-related costs are allocated on the
basis of VMTs whereas load-related costs are as-
signed in proportion to ESALs. The last two columns
(MIA and GM) correspond to the application of the
modified incremental approach and the generalized
method, respectively.
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A considerable difference in the results can be
observed among the different methods. When there is
a small increment in cost as a result of introducing
a new vehicle class, the standard incremental method
gives an unfair advantage to the newly introduced
vehicle class, as can be seen in the first column
(INCR1). The difference between the modified incre-
mental approach and the generalized method is ex-
plained by the influence of the measure of (nonload-
related) highway usage (VMT) on the allocation of
common costs in the modified incremental approach.
In these examples, the modified incremental approach
attributes a significant portion of the total cost
to the interaction of all vehicle classes. A large
percentage of this interaction cost is absorbed by
vehicle class 1 due to the high number of VMTs asso-
ciated with it. On the other hand, the generalized
method is insensitive to VMTs and allocates costs
solely on the basis of costs occasioned by the vehi-
cle classes. The maximum percentage of the total
cost e' that can be attributed to the environment is
equal to 45 percent, as indicated by Equation 38.

EXTENSIONS

The generalized methodology developed in this paper
can always be used when the design costs correspond
to the relationship shown in Figure 7a; however, if
this relationship is changed to that shown in Figure
7b, the core may not exist. The reason for this is
that the straight lines that are used to reduce the
core, as shown in Figure 5b, will be actually dis-
placed in the opposite directions. As indicated by
Young et al. (12), it is necessary in this case to
generate a coré—By introducing a procedure that will
force the straight lines to be moved toward the cen-
ter of the feasible region.

The core generation procedure is mathematically
equivalent to changing the objective function (Equa-
tion 24) to minimization and changing the sign of t
from negative to positive in Constraints 25-31, It
should be noted that when the core generation proce-
dure is needed, the marginality and/or rationality
principles may not apply to some vehicle combina-
tions.
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Funding Sources for Transit System Operations

RONALD EASH

ABSTRACT

This paper contains an analysis of transit system operating fund sources in
the United States. Data were compiled from individual operators' reports to the
Urban Mass Transportation Administration, U.S. Department of Transportation, as
required by Section 15 of the Urban Mass Transportation Act of 1964, as

amended. Funding sources are tabulated into five categories:

earned income,

locally provided support, federal support, state support, and other income. The
average shares of a transit operator's income from these five sources are com-
puted by the number of vehicles operated and by geographic region. The statis-
tical correlations between the share of an operator's funding from a particular
source and simple system performance measures are computed. Conclusions are
drawn on the importance of federal operating support to different categories of

transit operators.

The process of funding transit systems in the United
States has changed substantially over the past 40
years. Until the end of the 1940s, transit systems
were predominantly privately owned companies that
depended on farebox revenues. Shortly after World
War II, transit ridership started to decline because
of increased automobile ownership and the shift of
population and employment from central cities to
lower density suburban areas. From 1945 to 1955
transit ridership declined by more than 50 percent
in the United States (1,p.156). Private transit op-
erators found it increasingly difficult to stay in
business, and either curtailed service temporarily
or abandoned operations altogether.

The 1950s marked a major conversion of the tran-
sit industry from private to public ownership, usu-
ally in the form of municipal and regional transit
operating authorities. These operating authorities

were able to obtain funds to buy needed transit
equipment because they normally had the authority to
issue bonds backed by the newly purchased equipment
or future farebox revenues. Operating expenses were,
however, still largely covered by passenger fares.

By the early 1960s, most transit agencies were at
the point where additional public subsidies were
needed to cover operating expenses as well as new
equipment purchases. The Urban Mass Transportation
Act of 1964 established federal support for the pur-
chase of new transit vehicles and the construction
of facilities. This federal capital assistance freed
some local and state funds for operating subsidies.
But the need for additional transit operating sub-
sidies led to the National Mass Transportation As-
sistance Act of 1974, which provided for Section 5
federal operating assistance for transit systems.

Reviewed in this paper is the 1982 funding of
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transit operating costs through farebox receipts and
revenues from different levels of government. Sev-
eral analyses are presented that include:

1. cCalculations of operating expenses recovered
from the farebox for different-sized transit prop-
erties;

2, Examples of regional differences between
local and state government responsibility for oper-
ating assistance; and

3. Measurements of the correlations between op-
erating fund sources and transit system performances.

DATA SOURCES

The data for these analyses were obtained from the
operating statistics that each transit operator re-
ports under Section 15 of the Urban Mass Transporta-
tion Act of 1964, as amended. An annual report is
compiled from these operator-supplied figures by the
Urban Mass Transportation Administration, which in-
cludes individual operator and industry summary £ig-
ures on transit revenues, transit expenses, nonfi-
nancial operating data, and performance measures.
The most recent report for 1982 is used in this
paper (2).

Data are reported for 336 transit operators rang-
ing in size from owners of a single vehicle to the
New York Transit Authority/Metropolitan Transit
Ruthority (TA/MTA), which operates nearly 11,000
transit vehicles. The data items used for statisti-
cal analysis are:

i. Total income received by an operator for op-
erating expenses.

2, A breakdown of this 1ncome according to
whether it 1s earned or comes from federal, local,
or state sources.

3. Number of vehicles owned and annual passen-
gers carried.

4. Population of the urbanized area where the
operator is located.

5. UMTA local administrative region in which the
operator is located.

For all practical purposes, reported income in the
Section 15 report equals an operator's operating ex-
penses.

There are several limitations to this data set,
however. The most serious defect is that it does not
include information on several transit modes, in-
cluding commuter rail. As a result, revenue data for
cities with extensive commuter rail services are in-
complete. Reporting problems also occur when: (a)
an operator purchases transportation services from
another party; (b) when the service an operator pro-
vides covers more than one urbanized area; and (¢)
when there is more than one operator in an urbanized
area.

AVERAGE REVENUE SOURCE CALCULATIONS

Revenue sources have been divided into five catego-
ries for the calculations:

1. Earned income, which comes primarily f£from
fares but also includes other transportation reve-
nue, such as school bus service, and some nontrans-
portation revenue, such as advertising;

2. Local revenue, which includes taxes levied by
the transit operator, local government special fare
assistance, and local government grants;

3. Federal revenue, which comes primarily from
Section 5 federal operating assistance;
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4. State revenue, which includes state special
fare assistance and state grants; and

5. Other revenue, such as interest income, which
the operator receives from outside sources.

Total income for the 336 transit operators in 1982
was approximately $7.5 billion.

There are two ways to compute an industry average
for the contribution from each of the aforementioned
sources. First, all the funds can be summed by cate-
gory for the 336 operators and then the average in-
come source shares can be computed. This calculation
provides true averages; but, it may not provide the
best example of revenue sources for an average com-
pany because the characteristics of a few large
transit systems may dominate the calculations. The
New York TA/MTA alone accounts for more than one-
fourth of all transit revenue in the United States.
An alternate approach is to compute the average of
the individual funding shares for each of the 336
operators.

Table 1 gives the average contribution by funding
source calculated by using both methods. The dif-
ference between the two averages can be illustrated
as follows. Por the first average, the total earned
income for all 336 operators accounts for 43.7 per-
cent of all operators' revenue. However, the average
contribution that earned income makes to total in-
come for the typical operator is only 32.3 percent.
This means that the first average is not a good de-
scriptive statistic for earned income. The earned
income of individual operators is not uniformly dis-
tributed around the mean, but is skewed because a
few large operators have a disproportionate share of
all earned income. The 27 largest transit systems
account for more than three-fourths of all transit
revenue, and generally also have the highest earned
income levels.

TABLE 1 Operator Income by Funding Source

Income Source (percent)

tarned Local Federal State
Income Support Support Support Other

RAverage Computed by 43.7 29.1 12.3 13.3 1.6
Total Income

Rverage Computed by 32.3 26.1 27.0 14.2 0.4
Operator Sources

Regardless of the method of computation, earned
income is the most important revenue source. The
relative importance of local, state, and federal
subsidies is, however, not entirely clear because
they would be ordered differently depending on the
average used for ranking. In terms of total dollars,
the federal subsidy is less than either the state or
local subsidy levels. Yet for the majority of opera-
tors in the data set, it contributes more to revenue
than the other two government subsidies.

Table 2 gives data on these apparent contradic-
tions. In this table, dollar contributions to tran-
sit revenue are computed for four different-sized
transit properties: (a) very large transit compa-
nies with more than 500 transit vehicles; (b) me-
dium-sized operators with between 100 and 500 tran-
sit vehicles; (c) operators with between 50 and 100
transit vehicles; and (4) small transit operators
with less than 50 vehicles. Note first that the
majority of transit operators in the data set are
quite small, and second, the dominance of the larger
operators. The average operator allocation of reve-
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TABLE 2 Income Sources by Operator Size

Funding Source (percent)

Operator Number Percent
Size of of Total Earned Local Federal State
(Vehicles) oOperators Income Income Support Support Support Other
500+ 27 TF7 45.3 29.1 10.1 13.7 1.8
100 to 500 61 14.9 41.3 30.1 17.4 10.0 1.1
50 to 100 62 3.9 32.8 25.2 24.4 17.5 0.1
0 to 50 186 3.5 30.9 29.0 25..:1 14.4 0.1
Total 336 100.0 43.7 294:1 12:3 13.3 1.6

nue closely matches the allocation of the largest
operators.

The data in Table 2 indicate that the importance
of earned income generally declines for smaller
transit operators, and that federal operating sub-
sidies compensate for this decline in earned 1income
among smaller properties, Local, state, and other
revenue sources are hardly affected by operator
size. The sum of these three revenue sources is a
fairly uniform 40 to 45 percent of all revenue, re-
gardless of the size of transit systems.

REGIONAL DIFFERENCES IN FUNDING TRANSIT SYSTEMS

Sources of revenue for transit systems were then
tabulated by UMTA administrative region to determine
whether there were regional differences in their
funding. The states that make up the UMTA regions
are shown in Figure 1.

Table 3 gives data on income sources by UMTA ad-
ministrative region. These data indicate that there
are some regional differences in transit funding
that are correlated to some extent with the average
transit system size in each region. Region I1I, which
includes the New York metropolitan area plus New
Jersey and several upstate New York transit systems,
is unique for its high level of earned income and
its relatively low percentage level of federal sup-
port. Both are also characteristic of large transit
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FIGURE 1 UMTA administrative regions

systems in general. With regard to the low level of
federal support, this region accounts for one-third
of all national transit revenue, and it is probably
politically unacceptable for one region to receive
one-third of all federal operating funds.

