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CHANGES MADE SINCE THE DRAFT REPORT

During the preparation of this final edition of the report on the comprehensive toH
road study, numerous changes were made from what had been presented in the draft
edition. Most of these changes were small, and not worthy of mention. There were,
however, just a few changes of greater importance, which might properly be mentioned
here. These are listed below, with a brief discussion of each.

(1) Rescheduling of alternative highway improvements. This was done in the
draft edition also, but was relegated to an appendix. As was explained in that draft
appendix, the freeway investment had been rescheduled from the recommended
schedule of the feasibility study, and, if the aiternative investments would not be
similarly rescheduled, the discounted incremental costs of the freeway investment
alternative would fall markedly. This would be fine, if the benefits which would
accrue with the alternative highway improvements in the years prior to freeway open-
ing would also be calculated, thus, reducing the net benefits of the freeway investment
alternative. Since these adjustments to net benefits would be difficult to accomplish
without additional computer assignments, however, the aiternative approach was to
reschedule the alternative highway improvements so that additions to capacity would
coincide with the years in which the various freeway sections would be scheduled to
upen. When this adjustment was made in the draft report, it reduced the rate of
return estimate from 22.7 percent to 19.8 percent. The rate of return estimate of
the final report is 20.9 percent, but, in addition to the rescheduling of alternative
highway investments, this rate of return estimate was affected by the following
two items.

{2) Rescheduling of the construction costs of freeway Section V. In the draft
report, construction was erroneously shown as being completed in 1976; benefits did
not begin to accrue until 1978, however, and this loss of a year (viz., 1977} resulted
in an understatement by a few percentage points in the rate of return on the section,

This adjustment raised the rate of return estimate for the entire freeway from 20.3
percent to 20.9 percent.

{3) Revision of Section VI construction costs. The draft report included in
the estimates of costs of construction of the Tainan-Kaohsiung section, the costs of
widening the freeway to six lanes between Kaohsiung and Tainan. According to the
capacity analysis, however, only the section from Kaohsiung to Nantze should be
widened by 1990, so that the costs of widening the Nantze-Tainan section are excluded
from Section Vii costs in this final report.

{4) Three appendices were added in answer to Government requests for addi-
tional analysis and information. These additional appendices are designed to give
insight into the following: (a) the economic and financial effects of extending the
period of freeway stage | construction; (b) the financial and traffic effects of adjust-
ments to the recommended barrier toll network; and (¢} rules and regulations for
the operation of concessions along the freeway.

In addition to remarking on major changes which were made, it might properly be
pointed out here that there was another notable change which might have been
made in the analysis, but was not.

This concerns the costs and benefits in the Taipei area. The Taipei-Neihu section
which is currently being designed is different from that assumed for cost estimates
and traffic assignments in the toll study. The changes occurred after the toll analysis,
however, and would affect both costs and benefits of the section (if the changes
would only affect costs, as was true in the case of the revised Section VII costs,
then the adjustment would have been made for the final report).
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DE LEUW, CATHER INTERNATIONAL
INCORPORATED
CONSULTING ENGINEERS
CABLE ADDRESS: DELCAC, TAIPEL

P. ©. BOX 13559 TELEFHCNE 78293)
1, TUNG HUA S, ROAD, TAIPEL, TAIWAN

June 15, 1972

CONSULTANTS TO:

MINISTRY OF COMMUNICATIONS
TAIWAN AREA FREEWAY
CONSTRUCTION BUREAU

NORTH-SOUTH FREEWAY PROJECT

Mr. M. H. Hu, Director
Taiwan Area Freeway Construction Bureau
Ministry of Communications

Dear Mr. Hu:

We are pleased to submit this final edition of the report on the Comprehen-
sive Toll Road Study, which was prepared in accordance with the contract
between the Freeway Construction Bureau and ourselves, dated March 6,
1971.

This study was broadly divided into three parts: the analysis of toll-
collection networks and toll rates, and their economic and financial effects
on the North-South Freeway project; the assessment of the organizational
needs and the requirements of facilities and equipment for effective orderly
operation of the freeway; and the analysis of freeway bus operations, and
associated facilities to be provided along the freeway.

Our toll analysis indicated that a barrier toll-collection system would be
preferable to a closed system; the former would be less costly to construct
and to operate. Moreover, with our recommended toll rates of NT$15
on autos and light trucks, NT$20 on heavy trucks, and NT$40 on buses,
the parrier system would produce both greater economic benefits and more
toll revenue than the closed system. The rate of return estimate for the
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freeway with the barrier system and the recommended toll rates is 20.9
percent. The closed system would bring an estimated 19.5 percent rate of
return. Toll revenue with the recommended barrier system would amount
to an undiscounted total of approximately NT$48.4 billion {including
revenue from induced traffic) over the 1975-1995 period.

We recommend that administration, maintenance and toll collection
facilities be designed and built concurrently with the construction of
the freeway. Training of highway patrol and other key maintenance
personnel are important and should be started as soon as possible.

Thank you for the opporfunity to continue our services on the North-

South Freeway project.

Very truly yours
DE LEUW, CATHER INTERNATIONAL

JW@—%

Turan Ceran
Project Manager

Te B
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HISTORY OF THE FREEWAY PROJECT

A north-south freeway to serve the western coastal area of the Province of Taiwan
was first considered by the Government of the Republic of China in 1965. The
Government had previously studied a four-lane highway from Taipei to Taoyuan.
In 1965, the Council for International Economic Cooperation and Development
{CIECD) suggested that planning be initiated for a limited-access highway from
Keelung on the northern coast to Kaohsiung on the southwestern coast — a distance
of approximately 400 kilometers by existing roads. The proposed freeway would
supplement or replace an existing arterial road, the North-South Highway, serving
much of this corridor.

in August 1966, the Government assigned priority status to the planning of two
sections of the freeway — from Taipei to Hsinchu, and from Tainan to Kaohsiung
— and authorized the collection of data on traffic in the freeway corridor. By
November 1966, it had been agreed by all Government agencies involved that the
freeway should be an all-new facility, physically and financially independent of
the existing North-South Highway.

The feasibility of the project was reviewed by various Government departments
and funding agencies in April 1967. A Technical Assistance Agreement between
the Taiwan Highway Bureau (THB) and the Asian Development Bank (ADB) was
signed on November 30, 1968. On January 16, 1969, the THB retained De Leuw,
Cather International Inc. (DCIl), Consulting Engineers, to conduct a feasibility
study of the entire proposed North-South Freeway, and prepare preliminary designs
and cost estimates for the Erhchung-Chungli portion. Mobilization of the Con-
sultant’s project staff began immediately, and the initial group arrived in Taipei
in early- March 1969.

The feasibility study was submitted to THB on November 6, 1969. The study
urged the immediate construction of all seven study sections and set forth con-
struction completion priorities of these sections. The financial analyses of the
study indicated that the proposed facility should be operated on a toll-free basis.
The corresponding internal rate of return was estimated to be 22.3 percent.

Chapter |
INTRODUCTION

After submittal of the feasibility report, work began on the preliminary design of
the freeway from Erhchung to Chungli (later called Sanchung to Chungli). In
December of 1969, the construction loan agreement was completed for this section.

The preliminary plans were submitted in February 1970. Final design work was
completed in August. The contract documents were peprared thereafter and sub-
mitted in October 1970.

Construction planning of the Sanchung to Chungli section divided the facility into
five construction projects. Details of the construction projects are given in the
following table.

TABLE 1-1

SANCHUNG TO CHUNGi| SECTION OF NORTH-SOUTH FREEWAY
CONSTRUCTION PROJECTS

Project City Limits Cost NT$ Contractor
1 Sanchung to Taishan 294,800,000 Kuk Dong Construction Co.
2 (Flood Relief Structure) 166,908,000 Retired Servicemen
Engineering Agency
Taishan to Linkou 287,347,620 BES Construction Co.
4 Linkou to MNankang 159,426,180 Retired Servicemen
Engineering Agency
b Nankan to Chungli 263,723,380 Aoki Construction Co.

The first bids were taken in May and construction work began in August 1971.

Additional design work for the freeway between the cities of Chungli and Yangmei,
Taipei and Sanchung, and Neibu and Taipei was begun in July of 1970 by DCI.
Design of the section from Neihu to Keelung, the northernmost segment of the
freeway, is underway by another consultant.




Contracts covering the design of the southern 110 kilometers of the freeway were
signed in July 1971, and work began in September. DCI is designing the section
extending from Hsinshih (just north of Tainan) to Fengshan. A German consultant
is designing the section from Chiayi to Hsinshih. The final design of the entire
section is scheduled for completion within 15 months, and construction is scheduled
to be completed by the end of 1976.

Recently, the Executive Yuan assigned top priority to construction of the North-
South Freeway. The latest planning schedules completion, of the final sections to
be constructed, in late 1977. The construction schedule for the entire freeway,
from Keelung to Fengshan, is shown in the following table.

TABLE 1-2

NORTH-SOUTH FREEWAY CONSTRUCTION SCHEDULE

Section City Completion Date

| Keelung — Neihu Jun 1975
Neihu — Taipei Dec 1975

Taipei — Sanchung Jun 1975

I Sanchung — Chungli Jun 1974
Chungli — Yangmei Dec 1974

il Yangmei — Hsinchu Dec 1976
v Hsinchu -~ Taichung Dec 1977
Vv Taichung — Tounan Jun 1977
Vi Tounan — Chiayi Dec 1977
Chiayi — Tainan Dec 1976

Vil Tainan — Fengshan Dec 1976

DEVELOPMENTS SINCE THE FEASIBILITY STUDY

The Economy

The freeway feasibility study was conducted during March-October 1969, so that
the latest year for which data were available at the time was 1968. The study
adopted, as its near-term economic growth forecasts, the Fifth Four-Year Develop-
ment Plan projection of 7.0 percent average annual growth over the 1969-1972

period. On the basis of this predicted deceleration of economic growth, the study
forecast that average annual growth over the 1969-1990 period would be 6.4
percent, rather than the higher rate of 6.7 percent per annum indicated by the
historic trend.

Actual growth in 1969 was 8.8 percent {in real terms), and growth in 1970 rose
to 10.0 percent; total expansion from 1968 was approximately 19.7 percent. Per
capita income, in constant prices, grew by approximately 13.3 percent over the
two-year period.

The growth in 1969 occurred despite a decline in agricuitural production, which
resulted from loss of crops caused by two typhoons during the September-October
period of that year. Agricultural net domestic product, in 1970, was up by about
3.3 percent, in current prices, over 1968,

The production value of industry grew by approximately 40 percent over T1969-
1970. Within the industrial sector, mining production grew by less than seven
percent, but the production value of manufacturing, construction {private building
construction), and public utilities increased by 39 percent, 74 percent, and 53
percent, respectively.

Within manufacturing, production vatue grew by more than 50 percent in the follow-
ing major industries: basic metals; electrical machinery, apparatus, appliances
and supplies; petroleum refining; furniture; and textiles and garments. Growth
was nearly 50 percent in the paper and paper products industry, and in the beverage
industry. Less rapid, but still impressive, growth was achieved in food processing
(22 percent), wood and wood products {23 percent), chemicals {24 percent}, metal
products (27 percent), and non-electrical machinery (17 percent). The transporta-
tion equipment industry showed a slight drop in production value (less than one
percent), despite the spectacular growth of the shipbuilding industry which in-
creased its production from only 79,000 gross tons in 1968, to more than 205,000
gross tons in 1970,

In current value terms, the net domestic product of services rose from approximately
NT$61.5 billion in 1968, to a level of NT$83.2 billion in 1970, an expansion of
more than 35 percent. Within the services sector, transportation and communica-
tions grew by nearly 32 percent, money and banking expanded by 66 percent,
and government services rose by about 35 percent.

Over 1969-1970, foreign trade continued its spectacular growth of the past several
years. Exports of goods and services grew, in constant prices, by 19.7 percent in
1969, and by 28.8 percent in 1970. Imports of goods and services grew only

.
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slightly less rapidly, as they expanded by 14.6 percent and 26.9 percent, in 1969
and 1970, respectively. Over the first quarter of 1971, foreign trade (exclusive
of services) showed a rise of 38.7 percent above the level of the corresponding
period of the preceding year.

The foreign exchange reserves of the Republic of China increased by US$179
million, in 1970, to an end-year level of NT$656 million.

Tratfic

Reported highway ton-kilometers rose by 18.3 percent in 1969, and by 15.8 percent
in 1970, for a total two-year expansion of 36.9 percent above the level of 1968;
in terms of freight tonnages, the total expansion was 32.2 percent. Heavy truck
registrations increased by 32.1 percent from end-1968 to end-1970, to a total of
more than 20,000,

Bus passenger-kilometers rose from 8,887 million in 1968, to approximately 11,206
million in 1970, an increase of 26.1 percent; bus passenger trips, over the same two-
year period, rose by 28.0 percent. Bus registrations increased by 28.4 percent, rising
from an end-1968 total of 6,193 to an end-1970 total of 7,954.

Taxi registrations continued their rapid growth in 1969, but slowed markedly in
1970; growth in 1969 was more than 29 percent, and was 12.0 percent the follow-
ing vyear.

Private auto registrations and light truck registrations showed spectacular growth
over the two years, as the former increased by a total 76.1 percent, while the latter
registration total grew by 74.8 percent.

Motorcycles continued to replace bicycles during 1969-1970, as the number of
motorcycles increased by 218,000, to a level of more than 701,000 by end-1970,
while the number of bicycle registrations declined by about 302,000, to a leve! of
1.95 million.

The number of other silow-moving vehicles continued to fall. Pedicabs were reduced
to only 4,159 by end-1970 (down from 10,492 at end-1968), and ox-carts declined
from 57,321 end-1968 registrations, to 49,589 registrations by end-1970.

The provincial railway system experienced substantial growth of passenger traffic,
but showed a decline in freight traffic, over 1969-1970. Growth of provincial railway
passenger-Kilometers was 8.2 percent in 1969 and 5.0 percent in 1970; the number
of passenger trips, however, fell from more than 137 million in 1968 to about 129.3

million in 1970, a decline of approximately 5.6 percent. West Line Railway passenger-
kilometers grew by 13.7 percent over the two-year period, while East Line passenger-
kilometer growth was 9.8 percent. East Line passenger trips, however, declined by
only 0.5 percent from 1968 to 1970, while West Line passenger trips fell by about
6.0 percent. The numbers of passenger trips declined primarily as a result of the pro-
gram of localization of primary schooling and the resultant elimination of the need for
large volumes of primary school students to travel to and from school via the railway.
Despite the reduction in student traffic, the substantial rise in long-distance passenger
volumes was sufficient to result in the increased levels of passenger-kilometers.

Total ton-kilometers of the provincial railway system fell from 2,544 million in
1968 (TRA’s record year for freight traffic}, to 2,477 million in 1970, a decline
of 2.6 percent. The East Line Railway, however, had more than a twenty percent
rise in ton-kilometers over the period because of the opening to the new pulp mill
at Hualien. The West Line ton-kilometer total fell by 3.1 percent to 2,424 million;
West Line freight tonnages declined by 2.2 percent.

Total international harbor traffic increased by about 34.4 percent, rising from a
1968 total of 18.6 million revenue tons, to a 1970 total of 25.0 million revenue
tons. Keelung Harbor traffic rose by 33.5 percent to around 8.64 million tons;
Kaohsiung Traffic increased by 35.7 percent to 16.0 million tons; and Hualien traffic
advanced by only 6.7 percent to nearly 389,000 tons.

Both international and domestic air passenger traffic grew rapidly over 1969-1970.
International passengers increased from 615,182 in 1968, to 997,403 in 1970, a
rise of more than 62 percent. Domestic passenger traffic increased by 28 percent.

There was a 55.4 percent growth in passenger traffic at Taipei International Air-
port, and this was accompanied by a 39.7 percent expansion in the number of
flights. Annual passengers numbered more than 1.5 million in 1970, while the
number of flights grew to 41,662 (an average of 114 flights per day).

In 1970, Kaohsiung Airport had its first international passengers {(but only 108).
Domestic passenger volumes at Kaochsiung increased from 241,000 in 1968, to
356,000 in 1970, an increase of 47.7 percent. The number of flights rose by 34.4
percent to a total of 9,723.

At Hualien Airport, air passenger traffic rose by 42.9 percent to a total of more
than 325,000 in 1970. The number of flights climbed by 82.1 percent to 8,066.

Developments in Transpertation

The freeway feasibility study, together with the study for locating a planned new



international seaport, was one of the first of a rush of major studies within the
transportation sector. Before the feasibility study was completed, work had
already begun on the study of a proposed elevated railway project for Taipei. In
late 1969, work started on an island-wide transportation study; this study was com-
pleted in November 1970. Also completed during 1970, was the Taichung harbor
study. In March 1971, a study was compieted to determined the advisability of
electrifying the trunk line of the West Line Railway. More recently, studies were
completed on proposals for a new international airport, for equipping the railway
to handle containers, and for constructing a railway link or an improved highway
between Suao and Hualien, on the East Coast. Finally, a traffic cost study for
the railway is currently underway.

Both the freeway feasibility study and the island-wide Transportation Economic
Study indicated that the freeway should be constructed; the latter study recommend-
ing that the project be given the highest priority within the transportation sector.

The island-wide transportation study recommended that expansion of facilities at
Keelung be given second priority among proposed transportation projects. The
study also urged that a government transportation planning agency be established.

The Taichung harbor study advised that the port of Keelung would reach saturation
in the near-term, and recommended that a port be developed on the coast of Tai-

chung Hsien to relieve Keelung harbor of its future excess demand.

The various, completed railway studies recommended elevation {in Taipei only),
electrification, and containerization.

The airport study indicated that the proposed international airport would be needed
by 1975, and recommended a location near Taoyuan.

Partly as a result of these several studies, the Government has now:
1} Established the freeway as the infrastructure project with top priority;

2) Established expansion of facilities at Keelung harbor and at Kaohsiung as the
infrastructure project having the next highest priority;

3} Determined to construct a new international seaport on the coast of Taichung
Hsien, with a scheduled million tons of capacity in 1975, and twelve million
tons in 1985;

4) Determined to electrify the trunk line of the West Line Railway; and

5) Established a new transportation agency, the Transportation Planning Board,
within the Ministry of Communications.

The Government did not act according to the recommendations of the elevated
railway study, and this proposed project has been shelved. Decisions have not yet
been made regarding the recommendations of the railway containerization study,
the new international airport study, and the East Coast (Suao-Hualien) study.

Projects which have not required major studies, and which are now underway,
or have heen approved, include:

1) Development of a second harbor entrance at Kaohsiung (an eight-year project,
which was begun in 1968, and witl be completed by 1976);

2) Construction of container and other facilities at the ports of Keelung and Kao-
hsiung;

3) Expansion of harbor facilities at Hualien;

4) Expansion of Taipei International Airport passenger terminal {recently com-
pleted};

5} Construction of a railway freight marshalling yard at Chi-Tu (to be completed
in 1972);

6) Replacement of West Line Railway 37-kilogram (per meter) rail, with 50-kilo-
gram rail;

7) Construction of an elevated highway to the port area at Keelung (to be com-
pleted in 1972);

8) Improvements to Kaohsiung International Airport {to be completed in early
1972):

9) Construction of a southern cross-island highway (to be finished by in 1972);

10) Widening of Highway 1 to four lanes between Taipei and Taoyuan, between
Changhua and Yuanlin, and between Tainan and Kaohsiung:

11) Widening of Highway 3 to four lanes between Fengyuan and Taichung; and

12) Widening of Highway 12 to four lanes between Taichung and Nanwangtien.

