THE WESTERN NIGERIA ROAD
DEVELOPMENT SURVEY

A Case Study in Pre-Investment Analysis in Developing Countries

By Tan Smith

OBJECT OF THE STUDY

The recently completed Western Nigeria Road Development Survey offers a typical
example of the pre-investment studies which are carried out in developing countries
secking loan funds for the financing of capital projects. By comparison with many
African countries, the road network in the Western Region of Nigeria is highly de-
veloped: it has 2,900 miles of bitumenised highway serving a land area of 30,100
square miles. In the current Six-Year Development Plan emphasis has shifted from
investment in the basic economic infrastructure to investment in productive capacity.
Nevertheless, the increase in commercial traffic is imposing a growing strain on the
road network, most of which was originally constructed to inadequate technical
standards, and the consequent rise in transport operating costs through increased
wear and tear and congestion will affect the prices and level of output of the agri-
cultural produce on which the export trade of Western Nigeria depends. The Re-
gional Government, therefore, aware of the need to increase the competitiveness and
expand the output of export crops, commissioned a comprehensive pre-investment
study to determine cost/benefit ratios and allocate priorities for alternative road
improvement projects. The study was also to include an assessment of the Western
Region’s technical and financial capacity for road construction. The conclusions of
the study were to provide the basis for the Region’s future highway development
programme and to support an application to the International Bank for loan funds
to finance the foreign exchange costs.

The objectives of the study were stated and its scope outlined in a brief for the
guidance of the consultants employed. The detailed preparation of the methodology
was, however, left to them. At the same time a list of some 40 proposed road improve-
ment schemes totalling over 1,250 miles was put forward for the consultants’ con-
sideration, although this list was not binding. These projects ranged from small feeder
links four or five miles in length, serving main roads, to secondary roads over 50 miles
in length providing the principal means of access to distinct geographical areas. They
excluded the major trunk A roads which are administered by the Federal Govern-
ment, but the relationship of the listed roads to the trunk network was to be con-
sidered.

The study was carried out by a team of engineers and economists. In general terms,
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the engineers reviewed existing technical standards and estimated the capital and
recurrent maintenance costs of the projects studied, while the economists evaluated
the economic benefits likely to arise through their implementation. The interdepend-
ence of these two aspects, however, required close collaboration between engineers
and economists. The respective field investigations were, therefore, carried out con-
currently in Western Nigeria over a period of seven months, operations being based
on Ibadan.

It was decided in preliminary discussions to present the findings in the form of a
series of discounted cost/benefit ratios for projects in descending order of priority and
an assessment of the mileage of new construction that the Western Nigerian Govern-
ment would be technically and financially capable of undertaking in a ten-year
period, having regard to existing commitments for loan repayments. Each project
was examined individually within the context of the existing road system — that is,
normally without assuming the implementation of other projects examined in the
survey. In certain cases, however, where the decision to carry out an alternative
project was considered likely to have a significant effect on the costs or benefits of
the particular project under examination, a supplementary analysis was carried out
to determine costs or benefits with and without the alternative project; or, alterna-
tively, the two projects were regarded as complementary investments and the costs
and benefits assessed on the assumption of joint construction.

Evaluation Period

It was necessary to determine the time period over which the economic benefits
were to be evaluated and recurrent costs estimated. A period of 20 years from 1970
was selected as the longest period over which the economic forecasts could be kept
in realistic limits. The year 1970 was taken as the earliest likely date for completion
of the first improvement scheme. The requirement that alternative projects should
be assessed on a truly comparable basis explains the selection of a single base year
for analytical purposes, although it was recognised that, in practice, the resulting
development programme would almost certainly entail staged construction.

CAPITAL COSTS

Construction Costs

The estimation of construction costs by the engineers was based on an analysis of
existing tenders for road contracts in the Western Region, modified where necessary
to take account of the type of road designed and the nature of the terrain. The stand-
ards adopted for each road project were, of course, governed by the forecast of
traffic flow, in terms of passenger car units and actual traffic composition, for the
last year of the evaluation period. This forecast was derived from a study of traffic
generating factors carried out by the economists.