Some analysts have argued that federal support
for transit has generally favored the new systems in
the sunbelt states at the expense of the older and
larger transit systems in the northeast. This ap-
pears to be only partially the case for federal op-
erating subsidies. Although the southeast (Region
IV) shows a high level of federal support, it is not
significantly greater than the adjacent east coast
(Region III) and midwest (Region V) UMTA regions.
Surprisingly enough, the highest level of federal
support occurs among the small number of transit
systems in the plains states in Region VII. Federal
operating subsidies for the remaining regions in the
sunbelt, the southwest (Region VI), and west coast
(Region IX), are only average.

The characteristics of local and state support
can be summarized by examining the two extreme
cases, the mountain states in Region VIII and New
England (Region I). New England has the lowest level
of local subsidy and the highest level of state sub-
sidy, whereas the mountain states' region shows no
state subsidies at all but the highest local sup-
port. In those UMTA regions that are not particu-
larly urbanized, supporting transit is predominantly
a local responsibility. States are more active in
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TABLE 3 Income Sources by UMTA Administrative Region

Funding Source (percent)

Number Percent

UMTA of of Total Earned Local Federal State
Region Operators Income Income Support Support Support  Other
1 32 5.0 & 17.9 12.8 32.2 0.0
11 40 33.0 53.8 18.8 5 15,9 4.2
III 33 yi [l 44.2 18.3 16.8 20.7 0.0
v 46 AT 43.4 36.6 19.6 0.5 0.0
v 75 16..3 39.8 33.6 14.3 12.3 0.0
V1 35 5L 31.4 93.3 12.1 < 8 0.1
VIL 15 2.0 30.8 40.3 2342 5.6 0.1
VIII 6 1.6 23.9 62.3 13.8 0.0 0.0
X 44 16.2 39.2 39.5 13.7 6.5 1.0
X 10 3.1 28.8 48.3 10.1 12.8 0.0
Total 336 100.0 43.7 29.1 12.3 13.3 1.6

subsidizing transit when their populations are Federal operating support for transit shows the

largely urban. The relatively low level of combined
local and state subsidies in the New York-New Jersey
Region II is explained by the high level of earned
income that transit systems in this region generate.

TRANSIT SYSTEM PERFORMANCE AND FUNDING SOURCES

A correlation analysis was carried out to describe
the relationships between funding for transit sys-
tems and their performance. The different funding
shares for the individual operators were correlated
with six variables that characterized the metropoli-
tan area where the transit service was provided and
the efficiency of the transit system. These vari-
ables are total revenue, urban area population,
transit vehicles operated, annual passengers car-—
ried, vehicles per population, and passengers per
population.

Table 4 summarizes the results of this correla-
tion analysis and lists the correlation coefficients
along with their significance at the 95 percent
level.

The data in Table 4 indicate the trend for earned
income noted earlier--that the proportion of an op-
erator's total revenue from carned income increases
with the size of the transit system. Earned income
also appears to depend on operator efficiency as
measured by per capita urban area passengers. Local
and state sources of revenue show less correlation
with the selected variables. However, local support
appears to be at least slightly positively corre-
lated with the size of the operator and with transit
system performance.

most interesting correlation characteristics. Fed-
eral operating support is significantly negatively
correlated with size of the transit systems, thus
corroborating the previous discussion. However, fed-
eral support is also negatively correlated with the
three system performance variables: passengers car-
ried, vehicles per population, and passengers per
population. Transit systems that are poor performers
in terms of these measures depend to a greater ex-
tent on federal operating subsidies than on better
performing systems.

The data in Table 5 indicate how funding sources
correlate with annual passengers and passengers per
population for the four different-sized transit op-
erations used previously. Note that the funding

-a tmbkawenTabaad hamatsoa o) SN Eram Al s
sources are interrelated because the funding source

variables are expressed as percents and must sum to
100 percent. A positive correlation for one funding
source implies that at 1least one other funding
source must be negatively correlated for a given
transit system size category. Because the data are
divided into more categories than in Table 4, the
significance of the correlation coefficients is gen=-
erally less, and a lower value of 90 percent is used
as a threshold significance.

There are some general differences in the corre-
lation coefficients depending on the size of the
transit system. By examining the signs on the corre-
lation coefficients, it 1is possible to ascertain
some of the reasons for these differences. For very
large transit systems, high per capita ridership
tends to make a transit system more self-supporting
because of increased earned income. For medium-sized

TABLE 4 Correlation Between Funding Sources and System Performance Variables

Total Urban Area Transit Annual Vehicles/ Passengers/
Funding Source Income Population Vehicles Passengers Population Population
Earned Income 0.12* 0.28* 0.16* 0.13* 0.02 0.16*
Local Support 0.03 0.02 0.02 0.01 0.11* 0.09
Federal Support -0.20* -0.37* ~0.23% -0.17* ~0.14* -0.26*
State Support -0.01 0.01 -0.01 -0.01 -0.01 -0.03
Other 0.07 -0.01 0.06 0.07 -0.07 -0.04

*Probablility that the correlation is nonzero is greater than 95 percent.
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TABLE 5 Correlation Between Funding Sources and Ridership Variables by Vehicles Operated
500+ vehicles 100 to 500 vehicles 50 to 100 Vehicles 1 to 50 Vehicles

Funding Source Pass. Pass./Pop. Pass. Pass./Pop. Pass. Pass./Pop. Pass. Pass./Pop.
Earned Income 0= 37% 0.29 -0.00 -0.27* 0.29% -0.08 0.22* 0.16*
Local Support -0.15 -0.20 0.18 0.24* -0.04 0.24* 0.04 -0.10
Federal Support ~0.33% -0.26 -0.31* 0.01 -0.30* 0.12 ~0.22*% 0.03
State Support 0.01 0.15 0.00 0.02 -0.05 -0.06 -0.07 -0.07
Other 0.95% 0.54* -0.05 =0..11 0.03 -0.05 -0.09 -0.11
*Probability that the correlation is nonzero is greater than 90 percent,

transit systems, however, the situation is re- subsidies are less regionally biased toward the sun-

versed--high per capita ridership is associated with
lower levels of earned income and higher levels of
local subsidy. The positive correlation with local
subsidies for these medium-sized systems means that
the high per capita ridership has been achieved
through high local subsidies and low fares.

Earned income is positively correlated with total
riders for three of the four sizes of transit sys-—
tems, as would be expected. Although there is some
evidence that local support is correlated with per
capita passengers for medium-sized transit systems
in particular, state support is uncorrelated with
this system performance measure regardless of system
size. Federal operating support is generally nega-
tively correlated with both the total passengers and
per capita passenger variables. In fact, federal op-
erating support is significantly negatively corre-
lated with total ridership for all four size catego-
ries of transit systems.

SUMMARY AND CONCLUSIONS

Existing patterns of funding for transit can be sum-
marized in the following manner. Earned income,
largely from passenger fares, accounts for approxi-
mately one-third of smaller operators' revenue and
increases up to nearly one-half of revenue for the
very largest transit systems. State and local sub-
sidies consistently account for 40 to 45 percent of
a transit operator's income. Federal operating sup-
port is used to close the gap between earned income
from the farebox and the operating costs remaining
after state and local subsidies.

The division of subsidies for operating costs be-
tween state and local sources depends on: (a) the
degree of urbanization in the state; (b) traditional
divisions between state and local government respon-
sibility within regions of the U.S.; and (c) the
apparent desire of some medium-sized cities to pro-
mote transit use through high local subsidies and
low fares. Local support of operating costs also ap-
pears to be somewhat related to performance of the
system as measured by ridership.

Existing federal operating subsidies tend to
favor smaller transit systems, but federal operating

belt regions than many have argued. The method by
which federal subsidies are distributed does appear
to reward inefficient transit systems., Moreover,
this tendency cannot be completely explained by dif-
ferent regional characteristics or by the ineffi-
ciency of smaller transit operators.

Depending on one's point of view, federal operat-
ing subsidies either support inefficient operations
or are a safety net to keep marginal transit systems
operating until ridership builds. Current policies
for distributing federal operating support do not
appear to offer incentives to transit operators to
improve system efficiency or to local and state
governments to increase their support. It is also
clear that the smaller transit systems will be hurt
the most if federal operating subsidies are reduced
without changing the way federal operating support
is allocated because a larger percentage of their
income is obtained from federal subsidies.
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Rural Mobility Programs

ALICE E. KIDDER

ABSTRACT

The majority of rural areas in the United States have no available public
transportation. Fear on the part of local elected officials that such a mobil-
ity program may overstrain local budgets, and the failure of state and federal
funding to provide an infrastructure for developing, planning, and implementing
such programs on behalf of rural areas may account for the vast imbalance in
per capita expenditures for transit between urban and rural areas. This paper
contains data on exceptional cases: examples in which local initiative has suc-
ceeded in installing at least a modest level of stable long-term mobility for
rural residents. The following questions are considered: (a) What level of ser-
vice is financially viable in low density areas in the long run?; (b) What are
the sources of support, and how stable are they?; (c) Are the "success"™ stories
replicable, or are they the result of unique situations of state support, un-
usual rural economic conditions, or other nonreproducible conditions?; and (c)
What are the roles of state and federal government in financing and regulating
the promotion of innovative financing arrangements for rural public transporta-

tion?

It is a truism that rural mobility programs cannot
exist on a long-term basis unless the total revenues
from fares, sales, and subsidies exceeds the sum of
operating and capital costs. Because the accounting
for financial inflows and outflows is done annually,
deferred costs or temporary deficits (delayed pay-
ments to suppliers) can obscure the basic formula:

C(X)¢ < R(Xg) + S¢ (1)
where

C(X)y = dollar value of costs (both capital and
operating) of producing transportation
service X during time period t, including
the implicit dollar value equivalent of
in-kind contributions;

R(X)¢ = revenues other than subsidies, that are
generally a function of the service
given (e.g., fares, sales of advertising
space, payments for contract or charter
service, payments for subscription ser-
vice, etc.); and

St = subsidies or funds received from public
sources, private donations, or implicit
support from creditors in a deficit; also,
the dollar value of in-kind contributions.

For simplicity, the relationship may be summarized
as revenues plus subsidies must be greater than or
equal to the costs of operating and replacement of
used equipment.

