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note

The purpose of the NEAPTR worklng papers is to make
all of the study information publicly available.

As the name implies, they are working documents. ‘
Although they are prepared on the best available
information, they are not final polished reports;
minor discrepancies may therefore persist between
this and other working papers, although every care

is being taken to ensure that the work has been
competently executed and reported.

In order that final decisions may be taken on the
best available information, the attention of the.
study team should be drawn to any inadequacies in
the papers which may be considered important by
the reader. The study team will correct or amend
this paper if necessary, or to incorporate amend-
ments in subsequent papers or reports.

The views contained in this working paper are those
of the NEAPTR team. These views do not necessarily
represent those of the Government unless specifi-
cally stated to be so. .
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long to achieve a reasonably full representation of
the benefits of options which require large initial
outlays.

We adopted an evaluation period of 1978-2006
inclusive (i.e. 29 years). The initial capital
costs would occur in the first 4-7 years, depending
upon the option. .

At the end of the evaluation period some of the
capital infrastructure and equipment would still
have some useful life remaining. For each option a
terminal value is included to represent this
residual benefit.

The Price Year

It is important to the validity of cost-benefit
evaluation that all costs and benefits are measured
in the same money values, net of the effect of
general price inflation; in other words the $ units
should represent the same unit of account in terms
of purchasing power. This is achieved by
expressing all the costs and benefits in terms of
the price level which obtains in a given year.

All costs and benefits in this evaluation were
expressed in 1977 prices. Where cost inputs were
provided in terms of the price levels of previous
years they were updated to 1977 prices using the
Australian Bureau of Statistics Consumer Price
Index. The inflation factors thus derived are
shown in Table 2.1l.

TABLE 2.1

INFLATION FACTORS

PRICES EXPRESSED INFLATION FACTOR
IN YEAR TO 1977 PRICES
1974 1.50
1975 1.28
1976 1.14

" 1977 -~ 1.00
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The Discount Rate

The purpose of discounting is to assess the
aggregate value in a base year, of a stream of
money values occurring in different years. It
recognises two inter-related principles:

(i) It recognises that capital invested in an
option has an 'opportunity cost', i.e. that
the capital could earn a rate of return in
other sectors of the economy if it were not
used for the project being evaluated. This
foregone rate of return should therefore be
allowed for in the evaluation;

(ii) It recognises that the community has a
preference for benefits which accrue sooner
rather than later. The evaluation should
therefore give early costs and benefits
a greater weight than those occurring later.

In either case, the effect is to reduce or
'discount' the value of costs and benefits which
occur in later years relative to those which occur
in earlier years. But in practice the rate of
discount normally used in transport evaluation
does not necessarily meet satisfactorily either of
the bases described abowe. This rate is 10% per
‘annum in real terms (i.e. excluding the effects of
inflation). R

In terms of basis (i) a real rate of 10% per annum
is high. Assuming inflation at say 10% p.a. it is
equivalent to allowing for a foregone rate of
return of 20% in money terms. This is a comparat-
ively high rate of return on capital invested in
any sector of the economy, and is consequently a
comparatiwvely high ‘opportunity cost' to set
against the project.

Turning to basis (ii), implicit . in using relatively
high rates of discount for public sector invest-~
ments is the assumption that society puts relatively
little value on longer term benefits compared to
short-term benefits. For example, a rate of
discount of 10% p.a. reduces the present value of

a given benefit 7 years hence, to only half the
value if it were to occur now: and 1l years hence
to only a third of its current value. Intuitively
this seems to be quite severe, particularly since
public authorities are generally thought to have a
greater responsibility for protecting the long-tcrm
public good than perhaps an individual would.

4
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In practice, the main justification for the
convention of using a rate of discount of 10% is
that it will act as a rationing device for scarce
public funds, since in general for transport
investments the higher the discount rate, the less
prOJects will appear to be 'justified'. But even
assuming that funds were satlsfactorlly rationed in
the transport sector by a rate of 10%, the problem
still remains that in many sectors of public
investment, no comparable evaluation is attempted
and other discount rates are implicitly assumed.

An inef ficient economic allocation of investment
funds between sectors may thus occur, ewen with a
consistently used discount rate in the transport
sector.

Civen that the case for a 10% rate of discount is

' based on consistency in the transport sector rather

than any deep-seated economic reasoning, the

.evaluation was carried out using alternatiwve rates

of 10%, 7% and:3% per annum.

The Discount Year

The discount year is the base year to which the
costs and benefits are discounted. Discounting to
arrive at a 'present value' should not be confused
with the procedure of converting all costs to a
common prices level (section 2.3) which was
concerned merely with adjusting cost inputs for
inflation.

The discount year need not be the same as the
prices year (1977). The discount year adopted was
1978 as it appears that this is the year in which
the major investment decisions will need to be made.
The value of the investment is there fore expressed
as a 'present' value as at the time of the decision.

Summary of Parameters

Summarising parts 2. 2-2.4 the following parameters
were used in the economic evaluation:

(i) An evaluation period 1978-2006 inclusive.
(ii) All money values are expressed in 1977 prices.

(iii) Cost and benefit streams are discounted at
rates of 10%, 7% and 3% per annum.

(iv) Costs and bene fit streams are discounted to
1978. .



Section 3 turns to the measurement of the cost and
bene fit streams for each option.



3.0

COST AND BENEFIT ESTIMATES

3.1 Introduction

All costs and benefits are estimdted in terms of
their dif ferences from the base’case. This has
been defined in the NEAPTR study as the current
proposals are therefore not themselves evaluated,
BUE provide a basis against which to assess the
additional costs and benefits of the various
options.

The costs and bene fits included in the evaluation
are:

CAPITAL OUTLAYS

land acquisition costs; v
. -construction of infrastructure; Vv
vehicles and/or rolling stock. v

ANNUAL COST AND BENEFIT STREAMS

.

net benefits to public transport users;

changes in fare revenue to public transport
operators;

changes in operating costs to public transport
operators;

AR B w]

! .

o bene fits from a reduction in road accidents.
Cauwls |

TERMINAL VALUES

the residual value of the project at the termin-
ation of the evaluation period.

The remainder of part 3 describes the estimates
made for these items. Typically the capital costs
relate to the initial set-up costs, whilst the
annual bene fits were estimated for 1996. Part 4
there fore deals with the assumptions in the
evaluation as to how the costs and benefits would
be streamed over time.

proposals of the Bus Service Planning Group. Those

e

e

travel benefits to private road users; coslyadse

gl



3.2 Land Acquisition

Land costs for each option were estimated by the Valu-
ation Department for Messrs. Kinnaird Hill de Rohan and
Young, Pty. Ltd. (subsequently referred to as Kinnaird
Hill). The estimates include three comnponanis:

(1) The current value of land already in public
ownership; katgfv

Al

,///ﬂYii) a notional 'replacement' price for areas of
arkland (which are not amenable to a market
valuation) ;

7
£ (iii) future property resumptions regquired.

Table 3.1 shows the total land costs for each
option and also the proportion attributable to
future resumptions (item (iii) above). This
distinction is important. All three cost items are
' true economic costs and were included in the
leconomic evaluation. However, in determining
{ future capital budgeting requirements items (i) and
.~ (ii) are excluded since they do not represent
actual futuré cash outlays.

)

- L - ?_/ ] (’ A AT
/ 'I‘ Li/‘ LA,,«MJLJ( ,gi,a;i—-'k/ic e\t Ao )(‘/\ Gt
Lo ; M - .

C)Q’a;d?

L * vRéference 7.

- 11 -



...ZT_

OPTION NO.

55444/624060

LRT OPTIONS

21
22
23

31
32

BUSWAY OPTIONS

52
53

62
62 (p)

HEAVY RAIL OPTIONS

8l
82
83

TABLE 3.1

LAND ACQUISITION COSTS

DESCRIPTION

LRT H/ST H/SP Route 1
LRT H/ST H/SP Route 2
LRT H/ST H/SP Route 3

LRT L/ST H/SP Route 1
LRT L/ST H/SP Route 2

Busway H/ST H/SP Route 2
Busway H/ST H/SP Route 3

Busway L/ST H/SP Route 2
Pull-on busway L/ST H/SP Route 2

Heaw Rail, Corridor to TTP
Heavy Rail, N'field to TTP
Heavy Rail, N'field to Ingle Farm

TOTAL FUTURE RESUMPTIONS
LAND COSTS (% OF TOTAL)

$(000'S)

Aj/(’/ A/7(,/

7317 38%

8242 42%

23461 80%

4627 50%

64 32 36%

7379 40%

22423 81%

6309 39%
> e

8031 &— 60%
2350

A2 ;lg(‘(/(&'( 7L - T

52% :
470 %7—4%0% </M“~’




3.3 Construction of Infrastructure

Construction costs were also estimated by Kinnaird
Hill.* The total costs include all costs of
construction of the right of way and associated
bridges etc., the cost of service and route
alterations, engineering and management, high
standard stations, landscaping and noise
protection, and an allowance for contingencies.
These costs are summarised in the first column in
Table 3.2 ('Total' column).

