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ABSTRACT: The Christchurch Southern Arterial project has been

AT the subject of four economic evaluation studies. The
first was undertaken about half-way through the
corstruction phase and gave a benafit/cost (B/C} ratio
of 0.78 for completing the project. The second study
entailed observing traffic flow batterns before and
after opening of the arterial and gave a B/C ratio of
1.88 for the whole project. - The third study involved
using the strategic planning model For metropolitan
Christchurch and gave an estimate of =0.26 for the
whole project, The fourth and most recent study
(described in datail in this paper) invelved the use
of the SATURN programme to modern traffic fléw in the
darea around the new azterial, giving an estimated
overall B/C ratio of 0.17. This paper discusses the
sources of the wide variation in the estimates. Three
major sources of inaccuracy are identified; the
scaling of astimates of_ renefits for a small part of a
weekday to give estimates of annual benefits, the
consideration of only a sub-set of all trips through
or within the area, and the scaling of benefits for a
"basic section® by the traffic flow at a point on the
basic section. It is concluded that procedures for
the economic evaluation of road network improvements
need considerable improvement, in order to obtain
reliable estimates of the B/C ratios for such
Dprojects.
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1. INTRODUCTION

The Christchurch Southern Arterial was initially conceived by
the Canterbury Regional Planning Authority as a motorway, with the
folloving objectives (C.R.P.A., 1967):

{a) to give relief to the netvork of arterial roads serving
traffic in the area to the south and west of Christchurch
(that is, Linecoln, Blenheim and Riccarton Roads).

(b) to provide free and convenient access to the central business
district and beyond, for traffic from the reglon to the south
and west of Christchurch.

The locations of the Southern Arterial and the other arterial roads,
are shown in Figures 1 and 2.

PROPUSED
NORTHERN  —
ARTERIAL

N N ..
o ~PROPOSED G
N T EXTENSIGN OF
& SOUTHERN &\ e
R ATERAL 5 Nt {
, s X

= B solmgﬁv"?r o5
¥ Sl STor MR v
R -

"Fig. 1 - Location of Southern Arterial and Study Area

Construction of a Scuthern Motorwvay commenced in 1971, but
vork was halted in 1977 after expenditure of (1980) $4.85 million,
pending an economic evaluation of the project. As a consequence of
the economic evaluation, the project was scaled down from a four-lane
motorway to a two-lane arterial. That economic evaluation indicated a
benefit/cost ratio of 0.78 (Cox, 1977) for the extra expenditure to
complete the arterial, the final cost of which turned out to be (1980)
$10 million. The Southern Arterial was opened in May 1981,

In 1979, a before-and-after study of traffic patterns and
flov characteristics in the wvicinity of the Southern Arterial was
commissioned. That study (Hasell and Scott, 1981, 1983a and 1983b)
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indicated that the project had been very worthwhile, giving an overall
benefit/cost ratio of | 88

. The considerable discrepancy between the above two estimates
- of the benefit/cost ratio lead to a third study, the aim of which was
to provide an authoritative, reliable estimate of the B/C ratio. That
study (by the Canterbury United Council)  encountered. some
methodological problems, and was considered inconclusive, It gave an
estimate of -0.26 for the B/C ratio (C.U.C., 1985).

_ The siudy reported here was undertaken as part of a study of
uncertainty in the economic evaluation of transportation projects
{Tai, 1987). There was clearly considerable uncertainty regarding the

s B/C ratio for the Southern Arterial, and the primary goal was to

. identify the sources of error and uncertainty in the estimation of the
.. B/C ratie.

