THE ROUTEING OF SHIPS

By J. S. McKenzie*

It is usual to discuss routeing in the light of the Inter-Governmental Maritime
Consultative Organisation definition, “a complex of measures concerning routes
followed by ships and aimed at reducing the risk of casualties”; but an overall
consideration should examine the control of sea traffic from berth to berth. Admit-
tedly, when we think of port control we think of scheduling rather than routeing,
but the concept can easily be expanded to incorporate both.

Berth occupancy could be greatly increased if port authorities did not need to
cater for the random arrival of ships. High rates of berth occupancy, and therefore
the efficient use of wharfage, are only possible where some of the more traditional
shipowners are conditioned to long delays in port. As the modern trend towards
unitised loads and expensive special purpose carriers continues, there will be a
growing pressure by the shipowner on the port operator to extirpate all causes of
delay in turnround time. It will be shown later that it may be unwise to build more
berths just to ensure that no ships are delayed, because this in turn would lead to
lower berth utilisation. The rational alternative is for the shipowner to accept some
measure of control over the movements of his ships.

The master’s autocratic rule has existed for nearly 3,000 years of recorded history,
and this perhaps explains the entrenchment of the conservative attitude to routeing
at sea; but the quickening of industrial development in the past 50 years, coupled
with the increased density of traffic, has made some limitation of the master’s authority
almost obligatory. Tradition has its place and should not be dismissed lightly, but
when it has outlived its usefulness it must be replaced. This does not mean that the
skill of our seafarers will be lost — on the contrary, the advent of automation means
that they will have to be even more highly trained — but their abilities will have to be
channelled into other fields.

In the early days of air transport there was no air traffic control. Its introduction
became necessary, not so much because of the increase in aircraft speed, but because
of the increase in density at focal points, e.g., in the approaches to an airport and at
the crossing points of airways. Ships travel at a different order of speed, and one
could say that this should make routeing unnecessary; on the other hand the sea has
one less dimension, if we discount the use of submarines. The purpose of air traffic
control is to ensure that traffic in a particular area conforms to an overall pattern.
The main objective is the avoidance of collisions, but the secondary objective of
efficient and economic operation of airports is also important. Routeing to an air-
line means scheduling, so that B.O.A.C. can tell a prospective passenger that a
plane will leave Heathrow at 12.35 on Thursday for Beirut, arriving at 17.35.
Air traffic control is not a panacea, and delays do occur, but they are mainly due to

*The comments made by Captain D. H. Moreby, senior lecturer in Sea Transport at Plymouth
Polytechnic, on the draft of this paper were most useful, and his assistance is gratefully acknowledged.
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engine malfunctions and overloading of limited facilities rather than to system errors.
A liner company can advise a shipper that a ship is leaving at a certain time; but
what company can say with certainty that the cargo will be discharged at a certain
time? The answer is unequivocal: “None”.

ORGANISATION OF A ROUTEING SYSTEM

Itis suggested that the organisation of a sea routeing system could be on the following
lines:
(a) A coordinator would control the activities of six or seven ocean routeing
centres.
(b) Each ocean routeing centre would integrate the activities of several local
area control centres. ,
(c) Each individual port would have its own system operating under the
overall direction of its area control.

It is common to think of a hierarchial structure as originating at the top, but for
this application we might well consider that the introduction of routeing could start
from port control and expand slowly into area control before becoming finally
integrated in one world-wide system. The overall controller should be capable of
linking the whole system into one integrated unit; he should not be considered as an
overlord, but rather as a central organiser. The oceanic routeing centres would
probably number six in all, and each would have overall control in its area, being
responsible for all local and port controls. It could well be that the meteorological
areas now used by the world meteorological service could provide the basis for the
oceanic routeing centres. Communications are well established between area radio
stations, and operating procedures, such as the correct radio frequencies to use at a
given time, are fully developed.

The local area controls, of which there might be several in one oceanic area,
would not be based on a given number of square miles but rather on the amount of
work to be handled. For example, the European waters from Gibraltar to the Baltic
might well have three area controls, the central one being concerned with that
particularly critical area, the Straits of Dover.

