TOWARDS AN ECONOMIC APPRAISAL
OF PORT INVESTMENTS!

By R. O. Goss

There is widespread agreement? that port facilities in many countries need improve-
ment, partly to serve increased volumes of trade and partly because it appears that
substantial economies in the cost of sea transport can only be achieved by improve-
ments in seaports. The object of this paper is to discuss methods by which such
proposals may be appraised. The discussion is, however, confined to proposals to
improve the point of contact between ship and port, rather than the warehousing,
processing and other activities which also take place in or near ports.

THE SCOPE OF MODERN PORT INVESTMENTS

Rather more than 75 per cent of the aggregate tonnage of seaborne cargo consists of
oil or dry bulk cargoes (such as grain, ore, coal, sugar and fertilisers of various kinds),
and these are carried in ships in which increased size can provide marked economies.
As the size of ships increases, so their capital, crew, fuel, insurance and maintenance
costs per ton of cargo diminish. Other costs, such as the dues levied by port authori-
ties, either fall to a smaller extent or remain the same. For smaller ships the curves
relating average cost per ton of cargo carried to ship size fall steeply: for larger ones
they fall much less. The shorter the route length the smaller the ship size at which the
curves begin to flatten out.3 There are therefore many projects, especially on the longer
trade routes, for deepening existing ports to accommodate larger ships or for extend-
ing jetties or pipelines to deep water. Deepening an existing port is not confined to

T am indebted to Professor M. E. Beesley, Mr. D. L. Munby, Mr. R. Turvey, Mr. K. F. Glover
and Mr. P. Sinclare of the National Ports Council, and colleagues in the Board of Trade, the Ministry
of Transport and H.M. Treasury, for their encouragement and for commenting on several earlier
versions of this paper. None of these has any responsibility for any remaining errors and omissions.
The views expressed are my own.

2E.g. at the 1964 U.N. Conference on Trade and Development. Its Common Measure of Understanding
on Shipping Questions stated, inter alia: “All countries should . . . give priority to improvement of port
operations and connected inland transportation facilities”. UNCTAD Final Act, Cmnd. 2417,
H.M.S.0., 1964 Annex A.Vi.22, page 421.

3Cf. H. Benford, et al., “Current Trends in the Design of Iron Ore Ships”, Trans. Soc. of Naval
Architects and Maring Engineers, New York, 1962, and International Marine Design and Equipment, Tothill
Press, London, 1963.
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dredging the approach channels and docks, for bigger ships need deeper berths.
Dredging alongside an existing quay may undermine the foundations and bring it
down. The quay may, therefore, need to be completely reconstructed at a cost of,
say, £1,000 per foot of quay face. Where the tidal range is large it may be necessary
to reconstruct lock entrances as well as the quays, in order to increase the limiting
lengths and breadths as well as the limiting depths of water.

Something less than 25 per cent of the tonnage of seaborne cargo consists of cargoes
carried in cargo liners. Because of the need for frequent sailings scheduled in advance,
special stowage and more careful handling, e.g. of manufactures, the cost of sea
transport in cargo liners is very much higher than the cost of those commodities
which can be pumped, poured or tipped into ships and sucked or grabbed out again.
The aggregate of services rendered by cargo liners may well be as great as that of the
ships carrying the other 75 per cent of world seaborne tonnage. The largest single
reason for this is the cost of loading and discharging the ships, comprising first the
port turnround time and secondly the cash costs (mainly labour) of physically hand-
ling the cargo. The current proportion of time spent in port by cargo liners appears
to be about 60 per cent, and in an earlier paper it has been argued? that if this could
be reduced to 20 per cent the cost of sea transport in a cargo liner could be reduced
by between 18 and 35 per cent, depending on the route length. The cash cost of
handling the cargo ranges from about 20 per cent to over 30 per cent. Both turnround
time and handling costs can be substantially reduced by investment in modern berths
with mechanical handling equipment and with transit sheds in which the floors are
(a) level with the quay and the loading apron from land transport and (b) suffi-
ciently free from pillars to allow free movement for fork-lifts, tow-motors and trolleys.
Moreover, these modern berths will also have greatly increased annual capacities;
although individual berths may be more expensive, therefore, fewer of them will be
needed for any given flow of cargo.

The third principal method of reducing the costs of sea transport is to introduce
radically new techniques. One of these is “roll-on, roll-off. In this goods remain on
their land vehicles (rail or road, but usually the latter), which are then driven or
towed over a ramp and through bow, stern or side doors into the ship and on to any
of several decks. Another new technique is unitisation, or the assembly of packages,
etc., which were formerly stowed loose, into pallets, stillages or cribs capable of being
handled mechanically, e.g. by forklifts. Some writers have maintained that palletisa-
tion is the most economic form of unitisation;’ it has the advantage that the fairly
small units (between 1 and 2 tons maximum, and frequently less) are more nearly
the size of the typical liner consignment and therefore more appropriate for door-to-
door movements. Both ““roll-on, roll-off”” and unitisation require substantial invest-
ment in port facilities such as ramps and parking and assembly areas, in pallets, etc.,
and in mechanical handling equipment. Both will reduce ships’ turnround time very
considerably.

4R. O. Goss: “The Turnround of Cargo Liners and its Effect on Sea Transport Costs”, Fournal of
Transport Economics and Policy, January 1967.

5For an extensive discussion of this question see Norwegian Shipping News, 25 Jan. 1967, pages 50-59
(paper by T. Winsvold and subsequent discussion).
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Unitisation is seen at its most elaborate in the container concept. ContainersS are
rectangular boxes usually built to the specification’ of the International Standards
Organisation (8 feet high, 8 feet wide, 10 or a multiple of 10 feet long, capable of
being stacked and with corner castings designed to mate with special lifting, levelling
and securing devices). Specialised gantry cranes (at about £250,000 apiece) are
needed to lift them on and off the ships and the land vehicles which move them
between the quay and the adjacent container park. It is technically possible to stow
a limited number of containers in conventional ships, but in order to obtain the
cheap and rapid handling which is their justification they are best carried in ships
designed specifically to carry them.® These have very wide hatches and vertical
guides to assist in placing the containers precisely in position, and are capable of
carrying them stacked on deck as well. Container ships are capable of loading and
discharging both very rapidly and very cheaply. Thus, not only is it possible to
achieve substantial reduction, in favourable circumstances, in the cost of sea trans-
port (after allowing for the costs of the containers and other equipment), but tran-
shipment in smaller vessels seems likely to become as common as it was in the days
of cheap dock labour. These smaller ships will, however, be equally specialised. Their
use will enable the deep-sea container ships to concentrate upon main ports only,
instead of making a ““milk-round” of major and minor ports; thus all parts of the
system will be able to operate at higher average load factors. Overall, the container
concept appears to be capable, on suitable routes, of effecting as remarkable a revo-
lution in sea transport as the substitution of steam for sail or of iron and steel ships
for wooden ones. This effect is further assisted by the fact that, as optimal ship size
varies directly with the speed of cargo-handling,® container ships can reap many of
the economies of ship size which have hitherto been limited to tankers and dry bulk
carriers. But these advantages again require substantial investment in port facilities:
specialised berths, gantry cranes, and some 20 acres of hard standing per berth to
act as a container park. Unitisation, and particularly containerisation, seems likely
to have marked effects on proposals to expand port capacity to deal with any expected
growth in trade, for the annual throughput capacity of a container berth appears to
be roughly ten times that of an ordinary berth serving conventional cargo liners,!0
and it could well be more. But because specialised container ships have a very large

6An extensive literature on containers and containerisation includes: R. T. Crake: “Long Distance
Container Economics”, ICHCA Qly. Jour., Jan. 1963; D. T. Mallet: “The Container Ship”, ICHCA4
Qly. Jour., Sept. 1955; J. MacN. Sidey: “The Commercial Operation of Containers”, ICHCA Qly.
Four., Jan. 1963; L. A. Harlander: “Engineering Development of a Container System for the West
Coast-Hawaiian Trade’, Trans. SNAME, Vol. 68, 1960; and “Further Developments of a Container
System for the West Coast-Hawaiian Trade”, Trans. SNAME, Vol. 69, 1961.

7ISO Draft Recommendation 804 of 1965 and British Standard 3951 cover these and other sizes.

8The design and nature of container ships is summarised and described with numerous examples
in: J. J. Henry and H. J. Karsch: “Container Ships”’, paper presented to SNAME, New York, Nov.
1966. See also R. J. Scott: “Containership Design’’, SNAME paper presented 26 Jan. 1962 to Great
Lakes and Rivers Section, and D. A. Argyriadis, “Cargo Container Ships’’, Trans. R.I.N.A., 1959.