Cga REVIEY OF PREVIOUS SIUDIES

g 1977 Study

S This study (Cox, 1977y was undertaken during a period of
}'fabidly increasing avareness of the importance of economic evaluations
:7of roading projects, and the method used reflected the lack of
: ﬁkndwledge as to how such studies should be done. Since then, there
“’have been three documents produced (M.¥.D., 1980 and 1984, and Bone
:-1986), for the purpose of Instructing practising engineers in the
~‘appropriate procedures for the economic evaluation of roading
projects. '

Sluie. .. This study was commenced when work on the proposed Southern
Hbtq:way was well advanced, and there was a very real time constraint,
which precluded a major study over an extended period.

e It vas estimated that even after a substantial scaling down
of the protect (from a four lare motorway to a two lane arterial), the
discounted benefits would be substantially less than the discounted
costs of completing the project to the reduced standard. Déespite the
result .{a B/C ratio of 0.78), the project was completed.

" The study involved:

"._measuring travel times (using a test vehicle) for selected
trips;

. measuring  traffic  volumes for selected links and
_'intersections;

~.. manually reassigning traffic to the Southern Arterial, on the

-. basis of the observed travel times on the existing network
-and  the expected travel times on the network with the
" Southern Arterial;

estimating the changes in vehicle operation and time costs,
on the basis of the observed and expected travel times and
Speeds;
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Fig. 2 - Road Netvork in Study Area

(5) estimating the B/C ratio, assuming an analysis peried of 15
years, a dlscount rate of 15%, and a residual value amounting
to about 4% of the total capital cost.

In doing this study, Cox followed the procedures which were

subsequently embodied in Memo 98 (M.V.D., 1980).

There were a number of shortcomings, including;

(1) the omission of maintenance and accident costs; Cox expected
these to increase rather than decrease, so the B/C ratio was
considered an upper bound value;

{(2) the omission of user cost changes for trips not expected to
divert to the Southern Arterial;

(3) the traffic assignment was for a typical 24-hour peried.
{weekday), with the 24-hour flows being obtained from scaling
observed weekday peak and off-peak flows;

(4) the analysis period was only 15 years, which covered only 11
years of use of the road since it took four years to complete
construction;

the discount rate was 15% (a 10X discount rate is now used).
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Simply changing the analysis period fram 15 to 23 years and
the discount rate from 15% te 10%, omitting a residual value, and
- using Cox’s estimates of eXtra capital investment and user benefits,
" glves a substantial increase in B/C ratio (from 0.78 to 1.3, In view
of: this, the decision to complete the Project seems a wise one. Had
the total capital investment been used (this would have been
appropriate {f the economic  evaluation wag done before work
. commenced), the B/C ratig would have been reduced to about Q.55

g2 1980 - 1982 study

it The objectivas of this study wers (Hasell and Scott, 1981,
1983a and 1983b)

to measure and record certain physical, performance and cost
variableg pertaining to the network of streets in the area
influenced by the Southern Arterial, both before and after
. opening of the arterial;

to assess the accuracy of previous predictions of traffic
movements against those measured after the arterial wasg
opened;

to assess the accuracy of previous predictions of the
- . benefits likely to he gained from constructing the arterial;

v.to identify those areas where existing techniques
prediction and assessment are deficient and comment on their
relative importance.

“I-.This study involved a major number plate survey, both before
anhd-after opening of the arterial, to obtain:

travel times between external stations (these were set up at
each of 12 major roads crossing the external cordon);

Y vehiele routing (survey stations were set up on each of 3
major routes within the study area);

i traffie composition information.
The g udy area is shown in Figure 1.

In addition, roadside interviews vere conducted at two of the
before and one after), in order to obtain

the location of trip origin and

In the after study, users of the

hich route they used before the arterial

counting and Spot-speed surveys were done at

travel speeds were measured using a test-

travel times and speeds, along
time for occupants and freight,
peed relationships) in Memo. 98




CHRISTCHURCH SOUTHERN ARTERIAL

relationship used during traffiec assignment to bear little
relationship to the true volume-delay relationship.