The last three of these projects are of importance to this study since they all affect
the capacity of the arterial highways in Taiwan’s western corridor, and less diversion
to the freeway might be expected, since the alternative routes would be capable of
accommodating higher traffic volumes. In determining the incremental costs of
the freeway investment alternative, these improvements were also taken into account,
since they would occur with or without the freeway investment.

a




BACKGROUND AND SCOPE OF TOLL STUDY

The Government's decision to operate the North-South Freeway as a toll road,
gave birth to the need for a study to determine the type of toll collection system
and the levels of toll rates to be utilized. It was also necessary to know the effect
of tolls on the rate of return of the project and on modal split between the railway
and freeway in the same corridor.

A brief study was prepared in January 1970, by DCI covering toll analysis for
the Sanchung to Chungli portion of the freeway. This study was requested by the
ADB tu determine the effects of charging tolls on traffic and revenues, This was
an approximate evaluation and was done quickly, without computer assignment.

Recommendations covering administration, operations and maintenance of the free-
way were also required, as the toll road is to be the first of its kind in Taiwan
and maintenance facilities must be designed and built concurrently with the free-
way. A bus operation study was included within the scope of work in order to
establish the related facilities requirements.

During November 1970, TAFCB called for proposals for consulting engineering
services related to toll road operations {excluding bus operation) covering the entire
North-South Freeway corridor. In January 1971, TAFCB further called for studies
related to bus operations along the freeway. DCI submitted a combined proposal
covering all aspects and a contract was successfully negotiated in early March.
Work on a comprehensive toll road study began on March 15, 1971.

The work involved in this study was grouped into three parts:

1) A complete toll study was prepared. This work involved analysis of alternative
toll collection networks and various toll levels, and the effects which these
would have on the patterns of traffic, and on the rate of return of the project.

2} Operations and maintenance studies were prepared, including the location
of toll plazas, rest and service areas, maintenance stations, emergency facilities,
highway patrol stations, and telecommunication facilities, and the determina-
tion of the required organization, equipment, and personnel to operate and
maintain the toll road.

3) A brief study was conducted on freeway bus operation to establish the location
and type of necessary facilities.

Exhibit T indicates a simplified flow diagram for this work, beginning with the
previously prepared feasibility report.

ORGANIZATION OF STUDY
Study Design

The study was designed to be conducted over a five-month period. The toll analysis
required the full period, whilst the conclusions and recommendations regarding toll
road maintenance and operations were developed over two months, and the bus
operation study required approximately one month.

Exhibit 2 indicates the study plan. Both the plan and the personnel requirements
were adjusted during the course of the study.

The principal adjustment in the study plan was to postpone the development of
freeway maintenance and operation costs until the operations and maintenance con-
sultant had completed much of his work; this delayed the final development of
cost estimates by approximately one month. In order that the study as a whole
world not fall behind schedule, much of the drafting, reviewing and editing of
the final report was completed during the fourth month.

As far as personnel requirements were concerned, the need for local staff in the
transportation planning section was considerably underestimated, but otherwise both
local and expatriate staff requirements were close to what had initially been intended.
It was originally expected that only one local staff man-month would be necessary
to complete the work of the transportation planning section; actually, this had
to be increased to approximately eight man-months over the full period of the study
due to the numerous manual adjustments to the computer ocutput. These adjustments
were mainly required because of the capacity limitations of the parallel highways
during 1990 traffic assignment.

At the study’s start, the staff of the transportation planning section included the
scheduled local transportation planning engineer, two trainees, and the expatriate
transportation planning engineer. No other local staff were initially required, but
other expatriate staff included the project manager, the business manager, and the
project economist. During the first two weeks of the study, these expatriate staff
members were responsible, inter alia, for more detailed planning of the conduct
of the study.

The early burden of work was on the transportation planning section. During the
first month, this section had first to develop alternative barrier and closed toll net-
works, and then, working jointly with the economic section, to develop the cost
networks. To complete this latter step, it was necessary to select toll schedules to
be tested, and to determine the increments to operating costs which would result
from the making of toll stops.
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After the development of cost networks, one final step, the development of diversion
curves for heavy trucks and for light vehicles, was accomplished by the transporta-
tion planning section, prior to using the computer for traffic assignment. Computer
work began before the end of the second month, and required approximately three
weeks for completion. The manual adjustments, by the staff of the transportation
planning section {which, at the time that the computer output was received, consisted
of the expatriate engineer, one trainee, and two estimators, who were originally
scheduled to work only with the highway design section}, required approximately
an additional two weeks. At the conclusion of the first three months of the study,
the work of the transportation planning section, including all analysis and drafting
of text and exhibits, was completed as originally scheduled.

The economic section, which did not work on the study during the period from
the end of the first month until midway through the third month, began working
again as adjusted computer results became available from the transportation planning
section. A second task of the economic section, which, from the middle of the
third month included a local economist, as well as the expatriate economist, was the
estimation of the extent of induced traffic which might be expected to arise as a
result of the freeway.

Work also began during the third month on the development of toli road costs. Much
of this work was postponed beyond the period for which it was originally scheduled,
in order that all of the recommendations of the operations and maintenance consultant
{who arrived at the end of the third month) could be taken into consideration.

During the third month, the highway design section, for all intents and purposes,
consisted of only one local, and one expatriate, highway design engineer; the two
estimators who were working on the study were assigned transportation planning
work, and were only shifted to the highway design section at the end of the third
month.

The fourth month of the study was, by far, the busiest. The economic section did
all of its work on freeway henefits and toll revenue, and completed the drafting of
most of its sections of the final report; the highway design section completed its
work on cost estimating; the major portion of work of the operations and maintenance
consultant was accomplished; drafting of two sections of the final report by the
business manager, was finished; much of the drafting of exhibits was done; the
work of the bus operations specialist was started, and nearly completed; the archi-
tectural work was begun; and final review by the project manager of all report

sections which had been drafted was made. By the end of the fourth month, the
study was behind schedule only with regard to benefit-cost analysis, but was ahead
of schedule insofar as the drafting of the final report was concerned.

The economic section belatedly completed the benefit-cost analysis, and also com-
pleted a sensitivity analysis in the middle of the fifth month. The operations and
maintenance consultant completed his work, and the architectural staff (consisting
of two local, and one expatriate, architects) completed their work, near the end of
the fifth month,

Methodology

It was only possible to complete this toll study in the short span of five months
because a great deal of the basic data had already been developed in the freeway
feasibility study. The 1969 trip tables were those obtained from the April 1969
O-D survey conducted as an integral part of the feasibility study. The vehicle
operating and user costs used in the toll study were those developed during the
feasibility study, and the traffic forecasts, used to expand the 1969 trip tables to
1990, were also taken from the earlier study. Finally, the highway construction
and maintenance costs for the without-freeway alternative {i.e., for the “arterial
system’’) were extracted from the feasibility report, as were most of the freeway
construction costs.

Some thought was given to revision of a few of these basic data items, however.
Nearly two years had passed since the traffic forecasts of the feasibility study were
made and consideration was given to revising these in the light of actual growth
which had occurred in that two-year period. Traffic growth was, therefore, re-
examined (see Appendix A to Chapter |). The re-examination indicated that the
feasibility study was either reasonably accurate, or was conservative, in most of its
forecasts, so that those forecasts were deemed usable for the toll study. (Some
adjustments were made in the traffic forecasts, at the time they were re-examined,
however, and these adjusted forecasts are considered in the sensitivity analysis
included in this study as Appendix E to Chapter |H).

The vehicle operating costs were also re-examined (see Appendix B to Chapter I).
Some minor adjustments were made, but these were all within the margin of error
of the feasibility study calculations, and, therefore, operating costs were not altered
for this study.
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Where construction costs were concerned, consideration was given to using current
unit costs, rather than those of 1969, but it was decided that this would add unfair
weight to costs, since all benefits {user costs and alternative highway investments)
would be based on 1969 prices. In any case, the recent bid prices received for
various projects in the Sanchung-Chungli section support the accuracy of feasibility
cost estimates.

The feasibility study had recommended a freeway facility with 56 interchange
locations. Now that it has been determined to make the freeway a toll facility, 56
interchanges along an approximately 375-kilometer route would be too many, pro-
vided that most traffic should be required to pay a toll. Accordingly, a number of
interchanges, which would not be expected to service large volumes of traffic were
eliminated from the systems to he tested; in this manner, the number of freeway
interchanges was reduced to 38.

Even this lower number of interchanges (approximately one for every ten kilo-
meters) is high for a toll facility. It is high in this instance because the planned
freeway must also serve urban traffic, which is usually not the case for a toll road,
i.e., usually a toll road is located outside of urban areas, whilst the freeways which
do serve urban traffic are normally free. There is a very good reason for this; urban
freeways require a large number of interchanges. If urban traffic is then geoing to
be charged tolls for use of the freeway, there will either have to be a large number
of toll barriers (between every two adjacent interchanges), or there will have to
be large, closed interchanges, which, bhecause they require a large land area, are
especially expensive in urban areas, and, which would cause considerable traffic
congestion at all points of ingress and egress to and from the toll facility within the
urban area.

When these problems of locating a toll facility within an urban area were discussed
with concerned government officials, a government ruling was obtained to the
effect that users of the freeway within the Taipei, Taichung-Changhua, and Kao-
hsiung urban areas would be permitted to use the freeway free of charge. This

ruling, then, obviated the need, which otherwise would have existed, to reduce
the numbers of interchanges in the aforementioned urban areas.

This ruling also meant, however, that no purely closed toll network couid be de-
veloped, since freeway barriers would need to be used to separate these free travel
zones from other areas of the freeway. Accordingly, the closed network developed

in this study includes five barriers on the freeway. This number is increased to
ten barriers with the selected barrier system.

The 1968 and 1990 trip tables of the feasibility report were to be assigned to the
highway systems containing these freeway networks, as well as to the arterial system.
First, however, additional operating costs had to be determined and a diversion
curve had to be developed.

The additional operating costs included the toll charges, themselves, and the operat-
ing cost increments arising from the making of toll stops. In the determination
of toll charges, another government ruling was basic. To wit: The toll schedule

to be selected should be a partial cost-recovery schedule, rather than a full cost-
recovery schedule.

Relative toll levels among the various vehicle types were determined by relating
them to the relative benefits of using the freeway, e.g., express buses, because of
their high passenger time value (viz., NT$350 per minute} would reap considerably
more in the way of cost benefits per vehicle-kilometer than would other vehicle
types, and it might therefore be considered equitable if express buses would be
charged higher tolls. The absolute levels of tolls to be tested were initially selected
on the basis of their depriving freeway users of certain percentage portions of
benefits, and then were manually tested to obtain a preliminary indication of the
amounts of toll revenue which they might be expected to produce.

The fina! cost item to be determined was the incremental operating cost arising
from the making of toll stops. There were three different costs that had to be
determined: stopping at freeway barriers with the barrier system; stopping at
freeway barriers with the closed system; and the incremental cost of passing through
a closed interchange compared with passing through an open interchange. The
first two of these costs would be expected to differ only because of a longer average
stopping time requirement at the point of toll payment with the closed system,
since variable amounts of toll charges would be collected.

Although an aill-or-nothing assignment technique had been used for the feasibility
study, it was decided that a diversion assignment technique would be used for
assigning some of the 1969 and 1990 trip tables in the toll study. The diversion
technigue is considered preferable in instances where: 1} a large number of trips
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would have two or more alternative routes with smatl cost differences; and 2) the
small cost differences would not be expected to result in major shifts to the lower
cost route. The diversion technique was used for assigning 1969 trip tables for
autos, light trucks, and heavy trucks, because the cost differences between alternative
routes were relatively small, generally, and the drivers of such vehicles were not
expected to show strong preferences for lower cost routes, where the cost differences
were small. For buses, however, the diversion assignment technique was not used,
since the freeway operating cost advantages were sizable, and since, even with only
small cost differences, the drivers (who would not normally make the route selec-
tion} would be expected to take the lowest cost route.

In order to use the diversion technique of assignment, diversion curves had to be
developed. Separate curves were developed for light vehicles and for heavy trucks.
These curves were based on absolute differences in the costs of two alternative
routes, rather than on the relative costs of the various alternatives, i.e., the distribu-
tion of traffic between two routes was determined by the cost savings {expressed
in NT dollars) of traveling on one route as compared to traveling on the other
route. The point of even split between two routes {in this case, the freeway and
the lowest cost alternative route) would occur where there would he no savings
by using either route {i.e., the operating costs of traveling via the two routes would
be the same). One hundred percent diversion to the freeway was estimated to
occur when the cost saving, which would derive from use of the freeway, would
be equivalent to one-half of the cost of using the arterials, over the average trip
distance. The shapes of the curves between the even-split, and the one-hundred-
percent diversion, points were established by referring to published diversion curves,
and investigations conducted during the feasibility study.

Once all of the costs had been determined and the diversion curves had been de-
veloped, traffic assignments were made by the computer. After reviewing the
traffic assignment computer output at each screenline, manual reassignments were
made in those areas where traffic assignment overflow conditions had occurred.
A traffic assignment ftow diagram is shown in Exhibit 3.

Additionally, adjustments were made for 1990 traffic generated by the planned
Taoyuan airport. At the time of the feasibility study, no in-depth analysis could be
made of the traffic which might be generated by the planned new airport. Now, how-
ever, a comprehensive airport study has been completed, and the toll study made use
of the airport study traffic forecasts; this necessitated upward adjustments of the
airport traffic volumes which had been estimated in the feasibility study.

Time constraints and lack of agreement on estimates of the ultimate capacity of
Keelung Harbor precluded any in-depth analysis, during the feasibility study, of
the timing of Keelung Harbor saturation, and its effect on the growth of Keelung-
Taipei heavy truck traffic, Since that time, various other studies have estimated
the capacity of the port at Keelung, and although there is still wide disagreement
on the harbor's ultimate capacity, one of these estimates was used in this study
to make year-by-year forecasts of the future growth of truck traffic hetween Keelung
and Neihu. These forecasts resulting in a downward adjustment of the 1990 heavy
truck traffic forecast by the feasibility study.

Traffic growth curves were prepared at each of fourteen screenlines showing the traffic
growth between the present time and 1990. Also included on the growth curve dia-
grams are diversion curves showing the effect of diversion when the toll road is first
opened, and the subsequent growth of traffic on both the toli road and parallel arterial
highways. The traffic growth curves also indicate the toll road requirements in terms
of the number of lanes required and the corresponding year of need.

The benefits indicated in this study as deriving from the freeway relate to the
above-described adjusted traffic volumes, and do not include any benefits from
induced traffic or traffic converted from the railway. These increments to freeway
traffic are only' considered in the aforementioned sensitivity analysis.

The benefits were calculated in this study by comparing the operating costs (in-
cluding passenger time costs) of the arterial system, i.e., without the freeway, to
the operating costs of the with-freeway alternatives with various toll systems.
These costs were compared only after all taxes and tolls had been extracted.

Unlike as was done in the feasibility study, this study did not reduce the freeway
user cost savings in section Il after that segment of the freeway would be expected
to reach capacity. The earlier study hypothesized that a second freeway would
open in section Il when the first freeway would reach the point of becoming con-
gested, and that the newer freeway would act to divert large volumes of traffic
from the initial freeway facility. The user savings which were then indicated for
the first freeway were only those savings which would accrue to the traffic remaining
on that freeway. Actually, the level of savings which the diverted traffic would
have experienced by staying on the first freeway should still be credited to that
facility, since the second freeway would have only improved vehicle operatings by
their operating cost differentials between the two freeways.
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in the feasibility study, the benefits deriving from the freeway included, in addition
to user cost savings and some “lesser benefits”’, the estimated investment costs of
the alternative highway (arterial) system. That is, the user savings with the freeway
were not calculated by comparing the freeway alternative to a no-investment alter-
native, but were caiculated instead by comparing the operating results with the
freeway investment to the operating results with an alternative highway invest-
ment program, and did not include the benefits of this alternative investment
program relative to the no-investment situation; in lieu of these latter benefits,
the investment costs of this alternative highway system were included as free-
way benefits. Provided that these alternative highway investments would have
been economically feasible without the freeway, i.e., provided that the benefits
of these investments would have exceeded their costs, the inclusion of their costs,
rather than their benefits, as benefits of the freeway would tend to understate total
freeway benefits.

This method of determining total freeway benefits was not understood by some
of the reviewers of the feasibility study, however, so that it was felt that a slightiy
different approach might be preferable for the toll study. Accordingly, the benefit-
cost analysis in this study compares the user cost savings (benefits) with the incre-
mental cost of the freeway investment over the costs of the alternative highway
investments. This is actually a very minor adjustment in methodoclogy, and does
not affect net present value or internal rate of return calculations at all. There is,
however, some effect on benefit-cost ratios at discount rates other than the internal
rate of return (i.e., an equal amount is deducted from both sides of benefit-cost ratios,
so that the ratios would be altered in all instances other than a ratio of 1.0).

In determining the incremental freeway cost, adjustments were made in the related
highway costs with the freeway, since additional highway improvements, over
what had been indicated in the feasibility study, have now been scheduled. These
additional improvements were also taken into consideration at the time of manual
adjustment to computer output.

The construction of the freeway through from Keelung to Fengshan was scheduled,
in the feasibility study, over the 1970-1974 period. It is no longer possible to
complete construction over that period, and the revised schedule for construction
calls for completion over the 1971-1977 period. The scheduling of construction
over a seven-year period, rather than over a five-year period, would tend to lower
discounted cost totals of the freeway investment at every given discount rate.

If alternative highway improvements would not be similarly rescheduled to conform
with the revised estimates of freeway opening rates, then the discounted incremental
costs of the freeway investment would tend to be lowered. This would be per-
missable only if benefits for the highway improvements aiternative would be cal-
culated for the years prior to the scheduled freeway opening in the various sections.
Since this would be difficult to accomplish without computer traffic assignments
and operating cost summarys for every year, it was decided that the alternative
highway improvements should also be rescheduled instead.