However, not all components of the total costs
contribute to the benefits measured by the cost-
benefit evaluation. The benefits to be gained by
landscaping and noise control, and by high
standard stations instead of basic utilitarian
facilities, are not readily amenable to measure-
ment in money terms. These expenditures are
justified not by the travel time bene fits which
are included in the evaluation, but by an
independent decision as to whether their benefits
to the environment, and to travel comfort outweigh
their additional costs to the project.** Thus, for
\// evaluation purposes the/costs of noise protection
4/& and landscaping and the extra costs of high

‘standard stations are excluded.y The remaining
Costs are referred to as ‘active' capital since
they actively contribute towards the benefits
measured in the evaluation.

T e
B2 (_}(,( AN «‘L'{?/\“\: ( "" . '} - ?’F&’M

b up

* Reference 7.

** The fact that noise control and landscaping are
normal social requirements of such schemes
may be argued to demonstrate that society
(through its elected representatives) does in
fadt value the environmental benefits, at least
as highly as the capital outlays inwlved.



OPTION NO.

LRT OPTIONS

.

21
22
23

31
32

BUSWAY OPTIONS

52
53

62
62 (p)

HEAVY RAIL OPTIONS

81
82
83

TABLE 3.2

CONSTRUCTION COSTS ($000'S)

DESCRIPTION [egnd_

LRT/H/ST H/SP Route 15317
LRT H/ST H/SP Route

LRT/H/ST H/SP Route

wN

LRT L/ST H/SP Route 1
LRT L/ST H/SP Route 2

Busway H/ST H/SP Route 2
Busway H/ST H/SP Route 3

Busway L/ST H/SP Route 2
Pull-on busway L/ST H/SP Route 2

Heaw Rail, Corridor to TTP
Heavy Rail, Northfield to TTP
Heavy Rail, Northfield to Ingle Farm

Tho
Oy

TOTAL

48366
50906
52179

34828
39499

42293
44840

34328
34328

160623
45925
17680

4\

e C,"(u‘i;

A
of caplet

'ACTIVE'

31681 >
35422 2670

23481
23481

149469
40510
14775

)

>




3.4

‘dealt with in section 4.

Vehicles and/or Rolling Stock

Vehicle and rolling stock requirements were
estimated by Messrs. DeLeuw Cather of Australia* for
the plan year 1996. These estimates are summarised
in Table 3.3. Figures in brackets show the
requirements relative to the base case.

Vehicle requirements were costed at the following
rates:

buses: $100,000/bus

LRT cars: $300,000/car
TR

Heavy Rail Cars: (for diesel-electric

operation) $350,000/car.

Heavy Rail Power Units: (for diesel-electric
operation) $750,000/unit.

Heavy Rail Cars: (for electric operation)
$417,000/car, assuming 50%
power cars at $550,000/car
and 50% trailers at
$285,000/car.

On the basis of these rates and the requirements
shown in Table 3.3 the net vehicle/rolling stock
costs compared to the base case are shown in Table
3.4. Options 82 and 83 (diesel-electric rail
optjong) were assumed to require respectiwely 8 and
anower units in addition to passenger cars.

It should be noted that these costs are based on
1996 vehicle requirements. Total costs _over the

(vehlcles (in busway optlons) and also savings in

base case bus replacement costs. These aspects are

-

* Reference 8.






3.6

Public Transport Fares Revenue

The average fare per base case trip is assumed to
remain constant between the base case and the
options (thereby ignoring possible small
di fferences due to di fferences in awerage trip
length) . The change in fare revenue to public
transport operators compared to the base case is
thus approximated by the total of fares paid by
the generated passengers. We assumed an average
fare of 25¢ per generated passenger trip (some 10%
i the ¢ average). Given the
passenger generation figures shown in Table 3.5,
_the extra fare revenue in 1996 is shown in Table .

3.7
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Public Transport Operating Costs

This item includes both the annual operating costs
(net of vehicle acquisition costs, which are
treated as part of capital) and the costs of track

maintenance. Total public transport operating
costs in the base-case and the options were
estimated in 1974 prices for 1996 conditions by
DeLeuw Cather, as part of the Operations Study.*
For evaluation purposes these were conwverted to

1977 prices by an inflation factor of 1.5. The

resulting estimates of operating costs are shown
in Table 3.8.

It should be noted that in some options there is a
net saving in operating costs compared to the base-
case. These savings are measured as a benefit in
the evaluation. Increases in costs are included

as a disbenefit. :

* Reference 8.
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3.8 Private Road User Benefits

The item includes two e ffects;

(i) time savings to road users due to the
marginally higher road speeds obtained by the
trans fer of some trips from private to public

// 4 transport.
/\
LU%KQ" (ii)  time delays to road users at transit crossing
b -t points in those transi opflons with at-grade
A junctions (viz: optiods 31, 32, 62 and 62 (p)).
\ o I ~ ;:—~ A«/\__/\w/--\; N
£2/\ Item (i) was derived from the highway modelling
QA work which was undertaken for the evaluation of a
f;dnul« - Freeway in the Modbury Corridor
kﬂAJU”“‘ Estimates of these benefits are therefore dealt
‘L \AJQJ( with in Appendix A.
S ML“\‘
o ;/Y Delays at intersections of a transit route with
W ’ the road system were extracted using the

Commonwealth Bureau of Roads level crossing
formula;

Hourly delay = nt = n Rq(Rs/60 + q/(s-q) Mins.
2(s-q)

l

Where n = number of closures per hour

R = average duration of closure (mins).

g = traffic flow/hour (one direction)

s = saturation flow (one direction; assumed
to be 2500 wehicles/hour for this
exercise).

The 1996 NEAPTR estimates of affected traffic
volumes are shown in Table 3.9, together with our
assumptions as to directional flows.

We assumed the following closure characteristics;

(i) Each closure lasts 33 seconds;

(ii) 30 closures/peak hour and 6 closures/off
peak hour for low-standard LRT options.

(iii), 40 closures/peak hour and 10 closures/off
peak hour for low standard busway options.

Applying the delay formula, the resultant delays
for the LRT option are shown in Table 3.10.

-~ 26 - ' .
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TABLE 3.10

DELAYS AT ROADS CROSSED BY LOW STANDARD LRT (1996)

Intersection

Smart Road
Reservoir Road
Grand Junction Rd.
Lyons Rd.

Darley Rd.

0.G. Road

L. Portrush Rd4.
Stephens Tce.

Park Tce.

Total Delay (vehicle mins)

Average Peak Hour

63
130
211

83
569
214
214
121
568

Average Off-Peak Hour

14
20

25
29
29
18
55




The annual costs of delay were based on:

(i) 4 peak hours and 12 o ff-peak hours/day

(ii) 310 days/year

(iii) Average cost of delay of $2.19/hour/occupant
(see Appendix B) at an occupying rate/
vehicle of 1.4.

On this basis, the estimated 1996 cost of delay to

road traffic caused by a low standard LRT facility

would be $177,000/year. The equivalent cost for a

busway would be $250,000/year.

Accident Benefits

A reduction in road accident costs would be a
small, but not insignificant economic benefit,
even at modest levels of diversion of road users
to public transport. The data available is not
sufficient to make more than a crude estimate of
the correct order of magnitude of this item. To
achieve this, a method was derived from
Commonwealth Bureau of Roads procedures. These
procedures express accident rates for surface
streets as a function of awerage vehicle speeds,
viz;

R = 31.827/Vs + 0.622

Where R = the casualty-accident rate per
million vehicle kms.

Vs = the mean speed on the road section
considered. '

Using this formula we assumed;

(1) the levels of passenger diversion from
private to public transport shown in Table
3.5'

(ii) a base-case car occupancy rate from these

[7@ Z@»w {et f'<¢4 trips of 1.2 persons/car (i.e. less than the

Laqm/ (f

overall average of 1.4/car).

(iii) a base-case awerage journey speed over the
study area over 24 hours of 30km/hr, giving
an accident rate of 1.68 accidents/million-
veh-kms.

- 29 -



(iv) a base-case awerage car trip length of 12km
per vehicle trip. :

(v) the CBR cost estimate of $9600/casualty-

accidents (1974 prices) updated to $14,400/
casualty accident (1977 prices).

