and 10.0 percent of time costs. Section (4) expresses
time costs and taxes on time in terms of vehicle-hour
costs. The weighted average taxes (including passenger
and vehicle taxes) show the tax on time costs of heavy
trucks at 8.0 percent of truck time costs; 3.58 percent
of bus time costs; 27.3 percent of auto time costs; 5.50
percent of taxi time costs; and 8.4 percent of lighttruck
time costs. The time costs of private auto operation
related only to the time value of passenger-owner as no
auto vehicle time costs were considered in estimating
user savings. Having a relatively high income, the
typical automobile owner was assumed to bear a rela-
tively high tax.

The basis for determining the tax-less savings of vehicle
operating costs is summarized in Table VIII-42. The
tax deducted per kilometer of distance savings has been
restated as combined total distance costs times the tax
rate. Similarly, total time costs per vehicle-hourwere
multiplied by the applicable tax per vehicle-hour to ob-
tain the tax amount per vehicle-hour. This was then
deducted from total time savings. The method of apply-
ing these tax calculations is shown in a footnote of the
table. The resulting rates for time cost taxes were:
sedan (taxi and auto), 15.7 percent;heavy truck, 8.0 per-
cent; light truck, 8.4 percent; and bus, 3.58 percent.

Tax-less savings were computed from the User Savings
Tables for each road section according to the following
method: the tax amounts on distance and on time savings
were multiplied by the 1990 totals of such savings by
vehicle type. The resulting distance taxes were added
algebraically to the resulting time taxes. This total tax
was then expressed as a percentage of total user savings
for each vehicle type. The inverse of this percentage,
when multiplied by the 1969-1990 values of savings, re-
presented the value of such savings without taxes. Table
VIII-43 indicates the results of eliminating these taxes
from user savings, for each freeway alternative, in
every section, and for the entire freeway.

Taxes were also deducted from the lesser benefits of the
freeway, viz., traffic converted from the railway and
value of cargo time savings, by using the same ratio be-
tween with-tax and without-tax values as was derived for
user savings of the entire freeway.

ECONOMIC ANALYSIS OF ALTERNATIVE SOLUTIONS

The costs and benefits of the freeway, which have been
estimated separately, mustbe compared to determine the
relative worth of the highway improvement and freeway
alternatives. An evaluation of a third alternative--an
at-grade expressway--was also made.

Benefit-Cost Analysis

The undiscounted benefit-cost ratios for the freeway
were estimated to be 3.21 with taxes left in both bene-
fits and costs, and 3.35 with taxes taken out. The
slightly higher ratio for the without-tax values indicated
that tax incidence was somewhat higher on road con-
struction than on the costs of operating road vehicles.
Tables VIII-44 and 45 show the undiscounted benefit-
cost ratios for the entire freeway, and for each freeway
alternative in every one of the seven freeway sections.
The user savings totals and ''lesser benefits' totals
shown in these tables, as in succeeding tables, exclude
annual values for years prior to the scheduled opening
of the freeway, as based on the capacity analysis. Since
the various sections of the freeway were scheduled to
be opened in different years, the totals of user savings
shown in these and succeeding tables were garnered
over various iengths of time and, therefore, are not
directly comparable. User savings were recalculated
for a common period of accrual, however, to compare
sections for the purpose of arriving at investment
priorities.

Any comparison of undiscounted freeway costs and ben-
efits distorts the value of benefits, of course, since
these would be realized to a large extent in the later
years of the 1970-1990 period, whereas most freeway
costs would be expended in the early years.

It would be desirable to consider all values in terms of
the value of money in 2 common year. To eliminate

the factor of timing related to costs and benefits, there-
fore, all values were discounted at rates of 10, 15, 20
and 25 percent, using 1970 as the zero year. To com-
plete the rate of return analysis, the values in Sections
2, 3 and 7 also had to be discounted at 30 percent.
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Tables VIII-46 through 50 show that Section 3 would
have the highest benefit-cost ratios of any section. Al-
though a short section, it would produce substantial
distance savings (the Freeway would be about 15 per-
cent shorter than the alternative north-south arterial).
The section with the highest net present value of bene-
fits, at lower rates of discount, would be Section 2; at
higher discount rates, however, Section 7 would show
the greater net present value. This change in relative
position would be a consequence of alternative highway
improvements constituting a higher percentage of total
benefits in Section 7 than in Section 2. Since these be-
nefits would be largely realized in the early years of the
period, whereas user savings would grow larger as the
period progressed, the discounted values of highway
improvements would become more and more important
relative to user savings, as higher discount rates were
used.

Rate of Return Analysis
The benefit-cost ratios shown in the foregoing tables

would result in internal rates of return ranging from
30.0 percent for Section 3 to 11.3 percent for Section
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5, Freeway East; the rate of return for the entire free-
way would be 22.3 percent. Table VIII-51 lists these
various rates of return, and Graph VIII-1 shows how
the rate of return for the freeway was derived from a
curve drawn with the calculated benefit-cost ratios at
the various discount rates.

The freeway rate of return of 22.3 percent means that,
at a discount rate of 22.3 percent, the benefits and costs
of the freeway would be equal, and, thus, the benefit-
cost ratio would be 1.00. It would also be true that, at
discount rates below 22.3 percent, alternative highway
costs would be greater than the freeway costs less the
user savings and lesser benefits of the freeway, while,
at rates above 22.3 percent, the alternative highway

costs would be less than freeway costs less other bene-
fits. Stated as equations, these relationships are as
shown below with Cf being the freeway and related high-
way costs, Bg being the user savings, By being the al-
ternative highways cost, and B, being the lesser bene-
fits of the freeway.

DISCOUNT RATES EQUATIONS

22.3% Bh = Cf - (Bg + Be)
> 22.3% Bp< Ci - (Bg + Be)

Thus, if only the benefits considered in the quantitative
analysis were taken into account, the freeway would be
the preferred investment if anything less than a rate
22.3 percent were deemed to be an adequate return on
investment. If a rate of return above 22.3 percent were
required, however, the highway improvements would

be the preferred alternative.

The benefit-cost analysis indicates clear preference for
the Freeway West alternatives in Sections 5 and 7. In
Section 5, the rate of return for the West alternative is
15.0 percent (low, compared to other sections), while
the East alternative shows only an 11.3 percent rate of
return. In Section 7, the choice is even clearer, with
the West alternative indicated as having a high 28.4 per-
cent rate of return, and the East alternative expected to
have a much lower 21.2 percent rate of return.

The choice between the two alternatives in Section 2,
however, is not obvious; the rates of return are 26.0
and 26.5 percent for Freeway West (Alternative A) and
Freeway East (Alternative B), respectively, and the
difference is well within the margin of error of this
study. The study's recommendation for choice of an
alternative in this section, then, is not based on any pref-
erence indicated by the quantitative analysis. Rather,
this study recommends the Freeway West alternative on
the basis that, since there is no significant difference
between the measured returns of the alternatives, Free-
way West might be preferred for its less tangible bene-
fits of aiding the development of Linkou Town and the
international airport to be constructed near Taoyuan.

Comparison of Freeway with an Expressway-Type
Facility

Theterm '""Expressway'' covers a wide range of facilities
between the two extremes of major street and freeway.
A freeway is, in fact, an expressway of the highest

type with full control of access. It is, therefore, neces-
sary to define the expressway facility considered in this
analysis before comparing it with the freeway. The ex-
pressway considered here would have at-grade intersec-
tions with major roads; roadside interference would be
reduced to a minimum by using fencing along both sides;
and all railway crossings would be grade-separated. It
could be defined as an expressway with partial control of
access.

Economic comparison of the freeway with this type of
expressway showed a higher rate of return for the free-
way. See Table VIII-52. Benefits and costs for the
expressway were estimated by making appropriate modi-
fications in freeway benefits and costs. The total cost

of interchanges (including property costs), road bridges,
and 25 percent of the earthwork costs were deducted from
the freeway costs to estimate the cost of the expressway.
The 25 percent reduction in earthwork costs was esti-

mated on the basis of the elimination of grade separations.