This study was considered inconclusive, and it was concluded
that vhile the strategic model "is an effective tool for general

transportation planning  purposes, especially for the proper
consideration of the scale of changes needed to cater for future
demands on a corridor or sector basis", "more detailed evaluation

(both operational and economic) would be better served by a more
detailed model, such as SATURN". :

3. STUDY METHOD
3.1 Traffic Modelling

The study area and network for the most recent study (lai,
1987} was virtually identical to that used by Hasell and Scott
{Figure 1), while Cox excluded the area north of Blenheim Road and
East of Hansons Lane (Figure 2). The 1985 study covered the vhole
metropoliton network, but excluded some of the links shown in Figure 2
(namely, Middlepark Road, Craven Street, Watts Road, Ilam Road,
Middletor Road, and the portion of Clarence Street  alongside
Whiteleigh Avenue).

The Southern Arterial preoject entailed more than just the
‘construction of a new arterial road; it also involved changing the
form of control at eight intersections and the closure of twe roads
(shown as dashed lines in Figure 3). It vas decided to use the SATURN
(Simulation and Assignment of Traffic to Urban Road Networks) suite of
programs, for the analysis of traffic flows in the network, before and
after opening of the arterial. The BSATURN model is essentially a
traffic assignment model, combined with a simulation model, so that
one obtains a traffic assignment consistent with simulated travel
costs (Van Viiet, 1982). ’

It was decided to model six time periods, as follows:

. (a) weekday morning peak (0700-0900)
{b) weekday evening peak (1600-1800)
(c) weekday off peak (0900-1600)
(d) weekday night (1800-0700)
(e) weekend day {0800-1800)
(f) weekend night (1800-0800)

In order to do this, 1t was necessary to derive origin-destination
matrices for each of the time periods, and the ME2 (Matrix Estimation
using Maximum Entropy) model was used for the task. A three-step
procedure was adopted:

{(a) firstly, a "prior" all-day trip matrix was estimated, using
standard transportation planning models firstly to estimate
productions and attractions for each zone (Figure 4), and
then to estimate the number of trips between each pair of
Zones;
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Fig. 3 - Analysis Network

the "prior” all-day trip matrix was sub-divided and scaled,
to give a "prior" trip matrix for each of the six periods;

the “"prior" matrix for each time period was-updated, using
traffic counts for selected links and intersections. for the
appropriate period, and the ME? model.

conoo It was known, from traffic data collected before and after
.. opening of the arterial (ineluding data collected by Basell and Scott)
- that there had been substantial changes in travel patterns in the
o vieinity of the arterial. Vhereas a study of the whole metropolitan

‘area may have shown no change in trip distribution but merely a
. changed assignment, in this study there appeared to have been a

- substantial change in trip distribution. This is simply due to the

fact that only a portion of the metropolitan area was studied, and
trips which were re-reuted through the area gave increased flows
across the external cordon and increased trips between external zones
(Figure 3). Hence, the before-arterial trip matrix derived for each
of . the time periods was different to the after-change trip matrix for
‘the corresponding time period.

TR The SATURN model as run 12 times, once for each of the six
time~periods, for both the before-and after-arterial situations. The
Standard SATURN output  (including link flows, turning flows ar
iBtersections, travel times, etc) vas obtained and analysed in detail.
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Pig. 4 - Observed Versus Assigned Flows

Taking advantage of the "ex post” nature of his study, Tai
checked the reliability of the SATURN model, by comparing the flows
predicted by SATURN with observed flows for nine selected locations in:
the network. The traffic count data for those locations, which were
spread around the network, were excluded from the traffic count data
input into ME2 during the matrix updating stage. Good agreement
between the assigned and observed flows was found for each of the six
time perieds (Figure 4). o