Table 3.11 shows the calculation of accident cost
savings in 1996 on the basis of these assumptions.
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3.10 Terminal Value of Project

The year 2006 is the final year of the evaluation
period. It is ten years after the plan year, which
is a reasonable extrapolation for strategic

planning, and means that depending up%?/;ng option,
benefits are measured over a period of 23 to 26

years. However,

the end date chosen is arbitrary.

purpose of including a terminal value is to
recognise that the various elements of fixed
capital investment tied up in the chosen scheme is
likely to hawe a continuing value to society there-

a fter.

As an estimate of this value we assumed that each
option would continue to earn a net annual benefit

) | at the 2006 value for a continuing period up to
aééU&hQL’ \ —,a total of 30 benefit years in total for that
benc 2 -~ option. We therefore added 8, 7, or 6 extra years

benefits for options which open in 1985, 1984 or

L 3O o 1983 respectively.

This is a neutral assumption
in the sense that the benefits of the public -

transport system to society post-2006 might be

qﬁam,k$22£f56 either greater or less than our current estimate

of their value in 2006. It therefore increases

“the evaluation period for benefits to 30 years in

‘all options, but does

not extrapolate either an

“increasing nor decreasing value o enefits after

2006. The extra years' benefits were discounted

The

at 10% per annum to 2006 regardless of the rate of

Jiscount used to discount all values, including

ferminal values,to 1978. This effectively allows

for a higher degree of uncertainty attached to
post-2006 values. o o

_Table 3.12 shows the calculation of terminal

values.
.3 C)
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4.0 STREAMING THE COSTS AND BENEFITS OVER TIME

4.1

Phasing of Land and Construction Costs

Kinnaird Hill deweloped a preliminary implement-
ation programme for certain options viz. LRT
options and low standard busway. We used these
as a guide to the likely implementation programme
of all options. Taking 1978 as year 1 of the
programme, the assumed phasings of total land and
capital construction costs are shown in Table 4.1.

Within this profile of total land and
construction costs, we assumed that all costs in
1978 would be land costs. The remaining balance
of the land costs was then allocated to 1979 and
1980 in the proportions 67% and 33% respectively.
Tt was assumed that land already acquired and
any parklands used would be brought into
preparation stage at the same rate as new
resumptions are made. Total land costs in each
year of the period 1978-1980 were there fore
divided into future resumptions and the remainder
by the proportions shown in Table 3.1.

} Of the construction costs, only the active

capital was included in the evaluation (Table 3.2)
The active capital was assumed to be a constant
proportion of total construction costs in each
year of construction.

WWF/‘/()
Ao
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TABLE

PHASING OF CAPITAL EXPENDITURE (LAND & CONSTRUCTION)

OPTIONS
1978 1979
21,22,23,81,82 2 12
31,32 2 14
52,53 3 12
62,62 (p) 3 12
83 3 15

% OF COSTS INCURRED IN YEARS:

1980

14

15

28

31

27

1981

18

28

23

26

27

1982

22

29

26

28

28

1983

22

12

(scheme
opens)

{scheme
opens)

1984

10

(scheme
opens)

(scheme
opens)

1985

{scheme
opens)

TOTAL

100

100

100

100

100




Phasing of Vehicle/Rolling Stock Acquisition

The preliminary implementation programme also
formulated a time-profile for the acquisition of
vehicles/rolling stock prior to scheme opening.
We assumed that 80% of the 1996 vehicle rolling
stock requirements would be purchased prior to
opening and allocated the remaining 20% of costs
to 1990. The preliminary implementation pro-
gramme assumed for the initial 80% of new vehicle
costs is shown in Table 4.2.

For the busway options, 52, 53, 62 and 62(p), the
buses acquired will not last the duration of the
evaluation period. We haw assumed an awverage bus
life of 13 years and thus a recurrence of the
capital costs 13 years after their first year of
use.

In addition to the new wvehicle/rolling stock
requirements the non-busway options have a net
saving of buses compared to the base case and this
was included as a negative capital cost in the
evaluation. These savings also need to be phased.
Deleuw Cather estimated the total number of buses
required in the base case in 1976 and 1996 and in
all the options in 1996. Table 4.3. shows the bus
acquisition programme we assumned for evaluation
purposes between these two dates, for the base
case and the options.

The fleet savings were included in the evaluation
in the years shown in Table 4.3. 1In addition, the
savings are repeated 13 years subsequently, to
allow for the reduction in bus replacement costs
relativwe to the base-case.
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8¢

1976 fleet

1981 fleet

1986

fleet
fleet
fleet

1991

fleet
fleet
fleet

1996

fleet
fleet

fleet

* buses are saved relative to the base case and the total savings

increase
size
saving*

increase
size
saving¥*

increase
size
saving*

TABLE

b. w.

BUS ACQUISITION EXPANSION PROGRAMMES (NON-BUSWAY OPTIONS)

BASE

CASE

268

300

+25
325

+25
350

+21
371

300

+10
310
-15

+10
320
-15

+19
339
-2

22

300

+10
310
-15

+10
320
=15

+18
338
-3

23

300

+10
310
-15

+10
320
-15

+18
338
-3

31

300

+10
310
-15

+10
320
-15

+19
339
-2

32

300

+10
310
-15

+10
320
-15

+18
338

1986, 1991 and 1996 correspond to those given in Table 3.3.

81 82
300 300
+10 0
310 300
-15 -25
+10 0
320 300
-15 ~25
+16 -1
336 299
-5 -22

over the years

83

300

300
-25

300
-25

-1
299
-22




4.3 Time-Profile of Public Transport User Benefits

The primary estimates of public transport user
benefits were made for 1996, the plan year
(Section 3.5). The level of such benefits in
other years will depend primarily on:

(i) changes in the demand level over time;

(ii) changes in the real value of time savings,
over time.

Demand in the base case is expected to increase
from 89530 public transport trips in 1976 to 136538
trips in 1996, a compound annual growth rate of
\-75;7 2.133% p.a. Real values of time savings are
assumed to grow at a rate of 2.0% p.a. These
Increases are assumed to occur throughout the
evaluation period giving an annual growth rate in
bene fits of their equal to their product, viz:
4.2%.p.a. Both benefits to base case public
transport trips and to generated trips were
assumed to grow at this rate. On this basis Table
4.4 shows the ratio of public transport user
bene fits in key years to the level of benefits
measured in 1996.

TABLE 4.4

TIME~-PROFILE OF PUBLIC TRANSPORT USER BENEFITS

BENEFITS IN YEAR AS A PROPORTION OF
BENEFITS IN 1996.

1986 | 0.664 é(ﬂo

1991 0.814 ] lffo

Wuz}é«ln - 1996 o 1.000 u}o”fa
9’/@ ’ 2001 1.227 '|23"1o

m,(/\u/oaeyﬁ 2006 ~ 1.503 [§0'7o
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Time-Profile of Public Transport Fares Revenue

The increased fares to the public transport
operator were also estimated for 1996 (Section 3.6)
To phase this benefit we assumed that the 1996
ratio of generated passengers to base case
passengers is achieved in the first scheme vyear
and that this ratio remains constant throughout
the evaluation period. These benefits would thus
increase at the same rate of increase as base case
passengers namely 2.133% p.a. On this basis

Table 4.5 shows the estimated increased fare
revenue in some key years as a proportion of the
level of increased fare revenue in 1996,

Y

TABLE 4.5

TIME-PROFILE OF PUBLIC TRANSPORT FARES REVENUE

BENEFITS IN AS A PROPORTION OF
YEAR BENEFITS IN 1996
1986 0.810
1991 0.900
1996 1.000
2001 1.111
2006 1.233
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Time-Profile of Public Transport Operating Costs

We related this profile to the assumed acquisition
programme for new vehicles and/or rolling stock.
In all options we assumed 80% of the 1996 vehicle
requirements are available from the opening year
to 1990 and the other 20% available thereafter

for the remainder of the period (Section 4.2).

Since the operating cost methodology was based on
average costs/vehicle-kilometre, we assumed for
simplicity that operating bene fits/disbene fits
would also be at 80% of the 1996 level in the
years from opening until 1990, and that the 1996

estimate would apply thereafter
\/\/W\’\/W\-—-

Time-Profile of Private Road User Benefits

As discussed in Part 3.8, these consist of two
elements. The streaming time savings to road
users due to higher road speeds is dealt with in
Appendix A with the annual estimates.

The disbenefits in low standard LRT and busway
options caused by road closures at intersections
were phased by calculating the costs in both 1996
and a notional situation with 1976 flows and 1976
values of time. The compound annual growth rate
in this disbenefit was thus identified as 6.88%
p.a. On this basis, Table 4.6 shows the level of
disbenefit in some key years as a proportion of
the lewel of disbenefit in 1996.