The resulting costs for each section and for the total ex-
pressway are shown in Table VIII-53. The total cost of
the expressway was then increased 15 percent for addi-
tional lanes to provide capacity equal to that of the free-
way. An expressway would have approximately 20 per-
cent less capacity than a freeway depending on a variety
of factors. In order to provide the same capacity, the
number of lanes would have to be increased proportion-
ately. These additional lanes would involve additional
right of way, earthwork, pavement and bridge costs
which are the major cost items. Since certain minor
cost items such as shoulders, median, and signing do
not increase with the addition of lanes, it was estima-
ted that the cost of the expressway should be increased
approximately 15 percent.

Freeway benefits were also reduced to reflect the lower
running speeds on expressways. Average freeway run-
ning speed was assumed to be 86 kilometers per hour
while average highway running speed is actually 44 kilo-
meters per hour. On an expressway, running speed




might range from 50 to 70 kilometers per hour. An
average running speed of 65 kilometers per hour (40
miles per hour) was assumed, and freeway benefits were
reduced accordingly in estimating benefits for the ex-
pressway.

The economic analysis based on these modified benefits
and costs indicated an internal rate of return of 18 per-
cent. This was less than the freeway rate of return of
22.3 percent, Therefore, this analysis justifies the
selection of a freeway-type facility. In addition, there
are a number of intangible aspects of the freeway which
strongly indicate the desirability of this type of facility.
In connection with this, the following paragraphs are
quoted from page 305 of the AASHO's ""A Policy on Geo-
metric Design of Rural Highways--1965'. Although in
these paragraphs controlled access highways are com-
pared with highways without access control, the same
arguments would apply to a great extent in comparing
freeways with highways with partial control of access:

Cost of Access Control

""While the initial cost may be high, controlled
access highways are economical in the long run.
Whereas the highway without access control
begins to lose capacity as soon as roadside inter-
ference begins (and deterioration in this regard
progresses rapidly with time), the controlled
access highway steadily retains its ability to
handle traffic. This results in the non-con-
trolled access highway becoming obsolete when
it is most needed and in the necessity of reloca-
ting and constructing a new highway, whereas no
such relocation or construction is necessary on
a controlled access highway.

" Regarding initial cost, there is a general im-
pression that controlled access highways cost
considerably more than highways without access
control. This may not be so. Where standards
are the same the cost of construction is no more
with control of access than without it and may
be less because no allowance need be made for
additional lanes due to expected reduction in
capacity and because some costly details can

be omitted.

""In addition to the long-range economy in con-
trol of access and little or no increase and
possibly decrease in initial cost, there is the
major economy in benefits to road users. Road
users benefit by control of access in two ways:
by reduction in cost of motor vehicle operation
and by reduction in accidents. The reduction in
vehicle operating cost results from operation at
a uniform continuous speed as compared to the
usual start and stop operation on highways with-
out access control. An important part of the
reduction in cost is the saving in time but there
also are additional intangible benefits to drivers,
such as relaxation and lack of strain in driving."

ECONOMIC JUSTIFICATION AND INVESTMENT
PRIORITIES

Although the rates of return of the freeway and its
several sections have been determined, the economic
analysis is not complete unless measurement is made
of the effects of some of the important determinants on
the analysis, and the consequences of their varying
from the forecasts are estimated. Moreover, several
factors omitted from the quantitative analysis neverthe-
less have a bearing on the value of the proposed free-
way investment, and should be considered. Finally, a
schedule of investment priorities among the several
freeway sections should be established.

The Sensitivity Matrix

In order to show how the freeway internal rate of re-
turn might vary if the estimates of costs and benefits
were different, the sensitivity matrix shown as Table
VIII-54 was developed. The matrix indicates that,
even if the cost estimates proved to be 20 percent too
low and benefits were overstated by 25 percent, the
investment would still realize an 11 percent rate of
return.

If, on the other hand, estimated costs were 20 percent
too high while benefits had been underestimated by 25
percent, the project would earn a 55 percent rate of
return.

Neither of these extremes is likely. Since care was
taken to be conservative when estimating benefits, they

might be much higher if the freeway were built. If so,
and if the cost estimate proved to be accurate, the rate
of return on the freeway would be higher than forecast;
if, for example, the value of future benefits was 120
percent of the forecast, the rate of return would be 30
percent.

The sensitivity matrix was developed by determining a
series of benefit-cost ratios for every cost-benefit com-
bination. Thus, for example, when costs were 120
percent of the estimate and benefits were 110 percent,
the benefit-cost ratios at discount rates of 10, 15, 20
and 25 percent would be, respectively, 1.52, 1.19, 0.98
and 0.85. By using a straight-line method to interpo-
late (accurate to the nearest whole percent), the rate of
return in this example would be 19 percent.

The Elimination of Passenger Time Value from the
Rate of Return

The minimum values of passenger time (see discussion
of time value in Chapter III) were incorporated into the
vehicle operating costs used for the computer; thus,
the cost savings of highway users reflected inter alia
the values of passenger time. Because it is a matter
of conjecture, however, whether the saving of a pas-
senger's.time is worth as much to the economy as it is
to the passenger himself, the passenger time values
used may have overstated the benefits to the economy.
For this reason, the freeway rate of return was recal-
culated by eliminating the value of all passenger time
savings.
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Passenger time savings would have a minimum value
(to the passengers, themselves) of nearly NT $2 billion
in 1990, and would have a cumulative, undiscounted
total value of nearly NT $19 billion from the time of
opening of the freeway through 1990. Table VIII-55 in-
dicates the annual values of passenger time savings in
every section of Freeway West, and for the entire free-
way. Table VIII-56 indicates the resultant benefit-cost
ratios when the value of passenger time savings were
deducted from user savings. The rate of return de-
rived from these lower user savings values would be
17.4 percent; this may be seen from the relevant curve
in Graph VIII-2.

Graph VIII-2
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Alteration of User Savings for an Adjustment in
Highway Speeds

For the '""without freeway'' alternative, it was intended
that highway traffic conditions would neither improve
nor deteriorate from conditions prevailing at the time
of the traffic survey. Thus, highway improvements
were so scheduled that additional investment would be
made in time to prevent conditions from deteriorating
below the level of 1969.

Since traffic conditions of 1969 were to be maintained,
highway speeds given to the computer for the "without
freeway' alternative were those which existed at the
time of the road survey. This understated the average
speeds which should prevail over the entire 1969-1990
period, under the 'without freeway'' condition, since
speeds could be expected to increase whenever a high-
way improvement was completed. They would deteri-
orate to the 1969 speeds again, but for some period of
time, average speeds would be above the 1969 condition.

It was estimated that the maximum increase in average
speed would be about 20 percent; since freeway speeds,
according to the information fed to the computer, would
be approximately twice the speeds of the alternative
highway condition, a 20 percent rise in those average
highway speeds would mean a 20 percent reduction in
the highway-freeway speed differential, and a 20 per-
cent reduction of time savings.

Total user savings might not be reduced by a full 20 per-
cent, however, since increased highway speeds would
reduce only the time savings of the freeway, while dis-
tance savings would remain as before. Nevertheless,

to estimate the effect of increased highway speeds on the
rate of return, user savings were reduced by a full 20
percent. The benefit-cost ratios which resulted from
reducing the user savings in this manner are as shown
in Table VIII-57. The resultant rate of return would be
19.3 percent as shown in Graph VIII-2.

When adjustments were made for both the increased high-
way speeds and the value of passenger time savings, the
benefit-cost ratios were lowered as shown in Table VIII-58,
and the rate of return became approximately 15.0 per-
cent. This lower rate of returnwould have been selected

as the forecast of the rate of return on the freeway in-
vestment only if it had been accepted that passenger time
savings would be valueless to the economy and average
highway speeds over the period might be as much as 20
percent above the values used by the computer. Actually,
the value of passenger time will probably increase inthe
future since productivity per man-hour is expected to
rise. As to highway speeds, they would rise on certain
highways after improvement, but this study estimated
conservatively the number of alternative highway lanes
required to maintain 1969 traffic conditions. Thus, there
would also be some deterioration of speeds below the
level of 1969, and an average speed increase of 20 per-
cent over the period would be highly unlikely.

