ECONOMIC APPRAISAL AND
REAPPRAISAL OF AN
INTER-URBAN ROAD IN
GREAT BRITAIN

By Gordon Mills*

Although formal economic appraisal of investment proposals has now become com-
monplace, especially for major investments in transport infrastructure, there has
been little in the way of follow-up studies of past projects in order to compare out-
come with promise. As noted on p.33 of [13], this point applies with particular
force to the evaluation of road investment in Britain. (There is, however, one
unpublished report [18]; also some of the methodological problems of reappraisal
are discussed in [17] and [20], which re-examine various transport projects in other
countries.)

The present study chooses for reappraisal one British inter-urban road, for which
an unusually thorough investigation was made before the road was built. This par-
ticular road is of interest in its own right; but this paper also attempts to draw
general conclusions, first on the design and execution of investment appraisal
calculations, and secondly on the merit of low-cost, low-standard roads, a category
of which this road has turned out to be an important example. Much of the
published literature on public sector investment appraisal concentrates on the con-
ceptual aspects, e.g. how to devise an operational measure of consumers’ surplus
and (in a more applied context) how to value time savings. Also of importance are
the practical problems, e.g. of making measurements and assessing their reliability.
In its review of the appraisal procedures for inter-urban roads, the present study
focuses attention on these practical tasks, and deliberately shuns many general con-
ceptual issues.

1. THE CASESTUDY: THE RELIEF ROAD FOR WELLINGTON,
SOMERSET

In Somerset, the town of Wellington (population approximately 9000) lies on that
part of the A38 road which connects Bristol and Exeter. In recent years this road
has carried a large quantity of freight traffic throughout the year, and has acquired
a marked peak in the flow of cars in August because of the considerable growth in
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car-borne holiday traffic. All this traffic flowed along Wellington’s High Street (as
it flowed through several other towns and villages in the area), leading to a poor en-
vironment throughout the year and acute traffic congestion on summer week-ends.
This situation prompted suggestions and plans for by-passes, and a major dual-
carriageway road was built to by-pass Cullompton (in Devon, but only a few miles
to the south-west of Wellington). In 1967, the South West Regional Planning
Council (see Ch. 19 of [11]) pressed for urgent action to upgrade this “spine” road.
Eventually, the Ministry of Transport announced that the M5 motorway would be
extended to Exeter.

After decades of local discussion favouring a Wellington by-pass, Somerset
County Council began to plan one (in September 1968); the County’s Highways
Committee gave its approval in March 1969 and the Council itself approved an
amended plan in the following September. A compulsory purchase order made in
November led to a public inquiry in March 1970, after which the Inspector’s
recommendation to go ahead was accepted by the Minister of Transport in May
1970. Construction began later that year, and the road was opened to traffic in
May 1971. The road network in the local area is shown schematically above.

The road is termed a relief road rather than a by-pass because it is built to a very
modest standard. The anticipated August daily (16 hour) flow was of the order of
12,000 vehicles and, by the standards suggested by the Ministry of Transport [4],
this would justify major provision. On the other hand, with the construction of the
motorway imminent, the relief road’s role in carrying long-distance traffic was ex-
pected to last only for about five years, and this prompted economy. The com-
promise was to build a two-lane road, largely on the line of an old country lane (ex-
cept for a new length at the south-western end); the total capital cost was estimated
at the time of the initial appraisal as approximately £200,000, a very small outlay
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for about 2.8 miles of road. The carriageway was only 20 feet wide. (In contrast,
the Ministry of Transport standard lane width is 12 feet, and the carriageway width
of the relevant length of the A38 ranged from 26 feet to 33 feet.) In the spring of
1974, after problems with heavy goods vehicles transgressing on to the verges, parts
of the carriageway were increased to a width of 2114 feet and the road was resur-
faced and kerbed. As shown below, it now carries a very considerable fraction of the
total traffic which passes from one side of Wellington to the other. In 1975 most of
the M5 from Bristol to Exeter was already in use; but the section passing
Wellington was only under construction, and expected to open in late 1976 or early
1977.

2. THE PHYSICAL PERFORMANCE OF THE RELIEF ROAD

The physical measures to be described in this section are of interest largely as
ingredients of the economic calculations, so it is convenient to give first a brief in-
troduction to the prescribed methods of economic appraisal.

In 1967, the Highway Economics Unit of the old Ministry of Transport published
a manual [1], commonly referred to as T5/67, to be used by local authority
engineers in preparing (and submitting to the Ministry) a case for the inclusion of a
proposed road scheme in the trunk road and principal road programme. This
required the local user to make predictions for each link, both in the new network
(i.e. including the new improved road) and in the existing network, of the number
of vehicles traversing the link, their average speed and the number of accidents in-
volving i mJury to persons, all for a future year, viz. 1974. The procedure underwent
some very minor amendments in 1971 [6], and was superseded in 1973 by [8], which
is known as COBA and which represents a very radical revision and elaboration of
the much simpler approach used in T5/67. Although there are some significant
changes in the way forecasts are made, with implications for the preparatory work
to be done by the local engineers, COBA uses much the same principles as before,
and so the discussion of the differences may be postponed.

In the Wellington case, the relevant network is simply the relief road together
with the by-passed part of the A38 through the town; the lengths of these roads are
2.74 and 2.78 miles, respectively (although slightly different lengths were supposed
in the initial appraisal). In the initial study made by the Somerset County Council
(SCC), this length of the A38 was analysed in five sections, and traffic was counted
on the outermost sections, i.e. on either side of the town. In the present paper this
detail is omitted; the 1969 traffic counts quoted here are simply those made at the
census point to the east of the town.