Because of the revised schedule for construction, the period over which freeway
benefits were calculated was altered. The feasibility study calculated benefits for
the 1972-1990 period. It was determined that, for the toll study, the 1975-1995
period would be used for the calculation of benefits. This adjustment in the analysis
would tend to raise total benefits since: (1) two additional years of operation
were added; and (2) the corridor traffic volumes would be higher in any given
year of operations, e.g., the first year of operations of the entire freeway would
be 1978, instead of 1975, and corridor volumes would be higher after three addi-
tional years of growth.
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Chapter I

TOLL SYSTEM ALTERNATIVES

SELECTION AND DEVELOPMENT
Toll Networks

Functional Concepts of Toll—Free Freeways and
Toll Roads

The primary function of both a toil-free freeway and a toll road is the movement
of traffic. Both facilities exercise a high degree of access control to achieve their
intended function. Relative to lower types of facilities, a toll-free freeway and a
toll road exhibit many of the same characteristics. Comparing one directly with the
other, however, their differences become hore apparent. The most obvious difference
is their approach to collecting funds necessary to repay their indebtedness. A more
subtie differenciation is related to their access function. The toll-free freeway is
generally characterized by more frequent access points than are normally provided
on a toll road. Therefore, while providing a high standard of traffic operation, a
toll-free freeway takes on the added function of land access more readily then does
a toll road. That is, as a direct result of having more access points, a toll-free freeway
provides a higher degree of accessibility to the adjacent land areas with an accom-
panying related rise in traffic demand. Conversely, a toll road continues to emphasize
its primary function of traffic movement, generally providing a superior level of
service to traffic over that offered by a similar toll-free freeway condition. The
improved level of service however, is directly related to a lower degree of accessibility
to the adjacent land area.

The toli-free freeway recommendation developed in the feasibility study recognized
the desirability of striking a balance between the need for improving the movement
of traffic and the need to maintain a high degree of accessibility to the adjacent land
area. The decision to make the freeway into a toll road introduces additional con-
straints which tend to alter the balance between traffic service and accessibility.

in the consideration of the toll networks developed for this study, the problem was
more complex than the simple translation of toll road concepts as they have evolved
in countries where both toll roads and toll-free freeways have developed together.

Because of the high population density along the freeway route in the present case,
it was necessary to develop a toll road concept which provided for both the collection
of tolls and good traffic movement, and maintained a refatively high level of accessi-
bility.

Toll Collection Ailternatives

There are two methods of toll collection presently in general use. One method is
to locate toll collection stations on the toll road. This method is generally referred
to as a barrier system. The second method is to locate toll collection stations
within the interchange areas, and is generally referred to as a closed system.

The barrier system is characterized by the following general features:

Toll plazas are located directly on the toll road, thereby requiring all
vehicles to stop at each plaza, and disrupting the smooth flow of traffic.

Toll rates are generally structured so as to facilitate the payment of the
toll fee and minimize the delay to traffic.

The number of times a vehicle is required to stop is dependent upon the
vehicle trip length and the spacing of the toll plazas.

The interchange configuration does not include provisions for toll collec-
tion and therefore can be designed to serve the traffic demand.

Removal of toll collection at a later date reguires some minor alterations
to the main roadway through the toll plazas.

Additional access points can be provided without increasing the number
of toll plazas, provided some free travel over a short distance between
adjacent access points is an acceptable policy.

Depending upon the spacing of access points and toll plazas, some people
using the toll road for a short distance may not be assessed a toll charge.
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The closed concept for toll collection is characterized by the following general
features:

Toll plazas are located within the interchange areas, off the main line of
the toll road. A vehicle is required to make one stop before entering
the toll road in order to collect an identifying card, and once when leaving
the toll road to pay the toll charge.

Toll charges are based upon a specified toll rate per kilometer applied
over the number of kilometers traveled. Therefore the toil charge is
dependent upon the length of travel, as determined from the identifying
card received prior to entry onto the toll road.

The number of times a vehicle is required to stop is limited to two {once
when entering & once when leaving the toll road) and is not dependent
on the vehicle trip length.

The interchange configurations must be designed in such a manner as to
include provision for the collection of toll charges. Many of the design
techniques available to facilitate the efficient movement of large volumes
of traffic cannot be utilized to their maximum potential when toll collec-
tion facilities must also be included. While this is a minor problem in
areas of low traffic volumes, the problem does hecome serious in areas
of high traffic volumes.

Possible removal of toll collection at a later date would require major
interchange alterations to adequately serve large traffic volumes.

Alt toll road access points must have a toll collection station. If not,
trips of all lengths could leave the toH road at a free access point without
paying for any portion of the trip.

Everyone using the toll road is assessed a toll charge.
In addition to the above comparative features, the closed system is more expensive
to construct, operate and maintain. Comparative cost figures for the two systems
developed and tested in this study are presented in a later section of this report.

General Alignment of Toll Road

During the feasibility study, alternative routes in several areas were evaluated. Two
alternatives were investigated in the Kaohsiung area and two more were investigated
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in the area between Tounan and Taichung. Several alternatives were investigated
in the Chungli to Keelung area.

Since the completion of the feasibility study, several important planning decisions
have been made which have, in effect, fixed the roadway alignment. For example,
final design for the entire section from Yangmei to Taipei following the west alter-
native is completed. Also, decisions relating to the expansion of an existing refinery
site and the construction of a railroad marshatling yard in the area north of Kao-
hsiung have in effect eliminated the west alternative in this area from further con-

sideration.

With these decisions as input, the final alignment of the toll road selected for
analysis purposes for the comprehensive toll study was determined in conjunction
with TAFCB personnel. The alignment from Keelung to Kangshan generally follows
the west alternative freeway alignment developed during the feasibility study. From
Kangshan to Kaohsiung the alignment follows the east alternative shown in the
feasibility report. A change in alignment was also made for the section from Hsin-
chu to Yangmei to reflect the latest revision in route location for this section which
is presently under design by TAFCB.

Selection of Barrier Toll Network

Following the toll road alignment previously established, and utilizing the inter-
change locations proposed in the feasibility study as a guide, a basic barrier toli
network was developed, based on the criteria that each major city within the primary
influence area of the toll road be provided with one access point. Barrier toll
collection stations were then located between these initial access points at appro-
ximately equal spacing.

Additional access points were added to this basic network of interchanges and toll
plazas to serve important new traffic generators such as the planned new port
facilities at Kaohsiung and Taichung, the planned International Airport at Taoyuan,
and the new community development planned in the Linkou area. A significant
measure of the total effect that these developments will have upon the economy
of Taiwan will be dependent upon the transportation facilities serving them. There-
fore, inclusion of direct access from these traffic generators to the toll road was
given primary importance.

Additional access points were also provided at the locations where Highway 1 crosses
the toll road alignment. Highway 1 is presently the major north-south route and,
because of the ribbon developments along most sections, the highway will continue




to function as an important arterial highway after the toll road is completed. The
intersection of these two important highway facilities will be characterized by large
traffic volumes wishing to transfer to the other facility. Therefore, provision for
the interchange of traffic between Highway 1 and the toll road is warranted on the
basis of serving the travel desires of major volumes of traffic.

With these additional access points superimposed on the basic network, the number
of toll plazas was no longer adequate to insure the collection of tolis from all users.
Therefore some adjustment to the present concept was required. One alternative
was to add additional toll plazas so that one plaza would exist between each two
access points. The resultant frequency of stops required for all vehicles on the toll
road rendered this approach unsatisfactory.

A second alternative was to alter basic toll road policy and not attempt to collect
a toll from all the users of the facility. Since the Government has expressed the
position that toll revenues would not have to recover all the costs of the toll road,
this approach had added merit. Utilizing this concept, along with the preliminary
toll plaza locations established for the basic network, alternate toll plaza locations
were reviewed and analyzed in terms of the traffic demand crossing the station, the
ease of bypassing the plaza via a parallel arterial route, and the relative cost differen-
tial between the toll road routing {including toll charges) and a parallel arterial
routing. Trip tables, cost networks and traffic assignments developed during the
feasibility study were utilized to evaluate the relative merits of alternative toll plaza
tocations.

Within the large urban areas of Taipei, Taichung-Changhua, and Kaohsiung special
consideration was required since the toll road alignment passes in close proximity
to these urban areas. Applying the original criteria of one access point for each
major city to these three areas would concentrate traffic demand within the city,
rather then disperse it, and severely reduce the benefits of the proposed facility for
the areas which represent the major sources of traffic demand.

In order to provide a reasonable level of service to the urban areas, the number of
access points required is such that a toll plaza between each pair would create
extreme geometric, land use and operational difficulties. Therefore, a policy of
free travel within these three urban areas was adopted. With the policy of no toll
collection stations located within the urban areas, no adjustment in the access
locations proposed in the feasibility study was required. Therefore the number
and location of access points for the toll road within the urban area is identical to
recommendations made in the feasibility study.

Having determined the general location and spacing of the toll plazas, preliminary
dimensions for the toll piazas were developed and specific sites selected for the
plazas to insure adequate topographic and geometric conditions. The proposed
barrier toll network was reviewed by TAFCB personnel and appropriate adjustments
were made to reflect their more intimate knowledge of local conditions and access
requirements for both the present and future situations.

Exhibit 4 illustrates the resultant barrier toll network which was utilized in the
traffic assignments and economic analysis. The barrier toll network includes ten
barrier toll plazas between Keelung and Kaohsiung at an approximate spacing of
thirty to forty kilometers, There are thirty-eight interchanges included in the
barrier toll network, compared to fifty-six proposed for the freeway in the feasi-
bility report.

Selection of Closed Toll Network

Whereas, for the barrier toll network all vehicles on the toll road are required to
stop at each toll plaza, the toll collection function on a closed toll network is
performed within the interchange areas, thereby requiring any given vehicle to stop
once when entering the toll road and once again when leaving. The number of
required stops is not dependent upon the length of trip or the number of access
points provided along the toll road.

Therefore any reasonable number of access points can be included in a closed toll
network without having an adverse effect upon the operational characteristics of
the vehicles using it. For example, a closed toll network could include the same
number of access points as proposed for the freeway in the feasibility report without
causing a change in the operational characteristic of vehicles operating on the toll
road.

Realistically, however, the inclusion of each access point in a closed toll network
requires an additional investment (over the freeway investment} of sufficient magni-
tude as to render mandatory some control of the number of access points.

A typical 1oll plaza on a closed toll network will require, in addition to a normal
interchange investment, additional investment in bridges, right-of-way, toll collection
facilities and buildings, and continuing costs of operation, administration and main-
tenance. Therefore, in order to control the total investment required, it is necessary
to exercise some control in the determination of the access points for a closed toll
network.
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Similar to the barrier toll network, the closed toll network was initially developed
based upon the criteria that each major city within the primary influence area of
the toll road be provided with one access point. Additional access points were
again added to this basic network to serve important traffic generators as well as
intersecting points with Highway 1.

Each of the proposed access points, as well as those which were eliminated from
the original freeway proposal, were reviewed and analyzed as to their relative im-
portance in terms of traffic demand and the ease of bypassing given sections of the
toll road via a parallel arterial route. Trip tables, cost networks, and traffic assign-
ments from the feasibility study were used to evaluate the relative merits and need
for each access point. Within the large urban areas of Taipei, Taichung-Changhua,
and Kaohsiung, special consideration was again required for reasons, similar to
those explained in the previous section for the barrier toll network. Therefore,
a policy of free travel within these three urban areas was also adopted for the closed
tol! network. Since a closed system must be controlled at both ends, barrier toll
plazas on the toll road were added near the boundary of each of the three urban
areas. The proposed closed toll network was reviewed by TAFCB personnel and
appropriate adjustments were made to reflect their recommendations.

Exhibit 4 illustrates the resultant closed toll network which was utilized in the
traffic assignment and economic analysis. The closed toll network includes five
barrier toll plazas between Keelung and Kaochsiung. There are thirty-eight inter-
changes on the closed toll network of which nineteen are toll interchanges (i.e.,
interchanges which include toll plazas) and nineteen (in the urban areas) are free
interchanges (i.e., there would be no toll collection at these interchanges).

Coding Toll Road Networks

Traffic assignment is the process whereby a specified set of trips between defined
traffic analysis zones is assigned to a previously defined highway network. In
order to utilize the computer in the traffic assignment, the highway network is
defined by coding its pertinent characteristics. During the feasibility study, one
arterial network and two freeway alternatives were coded and processed by computer
for use in the traffic assignment phase. These networks were coded to include
such information as link lengths, speeds, existing tolls, grades, jurisdiction {local,
arterial, and freeway) and study sections.

The networks were divided into seven sections to facilitate separate evaluations of

economic return, alternative routes and priorities. The sections are defined as
follows:

Section 1 — Keelung - Erhchung
Section 2 — Erhchung - Yangmei
Section 3 — Yangmei - Hsinchu
Section 4 — Hsinchu - Taichung
Section 5 — Taichung - Tounan
Section 6 — Tounan - Tainan
Section 7 - Tainan - Fengshan

For the toll study, the arterial network from the feasibility study was reviewed and
revised to reflect necessary changes in the section numbers of some links. The toll
road links were then added to the revised arterial network to form barrier and
closed toll networks. The coding of information for the toll road links was made
to reflect all revisions in alignment which have occurred since completion of the
feasibility study. The toll road networks are illustrated in a general form in Exhibit
5.

Toll Schedules

Considerations

Before the Government makes its decision on the levels of tolls to he imposed on
the North-South Freeway, it is advisable that two or more toll schedules be selected
for testing, to determine their effects on traffic patterns, transportation costs, the
economic feasibility of the freeway, and the levels of toll revenues.

In making a selection of the toll schedules to be tested, there are several practical
considerations, which when taken into account, greatly limit the number of possible
toll level combinations, Several of these considerations are discussed in the following
paragraphs.

freeway for any type of vehicle over any freeway section. Despite the
apparent logic in this qualification at first glance, it is nevertheless an
arbitrary judgment, since it was arrived at without testing the effects of
toll levels that would eliminate benefits of the freeway for some vehicle
type, or types, over some area. The theory behind this qualification is
that toll rates which would wipe out driver benefits would greatly retard
the diversion of vehicles from alternative highway routes to the Freeway
following the commencement of freeway operation. Thus, far fewer
vehicles would be using the freeway than would be economically advan-
tageous, and the freeway benefits and economic rate of return would be
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reduced. (The freeway benefits arising from any vehicle which would
use the freeway, however, would not be reduced at all; that is, the in-
creased cost of freeway travel would arise solely from the toll charges,
whicr; are a form of tax, and, as such, do not constitute a cost to the
economy, so that the economic benefits deriving from the vehicles which
would use the freeway, despite high toll charges, would not be diminished.)

Toll rates which would eliminate driver benefits for some vehicle type
would, moreover, nullify the possibility of induced traffic (theoretically,
at least), since induced traffic shouid only arise when a new transportation
service provides service superior to any theretofore obtainable, or provides
a comparable service previously obtainable only at a higher cost. In other
words, induced traffic arises only if a better transportation bargain becomes
available; if driver freeway benefits would be eliminated through high toll
rates, therefore, no improved transportation bargain would be presented
to them, and induced traffic, including development traffic, would not be
expected to arise.

The toll rates should, as nearly as possible, be equitable among vehicle
'Wes,_and over all sections of m_e“freeway. Actually, as will be discussed
later, this qualif-i-t;ation may_be somewhat in conflict with some of the
qualifications concerning toll collection operation and vehicle safety.
There are both social and economic reasons, however, for attempting to
make toll levels as equitable as possible. The social reason, with its
political overtones, is, of course, concerned with avoidance of discrimina-
tion against any group of motorists. Equitable toll rates have an economic
advantage, too, in that, for any given amount of total toll revenue, equit-
able rates might be counted upon to create the maximum diversion from
other highways to the freeway after it would commence operations.
(Actually, this isn't quite true; that is, the most equitable rates might
not create maximum diversion to the freeway since the diversion curves
for each of the vehicle types will not be identical, and since, for buses
especially, drivers may not have the option to choose their own routes
of travel.)

Two approaches are widely used for determining equitable rates for the
several vehicle types and sizes. One of these, attempts to vary toll levels
in accordance with the calculated variance in benefits among vehicle types

and among the several sections of the toll facility. This approach was-

favored in this study, since it can be employed to maximize the diversion
to the freeway from alternative highway routes. The following section
of this chapter discusses the application of this approach to the North-

South Freeway situation.

The other approach for determining equitable toll rates is to relate the
relative toll rate magnitudes among vehicle types to the portions of freeway
construction, maintenance, and operating costs which might legitimately
be charged to the various vehicle types. At the time of the freeway
feasibility study, it was determined that 15 percent of the paving costs,
for example, should be charged to automobiles, while 20 percent should
be charged to light trucks, 45 percent to heavy trucks, and 20 percent
to buses. Some costs are not related to any vehicle type, but would be
incurred for any four-ane freeway, regardless of the traffic mix; in such
cases the costs are related to volumes of passenger car equivalents, which
gave rise to the need for the freeway facility in the first ptace, and these
costs should therefore be allocated among vehicle types according to
their respective portions of total passenger car equivalent-kilometers over
the lifetime of the toll facility.

When all of the costs would be allocated among vehicle types, the ratios
of toll rates among the various vehicle types would then be found by
adjusting the cost percentages by the respective percentages of discounted
vehicle-kilometers (note: in this case, passenger-car equivalent-kilometers
would not be used).

The toll levels should be such as to return a substantial portion of freeway
costs to the Government. Since it has been decided that tolls will be
collected on the freeway, and since the construction, maintenance, and
operation of toll facilities will require considerable expenditure by the
Government, it would seem oniy reasonable that a substantial portion of
freeway costs should be recovered by the Government in the form of toll
revenue in order to make the entire operation worthwhite from the
Government’s standpoint. The Government has indicated, however, that
a full cost-recovery schedule is not desired, so that the schedules to be
tested should only give promise of recovery of a portion of total freeway
costs.

The toll schedules should not differ radically from historic precedent.
Historically, heavy vehicles have been charged common toll rates, and
these rates have always been double the rates for light vehicles. None
of the toll schedules finally selected for testing exactly agreed with this
historic precedent; nevertheless historic precedent was considered in
attempting to appraise the political palatability of the various possible
toll schedules.
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Toll charges should be in multiples of NT$5. This qualification is solely

for the purpose of fostering toll collection efficiency; it applies only to
the barrier system,

There should be a common toil rate for heavy vehicles and a common
rate for light vehicles. Completely aside from the question of historic
precedent, it would be advantageous, in the case of the barrier system,
if there would be only two rates common to light and heavy vehicles,
respectively. in each lane there should only be one toll level charged,
in order that a check can be maintained, by automatic traffic counts,
on the amounts of toll revenues which should have been collected in
any toll-collection lane. [f then, there were four separate rates charged
to the four vehicle types, each of the vehicle types would have its own
lane or lanes to go to; such an arrangement would result in excessive
weaving at approaches to toll barriers, and a resultant diminution of
traffic safety.

Despite this preference for only two rates, however, the much higher
benefits per vehiclekilometer accruing to bus traffic compared with
heavy truck per-kilometer benefits argued for examining one or more
toll schedules wherein buses would be charged higher toll rates than
would heavy trucks.

Where autos and light trucks were concerned, however, the freeway cost
advantages for the two vehicle types were not so disparate, and, accordingly,
common to!l rates were indicated for each toll schedule selected for
testing with the barrier system.

If other considerations would not seriously mitigate against it, it would
be preferable, for reasons of t_ol_l_collection efficiency, if the toll schedules
with the barrier system would be identical at each barrier. This qualifica-
tion was not given much weight, since it was expected to only make a

slight difference in barrier system toll collection efficiency.