To further check the output - from SATURN, the journey times"
predicted by SATURN for the weekday morning peak period, for trips~ .-
between eight zone pairs before opening of the Southern Arterial, were .
compared with those measured by Hasell and Scott (1981), as part of"
their study of the before-arterial sitypation. Their travel time
estimates, obtained via a test vehicle method, involved a minimum of
ten measurements of travel time for each trip. Not surprisingly,”
Hasell and Scott found considerable variation in the measured times'
for particular trips. It was - found by Tai (1987) that the journey-
times predicted by SATURN were within the lower half of the observed- -
ranges (Hasell and Scott, 1981) for seven of the eight zone pairs.
The predicted travel time for the eighth zone pair was just 4% less
than the lowest observed travel time o

Given the uncertainty associsted with the traffic counts and*
the travel time measurements, it was felt that SATURN vas performing
well enough to proceed with confidence.
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where AT represents the effect of the opening of the Scuthern
Arterial on the travel time (within the study area) for Blenheim Road.
The term (Taz - Tb ) represents a correction for the extra travel

outside the Study afea (estimated to be between 66 and 79 seconds for
the trip from zone 4 to the CBD).

In order to apply the correction for extra travel outside the
study area, it would have been necessary to know what proportion of
Southern Arterial wusers wvere undertaking extra travel outside the
study area. In fact, such extra travel is not confined to trips to or
from the CBD. It was not possible to reliably estimate the amount of
extra travel outside the study area, so the correction was not able to
be applied. Hence, the estimate of user benefits obtained vas
esgentially an upper-bound value.

An analysis of minimum time paths and travel times with and
without the arterial was undertaken, for travel £from each major
external zone to all others. Analysis of the minimum time paths with
the arterial and the changes in travel time led to the catchment showm
in Figure 7, based on the assumption that the Southern Arterial would
only be used for trips for wvhich it offered a reduced travel time.
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Fig. 7 - Catchment for Southern Fig. 8 - Inferred Route Choice
Arterial to/from CBD

It is vorth noting that for all the external zones to the
west and north-west of the study area (apart form zome 4), trips to
the CBD would not be expected to use the Southern Arterial, as the
more direct routes had lover estimated travel times (Figure 8). This
suggests that the number of diverted trips, to which the above-
mentioned correction (for extra travel outside the study area) would
apply, 1s not very large. That 1is, the over-estimation of user
benefits was not large. ’

3.22 °  Accident Study

It was assumed by Hasell and Scott (¢1983a) that accident
costs after the opening of the Southern Arterial would account for
5.6% of the total of user plus accident plus maintenance costs, as
they had done for the before arterial situation. During 1986, a study
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vag undertaken of accident data for the study area (Figure 1) for the
four years both before and after opening (Jadaan and Nicholson, 1987).
One of the aims of the study was to reassess the accident cost

changes.

) A total of 99 reported injury accidents occurred in the
sfudy area during the eight years, 515 in the four years before and
-481.1n the four years after opening. - The corresponding numbers of
"injuries were 682 and 636, respectively. During the same periods,
there were 5592 and 5418 reported injury accidents, respectively, for
the whole of the Christchurch metropolitan area. Thus, there was a
6.6% and 3.3% decrease in accidents in the study area and metropolitan

f_ Christchurch, respectively, giving an effective accident reduction of

3.5% due to the Southern Arterial.

Slat In addition to the reduction in injury accident numbers,

“sthére- as a 38% decrease in the number of serious injuries and a 10%
-#increase in minor injuries, for the study area. Clearly, the changed
“traffic pattern, together with the changes in traffie control, gave
‘rise’to a substantial shift in accident severity.

SR Using accident cost data, derived by Hasell and Scott (1981),
+for-aceidents of varying severity (fatal/serious, minor, property-
damage-only}, and assuming seven property-damage-only accidents for

ach.reported injury accident, an estimate of the annual accident cost
‘savings was obtained.

“ 7 Economic Evaluation Procedure

. - For the caleulation of user benefits, Tai (1987) used the
following expression to estimate user benefits:

N 1. b a b a
er. benefit ffi (tyyp + t13n) Pygn - Pygy)

.. where ti?h and ti;h Tepresent the trips from zone 1 to
zone 1 with vehicle type h before and
b after the arterial, respectively
Pijh and Pijh represent the correspending trip costs.