Although T5/67 does not explicitly address itself to the possibility that the road
investment may generate additional traffic and cause trip re-distribution, it is
clearly implicit (in section 3.1.1.1) that such possibilities should be ignored: predic-
tions of future traffic levels on each link are to be the same, irrespective of whether
or not the investment is undertaken. Because the Wellington road is a modest
scheme, this simplification should not introduce any grave error here. Thus T5/67
requires predictions for the year 1974 of (1) the total number of vehicles travelling
through the network, (2) the average proportion of this total using the relief road, if
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built, (3) the average vehicle speed on the relief road and on the corresponding
length of the A38, and (4) the number of personal-injury accidents on each road.
For each of these four categories taken in turn, we now describe the original predic-
tions, together with estimates of the outcome.

Total traffic flows: August levels

For vehicle flows, the standard procedure is to begin with a measure of the number
of vehicles (i.e. all motor vehicles except motorcycles) which use the road in the
average August day; measurement is over the 16-hour period between 06.00 hours
and 22.00 hours, averaged over all seven days of the week. Initially, the Somerset
County Council officers based their analysis on census data gathered in 1965; but,
towards the end of the public inquiry stage, they accepted a proposal to use less
comprehenuive but more up-to-date figures from a census taken in 1969, and this
analysis was included in an “Agreed Report” [14] submitted to the inspector at the
end of the inquiry.! (Throughout this paper, the Somerset County Council’s
position is described principally by reference to that report.) Some results from the
1969 counts are shown in Table 1.

Predictions for flows in future years are made by applying growth factors to the
original census data. For 1974 predictions, some standard factors (to convert census
counts made not later than 1966) are given in section 3.1.3 of T5/67, together with
the following licence: “Where local knowledge enables more appropriate rates of
growth to be predicted, these may be used.” Although all parties at the public
inquiry realised that the gradual development of complementary sections of the
M5, together with increased car-borne holiday-making, would probably cause
greater-than-average growth in this area, none felt able to make specific forecasts.
Accordingly, predictions were based on the national growth factors (1.11 and 1.27,
respectively) given in Table 6 of [3]; the results for 1971 and 1974 are shown in
Table 1. The final columns of Table 1 show the outcomes for those two years. In
1971, automatic traffic counter data collected on both roads yielded figures for
axle pairs, and these have been converted to vehicles by supposing that the average
ratio of axles to vehicles is 2.12 (a factor based on August 1974 classified counts).
The 1974 estimate is based mainly on (manual) classified counts undertaken by the
DOE (some as part of the General Traffic Census, others made specifically for the
present study), supplemented by automatic traffic counter data. By 1974, heavy
goods vehicles comprised a smaller percentage of all motor vehicles (less motor-
cycles).

Traffic flows: disaggregated data

In making predictions, the next step is to estimate the proportion of the total traffic
which is likely to use the relief road. By using a limited amount of origin and
destination information, SCC officers concluded that approximately 75% of the
traffic counted in 1969 would not stop in Wellington, and would thus be eligible for
assignment to the relief road. In the initial SCC case, it was supposed that all this
eligible traffic would use the relief road, but the Agreed Report simply presented

'The “Agreed Report” was prepared jointly by the Somerset County Council officers and the
present author, who was acting on behalf of some of the objectors. The report established a common
framework for analysis and presented various sensitivity analyses, leaving each party free to draw its
own conclusions.
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TABLE1
Vehicle flows per 16-hour August day

1969 Predictions for Outcomes for
census 1971 1974 1971 1974
All motor vehicles 15,726 17,450 19,970 17,389 24,590
Heavy good vehicles as %
of all motor vehicles 11.5 11 11 — 8.53
Notes

(1) The totals are two-way flows of all vehicles except motorcyles, for an average August 16-hour day
(i.e. from 06.00 to 22.00 hours).

(2) The 1969 census counts are on the A38 alone. Predicted and actual totals for 1971 and 1974 are
the combined totals for the relief road and the A38.

TABLE2
Traffic counts on the A38 and the relief road

Daily average (over 24 hours) Total axle pairs % of which
on both roads on relief road
1971 June 18,073 55.4
July 19,722 60.1
August 20,568 61.3
September 17,895 54.8
October 14,374 49.7
November 12,999 47.5
December 13,028 48.4
1972 January 12,049 48.5
February 12,182 48.2
Approx. estimate for year June 1971 to May
1972 15,130 52.5
Daily average (over 16 hours) All motor vehicles % of which
(except motorcyles) on relief road

on both roads

August 1971 17,389 61.4

August 1974 24,590 73.9
All goods vehicles % of which
(except light vans) on relief road

on both roads

August 1974 2,121 77.1
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calculations based on the alternative hypotheses that the relief road would carry
100%, 75% and 50% of the eligible traffic. In his report [5] on the public inquiry,
the Inspector favoured an allocation of 75% of the through traffic (para. 368),
which implies that approximately 50% of the total traffic would use the relief
road; an SCC officer noted (para. 41) that, while the choice rests with the motorist,
roundabout designs would encourage the use of the relief road. (One problem with
T5/67 is that all the calculations are performed on the basis of typical conditions
which are supposed to remain constant throughout the year; as we shall see below,
this is particularly unrealistic when considering the proportion of traffic using the
relief road.)