Procedures

As noted in the preceding section, an attempt was made to selected equitable relative
toll rates, by relating toll charges to freeway operating cost advantages. In order
to accomplish this, the first step was to determine what these cost advantages
might be. The procedure by which this was done, and the subsequent analytical
steps requisite to making the final selection of toll schedules to be tested, are
discussed in detail in Appendix A to this chapter.

The cost advantages {benefits} of using the freeway depend on the cost of moving
by freeway and the cost of moving by the best alternative route. The former of
these is fairly uniform from section to section of the freeway, but the cost of
moving by an alternative route is more variable, since the arterial highways are
not uniformly congested along the full length of the western corridor. Hence,
freeway cost advantages would be expected to vary from section to section. One
possibility which ought to be given consideration, then (if it is desirable that toli
charges be closely retated to benefits), would be the charging of varying levels of
tolls on the different freeway sections. In order to give this possibility due consi-
deration, cost advantages had to be determined for each of the several freeway
sections.

The per-kilometer user costs indicated in the feasibility study were used to do this,
and were adjusted for the average distance differences of traveling by arterials,
rather than by the freeway. The relative amounts of benefits, accruing to the various
vehicle types per equivalent freeway vehicle-kilometer, determined the basic ratio
of toll levels among these vehicle types.

This basic ratio was altered, however, for many of the considerations enumerated
in the preceding section. Thus, for example, when toll schedules for the barrier
system were being developed, only common charges for autos and light trucks were
given consideration, despite the fact that autos would normally benefit more per
kilometer of freeway travel than would light trucks. Adjustments of the basic
ratio for reasons of historic precedent, inter alia, included the raising of charges
on heavy trucks and the lowering of charges on buses.

Absolute toll levels were arrived at by calculating toll levels which deprived all
vehicles of certain percentages of their benefits (20 percent, 30 percent, etc.}, and
then adjusting these “basic ratio”” toll levels for the various considerations mentioned
above,

The toll levels obtained in this fashion for the barrier and the closed systems were
checked against each other to see that they did not differ too greatly (no effort was
made to make them precisely equal, however, since small adjustments in rates could
always be made manually at any time, if more precise comparisons would appear
necessary). The range of charges for autos was also compared to that which recently
existed in the United States for autos on toll facilities.

The f{inal step, preparatory to testing the toll schedules by use of a computer,
was to make a preliminary estimate of the toll revenue returns. Only the lowest
schedule selected for further consideration was manually tested, since the preliminary




indication of returns with this schedule appeared satisfactory (given the Govern-
ment’s ruling that the toll charges should only recover a portion of the costs of
the toll road). According to this preliminary estimate of revenues, approximately
41 percent of all toll road construction, maintenance, and operating costs {discounted
at eight percent} would be recovered by the end of 1990, and, by end-1994 (i.e.,
twenty years after the first section is scheduled to open), approximately 56 percent
of the costs should be recovered.

Results

Eight toll schedules were selected for further consideration: four with the barrier
network and four with the closed network. Six of these were processed by computer.
These latter included two constant-rate schedules and one variable-rate schedule for
each of the toll road networks (these six are indicated and discussed in the following
section of this chapter).

The remaining two toll schedules are shown below.
Schedule B¢ (barrier): light vehicles - NT$10; heavy vehicles - NT$15
* Light Heavy

Autos Trucks Trucks Buses
Schedule C, (closed): {(NT$/km) (NT$/km} (NT$/km) (NT$/km)

Section | 0.35 0.26 0.43 0.86
Section 11 0.22 0.26 0.43 0.86
Section 111 0.25 0.19 0.41 0.82
Section IV 0.36 0.23 0.45 0.90
Section V 0.22 0.16 0.28 0.56
Section VI 0.22 0.16 0.28 0.56
Section VII 0.22 0.16 ° 0.27 0.54

Development of Cost Networks

In the traffic assignment process the computer assigns the specified zonal trip
matrix to a defined highway network either on the basis of travel time or travel
cost. For the present study, as was done for the feasibility study, travel costs
were used as the basis for making traffic assignments. This implies that drivers strive

to minimize both travel distance and travel time. The process requires that all
elements of travel distance and travel time be quantified for each link of all net-
works.

The distance cost (per kilometer) and time costs {per minute) developed during
the feasibility study were reviewed for possible adjustments, and were subsequently
utilized for the toll road study. These costs, however, were representative of toll-
free freeway conditions, and the introduction of a toll road operation required
that additional costs be added te the appropriate toll road network links.

Toll Schedules Selected For Testing

Since the route a driver selects is based upon an economic evaluation, the addition
of toll charges on the toll road network links, with no concomitant change in
operating costs on the arterial network links, is certain to affect his decision-making
process.

A trip that originally was to be made via the freeway, because it was more economical
than an alternative arterial routing, may find the arterial routing to be more econo-
mical once a toll charge is introduced. The toll charges, therefore, may be an im-
portant element of the total cost to the user.

From the toll schedules discussed in Appendix A to this chapter, three toll schedules
for the barrier toll network and three toll schedules for the ciosed toll network
were selected for computer processing.

The three toll schedules selected for the barrier toll network are shown in Table
11-1 and inciude two schedules (B-2 and B-3} having a fixed toil charge for all barrier
plazas, and one schedule {B-4) having a toll charge which varies from section to
section.

The three toll schedules selected for the closed toll network are shown in Table
I1-2 and include two schedules {C-1 and C-4) having a fixed toll charge per kilo-
meter over the full length of the toll road and one schedule (C-3) having a toll
charge per kilometer which varies from section to section.

The toll schedules for both the barrier and closed toll networks were chosen to
test the following conditions:

a. Relatively low toll charges {Schedules B-2 and C-1).

b. Relatively high toll charges {Schedules B-3 and C-4).
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c. Tolt charges varying by section in relation to benefits received.
{Schedules B-4 and C-3).

With the computer results from testing the above range in toll schedules as a base,
it was possible to evaluate additional toll schedules, or variations of schedules
using manual analysis procedures.

TABLE 11-1

TOLL SCHEDULES FOR BARRIER TOLL NETWORK

Toll Toll Charge (NT$)
Schedule Auto Light truck  Heavy truck Buses
B -2 10 10 15 30
B -3 15 15 20 40
B-4-1 15 15 20 40
2 15 15 20 40
&) 10 10 15 20
4 s 15 15 20 40
5 c%o" 10 10 20 40
6 10 10 15 20
7 10 10 20 40
TABLE -2

TOLL SCHEDULES FOR CLOSED TOLL NETWORK

Toll Toll Charge (NT$ per km)
Schedule Auto Light truck Heavy truck Buses
CEN1 0.32 0.23 0.40 0.80
C-4 0.39 0.29 0.53 1.05
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CRa3r ) 0.53 0.39 0.66 1.32
2 0.32 0.39 0.64 1.28
s 0.38 0.28 0.61 1.22
=
4 3 0.54 0.35 0.67 1.34
Q
[+1]
5 % 0.32 0.23 0.42 0.84
6 0.34 0.23 0.42 0.84
7 0.32 0.23 0.40 0.80

Incremental Cost At Barrier Plazas

The placement of barrier toll plazas on the toli road requires that all vehicles stop
at each station. Therefore, in addition to the actual toll charge, a driver will also
experience an increase in time and distance costs attributable to the required stops.

To determine the cost of the barrier stops, the time and distance required for
each of the following tasks were calculated.

a. Deceleration from a normai operating speed to a stop condition.
b. Delay at toll plaza due to traffic queuing.
c. Delay at toll plaza for processing of toll charge.

d. Acceleration from a stop condition to a normal operating speed.

This information was determined for both light and heavy vehicles using typical
acceleration and deceleration rates characteristic of the vehicle types. The time
required to traverse the same distance at a normal operating speed with no stopping
was also determined. The per-second time costs for the various vehicle types were
then applied to the differentials in time for the stop and no stop conditions to
arrive at the incremental time cost per stop in terms of NT doilars.

Incremental distance costs arising from increased rates of fuel consumption, added
wear on tires and brakes, and vehicle idling over the distance required to decelerate,

=




stop and accelerate were also determined for each vehicle type.

The determination of incremental costs incurred by vehicles stopping at barrier toll
plazas is discussed in detail in Appendix B to this chapter. The incremental costs
for a barrier toll plaza on the closed network are greater then those on the barrier
network, as a result of the longer processing time reguired for a closed system,
where cards must be read and toll charges vary according to the distance traveled.

incremental Costs At Toll Interchanges

The barrier toll network collects all toll charges at barrier plazas. The closed toll
network developed for this study, however, utilizes both toll interchanges and
barrier tol! plazas. Therefore it was also necessary to assess the incremental time
and distance cost required for a vehicle to traverse a toll interchange over that of
a free interchange.

Uniike the previous case for stops at the barrier plazas, the incremental costs for
toll interchanges was complicated by the fact that the geometric configuration of
a toll interchange is distinct from that for a free interchange. Therefore, the dis-
tance a vehicle travels varies according to the interchange configuration, as well as
the direction in which a vehicle proceeds after passing through the interchange.

The general approach, however, to calculating the incremental time and distance
costs was similar to that used for the barrier plaza stops. The time required to
move hetween two points common to both the toll and free interchange conditions
were determined. Utilizing per-second time costs, the incremental time cost attri-
butable to the toll collection features of the interchange were determined in terms
of NT dollars. The net incremental distance costs were again added to arrive at
a total incremental cost for toll interchanges. The incremental costs incurred by
vehicles traversing a toll interchange are also discussed in Appendix B.

Development of Cost Trees

After all time and distance costs (operating costs, adjustments for grades, toll
charges, and incremental costs for stopping at barrier toll plazas and toll inter-
changes) were determined and identification was made of the appropriate costs
which should be applied on each of the many network links, the arterial and toll
road time networks, discussed later in this chapter, were revised to form the arterial
and toll road cost networks uponn which traffic assignments were made.

For the three urban areas of Taipei, Taichung-Changhua, and Kachsiung, barrier
toll plazas were located near their boundaries with no toll coilection facilities
within the urban area. The toll charge to be assessed at each of the boundary
stations would include a charge for travel through one-half of the urban area.

Through trips {trips passing through the urban area) will be assessed for the full
use of the toll road in the urban area, since they will pass through both boundary
stations. External trips (trips from within the urban area out and from outside
the urban area in) will be assessed a toll charge representing travel through one-
half of the urban area, since they will pass through only one boundary stations.
Internal trips (trips originating and terminating within the urban area) will not
cross a boundary station, and therefore will not be assessed a toll charge for usage
of the toll road within the urban area.

In order to check the accuracy of the established cost networks, a computer process
was used to identify, for any selected point, the preferred route to all other points.
This aliows the engineer to evaluate the logic of the routings selected by the computer.
Adjustments to the network for any abnormalities can then be made before traffic
is actually assigned to the network.

For the feasibility study, twelve trees were built in order to check the arterial
network. For the toll study the only revisions made to the arterial network con-
cerned section numbers and, therefore, there was no need for further testing of
the arterial network.

Since several new cost factors were introduced into the toll road networks, eight
trees were built for both the barrier and closed toll networks. These trees were
plotted and checked with network revisions made as required.

After the cost networks were developed and tested, a computer process was used

to determine the routing from each point to all other points, and store the informa-
tion in coded form for use in the traffic assignment process.

EVALUATION
Trip Tables

The traffic assignment process requires two basic data inputs, a defined highway
network in coded form, as discussed in earlier sections of this chapter, and a TRIP



26

TABLE. A trip table is a matrix of the number of trips from each centroid to all
other centroids. It indicates the volume of desired trips between all centroids
without specifying the method or routing required to make the trips.

The scope of the toll road study required that the trip tables developed during
the feasibility study would also be utilized for the toil study. Therefore, no signi-
ficant review of the accuracy of the trip tables, beyond that which was made during
the feasibility study, was made for the present study. Adjustments for known
variations, such as the traffic generated by the planned new Taipei international
airport, which were not included in the trip table matrix, were made manually
during the traffic assignment phase.

Trip tables for four vehicle types (auto-taxi, light truck, heavy truck, and express
bus) were developed for the feasibility study for 1969 and 1990 conditions.

The 1969 trip tables are the result of an extensive origin-destination {O-D] survey

conducted throughout the study corridor in April 1969. The O-D survey included

37 roadside stations, at which a total of 196,600 interviews were conducted. This

information was coded, factored, checked, and sorted by the computer in developing

the existing trip generation characteristics for each of the one hundred eight-three

183 traffic analysis zones representing the west coast corridor. The resultant

computer output comprised 1969 trip tables for auto-taxi, light trucks, heavy trucks,
and express buses.

The 1990 trip tables were determined by applying traffic growth factors to the
1969 trip generation by zones, using a FRATAR EXPANSION computer program.
In this expansion procedure, zonal growth factors are developed for each traffic
analysis zone. The number of present trips generated by each zone is then muiti-
plied by both the origin and destination zonal growth factors. An iterative process
adjusts the zone-to-zone trips until future trip production and attraction for each
zone are balanced. The resultant computer output comprised the 1990 trip tables
for auto-taxi, light trucks, heavy trucks, and express buses.

Traffic Assignments

Traffic assignment is the process by which the trips originating at each centroid and
destined for all other centroids are assigned to a specific routing pattern between
centroids, based upon specified route selection criteria. The most common traffic

assighnment technigues are ALL-OR-NOTHING ASSIGNMENT and DIVERSION
ASSIGNMENT. Both assignment techniques have characteristic advantages and dis-
advantages such that the selection of the technique to be used is dependent upon
the specific needs and controls of the situation under study.

With the all-or-nothing assignment technique, the minimum path between each
pair of centroids is first determined. The minimum path may be in the form of
minimum travel time or minimum travel cost. The latter was used in the feasibility
and toll studies. Having established the minimum path between each pair of cen-
troids, the total number of trips between pairs of centroids are assigned by direction
to all network links making up the appropriate minimum path. In order words,
from all the possible routes between any two centroids, all trips are assigned to
the minimum path route and no trips are assigned to the other routes.

With the diversion assignment technique, the minimum path along an arterial net-
work is first established. Next, the new highway (expressway, freeway, toll road,
etc.) is added to the arterial network and another minimum path is determined,
utilizing the new highway. The total number of trips between pairs of centroids
are then assigned to the two routes in a proportion specified by a diversion curve.
The diversion curve is an independent relationship which relates a comparative
feature of the two alternative routes (usually travel time or cost) to the relative
proportion of traffic using each route.

With both assignment technigues, the computer assigns the number of trips between
each pair of centroids to the appropriate network links and accumulates the volumes
on each link by direction until all interzonal trips have been assigned. The computer
then prints out the accumulated volumes for each network link. A variety of
additional information useful in the analysis and evaluation phases is also readily
availabte from the computer.

Diversion Curve

The diversion assignment technique requires as input, a diversion curve relating a
comparative feature of the two facilities with their relative traffic volumes. For
the comprehensive toll study, the comparative feature used was travel cost.

Two diversion curves were developed for the toll study, one curve for use with
both autos and light trucks and one curve for heavy trucks. No curve was required
for express buses for reasons which will be explained later in this Chapter.




Previous experience in the development of diversion assignment curves for toll
facilities has led to the conclusion that when travel cost on a new facility is one-
half of the cost via the existing alternative, 100 percent of the trips can be expected
to use the new facility. Conversely, if travel cost on a new facility would be twice
the cost via the existing facility, none of the trips will use the new facility. When
travel costs via the new facility and the existing alternative are equal, approximately
50 percent will use each one. These assumptions served as a basis for the develop-
ment of the diversion assignment curves utilized in this study. Exhibit 6 illustrates
the diversion assignment curves developed for autos and light trucks, and for heavy
trucks.

The boundary conditions, at which zero percent and 100 percent diversion will
occur, were quantified in terms of NT dollar savings utilizing trip summary informa-
tion from the feasibility report. The average trip length of each vehicle type was
muitiplied by the average vehicle operating cost per kilometer on the arterial net-
works, and the boundary conditions for the diversion assignment curve are, there-
fore, defined as one-half of this cost and twice this cost.

During the feasibility study, a special analysis was made of the O-D survey data
and existing traffic conditions to develop a diversion relationship between the
MacArthur Thruway and Highway 5. The boundary values developed for this curve
closely agree with those of the present toll study diversion curve for autos and
light trucks.

The shape of the curve between the established boundary conditions is based upon
a general diversion relationship developed by Lionel Odier (see GRAPH IX-1 of
feasibility study). The special analysis for the MacArthur Thruway established
several intermediate points {between 50 percent and 100 percent diversion) which
verified the validity of using the Odier relationship.

1969 Traffic Assignments

For comparative analysis and evaluation it is important to first test existing travel
volumes on the existing and proposed networks, and then to test future travel
volumes on the existing and proposed networks. For the comprehensive toll study,
eighteen assignments were made using the diversion technique and six assignments
were made by the all-or-nothing technique.

The results of the traffic assignments made for the feasibility study indicated that,
if the freeway were provided immediately, the existing arterial network would have
some reserve capacity. The freeway would cause a readjustment in travel patterns,
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and thereby reduce the traffic volumes on the arterial network. The reserve capacity,
however, would be only a temporary characteristic, since traffic growth would
eventually cause the full utilization of the arterials sometime in the future.

In order to determine the effects of adding various toll charges to the cost networks,
it was necessary to utilize the diversion assignment technique. Utilizing the diversion
curves discussed earlier, assignments were made by vehicle type {auto, light truck
and heavy truck) for three toll schedules on the barrier toll network and three toll
schedules on the closed toll network.

The all-or-nothing technique, rather than the diversion technique, was used for the
assignment of the bus trip table. The bus trip table represents express buses only,
owned primarily by the Taiwan Highway Bureau, an agency of the provincial
government. Since the owner, and not the driver will select the route to be followed,
and since the toll road will continue to have some cost advantage over a parallel
arterial routing, all buses are expected to utilize the toll road. Thus an all-or-
nothing assignment provides a more realistic traffic flow pattern.

Assignment of the 1969 trip tables for all four vehicle types to the existing arterial
network was also done by the all-or-nothing technique. Although similar assignments
were made for the feasibility study, the changes required in the section numbers
necessitated a reassignment of traffic to insure representative system results.

in summary, with the 1969 trip tables, four assignments were made on the arterial
network, fourteen on the barrier toll network and ten on the closed toll network.
Exhibits 7 and 8 identify each assignment, indicating the network, toli schedule
and assignment technique utilized.

1990 Traffic Assignment

For comparative results with the 1969 traffic assignments, future conditions were
determined by assigning the 1990 trip tables to the existing and proposed networks.
For the comprehensive toll study, twelve assignments were made using the all-or-
nothing technique and three assignments were made by using the diversion technique,

The results of the traffic assignments which were made for the feasibility study
indicate that even with the provision of the freeway, the arterial network will be
at, or above, full capacity by 1990. This implies that although the introduction
of a toll charge would be expected to increase the arterial volumes and decrease
the toll road volumes, this condition cannot realistically occur since the arterial
network will already be loaded to capacity. Therefore, within reasonable bounds,

the traffic volumes assigned to a freeway or a toil road will be the same for 1990.

The validity of the above condition is based upon the assumption that {1) growth
will occur and transportation will be provided, and (2} it will be government policy
not to widen parallel arterial highways (beyond what has already been approved)
to compete with the toll road.