TABLE 4.6

TIME-PROFILE OF ROAD USER DISBENEFITS
AT TRANSIT INTERSECTIONS

BENEFITS IN AS A PROPORTION OF
YEAR BENEFITS IN 1996
1986 0.514
1991 0.718
1996 1.000
2001 1.395

2006 1.944
- 41 -~



Time~-Profile of Accident Benefits

In the methodology developed for the estimation of
these benefits (Section 3.9) the accident benefits
are proportional to the number of passengers
transferring from road to public transport.

Accident benefits are therefore assumed to grow at
the same rate as generated public transport
passengers, so that the factors given in Table 4.5
(for the increase in fares revenue) are applicable
also to accident benefits.

Terminal Values

Terminal values, by definition, are allocated
exclusively to the year 2006.
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5.0 EVALUATION RESULTS

5.1

Introduction

In this section we compare the economic merit and
characteristics of the options in terms of;

(1) the benefit/cost ratios (B/C) and the net
present values (NPV);

(ii) the distribution of costs and benefits
between transport user groups, the operators

and the community at large; C;;%ZQT@U - oouég

(iii) comparison of low standard with high
standard facilities;

(iv) pull-on busway operation wersus express
services only;

(v) capital budgeting requirements of each
option in the period 1978 - 1985.

Summary Tables are given in Section 5 to illus-
trate the various economic aspects discussed.
However, a detailed computer tabulation of all the
cost and benefit inputs in each option, fully
streamed over time, is available if required,
together with the corresponding discounted
magnitudes.

Sensitivity of Results

For the B/C ratios and NPV's of each option, we

also include minimum and maximum estimates which
de fine the range within which the estimates are

statistically likely to fall, given that;

(1) the range of each cost and benefit item is
normally distributed about the mean (the
input estimate)

(ii) the distributions are symmetrical
(iii) the distributions are independent.

Under these conditions the statistical confidence
that the NPV and B/C ratios fall within the ranges
calculated is the same as the confidence that the
indiviaual estimates fall within a specified
range. .We assume that these individual estimates
may vary with equal confidence limits, within the

following ranges;

- 43 -
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Capital costs: plus or minus 15%

Public transport user benefits: plus or
minus 25%

Public transport fare rewvenue benefits: plus
or minus 25%

Public transport operating cost benefits:
plus or minus 25%

Benefits to road users: plus or minus 30%
Accident benefits: plus or minus 30% |
: Terminal values: plus or minus 30%QETE;545
Thus assuming that there is 90% confldence that the
actual individual estim his range,

_— we may be 90% confident that the B/C ratios and

““NPV's fall within the range specified in the
result tables.

Although the individual cost and benefit items are
not fully independent (contrary to condition (iii)
abowve) the analysis tends to be dominated by the !
major cost and the major benefit items (for which

the estimates are independent). Therefore the

; analysis is sufficiently robust to produce good

C) indicatiwe results.

Due to uncertainty in forecasts and the necessarily
broad nature of some of the estimates, the ranges
given for the B/C ratios and NPV's should be
considered at least as important as the actual
estimates.

5.3 Comparison of Economic Worth

The benefit cost ratio (B/C) of an option is
de fined as

the discounted value of annual net benefits plus
terminal values
the discounted value of capital costs

Disbenefits in the numerator are included as
negative values and tend to reduce the magnitude
hof the B/C ratio. Capital cost savings (of
i vehicles) are included as negative values in the
| denominator and tend to increase the B/C ratio.
"Table 5.1 compares the B/C ratios of the options
at annual rates of discount of 10%, 7% and 3%
respectiwly.
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TABLE 5.1

COMPARISON OF BENEFIT/COST RATIOS

Discount Rate = 10% p.a. Discount Rate = 7% p.a.
Benefits Costs B/C Range of B/C Benefits Costs B/C Range of B/C |
(000's) (000's) - (000 "'s) (000's) |
$ $ $ $ |

LRT Options

u/sT 21 O Al —Aw 34295 m (_0.69 1.04 - 1.21
H/sT 22 C~A-G-7 28663 0.57 | 0.53 - 0.80 = 0.93
H/ST 23 (-G -7 24829 0.39 0.36 0.55 - 0.63
L/ST 31 (A /v 34021 0.95 0.89 1.31 - 1.51€
L/ST 32 @G +#-G-7 29321 0.69 0.65 0.97 - 1.12
Busway Options
p/sT 52 C G 14719 37111 | 0.40 0.36 - 0.43 24891 41097 0.61 0.55 - 0.66
53 ( -AAT g288 52697 | 0.16 0.14 - 0.17 14472 57919 0.25 0.23 - 0.28
L/ST 62 (" —A-( 13838 31140 | 0.44 0.41 ~ 0.48 23016 34359 0.67 0.62 - 0.73
L/ST 62(p) C—sf-(= 22077 26247 | 0.84 .78 - 0.91 36644 28445 1.29 (f.‘ls - 1.41™
Heavy Rail 7
Ogtions :
81 - 7FP28491 123745 | 0.23 0.21 - 0.25 46561 135341 0.34 0.31 - 0.38
82 S~ 7PF 9746 39505 | 0.25 0.22 - 0,27 14847 42536 0.35 0.31 - 0.39
83 A s 12689 14874 w .78 - 0.94 18783 14956 1.26 1.14 - 1.38
— / 7
\ LLL Llﬂjk 4 Cont'. K<9Lz~f
o alt._ r
[§1] »




TABLE 5.1 Cont'....

COMPARISON OF BENEFIT/COST RATIOS

Discount Rate = 3% p.a.
Benefits Costs B/C Range of B/C
{000 "s) (000 "s)
LRT bptions
H/ST 21 120666 56680 2.13 1.92 - 2.35
H/ST 22 101099 61701 1.64 1.49 - 1.80
H/ST 23 87742 78913 1.11 1.01 - 1.22
L/ST 31 110761 42613 2.60 2.37 - 2.85
L/ST 32 98621 50584 1.95 1.77 - 2.14
Busway Options
H/ST 52 54834 48399 1.13 1.02 - 1.25
53 33128 67243 0.49 0.44 - 0.55
L/ST 62 49813 40386 1.23 1.12 - 1.36
L/ST 62 (p) 79121 32192 2.46 2.19 - 2.75
Heavy Rail
Options
81 97662 153237 0.64 0.58 - 0.70
82 27987 46352 0.60 0.54 - 0.67
83 34449 13939 2.47 2.21 - 2.77 ‘="{l<f7ﬁﬂﬁ;6




The net present value is the discounted sum of
benefits minus the discounted sum of costs. It
summarises the same information as the B/C ratio
but expresses the worth of the options in

absolute $ terms rather than as a ratio of benefits
to capital costs. Table 5.2 giwes the NPV's of

the options at the alternative rates of discount

of 10%, 7% and 3% p.a.

On the basis of the results in Tables 5.1 and
5.2, Table 5.3 shows the comparative ranking of
options under B/C and NPV criteria for the
alternative discount rates.



TABLE

5-2 -

COMPARISON OF NET PRESENT VALUES

Option No. Discount Rate = 10% Discount Rate = 7% Discount Rate = 3%
NPV Range of NPV Range of NPV Range of
(Sm) - NPV (Sm) NPV (Sm) NPV

LRT
Options — _
H/ST 21 -11.9 -14.6 to =-9.2 6.3 2.2 to 10.3 64.0 54.3 to 73.6
H/ST 22 -21.5 -24.1 to -18.8 -7. -11.1 to -3.6. 39.4 31.1 to 47.7
H/ST 23 ~-39.1 -42.1 to -36.1 -28.8 -32.7 to -24.9 <:§.§i) 1.1 to 16.5
L/ST 31 -1.6 -3.9 to 0.6 15.8 12.6 to 19.1 : 68.1 60.9 to 75.4
L/ST 32 -12.9 ~15.4 to -10.5 1.8 -1.6 to 5.2 48.0 40.6 to 55.5
Busway Options
H/ST 52 -22.4 -24.5 to -20.3 -16.2 ~19.0 to -13.5 6.4 1.0 to 11.9
H/ST 53 -44.4 -46.9 to -41.9 ~-43.4 -46.4 to -40.5 -34.1 -38.6 to -29.6
L/ST 62 -17.3 -19.1 to -15.5 -11.3 -13.7 to =-9.0 9.4 4.8 to 14.0
L/ST 62(p) 4.2 > -6.1 to =-2.2 <:§Egif 5.3 to 11.1 46.9 40.2 to 53.6
Heavy Rail | j
Options

81 -95.3 -102.2 to -88.3 -88.8 ~96.8 to -80.8 -55.6 ~66.8 to -44.3

82 -29.8 -31.9 to -27.6 -27.7 -30.3 to -25.1 -18.4 ~22.0 to -14.8

83 <2.2 -3.5 to -0.9 .8 2.2 to 5.4 <E§EEZ> 18.0 to 23.0

/ ! Tt
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Two general features are apparent from the
rankings:

(1) Ranking the options in order of B/C ratios
and NPV's gives broadly similar results;
(ii) Reducing the rate of discount does not QSUiLDhM

Cgreatly alter the ranking in terms of B/C

//////////' ratios or NPV's. £Q@f{ﬁuﬁ"

The exception to this is option 83, the Northfield
Rail extension to Ingle Farm, which does not
perform so well in NPV terms at lower rates of
discount. On the basis of these features, it is
possible to generalise about the relatiwe

economic merit of the options.