After the relief road was opened in May 1971, automatic traffic counters were in
position on the relief road and on the A38 from June 1971 to February 1972. As
may be seen from Table 2, there is considerable seasonal variation; both the ab-
solute flow (on both roads combined) and the proportion of that flow using the
relief road fall in the winter. During the first year of the relief road’s life, it seems
that approximately 52% of the total traffic chose the relief road. As part of the
August 1974 General Traffic Census, manual classified counts were taken at points
on the A38 and on the M5, in both cases just east of the eastern junction of the A38
and the relief road; these were supplemented by classified counts taken one week
later on the A38 (just west of this junction) and by automatic traffic counter data
collected for one week both there and on the relief road itself. These data may be
pieced together to provide the estimates already presented in Table 1, together with
the information on how the traffic divided between the two roads, shown at the
bottom of Table 2. The proportion of all motor vehicles (except motorcycles) using
the relief road was significantly higher in August 1974 than in August 1971. Un-
fortunately the comparison cannot be made for other months, but it seems
probable that the difference between the two years is much less marked in the win-
ter.

Table 3 summarises some detailed counts of goods vehicles taken in August 1975,
with observers counting simultaneously on the relief road and at the eastern end of
the bypassed section of the A38. These data can be regarded only as illustrative,
since, although a very detailed classification was employed, counts were made only
for three hours in the SW direction and for two hours in the NE direction, all
during working hours on weekdays. The main conclusion to be drawn from the
data is that the relief road is used by a high proportion (about 70%) of all goods
vehicles, and the proportion is especially large for the very heavy vehicles. Ob-
servation of the ownership and nature of those goods vehicles which did use the A38
to and from Wellington suggests that a considerable proportion of these make calls
in Wellington itself. Although the 1975 sample is very small, the proportion of
goods vehicles (except light vans) using the relief road (77.1%) is the same as that
measured in August 1974.

Trafiic flows: seasonal pattern

The next task is to estimate the seasonal pattern for 1974 and hence to estimate the
total flow of vehicles on each road during that year. In T5/67 (see para. 3.4.2), the
August 16-hour flow is converted to an annual total by grossing up by an annual
flow multiplier, M, given by the formula:
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TABLE3

Gordon Mills

The split of goods vehicles between the relief road and the A38 for a small sample

of hours in August 1975

Vehicle category

No. of vehicles

% of which

observed on relief road
Heavy good vehicles
rigid - 2 axles 245 80.0
- 3 axles 44 63.6
- 4 axles 22 86.4
articulated or trailer
- 3 axles 58 81.0
- 4 or more axles 135 88.1
All heavy goods 504 81.2
Light vehicles with twin rear tyres 95 55.8
All goods vehicles
except light vans 599 77.1
Light vans 243 53.9
All goods vehicles 842 70.4

Notes: (1) “Heavy goods vehicles” here refers to all those vehicles bearing h.g.v. plates. In T5/67,

“heavy goods vehicles” refers to all goods vehicles except light vans.

(2) Counts were made for three hours in the SW direction, and for two hours in the NE direc-
tion, all during working hours on weekdays.

M =150 + 8.7H
orM = 300ifH> 15

where H is the percentage of all motor vehicles which are “heavy goods vehicles”
(i.e. all goods vehicles except light vans) in the August flow. This formula is based
on statistical work summarised on p.15 of [15], a report which describes much of
the intellectual ancestry of the T5/67 method. The basic idea underlying the for-
mula is that there is less seasonal variation in goods traffic than in other traffic, and
hence the variation in the total flow will be smaller (and the annual flow multiplier
larger) the greater is the observed percentage of heavy goods vehicles. The same
kind of procedure is used in COBA (see paragraph 3.3.3), but the formula has been

drastically revised in the light of more recent statistical work:

M =233 + 5.7H

In the Agreed Report, all predictions were based on an annual flow multiplier of
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246 (derived from an observed h.g.v. figure of 11%). When applied to the August
1974 data, the T5/67 and COBA formulae give widely differing results, as shown in
the second and third rows of Table 4. An alternative measure may be calculated by
using the automatic counts made during the year 1971-72; when the annual total is
expressed as a multiple of the August 16-hour flow, the results are as shown in the
fourth row of Table 4. Unfortunately, the seasonal pattern may have changed bet-
ween 1971-72 and 1974. If we first consider the total flow (i.e. on both roads com-
bined), it seems likely that the August peak had become a little more pronounced;
thus, compared with the 1971/72 figure of 296, the value M = 282 given by the
COBA formula looks plausible, whereas the T5/67 formula gives a result which is
surely much too small. When the separate flows are considered, the difficulties are
much greater. As Table 2 indicates, the seasonal variation in vehicle flow is greater
on the relief road than on the A38, apparently because most of the holiday traffic
uses the relief road while the A38 carries much local traffic; hence the 1971/72
counts produce multipliers of 254 and 361, respectively. On the other hand, the
h.g.v. percentage is higher on the relief road, even in August, and so the T5/67 and
COBA formulae give higher multipliers for the relief road than for the A38. Ap-
parently’ these formulae have been calibrated on total flows, in which case they are
likely to be inappropriate for application to self-selected separate flows in this by-
pass context. Nevertheless, for the purpose of the economic evaluations described in
the next section, separate multipliers are needed for 1974. The approach adopted
has been to suppose that the “true” multipliers are in the same ratio (2564:361) as in
1971/72, while absolute values are chosen to give the same total annual flow as that
obtained by application of the formula multipliers (224 and 282, respectively) to
the combined August flow. The results are shown in the last two rows of Table 4.
The separate (adjusted) COBA multipliers happen to be 254 and 361, exactly as in
the 1971/72 counts; but note that these are applied to differing August flows, with
the relief road attracting a higher percentage of the combined flow in 1974. The
adjusted COBA results appear to be satisfactory, but the adjusted T5/67
multipliers are all much too low.