The port control would tie in the various requirements of port authorities, ship-
owners and ships which call at that particular port. The units would vary in size
according to the volume of traffic using a port, e.g. Rotterdam and London would
require large installations, whereas Newcastle would only require a small one. Port
control would extend to the points where the pilot normally boarded or left; outside
this district the local area control would take over. ;

ECONOMIC JUSTIFICATION

There is a powerful economic argument for recommending scheduling as a replace-
ment for the random distribution of arrivals which prevails at present. Daniels [1]
has said that until port authorities can begin to exercise more control over the
frequency times of arrivals of vessels port facilities will be only 50 per cent efficient.
This statement may appear strange at first sight, and in isolation is perhaps question-
able; but if a 50 per cent utilisation means that no ship will be delayed waiting for a
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FIGURE 1 . OPTIMUM BERTH OCCUPANCY OR NUMBER OF BERTHS
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berth for more than a nominal period it begins to make more sense. Evidently, a
mathematical consideration shows us that percentage berth occupancy is directly
proportional to ship delays. If the number of ships arriving is constant, then as more
berths are provided the annual costs of maintenance and depreciation will rise and
the cost of delays to ships must fall. The sum of the two costs will show that the total
annual expenditure will have a minimum value which corresponds to the optimum
number of berths for a given volume of traffic in a given port.

A typical graph from the study of general cargo in a port can be shown to be of
the type of Figure 1. The horizontal axis can represent either percentage berth
occupancy or the number of berths, with total costs at a minimum for a berth occu-
pancy of about 80-per cent [2], [3]. The optimum figure varies according to the
type and cost of vessels using the berths and the cost of providing additional berths.
In tanker terminals, where only pipeline facilities have to be provided rather than
wharfage and vast transit sheds, the optimum berth occupancy will generally lie
between 40 per cent and 60 per cent.

The graphs already constructed are based on a queueing analysis and would not
be valid if the distribution of arrivals did not follow a statistically random pattern.
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Thus the optimum number of berths obtained in Figure 1 could well be less, and the
percentage berth occupancy accordingly higher, if ships were scheduled to arrive at
given times. This is one of the most powerful economic arguments for routeing and
scheduling. Not only would the shipowner profit from fewer delays, but the port
authorities should benefit as well because of the increased efficiency. If it was known
exactly what time a ship was arriving the berth could be planned, gangs could be
made available and port facilities such as tugs, pilot, water and bunkers arranged.
The whole operation of the port could be much more efficient, and manpower could
be saved, if ships could only be scheduled accurately.

It is possible to establish the relationship between random arrivals and the queues
which can form, given the two parameters of average rate of arrival and average
rate of turnround. In order to simplify the problem, only one berth will be considered.
Unfortunately no figures seem to be available for the two parameters required;
but for the purposes of showing the sort of queues which can build up it is quite
possible to run a Monte Carlo simulation, using arbitrary figures for the average
rates of arrivals and turnround. A computer program developed by Mr. J. Parry
at Plymouth Polytechnic was adapted for this purpose, and the results obtained are
tabulated in Figures 2 to 4. Several different rates of service and turnround have
been used as examples. It will be seen that as the rate of arrival approaches the rate
of turnround the queue of ships waiting to berth becomes longer and longer. In order

FIGURE 2

Summary of results:
Average arrival rate one per 24 hrs. : average turnround 15% hrs.

Number of arrivals = 7,000 Rate of arrivals = 0-650 per day Rate of service = 1-:000 per day

Length of queue Number of times
this occurs
-0 4655
1 2765
2 1434
3 771
4 456
5 210
6 36
7 0
7+ 0
Monte Carlo
method
Average number in system at any given time = 1.718

Average number in queues at any given time = 1-067

Average waiting time of ships which wait = 1-479 days
Number of ships which wait o= 3920
Number of ships which proceed direct to berth = 3080
Percentage of ships which wait = 56
Number of times berth is vacant and no ship is

available to come alongside = 2100
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Ficure 3

Summary of results :
- Average arrival rate one per 24 hrs.: average turnround 19 hrs.