9See T. Thorburn: Supply and Demand for Water Transport, Stockholm, 1960.

10Ct, Portbury; Reasons for the Minister’s Decision not to authorise the construction of a new dock at Portbury,
Bristol, HM.S.0. 1966, page 10.
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annual carrying capacity they are likely to be used only on the more heavily travelled
routes; moreover, their advantages over conventional ships diminish as route length
increases.!1

THE PROBLEM

Proposals to deepen ports, to reconstruct berths for the accelerated turnround of
cargo liners, or to permit the use of roll-on, roll-off or unitisation techniques all rank
as important investment projects, often involving many millions of pounds. But there
is no commonly accepted method of appraising proposals for investment in port
facilities (i.e. of deciding whether, how, when and where any given proposal should be
carried out). It is, for example, one thing to suggest that a port should be deepened
to take larger ships: it is quite another to say that the optimal depth for either existing
or proposed new works is x feet rather than some other figure, or that £x million
should be spent on new facilities and that work should commence next year. Yet that
is precisely the sort of decision that must be taken, somehow and by someone. In
some instances this lack of systematic appraisal techniques appears to have led to
under-investment, over-investment or misplaced and mistimed investment.12 At least
until recently, the situation may have been adequately described by Thorburn:13
“Large investments in harbours throughout the world appear to be made to a large
extent intuitively and not on the basis of rational economic calculations”. In fact,
many of them have been made as a result of representations from interested parties,
and stem from vague and unquantified considerations of “public need” rather than
from any explicit calculations of economic advantages. This, no doubt, is largely due
to the difficulties involved in estimating the net advantages of any given proposal,
or the economic difference between the situation which would exist with the invest-
ment and that which would exist without it; it may also be associated with the fact
that, until recent years, very few port authorities have employed economists. (Nor
have academic or practising economists taken much interest in the subject.4)

HCK. Crake, op. cit. However, Crake’s calculations are in many respects misleading, and his limit
of 3,000 n.m. for efficient containership operation is certainly a serious understatement, quite apart
from being a generalisation not necessarily applicable to all routes.

12For the U.K. see the Report of the Committee of Inquiry into the Major Ports of Great Britain (Rochdale
Report), Cmnd. 1824, H.M.S.0O., 1962, and the National Ports Council’s: Port Development : An Interim
Plan, 1965.

130p. cit., page 140. See also Rochdale Report, e.g. para. 47, and E. F. Renshaw: “A Note on the
Measurement of the Benefit from Public Investment in Navigation Projects’, American Economic
Review, Sept. 1957.

14A notable exception is P. C. Omtvedt: On the Profitability of Port Investments, Oslo, 1962, duplicated.
But this is largely an elaborate exercise in queueing theory and is concerned with minimising costs
rather than maximising either the profits of the port authority or the net social benefits of the project
(¢f- page 9). Queueing theory has indeed a significant part to play in this field, but not a leading role.
See also R. T. Eddison and D. G. Owen: “Discharging Iron Ore”, Operational Research Quarterly,
Sept. 1953; D. T. Steer and A. C. C. Page: “Feasibility and Financial Studies of a Port Installation’’,
O.R. Qly., Sept. 1961; and R. Chapman and R. R. P. Jackson: Operational Research Studies of Port
Operation, unpublished paper available from British Iron and Steel Research Association, 1963 — to
all of which the foregoing remarks also apply. Because all these are based on ‘capital charges (e.g.
depreciation and interest) instead of capital costs, they neglect the timing of capital expenditure. None
of them employs discounting procedures.
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Port authorities are generally public and have a remarkable diversity of powers,
practices and forms.!3 Their revenue is obtained partly from letting or leasing land,
buildings and equipment to shipowners, traders and other firms operating within the
port area, and partly from rendering services on a commercial basis (as, for example,
in Manchester, where the Manchester Ship Canal Company Ltd. undertakes all
quayside services) ; but the principal sources of revenue for most port-authorities are
the dues charged on ships and cargoes. These dues are payable respectively by ship-
owners and (normally) by the owners of the cargo.

These dues show remarkable diversity of form and amount. Even within a single
port the tariff is often extremely complex: charges on ships may vary according to
whether or not they enter enclosed docks and according to where they have come
from, and charges on cargoes according to the commodities involved.!6 But the com-
monest form of charging for ships is a fixed scale per gross or net registered tonl!?
covering a stated (and often quite lengthy) stay in the port. The dues on cargo usually
take the form of charges per ton weight, but are sometimes quoted per standard
barrel, case, bale, etc., and occasionally ad valorem. In some countries these charges
for ships and cargo are termed “‘side wharfage” and “top wharfage” respectively.

This system of charging bears no necessary relationship to either the average or the
marginal costs (short or long period) involved, and effectively prevents the use of
discounted cash flow!8 techniques in the analysis of port investment projects (except
buildings and equipment for rent or leasing and provision of direct services like cranage
and cargo-handling). If a proposal to deepen a port is considered it will enable larger
ships to be used at, very likely, lower costs. But, unless there is a significant diversion
of cargo from other ports or a significant generation of cargo from lower freight rates,
there will be fewer of the larger ships and roughly the same (gross or net) tonnage of
shipping using the port in any given period as there would have been if the deepening

15For U.K. see Dr. James Bird: The Major Seaports of the U.K., London 1963, and Rochdale Report.
Most authorities produce tariffs and annual reports: so does the British Transport Docks Board.

16A useful summary of port charges throughout the world is available in Capt. F. S. Campbell
(ed.) : Port Dues, Charges and Accommodation, London, annual. The ports of London and Liverpool have
recently very much simplified their cargo tariffs.

17A gross ton is 100 cu. ft. of permanently enclosed space in the ship, leaving out “exempted
spaces” like double-bottom and peak tanks. Net tonnage is obtained from gross tonnage by the
exclusion of “deducted spaces” reckoned not to earn revenue, such as engine-room, crew, navigation
and store spaces. But some of these deductions are made, not at their measured value, but after
formulae have been applied. Neither gross nor net tonnage, therefore, has any necessary connection
with either the volume or the weight of cargo that a ship is capable of carrying — still less with
the cargo actually being carried on the relevant voyage. To make matters worse, a type of ship known
as an “‘open shelter-decker” has a large part of its cargo-carrying space exempt from all tonnage
measurement. There are also variations between national tonnage measurement rules.

18Discounted cash flow techniques have been described in many recent works, of which the best--
known are perhaps A. J. Merrett and Allen Sykes: The Finance and Analysis of Capital Projects, London,
1963, and N.E.D.O.: Investment Appraisal, H.M.S.0., 1965. For d.c.f. as applied to shipping see R. O.
Goss: “Economic Criteria for Optimal Ship Designs”, Trans. Roy. Inst. Naval Architects, Oct. 1965,
and “The Economics of Automation in British Shipping”, Trans. R.IN.A. (forthcoming).
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had not taken place. At any given level of charges, therefore, the port authority’s
revenue from charges on both ships and cargo may be unchanged.!®

Again, given that port dues are levied on a fixed scale and for fixed periods, it
follows that, if it is decided to construct (or to reconstruct) sheds or quays or to
install new cargo-handling equipment so as to improve ships’ turnround times, the
port authority may still receive the same revenue as before. If the periods for which
ship dues are levied are short, so that after the investment is completed some ships
become liable for fewer such periods, the port authority’s revenue may even be re-
duced. Yet, as in the former example, the investment may well be producing net
benefits to the trading community and ultimately to industrial consumers.

It is, of course, probable that if investment in port facilities leads to the cost of sea
transport to and from that port being lower than it otherwise would have been, and
if (as is very likely) this cost reduction is passed on to the consumers in the form of
lower freight rates, there will be cargo generated and diverted from other ports. But
there is no reason to suppose that this will produce sufficient revenue on the existing
system of charges to make the results of discounted cash flow calculations socially
optimal. This is even less likely where an improvement in port facilities can be ex-
pected to lead to changes in ships’ load factors as well as in their sizes and speeds.