Determination of Investment Priorities

Although the benefit-cost analysis permitted an evalua-
tion of the investment in the freeway, and permitted the
comparisons of two freeway alternatives in Sections 2,

5 and 7, the analysis, to this point, has not permitted
accurate comparison of investments in two or morefree-
way sections. Such comparisons should be made to es-
tablish investment priorities among the several sections,
although capacity analyses were also used for this pur-
pose.

For these comparisons, it was necessary to adjust user
savings on the assumption of a common year of opening
for all sections. When this was done (1975 was chosen
so that no section would show increased savings), the
benefit-cost ratios and the rates of return were altered
as shown in Table VIII-59. The ratios and rates of re-
turn did not change for Sections 4 and 5, since these
sections were already scheduled to open in 1975.

Before comparing investment in the various sections,
it was deemed advisable to adjust the alternative high-
way costs. Table VIII-60 shows the variation, among
sections, between alternative highway costs and free-
way costs. In Section 4, property cost for the high-
way alternative would be much higher relative to the
freeway property cost than in other sections, and, in
Sections 3 and 7, the construction costs of the highway
alternatives would be higher relative to freeway con-
struction cost than in other sections.




When the ratio of highway improvement costs to free-
way costs was much higher in one section than in
another, the former would tend to have higher benefits
in the early years of the 1970-1990 period; also, the
higher the discount rate that might be used for the
benefit-cost analysis, the greater would be the advan-
tage of these high values in early years. Table VIII-61
shows the effect that the highway improvement benefits
would have at the approximate rates of return in the
various freeway sections. Such benefits would repre-
sent only about 48 percent of the cost of Freeway East
in Section 2, but would equal 72 percent of the Freeway
West cost in Section 7. Table VIII-62 indicates thatthe
same situation would prevail when all highway-to-free-
way cost ratios were found to have a common discount
rate.

Although the highway alternative costs in every section
might be fully justified (see discussion of these costs
in Chapter VII), for purposes of establishing invest-
ment priorities among the various sections, it would be
preferable that alternative highway improvement costs
have equal influence in determining the various net
present values of benefits and the rates of return.
Tables VIII-63 through 66 show the net present value
of benefits and the benefit-cost ratios which resulted
when highway improvements were kept as a constant
function of freeway costs (the freeway averages at

the various discount rates were used), and user
savings were adjusted for a common opening year.
Table VIII-67 indicates the rates of return which
result from these adjustments. Even after the adjust-~
ments, Section 3 continued to show the highest rate of
return, and the rate of return in Section 5 was still
much lower than in other sections. The major differ-
ence was that Section 7 no longer showed a better
return than Section 2,

These rates of return were used for determining invest-
ment priorities. Ranked on this basis alone, Section 3
would have the highest priority, with the remaining in-
vestment priorities, in descending order, being as
follows: second, Section 2; third, Section 7; fourth to
sixth, Sections 1, 4, and 6; and seventh, Section 5.
When capacity requirements were also taken into con-
sideration, however, the priorities of Sections 2 and 7
were ranked ahead of Section 3, and the revised sched-
ule read as follows: first, Section 2; second, Section

7; third, Section 3; fourth, Section 1; fifth, Section
4; sixth, Section 6; and seventh, Section 5.

Other Considerations in Evaluating the Feasibility of
Freeway Pyoject

As mentioned, benefits of the freeway were conserva-
tively estimated by this study. In particular, they were
understated for the following reasons:

1. The forecast of economic growth may be too low.
The forecast of seven percent per annum for the
years 1969-1972 was indicated by the Develop-
ment Plan as a minimum growth rate. Actual
growth, over the first half of 1969, was at a rate
of about ten percent per annum. Since highway
ton-kilometers and passenger-kilometers were
adjusted downward for the presumed economic
slowdown over the Fifth Plan period, their ex-
pansion to 1990 would be understated if economic
growth exceeds the forecast rate. Moreover,
per capita income growth would also be under-
stated with the result that the forecasts of autos
per thousand population and total registered
vehicles per thousand population would probably
be understated.

2. The study period was short. Benefits accruing
to highway users as a result of the freeway were
measured from the date of freeway opening in
each section through the year 1990. This meant
that user savings were being measured for, on
the average for the entire freeway, only 17 years.
In studies concerned with highway investments,

a 20-year period is normally used, and even a
period of that length tends to understate benefits.
User savings which might be expected to accrue
over the years 1991-1993, could reasonably

have been included in this study's quantitative
analysis.

3. Alternative highway improvement costs may be
understated. The estimated number of lanes
required for the highway improvements without
freeway were minimal, and the cost of addi-
tional lanes might have been justified.

The expansion of highway ton-kilometers was
underestimated because it was based on private
trucking freight service alone (the only data
available), whereas, if the growth of tryuck re-
gistrations is an accurate index, freight haul-
ing by manufacturing and mining companies
owning their own truck fleets is growing more
rapidly. The registration of such trucks rose by
more than 37 percent in 1968, and over the first
six months of 1969 alone, the number of regis-
trations of such trucks expanded by nearly 25
percent.

The rapid growth of truck ownership by manu-
facturing and mining companies would also im-
prove the competitive position of the highway
relative to the railway, since profits to the
trucking companies would not be involved in the
case of such '"'captive'' fleets. Thus, the ''with-
out freeway'' expansion of highway ton-kilo-
meters may be further understated, while the
forecast of railway ton-kilometer growth would
be overstated. :

The estimate of traffic which would be converted
from the railway to the freeway and the resulting
benefits would be understated to the extent that
rail improvements (and lowered costs and charges)
are not made as rapidly as scheduled.

User savings tended to be somewhat understated
because the divergences from normal distance
costs of operating on congested alternative high-
ways or of operating at increased speeds on the
freeway were assumed to be the same. Actually,
the restricted movement and stop-and-go traf-
fic conditions of the alternative highways would
result in a greater distance cost rise (in fuel
consumption and engine depreciation and main-
tenance), than the distance cost rise due to in-
creased speeds (mainly fuel and tire consumption)
of the freeway.

No benefits were calculated for induced traffic,
i.e., trips which, without the freeway, would
not be made by any transport mode. These be-
nefits are difficult to measure since they are not
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user savings, and would require, for example,
the measurement of the increasing sizes of do-
mestic markets of individual producers (with
the result of increasing competition, larger-
scale operations for the successful competitors,
and lower unit costs of production). Since a
transportation bottleneck presently exists in
Taiwan, and expansion of markets is probably
being hampered, induced traffic resulting from
the freeway might be sizeable.

8. No benefits were quantified for reduction in total
cost of traffic accidents. It is generally true
that a freeway facility reduces the accident rate
to approximately one-third that on ordinary high-
ways. If this were true in Taiwan, where acci-
dent rates are quite high, the benefits would be
substantial.

9. No cost reduction was made for the residual
value of the freeway; nor, on the other hand, were
benefits reduced for the residual value of the
highway improvements. If both of these adjust-
ments had been made, however, and the residual
values 20 years hence had been discounted at
rates of 20 and 25 percent, the resulting net ad-
justment in the analysis probably would have been
negligible.

COMPARISON OF FOREIGN EXCHANGE
COSTS AND SAVINGS

The total construction and maintenance costs of the free-
way and related highways was estimated to be NT

$18,290 million (US $457 million). Of this total, approx-

imately 42.3 percent, or NT $7,737 million (US $193
million) would represent the foreign exchange costs of
the project.

The foreign exchange savings of the project would de-
rive mainly from the alternative highway costs and the
foreign exchange component of user savings (with only
an insignificant amount of foreign exchange savings
deriving from the value of cargo time savings).

The construction and maintenance costs of the alterna-
tive highway improvements would amount to about NT

$15,540 million (US $389 million), of which approxi-
mately NT $6,573 million would represent payments in
foreign exchange. The foreign exchange component of
user savings would be equal to nearly eight percent of
the total, or approximately NT $4,407 million over the
1974-1990 period. Total foreign exchange savings (ex-
cluding NT $67 million of cargo time savings) would be
NT $10,980 million (US $275 million), and the surplus
of savings over costs would be NT $3,243 million (US
$81 million).