Number of arrivals = 7,000 Rate of arrivals = 0-800 per day Rate of service = 1-000 per day

Length of queue Number of times
this occurs
0 2835
1 2273
2 1714
3 1168
4 933
‘5 764
6 528
7 349
8 238
9 162
10 109
11 82
12 68
13 43
14 35
15 29
16 12
17 6
18 4
19 2
20 1
20+ 0
Monte Carlo
method
Average number in system at any given time = 1-069
Average number in queues at any given time = 2-681
Average waiting time of ships which wait = 3-431 days
Number of ships which wait = 5282
Number of ships which proceed direct to berth = 1718
Percentage of ships which wait = 755
Number of times berth is vacant and no ship is
available to come alongside = 944

to even out any fluctuations in the simulations, the total number of arrivals at this
one berth has been taken over a considerable period of time, ranging from ten
to twenty years. Even with an average arrival rate of one per day and a turnround
time of 154 hours, it is salutary to notice the lengths of queue which might be expected
to form at some time within a twenty-year period. In order to give some idea of how
the queue actually varies, a printout of the first 70 arrivals, for one set of parameters,
has been included (Figure 5).

Now if this randomness is removed and we take an arrival rate of (say) one per
day, coupled with a turnround time of 18 hours, then indeed we can remove all
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Ficure 4
Summary of results:

Average rate of arrival one per 24 hrs. : average rate of turnround 23 hrs.

Number of arrivals = 7,000 Rate of arrivals = 0-950 per day Rate of service = 1-000 per day

Length of queue Number of times
this occurs
0 1703
1 1487
2 1280
3 1118
4 960
5 822
6 763
7 695
9 626
9 574
10 496
11 358
12 255
13 193
14 147
15 110
16 97
17 57
18 31
19 29
20 22
20+ 18
Monte Carlo
method
Average number in system at any given time = 9-012
Average number in queues at any given time = 6-411
Average waiting time of ships which wait = 5-500 days
Number of ships which wait =. 6021
Number of ships which proceed direct to berth = 979
Percentage of ships which wait = 86-0
Number of times berth is vacant and no ship is
available to come alongside ' = 492

queues completely, because we can schedule our arriving ship to fit in with a ship
leaving. The ordering of the ships will be so arranged that no avoidable queue will
be allowed, the speed of any ship being controlled to fit in with the schedule. The
main factor which will upset the schedule will be bad weather — which cannot be
controlled. (We exclude fog and any other condition similarly restricting visibility,
whether by day or by night, because ships will be able to proceed at full speed under
shore guidance, the risk of collision having been eliminated.) The overall pattern
will have to include planning for bad weather. It seems possible that in the next ten
years one of the greatest steps forward will be in weather forecasting, so that we
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should expect to be able to forecast the weather reliably for several days ahead,
using satellites, computers, et al., and with this knowledge ascertain what speed any
ship will make good under the weather conditions expected.

The shipowner will benefit because his ship will arrive just at the correct time.
It will no longer be necessary for it to travel at full speed, using a large quantity of
bunkers in the process, solely to gain a place in a queue, and then possibly have to
anchor for several days awaiting a berth. It may be that his ship will have to proceed
at half speed under routeing instructions for two or three days, but this will save him
bunkers and ultimately reduce his operating costs.

So we can see that, to schedule the ships and impose port control on arrivals and
departures, we must of necessity extend the control to include the area within two
or three days of the various ports. Looked at in this light it could be argued that the
great reduction in collision risk is a by-product of scheduling and not the other way
round. Certainly avoiding collisions is important. Not only do they cause loss of life
and hazard property; they may lead to an increase in insurance premiums and add
to off-hire time. There are thus economic reasons for imposing routeing in order to
avoid collisions. In the oceanic environment, however, risk of collision is small and
scheduling need not be so strict, because, even with reliable weather forecasting,
nobody can be quite sure that the ship is not going to have mechanical trouble. So
berthing plans must necessarily be rather fluid.

Why then should we consider oceanic routeing ? Certainly one reason is to avoid
the isolated collision, such as that of the Andrea Doria and Stockholm with its large loss
of life. Perhaps the most powerful reason would be to ensure that routeing was one
integrated system applying all over the world, so that the central control knew
exactly where any ship was at any given time. We have seen how useful the Auto-
mated Mechant Vessel Report System, run by U.S.A. officials, has been in pin-
pointing ships for rescue and salvage operations for a vessel in distress, and it is
obvious that an extension of this system to encompass the globe would be of benefit
to the maritime community as a whole.