Relatively good:-

Options which tend to per form relatively well
under NPV and B/C ratios, for all rates of
discount are;

31 LRT L/ST (Corridor-Ninth-Mackinnon-King
William)

62(p) Busway L/ST - (Pull-on operation/Corridor-
Hackney-Grenfell)

83 Heavy Rail (Northfleld extension to Ingle
Farm)

21 LRT H/ST (Corrldor—Macklnnon-Klng
William)

Medium: -

Options which tend to fall in the middle of the
range under NPV and B/C ratios, for all rates of
discount are; :

32 LRT/LST (Corridor~Hackney-Grenfell-
Topham)

22 LRT H/ST (Corridor-Hackney~Grenfell-
Topham)

62 Busway L/ST (Corridor-Hackney-Grenfell)

52 ~ Busway H/ST (Corridor-Hackney-Grenfell)

- 50 -



Relatively poor:-

Options which tend to perform relatively poorly
under NPV and B/C ratios for all rates of discount
are; .

23 LRT H/ST (Corridor-Payneham-Grenfell-
Topham)

53 Busway H/ST (Corridor-Payneham-Grenfell-
Topham) .

81 Heavy Rail (Corridor to Tea Tree Plaza)

82 Heavy Rail (Northfield extension to Tea

Tree Plaza)

The summary above expresses the comparisons in
relative terms. However, it is sometimes

_considered appropriate by “Financing authorities_ to

impose _a cut-off level of B/C, which must be

achieved for the capital expenditure to be

'Justi fied' To preclude further consideration of

certain options on the basis of such a cut-off

rate is, in our view, invalid. This view is based

- on the fact that social and environmental

considerations may be considered 0 add to or

deduct from the overall case for particular

options and in practice often do change the final

“TYanking of the so-called 'justified' schemes.

If such changes to the overall worth and ranking
of projects is valid for projects which are above
a particular economic threshold, then it is
equally valid to allow options below that
threshold to receive a similar consideration.

‘Subject to this qualification, 1t is useful to note

the absolute level of B/C ratio in comparison to
a benchmark (and not a cut-off rate) of B/C =
(i.e. benefits = costs).

At a 10% rate of discount only option 31 falls in
a range which may exceed B/C =1 (0.89 - 1.02).

At a 7% rate of discount a B/C ratio exceeding 1
may be achieved by optlons 31, 21, 32, 62(p) and
83.

At a 3% rate of discount a B/C ratio exceeding 1
is achieved by all options except 53, 81 and 82.
In other words, the discounted benefits do not
exceed the discounted costs in these options at
any of the discount rates tested.
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Having discussed the overall results, we now turn
to more specific elements of them. We deal first
with the distribution of costs and benefits.

Distribution of Costs and Benefits

The distributional analysis considers four main
groups involved in transport;

(i) public transport users

(ii) private road users

(iii) the public transport operators
(iv) the community as a whole

For each of these groups we isolate their net
benefit or costs:

public transport

users: are allocated the benefits to
- 4 base-case public transport
vizswéiﬁz; 7€“¢ users and to generated

Seoreny s passengers

private road

users: are allocated the benefits of
relief to the road system, net
of any increase in delays at
intersections with at-grade
facilities.

76"“‘ Sevi s

/ .

— RIS

public transport )

operators: - are allocated the difference
»  from the base-case in net

4 income, being the net effect

of fare revenue and annual

operating cost di fferences.

the community as

a whole: are allocated the capital costs

of the system, less :any
accident reduction benefits.

In the sense that the public transport operators
are public authorities, the final two groups can
validly be aggregated, but for purposes of
exposition, they are shown separately. Terminal
values are not allocated (in principle they could
be thought of as part of the benefits to a future

enerationj. Table 5.4 shows the distribution of
“%IEEaﬁﬁféa costs and benefits at a 7% rate of

discount. The magnitudes would be different for
other rates of discount but the essential pattern
is the same.
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Table 5.4 demonstrates the following broad
conclusions:

(1)

(ii)

(iv)

On similar routes LRT options tend to give
public transport user benefits significantly
greater than busway options.

Options which include Northfield heavy rail
extensions to Tea Tree Plaza (82) and to
Ingle Farm (83) give negative public
transport user benefits (this means that the
base~case public transport system in the
North-East area is better for public
transport passengers as a whole than the
systems evaluated in these options). This is
caused at least in part by a sub-optimal
bus service in these options, see Section 3.5.

R

Benefits to road users are substantial in
both LRT and busway options and in option
81 (Heavy rail in the Corridor to Tea Tree
Plaza). This is due to the congestion
relief expected on the roads c.f. the base-
case. Since options 82 and 83 do not
attract any extra passengers, there is no
such benefit. 4?hzf\um4£f .

There is a considerable increase in the net
income (i.e. income minus expenditure) of
public transport operators compared with the
base-case in both LRT and Heavy Rail
options, and a small reduction in net income
in busway options. This is almost wholly
due to the estimated reduction in public
transport system operating costs in the

LRT and Heavy Rail Options, as opposed to

an increase in system operating costs in

'busway options. This difference in costs
} can be attributed, in the main, to higher crew

costs for the busway options.

Costs to the community at large differ
greatly and are dominated by differences in
the capital outlays. Differences in these
outlays between routes and standards are
considerable. For LRT options the
digcounted community costs are 90% higher

in the most expensive option (23) compared
to the cheapest (31). For busway options,
these costs are 130% higher in the most
expensive option (53) compared to the
cheapest option (62(p)). For heavy rail
options the costs are nearly 900% greater

in the most expensive option (8l1) compared
to the cheapest option (83). Clearly, the '
community costs and in particular, the
capital outlays tend to dominate the overall
differences in NPV's and B/C ratios.
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High Standard Versus Low Standard Options

The LRT and busway options may be built either to
a high standard, that is with grade-separated road
junctions, or to a lower standard, that is with
road junctions at-grade. It is important to
consider whether the extra costs of grade-
separation are justified by the extra benefits.
Table 5.5 shows the extra costs and benefits of a
high standard facility over a low standard
facility on similar routes.

Route option 31 is not exactly comparable with 21
since the former includes the Ninth Avenue route
variant. The extra costs of 21 are thus not
entirely due to grade-separation. This dif ference
is not sufficient to affect the conclusion that
the additional costs of grade-separation are not

justified by the additional benefits gained. In

all cases the incremental NPV is substantially
negative.

Apart from the bias in 31 vis-a-vis 21, the
extent of the at-grade advantage is somewhat over-
stated by the evaluation methodology which

assumed that at-grade public transport speeds
could be achieved equal to the grade-separated
speeds. '

The benefits o f grade separation were thus

| calculated as the avoidance of delays to road

traffic at intersections. In practice, some
reduction in transit speeds might also occur with
at-grade facilities, even assuming (as does the
evaluation) that the transit mode has absolute
priority over road traffic. The extent of the
speed reduction would depend upon the efficiency
of the barrier triggering system and associated
safety standards. No explicit allowance has been
made for the cost of control systems or disbenefits
caused by speed reductions. However, it is very
unlikely that this would be sufficient to upset
the substantial NPV differences shown between the
low standard and high standard options.
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TABLE 5.5

ECONOMIC WORTH OF GRADE-SEPARATION ($M)

Discount Rate = 10% p.a. Discount Rate = 3% p.a.

L/ST H/ST Extra Costs Extra Bengﬁﬁlncremental Extra Costs Extra Bens Incremental
Option No. Option No. of H/ST of H/ST NPV of H/ST of H/ST NPV
LRT
Options

31 21 -10.2 14.1 . ~-4.,2

32 22 -8.5 11.1 2.5 -8.6
Busway
Options

62 52 _501 8.0 500 —300

* Benefits are greater in 32 than in 22 since
low-standard design.

earlier opening of 32 dominates the disbenefit of




- Pull-On Versus Express Busway

Options 62 and 62(p) are busway options along the
same route. However, Option 62 assumes exclusive
express-bus operation with extensive feeder
service, whereas Option 62(p) has some express
services but also allows considerable use of the
busway by service buses.