In the calculation of the capital costs of the proposed improvement schemes, a
clear distinction had to be drawn between the financial costs and the true economic
costs. The principal difference in this study was the element of taxation. Taxation
(whether it takes the form of profits tax, purchase tax or any other form of fiscal
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levy) is an important item in financial costs, as it must be met, in the last instance,
by the contractor, and it is, therefore, always included in the costs quoted in tenders.
In economic terms, however, it cannot be regarded as a real cost, as it does not result
in a withdrawal of productive factors from alternative uses but merely ina redistribu-
tion of income within the economy. It is theoretically invalid, therefore, to include
tax in an assessment of the economic costs to the community of a particular road
project. In calculating cost/benefit ratios, therefore, capital costs were estimated net
of taxes.

The tax element was calculated jointly by enginecrs and economists. The engineers
identified taxable items in total constructional costs, such as depreciated plant costs,
fuel and staff salaries, and estimated the average share of total financial costs attrib-
utable to each. The economists calculated the actual tax liability in percentage terms
for expenditure on these items, to determine the final tax element as a percentage
of total capital expenditure.

A further distinction was drawn between the financial costs and the “opportunity
costs” of the factors of production. The real cost to the economy of capital or labour,
for example, is not its remuneration in its present use but what it would earn in the
next most profitable alternative use. Thus, if a labourer is paid 10s. per day on con-
structional work his cost to the economy is 10s. per day only if he could have earned
the same remuneration elsewhere. If he would have been likely to return to the pool
of unemployed, his effective cost in economic terms is nil. Similarly, if capital is
invested in a particular project its real cost is the interest that could be earned in
alternative applications, regardless of what is actually received. In the Western
Nigeria survey, enquiries showed that most labourers do, in fact, succeed in finding
alternative employment at broadly the same rates of pay when road contracts are
completed. Consequently, no adjustment was made in the calculation of the labour
element in construction costs. At the same time there is no shortage of competition
for investment funds in Western Nigeria, so that the financial cost of capital, or the
rate of interest, can be regarded as equivalent to its opportunity cost.

Maintenance Costs

The engineers’ estimates of net annual maintenance costs again depended on
traffic flow forecasts provided by the economists for the 1970-1989 period. Net annual
maintenance costs were defined as the total annual costs of maintaining the proposed
road less any annual savings in maintenance on existing or other roads arising through
the implementation of the project. Thus, if the proposed road was intended to replace
the existing road entirely, the total annual costs that would have been incurred in
maintaining the existing road in its present condition were offset in full against the
corresponding estimated annual maintenance costs of the proposed road. In this case
average net maintenance costs would normally be negative. Where the existing pave-
ment, or sections of it, would be retained after re-location of the proposed road,
savings in maintenance costs still sometimes resulted on the retained sections owing
to reduced traffic flow. These, too, were offset against total maintenance costs. Third-
ly, maintenance costs were sometimes reduced on an entirely different road owing
to the diversionary effects of the proposed road, although these savings were rarely
found to be significant. Forecasts of these indirect effects of the project on traffic
flows over the retained sections of the existing road and other roads were an essential
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part of the economic assessment. Total net annual maintenance costs, calculated by
these methods, for each year of the 20-year evaluation period were discounted at
the appropriate rate of interest to the value obtaining at the beginning of the first
year of the period, and then totalled and offset against the corresponding discounted
benefits calculated by the economists. Where net maintenance costs were negative,
of course, they effectively supplemented benefits. The rate selected for the discounting
of costs and benefits was 8 per cent, estimated to be equivalent to the current oppor-
tunity cost of capital in Western Nigeria.