It cannot be argued that the answer to this problem is to raise port charges all
round, for it is highly probable that some (possibly most) of the ships using the port
will have obtained no benefit at all. They may be trading on short routes where the
optimal ship size had been reached before any deepening took place; their size may
be limited by the facilities in other ports or by canals; or they may be using quays
and equipment which have not been improved. Nor can it necessarily be argued
that a sliding scale of tonnage dues should be introduced so as to discriminate be-
tween ships according to the extent to which they use the new facilities. In any large
port with a more or less continuous stream of related investment projects, this might
introduce a quite unworkable complexity into the charging system. Further, the use
of some of these facilities involves no social costs at all, and their socially optimal
price is therefore zero. An example of this last point may be seen in the use of an
uncongested dredged approach channel: no matter what the ship’s size, the costs to
the community are exactly the same whether the ship uses the channel or not; there-

19Gf. Maritime Transport Committee, O.E.E.C., Annual Report 1963, paras. 102 and 103. The point
is also implied in the White Paper: Iron Ore Imports into South Wales, Cmnd. 2706, H.M.S.O. 1965,
paras. 3-5 and 17, although the discounted cash flow exercise referred to was in fact a discounted
cost one. This was legitimate enough in the circumstances, since it could be reasonably assumed that
the gross benefits were the same for each project. The arguments in this paper were also, to some
extent, implicit in various papers delivered by the late Professor Sir John Biles, of which the latest
was “The Draught and Dimensions of the Most Economical Ship”’, Trans. Inst. Naval Architects 1931,
and in his Memorandum on the Economic Size and Speed of Steam Vessels to the Dominions Royal Com-
mission, 1914-17, Cd. 8460, 1917. See also Depths to be provided in Seaports, Entrance Channels and Berths,
Permanent International Assoc. of Navigation Congresses, 1955, and L. Saville: “Increase in cost of
Harbour and Dock Schemes due to Increase in Draught of Ships®’, Report No. 32, XIIIth International
Congress of Navigation, London, 1923, for estimates of the remarkable sensitivity of the capital cost of
harbour works to small variations in the specified depths of water. A common suggestion is that the
cost varies as the cube of the depth obtained. It is, however, obvious that the power depends, inter
alia, upon the under-water angle of repose of the material concerned.
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fore, as in the classic question of tolls on bridges, the socially optimal answer is that
when the channel is not congested the charge should be zero and that when it is
congested the charge for any given ship should be equal to the increase in congestion
costs that the ship imposes on all the other ships using the channel.20 Moreover, as
(for any given volume of cargo) larger ships means fewer ships, the deepening of a
port may mean a reduction in congestion costs; if it were not that, first, large ships
are less manoeuvrable than smaller ones and, secondly, the capital cost of harbour
works varies as something like the cube of the depth of water,?! it might be that large
ships should be encouraged by the pricing system rather than otherwise.

The problem of the appraisal of investments by port authorities is, therefore, inti-
mately related to the problem of charging for the services that they provide. The
present system does not equate the charges actually levied with the social costs?? of
either ship or cargo, and tonnage and cargo dues take little or no account of differ-
ences in costs to either the shipowner or the port authority. The existing system may
possibly be of some use in the appraisal of investments designed to handle increases
in the physical volume of trade (but only with given techniques throughout). It is
certainly not suitable for those involving the adoption of new techniques, whether of
cargo-handling or ship size. In fact, it does not seem to have been developed either
in order to allocate existing physical resources properly or in order to act as an in-
vestment indicator: its aim has been merely to raise sufficient revenue to cover
“costs”, including explicit interest and depreciation. Until the Rochdale Report
recommended that depreciation be based on a replacement instead of on a historic
cost basis, this was a serious understatement of the social costs involved.

THE OVERALL SOCIAL COST-BENEFIT APPROACH

Discounted cash flow involves taking account of the revenues and the cash costs over
the life of the project (hence the term “cash flow”’), discounting them to a base year
and subtracting the capital cost of the project (also discounted, if construction ex-
tends over more than one year). The result is termed net present value (N.P.V.) -
see Appendix, Part I, page 270. The discounted cash flow approach, in other words,

20Cf. Road Pricing: The Economic and Technical Possibilities, H.M.S.O. 1964, and various works cited
therein. In the U.S.A. much dredging and waterway improvement is carried out by the U.S. Army
Corps of Engineers and financed by a combination of Federal and local government sources. Sub-
stantially, therefore, American port authorities do not charge dues for these “conservancy” functions;
e.g. the Port of New York Authority levies no port dues on this account. Neither, however, does it
levy any equivalent of congestion costs. But see Renshaw, op. cit. (footnote 13) and below (footnote 24).

21See Saville, op. cit., 1923, and P.I.LA.N.C., op. cit., 1955 (footnote 19).

22Gjven a rational pricing system for ports, there are few significant differences between private
and social costs in this field. It is true that the first prosecution for smoke emission in the City of
London was of a ship moored in the Upper Pool; it is also true that pollution of seas and beaches by
oil and oily water discharged overboard can be a serious problem; but both are best dealt with by
prohibition. This leaves, as the only significant externality, the congestion costs imposed by a ship
on other ships in port approaches and in narrow seas like the Straits of Gibraltar and Dover. It seems
that the nautical equivalent of traffic control may shortly be applied in the worst such places, as,
indeed, it has been for some years amongst the larger transatlantic liners. The “Torrey Canyon” dis-
aster will encourage this.
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takes account only of the advantages of the project to the investor; maximising
N.P.V. will (except where the lives of mutually exclusive projects differ) lead to the
optimal result for the investor. It will lead to a socially optimal result only if the
pricing systems employed for inputs and outputs (and also for competing inputs and
outputs) fully reflect the social costs involved, and not always even then. (The use
of d.c.f. with socially optimal pricing would lead to very few bridges being built.)?

Where d.c.f. is not a satisfactory method of investment appraisal, social cost-benefit
analysis may be employed.24 This means that, in addition to the cash flows, if any,
the calculations take account of all the changes in social benefits and social costs
which would result from the project, reducing them to monetary terms and discount-
ing them to a present value from which the capital cost (or its present value if con-
struction extends over more than one year) may be subtracted in order to obtain the
net present value. The investment rules are the same as for d.c.f.: accept all projects
with positive net present values; where they are mutually exclusive accept that which
has the greatest N.P.V.; and, where they are mutually exclusive in the sense of having
alternative starting dates, select that starting date which provides the greatest N.P. V.
to the same base year. Except under capital rationing, cost-benefit ratios serve no
useful purpose that N.P.V. does not and have considerable disadvantages of their
own, especially in respect of mutually exclusive projects.

The difficulties of cost-benefit analysis in this field do not lie so much in measuring
the costs involved as in measuring the benefits. It might be thought that all that was
needed was the consideration of differences in the market prices of sea transport
services between the situation which exists with the investment and that which might
reasonably be expected to exist without it. But the pricing of sea transport is itself
no simple matter. For tramp ships, dry bulk carriers and tankers, which carry mainly
near-homogeneous commodities, usually on charter-parties of one sort or another,
the “price” of sea transport may be quoted per ton of cargo or, very often, as a rate

23See C. D. Foster: The Transport Problem, Blackie 1963, for an extensive discussion on this problem.
It was first dealt with in two papers by Jules Dupuit: “On the Utility of Public Works” and “On
Tolls and Transport Charges”, Annales des Ponts and des Chausées, 1844 and 1849, translated and
reprinted in International Economic Papers, Nos. 2 and 11 respectively.

24There is an extensive and increasing literature on this subject, much of it recent. P. D. Henderson:
“Notes on Public Investment Criteria in the United Kingdom”, Oxford Bulletin of Statistics, Jan. 1965;
A. R. Prest and R. Turvey: “Cost-Benefit Analysis: A Survey”, Economic Fournal, Dec. 1965; and
M. S. Feldstein: “Cost-Benefit Analysis and Investment in the Public Sector”, Public Administration,
Winter 1964, survey the subject in general and cite numerous references. Published applications of
cost-benefit analysis in the U.K. include: T. Coburn, M. E. Beesley and D. J. Reynolds: The London-
Birmingham Motorway: Traffic and Economics, HL.M.S.O., 1960; C. D. Foster and M. E. Beesley:
“Estimating the Social Benefit of Constructing an Underground Railway in London”, Journal of the
Royal Statistical Soc., 1963, and “The Victoria Line: Social Benefits and Finance”, 7.R.S.S., 1965;
and various publications of the Road Research Laboratory. The U.S. Army Corps of Engineers have
attempted cost-benefit analysis of navigation projects; for a scathing critique of their methods see
Renshaw, op. cit., footnote 12; but Renshaw omitted to criticise them for using cost-benefit ratios
instead of net present values. See also Feasibility Studies, Economic and Technical Soundness Analpsis,
Capital Projects and Benefit Cost Evaluations as Applied to Aid Financed Water or Related Land-Use Projects
(Supplement No. 1 to preceding reference), U.S.A. Dept. of State, Agency for International Develop-
ment, Office of Engineering, Washington, D.C. Both still propose the use of cost-benefit ratios and
neither gives any very clear indication of how economies in ship costs are to be included.
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of hire for the ship, daily or per ton deadweight per month. Most charter-parties,
especially time-charters, leave some costs to be paid by the charterer in addition to
the payments made to the shipowner; i.e. they do not represent the total cost of sea
transport.2> These rates fluctuate from day to day, often markedly, both absolutely
and, for different cargoes, routes, types and sizes of ships, relatively to one another.
Such fluctuations, which depend essentially on the world supply-demand position
for the different sorts of shipping, are very difficult to predict except in the broadest
terms — or, very often, at all. Moreover, for obvious reasons, it is difficult to observe
different rates for ships of different sizes carrying the same commodities over the
same route at the same time.