Given the situation described above, the 1990 trip tables were assigned to the
barrier and closed toll networks utilizing the all-or-nothing technique which gave
a more realistic traffic assignment and required less manual adjustment than the
diversion technique. For each toll network, the highest toll schedule was tested.
Other toll schedules were easily evaluated by manual analysis.

Assignment of the 1990 trip tables for all four vehicle types to the existing arterial
network was also done by the all-or-nothing technique.

In summary, with the 1990 trip tables, four assignments were made on the arterial
network, eleven on the barrier toll network and four on the closed toll network.
Exhibits 7 and 8 identify each assignment, indicating the network, toll schedule
and assignment technique utilized.

Traffic growth curves at each screenline for the preferred toll system are developed
in a later section of this report. These curves represent the anticipated traffic
growth between 1969 and 1990 indicating the initial level of diversion, the growth
pattern while the arterial experiences some reserve capacity, the time when the
arterial will be at full capacity, and the growth pattern beyond to 1990.

Manual Adjustments

The traffic assignment process generally requires some manual adjustment to reflect
changes which alter basic imput, or to correct situations where capacity overflows
occur. Manual adjustments were made to the traffic assignments and system results
to include consideration of (1) the new international airport at Tacyuan, (2) the
effect of a reduction in the 1990 forecast volume of heavy trucks between Taipei
and Keelung, and {3) capacity overflows on the arterial network links in the Taipei
and Kaohsiung areas.

Planned New International Airport at Taoyuan
The planned international airport to be located near Taoyuan, when completed,

will serve all international travel for the northern part of Taiwan. The present
Sungshan International Airport will then serve domestic travel. The new airport

_ .
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will be a major traffic generator in the future and will be highly dependent upon
the North-South Freeway as the major transportation link with Taipei and its
environs. The trip tables utilized in the traffic assignment phase of the toll study
do not include consideration of the new international airport, and therefore some
manual adjustment to the computer assignments and system results were required.

Information concerning the forecast of traffic to be generated by the new airport
was obtained from the airport planning study recently completed by another
consultant. Additional information concerning passenger travel characteristics at
the existing Sungshan International Airport were obtained from the Civil Aeronautics
Administration and the Tourism Council.

From this information, the average daily traffic (ADT)}, in terms of passenger car
equivalents (PCE), was determined for both 1975 (the year recommended for
commencement of airport operations} and 1990. For 1990, an ADT of more than
38,000 PCE is forecast to be generated by the new international airport at Taoyuan.
This traffic volume was manually incorporated into the traffic assignments and
system results, and included in the subsequent economic analyses. A more detailed
discussion of the airport generated traffic, for both 1975 and 1990, is included in
Appendix C to this chapter.

Keelung—Taipei Heavy Truck Volumes

Due to several limitations, including disagreements as to what the ultimate capacity
of Keelung Harbor really is, the feasibility study did not include a detailed evaluation
of the effect of the saturation of the Keelung Harbor.

A separate analysis was subsequently made during the toll study with the resultant
determination that the feasibility study forecast for 1990, of 22,600 heavy trucks
per day, between Taipei and Keelung, was too high, and that a forecast volume of
10,500 heavy trucks for 1990 would be more reasonable. (The basis for adjusting
downward this forecast truck traffic is detailed in Appendix D to this chapter.)

The trip tables utilized in the toll study included the heavy truck volumes forecast
in the feasibility study. Therefore, the traffic assignments and systems results for

Section | had to be manually adjusted to reflect this reduction in the forecast of
heavy truck traffic between Taipei and Keelung.

Capacity Overflows

Both the all-or-nothing and diversion assignment techniques assign traffic volumes

to the network according to certain defined network characteristics and assignment
criteria. Neither technique is capable of limiting the assigned network link volumes
to their respective capacities. Therefore, when the assigned 1990 traffic volumes
were plotted on the network, the network link volumes on some links exceeded
the capacity of the existing or planned facility, thereby creating what is referred
to as a capacity overflow, and necessitating some reassignment of traffic to paraliel
highways.

If the traffic volumes assigned to the network links exceed their capacity, and if
parallel highways are available with sufficient reserve capacity to adequately handle
the excess volumes, the overflow volumes are manually reassigned to the alternative
routes. This reassignment of traffic volumes required an accompanying revision
in the appropriate system results, so the economic analysis would reflect the re-
assignment condition, and not the overflow condition.

For the toll study, some manual reassignment of traffic volumes was required in
Sections | and !l in the Taipei area and in Section VIl in the Kaohsiung area, since
overflow conditions existed for some of the 1990 assignments.

Appendix F to this chapter presents the adjusted computer output, inter alia, for
the entire freeway and its several sections. Adjusted output is shown for 1969 and
1990 for the arterial network, the freeway network without tolls, the freeway
barrier toll network with toll schedules B-2, B-3, and B4, and the freeway closed
toll network with toll schedules C-1, C-3, and C-4.

Iinduced Traffic

Experience has shown that, when new highways which lower the total cost of
transportation are made available, sizeable volumes of new traffic are generated
over and above the traffic attributable to normal growth. When planning the
capacity of a new facility, it is important to include an estimate of this additional
traffic volume. This additional traffic is induced by the advantages afforded by
the new facility in terms of lower operating costs, passenger time savings, and
avoidence of congestion, with resultant increased comfort and convenience.

The amount of induced traffic which a new highway will generate is difficult to
quantify. Since its magnitude is closely related to the before and after conditions
of each specific case, historic relationships observed on other facilities can only be
used where similar characteristics exist.

For the toll study, a method of estimating induced traffic was developed relating
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the amount of induced traffic to the cost ratio for the before and after freeway
conditions. Numerical expressions were developed relating trip length to the estimated
percentages of induced traffic for autos and buses. It was assumed that there would
be no induced truck traffic. Table 11-3 shows the relationships deveioped for autos
and buses. A detailed discussion of these relationships is included in Appendix E
to this chapter.

TABLE 11-3 Decimal Proportions of Induced Traffic
for Various Trip Lengths

Trip Length Induced Traffic as Decimal Proportions
Range of Base Traffic Volumes
{kkms) Autos Buses
21 — 60 0.097 0.221
61 — 100 0.170 0.277
101 — 200 0.228 0.299*
201 — 400 0.277 0.266*

* See Appendix E

Having established the above relationship between induced traffic and trip length,
the percentages of auto and bus trips falling within the specified ranges were deter-
mined for each screenline. These trip length frequency percentages were then
applied to the decimal proportions shown in Table 11-3 for corresponding trip
length ranges. The resultant factors represent the measure of induced traffic as a
percent of the normal growth traffic volume at each screenline. The induced
traffic factors varied among screenlines depending upon the urban or rural charac-
teristics of the area. For autos, the induced traffic factor ranged from eleven
percent at urban screenlines to 19 percent at rural screenlines. For buses the range
was from 24 percent at urban screenlines to 27 percent at rural screenlines.

Often in feasibility studies, no attempt is made to accurately estimate induced
traffic; instead, a flat ten percent or twenty percent of the base traffic volumes
might be used as reasonable estimates. The extent to which induced traffic might
occur is directly related to the magnitude of the transportation improvement.
Where the improvement might be considered major, an estimate of ten percent
for induced traffic would normally be thought to be quite conservative, based on
before and after traffic studies on various facilities in the United States.

The construction of the freseway will mean a major improvement in transportation
in Taiwan’s western corridor. The estimates of this study for induced auto traffic
{viz., 11 to 19 percent) would fall within the ten to twenty percent range generally
experienced. The estimates for induced bus travel are above this range, but, as
indicated in Appendix E, actually represent both induced passenger volumes and
some traffic converted from the railway. As combined totals of these two sources
of highway traffic, even the 27 percent rise indicated for rural screeniines may be
conservative,

Since no induced truck traffic is estimated, the total amount of forecast induced
traffic {i.e., autos and buses only} would appear to be low.

The volumes of induced traffic in absolute terms were determined by applying the
induced traffic factors to the appropriate vehicular volumes at the screenlines for
1969 and 1990,

Systems Analysis

The toll road systems, combining toll road networks and toll schedules, were evaluated
from both economic and capacity standpoints. While the ecanomic analysis uses
the section as its basis of analysis and evaluation, the capacity analysis is centered
around screenlines. The remainder of this chapter is concerned with traffic volume
and capacity analyses, whilst a later chapter is devoted to the economic evaluation.

Capacity

The procedures for capacity calculations, as described in the 1965 “Highway Capacity
Manual” and A Policy on Geometric Design of Rural Highways', were used in
determining capacities. For practical application, the same statistics and charts
which were developed during the feasibility study, with regard to the special traffic
composition in Taiwan, were also used for the toll study.

Traffic composition will change substantially, with a higher percentage of autos in
the future. In order to use a set of capacity figures independent of the traffic
mixture, passenger car equivalents are used to represent both capacity and traffic
volumes. After testing the existing conditions, the passenger car equivalents (PCE),
adopted in the feasibility study, were used. These are shown below.




Light Heavy

Terrain Auto Truck Truck Bus
Level 1.0 1.0 2.0 2.0
Rolling 1.0 2.0 3.0 3.0
Mountainous 1.0 4.0 6.0 6.0

The level of service of a highway is determined by the prevailing traffic flow and
speed. The levels, designated A through F, are described in the Highway Capacity
Manual, with level A being applicable to higher speeds and low traffic volumes,
and level F designating forced flow under continued traffic pressure. The following
freeway capacities {PCE) were determined for level C, D and E corresponding to
various roadway widths, and are same values which were used for the feasibility
study.

Level of Service

Type of Freeway c D E
4 lanes 50,000 60,000 66,000
6 lanes 75,000 90,000 100,000
8 lanes 100,000 120,000 133,000

Screeniine Volumes

During the feasibility study screenlines were established to evaluate traffic forecast
and assignment procedures. The same screenlines were subsequently used for the
toll study to maintain continuity between the two studies. The locations of the
screenlines are indicated in Exhibit 9. Utilizing the computer output from the
forty-seven assignments made for the toll study, screenline volumes (total number
of vehicles on network links intersecting a screenline) were determined for the
various toll road systems that were tested. The screenline volumes were converted
to passenger car equivalents (PCE) and compared with the capacity of the network
links intersecting the screenline.

By comparing the traffic volume assigned by the computer on each screentine link
with the actual capacity of the link, the necessary adjustments were identified.
The screenline is used, however, only to identify necessary adjustments. When the
need for an adjustment has been determined, a more detailed evaluation is made
of all links between appropriate screenlines in order to define the magnitude and

extent of the required adjustment. Once the limits of the adjustments are defined,
the appropriate reassignment of traffic is made along with the corresponding change
in the system results.

Since the actual number of trips between centroids is not affected by either the
toll network or toll schedule, the screenline volumes for different toll systems are
the same. Table 11-4 shows the 1990 traffic volume at each of fourteen screeniines
in terms of mixed vehicles and passenger car equivalents. Exhibit 10 illustrates
the same information graphically.

Freeway Volumes

After manual adjustments correcting capacity overflows were made, the traffic
volume on each freeway network line was obtained from the adjusted computer
output. The freeway volumes, unlike the corridor volumes {which include volumes
on arterials) are sensitive to variations in toll networks and toll schedules. While
theorically correct, considering the practical limitations of the existing arterial
capacities and the 1990 traffic volumes, the effect of varying toll systems on 1990
freeway traffic volumes is negligible in terms of capacity and lane requirements
for 1990.

The time, when the effect of varying toll networks and toll schedules becomes
apparent, is prior to 1990, when the arterial highway volume has not yet reached
full capacity. As long as the arterial highway has some reserve capacity, the freeway
volumes will be higher or lower depending on whether the toll schedule is raised
or lowered. However, once the arterial volume reaches full capacity the effect of
toll variations on the freeway traffic volumes disappears (except for the effect on
induced traffic}.

Therefore the assigned 1990 freeway volumes are similar for the three cases tested,
which included the 1990 barrier toll network with toll schedule B3, the closed toll
network with toll schedule C4, and the barrier toll network with no toll charge.
Exhibit 11 illustrates the 1990 traffic volumes assigned to the toll road and is
equally representative of either network and any toll schedule.

Traffic Growth Curves

Traffic growth curves showing anticipated traffic growth were developed for each
screenline used in the toll study analysis. The traffic growth curves are illustrated
in Exhibit 12. The 19869 vehicle screenline counts, and 1990 forecast screenline
volumes, were converted to passenger car equivalents. The volumes for the in-
termediate years were based on growth curves previously developed during the
feasibility study.
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After the basic growth curve was developed at each screenline, induced traffic was
added as a dashed line from the time the freeway is opened until 1990. The induced
traffic curve was established by applying the appropriate induced traffic factors
(discussed earlier in this chapter) to the auto and hus volumes at each screenline.

When the freeway is opened, some traffic will be diverted from the arterial system
to the freeway. Therefore, traffic growth will occur on both the arterial system
and the freeway until such time that the arterial system is at full capacity. Once
the arterial system is at full capacity all future traffic growth must occur on the
freeway.

While the basic traffic growth curve is representative of total screenline growth
(arterials & freeway) a secondary curve representing the anticipated effect of diver-
sion was also included. The diversion growth curve was established from comparative
traffic assignments which were made with and without the freeway. The diversion
growth curve is discontinued when the full capacity of the arterial is reached.
The shaded area below the diversion curve represents arterial traffic growth while
the shaded area between the diversion and screenline growth curves represents the
freeway traffic growth.

The latest construction schedule for each section was obtained from TAFCB (see
section one of Chapter 1} and is indicated by an inverted triangular symbol. At
those screenlines where the traffic growth curve indicated the need for the freeway
prior to the scheduled date, the freeway was shown according to its need. At
certain locations where planned improvements to Highway 1 are scheduled to be
completed before the freeway, the scheduling of the freeway included the assump-
tion of the completed improvements. Should these improvements not proceed on
schedule, the freeway would be required at an earlier date than indicated.

Certain of the growth curves have unique aspects not common to others. These
characteristics are noted on the charts {Exhibit 12) for the appropriate screenlines.

For all screeniines, level of service C was initially used, and additional construction
investment was only recommended after the assigned traffic volumes would become
sufficient to lower the level of service to D.

35



TABLE 114
1990 SCREENLINE VOLUMES AVERAGE DAILY TRAFFIC

Vehicle Categories Total Vehicles

Screenline Auto Light Heavy In Mixed In Passenger
and Taxi Bus Truck Truck  Vehicles Car Equivalents

36

1 34900 2800 8600 10,500 56,800 70,000
2 195,300 22,700 50,700 49,300 318,000 390,000
3 56,400 3,200 12400 27,300 99,300 171,000
4 63,1700 2900 9,300 24,800 100,100 128,000
5 32600 2400 5,100 23,200 63,300 90,000
6 26,800 1,600 3,900 20,700 53,000 76,000
7 21,700 1600 4900 20,000 48,200 71,000
8 97,400 2400 10,100 27,000 136,900 166,000
9 17,300 1600 2500 18,800 40,200 62,000
10 34,400 1500 4,200 22,000 62,100 86,000
11 15,000 1,200 2,800 19,700 38,700 60,000
12 37,000 1,800 6,200 23,300 68,300 94,000
13 30,200 2,200 6,500 23,700 62,600 89,000
14 31,300 2,700 8900 31,300 74,200 108,000
Pz;ci':tf:e 568 41 111 280 1000
Source: Computer Output
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TABLE 14
1990 SCREENLINE VOLUMES AVERAGE DAILY TRAFFIC

Vehicle Categories Total Vehicles
Screenline Auto Light Heavy In Mixed In Passenger '
and Taxi Bus Truck Truck Vehicles Car Equivalents i
|
it 34900 2,800 8,600 10,500 56,800 70,000 :,
2 195,300 22,700 50,700 49,300 318,000 390,000 l
3 56,400 3,200 12,400 27,300 99,300 171,000 ' .
4 63,100 2900 9,300 24,800 100,100 128,000 II
5 32,600 2,400 5,100 23,200 63,300 90,000
6 26,800 1,600 3,900 20,700 53,000 76,000
7 21,700 1,600 4,900 20,000 48,200 71,000
8 97,400 2,400 10,100 27,000 136,900 166,000
9 17,300 1,600 2,500 18,800 40,200 62,000
10 34400 1500 4,200 22,000 62,100 86,000
1 15,000 1,200 2,800 19,700 38,700 60,000
12 37,600 1,800 6,200 23,300 68,300 94,000
13 30,200 2,200 6,500 23,700 62,600 89,000
14 31,300 2,700 8,900 31,300 74,200 108,000
Ps;c_er';tti‘ie 568 41 111 280 1000

Source: Computer Output
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Economic and Financial Analysis of Alternative Systems



BENEFIT-COST ANALYSIS
Incremental Investment Costs

As was done at the time of the feasibility study, the freeway investment is being
compared in this study to an alternative highway investment. Unlike the feasibility
study, however, this study does not consider the benefits and costs of the gross
investment in the freeway and related highways; instead the benefit-cost analysis
concerns only the incremental cost of the freeway and related highways investment
compared to the alternative highway investment, which would represent the mini-
mum investment cost {in present value terms) necessary to provide sufficient capacity
to accommodate forecast normal growth traffic volumes (i.e., exclusive of volumes
of converted or induced traffic which would be brought about by the freeway).

The feasibility study compared the gross freeway investment, as costs, to the com-
hined total of -user cost savings and the alternative highway investments, as benefits.
The user cost savings would be those realized by highway users with the freeway
network as compared to the network with the alternative highway investments; the
savings would not include those which would result with the alternative highway
investments relative to the no-investment situation. In lieu of these latter savings,
the feasibility study included the costs of the alternative highway investments as
benefits (investment savings) of the freeway; the implicit assumption in this method
of evaluation is that the benefits of these alternative highway investments would
be at least equal to their costs. Since these alternative investments represented the
minimum cost required to prevent the highway system from degenerating to a trans-
portation bottleneck, and thus restraining further economic growth, the benefits of
these alternative investments would almost certainly outweigh their costs, and, if so,
the total benefits to be derived from the freeway would have tended to be understated
in the feasibility study.

Since this approach was not well understood by all of the reviewers of the feasibility
study, however, it was decided that the toll study should take the approach men-
tioned above, viz., 10 determine the worth of only the incremental investment cost
with the freeway.

Chapter Il
ECONOMIC AND FINANCIAL ANALYSES OF ALTERNATIVE SYSTEMS

This adjustment in approach has more apparent, than real, significance. Either
approach would result in exactly the same internal rate of return, and the same
levels of net present value of benefits at various discount rates; only the benefit-cost
ratios, at values other than 1.0, would differ with the two approaches.