¥pression is consistent with that proposed by Neuburger (1971)

... Economic evaluation procedures in NZ (MWD, 1984, Bone, 1986)
ire rhe calculation of user benefits, as follovs:

:véhiélé operating cost savings;
l:f;ﬁé savings for vehicles and occupants;
accident savings.
”tﬁo.components are vehicle-dependent (hence the form of the

Xpression for user benefit). Basic unit valyes (e.g. values of
énd_yehicle operating costs) were taken from Memo. 144 (MuD,
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In order to calculate the user benefit as defined above, it
was necessary to have interzonal trip and cost matrices. The former
vas obtained for each time period from the traffic modelling (in
particular, the ME2 program) as described above. Cost matrices were
not directly available from the traffic modelling phage and it was
necessary to construct such matrices using:

{a) SATURN output (interzomal trip time and distance matrices,
plus information on the number of stops) for each time
period;

(b) - vehicle operating cost relationships (MWD, 1984).

4. STUDY RESULTS '

It vas found that the introduction of the Southern Arterial
and the associated traffic control changes gave small journey time
increages, ranging from 10-20 seconds, approximately, for trips along
Riccarton, Blenheim and Lincoln Roads between the external zones in
the west of the study area and external zones in the nerth-east
(nearest the CBD). an analysis of travel times for the various
segments of the trips revealed that this increase in travel times on
the traditional routes was due to increased delay at intersections
vhere the form of control had been changed to signals. It is shown in
Figure 9 that the effect on intersection delay of a change in the form
of intersection control is volume dependent; it seems that for many of
the intersections in the study area, the traffic volumes were too
small for a reduction in delay from signalisation. Any benefit
arising from a reduction of traffic flov on the three roads was
‘apparently more than offset by the effect of the signalisations.

The annual user benefits for each time period were then
estimated (see Table 1). 4 number of points should be noted:

(a) there were very large variations in the annual user benefits
(b) positive benefits applied only for the wveekday daytime
. periods;

(c) negative benefits were assoclated with the other time
periods;

{d) accident cost changes were not calculated for each time
period.

Those benefits were then combined with the accident cost saving
estimate and the capital cost, to produce an estimate of 0.17 for the
B/C ratio (Table 2). Also shown in Table 2 are the benefit estimates
obtained by Hasell and Scott (1983a, 1983b) and Cox (1977), and it can
be seen that both previous studies involved substantial over- -
estimation of the benefits of the project. :

In addition to the temporal distribution of benefits, the
spatial variation was also investigated. The results are shown in
Table 3; it should be noted that the changes in travel costs do not '
include the changes in vehicle time costs. It is clear that the
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Vehicle operating
cost savings

Veekday
pm-peak
Veekday
am-peak

23,600

11,800

- Veekday

offpeak 26,500

© Weekday

l'light -4 y 500
Veekend
- day -6,300
Veekend
- night -9,700

Occupant and
vehicle time
savings

Total
savings

96,400 120,000

43,400 55,200
19,600 46,100
-20,300 -24,800
-37,500 -43,700

-14,800 -24,500

Total 41,400

86,800 128,200

Table 1 - Temporal Distribution of Benefits

Thai

Hasel]l & Scott Cox

128,200 (63%)

75,100 (37%)

203,300 (1002
2.40 m

14,06 m
0.17

890,900
{300,800 at
1977 values)

3,708,600 (94%)
(2,778,000 at
1980. values)
221,600 {6X)
(166,000 at

1980 values)
3,930,200 (100%)

46 38 nm

14.06 m
330

stimate does not include maintenance cost

ased on an analysis period

nd an annual arithmetic growth

MVD, '1984)

of 25 vears, a discount rate of 10%

rate of 3% (recommended values;

_-Tablé-Z - Summary of Benefits, Costs and B/C Ratios
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distribution of benefits over zones was just as uneven as was the
distribution of benefits over time periods. It seems that

{a) travellers to or from zones at the east or west of the study
area have generally received some henefit, vhile travellers
to or from other zones have generally benefitted little or
have been disadvantaged;

(b) travellers to or from zones i, 2, 3, 4, 9, 18, 60 and 63 have
received substantial benefit, while travellers to or from
zones 5, 10, 11, 12, 13, 14, 21, 27 and 29 have disbenefitted
substantially.