For cargo liners, which carry heterogeneous cargoes and have more stable and
simpler rates agreed in shipping conferences (their rates are usually quay to quay —
i.e. including the cost of loading and discharging the ship), the same rates are usually
applied regardless of the type, size and speed of ship;26 but different rates are applied
to different commodities. In many trades the tariffs are not published and, even if
they were, it would not be possible to calculate average rates of freight, partly because
most published statistics of international trade do not distinguish between goods car-
ried in liners and those carried in other ships, partly because the tariff and statistical
commodity classifications are different and partly because these are often based on
different measures of cargo, such as numbers, value, or tons weight (for trade sta-
tistics) and tons weight, tons measurement (this time of 40 cu. ft.) or tons weight or
measurement at shipowners’ option (for the tariffs).

In neither tramp nor cargo-liner trades, therefore, is it possible to employ observed
market prices. Nor, since the whole point of a port investment may be to permit the
use of a different (e.g. larger) type of ship, is it possible to confine the effects to
economies in operating costs. Economies in capital cost are just as relevant. Thus the
method proposed in this paper is fundamentally different from that usually em-
ployed, ¢.g. in road studies, where it can legitimately be assumed that after construc-
tion or improvement the road will be used by much the same sort of vehicles as
before. It is necessary to approach the problem in a different way.

If, for any given type and size of ship operating under any given conditions (e.g.
of cargo and route), we can estimate the initial and operating costs (ideally this
should include the distribution over the life of the ship of operating costs and of
periods when it is out of service for the periodic surveys required by classification
societies), we can perform a discounted cash flow calculation, discounting at the
opportunity cost of capital,?’ with various assumed average rates of freight per ton

25See J. Bes: Chartering and Shipping Terms, 2nd ed., C. de Boer, Amsterdam, 1951 ; and H. Gripaios:
Tramp Shipping, Nelson, London, 1959.

26For a general description of pricing in shipping conferences see D. Marx, Jr.: International Shipping
Cartels, Princeton, 1953; W. L. Grossman: Ocean Freight Rates, Cornell, 1956: D. L. McLachlan:
Pricing in Ocean Transportation (unpublished Ph.D. thesis), Leeds, 1959, and “The Price Policy of
Shipping Conferences”, Scott. Jour. Pol. Econ., 1963; and R. O. Goss: ““The Regulation of Sea Trans-
port”, The World Today, Roy. Inst. International Affairs, Oct. 1965, and works cited therein.

27For the U.K. this is generally taken to be in the range of 6 per cent to 8 per cent. See Merrett
and Sykes: op. cit.; A. M. Alfred: Discounted Cash Flow and Corporate Planning, Woolwich Economic
Papers, No. 3; and N.E.D.O.: op, cit. (footnote 18).
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of cargo. Each will, of course, produce a different N.P.V. One such freight rate will
produce an N.P.V. of zero — i.e. the internal rate of return?® will be equal to the
opportunity cost of capital. At any freight rate higher than this, shipping will provide
more profitable investments than could reasonably be expected elsewhere. It may
be assumed that shipowners will then order more ships and that competition will
force both the freight rate and the internal rate of return downwards. Conversely, at
any lower freight rate shipowners will be less willing to invest in ships, the supply of
ships will be reduced and both the freight rate and the internal rate of return on
ships will rise. The freight rate which provides an internal rate of return equal to the
opportunity cost of capital is therefore the long-term equilibrium rate for the assumed
shipping techniques.

This concept, which is really no more than a refined version of average total cost,
is generally referred to as a “shadow price”;?? it is better thus described than as
‘““average total cost” because it is not, in any ordinary sense of the word, an average.
The usual definition of average total cost assumes that output and cost levels are
capable of being maintained (in real terms) over the life of the capital assets con-
cerned; a shadow price can take account of any variations over the life of the ship
in either costs (e.g. repair costs) or output levels (e.g. from periods out of service for
quadrennial surveys and repair). The formal definition of the shadow price for the
purpose of this paper is “that level of price at which the discounted revenue, on the
specified level and pattern of outputs, exceeds the discounted cash operating costs
for the same level and pattern of outputs by the capital cost involved minus the dis-
counted scrap value, if any”. It may, of course, take account of the savings in packing
and pilferage costs claimed for containerisation.

There is, however, no necessary relationship between the shadow price and the
level of freight rates at any particular time. The former reflects long-term costs; the
latter reflects both the highly variable supply-demand position of world shipping and
also the considerable opportunities which currently exist, e.g. by way of cheap export
credit, for shipowners to obtain capital at less than its private opportunity cost. It is
obvious that such rates of interest are irrelevant for the purposes of this paper. Given
the long life of most ships (from 12-20 years for tankers to 25-35 years for passenger
liners), the inelastic short-run supply and the inelastic short-run demand, market
freight rates will often be very different from shadow price levels. High or low market
rates, however, will not necessarily affect the differences in net social benefits be-
tween ships operating, as a result of investment in ports, at improved levels of
efficiency; and it is the differences in shadow prices associated with these
improvements in efficiency which can be used to estimate the benefits from invest-
ments in ports. The different levels of efficiency may include those due to changes in
ship size, type, speed or any other physical alteration in the ships themselves, to
alterations in operating conditions, such as turnround and load factor, and to any

28The internal rate of return is obtained by the solution of a d.c.f. equation for r at zero N.P.V.;
this may be directly compared with the (opportunity) cost of capital. See Appendix, Part 1.

29See e.g. R. Dorfman, P. A. Samuelson and R. M. Solow: Linear Programming and Economic Analysis,
McGraw-Hill, 1958. S. G. Sturmey: On the Pricing of Tramp Ship Services, Institute of Shipping Re-
search, Bergen, 1965, and University of Lancaster Department of Economics Occasional Paper No. 4,
refers to this as the ““continuation rate”.
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(specified) combination of these. The difference between the shadow price in the
conditions which would exist without the investment and the shadow price in the
conditions which are estimated to exist with the investment is a preliminary measure
of the change in social costs per ton of cargo. Some other costs and benefits are dealt
with later in this paper.

In estimating the change in shadow prices it is important to allow for any probable
changes in the quantity of cargo moving; otherwise the change in shadow prices will
be based solely on changes in supply conditions and will fail to take account of the
elasticity of demand. The allowances for diverted and generated cargo are also dis-
cussed later.

It must be admitted that this technique of using shadow prices has at least five
disadvantages. First, it does not allow for differences in uncertainty between shipping
and industry generally, and it is from the latter that estimates of the opportunity cost
of capital must be derived. Shipping is a peculiarly uncertain industry in which to
invest because it is subject to booms and slumps which are sometimes independent
of fluctuations in world trade (the severe shipping slump of 1957 took place as a result
of over-building and over-ordering of ships in the preceding boom years, and in spite
of a fairly steady increase in the tonnage of seaborne trade throughout the slump
years). But, as we are proposing to use differences in shadow prices rather than their
absolute levels, this should not matter much unless the ships which use the new port
facility are more capital-intensive than they otherwise would have been. Sometimes,
especially in the context of deepening or unitisation proposals, this may be so; more-
over ships, especially large ones, are more capital-intensive than industry generally
(replacement cost per man ranges up to £40,000 for a cargo liner and up to £150,000
for a 140,000-ton deadweight tanker). It follows that it may be desirable to raise the
rate of discount for ships by a percentage point or so. In general, the practice of allow-
ing for uncertainty by raising the discount rate is to be deplored, because it is more
accurate and useful to estimate the spread of uncertainty in the specific components
concerned and thus to produce “upper”, “lower” and “probable” estimates of
N.P.V. But in this context the item subject to the greatest uncertainty is the freight
rate, and this is not an input to our calculation at all: it is the output. Thus there
appears to be no other way of including uncertainty in calculations of this nature.
On the other hand it is entirely possible that shipowners and long-term time-
charterers will have learnt that over-optimism in shipping leads to slumps and will
not react to future periods of high freights in such an exaggerated manner. Some
parts of the shipping trade press currently lose no opportunity of making the point.