The average rural community has no public trans-
portation because: (a) the costs of setting up and
implementing such a program are prohibitive-—~the
organizational, administrative, and operating costs
are approximately $0.30-0.50 per vehicle mile and
average trip lengths are 10 miles round-trip from
origin to destination; (b) revenues are insufficient
to cover start-up costs--in many cases, long-term
ridership would be so low that the farebox revenue
would cover only a small portion of the operating

costs; and (c¢) subsidies are not available--many
states have no program to provide operating assis-
tance to rural areas, and federal Section 18 funds
only average about $2 million per state; conse-
quently, they cannot be expected to serve the major-
ity of rural communities.

FINANCIAL APPROACHES

It is interesting to note that some exceptions to
these generalizations do exist. A growing number of
rural systems has achieved a long-term balance be-
tween inflow and outflow by using the following ap-
proaches.

Type 1. Reduction of Cash Costs by Use of Volunteers
and Other In-Kind Donations

In this approach, subsidies come from private, in-
kind donations, such as service providers who offer
their time, vehicles, and gasoline to operate a pro-
gram of rural mobility. In this case, cash cosls are
very low. Revenues, however, are also likely to be
low or nonexistent.

An excellent example of this type of funding is
ELDERBUS. In 1973, a surgeon in Southbridge, Massa-
chusetts, secured $2,500 from the Lions Club to lease
a station wagon. He used his office's answering ser-—
vice to collect requests for service and recruited
volunteer drivers from among the town residents. In
time, the program became well-enough established to
derive support from state and federal funding
sources (1,p.17).

Type 2. Private Sector Solutions where the Level of
Service is Determined by the User's Willingness
to Pay Full Cost

In a 1976 survey of 1,000 randomly selected small
communities, North Carolina Agricultural and Techni-
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cal State University's ‘Transportation Institute
found that approximately one-third of the rural com-
munities interviewed had some (low) level of service
provided by taxi companies on a pay-as-you-go basis.
In these cases, rural residents had to pay very high
per-mile rates that compensated for the high cost of
providing service to low-population areas. For the
most part, subsidies did not exist here, and the
revenues equalled the operating costs. The system's
long-term viability depended on the taxi company's
ability to generate sufficient revenues from rural
or urban service to facilitate needed capital re-
placement when necessary.

Type 3. Social Service Agency Provides Outreach to
Rural Areas as Part of General Operating Budget

In this approach, a single social service agency,
which is independent of transit or other social ser-
vice agencies, provides some kind of service to
rural areas such that revenues plus external and
internal subsidies from the operating budget cover
the full value of the costs of service operation.
This is expressed as

C(X)g < R(X)g + [Sagencylt + St (2)

The key to long-term stability is the continua-
tion of subsidy for the agency's basic purpose; when
changes occur in the operating budget of the agency,
the transportation activities may fall an early vic-
tim to budget cuts.

Type 4. Coordination of Service Delivery and
Financing Bmong Several Social Service Agencies

In this case,
R(X)p + [Sil¢ > C(X)y (3)

where R represents revenues including payments from
one agency to another for clients from a coordinated
or integrated transportation program offered by one
or more members of the social service agencies group
serving a rural area; and S represents a subsidy
that may include the combination of in-kind services
(i) from a variety of agencies.

The social service agencies may also derive sub-
sidy from programs such as the Urban Mass Transpor-
tation Administration (U.S. Department of Transpor-
tation) 16(b)2 program that covers much of the cost
of buying new vehicles, or from state support for
regional transportation program operating costs.

Type 5. Joint Urban/Rural Transportation Authority
Operation of Programs

In these cases, the distinction between urban and
rural systems is blurred. Rural transportation au-
thorities operate in a fashion similar to urban
ones, offering long-term service built around high
levels of point-to-point demand (such as commuter
service to an industrial park from a limited number
of communities), or are service extensions of high-
demand urban systems.

Here, subsidies from the state frequently result
in the long-term survival of the system independent
of its revenue generation. Subsidies support the
whole system, in the urban/rural context, and the
cross-subsidy from the high-density service to the
low-density service may be quite high, but hidden in
the total budget of the whole organization.
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Type 6. Rural Public Transportation Programs
Operating under Authority of Local
Political Jurisdictions

Some rural areas (a remarkably small number) have
been able to achieve positive votes for long-term
local subsidies of transportation service that oper-
ate within a designated political jurisdiction or
combination of such jurisdictions. In this case, the
rural area(s) have an agency that acts as a counter-—
part to the urban transit agency in providing ser-
vice to the general public. The long-term financing
for this project comes from the assurance of local
support, and from the ability to attract state and
federal funding on the same terms as urban transpor-
tation authorities.

APPROACHES TO FINANCING

The preceding typology does not exhaust the list of
ways in which long-term rural mobility programs are
supported, but reflects the most generalizable exam-
ples. Other examples are indeed unigue such as Na-
tive American programs of community transportation
that draw funds from the Bureau of Indian Affairs;
experiments with statewide rural systems, such as
the Delaware Authority for Special Transportation;
and programs sponsored by individual employers, such
as the Pilot Life bus program in High Point, North
Carolina.

Volunteer Systems

In a number of rural towns in Central Massachusetts
(e.g., Bolton, Boylston, and Harvard) local volun-
teer groups called "Friends of Elders" have formed.
These volunteers work with programs for the elderly
(e.g., councils on aging, senior citizen groups) by
providing transport by private automobile on re-
quest. One volunteer takes charge of telephone con-
tact work using a residential phone; other volun-
teers work on a schedule to provide service as
needed. The financial burden is borne by the indi-
vidual volunteers, without compensation. Tax deduc-
tions are available for these expenses, however, be-
cause the in-kind services are provided through a
charitable organization.

This type of program has two advantages: (a) it
is flexible enough to meet changing needs without
the cumbersome task of obtaining altered external
funding or doing long-range planning; and (b) the
system places no burden on the taxpayers, who have
shown by their support of legislated tax ceilings
that they will not tolerate additional social ser-
vice programs.

The drawbacks of such a system are equally obvi-
ous: (a) The program is not visible to the general
public--therefore, it cannot be relied on as a
source of mobility for nonresidents; (b) The program
is self-limiting--the availability of volunteers
limits the time, distance, and other dimensions of
the service offered. The program is most useful in
support of organizational activities (bringing peo-
ple to nutrition programs or medical facilities),
rather than as a source of personal mobility for the
average rural resident; and (c) The program serves
only a subset of the transportation-disadvantaged
individuals in rural areas: the elderly whose travel
demands match the service levels offered by the vol-
unteers.

For-Profit, Private Sector Solutions

Both taxi and privately operated bus services have
decreased in rural areas. Deregulation has enabled
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major carriers to withdraw intercity service from a
significant number of rural communities; what is not
known is how many smaller, local operators have as-
sumed responsibillity for short-line service. In a
June 1984 conversation with Edward Ramsdell of the
Transportation Systems Center, the author was in-
formed that recent research by the Center suggested
that the abandoned service was not important in
terms of lost mobility because the stops that were
dropped were not heavily used.

Many rural communities have taxi service only as
an occasional run from a more urban community some
distance away. There may be a delay of several hours
on calls for service where pickup is required. The
service is costly to the ucero, as the per mile
rates must cover the costs of both front haul and
(empty) backhaul.

This service could be subsidized and coordinated
with social service transportation needs, but this
rarely occurs. The network of contacts of the pri-
vate operators appears not to overlap with that of
the social service agencies. Federal regulations re-
quire that UMTA Section 16(b) (2) recipients who re-
quest funding must notify taxi companies of their
intent to offer service. It would be interesting to
study whether such a procedure results in more use
of private sector solutions for rural social service
mobility programs.

One innovative method that has been found to link
the rural transportation-dependent individual with
private transportation operators is the use of a
brokerage agency. The Central Vermont Transportation
Association, for example, takes calls from would-be
riders and refers them to existing trip-makers
(taxis, schocl buses, commuters, etc.) But where do
the funds come from for even this basic overhead?
The answer is a series of special demonstration
grant’s supported by the U.S. Department of Transpor-
tation. Under Section 4(i) of UMTA funding, and,
previously, a Federal Highway Administration Trans-
portation Systems Management (TSM) grant, the pro-
gram initiators derived financial support to initi-
ate the brokerage program. But what happens after
the termination of federal funding? It is hoped that
the program will be converted into a regional tran-
sit district under the statutes of the state of Ver-
mont. Under those circumstances, it would become a
"type 6" system, fully eligible for state and fed-
eral operating and capital assistance. Time will de-
termine whether this strategy is successful. The
system currently derives funds from social service
budgets, following the "type 4" model description
that follows.

The City of Chico (California) was the
first community in Butte County to establish
[a transportation service for the elderly
and handicapped.| Chico, the largest city in
Butte County with a population of about
50,000, is an agribusiness center.,.Financ-
ing the Chico elderly and handicapped sys-
tem was no problem, as abundant TDA (state
sales tax) funds were available, However, ...
staff who were responsible for designing the
elderly and handicapped system were under
pressure to develop the most cost-effective
service possible...The El Cajon shared ride
taxi service appeared to be a noteworthy
success, and it was decided to emulate its
features as much as feasible. The two most
important aspects of system organization
which were copied from El Cajon were shared
ride operations and compensation of the DRT
provider on a consumed service basis. The
latter was accomplished by paying the pro-
vider a fixed fee per ticket collected from
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the riders, the fee being determined by com-
petetive bidding...These features of the sys-
tem's organization were most compatible with
operation by a local taxi company. Not sur-
prisingly, the Chico taxi and ambulance com-
Pany was the winning bidder with a bid of
$1.95 per ticket collected (up to three can
ride on one ticket.) (2,pp.8-9).

Social Service, Single Agency Approach

An excellent example of this kind of rural outreach
transportation program is provided in New York State
by the Associations for Retarded Children (ARCs). By
using state funds, the ARCs pick up the participat-
ing children in rural counties and transport them,
usually by car, to their respective special schools.
This type of service is very expensive, with the per
capita cost frequently more than $4,000 per year.
However, the service is deemed necessary, because
there are not alternative transportation providers.

Stability of funding rests with the continuation
of state support for the entire activity. Fluctua-
tions in social service agency funding can lead to
changes in the mobility components of such programs.
An example of this variation may be found in the
demise of the human resource development programs.
Transportation expenses were frequently subsidized
by CETA funding; with its termination, however, the
transportation to training programs ceased.