Residual Values

The use of a finite evaluation period gave rise to the problem of the residual value
of the capital project at the end of the 20 years. Account had to be taken of the fact
that at the end of 1989 a road would remain a capital asset capable of yielding further
economic benefits. These additional benefits are too far removed in time to be meas-
ured with any acceptable degree of accuracy. The convention was, therefore, ob-
served of attributing to the project a residual value related to its original capital cost.
This convention tends to under-estimate the value of an economic asset at the end
of the evaluation period if it is found to have a positive cost/benefit ratio, since, by
definition, average annual benefits will always exceed average annual costs. In this
study, however, it was thought that any such difference would be insignificant after
discounting to values at the beginning of the period, and it was therefore disregarded.
A further convention frequently followed in the determination of residual values is
to reduce the estimated value by a notional margin to allow for the possibility that
the asset might become technically or economically obsolete through unpredictable
developments. In the Western Nigeria study it was felt that, in view of the nature of
a road as a capital asset and the circumstances peculiar to economies at this stage of
development, unpredictable factors could work both ways and could just as easily
lead to an unforeseeable increase in the demand for the road, so that the net effects
would probably cancel out. The accumulation of a formerly dispersed agricultural
population into a new urban settlement in the area served by the road, and the
closure of a competing form of transport such as a railway, are examples of events
that could stimulate demand. The full residual value was, therefore, taken.

The actual residual value was determined by attributing a theoretical life span to
each of the four constituent parts of the road. Earth works and clearance were re-
garded as permanent. A life of 50 years was ascribed to base materials. In fact, base
and sub-base would probably require strengthening within less than 50 years; but
they would still retain value, since, even after deterioration, their presence would
reduce the thickness of new material required. A 5o-year life span was also assumed
for structures. At the end of the evaluation period, therefore, the residual value of
the permanent earth works would still be equivalent to their original capital cost,
while the unexpired portions of the lives of base materials and structures would be
valued at 6o per cent of their original capital cost. It was not practicable to value
the fourth constituent, pavement, on the same basis, as it is renewed at rela-
tively frequent intervals; but, as the existing surfacing would usually provide a basis
for strengthening, a notional residual value of 60 per cent was taken. The resulting
aggregate figure was then discounted back to end-1969 values and added, like
negative net maintenance costs, to the discounted forecast benefits of the project.
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CURRENT COSTS AND BENEFITS

Macro-economic Forecasts

Two approaches were followed in assessing the economic benefits of the road
projects analysed in the survey. The first approach involved a broad macro-economic
analysis of the future development of Western Nigeria as the prime determinant of
future trends in transport. This general analysis examined the pattern of agricultural
and industrial production in Western Region, and in other Regions likely to have an
influence on transport in Western Region. Systems of marketing and distribution,
in both domestic and external trade, were analysed and a detailed study was made
of the existing transport system to determine its relationship to general economic
activity within the Region. On the basis of this study and an assessment of demand
in external markets, future economic trends were forecast. These, in turn, were taken
as determinants in forecasting the size and nature of the transport system in the
Western Region, with particular emphasis on the rate of growth and composition of
road transport over the 1970-1989 period.

The general macro-economic analysis was a straightforward exercise comprising
no particularly new analytical techniques. The assessment of the benefits likely to
arise directly from the implementation of the various road improvement schemes, on
the other hand, gave rise to several interesting and controversial points of method-
ology. Practically all the roads examined in the survey were already established routes
of major or secondary importance with significant traffic flows. The areas served by
these roads tend, in consequence, to be fairly intensively developed. There were few
instances where land utilization appeared to have been retarded by inadequate com-
munications. Consequently, of the two broad categories of economic benefits likely
to arise from the improvement schemes, namely, savings in transport operating costs
and induced economic activity, the latter was found to be relatively unimportant.
Attention was given primarily, therefore, to reductions in transport cost.

Local Economic Benefits

The second approach involved a detailed analysis of benefits arising from each
individual project. Economic activity in the area served by each road was examined,
and forecasts made of future developments with and without the proposed improve-
ment scheme. The composition of traffic currently using the existing road was ana-
lysed. Growth rates for particular categories of traffic were then forecast by reference
to the forecast macro-economic trends, such as that for agricultural production, and
to other traffic generating factors. These forecast growth rates were applied to the
appropriate categories, such as commercial through traffic and passenger cars, and
trends for the 1970-1989 period determined for the particular road under examina-
tion. For traffic generated locally, however, such as lorries moving produce from the
area directly served by the road, alternative growth rates were formulated on the
basis of a detailed economic analysis of the area. Potential economic benefits — in-
duced production attributable exclusively to the road improvements, and reduced
transport costs for the normal and diverted traffic flows forecast by the methods des-
cribed above — were calculated over the evaluation period, discounted to end-1969
values and added to discounted maintenance savings and residual value to give the
forecast net benefits of each project. Cost/benefit ratios were derived by a comparison
with the net costs of construction.
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Average Vehicle Operating Costs :