In economic terms, the pull-on operation is

Superior. From Tables 5.1 and 5.2 it can be seen
that 62(p) has lower costs (due to smaller wehicle

requirement) and greater benefits. The
incremental NPV of 62(p) over 62 ranges from
$13.1M at a discount rate of 10% to $37.5M at a
discount rate of 3%. On the basis of this
evidence, a pull-on mode of operation represents

a considerably more efficient use of a busway than
an exclusive express-bus mode of operation.

Capital Investment Requirements

This section describes the capital costs of each
option prior to opening. These are intended as a
guide to scale and approximate timing of invest-
ment outlays which would be required in each of the
options over the next few years, assuming the
implementation programme used in the evaluation.
The costs are actual cash outlays in 1977 prices
and are not discounted. They also,

(1) exclude the value of land already in public
ownership and the notional parkland replace-
ment cost, which are not future financial
outlays.

(ii) ‘include’the 'non-active' capital items such‘////

as high-standard stations, noise control
costs and landscaping costs.

On this basis, the costs are shown in Table 5.6
for periods 1978 - 1980, 1981 - 1983, and 1984.

Any detailed implementation plan for a particular
option would inevitably differ from the programme
assumed in the evaluation, but the general scale
and profile of costs would probably be similar.
Table 5.7 summarises the total capital expend-
itures on a per annum basis.
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ANALYSIS OF CAPITAL EXPENDITURE, (SM) 1977 PRICES
1978-1980 1981-1983 1984 Total 1978/1984
Options land const. veh/ total |land const. veh/ total |const. veh/ total-jland const. veh/ total
r.s. r.s. r.s. r.s.
LRT
Options
H/ST 21 2.8 8.3 4.8 15.9 - 34.5 9.5 44.0 5.6 1.6 7.2 2.8 48.4 15.9 C 67.1)
H/ST 22 3.5 8.3 5.3 17.1 - 36.7 10.7 47.4 5.9 1.8 7.7 3.5 50.9 17.8 72.2
H/ST 23 12.9 5.0 5.6 23.5 5.9 39.6 11.2 56.7 7.6 1.6 9.2 {18.8 52.2 18.4 89.4
L/ST 31 2.3 6.7 5.1  14.1 - 28.1 10.8  38.9 - - - 2.3 34.8 15.9 <:££zi>
32 2.3 7.8 5.7 15.8 - 31.7 12.1 43.8 - - - 2.3 39.5 17.8 59.6
~ Busway
~ Options
H/ST 52 3.0 13.0 1.4 17.4 - 29.3 5.6  34.9 - - - 3.0 42.3 7.0 52.3
H/ST 53 12,7 13.3 1.6 27.6 5.5 31.5 6.2 43.2 - - - 18.2 44.8 7.8 70.8
L/ST 62 2.5 12.4 3.5 18.4 - - 21.9 3.5 25.4 - - - 2.5 34,3 7.0 43.8
62(p) 2.5 12.4 1.2 16.1 - 21.9 1.3 23.2 - - - 2.5 34.3 2.5
Heavy Rail 2#%Zm”adi
Options
81 4.8 39.2 4.2 48,2 - 104.6 8.4 113.0 16.9 1.4 18.3 4.8 160.7 14.0 179.5
- 82 1.2 11.2 4.2 16.6 - 29.9 8.4 38.3 4.8 1.4 6.2 1.2 45.9 14.0 61 .1
83 - 7.7 3.3 <:§E;§> - 10.0 3.3 13.3 - - - - 17.7 6.6 4.3
. e Lot
(92 \'"
o
t

TABLE 5.6
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TABLE 5.7

ANNUAL CAPITAL EXPENDITURES (SM) 1977 PRICES

Options 1978-80 1981-1983 1984
4 SM/Year SM/Year $M/Year

LRT Options

H/ST 21 5.3 14.7 7.2
H/ST 22 5.7 15.8 7.7
H/ST 23 7.8 18.9 9.2
L/ST 31 4.7 13.0 -
L/ST 32 5.3 14.6 -
Busway Options
H/ST 52 5.8 11.6 -
H/ST 53 9.2 14.4 -
L/ST 62 6.1 8.5 -
L/ST 62(p) 5.4 7.7 -
Heavy Rail Options

81 | 16.1 37.7 18.3

82 5.5 12.8 6.2

83 3.7 4.4 -




SUMMARY AND CONCLUSIONS

The purpose of cost-benefit is to inform the process of
public choice between the alternative uses of society's
resources. As such, it provides a rational framework
within which to draw together and compare diverse
considerations, such as capital costs and trawel time
savings, public transport operating costs and road
accidents. The strength of the method is there fore not
in producing a single unassailable output or answer,
but in a systematic treatment of the questions or inputs.
This strength should not be under-rated, but it is
important too that the limitations of the information
provided are recognised. More specifically;

(1) various important decision variables are not
included in the cost-benefit analysis, for example
social and environmental impact, political
feasibility, capital availability, etc.

(ii) certain basic parameters of the method are by no
means universally accepted, for example, the
values of time savings, the value of accident
reduction, the right discount formula, the correct
relationship between road speeds and vehicle
flows.

(iii) the cost and benefit estimates made at this stage
' are necessarily of a lower order of accuracy than
would be possible in the detailed design of a
particular option.

(iv) options have not necessarily been optimised at
this stage and detailed design of any option
could reveal areas of possible cost savings, more
beneficial modes of operation and integration
with other public transport services, and
opportunities for a more efficient staging of
construction and opening.

Whilst recognising these limitations, the evaluation
provides the best evidence available at this stage of
planning regarding the economic per formance of the
options. Certain conclusions can and should therefore
be drawn. These are:

Busway versus LRT

On the same route and at the same standard;

/ ' :
(1) the economic performance of LRT and a pull-on bus-

way is similar; an express-only busway is less
ef ficient than either pull-on busway or LRT;
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(2\ options, those which enter the City Ce
‘ " North AdeTaide (for example, the Mackipnon Parade/ ?
\ ing William eet, and the Ninth Avenue/

-

(ii) LRT provides greater benefits to public transport
users;

(iii) LRT is more expensive in terms of capital outlays
to develop the system.

Standards

(iv) the additional construction cost of grade-
separating either LRT or busway from the road
system do not appear to be justified by the
additional benefits.

Routes

(v) for either LRT or busway options, route 3 (via
Payneham Road) performs substantially worse than
other route options in economic terms.

(vi) of the other routes available for LRT or busway

Heavy Rail to Tea Tree Plaza ﬁ:

(vii) Heavy rail options to Tea Tree Plaza either in the
Corridor or via Northfield extension per form
substantially worse than LRT or busway.

Northfield Extension to Ingle Farm a*;

(viii) A heavy rail extension via the Northfield line to
Ingle Farm performs relatively well in overall
economic terms, but achieves this through high
operating cost savings and low capital costs, and in
its present form does not provide any positive benefits
to public transport users as a whole. This could {7
possibly be overcome with further refinements of th

bus system (both radial and feeder services).

Y




APPENDIX A: ROAD USER BENEFITS AND THE FREEWAY ALTERNATIVE

A.l1 Introduction

This section considers two main evaluation tasks;

(i) the calculation of road user benefits in
alternative public transport options achieved
by diverting some travellers from private to
public transport.

(ii) the economic evaluation of a Freeway in the
corridor, as an alternative to the public
transport systems evaluated.

These are clearly inter-related items of work
since they both depend upon the conditions which
will prevail in the future on the base-case road
network in the Study Area. In establishing what
these conditions would be, we faced the following
problems;

(i) the non-availability of a traffic assignment
consistent with future travel conditions;

(ii) imperfect knowledge as to the precise
relationship between traffic flows, road
capacities and travel speeds.

In light of these data limitations, we adopted a
methodology agreed with the NEAPTR team, which in
our view gives reasonable estimates for the
comparisons required.

We would emphasise that for any more detailed
planning of the road system in the area, it should
not be considered an adequate substitute for a
more robust modelling exercise.

A.2 Definition of the 1996 Base-Case Road Travel
Conditions

The major components needed to calculate the travel
speeds on roads in the 1996 base case are:

(1) A speed/flow relationship
(1ii) A capacity for each section of road

(iii) An estimate of the future volume of trafflc
on each section of road.
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The speed/ flow relationship used was the Bureau of
Public Roads (BPR) formula; ‘

So
S —
v 4
1 + 0.15¢( /c)
where; S is the road speed in m.p.h.

So is the free-~flow speed.

