II. The Western Nigeria Road Development Survey
By R. A. Spottiswoode

The article by Ian Smith in the January 1968 issue of this Journal* was a clear ex-
position of the methods employed in his survey. The prevalence and sophistication of
such surveys — which to some extent can be credited to the high standard required by
international lending agencies — makes the article valuable for those engaged on
similar work.

There are a few points, however, on which comment may be useful.

WHAT ARE THE ALTERNATIVES?

One of the objects of the survey was the production of a ten-year plan. All projects
were apparently assessed over a period of 20 years from 1970 so that alternative
projects could be compared on the same basis. Although each project was assessed
in the same way, the respective cost/benefit ratios (or internal rates of return) seem
to have been calculated by comparing the two situations:

(1) in which the project is completed in 1970, and

(2) in which there is no new construction until 199o at earliest,
so that a project is deemed worth while if construction in 1970 proves better than
doing nothing until 19go. Since this comparison may omit the best alternative (say,
construction in 1978), a favourable cost/benefit ratio and rate of return may result
in a recommendation to construct the road too soon. In my experience the assess-
ment of maintenance on a road of the existing standard at traffic levels projected to
the 1980’s has often proved highly unrealistic. Try asking a district engineer in a
developing country how he would maintain a laterite road carrying 2,000 vehicles
a day.

WHAT IS THE LIFE OF A ROAD?

A further matter requiring greater realism is the assessment of the “life”” of the road.
The standard method of the American Association of State Highway Officials [1]
has encouraged others to use the concept of a “life”” which depends on the physical
wearing out of the asset. In practice proper maintenance should ensure that the road
retains its full functional value up to the time when the intensity of traffic makes it
economic to improve or replace it. The funds for such maintenance are normally
included in the cost stream. The life of the road is then more logically specified as the
period up to which the traffic volume is not expected to exceed a given amount.

*“The Western Nigeria Road Development Survey: A Case Study in Pre-Investment Analysis in
Developing Countries”, by Ian Smith. Journal of Transport Economics and Policy, Vol. II, No. 1, Jan-

uary 1968, pages 9g4—104.
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The Residual Value of the Project

If, at the end of the “life” of the proposed road, the next improvement is carried
out as soon as it becomes economic, then by definition the benefits and costs of the
second stages will be equal (z.e., the N.P.V. will be zero and the rate of return will be
just acceptable). The contribution of the first road project to reducing the second
stage costs, and hence its residual value, will be the difference between the costs of
the second stage improvement with only the existing road to start from and the
costs with the first improved road to start from. Thus the residual value of a single
carriageway designed to become one carriageway in a dual carriageway road will be
higher than that of a similar carriageway not specifically so designed. Similarly a
road designed to geometric standards appropriate to the second stage of improve-
ment with, perhaps, a weaker pavement will have a higher residual value than a road
designed to geometric standards appropriate only to the first improvement.

With this concept it becomes more realistic to “end” the life of a road at a stage
when the improvement is relatively minor, such as upgrading the surface type,
provided, as will be seen later, the induced benefits have matured at this stage.

THE NATURE OF THE BENEFITS

Smith points out that, where there is a road already, the savings in transport oper-
ating costs following an improvement are usually large relative to the benefits from
induced economic activity. This implies that the volume of traffic generated by the
road is relatively small. The savings to existing and diverted traffic accrue as soon as
the road is built, and can therefore be assumed, for any particular year after that,
to be independent of the date of construction; but induced benefits mature slowly,
and their value in any particular year will therefore be affected by the year in
which the road was constructed. It is suggested, however, that induced develop-
ment normally matures (but does not cease) in a few years after construction, say
about 5 years unless substantial amounts of tree crops are involved. This concept is
shown in the diagram on this page.