The average operating costs of road vehicles in Western Region were determined
by empirical studies. Controlled road tests were rejected as impracticable with the
time and resources available, owing to the wide range of variables that would have
to be taken into account. Data was obtained through a widespread programme of
interviewing all major transport operators, a representative selection of smaller oper-
ators, vehicle distributors and companies engaged primarily in other forms of com-
mercial activity but operating their own vehicle fleets. Cost data obtained from
these interviews related predominantly to Western Region, although some of the
larger companies also operated long-distance haulage services to Northern Region.
Operators did not consider, however, that running costs incurred outside the Region
differed sufficiently to affect average costs.

Operating costs were analysed for five types of vehicles: passenger cars and three,
five, ten and twenty-four ton trucks. Operating costs of a few specialized vehicles,
such as seventeen-ton timber trucks, were determined by interpolation. Otherwise,
in the final analysis, every vehicle currently using the roads under examination was
allocated to the category it most closely resembled. The items taken into account in
determining costs fell into two classes: standing costs, which were independent of
vehicle mileages, and running costs, which varied in proportion to mileage. Standing
costs included wages, insurance, licences, capital cost, interest charges, administrative
costs and vehicle inspection costs. Running costs covered fuel, lubricating oils, tyres
and tubes, routine servicing and maintenance and repairs.

Costs for each of these items were derived by enquiry for the five categories of
vehicles on a mileage basis, assuming an average percentage load factor. The over-
head costs were converted to vehicle mileage terms by determining the average
mileage life of each category of vehicles. Each item was then adjusted to eliminate
the incidence of transfer payments, namely, import duties and excise taxes. The
itemised mileage costs, net of tax, derived by these methods were then summed to
give total costs per mile for each category of vehicles.

Operating Costs on Different Classes of Roads

These costs, of course, represented the current averages for Western Nigeria as a
whole. Allowance had to be made, therefore, for variations from the average in
standards and categories of roads and in degrees of congestion through time, two
variables known from observation to have a significant effect on operating costs. All
available published data on vehicle operating costs in tropical conditions were stud-
ied, and an analysis was made of statistics provided by the larger transport operators,
who kept cost figues broken down in sufficient detail, to determine the effects on
operating costs of varying conditions of terrain and surface. It was concluded that
four interacting factors were the prime causes of variations from the average. These
were width, horizontal alignment, vertical alignment and pavement condition. For
each of the existing roads under examination, and all other roads from which traffic
was likely to be diverted through the implementation of the improvement schemes,
a percentage variation from the average was estimated for each of these four environ-
mental factors. Weights were then applied to each factor to reflect its estimated im-
portance, and the combined effects of the variations were calculated to give the
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aggregate percentage variations in operating costs on particular roads from the Reg-
ional average for each of the five categories of vehicles. Thus on a road with a dis-
integrating surface or in hilly terrain costs would be found to be higher than average,
while costs on wide, relatively well maintained roads, such as those sections of the
Federal Trunk A roads from which traffic was likely to be diverted, would be sig-
nificantly lower. On the most rudimentary road examined, a badly aligned, forest
timber track with a heavily rutted laterite surface, costs were estimated to be 22 per
cent higher than the regional average. On the best road, a recently re-surfaced road
over the flat coastal fringe, they were estimated to be only 92 per cent; and costs on
Federal Trunk A roads were assumed to be go per cent of the average.