The continuing development of the through traffic concept, in which sea transport
is just one link in a sequence of operations, means that there are many interests
dependent on the position of the ship. We could consider that lorries, trailers, bogies,
etc., have to be provided, and subsequent manufacturing interests need to know
when parts will arrive. At present a greater amount of rolling stock and larger
inventory than necessary is maintained because of the uncertainty of ship arrivals.
Transport can be regulated and stock controlled when the exact position of a ship
is known and its arrival time determined. We should note that this requires forward
planning of several days, so routeing in the approaches to ports would not be
sufficient. :

Oil companies are already well familiar with this transport optimisation procedure,
and computers are kept busy matching up supply and demand — the ships’ positions
being an essential parameter. If one sector of the industry finds a use for this informa-
tion, others must surely follow.

The extra cost to the system for providing oceanic routeing will be much smaller
than for expanding from port to area control, because the computers will already be
available and there is usually much more space in which to operate, so that routeing
is much easier.
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COMMUNICATIONS

It is absolutely essential for the communications of any control system to be compre-
hensive and as near infallible as possible. Automation is meaningless without the
transference of intelligence from ship to shore and vice versa, and I would suggest
that at this present time communications are just not good enough for the ship’s
engine and rudder to be controlled from the shore, as has been suggested in some
articles. Actual data links, however, are perfectly adequate at present for port and
area control; and in a few years, when we have a network of communications
satellites, they will be adequate for oceanic use. It is inappropriate here to consider
the actual equipment needed to implement such control, but certain points should
be borne in mind by designers. For example, every ship must have a unique assign-
ment of an address code. As the actual control of routeing will be carried out by
computers, we should consider what form this should take. Some writers have
suggested that address codes should be based on a particular route and a ship’s
number on that route (e.g. 590 would mean that the ship’s identity is number 90 on
route 5); but it could be argued that this would not be unique. One idea would be
to use the call signs of ships; another would involve the assignment of a unique
“official” number. A unique address system means that an owner can find out
exactly where his ship is simply by making an appropriate request, and if the oceanic
routeing system is implemented he will be able to ascertain its whereabouts immedi-
ately.

It would seem that the most logical way to ascertain the position of every ship
would be for the area control to address each ship in turn and demand its position.
This could be provided in a number of ways, only one of which appears immediately
practicable. The satellite fix receiver/computer is now commercially available and,
with a D.R. update between fixes supplied with Doppler or V.L.F. or from log and
gyro sensors, the position could be fed out to an output buffer for automatic sampling.
This system applies all over the world and is not too costly. Failing this, something
of the nature of a radar transponder would be required, which would be limited to
the unique address code of the ship and would transmit when requested by the
controller. The position of the ship could then be obtained from the area high
definition radars. '

Communications between the area control office and individual ships would be
best carried out by a combination of teletype and V.H.F. and M.F. telephony. The
teletype has the advantage that only the ship to which the message is addressed
would receive it, as with a land telex system. It has been suggested that the air might
become saturated with control messages, but communication systems today can
handle a very large volume of traffic without queueing, and I do not think that this
would become a problem.

NATURE OF THE ROUTES

The Inter-Governmental Maritime Consultative Organisation (I.M.C.O.) has
recommended [4] that the following methods could be used to establish routes:
(a) separation of traffic by separation zones or lines;
(b) separation of traffic by use of natural obstacles and geographically defined
objects; :
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(c) separation of traffic by establishing inshore traffic zones intended for
keeping coastal traffic away from traffic separation schemes;

(d) separation of traffic by the use of sectors at approaches to focal points;

(e) separation of traffic by introduction of “roundabouts” intended to facilitate
navigation at focal points, where recommended routes meet;

(f) routeing of traffic by using recommended routes for deep-draught vessels,
or fairways for ships proceeding in specific directions, or tracks recom-
mended for safe navigation in or near dangerous areas.

It is to be noted that I.M.C.O. considers itself as the only international body
responsible for establishing and recommending measures for routeing on an inter-
national level, and is the sole arbiter of routeing systems. Despite that formidable
opposition, let us consider an entirely new approach to the fabrication of routes.

If the position of every ship is known for certain, what is the point of having defined
lanes of traffic? With such lanes we have to account for differences in speed; we
must either have a complicated motorway system of 4 to 6 lanes, or slow ships down
so that they do not get too close to one another. Additionally we have the hazard of
the central dividing strip, which a ship might stray across if communications failed
or the engines broke down. It seems more logical to route the ships by using all
available sea room, and consider the route on the basis of where a ship wants to
go and its size and speed. This would overcome one of the objections which can be
levelled against lane routes, that they must satisfy all types of vessels, including
coasters and 200,000-ton-plus tankers. Naturally this must involve some sort of
compromise, and no operator is particularly happy about the result.