The incremental cost of the freeway investment, which is indicated in this study,
differs from the incremental cost which would result from the cost estimates of the
feasibility study. This difference results from the following cost adjustments:

{1} Freeway costs were altered as a consequence of the toll decision, since,
with tolls, the number of interchanges would be reduced, thus tending to
reduce investment costs, whilst, on the other hand, construction, main-
tenance, and operation costs would all tend to increase as a result of the
toll plazas;

(2} Related highway costs with the freeway investment would rise over the
costs that were indicated in the feasibility study, since additional invest-
ments have been approved since that time, and, thus, the freeway invest-
ment could no longer be construed as a substitute to these investments;

{3} Construction costs in the Taipei area are now estimated to be considerably
higher than the cost estimates of the feasibility study (as explained in
Appendix A to this chapter these cost increases would have occurred with
either the freeway or the alternative highway improvements);

{(4) Costs were determined through the year, 1995, rather than only through
1990, as was done in the feasibility study;

(5} The costs for the entire freeway include the costs for the freeway east
alternative in Section VII, rather than the costs of the west alternative
which was favored in the feasibility study, and these costs, moreover, have
been revised since the time of the feasibility study; and

{6) Revised scheduling of construction of both the freeway and the alter-
native improvements, although not affecting undiscounted cost increments,
had some effect on the discounted cost totals.




The development of all highway costs, including those of the freeway, and those
of related, and alternative, highway improvements is discussed in detail in Appendix
A to this chapter; all of the year-by-year costs are shown in appendix tables both
inclusive and exclusive of taxes.

The incremental costs {excluding all taxes) are shown calculated in Table 11}-1. The
freeway costs, including costs of maintenance and operations through 1995, would
total NT$22,418 miliion with the barrier toll collection networl;, and NT$23,329
million with the closed toll-collection network; thus, the costs of the latter would
be approximately 4.1 percent above the costs with the barrier network. The un-
discounted, without-tax freeway cost total estimated in the feasihility study was
NT$20,939 million, so that barrier network costs would be about 7.1 percent higher
than the previously-estimated costs of the toll-free facility; the costs of the closed
network would be nearly 11.5 percent higher.

The costs of related highway investments which would be needed with the freeway
are indicated in Table 111-1 at NT$6,049 million; this total represents a substantial
rise of nearly 73 percent over the NT$3,500 million figure of the feasibility study.
The reason for this marked increase is the inclusion in the former total of the costs
of government-approved improvements to Highways 1, 3, and 12; these improvements
were not regarded in the feasibility study as being necessary with the freeway, and
thus were not included with the freeway investment alternative at that time.

The total without-tax costs of the freeway alternative {i.e., freeway plus related high-
way costs) is estimated at NT$28,467 million with the barrier network, and at
NT$29,378 million with the closed network; the former total would represent a
16.5 percent rise over the NT$24,439 million total indicated in the feasibility study,
whilst the closed system total would be more than 20.2 percent above the feasibility
study estimate.

Alternative highway improvements are estimated to cost NT$25,804 million over
the 1971-1995 period, or approximately 10 percent above the NT$23,477 million
total of the feasibility study. This rise in costs results primarily from adding four
additional years of maintenance, i.e., the years, 1991 through 1995, were added,
and the year, 1970, was eliminated from the study period. If the maintenance costs,
totalling NT$1,637 million, estimated for the 1992-1995 period could then be con-
sidered as constituting the net addition to maintenance costs, other costs of the
alternative highway mvestments would have risen by only slightly more than four
percent over feasibility study estimates (and most of this rise would pertain to
increased construction costs in the Taipei area).

The incremental costs of the freeway alternative are shown in Table I11-1 to be
NT$2,663 million with the barrier toll-collection network, and NTS$3,574 million
with the closed network. The undiscounted, without-tax cost increment of the
feasibility study was only NTS$962 million.

Economic Benefits

The benefits of the incremental cost of the freeway alternative, as measured in
this study consist solely of user cost savings which would accrue to forecast highway
traffic with the freeway system as compared to the lower level of service which
would he provided with the alternative highway system. As with costs, these
benefits are incremental benefits since they do not include the benefits of the
alternative highway system relative to the no-investment situation. It is left to the
sensitivity analysis presented in Appendix E to this chapter to take into consideration
the benefits which would derive from the forecast induced traffic volumes, and
the benefits resulting from improved safety conditions. There would also he benefits
accruing to traffic which would be converted from the railway, but no attempt
is made in this study to quantify such benefits {see Appendix D to this Chapter
for a discussion of modal split analysis).

As indicated in Chapter |l and its appendices, the computer provided data on 1969
and 1990 daily vehicle-kilometers, vehicle-hours, and vehicle operating costs for
each of four vehicle types in every freeway section with the arterial network and
with every freeway system. The data from the computer were adjusted for reasons
of overassignment to arterials {i.e., assignment to arterial highways of volumes in
excess of arterial capacity}; adjustments were also made to take info account the
shift of air traffic to a new international airport near Taoyuan, and the effects
of capacity constraints in Keelung Port.

In order to determine the economic cost savings with the freeway, tolls and taxes
had to be deducted from the adjusted vehicle operating cost totals. The operating
costs, without taxes or tolls, were then compared to the without-tax operating
costs of the arterial network to determine the cost savings. (The processes by which
tolls were calculated are described in a later section of this chapter, whilst the
process of extracting taxes is discussed in Appendix B to this chapter.}

The without-tax savings with the barrier system and toll schedule B; are shown in
Tables [1i-2 and 111-3 for the entire freeway and for each freeway section. As
indicated in the footnotes to Tahle 1il-3, the totals shown were neither adjusted
for a revised forecast of heavy truck traffic in Section 1, nor adjusted for airport
traffic or capacity constraints in Section Il.
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The Table 111-2 figure of NT$524 million represents the vehicle user savings which
would have been expected to derive from the freeway in 1969, had the entire facitity
been open to traffic throughout that year. This figure compares to a feasibility
study estimate of NT$676 million {with the east alternative freeway alignment in
Section VI1) in 1969. Thus, the increased operating costs with freeway toll collec-
tion would be expected to result in an approximately 22.5 percent decline in 1969
user savings.

For 1990, the Table 111-3 forecast of nearly NT$4,651 million should be compared
to a feasibility study total of NT$5,788 million (with Section Il unadjusted for
capacity constraints and airport traffic, and with the east freeway alternative in
Section VII}. The drop from the feasibility study user savings total would be nearly
20 percent.

With the closed network {and schedule C,}, the 1969 and 1990 user costs and cost
savings for the entire freeway would be as shown below.

Light Heavy Total
Autos Trucks  Trucks Buses Vehicles
1969
Costs (NTS mil.) 706 203 1,284 477 2,670
Cost savings {NT$ mil) 111 23 202 166 b02
1890
Costs (NT$ mil.) 10,604 1,977 9,631 1,898 24110
Costs savings (NTS mil) 2,095 229 1,607 598 4 529

The closed system operating costs would be only slightly higher (0.8 percent in
1969, and 0.5 percent in 1990Q) than the costs with the barrier system, but these
slight differences would result in 4.2 nercent lower cost savings in 1969, and 2.6
percent lower savings in 1990, or an average shortfall over the entire 1969-1990
period of around 3.4 percent.

Hypothetical 1970 user savings were estimated by assuming that savings would
grow at rates equal to certain known expansions during the year; thus, auto registra-
tion grew by 25.0 percent over 1970, and hypothetical 1969 savings were therefore
multiplied by a factor of 1.25 to estimate 1970 auto savings. In like manner,
light truck savings were expanded at the rate of registration growth {27.1 percent),
whilst heavy truck and bus user savings were estimated to expand by the same
rates as commercial trucking ton-kilometers (15.8 percent} and bus passenger-
kilometers (11.9 percent), respectively. Overall potential savings growth was es-
timated at 17.4 percent for 1970.

A quadratic curve was developed which would have gradually descending rates of
growth from the estimated 1970 traffic growth to growth of less than six percent
in 1995, The estimated 1969-1990 expansions of user savings for each freeway
section with the barrier system were then compared to the quadratic curve which
had been developed to obtain savings totals for the years, 1971-1989 and 1991-1995.

Adjustments were made to estimated savings totals in some sections hecause the
volume of traffic on the freeway would be expected to reach capacity prior to
1995; adjustments were also made for airport traffic in Section Il (see Appendix C
to Chapter Il) and for heavy truck traffic in Section | (see Appendix D to Chapter
).

The feasibility study indicated that the freeway in Section |l should be filled to
capacity by 1981; that estimate assumed, however, that no other major highway
improvements would be made in the area. Now, however, the government has
determined that Highway 1 should be widened in the area of Section Il. This
additional highway capacity would permit the freeway to maintain some excess
capacity until 1984.

The feasibility study went on to assume that a second freeway would be opened
in 1982, with the result that there would be considerable diversion from the North-
South Freeway. Although the feasibility study lowered the user savings, deriving
from the North-South Freeway, due to this expected diversion of traffic to a hy-
pothetical second freeway, this reduction of benefits was not necessary. The first

freeway would be capable of producing a certain user cost reduction in the corridor;
if, then, a second freeway would be opened, it could only be credited with the
incremental cost reduction in the corridor. Thus the estimate of annual savings
of the first freeway should be maintained, whether or not diversion from it would
oceur.

Table 1H-4 indicates the adjusted year-by-year user cost saving for each of seven
freeway sections over the 1969-1995 period. As indicated by footnote 4 to the
table, in addition to Section I, five other freeway sections would be expected to
accommodate capacity volumes of traffic by 1995. These estimates of the years
in which the various freeway sections would be filled to capacity disregard the
possibility that traffic might be converted from the railway; if volumes of such
converted traffic would be significant, the various freeway sections would be ex-
pected to reach capacity in earlier years than are indicated.

The final column in Table 111-4 disregards all hypothetical savings which might
have accrued to users had the freeway actually opened to traffic in the earlier years
of the study period. The undiscounted total of user savings foreseen to derive
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from the freeway over the study period is NT$70,398 million; this compares to
an adjusted freeway total (adjusting for the inclusion of freeway east results in
Section VIl) of NT$54,221 million found at the time of the feasibility study. The
difference in favor of the present study results entirely, however, from the inclusion
of the years, 1991-1995, in the study period. In 1990 and in every prior year,
the feasibility study estimated user savings total was higher than the respective
total found in the present study.

Economic Analysis of Alternative Solutions

As indicated in the earlier sections of this chapter, the undiscounted incremental
costs of the freeway investmant alternative would be NT$2,663 million with the
barrier toll network, and NT$3,574 million with the closed toll network. Undis-
counted barrier system (with toll schedule B,;) incremental benefits would be
NT$70,398 million; closed system incremental benefits would be approximately
NT$68,004 million {i.e., 3.4 percent below barrier system benefits}.

Benefits would accrue in later years than the major portion of toll road costs,
however, and in order to take into account the reduced value (in terms of present
value) of these later-year benefits, both costs and benefits must be discounted.

Table 111-56 shows the results of discounting freeway incremental costs and incre-
mental benefits at rates of 10, 15, 20, and 25 percent. Despite the inclusion of
the years, 1991-1995, in the study period, when benefits are discounted at a rate
even as low as ten percent, the user savings totals found in this study are lower than
the savings totals found in the feasibility study. The discounted total of NT$16,193
million found for the barrier system at a discount rate of ten percent, compares to
an adjusted (for freeway east in Section VII) total of NT$16,719 million. At higher
discount rates the difference widens: at a discount rate of 25 percent, the present
study found a discounted savings total of NT$3,359 million with the barrier system,
whereas the comparable feasibility study total was NT$4,856 million, or about 44.6
percent higher.

While these lower discounted savings totals would tend to lower the internal rate of
return of the incremental cost of the freeway alternative, however, this tendancy
was counterbalanced to some extent by the reduction of discounted costs of the
freeway alternative. The undiscounted cost increment with the barrier system is
nearty three times the cost increment found in the feasibility study (i.e., NT$2,663
million compared to NT$962 million), but the revised scheduling of construction
results in lower discounted cost increments.

Discounted at ten percent, incremental costs of the barrier system would be NT$5,293
million; in the feasibility study, the comparabte figure was NT$5,859 million. Dis-
counted at 25 percent, the barrier system incremental costs decline to NT$4,687
million, whereas feasibility study incremental costs rose to NT$6,681 million, or
more than 42 percent higher than the discounted barrier system incrementai costs.

In spite of the fact, then, that estimates of user savings are significantly reduced in
the present study from the discounted totals of the feasibility study, and, further,
despite the fact that the present study ignores the ‘lesser benefits”* of the freeway
which were calculated in the earlier study, the rate of return found for the freeway
with the barrier system is 20.9 percent, which is only slightly lower than the rate
of return found at the time of the feasibility study (22.3 percent). The internal rate
of return found for the closed system, is 19.b percent.

A few words might be in order here regarding the precision of these estimates.
The estimates might be high or low, of course, depending upon the accuracy of the
traffic forecasts (see this study’s discussions with regard to the accuracy of traffic
forecasts used herein and the effects of altering the forecasts — Appendix A to
Chapter | and Appendix E to this chapter). Additionally, incremental beneftts of
the freeway were understated since benefits were not calculated for the forecast
induced traffic, nor for possible traffic volumes which would be converted to high-
way transport. A major advantage of the freeway alternative compared to the alter-
native highway improvements would be a significant improvement in highway safety;
however, no benefits for this safety improvement were included in the preced-
ing analysis. Further, incremental benefits tended to be understated to the ex-
tent that no time savings were estimated for a reduction in stopping time; a high-
way trip between Taipei and Kaohsiung without the freeway, for example, would
normally require two or three stops (primarily to alleviate driver fatigue), where-
as, with the freeway, only one stop should normally be required. Finally, the
above analysis tended to understate highway improvement costs by calculating only
the direct costs of construction, while ignoring the indirect costs related to disrup-
tion of normal traffic flows.

Counterbalancing to some extent these various factors, which would tend to under-
state the rate of return on the incremental cost of the freeway, would be the dis-
regard in the foregoing analysis of operating improvements on arterials immediately
after a highway improvement. This factor was discussed at the time of the feasibility
study, and when it was allowed for in isolation {i.e., without also allowing for factors

*  Made up of the value of cargo time savings, and savings accuring to traffic
converted from the railway.




which would tend to increase the rate of return}, it was estimated to reduce the rate
of return by about three percent.

{See Appendix E to this chapter for further discussion of some of the above factors
which might alter the rate of return of the freeway cost increment. See Appendix C
for a discussion of the rates of return for the various freeway sections. Appendix
F indicates the change in the estimated rate of return which might be expected if
the time table for completing the freeway would be extended for various periods.)

FINANCIAL ANALYSIS
Toll Revenue

Revenue was calculated for each diversion assignment with tolls, as well as for the
bus all-or-nothing assignments with tolls. With the barrier system, the procedure for
calculating daily toll revenue was quite simple, as it merely required that the daily
volumes of three vehicle categories, viz., light vehicles, heavy trucks, and buses, on
each freeway link with a barrier would be multiplied by their respective toll rates.
The free-travel zones complicated slightly the procedure for determining closed sys-
temn revenue. These zones would actually only be free for trips which would bhe
wholly within the zone; any vehicle which would pass through one of the barriers
forming a border for one of these zones of free travel would pay for traveling one-
half of the free-travel zone distance. The amounts of payments for traveling within
these zones, then, were found by multiplying one-half the zone distances by the
per-kilometer toll rates for four vehicle types, and then multiplying these charges
per vehicle by the daily volumes of the respective vehicle types at the freeway toll
barriers.

Other closed system daily revenues {i.e., outside the zones of free travel) were
calculated merely by multiplying the vehicle-kilometers for each type of vehicle by
their respective toll rates per kilometer.

Adjustments were made for airport traffic in Section H, and for a revised heavy truck
traffic forecast in Section [. Daily toll revenues were then converted to annual totals
for 1969 and 1990 by using a factor of 365 for autos, light trucks, and buses, and a
factor of 354 for heavy trucks; these factors were determined as appropriate at the
time of the April 1969 O-D survey.

After the annual totals for 1969 and 1990 were determined, the 1970 totals were

estimated by relating toll revenue directly to other indicators of traffic growth, as
was done with user savings. Later-year totals were estimated by using the quadratic
curve developed for that purpose (see the earlier diseussion on estimating future
year user savings).

Table 111-6 indicates the expected toll revenue with toll schedule B, year-by-year
révenue totals are shown for each freeway section, as well as for the entire freeway.
The high total shown for Section VI of the freeway results from three out of ten
proposed toll barriers being located in that section. As noted in a footnote to the
table, growth of toll revenues was discontinued in any section after the year in
which the freeway in that section would accommodate its capacity level volume of
traffic.

Table [II-7 indicates the toll revenue which would be expected with other toll
schedules which were tested. The annual totals shown in this table, too, were adjusted
for capacity constraints, airport traffic, and a revised heavy truck forecast in Section
l.

These two tables complete the comparison between the barrier system with toll
schedule B, and the closed system with toll schedule C,. It was indicated in earlier
sections of the chapter that the freeway cost with a closed toll collection system
would be about 4.7 percent higher than with a barrier toll collection system, and it
was shown that barrier system benefits {with toll schedule B;} would be about 3.5
percent higher than benefits with a closed system. Thus, from both the standpoint
of costs and the standpoint of benefits, the barrier system would be preferable to
the closed system. Now, Tables 1l11-6 and |1l-7 indicate that from a financial stand-
point, as well, the barrier system with schedule B; should be favored over the closed
system with schedule C,.

Of course, there might well be some closed system toll schedule which would
produce higher economic benefits or toll revenue than the barrier system with
schedule B;. Toll schedule C; provides more revenue than schedule C,, and nearly
as much as schedule B, ; closed system rates could be raised above those of schedule
C,, and, if additiocnal diversion from the freeway were not excessive, total revenue
might equal or exceed those produced with schedule B;. This could only be done,
however, by further reducing the economic benefits which would obtain with the
closed system. Alternatively, closed system benefits might be raised to the level
expected with schedule B;, only by sacrificing some portion of closed system
toll revenue.

The toll revenue shown calculated in Tables 111-6 and l11-7 constitutes only that
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revenue which is foreseen to be coilected from normal growth traffic volumes, and
thus does not include revenue which might be collected from possible highway
traffic converted from the railway; nor does it include revenue from forecast induced
traffic volumes.

In the years, 1969, 1970, and 1990, toll revenue with schedule B, would be collected
from the various vehicle types as shown following {(all figures in NT$ million).

Years Autos Light Trucks Heavy Trucks Buses V:l?itflles
1969 65 16 154 69 304
1970 81 20 178 77 356
1990 1,483 199 1,375 342 3,399

The forecasts of induced traffic were for an average increase of approximately 15
percent in auto traffic, and an average 25 percent rise in bus traffic. in 1970, this
would have meant an NT$12 million rise in revenue from autos and an NT$19 million
increase in revenue from buses; total 1970 revenue would have been NT$387
million, or about 8.7 percent above the NT$356 million total shown above. In
1990, forecast induced traffic volumes would mean a NT$308 million increase
in revenue, which would represent about a 9.1 percent rise from the above-indicated
total for that year. Thus, on the average over the study period, revenue from
induced traffic would be expected to be equivalent to nearly nine percent of revenue
from normal growth traffic volumes.

(Appendix F indicates how total toll receipts might be altered if construction of
some freeway sections would be deferred until later years than currently scheduled.
Appendix G indicates how revenue totals might be altered with various adjustments
to the recommended barrier toll system.)