Just as with the benefit-cost analysis, however, some
allowance must be made for the fact that a sizeable por-
tion of the benefits would be received in later years.
Thus it would be preferable to compare discounted val-
ues. For this purpose, a discount rate of eight percent
was used.

A foreign exchange deficit of NT $556 million (US $14
million) would result from comparing the discounted
values (see Table VIII-68). Benefits would be reduced

to NT $5,481 million, while the freeway alternative
costs, most of which would be expended in early years,
would decrease to a lesser extent to a value of NT $6,037
million.

The forecast deficit in present value foreign exchange
is not regarded as serious since: (1) as calculated, it
is a small amount; (2) foreign exchange savings may be
conservatively estimated since freeway benefits were
estimated conservatively, and also because no attempt
was made to estimate foreign exchange savings result-
ing from traffic converted from the railway; and (3)
Taiwan has an external economic position that is pre-
sently sound, and is foreseen to improve in the future.

Calculation of the Foreign Exchange Component of
User Savings

The foreign exchange portion of vehicle operating sav-
ings are calculated by their distance and time cost
components. In order to determine the applicable
foreign costs contained in vehicle distance costs per
kilometer and in vehicle time costs per hour, the basic
total costs of each vehicle type are restated in Table
VIII-69. These costs are shown as relative costs of
gasoline, tires, depreciation, etc., to provide a basis
for calculating the percentage of total costs estimated
as representing foreign exchange costs. Depreciation
and maintenance enter into both distance and time costs,
as shown on original vehicle cost tables. The foreign
costs are estimated for each component of total costs.
For gasoline, oil and tires, the import percentages
represented by crude oil and crude rubber were taken
as the basic foreign exchange cost. Depreciation and
maintenance costs were estimated to have a foreign
component equal to the dependence on foreign vehicle
imports (which varies by type of vehicle, as shown in
the vehicle registration forecasts, shown separately
by foreign and domestic production). The small for-
eign costs associated with sedans reflects the increas-
ing production of cars in Taiwan, with early termina-
tion of imports in prospect. Interest costs bearing a
foreign counterpart reflect the need to repay foreign



loans used to finance the purchase of trucks, these be-
ing short-term credits extended to Taiwan buyers by
foreign manufactures. Table VIII-70 shows the rela-
tions between foreign exchange components and total
savings per vehicle-kilometer.

Foreign exchange savings were computed from time and
distance vehicle operating savings on a without-taxbasis.
Using the User Savings Tables as a basis--as was done
for the ''without tax'' calculation of total user savings--
foreign costs, which are components of vehicle savings,
could be computed from the relative foreign exchange
values shown in Table VIII-70. As before, using the
various vehicle categories of time and distance savings
(or losses) of the selected alternate route, the foreign
cost components were applied to the 1990 total savings
in vehicle-hour time savings and vehicle-kilometer dis-
tance savings. Their algebraic sum was obtained for
each type of vehicle, and these totals were taken as a
percentage of the 1990 vehicle NT dollar savings. The
resulting percentage of total values saved was then
multiplied by each annual gain in savings, over 1969-
1990, to obtain annual foreign exchange savings. See
Table VIII-71., Foreign exchange savings as a compo-
nent of user savings were found to average eight per-
cent over the period.

Calculation of the Foreign Exchange Component of the
Freeway and Related Highway Costs

Foreign exchange components of the freeway and related
highway costs were calculated by analyzing the foreign
exchange component of each main construction item.
The main items selected for this analysis constitute ap-
proximately 96.5 percent of the total construction cost.
The following summary table shows these items, the
percentages of the total cost they represent, the foreign
exchange component of each item, weighted amounts of
foreign exchange percentages, and the total foreign ex-
change percentages for these items:

SUMMARY OF FOREIGN EXCHANGE PERCENTAGE OF COSTS

Percentage Foreign Weighted Amount of

of Exchange Foreign Exchange as
Construction Component Percentage of Total
Items Cost Percentage Construction Cost
I. Clearing and Grubbing 1.0 50.0 0.5
2. Surfacing 28.0 43.0 12.0
3. Guard Rail 0.7 58.0 0.4
4. Fencing 0.8 40.0 0.3
5. Earthwork 32.0 64.0 20.5
6. Lignting i.0 64.0 0.5
7. Structures 33.0 24.0 8.0
Total 96.5 42.3
Miscellaneous 3.5
100.0

Each item was analyzed by dividing its cost into labor,
equipment, and material components. The foreign ex-
change requirements for these components were then
estimated by including all direct or indirect (secondary)
foreign costs.

The foreign exchange requirement thus found represented
42 .3 percent of total construction cost. This percentage

was applied to the construction and maintenance costs to

find the foreign exchange portion of total costs.
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FINANCIAL AND TOLL ANALYSES

It has been shownthatthe economy of the country would
recover the cost of the proposedfreeway in the form of
user savings and other benefits. The object of the follow-
ing analysis was to explore ways in which the Govern-
ment could recover the original costs of the freeway
more directly. This is a matter of interest principally to
the officials of the Government concerned with finances.

The Consultant recommends that no tolls be charged on
the freeway. Rather, it is recommended that the in-
vestment be recovered through imposition of new, or
higher, vehicle sales taxes and import duties, or by
other charges to vehicle owners which would be levied
only once or infrequently (e.g., vehicle licenses). This
conclusion was reached, however, only after full con-
sideration of the advantages and disadvantages that
would attend toll financing. In the discussion that fol-
lows, two postulated toll schedules are developed. If
imposition of tolls would cause no loss of traffic, either
schedule would recover all costs of the project includ-
ing the costs of access roads and of construction, main-
tenance, and operation of toll collection facilities, but
excluding related highway costs of the freeway alterna-
tive. Analyses were also made of the amount of traffic
that would be diverted to toll-free routes under each of
the toll schedules, and toll revenues were estimated.

The diversion analyses indicated that imposition of tolls
on the freeway would divert substantial volumes of traf-

fic to other highways. As a result, user benefits would
be reduced and the costs of improving other highways
would be greater. Moreover, past experience with tolls
in Taiwan indicates that such charges result in marked
underutilization of new facilities if parallel toll-free
facilities are available. The underutilization of new
facilities has usually continued until traffic volumes
exceeded the capacity of parallel facilities.

As an alternative way to finance the freeway, therefore,
this study examined the possibility of cost recovery
from vehicle sales taxes and import duties. The anal-
yses indicated that this method of financing would have
little effect on traffic patterns. It was concluded that
this avenue of recovering costs would be preferable to
imposition of tolls.

COST RECOVERY AND DEBT REPAYMENT
BY TOLL CHARGES

Two different bases were used in developing cost-re-
covery toll schedules. One of these attempted to incor-
porate an element of ''fairness'’ into the schedule by
setting toll charges for the various types of vehicles in
accordance with the estimated portion of total costs
which the forecast volume of such vehicles would make
necessary. The second toll schedule was intended to
cause the least diversion from the freeway to other
highways and still produce sufficient revenues.

Before preparing either schedule, it was necessary to
revise estimated freeway costs to reflectthe institution
of tolls. The revised cost, without taxes (since these
would not have to be recovered by the Government), was
estimated at NT $21,221 million (US $530.5 million).
This estimate, as shown in Table IX-1, includes con-
struction, maintenance, and operation of toll-collection
facilities. The Table also shows the revised costs dis-
counted at eight percent which was the estimated aver-
age cost of capital for the project. The discounted total
was estimated at NT $16,962 million (US $424 million).