If 4 and B are alternative construction dates, induced benefits mature at P and Q
respectively, and the maturity periods are 41 and BZ respectively. Thus, after year
Z induced benefits become independent of the year of construction of the road, and
the loss of induced benefits due to later construction is represented by the area
ABQP. It may be that, in practice, induced benefits never completely mature; but
the assumption that they do mature in some finite and not too long period is not
likely to have an appreciable effect on a quantitative analysis. Most feasibility
studies make this assumption in any case.
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THE INCREMENTAL TIME ANALYSIS

If an analysis is predicated on these assumptions about the nature of benefits, the
calculation of the optimum year of construction becomes relatively simple, since a
comparison between alternative construction dates need not be carried beyond the
latest date for the maturing of benefits. Nevertheless a check over the whole life of the
road, on the lines of Smith’s analysis, may sometimes be appropriate to make sure
that the life of the project is not too short in relation to its residual value. If it is,
construction to a higher standard may be justified.

In most studies the annual value of induced benefits is not estimated to increase at
all after maturity. This type of assumption is normally acceptable, as its effect on the
analysis is small in relation to the low level of accuracy with which benefits, partic-
ularly induced benefits, can be estimated.

In order to demonstrate the ease with which it is normally possible to calculate the
appropriate year of construction, let us assume that induced benefits mature at a
constant rate to a fixed level during the first five years after a new or improved road
is opened and that we wish to find the most economic year in which to complete
construction. Other assumptions may be more appropriate but do not affect the
principle of the analysis. Let the benefit streams be as shown in Table 1.

TasLe I
Net Bengfits from Net Benefits from Net cost (excluding
completion in year o completion in year 1 construction) of
Year deferring project
Fast-maturing | Induced | Fast-maturing | Induced JSrom year o to
benefits* benefits benefits* benefits year 1
o a ——; 4 0 a +—§
2x x x
I b = b - —=
5 5 5
3x 2x x
2 ¢ = ¢ = —~
5 5 5
5 y 4 y 8 E:
5 5 5
4x x
x ax x
4 ‘ ‘ 5 5
5 S x f x o
6 g x g x o
7 h x h x o
etc. etc. etc. etc.

*Include maintenance, accidents and benefits to existing and diverted traffic.
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If we assume that the life of the road ends when the traffic carried reaches a given
volume, then the year of the ending of the life is unaffected by the date of con-
struction, so the discounted residual value remains the same for each year of con-
struction. The discounted costs of deferring the project for a single year are then:

n=o

n
x d .
a + z g I — 56 ) resource units.
no=4
"The benefits to be gained by deferring the project for a year are:
Cd

— resource units
100

where C'is the construction cost (grossed up to the first year of benefits) and d is the
discount rate.
So the net present value of deferring the job for one year is

n=o0
n
X d .
Cd —a — Z — I — — resource units
5 100
n=4
=K —a resource units

where K is a constant.

Similarly the net present value of deferring the job for a second year, compared
with deferring for one year only, is K-b resource units.

"Therefore the first year in which the fast-maturing benefits exceed K is the year in
which the construction should be completed. v

It should be noted that, whatever pattern is assumed for the growth of induced
benefits to their matured level, K still remain a constant and the amount of calcu-
lation is small. If the induced benefits are not assumed to mature during the life of
the road, this does not alter the need for an incremental time analysis. It merely
requires calculations from the full benefit stream for each year of deferment.

Some difficulty may arise because resurfacing costs, which form part of the
maintenance cost stream, tend to occur in years which are conventionally assumed to
be a fixed number of years after construction. In practice the error introduced by
assuming an average annual maintenance cost, including resurfacings, is negligible.
But purists may wish to inflict on themselves a computer or heavy calculations by
giving the full treatment to each deferment estimated.

It may be objected that in a construction programme based on this type of
analysis resources could be pre-empted by a road which becomes viable early but has
a low growth rate of benefits compared with another road which becomes viable later
but has a high growth rate. Unless both jobs qualified for resources at the later date,
one must assume that the appropriate discount rate is growing faster than the slow-
growing benefits.
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This may be clearer if we consider the hypothetical case illustrated in Table II.