Many rural areas currently have service on a lim-
ited basis from these types of programs. Following
is a list previously researched by the author, which
gives the variety of funding sources used in rural
systems and includes the social service agencies
likely to offer service to rural areas:

* Associations for Retarded Children

¢ Councils on Aging

¢ Community Block Grant programs to former OEO
programs, now typically a social support, local
agency

* Community Mental Health Programs

* Community Mental Retardation Programs

* Easter Seal Programs

* Private Industry Councils (inheritors of the
employment and training programs)

* Visiting Nurse Associations

* Vocational Rehabilitation Programs (fre-
quently state-operated)

The typical pattern is to use overhead funds to
design, plan, and implement the program (staff time
of management, typically), and later to use portions
of the general operating budget of the agency to
cover the costs of gas, oil, and so forth. Volunteer
drivers are frequently used or agency personnel are
called in to provide driver services. Thus, the
costs of the transportation program are hidden in
the general budget, which becomes a source of sub-
stantial subsidy funding for the mobility program.

The advantage of this funding base is that it
does not depend on political decision making over
the level of transit support (frequently a political
football in state legislatures), but is derived
principally from decisions at the federal level to
fund broad-based social service programs or from
private donations to local charitable organizations
that are likely to continue over time.

The difficulty is that these mobility programs
are not community-wide, but focus on a subset of the
mobility needs of only the client population. This
type of program does not serve the personal trans-
portation needs of transit-dependent individuals for
shopping, recreational, or social purposes, because
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the trips are typically limited to bringing clients
to participate in the agency's programs.

Multiagency, Coordinated Transportation for
Rural Areas

Madison County in New York State has designed a plan
for a multiagency transportation program that is
coordinated by the county government. It links the
following transportation resources: (a) UMTA Section
16(b) (2) vehicles from social service agencies, (b)
vehicle maintenance from the vocational education
program, and (c) operating support from the Council
on Aging.

The program has demonstrated that single agency
programs operating independently within the county
frequently have vehicles going empty in one direc-
tion. Matching up route patterns can have the effect
of eliminating empty backhauls. Sharing of operating
costs reduces the burden on any one agency.

A serious handicap to the growth of this program
into a regional transportation service is the deci-
sion on the part of the New York State. Department of
Transportation to interpret UMTA guidelines as pre-
cluding the use of Section 18 funds for programs
built out of UMTA Section 16(b)2 vehicles with a
social service thrust. This dilemma has been skirted
in other states that have permitted such pooling of
resources.

Perhaps the most well-known of the coordinated
systems is OATS (formerly the Older Americans Trans-
portation System) operating in 88 counties of rural
Missouri (3,pp.14-15). The agency, originally set up
with a $30,000 grant from the Office on Aging, now
enjoys purchase of service contracts with eight area
agencies on aging, and receives funds from social
service block grants and the Older Americans Act.
Other revenues come from the state Department of
Mental Health. Rider donations and outright gifts
from local groups make up about 15 percent of the
budget.

Another example of successful merging of funding
from different sources is the previously described
Central Vermont Transportation Association (CVTA).
The CVTA also serves as an intermediary between
funding sources and transportation providers, and
has drawn funds simultaneously from the United Way,
Medicaid, UMTA Section 16(b)2, vocational rehabili-
tation, and funding for programs on aging. They ex-
pect to be eligible to receive UMTA Section 18 fund-
ing after they have achieved transit authority
status.

Rural Systems as Extension of Urban Systems

In the Delaware Valley, the LANTA transit agency not
only serves the major cities of Easton, Allentown,
and Bethlehem, Pennsylvania, but also runs service
to outlying areas such as Forks Township. In Albany,
New York, the Central District Transit Authority
(CDTA) uses state and federal funds given to the
agency as a whole to provide rural service into
Rensselaer and other low density areas. In Massachu-
setts, the Worcester Regional Transit program in-
cludes twice-a-day runs through rural communities to
Clinton, Massachusetts. These cases are examples in
which the cost of operating a fixed-route service to
rural areas is cross-subsidized by the general sub-
sidies going to the entire urban-based transporta-
tion system. Section 18 federal funds for rural
areas are frequently used to cover the marginal
costs of these low-density area programs. This is
true in the case of Worcester, Massachusetts, for
example. Start-up costs are reduced because planning
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and vehicle acquisition can be performed by an urban
system that has considerable local-service experi-
ence.

Unfortunately, these fixed-route 1links between
rural and urban areas are likely to be set up to
facilitate the needs for vehicles in the cities, and
do not reflect the origin and destination needs or
the trip time requirements of rural residents. A
person in Clinton taking the bus to Worcester for a
doctor's appointment will have to wait in Worcester
until the end of the day to return on the second bus
trip.

These programs have the advantages of visibility.
They are open to the general public. They do serve
some of the needs of the general population of
transportation-disadvantaged individuals. For in-
stance, they facilitate the movement of transients
between urban and rural areas and are occasionally
used by the rural poor and elderly for shopping and
medical trips.

These programs do not come close to meeting the
mobility needs of rural populations, however. For
example, (a) they do not provide service between
neighboring communities, (b) they do not deliver
clients to social service agency programs, and (c)
the routes do not necessarily match the needs of the
poor to get to welfare offices, employment offices,
or food stamp programs.

The federal Section 18 program funds are more
likely to go to this kind of program, because the
urban transit authorities have close negotiational
links with the state departments of transportation
through which the federal rural funding must pass.
Also, the urban agencies have the professional ca-
pacity to participate in the planning process, and
through the metropolitan planning organizations are
set up to conceive their mission on a regional
basis. What these groups lack is familiarity with
the trip-making patterns of local, rural residents.
They frequently have no information on the location
of the transit-dependent individuals in these areas,
nor of their travel demand patterns. The urban plan-
ners are likely to assume that the principal demand
is for service to the adjacent large metropolitan
area. As services redeploy to more attractive, near-
rural areas, the trip patterns of rural residents
are reoriented more toward nearby rural towns and
suburbs, than to the core of the urban center.

One of the most innovative responses to this
dilemma can be found in Kingston, New York, where
the 1local transit authority receives Section 18
funding through the state. The transit authority
provides an extensive network of trips on a route-
deviation basis with advance reservation for rural
residents throughout a wide rural area. Through
careful planning, trip generators such as the local
community college, medical centers, rural shopping
centers, and other 1likely destinations are 1linked
with outlying rural residents. Trips are planned to
serve one quadrant of the area one day and another
quadrant the next. The county planner provides an
in-kind donation of professional services in plan-
ning and managing the system. Use of agency vehicles
acquired from former programs spreads the resources.
Some adjustments of basic routes have been required
by funding cutbacks, but other users (such as stu-
dents) help to generate new revenues.

Rural Community Government-Sponsored Transportation

P rograms

The type of agency most likely to design service to
meet the needs of the rural transportation-dependent
individual is a locally supported, public trasporta-
tion program operated or contracted for by a local
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government. The most prevalent example of this is
the rural school busing programs, organized and paid
for by local school boards.

Why do we not find many examples of rural trans-
portation authorities? Because rural elected offi-
cials fear the specter of high transit deficits that
follow the fate of some urban transit programs.
Nevertheless, where state or federal funding has
assisted with pioneering demonstration projects,
some examples of rurally voted transportation sub-
sidies can be found. A number of rural Michigan com-
munities dedicated portions of the 1local property
tax to support dial-a-ride programs initiated in the
1970s.

Residents who have voted for state revenues to be
specifically allocated to support rural transporta-
tion programs (New York and California are the most
notable examples) are most likely to see the rise of
rural transportation programs. For example, Cali-
fornia uses an earmarking of sales tax revenue to
support nonurban transit. Such a state-level initia-
tive provides an opportunity for long-range planning
and implementation of a regional, rural-oriented
transit. It would be useful to have a survey of a
random sample of California rural communities to de-
termine what difference such funding availability
makes to the level of service delivered in the "av-
erage" community. Clearly, the availability of
Transportation Development Act (TDA) funds was an
element in the success of the Chico taxi-based sys-
tem described earlier.

LONG-RUN VIABILITY OF SERVICE LEVELS IN
RURAL COMMUNITIES

There is no one "optimal®™ service level that is
cost-effective for rural areas. The existing systems
show a wide array of service levels. The matter is
up to the local communities. Heavy investment in
service, such as in Kingston, New York, pays off
with increased accessibility ot colleges, hospitals,
and shopping centers to the rural transit-dependent
individual. Alternatively, low levels of service are
provided very cost-effectively by all-volunteer
systems.

It is clear that where resources are marshalled
to provide a high level of service, it is possible
that resources can be wasted. In Plattsburgh, New
York, for example, a fairly high level of state sup-
port to that rural system permitted it to run an
experimental bus route to an outlying area for 3
months without a single rider! Such examples demon-
strate the futility of applying urban-oriented,
fixed route, large bus solutions to 1low density
areas. Much more likely to generate ridership is the
demand-responsive, or at a minimum, the route-devia-
tion approach, such as is used in Kingston, New York.

STABILITY OF FUNDING IN NONURBANIZED AREAS

Fear of the long-range uncertainty of the continua-
tion of Section 18 funding reduces the utility of
federal sources in stimulating new programs. Other
funding sources (medicaid, community block grants,
mental health, for example) appear to be a steadier
source of financial support to mobility programs
reaching low density areas. Even these programs are
subject to political overhauls, however, and are not
immune to budget pairing. How this affects the
transportation components depends on how the bureau-
cracy views the role of mobility in service delivery.

Volunteer systems also experience ups and downs
in resource availability. Because they are less vis-
ible to the general public and the press, their in-
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ability to provide a continuing service may not be
as blatant as when a social service program closes
or when an intercity bus route is abandoned.

Instability is rooted in the current financing
system which takes decisions outside the hands of
local decision makers. Whether or not a given rural
community has a particular level of service is the
result of financing decisions made by social service
agencies, state legislators, UMTA officials, and
many others not resident in the rural community. Be-
cause there is no dedicated funding automatically
open to a rural community that elects to match funds
on an equal basis, for example, local elected offi-
cials do not usually debate the value of adding a
public transportation program to local social ser-
vice initiatives. They fear that they may soon be
left with 100 percent of the financial responsibil-
ity for operating and renewing the service.

CAN CURRENT RURAL SYSTEMS SERVE AS ROLE MODELS FOR
LONG-RUN ECONOMICALLY VIABLE PROGRAMS?

Unfortunately, the existing examples of rural mobil-
ity systems that have lasted more than 5 years fre-
quently appear to have special circumstances sur-
rounding their birth, growth, and current financial
success. Short-term federal initiation grants (such
as the Section 147 program) got some programs off to
an unusually high level of initial funding. In many
cases, ridership was neither 1large nor wealthy
enough to sustain that level of funding, and the
proximity of rural areas to the planning expertise
of an urban system (as in the case of Rensselaer
County and Albany) has resulted in a level of ser-
vice that cannot be duplicated in a more isolated
rural county, such as Madison County, New York.