V 1is the one way hourly wolume of
traffic on the section of road

C 1is the capacity of the section of
road '

The major roads in the corridor are the Main North
East Road (M) and the Lower North East Road (L).
We divided each of these roads into three sections
with break points at Lower Portrush Road and
Sudholz - Darley Road.

To calculate the capacity of each of these
sections of road in a manner consistent with the
BPR formula, we used peak hour travel time data
collected in 1974 for the Commonwealth Bureau of
Roads Australian Roads Survey, together with
estimates of 1974 peak hour traffic volumes from
the S.A. Highways Department published figures.
Assuming a free-flow speed (based on the Urban
Transport Planning System de fault values) for each
type of road and area, we worked through the BPR
formula backwards to calculate a wlume Capacity
Ratio consistent with the observed trawvel speed.
The volume data then converted this to a capacity
figure. The assuned free-flow speeds, observed
speeds and calculated capacities are giwven in
Table A.1l.

- 63 -




peoy ItoaIosay -~ proy A9TIed (TTT)

peoy Aarieq - peod YsnIrIiod IsMOT (TT)
peod YsnijzIod ISMOTT - D0vIIAI ied (I) UOT1D3S &
S68 ve 9°6¢ (TTT)
160T 8¢ F-0c (TT)
134 qZ 8°8T (1) T
7911 4% z°62 (tTT)
6991 8¢ 6°€C (TT)
86L Gz 8°ST (T) N
(IY/ysa) ("y-d-u) (Cydrw
A31oede) peodsg MmOTd o214  paadg paaxasqo UOT3098 peoyd

¥

PL6T Y04 SATIAS THAVEL ANV SITLIOVAVD dALVTINODTIND

T°¥ J19Y9%

64



The volumes of traffic travelling in each
direction on each section of road during a peak
and an off-peak hour were estimated from an
assignment of 1996 trips to a 1976 network. The
volumes had been assigned on an ‘all-or-nothing’
basis to routes built using 1971 highway speeds
and the data available was in the form of 24
hour two-way wolumes on the roads. To split
these wlumes into directional peak and off-peak
volumes, we used the factors in Table A.2.

Previous validation of the NEAPTR traffic models

led to over-assignment of trips of 14% on average,

on roads in the network. We therefore factored
down the two-way 24 hour volumes by 14% before
applying the above factors, to giwve the 1996
base case wlumes shown in Table A.3.

- 65 -




(TTT)

S%/ss $9°S 2T
pue (TT) SuoT3iods 0£/0L
(T) uot3oas 0¥%/09 38 4

uot309ITd IoUuTW/aolen

MmoTd ATTedg 30
Sbejueoiad ATINOH

Aea 194 °ON

SYOLOVd ¥NOH ¥VAd-440 ANV A¥dd

'Y dTgYL

66

InoH yead-3F 30 |

INOH Yead

poTIag



098

S%9 8€8 IOUTH
008 99071 0v0T xolen T
896 FPaceT 8TTT IOUTH .
00ZT 0891 98¢€1 xolen W yead-330
619 9Z8 €L0T IOUTH
ST 9Z6T1 0T19T xolew 1
626 00T OEVT IOUTK
L9912 ¥€0¢ LY 12 xolen W yead
(tTTT) (TT) (F)
uoT309S uo13oa81Td peoyd potaag

SAWNTOA TYNOILOTNIA MVYId-JJ0 ANV MVId dSVO ISVL 966T

€°V d1dVYL

67



We further assumed that 1996 road capacities in
the peak will have increased by 10% due to
improved vehicle design, driver behaviour and
minor traffic management improvements and also
that increased urbanisation around Tea Tree Plaza
will cause the free flow speed on the outer
sections of the two roads to reduce to 28 m.p.h.

The resultant speeds and time taken to traverse
each section of road by direction, peak and of f-
peak, are given in Table A.4. These are the

travel conditions we have used for the base case

when calculating any of the benefits to road users
from the options.
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ROAD USER BENEFITS IN PUBLIC TRANSPORT OPTIONS

Using the base-case conditions as de fined in
Section A.2, we calculated the benefits gained by
road users due to some trawellers being diverted
from the road onto public transport. The majority
(60%) of mode-switchers were assumed to do so in
the peak hours (i.e. 15% per peak hour) leaving

a relatively small number per average of f-peak
hour. We assumed the effect on of f-peak
travellers to be insignificant and only
calculated the effect in the peak hours.

To convert forecasts of the mode switchers from
passengers generated to vehicles moved, we assumed
an occupany of 1.2 per vehicle. The average
occupancy is estimated to be 1.4, but we have
assumed a lower figure for the mode switchers.

It was assumed that the mode switchers would
otherwise have driven the full length of the
corridor in the major direction and would be drawn
equally from each of the main roads. The number
of vehicles removed from each road in the peak
hour is given in Table A.5 for each option.

Using the base-case speed flow relationships and
volumes, we calculated the travel time savings
for the remaining road users in each option.

The hourly time savings were then multiplied by
the value of vehicle occupants time (i,e. $2.19
per occupant X 1.4 occupants per vehicle in 1996).
The peak hour savings were expanded to a 1996
total using a factor of 4 (peak hours/day) X 310
(average days/year).

Table A.6 gives the daily wehicle time savings and
annual cost saving for each option in 1996.
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A similar exercise was carried for Option 21 using
1986 values of time and a 1986 base-case
constructed in a similar way to the 1996 figures
(excluding the 10% increase in capacity). This
yielded an annual cost saving of $558,000.

This implied an annual growth rate of these

bene fits of 12.64% and they were streamed over
time accordingly. Table A.7 shows the proportion
of benefits in some key years to the level of
benefits in 1996.
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TABLE A.7

TIME-STREAMING OF ROAD USER BENEFITS

IN PUBLIC TRANSPORT OPTIONS

Benefits in Year

1986
1991
1996
2001
2006

As Proportion of
Benefits in 1996

0.304
0.551
1.000
1.813
3.287




Road User Benefits in the Freeway Alternative

To evaluate the benefits to road users in the
Freeway alternative, we needed to identify three
groups of travellers on each of the main road
sections namely those who:

*
I use Roads in the base-case and continue to
do so in Freeway option;

II use Roads in the base-case and switch to
Freeway in Freeway option.’ :

IIT use other roads in base-case and switch to
Roads in Freeway option.

*
Roads stands for either the Main North East Road
(M) or the Lower North East Road (L).

These groups are identified because of the
different benefits gained by each. Group I gains
the reduction in travel time on the main Roads
due to lower volumes. Group II gains the
reduction in travel time by switching from the
Roads to the Freeway.

Group III was assumed to gain a time saving of an
average of half the gain per trip in Group I.

The available data from which to estimate the peak
and of f-peak directional volumes for the three
groups was the NEAPTR unrestrained assignment of
two way 24 hour traffic. The procedures followed
were to;

(1) Reduce volumes for 14% over-assignment, to
be consistent with the base-case.

(ii) Assume the same percentage diversion from
each main Road to Freeway.

(iii) Use (ii) above to estimate the number of
trips in Groups I and II.

(iv) Estimate the number of trips in Group III as
the balance of trips on the Roads as given
in the Freeway option.

(v) Apply the peak and off-peak factors as
described in section A.2.

The results for 1996 are given in Table A.8.
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The speeds on the roads were then calculated
(assuming freeway capacity of 2625 wvehicles in

each direction and a free-flow speed of 50 m.p.h.)
and the appropriate time savings calculated for

each group. The daily and annual time savings

were then calculated (using 4 peak hours, and 12

o ff-peak hours per day, and 310 days per year)

and the annual time savings multiplied by 1996 values
of road user time savings to give annual benefits.

A similar exercise was carried out for 1986
(assuning a 3% p.a. traffic growth 1986-96). The
growth in benefits 1986-1996 implied an annual
compound growth rate of 10.25% of benefits and
this was used to stream the benefits over time.
The 1996 and 1986 daily time savings and annual
"costs are given in Table A.9.

- 77 -



...8L..

1986

1996

TABLE A.9

DAILY TIME SAVINGS BY ROAD AND PERIOD AND ANNUAL COST SAVINGS

Road

1996 AND 1986

Daily Vehicle

Annual Cost

Period Time Savings (h) Savings (SM)
Peak 2462

Off Peak 2348

Total 4810 3.750
Peak 882

Off Peak 1432

Total 2314 1.804
Total 5.554
Peak - 6036

Off Peak 5331

Total 11367 10.804
Peak 2110

Off Peak 2034

Total 4144 3.939
TOTAL 14.742




TR

Economic Evaluation of a Freeway Alternative

For consistency with the public transport options
we evaluated the freeway on the assumption of its
joint use as a busway, with pull-on busway
operation (similar to that in option 62(p)). It
has been assumed that the full freeway capacity
would be shared, that is there would be no
exclusive lanes for the buses. The busy entry
route into the City is assumed to be route 2
{Corridor-Hackney Road~Grenfell Street).