The calculations were then repeated for the proposed upgraded roads. Inevitably
the exercise took on a theoretical aspect at this stage, with much resort to speculation.
The conclusions, though probably less accurate than those for existing roads, were,
however, still felt to be sufficiently realistic for comparative purposes. Obviously, in
the case of upgraded roads, distribution around the average was found to be mark-
edly less, ranging between g8 per cent and 103 per cent, since the variations in envir-
onmental factors which characterise existing roads would be largely eliminated
through a careful choice of alignment and the adoption of appropriate technical
standards. In this way, a complete set of mileage operating costs was derived for the
five categories of vehicles on each of the existing roads under investigation, on the
upgraded roads with which it was proposed to replace them and on all other roads
from which traffic was likely to be diverted.

Congestion Costs

The above methods were valid only for the static evaluation of vehicle operating
costs. The effects on costs of increasing traffic flows through time had to be taken
into account, and here the treatment was necessarily more theoretical than in the
assessment of current operating costs. The theory devised was based on the concepts
of free, normal and restricted running conditions. It was assumed that, for the aver-
age road, the transition points between free and normal conditions and between
normal and restricted conditions occurred where peak-hour traffic reached 75 per
cent and 125 per cent respectively of the road’s estimated practical capacity.

It was estimated that vehicle operating costs would remain constant under free
running conditions. Under normal conditions it was estimated that an x per cent per
annum increase in traffic would result in an  per cent per annum increase in unit
operating costs. Under restricted conditions this last factor would rise to 7 per cent.
On the upgraded roads free running conditions were forecast to be general,
although it was considered that normal conditions would be reached in some cases
towards the end of the evaluation period.

There was, of course, no direct experimental data to verify these calculations of
the effects of congestion on operating costs. The formula adopted was devised by
reference to a number of experiments carried out on rural roads in the United States
and Europe, modified where necessary to take account of conditions in Western
Nigeria, supported by general experience in the Region. The methods cannot, there-
fore, pretend to a high degree of accuracy. But they did yield results which appeared
realistic, given the present state of knowledge of the effects of congestion on costs, and
their use did, in any case, permit a more valid assessment of the potential reduction
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in operating costs attributable to a particular road improvement scheme than would
have been achieved by ignoring the cumulative effects of increasing congestion alto-
gether. The resulting figures had, moreover, the advantage of comparability between
one project and another. This approach, though imperfect, was, therefore, adopted
as the most realistic and useful one available in the circumstances.

Journey Times

In addition to direct savings in operating costs from mileage reductions and im-
proved standards, the benefits of reduced journey times were taken into account.
Reductions in journey times yield benefits to the extent that they release capital and
labour for other uses. To calculate these savings, therefore, estimates of average
speeds of cars and lorries on different categories of roads, including recently upgraded
ones, were made on the basis of observation and enquiry. The time savings from both
reduced distances and superior running surfaces were then calculated by comparing
aggregate journey times with and without the proposed road. This calculation was
complicated in the case of divertable traffic, as several sections of roads of differing
standards were frequently involved.

It was considered that a further reduction in journey times, especially for divert-
able traffic, would be achieved through the avoidance of specific obstacles to traffic
movement, such as congested town centres or a series of single-lane bridges where
vehicles were forced to stop or reduce speed significantly. These obstacles were ig-
nored in the estimation of average speeds, owing to their irregular incidence, and
the delays were assessed for each individual case in terms of minutes. The average
delay attributable to a particular town centre, for example, might have been esti-
mated at 8 minutes. The aggregate of the delays of this nature that would occur
without the road improvement were then added to aggregate journey times as cal-
culated by the average speed method described above, before a forecast was made
of the final effects on journey times of the proposed improvement.

A reduction in journey times results in economic benefits because (a) a given
schedule of vehicle movements can be accomplished with fewer vehicles, releasing
capital for other investment, and (b) the corresponding reduction in man-hours
releases labour for other employment.

To assess the potential saving in capital, the average running lives (in hours) of
(a) cars and (b) lorries were calculated separately on the basis of the respective aver-
age running speeds and estimated ratios of running to standing time en route. The
annual aggregate time savings of normal and divertable traffic in these two categories
for the two end years of the evaluation period were then divided by their average
life spans. The resulting figures indicated, for each year, the numbers of cars and
lorries that would be released for other uses. These benefits were quantified by multi-
plying respectively by the average retail price of cars, net of taxes and duties, and
the average net retail price of lorries, weighted to take account of the actual compo-
sition of commercial traffic on the route in question in terms of the vehicle categories
itemized above.