Vehicle speeds

The other important aspect of physical performance is the average speed of
vehicles. The method of T5/67 requires that a sample of journeys be made on a
road, with vehicle counts taken at the same time, to obtain a mean car speed
achieved at the prevailing mean vehicle flow level. Formulae are provided to con-
vert this to mean vehicle speed (averaged over all types of vehicles) and then to con-
vert to speeds which would be achieved at different vehicle flow rates, thus allowing
for the usual inverse relationship between mean speed and traffic flow. Before
preparing the submission on the proposed relief road, the SCC staff measured jour-
ney times (and hence car speeds) separately on each of the five sections of the A38,

’It is believed that the COBA formula is based on a regression analysis carried out in 1971, using
1966 data for a national sample of roads. Unfortunately, this work has been classified as confidential:
apparently the safety of the realm is threatened if the planned know what regression analyses are
being used by the planners.
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TABLE 4
Estimates of the annual flow multipliers

Annual flow multiplier (M) for traffic

flow on
Relief A38 Both roads

Method Road (Section 1) combined
Predictions in Agreed Report (using T5/67) 246 246 246
August 74 data

T5/67 formula 228 214 224

COBA formula 284 275 282
Counts in 1971/72 254 361 296
1974 data — adjusted formulae

T5/67 202 287 224

COBA i 254 361 282

and these were used in the Agreed Report. In this study the A38 link has been taken
as a single entity, as some numerical tests suggested that the error introduced by
this aggregation is very small indeed. (But T5/67 rightly gives a warning, in
general terms, against aggregation of dissimilar lengths of road because of non-
linearities in the functional relationships.) For the aggregated calculations, mean
vehicle speed over the entire length of the A38 was prepared by taking a weighted
average of the more detailed data; the results are shown in row A of Table 5. Rows
B and C show observations collected in more recent fieldwork (with the road treated
as a whole), using the moving observer method (see Appx. 2 of T5/67). With
relatively few vehicles now using the road, it is difficult for the driver of the ob-
serving car to judge the typical speed of the other vehicles. Nevertheless, the three
sets of observations are fairly closely consistent, a point brought home by the
predictions recorded in the later columns of the table. These predictions use the
conversion formula given in T5/67, and have been made for 322 and 1230 vehicles
per hour, which are the respective typical hourly (August) flows in 1974, for net-
work calculations with and without the relief road.

In the initial appraisal, it was particularly difficult to predict likely speeds on the
relief road, in view of the unusual character of the road to be built. The approach
used by SCC in the Agreed Report is employed in Table 6 to give the result shown in
row 1 for a flow of 908 vehicles per hour, the typical August hourly flow observed in
1974. Observations made in 1971/72 and in 1975 are reported in the next two
rows, and here there is a major discrepancy when these two sets of results are used to
make predictions for the typical 1974 flow. As already noted, the road was im-
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TABLES
Speed/flow relationships on the A38 through Wellington

Observed data Predictions for flows of
1230 veh/hour 322 veh/hour
Mean Flow Speed Journey Speed Journey
vehicle time time
speed
mph veh/hour  mph Minutes mph Minutes
A Initial SCC data 24.6 1155 23.8 7.01 33.8 4.93
B 1971/72 fieldwork 29.1 455 21.0 7.94 30.5 5.47
C 1975 fieldwork 30.4 596 23.8 7.01 33.2 5.02

General Notes:

All “observed” vehicle speeds are derived from observed car speeds by the method of T5/67. All
predictions use the T5/67 method, with weighted averages for road width and K factors, derived from
separate data for the five road sections. Total road length is taken as 2.78 miles.

Notes on individual rows:

A “Observed” vehicle flow is a weighted average of observed flows on the five sections.

B Data collected by SCC by moving observer method, with 8 runs in each direction. Car journey
times ranged from 4.69 to 7.39 minutes; mean 5.60 minutes, and standard deviation 0.60 minutes.

C Data collected by moving observer method, with 8 runs in each direction. Car journey times
ranged from 4.87 to 5.95 minutes; mean 5.31 minutes, and standard deviation 0.27 minutes.

proved a little after the 1971/72 observations and before the 1975 observations;
nevertheless, the predicted speed based on the 1975 data is undoubtedly too high;
T5/67 does contain a warning against using the formula when the observed flow
differs markedly from the predicted flow. Also the formula in T5/67 may be inap-
propriate for this type of road: there is little scope for overtaking on such a narrow
road, and therefore, over a wide range of flow rates, traffic may move at or close to
the speed of the slowest vehicles; this perhaps explains why the observed speeds dif-
fer only slightly despite the very great difference in observed flow rates. Ac-
cordingly, a prediction formula based on interpolation of the two sets of ob-
servations has been deployed in the fourth row. For a flow of 908 vehicles per hour,
this formula gives a result which is close to that obtained from the T5/67 formula
applied to 1971/72 data (based on an observed flow rate not so very different from
908 vehicles per hour). The initial SCC predictions also compare well.

Accidents

Since damage-only accidents do not have to be reported, it is the personal-injury
(p.i.) accident rate which is used to assess the performance of a road. Paragraph
3.1.5 of T5/67 says that, for a new single carriageway road, the predicted number
of accidents should be based on 2.0 such accidents per million vehicle miles. In the
Agreed Report, this was combined with historical data on accident rates on the A38
to give estimated accidents on the new network; the estimate was a little higher than
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TABLE 6
Speed/flow relationships on the relief road

Observed data Predictions for flows of
908 vehicles per hour
mean car Sflow mean journey
speed speed time
mph veh/hour mph minutes
1 SCC prediction (Agreed Report) — — 33.1 4.97
2 SCCdata1971/72 34.4 604 32.1 5.12
3 1975 observations 31.7 1893 39.3 4.18
4 Prediction by interpolation — - 33.7 4.88

Notes on rows
1 This uses the formula v = 51 —(q + 1400)/6w (given in [9])
where v = mean vehicle speed in mph
q = total flow in vehicles per hour
w = carriageway width in feet

2 Data collected by moving observer method, with 9 runs in each directions. Journey times
ranged from 3.79 to 5.81 minutes, with mean 4.79 minutes and standard deviation 0.67
minutes.