Annual vehicle-kilometers by all types of vehicles on
the freeway were projected to 1990 to determine the re-
quired average toll per vehicle-kilometer. See Table
IX-2. These annual totals were then discounted at a
rate of eight percent to make them comparable with the
discounted costs. The average toll charge was calcu-
lated as the quotient of the discounted cost over the
discounted total of vehicle-kilometers. The average
charge would have to be NT $0.849 per vehicle-kilo-
meter,

This fee would not be sufficientto recover costs, of course,
if the forecast vehicle-kilometers on the freeway did
not occur. A diversion analysis, discussed later in this
section, indicated that such an average charge would
cause substantial diversion from the freeway regardless
of which schedule was used. Furthermore, even if there
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would be no diversion from the freeway, usage of the
freeway designed as a toll highway would be less than
otherwise, since there would be fewer interchanges on
a toll road than on a free road, and vehicles would have
to travel farther on the average to reach the freeway.
Thus, use of the toll highway would be impractical for
many trips, even if the amount of the toll were no con-
sideration.

The two toll schedules devised for this analysis were
based on the average charge of NT $0.849 per vehicle-
kilometer; thus, they were developed as if there would
be no diminution of freeway patronage. Because of the
fallacy in that assumption, these schedules would not
actually yield sufficient revenue to cover costs of the
freeway.

No adjusted toll schedule that could be expected to re-
cover all costs was prepared. To derive such a toll
schedule would require an iterative procedure. After
estimating the number of vehicles diverted by a pre-
viously-devised schedule, the cost of the freeway would
have to be reestimated (for a facility handling less
traffic), and a new toll schedule devised to recover the

lower costs. This analytical procedure would have been
followed if a toll facility had been recommended. Itwas
concluded on the basis of the initial analysis, however,
that imposition of tolls at a level adequate to recover
the investment would result in a substantial reduction

in potential benefits to Taiwan, and a much lower rate
of return on the investment.

The "Minimum-Diversion'' Toll Schedule

A minimum-diversion toll schedule was devised which
would result in least loss of potential benefits from im-
posing tolls on the freeway. In developing the schedule,
it was assumed that diversion curves for all types of
vehicles would be approximately the same. This would
mean that when all vehicle types had a choice between
two routes where the user costs of one alternative would
be a common percentage of the cost of operating on the
other route, the same percentage distribution between
the more costly and the less costly routes would prevail
for every type of vehicle. If this assumption were cor-
rect, then a toll schedule which would equate the ratio
of user highway costs to freeway costs for all vehicle
types would result in the same distribution of every ve-
hicle type between the freeway and the toll-free high-
ways.

This constant ratio for all vehicle types was estimated
by finding the average cost per kilometer of operating
each type of vehicle on the highways and on the freeway
without toll. Table IX-3 shows the results of a computer
analysis for 1969 and for 1990. From these figures, a
cost comparison was made for 1982, the mid-year of
freeway operation in the survey period. The table shows
that buses would derive far greater benefits per vehicle-
kilometer than other vehicles. This would be true both
in terms of absolute cost savings per vehicle-kilometer
and in terms of the percentage of arterial highway opera-
ting cost saved. A substantial portion of the bus cost
savings would be represented by the value of passenge:
time savings; the inclusion of these savings in the cal-
culations was deemed justified, however, since bus
companies would probably take into account the value of
time to their prospective passengers when deciding
which of two or more alternative routes to travel as well
as in setting fares.

As shown by the table below, if the required average
toll charge per vehicle-kilometer (viz., NT $0.849, or,
rounded, NT $0.85) were added to the average freeway
operating cost of each vehicle type, only that of light
trucks would be raised above the cost of operating on
the arterials; the freeway cost of bus operation would
remain substantially below highway operating cost.

Cost per Vehicle-Kilometer in NT $

Light Heavy
Autos Trucks Trucks Buses

Arterial travel 3.01 3.07 4,19 9.96

Freeway travel with
average toll A 3.08 4.04 6.56

Saving via freeway 0.26 -0.01 0.15 3.40

Adding the average toll charge to the operating cost of
each type of vehicle on the freeway resulted in varying
ratios of user costs onfreeways touser costs onhighways.
A toll schedule was devised, however, at which this
ratio would be the same for all vehicle types. Table
IX-2 showing the composition of total discounted vehicle-
kilometers over the period from the opening of the freeway
through 1990 was used to test the ratios. The composi-
tion was estimated to be: autos, 37.7 percent; heavy
trucks, 47.8 percent; light trucks, 9.8 percent; and
buses, 4.7 percent.

Having the composition of discounted vehicle-kilometers,
the estimated toll schedules were tested with the follow-
ing formula:

0.377 Tg + 0.478 Ty, +0.098 T) + 0.047 Ty, = T,

Wherein Tg = the toll charge per kilometer for autos;
Th = the charge for heavy trucks; T] = the charge for
light trucks; Tp = the charge for buses; and T = the
average per-kilometer charge for all vehicles.

At the "minimum diversion'' schedule, T, would equal
NT $0.85.




For cost-recovery tolls, the approximate ratio of free-
way cost per vehicle-kilometer to cost of operating on
the highways would be 0.916, i.e., freeway operating
cost would be 91.6 percent of the cost of operating on
arterials for every vehicle type. At this ratio, the
freeway costs per vehicle-kilometer and toll charges
would be:

Cost per Vehicle-Kilometer in NT $

Light Heavy
Autos Trucks Trucks Buses

Arterial travel 3.01 4,19 3.07 9.96

Freeway travel
(91.6% of cost of oper--
ating on arterials) 2,76 3.84 22815659 .2

Less tollway opera-
ting costs 1.90 3.19 2,23 5471

Adjustment_in freeway
cost/km (tolls) 0.86 0.65 0.58 3.41

The average toll charge which would result from this
toll schedule would be NT $0.852, or slightly higher
than would actually be required for cost recovery at
the forecast traffic volume. Table IX-4 indicates the
cost recovery which would result from this schedule
if there were no diversion of traffic from the freeway
due to imposition of tolls.

Measurement of Diversion

To measure diversion, this study used a published diver-
sion curve, which is described as ''.....giving the dis-
tribution of private motor traffic in relation to transport
costs assessed in user value, that is to say utility to the
user, depending both on the distance and the travel time
wess."".l This curve is reproduced in Graph IX-1.

As the curve indicates, when the cost of operating on
one route is about 92 percent of the cost of operating
on an alternative route, the lower cost route would be

1 See Odier, The Economic Benefits of Road Construc-
tion and Improvement, pp. 46 and 47.

expected to attract about 65-70 percent of total traffic.
The traffic assignment studies indicated that the free-
way, without tolls, could be expected to attract approx-
imately 90-95 percent of all traffic. The minimum di-
version due to tolls would probably be about 20 percent.
The estimate that, as a toll-free facility, the freeway
would attract 90-95 percent of all traffic is confirmed
by the diversion curve. Table IX-3 indicates that
savings on the freeway might average between 24 and
43 percent for the various types of vehicles, or about
30-35 percent as a weighted average. At this level of
savings, the curve indicates that the less costly route
might be expected to draw upward of 95 percent of the
traffic.

If minimum diversion (viz., 20 percent of total traffic)
were to result from the imposition of the derived toll
schedule, the freeway would initially lose about 22 per-
cent (i. e., 20/90) of its potential traffic since it would
have been handling at least 90 percent of all traffic.
This diversion from a tollway, however, would con-
tinue only as long as there was sufficient capacity on
alternate routes to accommodate the diverted traffic.
In some sections of the freeway, traffic diversion from
a toll facility might continue for only a few years since
the alternative highways would soon be filled to capac-
ity if they were to carry 30 to 35 percent of the corri-
dor volume: especially in Section 2, the capacity of
alternative highways would not be sufficient to enable
them to accommeodate the traffic volumes imposed for
more than a very short period of time.

Diversion alone should not reduce user savings by as
high a proportion as the share of traffic initially di-
verted. The reduction in user savings, moreover,
would not only be less because diversion would not be
expected to continue over the entire period, but also
because the users who would be diverted would be
those who were deriving the smallest benefits from
use of the freeway.

User savings might be substantially reduced, however,
because of loss of traffic due to fewer interchanges on
a toll facility in comparison with a toll-free facility.
Operating costs would also be increased by traffic
having to come to a full stop at toll plazas. A separate
study, not included in the feasibility report, indicated
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that if the freeway were operated as a tollway in Sec-
tion 2, the total reduction in user savings would be on
the order of 12-13 percent.