An analysis, to ascertain the benefit (or disbenefit) associated with
travel between each zone pair, was also done.

The results of the screenline analysis revealed that there
wvas considerable temporal variation .in the proportion .of Southern
arterial traffic that had diverted from parallel routes. For
instance, during the veekday morning peak period, the propertion of
diverted traffic was 61% for the east-west segment of the arterial and
80% for the southern leg. The corresponding proportions during the
weekday off-peak period were 39X and 24%.

About 80% of the diverted traffic on the east-west segment of
the arterial seems to have come from Blenheim Road, with only a few
percent of the diverted traffic having come from Riccarton Road.

It was found that the annual accident cost saving, due to the
1.5% decrease in the number of accidents each year and the reduced
severity of accidents, amounted to $75100, or about 37X of the total
user benefits (Table 2)

3. DISCUSSION

The estimate of annual travel cost savings for this study is
only about 3.5% of the estimate for the 1980-82 study and about 14.5%
of the estimate for the 1977 study. The accident cost saving estimate
is azbout 34% of the estimate for the 1980-82 study. Such
discrepancies are of considerable concern, and the sources ~are
discussed in the remainder of this section.

The first major source of error appears tc be the practice of
measuring or analysing traffic patterns for a portion of a veekday,
and then factoring the benefits for that period (by the ratio of the
total daily flow to the flow during that peried) to obtaln an estimate
of the benefits for whole day. Hasell and Scott (1983) show
calculations that. indicate that daily benefits were estimated at about
10 times the measured benefits for the period 0800 to 1100 hours. The
results of this study (Table 1) indicate that for the same three hour
period, the annual benefit is about $14,800
(= 55,200/2 + 2 x 46100/7), which is about 32% of the annual benefit
of $128,200. Hence, a scaling factor of 3 seems more appropriate then
10.
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BENEFITS FOR BENEFITS FOR
TRIPS ORIGINATING TRIPS DESTINED
IN ZONE FOR ZONE

29495 36130
14346 42149
41495 25727
60386 65753
-54461 -62053
-8937 -12552
8117 1864
1073 677
119256 103466
-48632 -24740
-21447 ~14084
-13122 -10633
-23184 -10204
-13346 -13719
3087 -8087
-1213 ~2492
7174 17353
29686 42027
2158 1048
-11613 . -35161
211 -1051
-1274 -1529
-1473 -2850
-6465 -7375
-1422 -6745
-2978 -13665
-2218 -4677
-3383 : -17996
-1082 1569 -
-237 -610 -
-3981 -9328
-3633 -4919
-962 S -78°
8262 i 15576
4099 Co 2349
2488 3207
14015 - 25958

N2 QSN L e ) b

3251 3251
_ 28174 : 28223
..Grand Totals : 120285 120285

* Distribution of henefits due to vehicle time
savings, which constitute only a very small
'Proportion of the total benefits, was not carried
.out.  Hence, the total annual user benefits shown