Revenue Sufficiency

Prior to testing any toll schedules, the Government’s view on the portion of toll
road costs which should be recovered from toll revenue was ascertained. The
Government indicated that, in order that highway users might be encouraged to
use the freeway, only partial-cost-recovery toll schedules should be given considera-
tion. Accordingly, toll schedules, which were not expected to provide sufficient
revenue to cover all costs, were selected for testing.

As was done in the feasibility study, both projected toll revenue (with toll schedule

B;) and tol! road costs were discounted at eight percent (the estimated average
cost of money for the project) to determine the portion of total costs, including
interest, which would be covered by tolls. The discounted revenue would total
NT$13,076 million over the period, as shown in the last column of Table I1i-6.
If an additional nine percent were added, as being received from induced traffic
volumes, then discounted revenue over the study period would total NT$14,250
million.

The freeway costs for the 1971-1995 period (excluding the costs of related high-
ways) are shown below undiscounted and discounted at eight percent, with and
without taxes.

With-tax Costs (NTS$ million) W/O tax Costs (NT$ million)

Undiscounted Disc. @ 8% Undiscounted Disc. @ 8%

26,241 18,591 22,416 15,840

Excluding revenue from induced traffic, tolls would cover 70.3 percent of with-tax
costs aver the 1971-1995 period, and 82.5 percent of without-tax costs. With
induced traffic revenue, tolls would cover 76.6 percent of with-tax costs, and
90.0 percent of costs without taxes.

If the period considered is extended to determine when the freeway costs might
be fully recovered, the results are as shown below,

Cumulative Freeway Costs and Toll Revenues {Disc. @ 8%)
Freeway Toll Revenue {NT$ Million) Freeway Costs {NT$ Million)

Year W/O Induced Traffic Incl. Induced Traffic  With Taxes W/O Taxes

2000 15,390 16,780 18,740 15,970
2005 16,970 18,500 18,890 16,100
2010 18,050 19,670 19,040 16,230

The above method of determining the sufficiency of revenue is not entirely adequate,
however, since it disregards the possibilities that: (1) not all construction period
costs can be financed from credit, and thus other sources of revenue might be
required prior to the opening of the freeway; and (2) the debt service may not




grow exactly in accordance with toil revenue so that early year shorttalts of toll
revenue compared to debt service might be considerably in excess of the average
over the entire period, whilst later year revenue totals might be able to meet all
debt service, or even to provide a surplus of funds.

In order that these possibilities be taken into account, revenue sufficiency might
be considered on a vear-by-year basis. Since much of the financing of the freeway
project has not yet been arranged, a precise indication of the revenue needs in
each year of the study period is not now possible. Nevertheless reasonable approxi-
mations might be made on the basis of information currently available.

The sources of financing the Neihu-Yangmei freeway section are listed below.

Financial source NTS Million Percent of Total
ADB Loans 1,020 20.2
Yen Credit 300 5.9
Bonds 1,720 341
Total Debt 3,040 60.2
ADB Grant 4 0.1
Toll Revenue 36 0.7
Budget Allocation 1,440 285
Fuel Tax Revenue 530 105
Total Other Financing 2,010 39.8
Total 5,050 100.0

The first of two ADB loans is to be repaid in 33 semiannual installments, with
the first installment scheduled for December 1973. The second loan is assumed
to be repaid over a similar period, beginning one year later. The bonds are to
be paid off over seven years, with the first payment coming at the end of the third
year. Repayment terms on the yen credit have apparently not yet been settled;
ten years repayment after a three-year grace period will be assumed here. Interest
on the ADB loan is at 6.875 percent; interest on the bonds is at 9.4 percent; and
interest on the yen credit is only 3.5 percent. The estimated service on this debt
is indicated in Table [11-8.

The last column of the referenced table indicates the expected toll revenue. In
1980 and thereafter, toll revenue would be far in excess of the combined total
of debt service and maintenance and operation costs (maintenance and operating
costs would only amount to around NT$11.0 million, including taxes, in the Neihu-
Yangmei section in 1980}.

In 1981, the surplus revenue would be nearly sufficient {(NT$177 million) to meet
the estimated NT$208 million cost of widening the freeway (in Section i) in that
year. Prior to 1980, however, toll revenue would not be sufficient in any year,
and the cumulative total (for the 1971-1979 period) of debt service and maintenance
and operating costs which would need to be met with revenue from other sources
would be NT$1,855 million {of which maintenance and operating cost would
represent only about NT$47 million).

Since financing for other freeway sections is, as yet, indefinite, any estimate of
debt service on those sections must be based on several assumptions. The first
assumption made here is that debt financing will continue to represent approximately
60 percent of total resources. This would mean that, with the remaining freeway
sections requiring an additional NT$18,194 million over the 1973-1977 period,
additional debt requirements would amount to approximately NT$10,916 million.
1t debt service would bear the same relationship to debt as was true for the Neihu-
Yangmei section, viz., about 1.55 to one, then service on this debt would total
NT$16,920 million. Finally, if it were assumed that the percentage distribution
of this debt service over a twenty-year period would be identical to the distribution
found for the Neihu-Yangmei section, but that the twenty-year period would be
1973-1992, instead of 1971-1990, then the debt service would be as shown in
Table 111-9.

The table indicates that annual revenue from toll coilection should be adequate
in 1982 and every vear thereafter to meet all freeway financial needs. Prior to
1982, however, toll revenue would be insufficient to meet all financial requirements
in each year, and the cumulative net deficit over the 1971-1981 period is estimated
at NT$9,074 million. Toll revenue, in fact, would have only amounted to NT$6,824
million, or about 42.9 percent of financial needs during the 1971-1981 period.

After 1981, however, freeway toll revenue should he far in excess of freeway
funds requirements for debt service, maintenance and operations, and new con-
struction, so that large portions of toll revenue could be diverted to other projects.
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{Adjustments which might be made to improve annual debt service coverage are TABLE 1111 I
considered in appendices to this Chapter. Appendix F considers the effect of
extending the period of construction, and Appendix G indicates the effects of INCREMENTAL COSTS {EXCLUDING TAXES) OF
making vatious adjustments to the recommended barrier toll system.} THE FREEWAY ALTERNATIVE l
(NT$ Mitlion}
SUiS NSRS e e ioif fu.n dis F Costs of Freeway Alter- Incremental Costs
reeway Costs Related . ¥ : I
Alternative native Freeway Alternative
it was already assumed in the preceding section that debt financing would constitute Year Barrier  Closed Highway Barrier Closed HI9"Wa8Y Barier Closed
only about 60 percent of the total financial resources required for acquisition and System  System Costs System  System Costs System  System I
clearing of right-of-way and for freeway construction during 1971-1877. The
preponderance of other funds was expected to be supplied from development 1971 345 361 2,321 2,666 2,682 2,315 351 367
budget allocations and from fuel commodity taxes; the combined total from these 1972 1,822 1,903 1,001 2,823 2.904 1,876 947 1,028 '
sources, over 1971-1977, would need to be approximately NT$9.3 billion. This 1973 2,745 2.921 501 3,246 3422 1652 1,594 1,770 i
amount would .more than cover the estimated NT$3,453 million of tal.xes which 1974 3588 3,771 28 3,616 3:799 1:402 2214 2 397
the freeway !:Jr_o;ect would ha.ve to pay over 197-1-.1977, so that the project would 1975 4443 4,620 686 5,129 5.306 1,621 3,508 3,685 l
be a net recipient of approximately NT$5.85 billion of tax revenue.
1976 4,051 4,039 38 4,089 4,077 2,398 1,691 1,679
If the total of NT$9.3 billion would he divided between budget allocation and 1977 2,862 2975 40 2,902 3,015 2,436 466 579 l
fuel commodity taxes in the same proportions as is true for the Neihu-Yangmei 1978 54 59 41 95 100 938 - 843 - 838
section, then funds made available from the former source would total around 1979 57 62 42 99 104 1,141 -1,042 -1,037
NT$6.8 billion, whilst fuel commodity taxes would furnish about NT$2.5 billion. 1980 60 65 A5 105 110 527452 I v I
if funds allocations from the development budget would be discontinued after
1977 (i.e., after the entire freeway would be opened to traffic), but funds from 1981 250 263 45 295 308 227 68 81
fuel commodity taxes would continue to be supplied over the next four years, 1982 66 71 a7 13 118 769 - 856 - 651 l
ie., 1978-1981, at about the NT$350 million per annum rate estimated for the 1983 69 75 49 18 124 1110 - 992 - 986
1971-1977 period, then approximately NT$7,680 million of projected 1971-1981 1984 73 80 224 297 304 2056 -1,759 1,752
debt service would remain uncovered. 1985 226 239 316 542 555 1,389 - 847 - 834 I
) ) . 1986 402 408 57 459 465 605 - 146 - 140 i
Table III‘-10 presents one possible s?heme, out of mnumerab.e-possmle schemes. 1987 290 234 58 278 292 412 - 134 - 120 l
for me.etmg this uncover.eq debt service over the. 19?2-1981 period (the estimated 1988 105 115 60 165 175 329 . 164 - 154
approximately NT$10 million of 197.1 debt ser\m?e |‘s assunjed to pe met through 1989 114 124 60 174 184 cEE] | 3T c o
other means). The scheme presented in the table is simple in that it would require l
a flat NT$4,000 annual vehicle license fee increment to be levied on all vehicles 1920 122 134 62 184 196 366 - 182 - 170
each year over a ten-year period. 1991 132 143 63 195 206 369 - 174 - 163
1992 140 153 65 205 218 369 - 164 - 151 I
An alternative to the above scheme, would be to defer most, or all, other highway 1993 149 162 65 214 297 372 . 158 - 145
nev?r cons‘truction ove-r a several-year period prior to 1982, ar_1d to divert the funds, 1994 157 171 67 294 238 375 . 151 . 137
which m!ght otherwlse have been used for new construction, to cover fre_E\j'vay 1995 166 181 68 234 249 418 - 184 - 169
debt service; then, in 1982 and thereafter, freeway toil revenue should be sufficient e
to finance an extensive program of other highway improvements. Totals 22,418 23,329 6,049 28,467 29,378 25,804 2,663 3,574 m




I TABLE 111-2
HYPOTHETICAL 1969 USER SAVINGS WITH BARRIER NETWORK AND TOLL SCHEDULE B,
I (NT$ 000 )
I Vehicle Type & Section Section Section Section Section Section Section Entire
User cost item™* | | i v Vv A\ VI Freeway
Autos & Taxis
I Without-Freeway costs 165,446 212,815 38,975 68,127 106,734 74,111 151,233 817,441
With-Freeway costs 157,305 168,992 29,381 556,715 97,375 60,006 137,679 706,453
' Savings 8,141 43,823 9,594 12,412 9,359 14,105 13,654 110,988
Light Trucks
I Without-Freeway costs 42,847 52,897 12,759 25,757 23,371 23,528 44 436 225595
With-Freeway costs 41,158 48,753 10,490 21,334 20,969 19,064 41577 203,345
Savings 1,689 4,144 2,269 4,423 2,402 4,464 2,859 22,250
l Heavy Trucks
Without-Freeway costs 129,080 200,229 117,777 251,646 210,309 262,077 314,768 1,485,886
l With-Freeway costs 120,621 184,439 87,740 213,779 188,199 206,229 286,078 1,287,085
Savings 8,459 15,790 30,037 37,867 22,110 55,848 28,690 198,801
I Buses
Without-Freeway costs 70,813 123,549 48,681 88,617 98,809 88,032 125,004 643,405
' With-Freeway costs 57,572 75,301 30,170 63,177 62,074 58,919 104,208 451,421
Savings 13,241 48,248 18,511 25,340 36,735 29,113 20,796 191,984
l Total Vehicles
Without-Freeway costs 408,186 589,490 218,192 434,047 439,223 447,748 635,441 3,172,325
' With-Freeway costs 376,656 477,485 157,781 354,005 368,617 344,218 569 542 2,648,304
Savings 31,530 112,005 60,411 80,042 70,606 103,530 65,899 524,023
*  Exclusive of all taxes and tolls.
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TABLE I111-3

PROJECTED 1990 USER SAVINGS WITH BARRIER NETWORK AND TOLL SCHEDULE B,

56

(NT$ 000}
Vehicle Type & Section Section Section Section Section Section Section Entire
User cost item™ | 1** HI v v Vi Vil Freeway
Autos & Taxis
Without-Freeway costs 1,700,881 2,991,017 609,139 1,600,154 2,103,000 1,619,800 2,075,122 12,699,113
With-Freeway Costs 1,436,016 2,262,494 525,698 1,264,119 1,994,736 1,267,854 1,738,081 10,488,898
Savings 264,865 728,523 83,541 336,035 108,264 351,946 337,041 2,210,215
Light Trucks
Without-Freeway costs 363,622 530,581 100,579 297,107 276,144 248,595 389 556 2,206,184
With-Freeway costs 355,053 450,227 83,742 250,814 271,583 210.419 367,517 1,989,365
Savings 8,569 80,354 16,837 46,293 4,561 38,176 22,039 216,829
Heavy Trucks
Without-Freeway costs 962,924 1,713,507 744,372 1,982,214 1,570,865 1,944,256 2,319,454 11,237,592
With-Freeway costs 903,565 1,472,623 537,831 1,694,694 1,440,238 1,501,200 2,141,222 9,691,373
Savings 59,369™** 240,884 206,541 287,520 130,627 443,056 178,232 1,546,219
Buses
Without-Freeway costs 269,159 491,375 183,054 370,693 359,031 344,504 478,524 2,496,340
With-Freeway costs 223,042 332,529 112,562 266,890 296,226 227,966 359,658 1,818,873
Savings 46,117 158,846 70,492 103,803 62,805 116,538 118,866 677,467
Total Vehicles
Without-Freeway costs 3,296,586 5,726,480 1,637,144 4,250,168 4,309,040 4,157,155 5,262,656 28,639,229
With-Freeway costs 2,917,676 4,517,873 1,269,733 3,476,517 4,002,783 3,207,439 4,606,478 23,988,499
Savings 378,910 1,208,607 37741 773,651 306,257 949,716 656,178 4,650,730

& Exclusive of all taxes and totls.
Gt Figures shown are unadjusted for airport traffic and the freeway capacity constraint.

***  {Jnadjusted for a revised truck traffic forecast in Section 1.




l TABLE 114
FORECAST USER SAVINGS WITH THE BARRIER TOLL NETWORK AND TOLL SCHEDULE B,

' {NT$ Millions)

' Section Section Section Section Section Section Section Undiscounted Total
Year | i o2/ " v \Y \ Vii For Entire Freeway 1/
1969 32 112 60 80 71 104 66 —

I 1970 37 132 70 a3 81 121 77 —
1971 43 154 76 107 86 138 89 -
1972 50 178 83 122 91 156 102 —

l 1973 538 205 91 139 96 178 116 -
1974 67 236 100 159 103 201 133 —
1975 77 269 109 180 110 227 151 269

l 1976 a7 532 120 203 117 255 171 619
1977 99 594 131 229 126 287 193 1,017
1978 112 663 144 257 1356 321 217 1,849

I 1979 126 737 158 288 145 358 243 2,065
1980 141 818 173 321 156 399 271 2,279
1981 157 906 189 356 168 442 301 2519

l 1982 175 1,001 206 394 181 488 333 2,778
1983 193 1,103 224 434 194 37 367 3,052
1984 212 1,211 4/ 243 476 208 h88 403 3,341

l 1985 232 1,211 263 521 222 642 441 3,532
1986 254 1,211 284 568 238 699 481 3,735

I 1987 276 1,211 306 616 254 759 522 3,944
1988 299 1.211 329 667 271 3820 566 4,163
1989 323 1,211 353 719 288 884 610 4,388

I 1990 348 1,211 377 774 306 950 656 4,622
1991 373 1,211 402 828 324 1,016 702 4,856
1992 398 1.211 427 833 4/ 342 1,084 750 5,095

I 1993 423 1,211 452 883 361 4/ 1,152 797 5,279
1994 449 1,211 477 883 361 1,220 844 4/ 5,445
1995 474 1,211 502 4/ 883 361 1,286 4/ 844 5,561

' Totals 3/ 5,151 21,165 5,640 10,751 4,515 13,645 9,641 70,398
1/ From scheduled first full year of operations.

I 2/ Including airport traffic from 1976 onward.
3/ Exclusive of hypothetical user savings.

I 4/  Year in which the respective freeway sections are expected to reach capacity traffic volumes.
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TABLE IiI-b

FREEWAY DISCOUNTED COSTS AND BENEFITS, NET PRESENT
VALUE, & BENEFIT-COST RATIOS

Freeway Discount Rates
lolgSysten 10% 15% 20% 25%

Barrier System™*

Incremental costs 5,293 5,279 5,026 4,687
Benefits 16,193 8,919 5,308 3,359
Net present value 10,900 3,640 282 - 1,328
Benefit-cost ratio 3.06 1.69 1.06 0.72

*

Closed System”

Incremental costs 5,882 5,784 5,461 5,086
Benefits 15,641 8,615 5,127 3,244
Net present value 9,759 2,831 - 334 -1,842
Benefit-cost ratio 2.686 1.49 0.94 0.64

*  With toll schedule B,
** With toll schedule C,

Rates of return

Barrier system: 20.9 percent

Closed system: 19.5 percent




I TABLE Ii1-6
FORECAST TOLL REVENUES WITH THE BARRIER NETWORK AND TOLL SCHEDULE B,
' {(NTS Millions)
Entire Freeway *
' Section Section Section Section Section Section Section _
Year | I 11 v Vv VI Vil Undiscounted Disc. @ 8%
{from 1971)
' 1969 33 54 35 53 21 70 36 — -
1970 39 64 42 62 25 82 43 - =
1971 44 84 a7 70 28 96 a7 i -
l 1972 50 106 53 79 33 1M 53 - -
1973 57 132 60 90 37 128 59 = —
1974 64 160 68 101 42 147 66 — =
l 1975 72 191 77 114 43 168 74 191 140
1976 82 225 86 128 55 191 82 307 209
1977 92 263 96 144 62 216 91 542 341
' 1978 102 304 108 161 69 244 101 1,089 635
1979 114 349 120 180 77 274 112 1.226 662
I 1980 127 397 133 200 86 307 124 1,374 687
1981 141 448 147 221 96 342 136 1,531 709
1982 156 503 163 244 106 379 150 1,701 730
| 1983 171 562 179 269 117 419 164 1,881 747
1984 188 623*** 196 294 128 460 179 2,068 761
1985 205 623 213 321 141 504 195 2,202 749
' 1986 223 623 232 350 153 550 212 2,343 738
1987 243 623 252 379 166 598 229 2,490 727
1988 262 623 272 410 180 648 248 2,643 714
' 1989 283 623 293 442 194 700 266 2,801 700
1990 305 623 315 474 209 753 285 2,964 688
1991 325 623 337 508 224 807 304 3,128 673
I 1992 347 623 359 541*** 239 862 324 3,295 656
1993 368 623 382 541 254*** 917 344 3,429 631
1994 390 623 404 541 254 971 364" ** 3,547 603
' 1995 411 623 426*** 541 254 1,026*** 364 3,645 576
Totals™* 4,535 10,718 4,627 6,617 2,947 10,761 4,192 44,397 13,076
' * Exclusive of hypothetical revenues.
ks From scheduled first full year of operations.
I A Freeway section reaches capacity.
' 59




TABLE Il1-7

FORECAST TOLL REVENUES WITH THE BARRIER NETWORK AND CLOSED NETWORK

(NT$ MILLIONS)

TOLL SCHEDULES
Schedule B, Schedule B, Schedule C, Schedule C, Schedule C,

Years Hypothetical * Projected Hypothetical * Projected Hypothetical * Projected Hypothetical* Projected Hypothetical * Projected

1969 235 = 276 — 217 - 276 = 272 - |
1970 275 = 324 = 255 = 323 = 319 — '
1971 312 = 369 — 287 — 375 - 365 - |
1972 353 = 419 - 324 - 434 = 416 — :
1973 400 = 476 = 366 = 500 = 474 = '
1974 452 = 540 - 412 — 574 = 539 -

1975 509 55 610 192 463 113 656 143 610 141
1976 572 197 687 308 520 189 745 261 689 238
1977 642 362 772 498 581 335 844 436 775 4
1978 = 717 = 864 = 649 = 952 e 869
1979 = 800 = 965 — 722 = 1,069 = 971
1980 i 888 = 1,074 = 802 = 1,195 - 1,082
1981 — 934 = 1,190 — 887 = 1,331 = 1,201
1982 = 1,085 = 1,314 = 977 — 1,476 = 1,327
1983 - 1,193 = 1,446 = 1,074 = 1,629 = 1,461
1984 e 1,306 = 1,685 = 1,175 — 1,790 = 1,602
1985 — 1,426 = 1,731 = 1,282 = 1,961 — 1,751
1986 — 1,552 = 1,885 — 1,394 = 2,140 = 1,907
1987 — 1,683 = 2,046 = 1,611 — 2,327 = 2,071
1988 = 1,819 = 2,213 = 1,633 =] 2521 = 2,241
1989 = 1,960 — 2,385 — 1,758 = 2,721 = 2.416
1990 = 2,105 = 2,564 - 1,888 — 2,929 = 2,596
1991 - 2,952 = 2,742 = 2,019 = 3,136 S 2,779
1992 = 2,401 = 2,924 = 2,152 = 3,348 = 2,964
1993 = 2,526 = 3,074 - 2,255 — 3,508 - 3,110
1994 = 2,640 = 3,211 — 2,329 — 3,644 = 3,232
1995 — 2,751 = 3,331 - 2,388 = 3,762 - 3,333
Totals — 30,702 = 37,542 - 27,532 = 42,279 - 37,713

* Revenue which would be expected if all freeway sections were open.