Determination of a Toll Schedule Based on Freeway
Cost Related to Vehicle Type

Good engineering requires that paving and structures

be designed for maximum vehicle loads expected. Cost,
therefore, is related to the magnitude and frequency of
maximum loads. For example, in this study, it was
determined that paving costs should be shared by the
four vehicle types in the following proportions: autos,

15 percent; light trucks, 20 percent; heavy trucks, 45
percent; and buses, 20 percent. The cost of structures
should be shared differently: 58 percent for buses and
heavy trucks; and 42 percent for autos and light trucks.
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The other highway costs were divided equally among
the various vehicle types because these costs for a
four-lane facility were determined by the minimum de-
sign requirements for a freeway. In those areas of the
freeway where the lane requirements would eventually
exceed the minimum requirement, the other highway
costs might have been adjusted for capacity require-
ments of the various vehicle types; since the freeway
was being considered as a whole, however, this adjust-
ment was not made. Furthermore, since the consult-
ant was recommending that no tolls be imposed on use
of the freeway, a more complete analysis of the divi-
sion of road costs was unnecessary.

With this information, it was possible to allocate to
these vehicle types a proportionate share of the total
cost of construction which should presumably be re-
covered from these same vehicles through appropriate
tolls.

Table IX-5 presents the basis for such distribution of
costs by vehicle type. Total cost was allocated among
the principal construction items and the cost of each
item computed as a percentage of total cost. Highway
design criteria which gave rise to these costs were
then attributed to the vehicle type responsible, and an
average cost by vehicle type computed for six major
construction items. The costs of toll plaza construction
and administration constituted the fifth and sixth items.
The weighted average of these total costs by vehicle
type was computed and shown as a multiple of the auto-
mobile-related cost. These multiples of basic auto
unit costs were: autos, l.0; heavy trucks, 1l.206;

light trucks, l. 03; and buses, 1. 08. With these mea-
sures of relative responsibility for cost, a basis was
established for determining the relative toll level of
each vehicle, but the toll level still had to be computed.

In Table IX-1 the combined costs of freeway construc-
tion, maintenance, and toll plaza operation, all reduced
to an annual basis, constituted the sum to be recov-
ered each year. Compared to this, the vehicle-kilo-
meters of freeway travel by each of the four vehicle
types could be stated as multiples, as shown above, of
the basic auto unit, multiplied by its annual total vehi-
cle-kilometers. Table IX-2 reproduces the total vol-
ume of vehicle-kilometers of each of the four vehicle

types which were predicted to travel the freeway in
each year between 1972 and 1990. These volumes pro-
vide a theoretical basis for toll revenues. These vol-
umes are also restated as multiples of the basic auto
unit in the toll analysis. That is, automobile vehicle-
kilometers were multiplied by 1. 0; heavy truck vehicle-
kilometers by 1. 206, etc. This procedure determined
the unique volume of uniform vehicle-kilometers which
could be compared with the equivalent costs by dis-
counting both the time flow of costs and of vehicle-
kilometers at 8. 0 percent, the estimated average inter-
est rate for the Project. The cost of borrowing money
was thus included in the resultant required toll, and
the different time stream of costs and the potential
revenue base could be made comparable as present
values. With comparable present values, the toll
basis could be derived by division of the revenue basis
(vehicle-kilometers stated as equivalent auto vehicle-
kilometers) into the cost recovery requirement. A to-
tal discounted value for the revenue basis of NT$22, 051
million was divided into the cost recovery basis of
NT$19, 783 million to derive a basic unit toll for the
basic auto unit of NT$0. 8972 per vehicle-kilometer.

The revenues which would result from application of
these toll charges were then estimated. The unit toll
charge for autos was multiplied by the vehicle-kilo-
meters for each vehicle type in terms of equivalent
autos. This gave total annual revenue by vehicle type.
The estimated revenue was then discounted to check it
against the discounted present value of freeway costs.

The derived tolls were relatively high, as shown below.
The table compares tolls with the user savings per ve-
hicle-kilometer.
Heavy Light
Autos Trucks Trucks Buses

User savings per
vehicle-kilometer
as of 1982 in NT$ Lot 1.00 0. 84 4. 25

Toll charge per
vehicle-kilometer
in NT$ 0.897%2 1.082 0.9181 0.974

Toll as a percent-
age of user savings 817 1089%, 109% 23%,

There are several reasons why tolls would have to ap-
proximate user savings. The length of the period over
which the investment would be amortized would be a
main determinant of the level of tolls required. This
period, 19 years, is very short considering the useful
life of the proposed highway. Government taxes on
construction which would be collected during the con-
struction period as well as taxes on maintenance ex-
penditures which would be collected throughout free-
way operation were included in the total costs used as
a basis for toll rates.

The table below shows the toll rates with such taxes
excluded from the cost basis.
Heavy Light
Auto Trucks Trucks Buses

NT$ per vehicle-kilometer

0. 7% 0.913 0.BB 0.897

These toll rates, lower of course than tolls which
would recover all costs including taxes, would produce
a lower percentage relationship to user benefits as
follows: autos, 69. 3 percent; heavy trucks, 93.1 per-
cent; light trucks, 93. 8 percent; and buses, 19. 8 per-
cent.

The ratios of freeway operating costs to the cost of op-
erating on the arterial highways, for each of the vehi-
cle types, would be as follows:
Heavy Light
Autos Trucks Trucks Buses

Cost/km of oper-
ating on arterial
highways 3..01 4,19 3.07 9.96

Cost/km of oper-
ating on the free-
way with tolls 2.6 4.12 3.02 6.55

Freeway operating

cost as a percent-

age of arterial high-

way operating cost 88.7 98.3 98. 4 65. 8




If there were no diversion from the freeway, this toll
schedule would be sufficient to recover all costs ex-
cluding taxes as shown in Table IX-6.

Graph IX-2 shows, however, that with the imposition
of this toll schedule, the freeway would probably re-
tain only about 50-55 percent of both light and heavy
truck traffic. The freeway would still handle about 75
percent of the auto traffic. There would be no signif-
icant diversion of buses from the freeway.

With the toll schedule above, however, buses would
account for only 4. 6 percent of total revenue, before
allowing for diversion. Thus, retention of bus traffic
on the freeway would have little effect on gross reve-
nues. Light trucks would account for 9. 0 percent, of
which about half might initially be lost; autos would
account for 34.1 percent, of which about one-quarter
would initially be lost; and heavy trucks would account
for 52. 3 percent, of which, initially about one-fifth
could not be collected. Thus, with the above toll sched-
ule, net revenues of the freeway as a toll highway would
cover only about 70 percent of discounted costs until di-
version was reduced as alternative highway routes
reached their capacity. This computation is summar -
ized in the next table.

PERCENTAGE OF DISCOUNTED COSTS
RECOVERED BY TYPE OF VEHICLE

Type of Before Loss Due to Net
Vehicle Diversion Diversion Recovered
Autos 34.1 5548 29. 1
Heavy Trucks 52.3 2l. o Sk 3
Light Trucks 9.0 4.0 500
Buses 4.6 _0.0 4b
Total 100. 0 30.0 70.0

COST RECOVERY AND DEBT REPAYMENT
BY OTHER METHODS

There are several methods, other than toll financing,
by which the Government might finance the freeway.
The costs could be recovered from income taxes, for
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instance. In this case, cost recovery would have no
direct effect on the transportation system nor on the
users of various types of vehicles. While this alter-
native might produce the most efficient distribution of
traffic, it was not given serious consideration since
this method would likely encounter firm public opposi-
tion.

Another way to recover freeway costs would be to levy
new, or increased, taxes on vehicle users as discussed
below.

Vehicle User Taxes

Any charges imposed on the users of road vehicles
would increase operating costs with the result that
some traffic might be diverted to rail or other alter-

native transport modes. Such charges would not favor
one highway as opposed to another, however, and high-
way traffic would not be distorted from its most effi-
cient pattern.