..-here are marginally less than that in Table 1

" Table 3 - Spatial Distribution of Benefits

577
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It should be noted that the need to consider short-term
variations in travel demand was pointed out at least 20 years ago.
Wohl and Martin (1967) suggested that changes in travel cost due te an
improvement in transport supply can vary drastically over different
demand periods. As shown in Figure 10, the change in average unit
price of travel is much greater for a high-demand period (dPl) than

for a low-demand period (dPIGO)‘
AVE UNIT
pricc oF K g, 3,
TRAVEL P ) \ {a) Price -volume curve
30 before improvement
Controf Cantrof
frpe [ Iroe & (b} Price volume Curve
(Priority} {Swgnaiised) T affer wmprovement
af
. | +
3 i ‘
W
Q 1 1 OQutpu! 4
: ‘mee d’?sa]:- 1 _~Exira Irips on
: lOul‘puf Copacity =" facirty guring the
I l?u‘[;:” J | 2R highest hour
; i IS —
% ¥ VOLUME Y 50 ¢ o by TOLUME (Y, )
Vb 186.
Fig. 9 - Delay versus Volume Fig. 10 - The Effect of Short-Term
(S5ignal and Priority Variations in Demand
Control) (Wohl & Martin)

To better urderstand how short-run demand variations affect
the Southern Arterial project, the relationship between journey time
(as a surrogate for the journey cost) versus flow was investigated for
selected trips. The relationship for journeys from zone 3 to zone 1
is shown in Figure 11. The curves in Figure 11 were plotted using the
assignment and simulation results from the SATURN model, and it can be
seen that there was a substantial shift in transport supply
(corresponding to a more than 30 second reduction in journey time).
The demand curves were assumed to be linear, and it can be seen that
the reduction in the journey time was greatest for the weekday evening
peak period and least for the weekday night period.

The second major source of error seems to be the use of an
incomplete trip matrix. Analyses based on an incomplete trip matrix
{(or a sub-set of trips in the network) will inevitably result in
benefits or disbenefits for some zones not being taken into account.
The results for this study show that there are some zones for which
there are large associated disbenefits, which off-set to a
considerable extent the benefits associated with travel to or from
other zones. Hence, the use of an incomplete trip matrix opens the
way to inmaccuracy in the estimation of user benefits. The extent of
the potential inaccuracy is difficult to quantify, but in view of the
fact that the mean zonal benefit (Table 3) is $3251, with a standard
deviation of 8.7 times the mean, it is not difficult to imagine errors
of a similar magnitude as for ignoring the temporal variation in user
benefits (particularly if an unrepresentative sub-set of trips is
chosen) .
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i In the 1980-82 study, the survey omltted trips other than
.those. to or from zones 1 to 6 and 8 to 13. Summation of the benefits
'{Tablé 3) for trips from and to those zones gives average benefits of
8002 and 11635, respectively. These values are 2.5 and 3. 6 times the
“averall mean zonal benefit, indicating that the estimated user benefit
‘was: about 3 times too large due to the use of an incomplete trip

matrix.

1 L L I L -~
100 150 200 250 300
FLOW (vph)

:HIIEQ Journey Time Changes Fig. 12 - Basic Sections
: . for Different Time
Periods

.- The third major source of error in the earlier studies seems
to'stem from the use of the method of "basic sections®. This
procedure (AASHTO, 1977) involves choosing basic sections within the
study area, identifying the changes in travel «costs (per vehicle)
associated with each basic section, scaling those changes by the

' some point within the basic section, and then
mming over the basic sections to obtain an estimate of the change in
total travel costs. This procedure vas apparently used by in both the
977 and 1980-82 studies. Some basic sections for the study area are
There are two types of error vhich can arise from

Firstly, not all trips are included (discussed

< :.5econdly, the wscaling by traffiec volumes is a source of

or. :For instance, the traffic volume on the basic section 3-11

Figure 12) includes traffic making trips other than from zone 5 to

oné 11. "Depending upon where the traffic volume is measured, it may

nclude traffic from zone 5 to zone 9. The study has shown that the

finual disbenefit for travel from zone 5 to zone 11 was $5200, whilst

travel from zone 5 to zone 9, the annual disbenefit was $21,700.

hg average flow for the latter trip is only about 8% greater than for

he' former. Clearly, the average disbenefit per trip was muich greater

travel from zone 5 to zone 9, than for zome 5 to zone 11. Hence,

together of trips  with different origins and/or

but which use the same length of road, is inappropriate.

may.-possibly lead to errors of a similar magnitude to ignoring the
*Mporal -variation or using an incomplete trip matrix.