"Type 4" systems appear to be easier to replicate
elsewhere. The overhead costs of setting up a coor-
dinated system can be met by the determination of a
social service agency manager to devote staff time
to the purpose. A recent Massachusetts conference on
rural transportation demonstrated that such initia-
tives could come from a variety of sources: commu-
nity action organizations, health care providers,
councils on aging, church groups, employers, and
many other groups with flexibility in work assign-
ments to paid managers (4).

Other funds can occasionally be found for
start-up of coordinated, interagency systems. For
instance, demonstration project funding from the
U.S. Department of Transportation is offered on a
competitive and recurring basis; state fundes are
available through Offices of Aging (where the state
decides this is a priority); and in one case, seed
money came from the U.S. Department of Agriculture
ap a fcasibility experiment on rural transportation
cooperatives. Alert local staffers can keep abreast
of these external funding opportunities by reviewing
the Federal Register and other publications listing
available grant opportunities.

Type 4 systems appear to have a good success rate
in maintaining funding. Where funds from several
social service agencies are pooled, as was the case
in OATS, cutbacks in one source can be made up by
applications to newer opportunities. Skill in
grantsmanship and perseverance are obvious require-
ments.

Nevertheless, administrative entanglements can
cause financial difficulties in coordinated systems.
A recent Department of Health and Human Services
study noted (5,pp.28-29):

+.+.financing difficulties were encountered
across the (HDS coordination experiment)
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projects. The major problems tended to fall
into one of four categories: cash-flow prob-
lems with service purchasers, the nature of
the coordination savings, finding stable
sources of operating assistance, and capital
replacement...

The report goes on to note that although there are
cost savings from coordination, these tend to be ex-
pended in increased service levels and higher costs
of management and administration rather than in a
total cost reduction for the combined system.

ROLE OF STATE AND FEDERAL FINANCING AND
REGULATIONS

State financing opportunities are currently much
more important than federal initiatives in determin-
ing which rural programs can be started. For the
most part, UMTA Section 18 funds have already been
deployed to sustain existing rural programs, and
frequently serve to add a rural link to existing
urban programs. Few states have uncommitted funds
that could be used to underwrite the initiation of
new rural service. The case of the Chico, Califor-
nia, taxi-based system shows the advantage of a de-
pendable, state-based transportation funding source
that gives a private supplier of service a rationale
for long-term private investment of funds in vehi-
cles and service delivery.

State regulations, or interpretations of UMTA
guidelines, are very important in creating condi-
tions that encourage or discourage the development
of innovative local rural financing. A recent state-
ment by a New York legislative commission on rural
resources cites an example where state DOT requla-
tions have impeded development of locally initiated
coordination programs (6,p.8):

...state administrative oversight (of Sec-
tion 18 programs) has attempted to fit local
planning efforts into an urban criterion.
New York State implementation of Section 18
serves to frustrate coordinated usage of
16 (b) (2) vehicles and Section 18 funds as
intended by Congress and consistent with lo-
cal needs. We have found that some New York
State localities have been in the 'planning'
stages since 1979, in their efforts to set
up a rural transportation system under Sec-
tion 18 guidelines.

This criticism suggests that there is a double-
barreled impact of having both federal and state
regulations governing the allocation of transit sub-
sidies; each program's rules have an impact, but the
interpretation of each other's rules may have a sec-
ondary, confusing impact.
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CONCLUSIONS

This paper contains a number of illustrations of how
the costs of offering rural mobility programs have
been met on a continuing basis through a combination
of revenue and subsidy sources. The illustrations
show that there are many variations in service
levels and cost that have evolved from local experi-
mentation with means for improving the mobility of
transportation-disadvantaged individuals--some of
whom are almost cashless. Others require wvery high
levels of state funding. What these illustrations
have in common is the documentation that needs for
passenger service exist and can be met with a vari-
ety of innovative financing approaches. The menu is
large--it should offer an attractive array to
elected officials from the majority of rural commu-
nities, which have no mobility programs whatsoever.

The suggestion is made in this paper that state,
rather than federal, funding and regulations are be-
coming the key element in creating the opportunity
for local agencies to initiate and develop a coordi-
nated transportation funding mechanism, Change
agents are most likely to be found among social ser-
vice agency managers, who see mobility programs as a
means to a wider goal of service delivery. UMTA and
state DOTs should investigate means for improving
the utilization of these local management resources,
especially in localities where urban planning exper-
tise is not readily available.
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A Virginia Model for Financial and
Community Support of Rural and
Specialized Transportation Systems

BETTY L. NEWELL and PETER SCHAUER

ABSTRACT

The information in this paper is based on documented field experience in Cen-
tral Virginia where two human service agencies, a community health center and a
community action agency, are using current transportation funding to provide
the local match required to fund a regional public transportation system in
four very rural counties. Virginia has several unique elements that affect the
local share required for a community to institute public transportation. For
capital expenditures, UMTA Section 18 will provide 80 percent. If requested by
a local governing body, the Virginia Department of Highways and Transportation
will also contribute an additional 19 percent, leaving only a 1 percent local
share remaining to be funded. Further, this 1 percent local match can be raised
through local business donations because Virginia has a Neighborhood Assistance
Act program that will provide a 50 percent tax credit for donations to approved
community projects. Because of the strict nature of Virginia statutes, not only
is a thorough financial plan required, but strong local community development
is required to assure local government support for a system. Virginia's experi-
ence in funding is important to share with other states in fostering rural and
specialized transportation systems and the positive aspects and some of the
drawbacks of this model are shown in this paper. Virginia statutes tend to
create a favorable environment for rural and small urban transportation in con-

trast to the hostile or benign environments typical in most states.

As do most states, the Virginia Department of Trans~
portation (VDH&T) places heavy emphasis on highways
and spends a relatively minor portion of transporta-
tion funding on public transportation. There are,
however, several statutes that create a favorable
environment for public transportation and have
helped a new rural provider, the Central Virginia
Transportation system (CVT) to be established in the
Central Virginia counties of BAmelia, Buckingham,
Cumberland, and Fluvanna.

These four counties are in the Piedmont area of
Virginia west of Richmond, north of Farmville, and
east of Charlottesville. This area contains approxi-
mately 1,500 mi?, has a population of 38,000, and
a population density of 26.7 persons per mi? in-
cluding 6.A percent transportation-disadvantaged
(1), 13 percent 65 years or older, and 18.9 percent
below poverty level. This area has a significant
need for public transportation when compared to
areas where public transportation is already pro-
vided. The district's rural character is reflected
in the large percentage of land devoted to agricul-
ture and forest. Although agricultural uses still
dominate the district land use pattern, agriculture
employment has declined continually over the past 30
years. Jobs in retailing, service, and government
sectors have increased steadily and manufacturing
employment has shown increases over the past 20
years.,

The lead agencies for planning services in the
area were the Central Virginia Community Health Cen-—
ter, Inc. (CVCHC) and the Central Piedmont Action
Council, Inc. (CPAC). These private, nonprofit cor-
porations had provided transportation services to
their own clients for more than 14 years, but there

was no local public transportation. Both agencies
were spending large amounts of money, serving a lim-
ited population, and duplicating services by cover-
ing many of the same routes at the same time. During
calendar year 1983, more than $200,000 was used for
CVCHC and CPAC transportation services.

Several factors were considered in deciding to
establish a public transportation system in Central
Virginia: the poor utilization of CVCHC and CPAC
vehicles, the duplication of services, the lack of
public transportation in the area, the high level of
poverty and transportation-disadvantaged persons in
the community, continuing requests from other human
service agencies, repeated requests from the general
public, and a need to secure an alternative funding
fSOurce.

A major consideration of the CVCHC was the in-
creasing concern by state and federal health offi-
cials over the low utilization and high cost of
transportation for CVCHC patients. This criticism
was focused on resource utilization, however; not on
management. It was believed that services were being
provided at the lowest cost possible, but due to the
nature of the services, it was underutilized. The
service had available seats, but did not have extra
available time, so a creative method of opening up
the services was needed. It was realized by the
CVCHC Board of Directors and by the U.S. Department
of Health and Human Services project officer as-
signed to monitor the CVCHC program that by modifi-
cation of Center policy, a general public system
could be created from the nucleus of services avail-
able from CVCHC. It was recommended that technical
assistance be sought to determine the cost and fea-
sibility of opening up the service.
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Establishment of public transportation in Central
Virginia required several levels of effort and per-
suasion. The CVCHC and CPAC management and boards
had to modify internal policies to begin the pro-
cess. The CVCHC Board approved this modification in
October 1982. The VDH&T had to be convinced that
there was sufficient need and demand to justify use
of public funds for the project. Regional planning
agencies had to be shown that the proposed service
design was feasible and county governments had to be
convinced that public transportation would be in the
best interest of the public.

Historically, studies conducted by regional plan-
ning district commissions and the VDH&T several
years earlier (1,2) had recommended that CVCHC and
CPAC combine their transportation resources and form
the basis of a new, expanded system, but the studies
provided neither a specific need or demand statement
nor a step-by-step blueprint for development of the
new system.

Despite the lack of a blueprint for providing
services, a major formal step in the cooperative
public transportation venture was taken in May 1983
when CVCHC and CPAC each filed Section 18 applica-
tions with the VDH&T. The VDH&T indicated that the
applications had merit, but that they were incom-
plete with regard to specific operating detail. A
suggestion by the Public Transportation Division of
VDH&T that technical assistance was advisable re-
sulted in a CVCHC application for a Section 18 Tech-
nical Assistance grant request for a two-stage
Transportation Development Plan (TDP). Work on the
TDP was initiated in August 1983 and was completed
in January 1984 (3). The first phase of the TDP up-
dated and expanded earlier data on the need of resi-
dents and concluded that public transportation was
both needed and feasible in the proposed service
area. Phase II provided a service plan to meet the
need and demand identified in Phase I. Revised fis-
cal year (FY) 84 Section 18 applications were filed
in February 1984 along with FY 1985 requests. At the
suggestion of the VDH&T, there was a single, com-
bined application filed by CVCHC for CVCHC to oper-
ate the system in Buckingham and Fluvanna and to
subcontract with CPAC to operate the system in
Amelia and Cumberland. The proposed budget for the
system's first full year of operation totaled
$825,000: $185,000 for administration, $290,000 for
operating deficit, and approximately $350,000 for
capital equipment. Authorization from the VDH&T to
proceed was received in July 1984 and the system is
expected to begin service to the general public in
mid-1985.