3 Moving observer method, with 8 runs in each direction. Journey times ranged from 4.30

to 7.25 minutes, with mean 5.19 minues and standard deviation 0.69 minutes.

2and 3 Predictions use T5/67 formula, except that mean vehicle speed is supposed equal to
mean car speed.

4 Prediction by linear interpolation of observed speeds in 1971/72 and 1975, with mean
vehicle speed supposed equal to mean car speed.

All journey time predictions based on road length of 2.74 miles.

the historical record, which was an average of 21 p.i. accidents a year over 1964-69,
with no discernible trend. In the outcome, the record is much more favourable; on
the network as a whole, p.i. accidents numbered 13, 17 and 16 in 1972, 1973 and
1974, respectively. Of these, 4 accidents occurred each year on the relief road itself
(excluding the roundabouts), and this corresponds to a rate of the order of 0.4 p.i.
accidents per million vehicle miles, well below the rate specified in T5/67. In the
present economic calculations for 1974, an annual rate of 16 p.i. accidents is used
for the new network. With the growth in traffic, the old network would probably
have produced some increase in accidents. The old accident rates (if stable) suggest
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a total of 36 accidents by 1974; on the other hand, if the accident total had
remained stable as it did in the 1960s, 21 accidents would be the relevant figure. In
the economic calculations, a compromise figures of 30 accidents is supposed for the
old network.

3. CALCULATIONS OF THE ECONOMIC WORTH OF THE RELIEF ROAD
The methodology of T5/67

The T5/67 manual requires the user to measure the value of the benefits accruing
from one year’s use of the proposed road, and then to express this as a percenlage of
the capital cost of construction; and “In order that one result should be comparable
with another, all costs and benefits must be valued at 1967 prices and estimates of
traffic for 1974 are used” (para. 1.6). Because the manual was prepared for use by
local authority traffic engineers, a high degree of uniformity and routine is
prescribed not only to permit comparisons between schemes in different parts of the
country, but also to facilitate the work of the users, who may not have been trained
in methods of economic appraisal. The (net) benefit from having the road is the net
saving in travel costs plus the net saving in accident costs less the additional main-
tenance expenditure. Travel costs per vehicle mile (prescribed in a table in Ap-
pendix 3) depend on average vehicle speed, and represent time costs as well as
vehicle operating costs. Aggregate annual (1974) travel costs may thus be
calculated, the net saving being the cost incurred by the estimated traffic on the old
network, less the comparable costs for the same traffic on the improved network. In
practice, vehicles travel at different speeds at different times of the day and of the
year, but this is grossly simplified in T5/67: the typical hourly flow is taken to be
one-twentieth of the 16-hour August flow, and all traffic during the year is sup-
posed to travel at the speed which corresponds to that vehicle flow rate. Each per-
sonal-injury accident is to be valued at £1,150, and annual maintenance costs on a
new single carriageway are to be taken as £1,000 per mile. In the estimate of con-
struction cost, land and ancillary costs are included, while delays to traffic during
construction should also be added in, at £1.05 per vehicle hour. (This last item was
ignored in the case of the Wellington relief road, since the physical layout made the
item unimportant.)

When the Wellington proposal was submitted, the capital cost of the relief road
was estimated to be £215,000. Although paragraph 3.1.2. of T5/67 gives an ex-
press instruction that the figure should be converted to the 1967 price level, no con-
version factors are given; in the Agreed Report, a (1967) outlay of £187,000 is sup-
posed. In the outcome, the expenditure in 1970/71 ‘was £189,000 (including the
cost of acquiring a little land). There were further outlays in 1972 and in 1974,
which were spent on resurfacing, increasing the width, and kerbing. These outlays
have been regarded here as part of the capital cost, since the principal aim seems to
have been to effect minor improvements to the road. Construction cost price indices
are-given in COBA (see paragraph 3.1.5, and also Advice Note No. 10 issued in
July 1975); when these are applied to the three outlays, the total capital cost at 1967
prices is £173,000, and this figure is used in the reappraisal calculations. (Had these
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conversion factors been used in the Agreed Report, the 1967 estimated cost would
have been £181,000.) Since maintenance-cost accounts are not kept for individual
roads, the T5/67 estimate of £1,000 per mile per annum is carried over into the
reappraisal calculations.

Predicted and outcome “first-year’’ rates of return
The Agreed Report included a comprehensive sensitivity analysis; a selection of
these results is displayed in Table 7. Using a procedure which follows the rules laid
down in T5/67 (with a few minor exceptions), the calculations predict a con-
siderable reduction in travel costs, which dominates the net benefit total, since, for
this road at least, changes in maintenance and accident costs are very small items.
When the 1974 benefit is compared with the capital cost, the “first-year” rate of
return is generally of the order of 50% (though it does vary with the speed on the
relief road, falling to some 209, for an assumed speed of 26 mph). The SCC officers
reported that a return of 50% was high relative to their experience of other road
proposals in the County.