Secondly, the use of differences in shadow prices as calculated on a shipowner’s
view of net cash flows involves taking taxes, tax allowances and investment grants
into account. The last two encourage more capital-intensive ship designs — i.e. ships
that are larger, faster, more extensively equipped or technically more advanced. It
could be argued that taxes and investment grants are merely transfer payments and
should be ignored in any calculation of social benefits. But the effects of taxes, tax
allowances and investment grants are intended; and, if it is public policy to encour-
age the building of larger, faster or more extensively equipped ships, it would be
strange to ignore these effects when counsidering investments in an industry as closely
related as that of ports. Whether their inclusion makes any significant difference
depends upon the levels and incidence of taxes, tax allowances and investment grants,
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upon the tax position of the individual shipowner (i.e. whether he has sufficient profits
to take full advantage of his tax allowances — this was recently relevant in the United
Kingdom because of depressed profits in shipping and investment allowances, and
it is still relevant because of depressed profits and free depreciation), and also upon
the rate of discount employed. It is by no means unusual to find that, where the
internal rate of return is roughly equal to the opportunity cost of capital, the present
value of taxes and tax allowances taken together is zero and the shadow price will
therefore be unaffected by their inclusion or exclusion. Investment grants, however,
do affect the shipowners’ calculations, and do so markedly; therefore they should be
included. But they produce both “income’ and “‘substitution” effects; ¢.e. they make
shipping more profitable than it would have been with given techniques but without
the grants, and they also affect the optimal technique. This could be overcome by
taking ships designed with investment grants in mind and calculating the shadow
price without the investment grant. Thus the substitution effect would be included
but not the income effect. However, since investment incentives are provided in order
to reflect social benefits associated with an investment which do not accrue to the in-
vestor (e.g. by equalising the private and social marginal efficiency of capital), the
income effects should be included.

Thirdly, the costs of a conventional (i.e. non-unitised) cargo liner carrying hetero-
geneous cargoes will to some extent depend on the “mix” of commodities carried,
because different commodities have different cargo-handling costs, speeds and stow-
age factors.30 A general reduction in (real) freight rates may, if the elasticity of
demand for sea transport differs between commodities, alter the mix, the cargo-
handling costs, the turnround times and, therefore, the shadow prices. But this is
unlikely to matter very much. First, unitisation of cargo is likely to grow and to
reduce the spread of cargo-handling costs and speeds between different commodi-
ties; secondly, changes in the mix are more likely to come from other causes, such as
the re-location of producing or consuming centres. If there is any substantial force
in the point it is likely to be made obvious enough by market research. It is probable
that the remainder may be neglected without substantial error.

Fourthly, it might be that, if the port investment being considered was very large
in relation to the level of world trade being carried in ships of the type concerned,
an actual surplus of such ships might result. It is conceivable that a large series of
deepening projects, for example, might render some smaller dry bulk-carriers or
tankers idle; again, a really massive improvement in the turnround of cargo liners
or the widespread adoption of unitisation might lead to a slump in dry-cargo shipping
generally, i.e. to a marked increase in laid-up tonnage.3! But it is unlikely that port

30The stowage factor is the number of cu. ft. of cargo space occupied by one long ton: thus 2240
Ibs. of tialed wool occupies 120-140 cu. ft., so baled wool has a stowage factor of 120 to 140; iron ore
has a stowage factor of about 18. Stowage factors for many commodities are conveniently listed in
R. E. Thomas: Stowage: The Properties and Stowage of Cargoes (5th ed. rev. by O. O. Thomas), Brown,
Son & Ferguson, Glasgow, 1963, an indispensable compendium on cargo stowage.

31This appears to have happened in 1920, though not as a result of any planned series of port
investments. See D. H. Aldcroft: “Port Congestion and the Shipping Boom of 1919-20”, Business
History, June, 1961. There appears to be a distinct possibility that it may happen again as a result
of containerisation.
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investments on such a scale could be carried out without lengthy warning to ship-
owners. Most port investments are technically elaborate and involve gestation per-
iods of some years; given a ship life of 20 years, it follows that even in two years some
10 per cent of the world fleet would probably be scrapped. Moreover, the investment
would need to be enormous to produce any such effect on world shipping — the
construction of a major canal, such as the proposed sea-level canal at Panama, is
the only likely project in such a scale.

Fifthly, the calculations ideally require the prediction of real costs and output
levels in each year of the ship’s life, and no data, not even historical data, exist on
this subject. But it is possible to assume constancy ; while this will raise all the shadow
prices, it will not necessarily have any significant effect on the differences between
them. Moreover, an assumption of constancy in costs and output levels greatly sim-
plifies the calculations, and it is quite easy to allow for rising real wages in calcula-
tions of this type. For that matter, it is just as easy to allow for declining real
insurance premiums. Both can be dealt with by reducing the time streams concer-
ned to their (negative) present values and adding them to the capital cost.

In general, therefore, shadow prices as defined above can be used, possibly on the
basis of a discount rate a percentage point or so higher than the opportunity cost of
capital. But it would be quite wrong merely to multiply the difference in shadow
prices by the tonnages of cargo estimated to flow, either without the investment or
with it; either of these would imply a demand curve of a most improbable shape.
The first would imply that there was neither diversion of cargo from other ports nor
generation of cargo. The second would imply that the demand curve was horizontal
at the level of the upper shadow price, turning in a right angle straight down at the
level of the larger cargo tonnage.

This problem occurs in most cost-benefit analyses3? and can be overcome in the
usual way. The cargo tonnage which would have existed in a given year without the
investment may be multiplied by the full change in shadow prices and added to the
product of the increase in cargo tonnage (i.e. the sum of diverted and generated
tonnages) and half the change in shadow prices. (It may, however, be noted that,
strictly speaking, the diversion and generation of cargo will depend on the change
in market prices, and these, in long-term equilibrium, will reflect the income and
substitution effects of both investment grants and cheap capital.) This allows for
the slope of the demand curve and assumes that it is a straight line; if we had any
evidence that it was any other shape we should use it. The procedure also assumes
that diverted cargo comes from many competing ports or that it moves to many
inland destinations or from many inland origins. Where a substantial proportion of
diverted cargo moves to or from one inland point (e.g. if the port investment leads
to the re-location of a plant dealing with a substantial proportion of diverted cargo),
it may be necessary to deal with it separately. An example of this last point might
be the construction at the mouth of an estuary of a new facility intended to divert
cargo from up-river berths.

When we have thus obtained the change in consumers’ surplus for any given year,
it can be discounted to its present value and added to the present value (to the same
base year) of the other years of the project’s life. To produce the net present value,

32See references in footnote 17.
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in social terms, of the project it merely remains (a) to add the change, if any, in the
port authority’s revenue from dues on cargo resulting from the project (it is assumed
that dues on the ships have been included in the shadow price calculations and that
dues on the cargo have been excluded), and (b) to subtract the associated change in
the social costs (including capital and operating costs for the port authority and any
changes in the need for working capital, e.g. to finance the larger stockpiles associated
with larger ships, for traders) as and when they occur. Both items must be similarly
discounted to their present value to the same base year. (See Appendix, Part II,
pages 270-2). The value of new land created or reclaimed by pumping dredging
spoil ashore, e.g. on to former marshland, may also be added as and when the land
becomes available for use.

In other words, this method may be applied for any degree of improvement of
existing works or for any level of investment in new facilities, and for any starting
date that might produce an optimal answer. The investment rules enable one to
choose the project giving the greatest net social benefit. Given that the improved
port facilities are available to all shipowners on equal terms and that there is effective
competition between them, this benefit will be passed on to the consumers. This is
likely in practice since, even with the determination of freight rates by shipping con-
ferences, the principal limitation on raising freight rates is the likelihood of attracting
new competition; thus, if costs fall for the existing operators it will be obvious to all
concerned that they have also fallen for any potential competitors.

NATIONAL PLANNING

It is obvious that port investments must be co-ordinated with whatever systems of
national and regional planning may be in use in the nation concerned. This raises
questions outside the scope of this paper; it also raises the question “At which port
shall we invest?” If mutually exclusive or competing investments at different ports
produced by independent port authorities, each acting in (partial)ignorance of propo-
sals being considered by the others and of the estimates being employed, were com-
pared in terms of the method stated above, the absurd situation might be produced
that investments at, say, the port of Alpha were being justified partly on the basis of
cargo diverted from the ports of Beta and Gamma, while, simultaneously, investments
at Beta and Gamma were justified partly by the inclusion of the same cargo plus diver-
sions from Alpha. This could lead to serious over-investment. The procedure to avoid
this trap is for a central authority to consider, first, the N.P.V. of improving each
port alone (i.e. assuming that the others are not improved) and including diverted
cargoes and, secondly, the N.P.V. of improving each possible combination, ¢.g. Alpha
and Beta but not Gamma, or all three, and so on. In these instances there may be
diversions of cargo in any or all directions or none; the diversions will almost cer-
tainly be different from those assumed in the first set of calculations. Obviously, this
could give rise to a large number of calculations; but common sense will usually
eliminate the less successful, and, as each will contain many components of the others
(e.g. in respect of the “basic” cargo flows and the shadow prices), there will be a far
less than proportionate increase in calculation time for the remainder.