The application projected the use of a combina-
tion of federal, state, and local dollars with ex-
isting agency contributions to establish and operate
a public transportation system that would continue
to meet the needs of CVCHC and CPAC clients and also
meet the needs identified for the general public. A
combination of fixed route, feeder service and a
demand-response component was recommended and found
to be necessary based on the demand identified in
the TDP. This entire process was fostered by the
favorable environment of several statutes from the
U.S. Government and the State of Virginia. Each of
these statutes is described in the remainder of this
paper.

Section 18 funding provides for public transpor-
tation cost reimbursement at the following rates: 80
percent for administrative costs, 50 percent for
operating deficit, and 80 percent for capital ex-
penses. In Virginia, the remaining costs may be sup-
plemented by state funding assistance (1984 Acts of
the General Assembly, Chapter 744, Item 640) and by
a new law, the Neighborhood Assistance Act, that
encourages private businesses to become involved in
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community projects (Code of Virginia, Chapter 19,
Section 63.1-320).

Capital assistance of 95 percent of the nonfed-
eral share (19 percent of the total cost) is avail-
able from the state if, and only if, it is requested
by the local governing bodies. In the CVT systenm,
local governing bodies in each of the four counties
requested the capital assistance on behalf of the
system. The federal and state combination of funding
left a l-percent share of the total capital costs
that must be made available by local sources. This
l-percent local match for capital will be raised
through community donations and should be enhanced
by the Virginia General Assembly's passage of the
Neighborhood Assistance Act that became effective in
1982,

The Neighborhood Assistance Act is a unique state
program that encourages businesses to invest in com-
munity improvements by allowing state tax credits as
incentives for business firms to invest directly in
community services designed to benefit low income
individuals. Improved community relations, enhanced
public image, increased visibility, and tax credits
are all potential advantages of participation in the
program by community businesses. Applications for
approval of projects is handled by the Virginia De-
partment of Social Services. This program emphasizes
partnerships between the private and public sectors.
The Neighborhood Assistance Act calls for defining
local problems, designing local solutions, and using
all available resources to improve the environment
for both business and the community. The Act lists
such areas as education, job training, crime preven-
tion, and community services as types of projects to
be sponsored under the new program. Flexible guide-
lines allow local groups and businesses to design
specific community programs. Examples include child
care centers; job training centers; cultural centers
for art, music, dance, and drama; winterization of
homes for the elderly and handicapped: renovation of
older neighborhoods; and, in Central Virginia, pub-
lic transportation. The CVT public transportation
system has been approved as a Neighborhood Assis-
tance Act program, and businesses that invest in the
program may take a 50 percent state tax credit for
any contribution greater than $100. The Virginia
General Assembly designed the Act so that virtually
all Virginia businesses, regardless of type or size,
can take advantage of this incentive for community
involvement. In addition to credits for monetary
support, tax credits may also be taken for materi-
als, employees' paid time and services, and other
resources, with appropriate verification. Although
many businesses are familiar with federal government
programs that require elaborate record-keeping and
reporting, the Neighborhood Assistance Act program
is state-operated with simple, streamlined applica-
tion and record requirements., The paperwork can be
developed by either the business or the neighborhood
organization involved in the effort.

Another exceptionally attractive feature in Vir-
ginia, for systems operated by public bodies, is a
95 percent reimbursement for nonlabor operating
costs not reimbursed by Section 18. This means that
expenses such as fuel, tires, and maintenance can be
reimbursed to a system by the state. The CVT will
not be eligible for these funds because it will not
be operated by local governments or any other public
body. The CVT operating costs not funded by Section
18 will be funded by CVCHC and CPAC dollars pres-
ently used to operate the nonpublic &ystem. These
funds are part of the CVCHC and CPAC maintenance of
effort. Both agencies have made a commitment to con-
tinue transportation funding at the same level as
before Section 18 funds were requested. The TDP ad-
dressed the issue of possible incorporation by the
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CVT as a separate public service corporation, but
this was not considered the most desirable entity
for several reasons: recognition and relative accep-
tance of the CVCHC and CPAC organizations by the
community, initial time and expense to develop a new
organization, long-term funding issues with regard
to current funding levels, strong indications that
county governments did not wish to be anymore in-
volved than absolutely necessary, and an associated
reluctance to develop a new legal entity. Once pub-
lic operation experience is gained and the service
is well established in the community, a separate
corporate status may be more feasible.

Eighty percent of the administrative costs of the
CVT system will be reimbursed by Section 18 with the
remaining 20 percent coming from both the CVCHC and
CPAC budgets to help fulfill their maintenance of
effort requirements. If a public body were operating
this system, 10 percent of the administrative costs
would be covered by state dollars also, leaving only
a 10 percent local requirement.

Establishment of the CVT system has required
close cooperation and coordination at many levels.
CVCHC needed permission from both its community
board of directors and the U.S. Department of Health
and Human Services (DHHS) because approximately 70
percent of CVCHC funds comes from a Public Health
Service Section 330 grant. The remaining 30 percent
comes from locally generated patient fees and is
available as local dollars for UMTA match purposes.
CPAC also needed permission from its board of direc-
tors. CPAC receives most of its funding through the
Community Services Block Grant program. The most
difficult cooperation to obtain was that from the
County Board of Supervisors. The county governments
were concerned about possible liability and future
obligation for funding if federal and state funds
were decreased or discontinued. It required more
than 20 meetings with local Boards of Supervisors
and community pressure to obtain necessary agree-
ments from the 4 counties. The liability issue was
addressed by specific contracts between the four
counties and the operators that passed on the lia-
bility the counties incurred through the state-
county agreements. A special provision of the
county-operator contracts was that the operators
would secure a bond that would guarantee that any
costs incurred by the counties would be fully reim-
bursed by either the operator or the bonding company.

A major problem in securing agreements from the
counties was the philosophy of local officials who
considered transportation a low priority public ser-
vice. Local governments, contrary to what would be
expected, appear to be less sensitive to such local
needs than are state and federal governments. A
gradual, yet undocumented, change appears to be oc-
curring in the rural areas as younger, hetter—-pdn-
cated persons are seeking the improved quality of
life available in rural areas. Also, an increasing
number of elderly are moving back to the rural area
and these persons historically have a much higher
need for public transportation because of limited
income and physical restrictions. Both of these fac-
tors are likely to increase pressure on local gov-
ernment for essential services, such as public
transportation.

Strong encouragement for the public system has
come from human service agencies such as the health
departments; and social service, vocational rehabil-
itation, mental health, and senior citizen services
in the four counties. Local churches have expressed
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strong support and a local Chamber of Commerce has
expressed an interest in some joint ventures with
the system. After the public system has established
credibility in the community, it is anticipated that
local governments may agree to become more involved.

It is believed that several factors are present
that will ensure success for this project. The CVCHC
has always considered transportation a cost center
and is aware of the high cost of providing transpor-
tation services. Transportation is considered a sep-
arate line item on the detailed semiannual cost re-
port filed by CVCHC to DHHS (4). This is in contrast
to many human service agencies who have difficulty
establishing actual transportation cousts because
these costs are so interwoven with other program
costs. This has led to an underestimation by some
agencies of the actual cost of transportation.

Another factor to help assure success of this
project is that CPAC has an excellent community net-
work in place that can assist in securing public
support. Also, an extensive marketing campaign,
specifically tailored to the area, will assure that
all rural residents know about the system and how to
use its services. The VDH&T required an extensive
TDP to assure that there was sufficient demand for
public transportation in the area and that it was
feasible to provide public transportation by enhanc-
ing existing providers. A large TDP steering com-
mittee, which included representatives from each
county government, planning district commissions,
school boards, and various human service agencies,
has assured that these community groups are aware of
what level of services are planned for the region. A
CVT Advisory Committee will assure that there is
continuing community input into service delivery.
These factors, along with the favorable Virginia
statutes described earlier and the increasing aware-
ness at the federal level of the issue of rural
transportation funding equity, should give the new
CVT system an opportunity to show that public trans-
portation is a2 legitimate public service in the
rural area, and that community cooperation can allow
scarce resources to have maximum impact on the lives
of all the community.
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ABSTRACT

Most Section 18 transportation systems can be classified as either countywide
or small urban systems depending on their service area and passenger profile.
Because countywide systems tend to originate from coordinated human service
transportation systems, they cater primarily to human service agency clients.
However, small urban systems tend to provide service to the general public
using fixed routes, reflecting their origins as privately owned transit sys-
tems. Both systems are faced with the difficult issue of obtaining local fi-
nancing to match Section 18 funds. At least three alternatives are available:
(a) developing revenue sources that count as local cash matching funds, such as
subscription and charter service; (b) collecting more farebox revenues, which
decreases the net operating deficit; and (c) increasing the amount of unre-
stricted federal funds by contracting with human service agencies. Tapping
these revenue sources requires building a system that serves both the general
public and local human service agency c¢lients. One such system, known as Appal-
CART, operates in Watauga County, North Carolina. Its success in expanding
local revenues to include previously untapped sources of funds has resulted in
a very small request for local government funds. Opportunities to build a com-
prehensive system similar to AppalCART exist in other parts of North Carolina.
In Pitt County, three separate transportation systems provide service to the
general public, human service agency clients, and university students. The
existing need for substantial local cash contributions to two of these systems
could be significantly reduced by establishing a comprehensive countywide/
small, urban Section 18 system. Combining the resources of the public and pri-
vate sectors under current federal Section 18 program guidelines can reduce the

need for direct local government subsidies.

The Section 18 program in North Carolina currently

includes approximately 24 separate subrecipients. As
a rule, these systems can be categorized as follows:

1. Countywide--those that cater primarily to
human service agency needs;

2. Small urban--those that serve cities with
fixed-route transit service and a population between
10,000-50,000;

3. User-side subsidy programs that provide low-
cost taxicab service for low-income residents in two
small urban areas; and

4. Intercity bus subsidy programs that provide
service to areas of the state where bus service has
been abandoned or severely cut back by private op-
erators.

Of these four systems, local financing is more
often an issue for the countywide and small urban
systems. This is due to their comparatively large
budgets; for example, the average £fiscal year (FY)
1985 budget for countywide systems is more than
$300,000. For small urban systems, the average is
about $250,000. The user-side and intercity bus sub-
sidy programs have smaller budgets and, as a result,
fewer problems obtaining local financing to match
Section 18 funds.