In this present study these calculations have been re-worked, using the ingred-
ients discussed in the previous section. Again, a range of calculations was prepared;

TABLE 7
Predicted economic rates of return, 1974 estimated traffic flows, 1967 prices

Assumption:
% of “eligible” traffic using relief road: 100 75 50
1974 travel costs £000 £000 £000
Existing network 771 771 771
New network
A38 185 310 448
relief road —speed 38 mph 430 321 215
30 mph 484 - 363 242
SCC predictions* 462 338 219
roundabout delayst 11 11 11
Net benefitt 1
Relief road speed — 38 mph 142 126 94
30 mph 88 84 67
SCC predictions* 109 108 91
Capital cost (at 1967 prices): 187 187 187
% % %
Furst year rate of return (asin T5/67) 58 58 48

(with SCC predictions of relief road speed)

* Speed varying with flow: 33.3, 34.8 and 36.3 mph, respectively

1 not explicitly included in T5/67

11 after allowing for £2,800 in extra maintenance costs, and for a very small amount in extra
accident costs.
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TABLES
Recalculations of economic rates of return, actual 1974 traffic flows, 1967 prices

Assumptions:
Annaul flow multipliers based on T5/67 COBA COBA
Speed/flow formula for relief road T5/67 T5/67 Interpolation
£000 £000 £000
1974 travel costs
Old network 929 1170 1170
New network 742 933 923
Net Saving 187 237 247
Accident costs—net saving 9 16 16
Extra maintenance costs 3 3 3
Total net saving (net benefit) 194 250 261
Capital cost (at 1967 prices) 173 173 173
% % %
First year rate of return (asin T5/67) 112 145 151

three selected cases are presented in Table 8. The T5/67 manual advises (Appendix
2) that speed observations should be made at a vehicle flow rate close to the ex-
pected 1974 typical flow. In this spirit, re-calculated travel costs on the A38 for the
existing (i.e. old) network are based on the initial SCC speed/flow data (see row A
of Table 5), while those for the new network are based on the 1971/72 fieldwork
(row B). The estimated typical speed on the relief road is obtained by applying the
T5/67 formula to the 1971/72 fieldwork (row 2 of Table 6) for the first two
calculations of Table 8, while the third calculation uses an interpolation approach
(row 4 of Table 6). As indicated in Table 8, the other difference between the
calculations is in the choice of the annual flow multipliers: the first case uses the
(adjusted) T5/67 formula (penultimate row of Table 4), while the other two use the
(adjusted) COBA formula (last row of Table 4). The typical hourly flow of all
motor vehicles (except motorcycles) is 1230 vehicles for the existing network; for the
new-network calculations this is divided into 908 vehicles on the relief road and 322
on the A38. All cases are based on the Agreed Report road length estimates (2.89
miles for the A38 and 2.80 miles for relief road), to facilitate comparison between
the predicted and re-calculated travel cost estimates. In using the speed/flow for-
mula, the widths are taken as 21 and 27 feet for the relief road and the A38, respec-
tively. On the A38 considered as a whole, an upper limit of 35 mph seems an ap-
propriate aggregate representation of the speed restrictions; in the event, this upper
limit was never reached in any of the calculations.
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For each case shown in Table 8, the new network yields a very considerable
reduction in estimated travel costs. (Incidentally, parallel calculations made on
alternative assumptions revealed only modest differences in the results: if the unad-
Justed T5/67 and COBA annual flow multipliers are used (cf. rows 2 and 3 of
Table 4), the proportion of traffic using the relief road is a little higher, and the net
savings in travel costs are about 2% higher in each case; substitution of the actual
road lengths of 2.78 miles and 2.74 miles for the A38 and the relief road, respec-
tively, reduces all travel costs—on the smaller network —and the net saving in travel
costs falls by about 8% in each case). Although the new network gives a welcome
reduction in the incidence of p.i. accidents, the reduction in assessed costs is modest
compared with the reduction in travel costs. As seen in the last row of Table 8, the
first-year rate of return varies significantly between the cases, but all the rates are
remarkably high. The key to this result is, of course, that the special circumstances
made it possible to provide new road capacity at a capital cost which was far below
the typical cost of a completely new road; much of the road bed was already in
existence, and there was no need to build any major bridge, viaduct or em-
bankment.

Comparison of predictions with outcomes

When Table 7 is compared with the first case in Table 8, it is seen that, in the out-
come, the first-year rate of return was much higher than predicted. As the
discussion in section 2 implies, the dominant reason for this discrepancy is that, by
August 1974, the total traffic flow was much higher than that supposed in the inital
calculations. Even the T5/67 formula for the annual flow multiplier gives an an-
nual traffic total which is much higher than expected, and the discrepancy is
greater when the COBA formula is used. On the other hand, the SCC speed predic-
tions for the relief road have turned out well, as has the anticipated split of traffic
between the relief road and the A38. The accident record is better than the
forecast, but this makes little difference here to the rate of return.

If a road is to be built at all, the question of when to build is also of importance.
With traffic (and hence net benefits) growing year by year, the optimal policy is of
course to bring a road into use in the first year for which the rate of return in that
year would be high enough to match the relevent rate of interest. This question is of
particular importance here, since the relief road was intended to serve in its prin-
cipal role only until the M5 was completed. At the time of the public inquiry, the
present author made some very rough calculations which suggested that, on the
conventions of T5/67 and using the SCC predictions, the optimal time to have
opened the road would have been several years earlier. A net present value
calculation using ex post data is summarised in Table 9. This shows that, not-
withstanding the short economic life of the road (in its principal role), the in-
vestment has a positive net present value for any discount rate up to about 74 %:;
this result is little more than a restatement of the message of Table 8. In addition,
however, Table 9 shows that the net benefit in the first year (1971) is a very healthy
fraction of the capital cost; again suggesting that it might have been better to build
the road at an earlier date. Finally, note that all these rates of return are derived
from a cost-benefit calculation, and should not be compared directly with the test
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TABLE 9
Net present value of the relief road, ex post basis

£000

1970 1971 1972 1973 1974 1975

Sequence of outlays and

benefits
Capital outlays 153 — 13 — 7 —
Net benefits — 89 111 149 250 250

Net present value of this sequence: at 10% discount rate —£442,000
at 159% discount rate —£360,000

The internal rate of return is approximately 74 %.