Except where the port investment is being appraised by an international body, as
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for example in the context of overseas aid (and possibly even then), there is also the
question of the international division of the consumers’ surpluses. Most governments
seek to maximise the welfare of their own residents, not (apart from aid programmes)
those of other nations; and where port authorities have user representatives they are
usually drawn from their own nationals. It is, however, obvious that a reduction in
transport costs between two countries may benefit one or the other or both. This
raises questions in the economics of international trade which, at least in practical
terms, are not easy to answer.33 It may be noted that, in principle, the problem of
the international division of benefits from investments appraised by cost-benefit anal-
yses also arises in other fields, though, since international trade is seldom directly
involved, to a far smaller extent than with ports.3¥ As C. B. Winsten has vividly
remarked, social benefits flow outwards from an investment like ripples on a pool
and different results may be obtained by following the ripples to different distances.

The point may be clarified by stating the limiting cases. Where a purely entrepét
trade is concerned, ¢.e. where the producers, the processors and the consumers of the
products are all situated outside the investing country, the effective consumer of sea
transport (i.e. he who will benefit from a reduction in its market price) does not
belong to that nation; none of the consumers’ surplus will then remain within that
territory and (from a national point of view) the port investment may be appraised
on a d.c.f. basis, regardless of whether the pricing system and level are socially op-
timal in the wider sense or not. Similarly, if the nation faces a completely inelastic
demand curve for exports or a completely inelastic supply curve for imports, the
effective consumer of sea transport is in the foreign country and the whole of the
increase in consumers’ surplus will be outside the investing country.

At the opposite extreme all the consumers’ surplus will remain within the investing
country if the trade is wholly within its territory, or if there is an infinitely elastic
demand curve for exports or an infinitely elastic supply curve for imports. (It may,
however, be noted that either of these latter circumstances produces just as much
reason, even from a purely national point of view, and as far as investments designed to
serve that single trade route are concerned, for investing in the ports of the foreign country
at the opposite end of the trade as in one’s own ports. But the vast majority of port
investments are designed to serve a large number of trade routes.)

The proportion of consumers’ surplus which remains within the investing country
therefore varies, in respect of exports, directly as the elasticity of demand for the
goods concerned, and, in respect of imports, directly as the elasticity of supply. But
these are unlikely to be susceptible to precise estimation over the life of a substantial
investment in port facilities, particularly as the elasticities of both demand and supply
may be expected to increase as trading habits, consumers’ tastes, producers’ dis-

33The problem is very similar to that dealt with in the theory of customs unions in that both
involve the reduction of barriers to international trade. Port investments, however, cannot be
assumed to be cost-free, and the international division of costs can be identified.

*#The possibility does not seem to have attracted much attention from any of the authors cited,
but it casts, nevertheless, a new light on the wording of the U.S.A. Flood Control Act of 22 June 1936:
“It is the sense of Congress that . . . the Federal Government should . . . participate in the improve-
ment of navigable waters . . . if the benefits to whomsoever they may accrue are in excess of the estimated
costs” (U.S. Code, 1964, Vol. 8, Title 33 sec. 70(a), Italics added).

35Discussion on Foster and Beesley, op. cit. (1963), page 79.
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utilities and the technological situations of producers and consumers are adjusted to
the new price levels. This last point, however, when combined with the lengthy ges-
tation period of most port investments, suggests that the elasticities of supply and
demand ought to be assumed to be fairly high — i.e. that most of the consumers’ sur-
plus will remain within the investing country. In that case, contrary to the initial
reaction of most people working in this field, the volumes of generated and diverted
cargo must be fairly large. Further refinement of this point will depend mainly upon
the provision of more precise estimates of the elasticities involved in international
trade, and especially the long-run elasticities. In the meantime, however heroic they
may appear, assumptions cannot logically be avoided.

While the possibility that some of the change in consumers’ surplus may accrue
outside the investing nation tends to reduce the attractiveness of a project, there are
benefits which, for the sake of clarity, have so far been mentioned only in passing.
Faster turnround for cargo liners (especially when they spend only 40 per cent of
their time at sea) does not mean merely that, because the ships can be used more
intensively, the shadow price falls; it also means faster transit from origin to destina-
tion. Thus not only has the social cost of the service fallen, but the quality has risen
too. In appropriate instances, allowance should be made for this.

The literature of transport economics is startlingly sparse on the subject of how to
estimate the benefit to consumers from reductions in the transit time for goods.36
Conceptually, four effects may be identified:

(a) Because the goods are at risk for a shorter time the insurance costs may
be lower. But most of the risk to goods moving by sea comes in their handling,
and neither this nor the sea passage will be significantly affected. It seems likely,
therefore, that this point may be ignored.

(b) There is a reduced risk of market fluctuation while the goods are in tran-
sit. But this applies only to goods for which an urgent need arises suddenly,
perhaps for technical reasons (e.g. spare parts for a ship’s main engine) or be-
cause of changes in fashion. Such goods are more likely to travel by air than by
sea, and this point, too, may well be too insignificant to warrant explicit cal-
culation.

(c) Inventory control can be maintained more easily — i.e. smaller stocks are
needed to maintain the same average lag between the receipt of an order and
the delivery of the goods. In most instances this effect too is unlikely to be very
large. )

(d) Less working capital is needed for importers and exporters. This may be
a significant factor. Let us consider a typical cargo liner on a round voyage of
10,000 miles. It is commonly accepted — there are no adequate statistics on the
subject — that the current average of time spent in port is 60 per cent. On that
basis the shadow price per ton of cargo is £7.33. If the time in port is reduced
to the minimum credible proportion of 20 per cent, the shadow price becomes
£5.36.37 Thus there is a saving of £1.97 per ton of cargo. The (unweighted)

36Coburn, Beesley and Reynolds, op. cit., treated it as negligible. With a 40 minute saving between
London and Birmingham this may well have been true but it is not so in the present context.

37See R. O. Goss: op. cit. (footnote 4) for the shadow prices of a cargo liner operating on a wide
variety of route lengths and cargo-handling speeds.
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average saving in transit time (from mid-loading to mid-discharge) is about 18}
days, and if the cargo is valued at an average of £200 per ton the saving on
working capital at 6 per cent is £0.608 per ton, or 30.9 per cent of the change
in shadow prices. Even if all the other effects are dismissed as insignificant, this
one is still sufficient to be taken into account. Some of this saving in working
capital will itself accrue to people outside the country concerned.

This change in working capital consists largely of stockpiles or goods awaiting
transit at the ports concerned; these should be capable of estimation. It should be
noted that larger ships, operating less frequently, may lead to an increase in working
capital and, possibly, also in storage facilities. This applies to tankers and dry bulk
carriers, and may also (despite the reduction in minimum transport times) apply to
container ships where annual capacities are so great that service frequencies may
be reduced to maintain load factors.

One investment designed to permit the use of larger ships — the deepening of en-
trances in tidal waters — will have the additional effect of increasing the proportion
of time during which the entrance can be used. Thus queueing effects and average
waiting time will be reduced. Moreover, since ships’ arrival frequencies appear to
follow a random distribution, the provision of more berths may also reduce waiting
time. See the sources cited in footnote 14.

PRACTICAL PROBLEMS

There is no doubt that decisions on the optimal level and form of investment in ports
have to be taken with reasonable facility. It may, with further research, be possible
to refine many of the foregoing ideas, but if they cannot readily be quantified they
will not be of very much use in the solution of the practical problems which arise in
this field. There is therefore a need for a method, such as that suggested above, using
components which can be estimated in practical terms and for which the calculation
time and effort are not such that the start of physical work on an urgent project will
be delayed in the interests of intellectual elegance.

The first step is obviously market research; if there is no great demand for the
proposed facilities there is proportionately little case for providing them. It would
be outside the scope of this paper to discuss market research at length. But it may be
remarked that estimates of traffic flow commonly accompany current proposals for
large-scale port investment projects, and the methods advocated in this paper do not,
in principle, require any more information on this subject than is needed by any
other method of appraisal save the division between the flow of cargo which would
have existed without the investment and that which would exist with it (z.e. the
diverted and generated flows). And, since any port authority’s revenue calculations
must similarly be based on a comparison of “with” and “without” situations, it
follows that, if there is sufficient data to calculate the incremental revenue for a
project on a given tariff structure, there is probably sufficient to indicate the incre-
mental (i.e. the diverted and generated) cargo flows.