Countywide and small urban systems differ in the
ways in which they meet their local financing needs.

Countywide systems tend to originate from coordi-
nated human service transportation efforts, and thus
make extensive use of unrestricted federal funds
from human service agency contracts to reduce the
cash match needed from the local government. In
turn, this reliance on human service agency con-
tracts translates into minimal emphasis on general
public ridership. Farebox and subscription service
revenues are usually insignificant. Small urban sys-
tems, on the other hand, tend to replace unprofitable
private carriers and carry general public passengers
almost exclusively. Few unrestricted federal dollars
are collected; instead, farebox revenues reduce the
system's net operating deficit. Both systems usually
require significant local government contributions
to match Section 18 funds, although the small urban
systems tend to require a larger portion than the
countywide systems.

For these two systems, the problem of local fi-
nancing is not easily resolved. Revenue sources that
count as local cash match, such as subscription ser-
vice and charter and advertising profits, can sub-
stitute for local government contributions. Farebox
revenues from general public ridership can reduce
the net operating deficit and lower the amount
needed from local and federal sources. To a point,
human service agency contracts can lessen the need
for 1local dollars. Tapping all of these revenue
sources, however, requires a system that builds on
both human service agency and general public rider-
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ship, rather than focusing on one or the other as is
common.

Discussed in this paper are: the efforts of two
North Carolina community Section-18 transportation
providers to develop local revenue sources; the suc-
cess of the Watauga County Transportation Authority
(WCTA) in expanding the available local revenues to
previously untapped sources; the current situvation
in Pitt County, North Carolina, where three separate
transportation providers are considering ways to
combine their services and make more effective use
of available local revenues; and the effect of fed-
eral financial policies on local funding decisions
and, subsequently, other Section 18 subrecipients
across North Carolina.

THE WATAUGA COUNTY TRANSPORTATION AUTHORITY

Located in the northwestern part of North Carolina,
Watauga County is well-known for its scenic mountain
views and cool climate. These factors make the
county a desirable tourist destination and resort
location although they 1limit the development of
transportation networks. Today, less than 40 percent
of the 38,000 county residents live in the town of
Boone, located in the center of the county. The rest
have settled across the county, separated from each
other by terrain and sometimes by climate. Although
the area is served by several highways, including
the Blue Ridge Parkway, many residents are isolated
from even this network. Commercial interests in the
area actively promote a year-round tourist industry.

Using the Planning Process to Build a Foundation

Innovative ways to provide transportation have been
a part of Watauga County since at least 1968, when
Watauga, Avery, Mitchell, and Yancey Counties
Community Action, Inc. (W.A.M.Y.) applied for and
received transportation funds from the United States
Office of Economic Opportunity (OEO). Designed to
serve low-income, rural residents, the resulting
Green Eagle Transportation Cooperative was one of
the first federally subsidized rural transportation
projects. The Green Eagle operated for slightly more
than 3 years and is considered a "successful fail-
ure." Its services were subsidized primarily by
W.A.M.Y. through its 1local initiative funds from
OEO. The cooperative form of management created
bookkeeping problems, and the largely inexperienced
board of directors could not mobilize resources ef-
fectively. In 1973 OEO instructed W.A.M.Y, to dis-
continue its subsidies to the cooperative. After the
service ended, W.A.M.Y. and other human service
agennies continued to provide transportation for
their clients. Comprehensive Education and Training
Act (CETA) funds typically were used to pay driver
wages, with county funds used when federal and state
aid was insufficient.

In the late 1970s, the state of North Carolina
began putting more emphasis on transportation devel-
opment planning at the county level. In particular,
the state agencies involved in transportation fund-
ing wanted more coordination of existing transporta-
tion resources, and in 1979, the governor signed an
executive order requiring coordination. Meanwhile,
planners from the regional council of governments
and representatives from Watauga County human ser-
vice agencies met in 1977 to discuss goals and spe-
cific recommendations for the county transportation
development plan (TDP). The consensus was to: (a)
develop a consolidated transportation system, focus-
ing on existing transportation resources; (b) devise
a mechanism for referring clients to the system; and
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(c) form an independent transportation authority
under the guidance of county government.

Forming a transportation authority proved more
difficult than originally envisioned by the TDP com-
mittee. Although a TDP was completed in 13%77. the
county commissioners rejected a plan to create an
authority. Concerns about the limited amount of pub-
lic input, and what they saw as minimal justifica-
tion for the proposed budget, formed the core of
their dissatisfaction. The commissioners created
another committee, this one representing a broader
constituency, to reexamine the concept of a trans-
portation authority. Although the committee recom-
mended that an authority be formed, the commis-
sioners wanted further evidence of public support
and access to this new entity.

By 1980 a third TDP committee had been formed by
the commissioners. A revised TDP was developed that
included some limited general public service, and an
authority was formed that year. Even at this early
date, the plan envigsioned a joint maintenance facil-
ity and a central dispatching center. It also incor-
porated the newly created Appalachian State Univer-
sity (ASU) bus service, known as AppalCART, into the
countywide system. Because the county recently had
been designated by the U.S. Department of Energy as
the nation's first Model Energy Conservation and
Development Area, the revised TDP included energy
conservation and alternative fuel use for the sys-
tem's vehicles. In fact, the 5-year implementation
plan stipulated that during the first year, work
would be coordinated with the ASU faculty and staff
to build a still for the conversion of produce into
fuel~grade alcohol. Tt was anticipated that several
of the transportation system's vehicles would ini-
tially be converted to run on this fuel, with others
converted later as the still produced more fuel over
time.

The commissioners supported the TDP because it
represented commitment by the town of Boone, ASU,
and human service agencies. The commissioners also
required agency directors to sign written pledges
turning vehicles and other resources over to the
authority. A central element in obtaining county
support for the system was the emphasis on general
public ridership.

The final version of this TDP was adopted in
1980, and it has guided the development of transpor-
tation services in Watauga County ever since. The
county recently applied for the received planning
funds from federal and state sources to update the
TDP and prepare a management audit that will assess
the organizational structure and service delivery of
the system.

The Watauga County Transportation Anthority: Tts
System and Operations

It is no surprise that county residents and out-of-
state tourists have different transportation needs:
the elderly and handicapped want access to nutrition
sites, shopping, social activities, and workshops;
low-income residents want dependable, low=-cost
transportation so they can find jobs; students at
ASU, which is located in Boone, want to leave their
cars and the ever-present campus parking problems
behind; and skiers want to be able to get to the
slopes in southern Watauga county safely and conve-
niently, even though they may be staying in Boone.
When each group has different demands and finan-
cial resources, how can one operator meet all their
needs? In Watauga County, the key has been to pool
all available resources, both public and private, so
that all groups can be served. Starting with the
foundation 1laid by the Green Eagle Cooperative,
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which primarily served human service agency clients,
the Watauga County system has incorporated the re-
sources available from ASU, other human service
agencies, the public, and the private sector. The
result is a comprehensive, countywide service with
30 separate routes, most of which are open to the
public. More specifically, the services are provided
to

1. Human service agencies, which use seven re-
served routes for a variety of programs, Monday
through Friday;

2. Mobility-impaired citizens, who can ride a
door-to-door, demand-responsive service that puts
first priority on work and education-related trips;

3. ASU students, who can ride campus routes that
also serve Boone. Service is available Monday
through Sunday;

4. Winter tourists, who can take advantage of
guaranteed route service from Boone to the Beech
Mountain ski resort. Shuttle service within the
Beech Mountain area also is provided; and

5. Local civic groups and schools, which can
reserve vehicles for local charter service. Vehicles
are available with or without operators, after reg-
ular operating hours on weekends.

As of this year, the AppalCART system, as it is
now known in Watauga County, operates from a new
maintenance and office facility located in Boone and
funded primarily through the Section 18 program.
Thirty-three vehicles are available for service,
ranging in size from 7 to 15 passenger vans to 30-ft
transit buses. Ridership for all groups served
reached 180,000 trips in FY 1984, and this figure is
expected to increase by about 50 percent in FY 1985,
The full-time staff of 23 is supplemented with 11
part—time drivers.

The alcohol-producing still mentioned earlier
currently produces fuel to run one vehicle, and
additional vehicle conversions to alcohol operation
are anticipated this year. Corn is used to produce
the alcohol, although the system's director expects
to use discarded, imperfect sweet potatoes later
this year. Because the stillage that is left after
processing the vegetable matter provides a high-
quality animal feed, the cost of producing the alco-
hol will be reduced by selling this by-product to
local farmers.

The FY 1985 AppalCART Budget

Operating a system the size of AppalCART is not an
inexpensive proposition. Total costs for FY 1985 are
estimated at more than $800,000, and even after Sec-
tion 18 funds are applied to the net operating defi-
cit, there will remain a sizable local match that
must be collected from various government agencies.
As shown in Table 1, this local match is estimated
at about $230,000. Of this total, the Watauga County
Board of Commissioners is directly contributing only
$1,500, which represents less than 1 percent of the
local funds needed to match federal and state funds.

TABLE 1 Fiscal Year 1985 Budget: Watauga County
Transportation Authority

Dollars
Total Section 18 State Local Farebox
Administration 170,628 136,502 16,678 17,448
Operating 432,876 189,438 189,438 54,000
Capital 233,408 186,726 23,341 23,341
Total 836,912 512,666 40,019 230,277 54,000
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So how does Watauga County collect more than
$500,000 in federal and state funding with a cash
commitment of $1,500? How does this project meet the
federal and state requirements for local cash match?
For operating assistance, the local match ($189,438)
is made up of local revenues and unrestricted fed-
eral funds, as indicated in Table 2.

TABLE 2 Local Match for Operating Assistance

Unrestricted Total

Local Federal Operating
Revenues Funds Match
Soutce (dollars)  (dollars) (percent)
Watauga County general funds 1,500 (less than
one)
Aging Program (county funds) 32,600 17
Parks and Recreation (county funds) 11,000 6
Special route guarantees (Beech Moun-
tain resort and Patterson School) 36,952 20
Contributed goods (TVA still and do-
nated buses from Beech Mtn.) 32,566 17
Sheltered Workshop 30,000 16
Mental Health 17,500 9
Community Action Program 18,720 10
Head Start 2,520 1
Job Training Partnership Act 6,080 3
Total 114,618 74,820 100

Several issues merit further discussion. The pri-
vate sector, represented by Beech Mountain resort
and Patterson School, accounts for about 28 percent
of the local operating match through special route
guarantees and in-kind contributions., Because fed-
eral policy allews in-kind contributions, such as
contributed capital to count toward local cash reve-
nues, only a portion of the private sector involve-
ment is in the form of actual cash payments to the
authority. Watauga County indirectly contributes
about 23 percent of the local revenues through its
funding programs for the aging, and parks and recre-
ation which both purchase service from AppalCART. In
essence, these funds provide two services for the
county: (a) they pay for transportation services for
these programs; and (b) they count as local cash
revenues for Section 18 purposes, thus allowing the
authority to maximize the amount of federal and
state funding it receives.