Notes

(1) These data are prepared on a basis which corresponds to that used in the second column of
Table 8; note that 1967 prices are used throughout.

(2) Each “year” should be thought of as beginning in June of the calendar year shown.

(3) The 1974 net benefit is as shown in Table 8; that for 1971 is based on traffic counter data; for
the other years, methods of interpolation and extrapolation have been used to estimate traffic
flows and hence benefits.

(4) Benefits accruing after mid-1976 are ignored.

(5)  The results are necessarily approximate, but the general message is clear.

discount rate laid down by the Treasury for situations where the returns are
represented by financial receipts. (The general, insoluble, problem of comparing
financial and cost-benefit rates of return is explored in [16]).

4. COMMENTS ON THE METHOD OF APPRAISAL

We now review some of the practical problems which arise in the application of the
procedure specified in T5/67, and also make parallel comments on the COBA
procedure. (These latter comments are based on the original COBA manual
together with the early amendments; very properly, DOE undertakes a continual
programme of re-assessment and improvement of the details of the procedure.)

Traffic flows

In order to estimate the existing typical 16-hour August traffic flow, manual
(classified) counts are made, since the heavy goods vehicle percentages must be
ascertained. Neither T5/67 nor COBA specifies how large a sample of days should
be measured, but, on pp. 9-10 of [2], the largest census envisaged is for seven con-
secutive days. In practice, because manual counts are expensive, it seems to be
common to count on only two or three days (Sunday and Monday, and perhaps
Saturday too) and then make an inference about the weekly pattern. Apart from
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errors in inference, there can also be noticeable variation from one week to the
next, especially at the week-end, when weather may have a great influence.

The associated problem is the use of the annual flow multiplier in order to
estimate the annual total flow. The formula given in T5/67 performs badly in the
Wellington context, while the new COBA formula gives a result which appears to
be very plausible, as far as the total flow is concerned. But for the roads considered
separately, as we have already seen, the COBA formula seems to be inappropriate
in this by-pass context. Together with the problem of sampling variation, this
suggests that classified vehicle counts should be made on a larger number of days,
perhaps spread over several months, in order to get a more accurate picture of the
seasonal variation. In addition, automatic traffic counter data might be collected
at intervals throughout the year to serve as a partial check. (For a more thorough
discussion in this area, see [22].) Of course, the degree of inaccuracy in these an-
nual flow estimates may be small, compared with the prediction errors discussed in
the next paragraph.

In both T5/67 and COBA, traffic growth predictions are usually based on
national growth factors, which (in the case of COBA) are embodied in the com-
puter program. In the Wellington case traffic has grown at a faster rate, in the
summer at least, and this (together with the poor annual flow multiplier) is the
most important cause of the discrepancies between the predicted and the outcome
rates of return. It would almost certainly be profitable to prepare (and use) traffic
forecasts which are disaggregated by type of road or by type of vehicle, or both.
(The DOE has now adopted forecasts [21] for different vehicle classes, and ap-
parently these are to be introduced into COBA.) Such disaggregation will not over-
come the fundamental problems of prediction, but may be useful in showing how
traffic will grow on one road relative to another. And this relative comparison may
be important in choosing between investment proposals.

In the context of a proposed by-pass, the related problem is to predict what
proportion of traffic will use the by-pass. T5/67 simply states (3.4.2.6.): “To
predict the traffic which will transfer to a by-pass, information must be obtained
from an Origin and Destination census or any other suitable source.” The
COBA manual merely notes that the user (of the manual) must make a prediction
(paragraph 2.3.2.). There is surely scope for giving greater help than this! An
origin and destination survey may help to provide an upper limit on the number of
vehicles which will use the by-pass, but drivers making through journeys may still
opt for the road through the town. As experience with the use of by-passes is ac-
cumulated, it should be possible to isolate the factors which influence the extent of
their use, in the hope that statistical analysis would then provide a worthwhile
prediction formula.

Speed/flow relationships

The estimation of speed/flow relationships is undoubtedly hazardous, a point
illustrated by the standard deviations for journey times quoted in Tables 5 and 6.
The compilers of T5/67 are aware of the problem, and specify minimum sample
sizes (in paragraph 9 of Appendix 2); for the Wellington context, 12 runs in each
direction are required. The samples described in Tables 5 and 6 are somewhat
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smaller, but, even if the rules had been strictly observed, the standard deviations
would still be uncomfortably large. Furthermore, a small amount of evidence from
other contexts suggests that local traffic engineers frequently neglect to take large
enough samples, and this must aggravate the problem. The COBA procedure seeks
a firmer foundation. For rural roads, it uses some more thorough statistical analysis
recently undertaken by the Transport and Road Research Laboratory, and repor-
ted in [10]. Instead of measuring journey times, the COBA user provides a physical
description of the road, including measures of hilliness and bendiness. Standard
formulae embodied in the computer program are then called into use, to predict
average vehicle speeds at the relevant flow rates. On some semi-urban roads,
however, direct speed/flow observations are still required of the user (section 3.3 of
COBA). The COBA procedure also requires physical description of junctions and
roundabouts, so that standard delay formulae in the program may be applied.
(These delays are not explicity considered in T5/67.)

In some respects COBA has a smaller degree of aggregation than T5/67. For
example, COBA recognises four distinct vehicle classes for the computation of
aggregate vehicle operating and occupants’ time costs, whereas T5/67 uses a single
average figure. Similarly, COBA divides the total 8760 hours in the year into four
hourly flow groups, and supposes homogeneity of flow rates within each of these
four periods; clearly, this is only a crude representation of the way in which traffic
flows vary hour by hour throughout the year, but it is a closer approximation than
that used in T5/67, which supposes that the flow is the same in each and every hour
of the year.