The calculations of savings in labour costs were comparatively simple. The average
hourly wage of lorry drivers was determined by enquiry. As the rate would apply
regardless of the standard of the roads driven over, it was possible to multiply it
directly by estimated aggregate time savings for lorries, as calculated above, for the
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two end years to give total annual savings in labour costs. This is, of course, a highly
simplified approach, implying that lorry drivers have a positive opportunity cost,
reflected in their actual remuneration, while passengers and private car drivers have
a nil opportunity cost. In fact, it is probable that at least some passengers and motor-
ists would be able to devote the time saved to other productive employment; but,
as it was felt that averaged opportunity costs would be low and it would be difficult
to elicit coherent information from passengers, quantified labour savings for vehicle
occupants other than lorry drivers were disregarded for comparative purposes.

Accident Costs

Finally, on the operating cost side, an assessment was made of the economic bene-
fits of reductions in accidents expected to follow the improved alignments and surface
standards of the upgraded roads. The assessment was based on the average cost of
accidents incurred by cars and commercial vehicles in Western Nigeria, derived from
analysis of accounts of leading insurance companies. The Regional averages for these
two categories were adjusted to eliminate the downward bias of low-cost accidents
in urban areas. The average cost of all accidents was then calculated by weighting
the averages for cars and commercial vehicles in accordance with the actual com-
position of traffic.

The average accident rate per million vehicle miles in Western Nigeria was simi-
larly obtained by statistical analysis. This average was then broken down to give
rates for different widths of roads. The differentials were determined by reference
to the relative importance of different width categories in the Region in terms of
vehicle miles, and to accident rate variations for different widths derived from analy-
sis of accident statistics for rural roads in the United States and Great Britain. While
the relative frequency of accidents is significantly higher in Nigeria than in Europe
or America, it appeared, admittedly on scant evidence, that there was a similar pro-
portionate pattern of declining accident incidence with increasing pavement width.
It emerged that a substantial reduction in accidents would normally result from
widening pavements from the 12 feet common to most existing roads investigated
in the survey to the 20 or 22 feet proposed in the improvement schemes. Added to
the reductions in accident rates through widening were those attributable to distance
reduction through realignment and diversion. For both normal and divertable traffic,
therefore, the mileages travelled on roads of different widths were calculated for 1970
and 1989 as if the existing roads were to be retained, and the absolute number of
accidents was calculated by the application of the appropriate rates. A corresponding
calculation was then carried out assuming the implementation of the improvement
projects. Accident costs in both cases were quantified by multiplying by the weighted
average cost, and potential savings for each of the end years of the evaluation period
determined by subtraction.

Diverted Traffic

In calculating the total direct savings in operating costs that would arise through
any particular improvement scheme, unit mileage costs were applied not only to
forecast normal traffic flows, 7.e. traffic that would occur on the existing route or
sections of that route even without the implementation of the project, but also to
potentially divertable traffic. Divertable traffic comprised vehicles currently using
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other routes which would be induced to transfer to the projected route on account
of reduced distance and/or improved standards. For this traffic the comparison was
drawn between costs on that section of the original route from which vehicles were
likely to be diverted and costs on the upgraded road or the relevant parts of it plus
any other roads involved in the diversion. Cost reductions thus arose through im-
proved standards and mileage reductions. The savings attributable to reduced dis-
tance were usually found to be considerable for divertable traffic, and often even
for normal traffic when the project involved realignment of the original road.

At the same time, corresponding aggregate costs on the upgraded road were cal-
culated for future commercial traffic likely to be generated by the implementation
of the project. Generated traffic was regarded as an inventory cost, in the same cate-
gory as fertilisers, storage facilities and other ancillary investments necessary to permit
a road to realise its development potential as reflected in the quantification of induced
economic activity. As there would be no corresponding flow without the upgraded
road, there would be no associated benefits through operating cost reductions. The
generated traffic operating costs were estimated simply to set off against the ex-farm
value of induced production at a later stage of the study.