60




l TABLE 111-8 TABLE 1119
ESTIMATED DEBT SERVICE ON CREDIT EXTENDED ESTIMATED FREEWAY PROJECT DEBT SERVICE
I FOR NEIHU-YANGME| SECTION* AND COVERAGE BY TOLL REVENUE
(NT$ MILLION) (NT$ MILLION)
' Debt Service Main New . .
iDL Yen Credit Bonds Total  Toll revenue Sections tenance capital Total Estimated Cumulatn{e. LT
Years Prin- Inter- Debt  in Neihu- vears Other  Entire  and  expen- finan- tz:c:e"fr nue ofot:):: e::':nfl; o
l cipal est Total Prin. Int.Total Prin. Int. Total Service Yangmei Sec.** than Free- opera- diture  cial . . . .
Neihu- way tions {after needs |ndutied e
1971 —_ g g - . - — 9 9 18 = Yangmei costs 1977) traffic) resources
l 972 - 17 17 - - -~ — 66 6 83 -
1973 12 3 47 - 1 1 — 131 131 179 = W - 18 - - U -18
' 1974 30 45 75 - 4 4 38 155 193 272 - :g;g s 222 - - zig - ';2;
1975 38 47 8b — 7 7 242 158 400 492 208 1974 298 570 _ _ 570 _ 914
1976 43 65 105 — 10 10 316 135 451 566 245 1975 641 1133 7 . 1,140 208 1,846
1977 43 62 105 30 1 41 4 1 7
I 1978 46 59 105 30 10 40 2444 22 :?3 222 221 1978 R 20 ~ 1,561 335 el
1977 1,761 2,357 36 — 2,393 591 -4,874
1979 50 56 106 30 8 38 306 41 347 491 380 1978 2,027 2 589 62 - 2,651 1,187 -6,338
| 1980 53 52 105 30 7 37 102 12 114 256 433 1979 2,135 2,626 65 = 2,691 1,336 -7,693
1981 57 49 106 30 6 36 28 3 31 173 4388 1980 2,012 2,268 69 — 2,337 1,498 -8,632
I 1982 61 44 106 30 5 35 — —  — 140 548 1981 1758 1,931 72 208 2211 1,669 9,074
1983 66 40 105 30 4 34 - — — 139 613 1982 917 1,057 76 — 1,133 1,854 -8,353
1984 69 36 105 30 3 33 — _ — 138 679 1983 619 758 80 — 838 2,050 -7,141
l 1985 74 31 105 30 2 32 _ _ _ 137 679 1984 501 639 84 — 723 2,254 -5,610
1986 80 26 106 30 1 31 - ¥ _ 137 679 1985 497 634 21 177 902 2,400 4,112
| womomow oo D w o momomom o e
VL UL UL - - - 105 (XA 1988 491 596 121 - 717 2:881 1,391
989 97 8 W06 - - - - - - 105 679 1989 376 481 131 - 612 3,053 3,832
l 1990 29 2 3N - - - - = - 3 679 1990 376 407 141 = 548 3,231 6,515
Totals 1,020 717 1,737 300 79 379 1,720 . 889 2,069 4,725 8,286 1991 376 376 161 - 527 3,410 9,398
I 1992 111 111 161 - 272 3,592 12,718
1993 — — 171 = 171 3,738 16,285
1994 — — 181 — 181 3,866 19,970
' * Principal repayments and interest rounded to the nearest NT$1 million. 1995 — — 191 = 191 3,973 23,752
**  Including estimated collection from induced traffic. Totals 16,920 21,645 2,122 875 24,642 48,394 -




TABLE 1il-10

TEN-YEAR VEHICLE LICENSE FEE*

Alternative revenue for meeting 1972- Debt Revenue Surplus
1981 Debt Service left uncovered by tolls Service or .
Vehicle license fee Total left un- | Deficit () !
Years jncremental receipts* Fuel Alterna-  covered (NT$ Million) i
ot Ressins ‘(’:E}:f D, e |
tions* * mik.) (NT$ mil.) (NT$ mil.) Annual Cumulative
1972**+ 120,000 480 -~ 480 83 397 397
1973 140,000 b0 — 560 243 317 714
1974 160,000 640 — 640 570 70 784
1975 180,000 720 — 720 932 - 212 572
1976 200,000 300 - 800 1,226 - 426 146
1977 220,000 880 — 880 1,802 - 922 -776
1978 240,000 960 350 1,310 1464 - 154 930
1979 260,000 1,040 350 1,390 1,355 35 -895
1980 280,000 1,120 350 1,470 839 631 -264
1981 300,000 1,200 3560 1,650 42 1,008 744
Totals — 8,400 1,400 9 800 9,056 744 —

* An average license fee increment of NT$4,000/annum/vehicle.

** The forecast included in this table is meant to be conservative rather than
precise.

*¥**  NT318 million of debt service in 1971 is assumed to be met through other
means.

¥***  Prior to 1978, fuel commaodity taxes would be used to finance construction.
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Chapter IV

TOLL ROAD ORGANIZATION AND FACILITY REQUIREMENTS

In order for a toll road to function properly it must have organization and facilities
capable of accomplishing the following main objectives:

Traffic must be handled efficiently and tolls collected from the patrons
without causing undue delay and inconvenience.

The traffic must be policed and methods established to assist patrons who
have emergency trouble from accident, illness, or other causes.

Organization and facilities must be set up to take care of the maintenance
of the roadway, buildings, lights, communications, water, and sewage
facilities.

Rest and service areas are necessary with provision of fuel for vehicles
at filling stations and food made available for patrons at restaurants.

A communications system must be set up to keep in touch between
administrative heads, police troopers and maintenance personnel as weil
as headquarters, toll and maintenance offices.

The money from tolls must be efficiently handled and accounted for and
records kept of all transactions from coliection to banking.

In order to coordinate the operations of the several departments, manage-
ment must designate specific duties, channel instructions to department
heads, and devise operation manuals with instructions of duties to prevent
duplication and loss of efficiency.

This chapter briefly describes the organization, facilities and equipment needed for
the toll road authority to successfully operate the North-South Freeway in accor-
dance with the basic objectives set forth above. All detailed information on proce-
dures, job descriptions and equipment are covered in the appendices to this chapter.

ORGANIZATION

Two toll road organization charts have heen developed. Exhibit 13 shows the

ultimate toll road organization needed to operate and maintain the North-South
Freeway after construction of all sections of the freeway is completed. Exhibit
14 shows the interim toll road organization needed for operation and maintenance
of the northern and southern sections, while design and construction of other
sections are underway.,

Uitimate Toll Road Organization

Under the direction and guidance of the Toll Road Director, the operation and
maintenance of the toll road would be handled by three departments: operations,
administration and engineering. Fifteen sections would perform various functions
under these three departments. This report briefly describes the duties and responsi-
bilities of the Director, the department heads and the section chiefs. The joh
descriptions for other personnel are provided in Appendix F to this chapter.

Director

The Director would be responsible for the operation and maintenance of the toll
road, and would perform the following functions:

Plan, direct, and evaluate operations and programs of the three departments.
Participate in the formulation of agency objectives, policies and programs.

Provide direction and guidance to department heads and section chiefs in
the interpretation and implementation of policies and programs.

Evaluate effectiveness of engineering programs and policies and periodic
reports, and determine requirements.

Meet and correspond with other agencies, public officials, and the general
public to resolve problems and provide information related to assigned
areas of responsibility.

The Director would have three main assistants to help him in performing his duties.
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These would be the Deputy Director of Operations, the Deputy Director of Adminis-
tration and the Chief Engineer. In addition, the Director’s top assistants would
include a Legal Counsel who would attend to all legal matters concerning the toll
road authority and an Executive Secretary who would handle all detail work for
the Director and act as a liaison man directly reporting to him.

Deputy Director-Operations

This office under the Director would be responsible for communications, public
relations, patrol, security and toll collection operations. The Deputy Director-
Operations would perform the following major functions:

Act as liaison bhetween the Director and chiefs of operations.

Give instructions and guidelines for cooperative efforts among operations
chiefs and their departments.

Attend conferences, representing the Director when he would be unable
to attend.

Deputy Director-Administration

This office under the Director would be responsible for the administration of
finance, accounting, general affairs, personnel, data processing and right-of-way.
The Deputy Director-Administration would perform the following major functions:

Act as liaison between the Director and the chiefs of administrative
offices.

Give guidelines of coordination between administrative offices.
Represent the Director at conferences when he is unable to attend.

Chief Engineer

The office of the Chief Engineer would be responsible for planning, maintenance,
equipment and materials, and research and development. The Chief Engineer would
perform the following major functions:

Direct all highway and bridge construction, and maintenance activities on
the toll road.

Direct major engineering functions of highway programs, such as the

development of plans, all materials testing, special highway studies and
planning, and other engineering functions of comparable scope and com-

plexity.

Serve as a principal assistant to the Director by coordinating internal
department operations and providing professional guidance and direction.

Establish and direct the maintenance of a system to schedule and monitor
all highway preconstruction activities.

Coordinate assigned activities and professional guidance to meet established
deadlines and priorities.

Legal Counsel

The Legal Counsel for the toll road would report directly to the Director. He
should be versed in law, have legal education and experience in civic and municipal
work, and be familiar with common highway problems. He must be versed In
property condemnation proceedings, property line disputes and descriptions processes.
He must also be familiar with motor vehicle and traffic laws.

Counsel would, at the request of the Director, bring suit for the toll road when
necessary, and prepare the defense when the toll road authority is being sued.

Executive Secretary

The office of the Executive Secretary wouid handle complex secretarial work in-
volving the performance of delegated administrative duties and the relieving of the
Director of important administrative details. The work would require the exercise
of considerable initiative, independent judgment, and discretion in screening calls,
visitors and mail, and answering and disposing of requests for information. The
work would involve responsible supervisory and office management responsibilities.
He would attend meetings and conferences, take minutes, compose drafts of pro-
ceeding, and prepare agendas and materials in accordance with established practices.

Chief of Communications
This would be highly technical and supervisory work involving the installation, main-
tenance, and operation of a radio broadcasting station and receiving equipment. The

Chief of Communications would perform the following major functions:

Plan, assign, and review the work of employees repairing and maintaining

E
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radio broadcasting and receiving equipment

Inspect new equipment and construction to determine compliance with
specifications, and direct and participate in major repair or other complex
work.

Conduct technical tests of radio broadcasting equipment to determine
compliance with rules and regulations of the Ministry of Communications
governing operation of licensed radio stations.

Design new facilities.

Recommend purchase of and prepare specifications for, broadcasting
equipment, parts and supplies.

See that dispatches comply with Ministry of Communications regulations.
Chief of Public Relations

The Chief of Public Relations would perform the following major functions:

Plan, organize, and direct a comprehensive public relations and informa-
tion program.

Supervise a staff of technical and clerical employees engaged in public
relations and informational activities.

Farmulate and direct the release of news to the press.
Assist administrative officials in policy planning and employee relations.

Direct the development of publications, including regular reports and
special comprehensive books of an educational or related nature.

Organize and direct the assembly of speech material for departmental and
other officials.

Organize and direct public relations activities.

Plan lay-outs and arrange for photographic illustrations.
Patrol Captain

The Captain of the Highway Patrol would be in charge of all law enforcement on
the toll road.

This would be administrative and supervisory work in law enforcement and traffic
supervision on the toll road. The work would invoive technical police supervision
of law enforcement personnel, and the directing, advising and organizing of training
seminars for troopers, periodically.

The work would be performed under the direct supervision of the Deputy Director
of Operations and include the conferring on budgeting requirements for highway
patrol operations, and the review of policies desired by the Director, for operating
the toll road.

The Patrol Captain would hold staff meetings. He would also hold marksman con-
tests, for training and preparing troopers to be disciplined and efficient, and contests
to improve physical and mental alertness of his troopers. He would grade his men
on their operation under strict rules of conduct.

He would train his troopers to take charge of a section of the toll road, and to
render service to patrons, as well as, to police the traffic properly.

It is recommended that he have two lieutenants under him, one based in Taipei and
one in Kachsiung, each of whom would be in charge of a division.

Chief of Security

The Chief of Security should have both legal and political experience, and be given

proper government authority to represent the toll road authority on all matters
of law.

He must be versed in techniques of operation which would make him the proper
guardian of security on the toll road. He would be responsible for setting up proce-
dures for checking necessary operations to insure proper security in the organization,
and for establishing rapport with the proper toll road officers to insure cooperation
among departments. The Patrol Captain would be apprised of all situations, on
which the security officers felt the need of cooperation with his department. Tape
recordings of communications should be made available to the Chief of Security
by dispatchers in the communications office at his request.

Chief of Toll Collection

The work would involve the overall responsibility for the organization, administra-
tion, and supervision of the collection section. The Chief of Toll Collection would
perform the following major functions:
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Supervise all tol! plaza supervisors, tellers, toll collection maintenance
personnel and the traveling custodians for the entire toll road.

Be responsible for the proper maintenance, servicing, and upkeep of the
toll road equipment and vehicles assigned to the toll collection department.

Requisition an adequate supply of all items for the collection of tolls,
such as: report forms, office supplies, janitorial supplies, and all other
items necessary for proper operation of the toll collection department.

Maintain close harmony and cooperation between the toll collection
department and all other departments of the toll road organization.

Be responsible for recommending the employment of new collectors and
the termination of incompetent personnel, and for marking periodic re-
views of the performance of toll collectors to insure that their accounts
are properiy maintained.

Conduct meetings of supervisory personnel when needed for the purpose
of discussing toll collection procedures and other matters pertaining to
the toli collection department.

Approve vacation schedules for all employees assigned to the toll collec-
tion department.

Be responsible for all the toll collection facilities and for the assignment
of collectors to each plaza.

Chief of Finance

Chief of Accounting and Auditing

This would be advanced administrative and professional accounting and related
financial work. The Chief of Accounting and Auditing would perform the following
major functions:

Administer the accounting and fiscal operations of the toll road authority.

Perform the more complicated and complex accounting, auditing, and
fiscal operations.

Train professional employees and help develop their capabilities.

Prepare and develop systems and procedures for agency fiscal operations
and enforce compliance with them.

Consult with agency heads and other responsible officials, including those
concerned with overall accounting procedures.

Supervise the review of financial data submitted, and verify employee and
employer contributions toward retirement benefits.

Provide technical knowledge on accounting and fiscal procedures.

Prepare periodic reports showing all receipts and disbursements.

Chief of General Affairs

This would be general administrative support work. The Chief of General Affairs
would perform the following major functions:

This would be advanced administrative work, dealing with the financial planning,
management and fiscal operations required for a toll road operation. The Chief Supervise maintenance of properties owned by the agency and the clean-
of Finance would perform the following major functions: ing of administration offices.

Keep adequate office supplies and distribute them on request from other

Direct financial planning and programming for the agency. - —_—

Administer fiscal operations for the agency, check contracts, pass on all Keep central filing system for documents and transactions.

fiscal payments by the agency and income for the agency.
Provide and schedule bus transportation for employees.

Act as representative for the toll road authority in dealing and negotiating Supervise document processing, typing, clerical work and the handling of
financial matters with other agencies. all incoming and outgoing mail.
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Handle and check complaints involving administration offices of the
agency.

Chief of Personnel

This would be advanced administrative work, dealing with records of, and rules
for, individuals who would be on the payroll of the toll road. The Chief of Personnel
would perform the following major functions:

Receive and pass on all personnel who apply for positions with the
agency.

Keep records of vital statistics on all individuals who are employed.

Keep records of qualifications of personne! and confer with department
heads on job requirements and the classifying of abilities and qualifications
of personnel.

Chief of Data Processing

This would be highly responsible administrative and technical work in planning,
organizing, and directing the activities of an electronic data processing section. The
Chief of Data Processing would perform the following major functions:

Plan, organize, and direct the programming, system analysis, and opera-
tional activities of the electronic data processing section.

Confer with administrative officials, engineers, and other concerned persons
to determine specific management and information needs.

Supervise directly, or through subordinate supervisors, a staff of pro-
grammers, systems analysts, and other technical and clerical employees
engaged in activities of the section.

Confer with, and advise, subordinate personnel on administrative policies
and procedures, and technical problems, priorities, and methods.

Analyze and evaluate current and new data processing equipment, deter-
mine ways and means by which further automation may be economically
and efficiently effected, and make recommendations to administrative
officials concerning the replacement of obsolete equipment with more

advanced and efficient machines of greater capacity and versatility.

Determine and select problems and projects for application of electronic
data processing, plan and devise