The Watauga County system has also been particu-
larly effective in working with human service agen-
cies, and provides wvirtually all human service
transportation in the county. Unrestricted federal
funds from these agencies account for slightly less
than 40 percent of the total operating match. Be-
cause other system-generated revenues such as fare-
box receipts and special route contracts have in-
creased significantly, the vehicle mileage charge to
the human service agencies has dropped from $.70 to
$.58 this year. As a result, the amount of unre-
stricted federal funds collected from these agencies
is also likely to decline.

Other system-generated revenue on the operating
side comes from two sources. General public pas-
sengers who are not associated with ASU or human
service agencies pay fares based on the number of
zones they travel through. Travel through one =zone
costs $.25, and the maximum fare is $1.00. In FY
1985, approximately $8,000 in farebox revenue will
be collected from these passengers. A much larger
source of revenne is the authority's contract with
Watauga County to provide maintenance service for
county vehicles, which is estimated at $46,000 this
year.

The ASU is a full partner in the WCTA and con-
tributes one-half of the required local cash match
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TABLE 3 Local Match for Administrative and Capital Assistance

Required
Local
Amou Match
Source (dollars) (percent)
Appalachian State University and Institute for
Transportation Research and Education 32,710 80
Charter profits 2,465 6
Advertising profits 1,000 3
Grant from Appalachian Regional Commission
for energy project 4,614 11
Total 40,789 100

for capital, administration, and operations. (See
Tables 2 and 3.) Faculty, students, and staff of the
university ride AppalCART for free through the town
of Boone or the campus.

AppalCART takes maximum advantage of federal fis-
cal policies for the Section 18 program. The sys-
tem’s FY 1985 Section 18 budget includes:

1. Sufficient unrestricted federal funds from
human service agencies to cover 25 percent of the
net operating deficit;

2. Sufficient revenues from other local sources
to meet almost 99 percent of the remaining 1local
cash match needed for the entire system; and

3. Significant revenues from the private sector,
including charter and advertising profits, contrib-
uted capital, and special route guarantees.

RppalCART combines the financial resources avail-
able from both the public and private sectors more
effectively than any other Section 18 system in
North Carolina. It has developed into a countywide
public transportation provider that can meet the
needs of all residents. In doing so, all available
sources of local revenue are being used.

PITT COUNTY, NORTH CAROLINA

Other North Carolina small urban systems are cur-
rently working to combine existing transportation
resources more effectively and reduce the amount of
local matching funds needed to run the system. Plan-
ning efforts underway in Pitt County, North Caro-
lina, are exploring the potential for greater coor-
dination  among three different transportation
providers, including:

1. Greenville Area Transit (GREAT): This fixed-
route, small urban transit system provides service
primarily within the city of Greenville (1980 popu-
lation was approximately 35,740). More than 20,000
passengers are carried each month, the majority of
which are low-to-moderate income residents who do
not have alternate transportation available. Three
routes operate Monday through Saturday.

2. East Carolina University Student Government
Transit (SGT): This fixed-route system serves stu-
dents and faculty of East Carolina University. It is
financed through student fees, so no fare is charged
to ride any of the four routes. These routes do not
overlap with the routes provided by GREAT, although
SGT riders can transfer to GREAT routes downtown.

3. East Carolina Vocational Center (ECVC): This
private, nonprofit human service agency provides
fixed-route and demand-responsive service for its
clients and other agency clients in Pitt County. The
ECVC currently has contracts with the County Council
on Aging and the Mental Health agency to provide
their transportation needs.
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All of these providers have recognized the poten-
tial for coordination, and a TDP developed in 1982
for GREAT contalned several coordination goals, in-
cluding (a) the ECU transportation system and GREAT
should be merged, subject to mutual agreement bhe-
tween the city of Greenville and the ECU Student
Government Association, and (b) GREAT should coordi-
nate to the maximum extent feasible with human ser-
vice agencies.

The Pitt County TDP, also developed in the early
1980s, further explored the options for additional
human service coordination with GREAT. Similar to
the situation in Watauga County, those involved in
this planning effort recagnized the increase in op-
erational efficiency that would result from consoli-
dation of services. However, GREAT has a policy of
providing only limited service outside the city of
Greenville, a fact that would restrain the amount of
service to human service agencies. Ultimately, this
TDP put responsibility for Pitt County human service
transportation in the hands of ECVC, mostly because
of the agency's ability to provide service as demon-
strated by its proven track record.

This separation of service areas by GREAT, ECU,
and ECVC results in higher local cash payments for
transportation than would be necessary with a con-
solidated, countywide service similar to that found
in Watauga County. For FY 1985, the city of Green-
ville will pay more than $70,000 to match Section 18
operating assistance. This represents about 40 per-
cent of the net operating deficit, with other local
revenue ($9,000) coming from charter and advertising
profits and a special route guarantee. Because GREAT
receives no unrestricted federal funds, the city's
financial commitment to the system remains quite
large.

Recently, the city of Greenville and ECU have
discussed consolidation of their systems, as origi-
nally called for in the 1982 GREAT TDP. One of the
advantages listed for GREAT includes help with local
match required under Section 18. If ECU purchases
service from GREAT, these revenues could be treated
as local matching funds, possibly reducing the
amount of city funds needed to support the system.
In return, BECU students and faculty could continue
to ride the system for free and by taking advantage
of federal and state assistance, reduce the SGT
costs.

Further consolidation may eventually result from
the efforts underway. Consolidation of human service
transportation under GREAT would allow that system
to take advantage of unrestricted federal funds as
part of the Section 18 local match. This is a sensi-
tive political issue; ECVC, the existing human ser-
vice transportation provider, has built a strong
constituency in the counties it serves. In addition,
the city of Greenville prohihits GRFAT from operat-
ing outside the city limits. Although the two sys-
tems have agreed to exchange passengers at desig-
nated transfer points when travel is required in the
city and the county, more formal arrangements will
be needed for the city to take advantage of the
available unrestricted federal funds.

CONCLUSION

As indicated earlier, federal financial policies in-
fluence countywide and small urban Section 18 sys-
tems differently. Because farebox revenues are used
to reduce the net operating deficit rather than the
local cash match, countywide systems have less in-
centive to attract public riders. Instead, local
politics dictate that system directors look first to
human service agencies because funds from these
agencies will reduce the local cash match more ef-
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fectively than will farebox revenues. Special atten-
tion is paid to agencies that can pay their trans-
portation bills with local and state funds because
these payments will also decrease the amount of
local cash match needed from the county commis-
sioners. Efforts to generate farebox revenue through
increased public ridership tend to take a back seat
as a result.

Small urban systems, on the other hand, are ac-
customed to collecting fares and providing fixed-
route service. Before the Section 18 program went
into effect, most of these systems had been operated
by private transit companies, so any move to provide
human service transportation may be a significant
change. For local officials, however, this move of-
fers a chance to reduce the amount of local tax dol-
lars needed to support transit operations by col-
lecting unrestricted federal funds from these
agencies.

How can these two types of Section 18 properties
build, support, and develop a system that effec-
tively combines resources from both the public and
private sector, as found in Watauga County? County
systems need to devote more effort to general public
service. Not every county has a major university or
ski resort, or both, but other possibilities outside
of the typical 8 a.m. to 5 p.m. coordinated human
service agency client transportation exist. Commu-
nity colleges and large employment sites such as
industrial parks and shopping centers can offer
similar potential for special route guarantees as
well as fare-paying riders. In particular, contracts
that can count as local revenue should be actively
sought.

For small urban systems, the challenge is just as
great. To tap the supply of unrestricted federal
funds, human service agencies must be convinced that
the transit system will be able to meet the needs of
their clients. County leaders must recognize that
county tax dollars used to pay transportation costs
for these agencies may be spent more effectively by
contracting with an established transit system--
assets such as maintenance facilities could be bet-
ter utilized as a result. Salaried administrative
personnel may be able to take on additional duties,
thus further reducing the cost of prowviding addi-
tional service.

Building support and maximizing the use of avail-
able resources requires careful planning. Much of
the success of AppalCART can be traced back to the
extensive--and sometimes frustrating--planning ef-
forts of the late 1970s. Those efforts used informa-
tion from the Green Eagle service as a starting
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point for understanding the community's transporta-
tion needs. All of the agencies participated because
they knew clients who needed transportation that was
not being provided. Some of those representatives
also recognized that other groups, such as students
and the public, could be a part of a countywide sys-
tem as well.

North Carolina DOT makes planning funds available
to counties on an 80-percent federal, l0-percent
state, and 1l0-percent 1local basis. Counties and
small urban areas can use these funds to explore and
document ways to improve the level of service pro-
vided while maximizing the use of available re-
sources. Any proposed changes would generally con-
stitute an updated TDP, an approved version of which
is required by the Public Transportation Division of
the North Carolina Department of Transportation be-
fore awarding any federal or state transportation
funds to a county or small urban area.

In addition to the Greenville/Pitt County ex-
ample, other small urban areas in North Carolina
have explicitly recognized the potential for ex-
panded, countywide service in addition to tradi-
tional fixed-route city service. This year, the city
of Salisbury will use planning funds to hire a con-
sultant who will be charged with the task of prepar-
ing a joint TDP with Rowan County. The city is cur-
rently paying more than $100,000 a year to support
transit operations with very 1little human service
agency coordination being realized, a situation that
is unacceptable to local decision makers. With an
established system already in place and a new mainte-
nance facility on the way, city and county adminis-
trators realize that both Jjurisdictions would
benefit if Salisbury Transit began providing service
to human service agency clients located throughout
the county. Not only would county transportation
funds be spent more effectively, but the city could
take advantage of unrestricted federal funds to
reduce its cash match on the operating side.

Similar city-county planning efforts are underway
in other parts of the state, and they are fortunate
indeed to have the WCTA as a role model. It takes
time to build support and implement service changes,
but the Watauga example shows how much can be ac-
complished when existing resources are fully coordi-
nated and utilized.

Publication of this paper sponsored by Committee on
Local Transportation Finance.