Induced Production

Benefits through induced production were of less importance in this survey than
those arising through reduced transport costs, as most of the roads examined were
already established routes providing their hinterlands with adequate facilities for
distribution of crops or products. There were, however, a few instances in which it
was considered that the proposed improvement schemes would result in agricultural
production that would not otherwise have taken place.

In these instances, alternative growth rates over the evaluation period were fore-
cast for the crops in question with and without the proposed road improvements.
The forecasts were based on the 1966 tonnages as estimated in the respective project
surveys by the application of average yields for each area to the estimated acreages
under cultivation. The differences in tonnage between the two forecasts were calcu-
lated and attributed to the improvement scheme as induced production.

The gross value of the induced production was calculated in terms of forecast prices
in the market nearest to the end of the road under examination. For crops sold and
consumed within the Region this was usually an easily identifiable market town
which lay outside the area served by the road but towards which most of the market-
able agricultural produce of the area tended to gravitate. In some cases, however, it
was possible to obtain official statistics giving average prices within specified areas,
and in these instances the official statistics were taken as bases for forecasts because,
being compiled over time, they were considered more representative than estimates
formulated through direct enquiry, and also because, being averaged over a number
of markets in a given area, they reflected more accurately the value of induced pro-
duction which tended to be distributed through a number of market outlets outside
the area served by the road. In the case of export crops, such as cocoa, distributed
through official buying agencies, there was only one effective market, and output
was, therefore, valued at forecast marketing board prices.

Against the gross value of the induced production, however, the costs of producing
and distributing the produce had to be set off, together with the costs of any ancillary
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investments such as fertilizers or storage facilities essential to the induced production.
The costs of transport were determined by calculating, by reference to traffic census
data and general observations on the average payloads of local crop removal traffic,
the number of vehicles required to collect the estimated tonnage of produce and
distribute it to the nearest markets as described above. The unit operating costs in-
cluded in total operating costs were, of course, those that would prevail after the
completion of the proposed road improvements. The net value of the induced pro-
duction, calculated in this way, was taken as the true economic benefit.

CALCULATION OF COST/BENEFIT RATIOS

Up to this point, benefits from transport savings and induced production had been
calculated for 1970 and 1989, the two end years of the 20-year evaluation period
selected for the assessment. The benefits for intervening years were determined by
interpolation on-the assumption that they would increase at a constant rate through-
out the evaluation period. The resulting benefits for each year were discounted to
end-1969 values (z.e. values obtaining at the beginning of the evaluation period) by
factors corresponding to the 8 per cent discount rate which was considered to reflect
the current opportunity cost of investment capital in Western Nigeria.

These discounted annual benefits were totalled for each project and added to the
estimated residual value described earlier, similarly discounted to end-1969 values,
and to the total discounted savings in maintenance costs attributable to the project.
Maintenance expenditure tends to occur at irregularintervals and, therefore, cannot
be determined by the interpolation method described above. Separate treatment
was therefore necessary, although the method of discounting the irregularly occur-
ring savings was the same. The sum of discounted benefits from all these sources was
taken as the total economic benefit of each project.

Total economic benefits, calculated in this way, were then divided by the estimated
capital costs of construction, net of taxes. The resulting cost/benefit ratio showed
how far the project would be economically feasible, given an opportunity cost of
capital of 8 per cent. Projects accounting for just over one third of the mileage exam-
ined were found to be viable by this method. Cost/benefit ratios ranged up to over
1: 5.0; roads with the heaviest current traffic flows and those likely to lead to signifi-
cant diversions from other routes after improvement tended to show the most favour-
able ratios. Projects included in the original list principally for their development
potential generally showed low ratios, since the upgrading of existing roads, as dis-
tinct from the opening up of new routes, was found not to generate much traffic.
Finally, as an alternative method of evaluation not presupposing any opportunity
cost of capital, the forecast rate of return on each project was determined by dis-
counting benefits to end-1969 values at that rate of discount which equated costs and
benefits. On the basis of these ratios and rates of return a scale of priorities was estab-
lished among the improvement projects examined, as a guide for future highway
investment policy in Western Nigeria.
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