©.o0 Assuming that the three error sources are separately
Ponsible for benefits being overestimated by a factor of about 3,
hat they compound together, then it is not difficult to imagine
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user benefits being overestimated by a factor of about 30; the
estimate of user travel benefit for the 1980-82 study as about 30
times that obtained by Tai (1987), as shown in Table 2.

The discrepancy in the estimates of the accident cost savings
(Table 2) arises from two sources. Firstly, Hasell and Scott assumed
that accident costs would be 5. 6% of the total of user plus accident
plus maintenance costs. Since they estimated a 12X decrease in user
costs, they obtained a 12X decrease in estimated accident costs. The
study by Jadaan and Nicholson (1987) revealed a 6 6% decrease in the
number of accidents per year and a 7.1% decrease in accident costs.
For the purpese of this study, it was also necessary to take account
of the 3.1X decrease in accident numbers in metropolitan Christchurch.
Hence, the construction of the Southern Arterial was deemed
responsible for a 3.8% decrease 1in accident costs, giving an annual
accident cost reduction about 33X the size of the Hasell and Scott
estimate.

6. CONCLUSIONS

There is considerable uncertainty regarding the benefits of
the project, with widely varying estimates. The study reported above,
the most recent of four studies, appears to have achieved the goal of
identifying the sources of error and uncertainty. The three main
sources, which are thought to have contributed fairly equally to the
error in estimating the benefits of the project, are:

(a) the scaling of estimates of benefits for a small part of a
wveekday, to give an estimate of benefits over a full year;

(b) - the consideration of only a sub-set of all trips through or
vwithin the area;

(c) the use of the method of "basic sections™ (in particular, the
scaling of benefits for a basic section by the traffic volume
at a point on that basic section).

Economic evaluation  procedures in NZ would benefit
considerably from a greater allocation of resources for traffic
modelling. Large gains in accuracy are available from making better
use of models, to include:

{a) traffic modelling of several time periods, to take account of
short-run demand variations;

(b) consideration of all trips through or within the area, using
a matrix-based approach.

VWohl and Martin (1967) warned of the effect of ignoring short-run
demand variations. Their discussion of the problem waas qualitative,
and it is nov possible to quantify the effect. For the Southern
Arterial study, the effect was over-estimation of benefits by a factor
of about 3.3.

In order to model several time periods, it is necessary to
have a trip matrix for each period. The SATURN model (with the ME2

H O Mt 8 o e
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model) made the derivation of trip matrices much easier. In addition,
the calculation of benefits for each trip interchange can be done
using matrix manipulation programs within SATURN. That 1is, the
traffic modelling and economic - evaluation procedures can be
integrated. This was done as part of this study.

: _ The calculation of a matriz  of benefits enables the
identification of the differential impacts of a project; one can
readily identify wvho wins or loses, and to what extent.

X The method of basic sections seems generally inappropriate
for urban studies, where there are frequent intersections vhere

i traffic can enter or leave the basiec sections. The study method

i adopted by Hasell and Scott involved considerable resources. The

' results of this study suggest that the surveys would need to be
extended considerably, both spatially and temporally, in order to
: obtain sufficient accuracy. It seems that this would make that study
" method rather unattractive.

3 Finally, there is a need for research to assist practising
-traffic engineers/planners to identify an appropriate study area. For
‘this study, the external cordon was chosen to coincide with thar
~‘adopted in two previous studies. In retrospect, it would have been
useful to have considered a wider area, so that the extent of
ncreased travel outside the study area, by travellers diverting to
the Southern Arterial, could be assessed. The "buffer network"
acility in SATURN could have been put to good use.
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