Economic evaluation

Finally, in contrast to the “first-year” rate of return concept used in T5/67, COBA
estimates benefits over 30 years, and measures the net present value of these
benefits by using the Treasury’s test discount rate; competing road projects are then
valued by the ratio of net present value to (discounted) construction costs. (See Rees
[19] for criticism of the conceptual foundation of this ranking rule.) Although the
COBA computer program requires the user to specify a fixed number of trips on
each link in a network, this can be altered (to a new fixed pattern) in a subsequent
year of the life of the scheme; this facility permits recognition of the kind of
situation encountered in the Wellington case, where the relief road loses most of its
traffic after five or six years.

In summary, then, the COBA procedure still has a large number of practical
shortcomings and difficulties. But to put these criticisms into perspective, we must
consider the use made of the analysis. Under present circumstances at least, it seems
unlikely that the size of the Department of the Environment’s budget for road con-
struction is affected much, if at all, by the computed net-present-value ratios. In
that case, the results are used only for the ranking of projects which compete with
each other for a share of the (fixed) limited budget, and for the ranking of alter-
native project designs for a specified road link. Errors introduced by aggregation,
for example, may have little or no effect on such ranking procedures, in which case
they need not cause any great concern. The only important errors and biases are
those which work in an unsystematic way. As already indicated, it appears that two
important problems persist: prediction of traffic growth remains difficult, and

20



REAPPRAISAL OF AN INTER-URBAN ROAD Gordon Mills

prediction errors may upset rankings, if and when differential growth rates occur;
and, with town by-passes apparently destined to take an increasing share of the
road budget, more attention should be given to the problems of predicting the
proportion of traffic likely to use a by-pass.

5. ABROADER VIEW, AND SOME GENERAL CONCLUSIONS

Both the appraisal method of T5/67 and that of COBA are relatively narrowly
focused: the costs and benefits explicitly recognised are limited in range, and there
is no regard to their distribution among the various groups in the community.
(However, some consideration is given to environmental factors in a simple
estimation procedure now used for small schemes—see [7].) Accordingly, we now
briefly examine some of the broader environmental and “political” issues raised by
the Wellington relief road.

When the relief road was proposed, Wellington Urban District Council sup-
ported it (because it expected that diversion of traffic would improve the en-
vironment in the town); but there was opposition from the rural councils and from
farmers, who feared that heavy traffic flows on the line of the existing country lane
would hinder farmers in their use of this road, and would effectively sever certain
farms each into two parts.

In the outcome, the road has diverted a considerable fraction of the total traffic.
This proportion has increased over time, probably because of minor improvements
to the road and changes in the layout (and signposting) of the roundabouts; also,
the extra traffic attracted to the area by the completed sections of the M5 probably
contains a higher proportion of divertable traffic. Although early experience left
the townspeople dissatisfied (and led the Urban District Council to seek, un-
successfully, to get some traffic banned from the town), this dissatisfaction has since
abated, and it seems to be widely accepted that the main street now offers much
more pleasant conditions. (Indeed, at each roundabout, there is now advertisement
of the availability of free parking in Wellington, presumably at the behest of
traders hit by the marked reduction in the traffic flow.) One other consequence
(which was envisaged at the public inquiry) is that new housing estates are being
constructed on the southern edge of the town, and the relief road will serve as the
principal local distributor for them.

In conclusion, the cost-benefit analysis of T5/67 is neither comprehensive nor
perhaps (in this case) very robust. The calculated rate of return ignores the
disbenefit to farmers (and to other users of the old country lane) as well as the
benefit of improved urban conditions in Wellington itself. The calculated return is
dominated by the net reduction in travel costs; but there are graunds for not taking
this figure too seriously. Although there is an undoubted benefit at times of peak
traffic flow, there are many hours in the year when traffic travels (on either road) at
speeds and overall journey times little different from those which would prevail if
the relief road had not been built. During such hours, the journey time savings (if
any) are very small (per journey). Apart from any reluctance there may be to place
a value upon such small reductions in journey time, the calculated total time saved
is unlikely to be an accurate figure because the calculation is based upon a single
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average traffic-flow. (COBA should do better in this respect, by supposing four
distinct levels of traffic.) Notwithstanding any scepticism about calculated travel-
cost savings, it may be legitimate to regard the road as a good investment if only
because it has attracted much of the traffic, and thereby improved the urban en-
vironment in Wellington.

Recent developments in British roads policy have put increasing emphasis on
make-do-and-mend, with short by-passes and “cheap” roads in large number, in
preference to a small number of high-standard but expensive projects; see para. 7
of [12]. The Wellington case shows that a road built to a very modest standard can
carry a considerable traffic flow. Although the reasons for this success have not
been established, the slightly shorter length of the by-pass is no doubt an important
factor; roundabout layouts and more relaxed driving conditions on the relief road
may also have contributed. This experience suggests that low-cost by-passes could
attract a major share of the traffic in many situations, especially where the new
route is little or no longer than the old. A confident prediction that a low-cost road
will succeed in this way may be a necessary, but is not a sufficient, condition for
that choice. It is still necessary to check whether a road of higher standard (per-
mitting mean vehicle speeds of, say, 50 mph rather than 30 mph) gives an ad-
ditional return sufficient to justify the extra outlay. However, increasingly severe
budget limitations imply that the required rate of return should be high (and,
perhaps, a good deal higher than is commonly supposed), and in that context the
low-cost option may be preferable.
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