The second step is the calculation of shadow prices. For this, ships’ capital and
operating costs, load factors and (ideally) output levels over time are required. For
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iron ore carriers Professor Benford has published curves3® which significantly re-
semble the concept of shadow prices described in this paper. These are curves of
so-called “‘required freight rate” or average total cost: as mentioned earlier, they
show this falling steeply as a ship’s deadweight tonnage increases at low levels, and
gradually less steeply as it increases by equal increments to high levels. Professor
Benford’s calculations, however, appear to be open to the following criticisms:

(a) Although they are related to the factor prices and efficiencies of major
unsubsidised maritime powers (i.e. not to those of the U.S.A.) and take a tax
rate of 52 per cent into account, they do not allow for investment allowances or
grants. The result is to overstate the cost of capital and, because large ships are
more capital-intensive than small ones, to understate the relative advantages of
the large ship as well as to overstate the costs of all sizes of ships (i.e. to reduce
the slope of the curves and to raise them).

(b) A “capital recovery factor’ (i.e. a ratio of profit before depreciation and
after tax to initial cost, allegedly constant over the life of the ship —see (d) below)
of 10 per cent is employed. Half of this is allowed for depreciation (a 20-year
life being reasonable for this purpose) ; the remainder gives roughly 10 per cent
on the mean of book values in the first and last years. If this were significantly
higher than the opportunity cost of capital, then, because large ships are more
capital-intensive than small ones, it would reduce the slope of the curves. But in
fact a capital recovery factor of 10 per cent is equivalent to a discount rate very
slightly in excess of 8 per cent, and this is, as noted earlier, the upper range of
the credible values for the private opportunity cost of capital after tax and in
real terms.

(c) The vessels chosen are of an unusual type, being powered by the steam
turbines usually provided in U.S.A.-built ships. Elswehere the more economical
diesel engines are now used, though there is still some use of turbines by the
larger powers. This probably raises all the curves and may affect their slopes as
well. Moreover, Professor Benford has chosen a somewhat unusual combination
of length, beam, maximum legal draft and operating draft.

(d) No allowance is made for the irregular incidence, throughout the ship’s
life, of repair costs and periods out of service. Because these occur simultaneously
they necessarily have marked effects on the pattern of net cash flows, frequently
to the extent of changing its sign; these effects are further exaggerated by the
1-2 year lag in the collection of taxes in some countries, including Denmark,
France, Italy, the Netherlands, Spain, Sweden and the United Kingdom. These
effects get stronger as the ship gets older and subject to more thorough surveys,
so that, as noted earlier, the effect of ignoring these irregularities in net cash
flows is to understate net present value and to overstate the “required freight
rates”. It probably does not affect the slope of the curves, though the absence
of any published research on the varying (or possibly constant) incidence of
survey costs and periods with varying ship size must leave us in some doubt on
this point. As noted above, this approximation may be justifiable; it is certainly
necessary for the time being.

380p. cit. (footnote 3).
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Notwithstanding these criticisms of Professor Benford’s work, it remains, for the
time being, the best such study that we have. Until better calculations have been
made we shall not know how big the errors are; it is entirely possible that for all
practical purposes they are insignificant. Meanwhile, therefore, we should use his
data in respect of projects intended to permit the use of larger bulk carriers.

In respect of cargo liners and conventional (i.e. general-purpose) tramp ships the
earlier paper already cited should be of some use. In respect of roll-on, roll-off and
unitised (including container) ships no fully adequate data has yet been published.

The proper discount rate for cost-benefit calculations has been the subject of
lengthy academic controversy, and it is not proposed to enter into the discussion
here. Most of the relevant arguments have been summarised in the papers by P. D.
Hendersonand by A. R. Prest and R. Turvey. With the results of the market research,
the shadow prices and a rate of discount, present values can be calculated.

THE FINANCIAL IMPLICATIONS

It may well be thought that, if investments in port facilities are to be appraised on
a cost-benefit basis (i.e. on the assumption that the increased net revenue obtained
by the port authority will not be sufficient to pay the capital charges), some form of
subsidy will be required. Obviously many forms are possible: cheap capital® and
outright subsidies are only two. But in fact this conclusion does not follow from the
preceding arguments at all. It would be perfectly possible to appraise projects on a
cost-benefit basis and, while construction was in progress, so to alter the charging
system in use by port authorities that there would be an increase in the port author-
ity’s cash flow sufficient to defray the capital charges. This might well involve a
drastic reconstruction of the whole charging system (except for rents of land and
buildings in the dock area and the charges for services rendered by the port authority).
It might, for example, involve the substitution of berth-rents, payable in respect of
very short periods of time, e.g. per day or per tide, plus lockage fees or other exit and
entry fees as appropriate, all of which could (given sufficient research) be based upon
marginal social costs. Since it is generally agreed that some parts of most ports are
congested, it would follow that marginal social cost charging must give rise to posi-
tive charges in most instances; and where there are facilities which are not congested
the imposition of reduced (or even zero) charges would encourage their use, thereby
reducing the congestion elsewhere.

This immediately raises the question whether the marginal cost to be used is short
or long-period marginal cost. It is generally assumed4? that these two must be differ-
ent, usually because it is thought that short-run marginal costs include only wages,

39Many port authorities, however, can already obtain capital at, in effect, subsidised rates, so
there is no necessary requirement for any special provisions. This is of some importance, since it
follows that the proposals in this paper do not entail any weakening of the existing financial discipline.

40See, e.g. A. A. Walters: “The Long and Short of Transport”, Bull. Oxford University Inst. of
Statistics, May 1965.
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material, fuel and the like, while long-run marginal costs include all these and capital
charges too. But it has been shown?! that, provided an optimal investment policy can
be assumed to have been followed in the recent past, the average total cost for the
output concerned will be on the long-run average total cost curve or envelope at a
point where the short-run average total cost curve is tangential to it. It follows that
short and long-period marginal costs must be equal; moreover, since the existence
of congestion implies that the port is on the rising part of the long-run average total
cost curve, it also follows that, at this point of equality, marginal costs must exceed
average total costs. But there are often marked indivisibilities in port investments,
and it is therefore unlikely that all competing ports could have followed an optimal
investment policy throughout the whole of the recent past. Subject to this, congested
ports priced on a marginal social cost basis should, therefore, be profitable; they also
provide excellent opportunities for investment, and this investment will itself reduce
social costs, e.g. of congestion, and therefore the charges. If it is clear that a port has
not had an optimal investment policy in the recent past, then short and long-period
marginal costs will be different. A pricing policy based on short-run marginal social
cost will then provide a good indication for most investment proposals. As far as the
United Kingdom is concerned, it should be pointed out that any policy involving
either marginal (social or private) cost pricing or significant profits would not be in
accordance with the recommendations of the Rochdale Report. That report, how-
ever, discussed only the level of charges, rather than their structure, and did not
mention either external costs and benefits or marginal cost pricing in any form.

Such a pricing policy would, of course, contrast strongly with the current system
of charging gross (or net) tonnage dues on ships. If the cost of a new or improved
berth varies as the cube (or even the square) of the depth, so may the charge.
The gross and net tonnages of the ship, and therefore the total charge under the cur-
rent system, also tend to vary roughly as the cube of the ship’s draft (for similar types
of ships). But the objections to the current system are: first that it is only very loosely
related to the length of time that the ship spends in port, and secondly that the
charge is still calculated on the ship and not on the facilities it is using; it does not
therefore promote the efficient use of berths of different qualities in the short term, nor
does it give any economic indications of investment needs for the long term. It may be
thought that such a reform of the pricing of port services is long overdue anyway,
and for reasons not wholly dependent upon investment appraisal. It is currently
under consideration in the United Kingdom under the auspices of the National Ports
Council. Any basing of port pricing upon either short or long-term marginal costs is,
however, bound to be difficult, partly because of the lack of research into the relevant
cost functions and partly because of the discrete and variable nature of the unit of
“production” and the indivisibilities noted above.

4IR, Turvey: “Marginal Cost Pricing in Practice’, Economica, Nov. 1964, a review article of a
book of the same title edited by J. R. Nelson, 1964. The argument, however, depends on the cost
functions being continuous.
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CONCLUSION

If world trade is to expand at the rates suggested by all responsible authorities, in-
vestment in port facilities is needed. To some extent this can take the form of recon-
struction and replacement of obsolete quays and warehouses so as to raise the pro-
ductivity of the labour employed in loading and unloading the ships (which would
be reflected both in ships’ turnround times and in cargo handling costs) ; there is also
a need for deep-water facilities for the handling of bulk commodities and for special-
ised berths for unit systems of cargo handling. In general there has in the past been
serious under-investment and no generally accepted technique for appraising invest-
ment projects. This paper has attempted to outline methods which can be applied
to the problems of whether to invest, how to invest, when to invest and where to
invest.