TasrLe II
Year Rate of return obtainable by construction one year earlier
“Slow-growing™ project “Fast-growing” project
I 9 6
2 10 9
3 1 12
4 12 15
5 13 18

If the appropriate opportunity cost of capital is g per cent now, the slow-growing
project is just worth constructing in year 1. If one were to suggest that it should not
be constructed now and that the funds should be reserved for construction of the
fast-growing project in year 8, one must further postulate that the opportunity cost
of capital in year g is greater than 11 per cent. The most likely outcome is that the
slow-growing project remains viable even after its rate of return is overtaken by the
other project, which is also viable at this stage.

In special cases, as where a later development diverts traffic from an earlier
improved road and thus causes a reduction of benefits on this road, there may be no
way round the long calculation.

The analysis of Smith’s roads on these lines would involve calculating for every
project the year in which year improvement first becomes worth while, so that a
construction programme results. If the programme costs more or less than the funds
available the discount rate can be adjusted to bring the cost of viable projects into
line with available resources. This would imply, however, over- or under-investment
in roads compared with other sectors of the economy.

Where, as is often the case, only a single major project is being assessed the
answer is given in the form “Construction should be completed in year x” rather
than “Construction is [not] viable on the basis of a ‘20 year life’.”

Of course it may be that funds are available now for a project and may not be
available in year x. This, however, is a political problem and not an economic one.
The appropriate course seems to be to point out the danger in the report to the
decision makers. As a rough and ready rule it seems that, if construction is best
delayed by n years, it is better to construct now than in more than 2z years’ time.

In my experience projects have sometimes been grossly over-valued by a failure to
consider whether deferment would be appropriate. In one case a project was shown
to have a rate of return of 29 per cent when estimated on the lines of Smith’s analysis.
Yet the incremental rate of return of immediate construction over construction in one
year’s time was only 12 per cent. In another case a project accepted as viable over its
full life on a “now or not for 20 years” basis was shown to be not viable on a “now or
not for 10 years” basis, and should have been deferred for 8 years.

WHAT IS THE APPROPRIATE DISCOUNT RATE?

Alternatively, what is a viable rate of return ? Smith states that in Western Nigeria a
rate of 8 per cent was estimated to be the current investment opportunity cost in the
area. If this is the opportunity cost based on commercial, industrial and agricultural
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investments, it is probably too low to apply to roads where “social” accounting is
used. Roads would rate a very low priority if direct benefits accruing to the govern-
ment, mostly savings in maintenance, were the only benefits considered. Similarly,
if benefits to workers and users were taken into account as well as direct commercial
returns from, say, a cement factory, a “just viable” project would have a “‘social”
rate of return well over 8 per cent. Hence, as many other economists have stressed, a
higher rate of return or discount rate is appropriate when “social” returns are
included in the cost stream.

TRAVEL COSTS

Smith appears to have built up his unit road user costs in four parts:
(1) Operating costs adjusted to different classes of roads;
(2) Congestion costs;
(3) Delay costs;
(4) Accident costs.

The World Bank Staff Paper [2] on this subject probably came out too recently to
have helped in the Western Nigeria survey. The unit costs quoted in that paper
require conversion to local conditions, but this can be done without a great amount
of work and was simply accomplished for Thailand [3] with the help of the paper. By
relating costs not only to the type of road but also to travel speeds for each category
of vehicles, it has been possible to combine the first three of Smith’s elements of cost
into a single value which varies with speed. Techniques for speed measurement are
well developed and need not rely so much on subjective judgement, particularly
where speed/volume relationships have been established.

It would be interesting to know to what extent the data for the empirical studies
in Western Nigeria justify confidence in the accuracy of the results. A similar study
in Thailand failed to produce reliable results owing to the poor quality of the data
available. Some Road Research Laboratory reports (unpublished) on operating
costs in East and Central Africa produced some useful results, but I still prefer to use
an analysis based on the World Bank report.

REFERENCES

1. Road User Benefit Analysis for Highway Improvement. AASHO 1952, revised 1960.

2. Quantification of Road User Savings, by Jan de Weille. World Bank Staff Occasional Papers No. 2.

3. Vehicle Operating Costs. Technical Report No. 26 by T. P. O’Sullivan and Partners for the Thai
Highways Department.

T. P. O’Sullivan and Partners
Bangkok

230