Apart from the road user benefits (which were
measured in Section A.4) we included the following
costs and benefits;

Land and Construction Costs

These were estimated by Kinnaird Hill to be
approximately $8.054m for land including future
resumptions, land already in public ownership and
the replacement costs of parkland, and $58.645m
for construction, of which $44.790 are active
capital costs. As with the public transport
options only the active proportion of construction
costs were included in the evaluation (see Section
3.3).

The land and construction costs for the freeway
were assumed to be phased over time in the same
pattern as for high speed LRT options (Section
4.1).

~Vehicles

The extra cost of buses required for the bus on
Freeway service was assumed to be the same as for
the pull-on busway (Option 62(p)), with a similar
profile of cost committment over time (Section 4.2).

Benefits to Base Case Public Transport Users:

Due to inter-action with road traffic, it is
unlikely that buses in the freeway option could

‘maintain the same speed and reliability as buses

on an exclusive busway. As an order of magnitude
estimate, we allocated to base-case public
transport passengers a level of travel benefits
of two thirds of those calculated for the pull-on
busway option (Option 62(p)).



Public Transport Operating Costs:

These were assumed to be the same as for the pull-
on busway (Option 62(p)).

Freeway Maintenance Costs:

Although part of maintenance costs is in fact

implicit in the public transport operating costs,

we included a further estimate of the additional

road maintenance costs of a freeway. Based on

rates given in earlier Highways Department work (updated
to 1977 prices) we assumed an annual increase in

road maintenance costs of $500,000 per annum.

Terminal Value of the Project:

We used the same methodology as for the public
transport options (Section 3.10) and assumed a
continuation of the 2006 net benefits at a constant
rate for an extra 8 years (giving 30 years of
benefits in the evaluation).

These were discounted at 10% p.a. to 2006. The
value of terminal assets on this basis is
$210.6M in 2006.

Other Benefits:

We did not include any of the other benefit items
of the public transport options, viz;

(i) net benefits to generated passengers;
(ii) extra fare revenues from generated passengers;
(iii) accident reduction benefits.

It is extremely unlikely in practice that the
benefits o f the freeway to the lewl of service
on public transport would be greater than the
benefits afforded to the level of service for
private motorists. It is therefore difficult to
envisage any significant diversion of trawvellers
for private to public transport and hence (i) and
(ii) above are excluded. Accident rates on free-
ways are in general lower than on surface streets,
but the accidents themselves tend to be more
severe. Any net reduction in accident costs is
therefore likely to be small in comparison to other
items.

On the basis of the cost and benefit estimates e
above the economic per formance of the freeway

option (with pull-on bus operation) is summarised

in Table A.10.
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TABLE A.l0

ECONOMIC WORTH OF BUS ON FREEWAY

Indicator Discount Rate Discount Rate Discount Rate
103 7% 3%
Discounted value of benefits ($000's) 71912 126695 292212
Discounted valué of costs ($000's) 40806 45029 52107
B/C ratio 2.81 5.61

*
Range of B/C ratio 1.59 - 1.95 2.49 - 3.17 4.83 - 6.47

_18_

NPV (Sm) 31.2 81.7 240.1

Range of NPV*($m) 25.0 - 37.3 70.0 - 93.3 209.0 - 271.2
. , KGGW( @/F//Q((/L;
M

* Ranges of B/C and NPV are based on the methodology and the estimated ranges of
individual items as described in Section 5.2.




Comparison of Freeway with Public Transport

Options

In this section we compare various economic
aspects of the Freeway option (including pull-on
buses) with the most efficient LRT and exclusive
busway options evaluated, i.e. options 31 and

62 (p) respectively. Table A.ll compares the B/C
and NPV estimates.

Using the same methodology described in Section
5.4, Table A.12 compares the distribution of
costs and benefits between transport user groups,
the transport operator and the community at large.



TABLE A.ll1

COMPARISON OF ECONOMIC WORTH

_28_

Freeway LRT (31) Busway (62 (p);
10% Rate of Discount
B/C ratio 1.76 0.95 0.84
Range of B/C ratio 1.59 - 1.95 0.89 - 1.02 0.78 - 0.91
NPV ($m) 31.2 -1.6 -4.2

Range of NPV ($m)

7% Rate of Discount

25.0 - 37.3

~-3.9 tc 0.6 -6.1 to -2.2

B/C ratio 2.81 1.41 1.29
Range of B/C ratio 2.49 - 3.17 1.31 - 1,51 1.18 - 1.41
NPV (Sm) 81.7 15.8 8.2
Range of NPV (S$m) 70.0 - 93.3 12.6 - 19.1 5.3 - 11.1
3% Rate of Discount

B/C ratio 5.61 2.60 2.46
Range of B/C ratio 4,83 - 6.47 2.37 - 2.85 2.19 - 2.75
NPV ($m) 240.1 68.1 46.9

Range of NPV ($m)

209.0 - 271.2

60.9 - 75.4 40.2 - 53.6




TABLE A.12

DISTRIBUTION OF COSTS AND BENEFITS
{(sm at 7% Discount Rate)
COMPARISON OF NET BENEFITS OR NET COSTS (-) TO:-

Options Public Road Public Transp Community Terminal NPV
Transp Users Users Operators at large Values
’ *

Freeway 6.5 96.2 -4.0 -48.7 31.7 81.7
|

o LRT (31) 18.4 10.3 15.6 -35.8 7.4 15.8
L' =4

' Busway (62p) 11.2 14.9 -0.4 -24.3 6.8 . 8.2

* The additional costs of freeway maintenance over and above the base-case, together
with the capital costs, are allocated to the community at large.




The distribution shows clearly the much greater
bene fits af forded to road users by a freeway
option (which is also reflected in the terminal
values). The magnitude of this benefit is clearly
the main reason for the better economic perform-
ance of the freeway option than other options,
despite higher capital costs (reflected in
community costs) and lower benefits to public
transport users. It may be noted that even if
these benefits were only half their estimated
level, the Freeway option would still have a
higher NPV and B/C ratio than the other options.

In terms of capital budgeting over the next few
years, the freeway would involve the highest
expenditures.

Using the same methodology as applied in Section
5.7, Table A.13 compares the annual capital
expenditures (undiscounted) for the periods
1978-80, 1981-83 and 1984.

In summary, the Freeway option performs substant-
ially better in economic terms than LRT or busway
options, due to a high level of road user benefits
but it provides less benefits to public transport
users, and is more expensive in capital cost
outlays. '
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Options

Freeway
LRT (31)

Busway (62(p))

TABLE A.13

COMPARISON OF ANNUAL CAPITAL EXPENDITURES

(Sm 1977 Prices)

1978 - 1980

Sm/Year

5.1

4.7

1981 - 1983

Sm/Year

14.5
13.0

7.7

1984

$m/Year

7.1

L 4




APPENDIX B:

VALUES OF TRAVEL TIME SAVINGS

o B.l

Private Road Traffic

The Bureau of Transport Economics travel time
values were used to evaluate road user costs and
bene fits. The proportions of traffic between cars,
light goods and heavy goods was based on figures
supplied by the Department of Transport. Cars were
split into business trips and private trips in the
ratio of 30%/70%.

The values are given in Table B.l.

The 1976 average value of §$1.29 was converted to
1977 prices by an inflation factor of 1.4 (from
Table 2.1). In addition, the real value was
assumed to grow at 2% p.a. Thus the 1977 value of
time for private road traffic is $1.50/occupant/
hour. By 1996, the plan year, this grows at 2%
p.a. to $2.19/occupant/hour.

TABLE B.l

VALUES OF TIME (JUNE 1976 PRICES)

Vehicle Type $/Occupant Proportions
car (business) 1.50 .2745 .
car (private) 1.00 .6405
light goods 2.75 .0500
heavy goods 2.88 .0350
1.29 1.0000
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Public Transport

Public transport in-vehicle time savings were
valued at the same rate per person as private car
motorists, i.e. at $1.00 per how (1976 prices).
The real value again was assumed to increase at 2%
p.a. Wait time savings for public transport have
been found in various studies to be valued by
passengers at a higher rate than in-wehicle time
savings. The evaluation assumed a weighting
factor of 2.

The 1977 wvalues of time used were therefore $1.16/
passenger/hour and $2.32/passenger/hour for in-
vehicle and wait time savings respectiwely. By
1996 these grow at 2% p.a. to $1.69/passenger/
hour and $3.38/passenger/hour respectively.
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