Because of the non-optimal pricing technique employed by port authorities, opti-
mal results cannot be produced by discounted cash flow methods. Cost-benefit analysis
raises difficulties peculiar to this field, but it is suggested that they can be overcome
by the use of calculated shadow prices as representing the social costs of sea trans-
port and the application of techniques developed in other contexts. Because ports
are, to some extent, alternatives to one another, because decision-making in this field
is not an instantaneous process and because a port authority cannot reasonably be
expected to make its calculations, assumptions and proposals available in any detailed
form to its competitors, there is a need for a central (presumably national) co-or-
dinating body which can also act as a reservoir of experience in the performance of
such analyses. Even if portsimproved their pricing systems in social terms, there would
still be a need for such a body, for the problem of where to invest would remain.
The need would be greatest during the change-over period — it is obvious that all
competing ports must change simultaneously, because otherwise there might be
massive diversions of cargo and ships to ports with the lowest charges, regardless of
the bases used. Moreover, the application of marginal social cost pricing to ports with
a changing investment and operating-cost pattern is likely to require continuous and
fairly detailed supervision, for, whatever the financial bases of port authorities may
be, price discrimination (in the sense of charging different rates for different com-
modities which impose similar costs) will remain profitable, and port users will doubt-
less continue to argue that port charges, in whatever form they may be levied, should
be as low as possible. It is therefore important that the widespread use of funds re-
tained out of cash surpluses or obtained on fixed interest terms should not be allowed
to confuse the situation.

Any discounted cash flow calculation can, of course, contain as many items of
uncertainty as there are components of price, cost and output. It therefore contains
an ambiguity in the attitude to uncertainty of the entrepreneur concerned. In the
approach suggested here this ambiguity remains; there are also two others. First, in
spite of the considerable literature on the subject, the proper discount rate for cost-
benefit calculations is a matter of some doubt. The social opportunity cost of invest-
ment is the net marginal output/capital ratio of the next best alternative project; but
if this project is in the private sector there is no very good reason to suppose that this
ratio is constant between different projects all of which may be marginal to the
private investor. The alternative concept of social time preference can be the subject
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of interminable argument, none of it, perhaps, founded upon anything very secure.*
Secondly, there is the problem of the international division of benefits, which depends
for its solution upon the long-run elasticities of supply and demand in international
sea-borne trade. Even to an international aid-administering, or to a supra-national,
authority this remains a problem, for it can only be ignored deliberately on the basis
of value judgments about the equality of increments of welfare to nations with differ-
ent populations, different standards of living and different income distributions.
Nevertheless, here as elsewhere, decisions cannot be avoided; and if heroic assump-
tions are required the supply of heroism must be expanded to meet the demand.
The application of such ideas as have been described above should, at least, help to
avoid mistakes on the scale of those made in the past.

Bearing all this in mind, and particularly the difficulty of sensibly assessing the
international division of benefits, it seems all the more important that the pricing
system employed by port authorities should be reformed. (At least there is no doubt
where the financial benefits of a port investment would lie.) This reformation, there-
fore, need not achieve perfection — merely a very substantial improvement, and this
should not be too difficult to arrange.

APPENDIX
PartI
Discounted cash flow may be expressed mathematically as:
i=n
N.P.V. = Z (Ri —C) (1+n7| =G,
i=1
where: n is the project life from the chosen base year
R; is the revenue in year 7
C; is the cash cost, including taxes where appropriate, in year i
r is the rate of discount, and
C, is the capital cost.
If the capital cost extends, as it may well do, over more than one year, it will itself
have to be adjusted to a present value by discounting to the chosen base year (con-
ventionally, but not necessarily, the last year of significant capital expenditure or the
last year before any significant revenue accrues) at the same rate of discount as that
employed for discounting the rest of the equation. This, of course, involves using
values of (1 + )~ in excess of 1, since ¢ then has negative values.

Part II

The arguments presented in the paper may be expressed mathematically as follows:

In the figure D; D’; represents the demand curve relating the shadow price (how-
ever it may be comprised, and regardless of who is explicitly responsible for paying
its various components) of moving a ton of cargo on a given route through the port

42Gee M. S. Feldstein: “The Social Time Preference Discount Rate in Cost Benefit Analysis”,
Economic Journal, June 1964.
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at which investment is being considered to the cargo tonnage moving in year i. P,
represents the shadow price and Q,; the cargo tonnage for year ¢ if the investment is
not made. P, and Q»; represent the same if the investment is made. P4, P,BC,
CQ,i and ABQ,; are construction lines parallel to their respective ordinates.

£ D;

A

Pz/ /////B/ N

o Qu Qi
Cargo throughput (tons p.a.)

The change in shadow price is therefore (P; — P,) and the diverted and generated
cargo flows are (Qz — Qii). The change in consumers’ surplus in respect of the cargo
which would flow through this port anyway is thus the diagonally shaded area
P\ ABP, = (Py — P5) Qii, and the change in consumers’ surplus in respect of the
diverted and generated cargo flows is the vertically shaded triangle 4BC. Since AB
= (P; — P,) and BC = (Qz — Q) the area ABC = }(P; — P,) (Q2i — Qui).

The present value of change in consumers’ surplus for year ¢ is therefore [(P; — P,)
Qii+ 3(P1 — P3) (Q2i — Qu)] (1 + r)~* and the present value of the total flow of
net benefits to consumers considered thus far is:

i=n

DB = P) Qi + P — P) (Qu — Q) |(1 + 1)

i=1

where 7 is again the life of the project. Port investment projects are frequently very
long-lived; and at, say, 50 years the discount factor at any credible value of r is so
small that it would take a very large rate of growth in consumers’ surplus for sub-
stantial errors in N.P.V. to be caused by estimating the life of the investment wrong-
ly.#3 In most instances, therefore, no substantial error will be produced by taking
n = 50, regardless of any probable greater longevity of the project. Instances where
n should be taken as less than 50 will usually be fairly obvious, since the relevant
value is determined by the physical or economic life, whichever is the shorter.

The change in the port authority’s revenue from dues on ships’ tonnage (it has
already been argued that this change may be small or even negative) had, so far
as it is relevant, been taken into account in calculating the shadow prices. To include
it separately would therefore be double counting. The change in dues on cargo (and

43Cf. C. D. Foster and M. E. Beesley, op. cit. (1963) page 50.
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in any other revenues accruing to the port authority) is represented below by AR;;.
The time series of the port authority’s case costs (including capital costs) will, of
course, also be discounted and is shown here as C;; below. For change in the stock of
working capital for year i we may write AW;, regardless of where it is situated or who
pays for it. If the project leads to an increase in working capital this will be positive
and must (since it is a cost) be subtracted from the other benefits. If it leads to a
saving in working capital, then (W, — W);) will be negative and must be added.

It is unnecessary to discount each of these time series separately. For each year a
net figure of:

(Py — P2)Qu + $(Py — P2) (Qz — Qu) + (AR; — AGy) — AW;

may be calculated for each trade route concerned and discounted to the base year.
The full formula, therefore, is:

i=n

NPV — z (P1—P2) Q1i +(Py—P) }(Q2i — Qui) + (AR —ACy) —AW; | (1 + 1)~

i=o

But this assumes either that the whole of the consumers’ surplus remains within
the investing country or that its international distribution is of no consequence. It
also assumes that the whole of the change in working capital benefits (or, if it is an
increase, is a charge on) the investing country. If we write Sg; for the proportion of
consumers’ surplus assumed to remain within the investing country in year ¢, and P
for the proportion of the change in working capital which benefits (or is a charge on)
the investing country, the formula becomes:

NPV = z (Py—P2) Q1SR+ (P1—P2)SR(Q2i — Qui) + (AR —AC) —PAW;| (1 +1)7

and we may follow the investment rules of accepting all (except mutually exclusive)
projects with positive net present values and choosing among mutually exclusive
projects (e.g. different depths, quay lengths, numbers of cranes or starting dates) by
selecting the one with the greatest N.P.V.44

London

44Except under capital rationing. Then, and only then, does the ratio of N.P.V. to capital cost
indicate the best project. This should not be confused with cost-benefit ratios as usually understood,
i.e. with ratios of average or total discounted benefits to average or total discounted costs. A further
exception to the rule of maximising N.P.V. is that of mutually exclusive projects with different lives.
The rule is then to accept the project whose N.P.V. is equivalent to the greatest annuity obtainable,
at the same discount rate, over the life of the particular project concerned. Decisions between
mutually exclusive projects, including those with different lives, may also be made by calculating
the incremental or differential rates of return. On this last point see, e.g., Merrett and Sykes, op. cit.
(footnote 18).
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