Vehicle taxes in Taiwan consist mainly of five levies:
import duties, vehicle sales taxes, license fees, fuel
and oil sales taxes, and taxes on tires and spare parts.
These taxes,are imposed once as in the case of import
duties and vehicle sales taxes, annually as with license
fees, or somewhat in proportion to vehicle use as in
the case of sales taxes on fuel, oil, tires, and spare
parts. The latter class of taxes tend to discourage
full utilization of vehicles while taxes on ownership
have little such effect.

For this reason, it is generally preferable that user
taxes be connected directly with ownership rather than
with the amount of vehicle use.

The present major vehicle taxes in Taiwan are listed
below in summary form, according to their relative
rate and volume, as calculated from vehicle user cost
tables combined with tax tables.

Import Taxes: 35% (buses, trucks, parts,
engines)

50% (autos, gasoline, diesel fuel)
Sales Taxes:

15% (vehicles, parts, automotive
equipment, tires, etc.)

Annual Vehicle NT$ Autos, 6,660; heavy trucks,
License Fees 5, 040; light trucks, 4,200; buses,
(Average): 6,600.

Autos, 0. 009 /km x 40, 000 km
life x 0. 50 times purchased per
year

(40, 000 km life and 20, 000 km
per year = NT$ 180/year)

Tire Taxes:

Buses, 0.11/km x 40,000 km
life x 2.5 times purchased per
year

(40, 000 km life and 100, 000 km
per year = NT$ 11, 000/year)
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Heavy trucks, same as buses.

Light trucks, 0. 05/km x 40, 000
km life x 1. 9 times purchased
per year

(40, 000 km life and 75, 000 km
per year = NT$ 3800/year)

Fuel and 0Qil Autos, 0.158/km x 20, 000 km/
Taxes: year = NT$ 3,160/year

Buses, 0.305/km x 66, 000 km/
year (understated) = NT$20, 130/
year

Heavy trucks, same as buses

Light trucks, 0. 0360/km x

75,000 km/year = NT$ 2, 700/
year

The foregoing calculations show that an average heavy
truck or bus incurs taxes of NT$ 31,160 annually on
licenses, tires, and fuel and oil. These costs exclude
initial import and sales taxes of 35 percent and 15 per-
cent, respectively, which must be amortized over the
life of the vehicle.

Recovery of Freeway Costs from Vehicle Sales Taxes,
Import Duties, and License Fees

If all costs were to be recovered from vehicle sales
taxes and import duties, the average additional sales
and import levy on all new vehicles, over the 1970 to
1990 period, would be about NT$ 33, 300. Table IX-7
indicates the forecast number of new vehicles in Tai-
wan during this period, and the discounted totals, at
eight percent, for each year to 1990.

If tolls were not selected as the method of paying for
the freeway, there would be no costs for construction,
maintenance, and operation of toll collection facilities.

The discounted, without-tax cost would be lower, there-

fore, totaling NT$ 16, 695 million. This figure was
divided by the discounted total of new vehicles to ob-
tain the additional levy of NT$ 33, 300 per vehicle.
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The 1969 prices of new vehicles were estimated to be
approximately as follows: automobiles, NT$ 160, 000;
light trucks, NT$ 200, 000; (one-ton trucks,NT$ 160, 000
and three and one-half ton trucks, NT$ 240, 000);
heavy trucks, NT$ 300, 000; and buses, NT$ 400, 000.
Using the composition of undiscounted vehicle require-
ments shown at the bottom of Table IX-7, it was cal-
culated that the average cost of a new vehicle (at 1969
prices) would be NT$ 197, 000. Thus, the average
additional charge would be equivalent to approximately
16. 9 percent of the cost (or rounded, 17 percent).

1f, the additional tax were applied to all vehicles, as
a constant percentage of value, the additional charge
on heavy trucks would be about NT$ 51, 000; interest
on this price increment over a period of eight years
(the estimated average useful life of a heavy truck)
would amount to around NT$ 40, 800 (20 percent per
annum on an average outstanding amount of NT$ 25,
500), and the total additional cost to purchasers of
heavy trucks would average around NT$ 91, 800.
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This additional cost would be amortized over the eight-
year life of the vehicle. Ton-kilometers during that
period would approximate 3. 44 million (100, 000 truck-
kilometers/annum x 8 years x an average load of 4. 3
tons) for the average heavy truck. The average addi-
tional cost per ton-kilometer, therefore would be only
about NT$ 0. 027. The total cost of operation per ton-
kilometer would increase from NT$ 0. 914 to NT$ 0.
941, or slightly less than three percent. An increase
of such magnitude would be within the margin of error
of this study. It would not affect the analysis of future
rail-freeway competition.

If the Government deemed such additional taxes on ve-
hicle sales to be too great, a portion of the freeway
costs could be defrayed through increased license fees.
Table IX-8 indicates the numbers of forecast registered
vehicles in Taiwan discounted at eight percent together
with the discounted revenues which would be collected
at various levels of license fee increases. If an aver-
age increase of NT$ 800 (US$ 20) were charged, a dis-



counted total of about NT$ 2,292 million would be re-
ceived by the Government. Revenue in this amount
would defray approximately 13. 7 percent of the total
discounted cost of the freeway.

In addition to the advantage of not disrupting the
efficiency of the highway transportation pattern, cost
recovery through higher vehicle sales taxes, import
levies, and license fees would be preferable to tolls
since collection of the former could begin even before
the start of construction, rather than after completion.
Were the calculated average increase in sales taxes
(viz, NT$ 33, 300) applied to all new vehicles beginning
in 1970, for example, a discounted total of NT$ 1, 340
million would be collected before the opening of any
freeway section ( viz, before Section 2 would be opened
in 1972), and a discounted total of NT$ 3, 404 million
would be collected before the entire freeway was in
operation (i.e., prior to 1975). If an average addi-
tional license fee of NT$ 800 was charged beginning in
1970, the cumulative discounted revenue from this
source would be NT$ 443 million before completion of
the freeway.

Comparison between Present Road Expenditures and
Road User Taxes

Perhaps cost recovery of the freeway investment
should not be through new charges alone, but also
through reallocation of funds acquired through present
road user charges. Expenditures on roads are cur-
rently much less than revenue from road user taxes.
If a portion of road user taxes now diverted to other
purposes were used for financing the freeway, new
taxes on vehicle users to finance the freeway could be
correspondingly lower.

In 1968, vehicle and vehicle use taxes exceeded road
costs by NT$ 2, 870 million, or 82 percent. See

Table IX-9. This excludes the administrative costs
of both THB and the tax collection authority, however.
Table IX-10 shows these road taxes in relation to total
general Government revenues and expenditures.

Total Government revenues from all domestic sources
and total Government expenditures between 1960 and
1967 indicate that road taxes during the period repre-
sented about nine percent of total domestic revenues

and expenditures nationally. Vehicle taxes appear to
be exceptionally high while other qualified income
sources seem to be undertaxed. The transport system
is taxed for the understandable purpose of obtaining
Government revenues from reasonably controllable
sources.

Comparison of Future Road Expenditures
with User Taxes

Table IX-11 shows estimated future Government tax or
toll revenues, some portion of which might be used to
cover the costs of the freeway. The forecast road
taxes are compared with a possible road budget for
highways excluding the freeway in which expenditures
for construction were anticipated to increase at NT$ 80
million per year while expenditures for maintenance
would grow by NT$ 50 million per year. See Table
IX-12. In the period 1970 to 1990, road taxes were
projected to increase 3. 99 times. The equivalent rise
in road construction costs would be approximately

4. 90 times, and in road maintenance costs, 5. 34 times.
At these expected future tax and road cost levels, there
would be produced a surplus in every year of road taxes
substantially higher than road costs for improvement.
The road tax surplus, after road costs, was forecast
to be as follows:

Year Surplus

2 (5] NT$ 3,650 million
1980 B 300

1985 8,256

1990 13,229
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CONCLUSIONS AND RECOMMENDATIONS

CONCLUSIONS

This study concludes that the proposed freeway
from Keelung to Kaohsuing would be economically
feasible and should be built as soon as possible.
The internal rate of return on the required invest-
ment was estimated to be 22. 3 percent. The Con-
sultant's investigation of the value of the opportu-
nity cost of capital in Taiwan did not yield satis-
factory results. Therefore, it was not possible to
compare the above rate of return with marginal
cost of capital. Based on the experience of other
countries with similar conditions, however, the
result is deemed highly satisfactory.

Both traffic and economic analyses indicated that
the freeway should be built earlier than originally
planned. Traffic forecasts and capacity analyses
showed that almost all sections of the freeway
would be needed by 1975. The analyses assumed
maximum utilization of the capacity of existing
north-south highways in the corridor. The follow-
ing priorities were developed by combining capac-
ity requirements, priorities established by the ec-
onomic analyses, and judgment factors:

Study Completion
Section Study Section Limits Priority
1A Keelung-Neihu 4
1B Neihu-Erhchung 1
2 Erhchung-Yangmei 1
3 Yangmei-Hsinchu 3
4 Hsinchu-Taichung B
5 Taichung-Tounan 7
6 Tounan-Tainan 6
7 Tainan-Fengshan 2
3. An expressway-type facility with partial control of
access was analyzed for the entire route and found
to be less satisfactory than a freeway-type facili-
ty, for both economic and engineering reasons.
In Taiwan, with extremely high population density,
an expressway would not provide necessary speed
and capacity in the future.
4. The freeway should be operated as a toll-free fa-

cility. Detailed analyses showed that the economy
of the country would lose potential benefits if tolls




were charged. The numerous interchanges needed 6.
to properly serve the populated western region

would accentuate this loss by requiring excessive

toll collection facilities and staff. In addition, the

users would be delayed and inconvenienced by the

stops at toll plazas. The analyses further indi-

cated that the forecast user taxes resulting from

increased vehicle registration and motor fuel con-

sumption would yield sufficient revenue.

5. Major alternative routes in Study Sections 2, 4 7
and 7 were analyzed by comparing the present
worth of net benefits. These analyses showed that
the ""West'" alternatives in Study Sections 5 and 7
were clearly superior to the '"East'' alternatives.
In Study Section 2 (Erhchung-Chungli Section), the
results did not show a clear superiority for either
alternative. This confirmed the findings of the
Interim Report! The difference between the pres-
ent worth of net benefits and also between internal
rates of return were very small and well within
the margin of error. This required that the se-
lection be based on intangible aspects of both al-
ternatives. The '""West'' alternative, in addition
to serving main corridor traffic, would help the
realization of two important projects: (1) the
proposed new international airport at Taoyuan;
and (2) the proposed Linkou community. Thus, it
would help to achieve the regional plan objective
of dispersing the population into the satellite cities
in the Taipei region. These and other intangible
benefits indicate advantages of the '"West'" alter-
native.

1 The Interim Report was prepared in July, 1969. 9.
Its purpose was to provide a basis for authorizing
design work in Study Section 2. Four alternatives
were studied in this section. Two adequate
choices were resolved from this report, the Red
Line (Freeway West) and the Blue Line (Freeway
East). This early report recommended a free-
way facility be built along the Red Line (Freeway
West).

In all sections, the costs of other highway im-
provements needed for the proper operation of
the freeway were estimated and included in the
economic analysis. These items consisted of

frontage roads, access roads, and improvement

of some other highways parallel to the freeway.
They should be considered part of the project
and be built concurrently with the freeway or at
the dates indicated in this study.

Foreign exchange components for construction
and maintenance of the freeway and related fa-
cilities were estimated at approximately 42 per-
cent of total costs. This portion included all
direct and indirect foreign costs. Foreign ex-
change savings, which would be greater than
costs before discounting, would be nearly equal
to costs at discounted levels. This indicated
that the project would be 2 sound investment,
also, in regard to the external economic posi-
tion of the country.

Induced traffic was not considered in this study
since it could not be estimated accurately. In-
duced traffic consists of trips which would be
made only if the freeway were built. Substantial
volumes of such traffic would probably develop.
The wide median suggested in the following
'"Recommendation' section was deemed justified
by the likelihood that additional lanes will be
needed at some time in the reasonably near fu-
ture to serve induced traffic together with that
in excess of the conservatively estimated future
volumes.

If the recommendation that the freeway be a toll-
free facility is not acceptable to the Government
for reasons of budgetary policy, freeway costs
should be rescheduled to take into account the
slower growth of freeway traffic that a tollway
would experience. Such a rescheduling might
contemplate building a two-lane facility initially
on some portions of the route. On the other
hand, if the Government finances the freeway in

some other manner, as recommended, the fore-
cast traffic growth on the toll-free facility and

calculations of capacity indicate that there should
be no two-lane sections since a minimum of four
lanes would be required within four or five years.

There would be some reduction in construction
cost if only two lanes were constructed initially,
but this saving would be largely counterbalanced
by higher contractor's overhead, by costs of lat-
er modification of interchanges, and by the ex-
pense of maintaining traffic during widening.
Moreover, the economy would lose a portion of
user benefits because of lower average speed on
a two-lane facility, and the accident rates would
be higher than on a four-lane divided facility.




RECOMMENDATIONS

1.

The freeway should be given top priority among
all transportation projects. In this study, the
analysis of freeway-railway competition was
based on a hypothetically improved railway in
order not to overestimate traffic diversion and
resulting benefits. Without such a highly im-
proved rail systermn, the freeway would attract
more cargo and passenger traffic than the fore-
cast volumes, as it would be less costly, even
for long distance travel.

The general route of the freeway should be ap-
proved as soon as possible and necessary rights
of way should be reserved, especially in urban
areas.

Comprehensive transportation studies for Taipei
and Kaohsiung should be undertaken as soon as
possible. These will be essential for the proper
planning of a freeway through these cities as
well as for determining all other urban trans-

portation requirements in these two communities.

Regional plans should be coordinated with the
freeway project to take advantage of the excel-
lent highway transportation which would be made
available by construction of the freeway. New
industrial and residential developments should
take place on non-productive or marginally pro-
ductive lands but close to labor markets, thus
reducing social costs and problems of family
relocation.

This study indicates, in general, the need for
access roads, frontage roads, and highway im-
provements parallel to the freeway. Improve-
ment of other transverse and feeder roads should
also be undertaken as needed to provide service
to all of the Western region. Need for improve-
ment of these roads and of highways mainly serv-
ing local traffic in urban areas was not part of
this study but should be investigated as a sepa-
rate study.

10.

Slow-moving traffic, such as three-wheeled ve-
hicles, cycles, and animal and hand-drawn carts,
should not be allowed on any part of the freeway.
The mixing of such vehicles with motor vehicles
would create hazardous conditions for both types
of traffic. Slow-moving vehicles generally make
short trips and should use other highways which
are better suited to their needs. Existing high-
ways parallel to the freeway would have ample
capacity, in most areas, to handle vehicles if
faster vehicles were served by a freeway.

The desirability of operating buses on the free-
way should be investigated before designing the
facility. If such service is found feasible, the
design should incorporate separated bus bays,
deceleration and acceleration lanes, and side-
walks and stairs for passengers. Such bus op-
eration might help to attain regional planning
objectives by reducing transportation costs.

Wide medians are recommended to permit fu-
ture widening. The number of freeway lanes
was calculated to accommodate the forecast
1990 traffic at a reasonable level of service.
Although this is standard procedure for a feasi-
bility study, a longer period should be consid-
ered for planning purposes. Wide medians
would allow further widening of the freeway to
eight lanes in six-lane sections, and to six
lanes in four-lane sections after 1990.

The proper operation and maintenance of a
freeway demands more careful and prompt at-
tention than do those functions on ordinary high-
ways. Well-trained and adequately equipped
highway patrols, maintenance crews, and tow-
ing services would be imperative to obtain all
of the inherent advantages of a freeway.

Rest and service areas should be planned to
serve vehicles and their occupants. Such facil-
ities should be convenient, scenic, and well-
equipped to encourage motorists and truckers to
relax at regular intervals--an important safety
aspect of freeway operation.
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