No ship would now have to make a detour, and the ordinary collision rules could
still be applied in the event of the system collapsing. If the recommendations of some
authors were implemented a breakdown of the system could mean real trouble and
consequent chaos, because it has been suggested that the collision rules should not
apply under a routeing system. Parmiter [5] has said that the full scope of automated
systems at sea is inconceivable in terms of compliance with the old regulations.
“Only an entirely new code of manoeuvre will give the dimensions and scope
needed.” This could be very dangerous; it seems best to thin the ships out as much as
possible, using the direct route, which in turn will be the least-time track. It can be
seen that I am arguing for as little displacement as possible of a ship’s operating
routine. The control which I suggest is aimed at allowing the shipowner to run his
ship at a much greater average speed than has hitherto been possible and yet provide
him with a greater measure of safety. One final consequence which might be men-
tioned is that with such control the number of strandings should be greatly reduced,
the automatic monitoring ensuring that the vessel did not proceed into danger.

COSTS AND SAVINGS

It is suggested that the oceanic control and one area control should share the same
computer, or that the various area controls in one group should tie in their central
processors by interfaced data lines so that they can operate on a complex time-sharing
basis, thus evening out peak loadings in any one area. The cost of one area computer
is estimated at about £100,000 and the associated communications equipment
at another £50,000. The number of staff required to control the computers would be
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quite small, and no vast team of technicians would be required to look after the
machine. The port computers on the other hand would be much smaller and should
cost around £35,000 for a large port and as little as £20,000 for a smaller port.
The cost of the communications equipment for each port should be set at about
£20,000; it would utilise much of the existing equipment already in use for port or
pilotage control. For the purposes of this paper we will assume that an average of
half the communications equipment required is already installed and, furthermore,
that the average maintenance costs are £1,000 a year. There seems no reason why
additional staff should be necessary — the existing controllers are more than adequate
for the job.

It is considered that payment for the port control should come from the port
authority and from all non-shipowner users of the port. It is more difficult to decide
who is going to pay for the area and oceanic controls. The setting up of a world-wide
control may well cost £1-5 million, with maintenance on the scale of say £30,000
per annum and operating and personnel costs in the region of £500,000. Modern
computers are expected to be fairly long-lived pieces of equipment, so we could
amortise the £1-5 million over, say, ten years. With interest at 10 per cent on half
of the capital cost (= £75,000), this gives us a world-wide total of £755,000 per
annum to be raised.

Now the shipowners must also provide equipment. Some ships are being fitted
with sophisticated navigational aids such as satellite receivers, but others will have
to start from scratch. It could well be that, in the worst case, the shipowner would
have to supply equipment costing £30,000; given the same length of service and
interest charges, plus an average annual allowance of £2,000 for maintenance, this
works out at £6,500 per annum. Thus a shipowner might well argue that his own
contribution was already quite large, and he would want to limit the amount of
any further contribution. The port authorities on the other hand are going to argue
that they have to provide the port control, and this will be quite costly. Thus, to
convince the various parties that routeing is beneficial to them, we must show that the
money which each has to pay to maintain the system is recoupable by increased
efficiency and safety.

The savings to the shipowners are obvious, but difficult to quantify because cost
data are not easily obtainable. If we take a random sample of some of the figures
quoted for a cargo liner of about 10,000 g.r.t., we find that the cost per day in port
has been given as shown in Table I.

TaBLE 1.
£ Date Authority
755 Jan. 1967 R. O. Goss [6]
670 1963 O.E.C.D. [7]
545 (+255?) = £800 1965/66 Martin-Jenkins [8]
600 (+255?) = £855 July 1966 ‘Sir N. Cayzer [9]

Cost includes basic running rate, proportion of office overheads, in-port fuel charges and deprecia-
tion, but excludes port charges.

The additional figures in parentheses for the last two examples are to add in an estimated
depreciation to assist in comparison, because Goss suggests that this has been omitted.
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We can compare these figures with the actual cost on one similar-sized cargo ship
mainly engaged on bulk trades during 1966: the daily basic rate works out to only
£485. This seems somewhat low compared with the other sources, but we must
consider it because it is an actual cost, not a theoretical estimate.

To ensure that we are in the right area of estimation we can approach the problem
in another way and consider Heaver’s work [10] on the economics of vessel size,
which considers the cost of carrying one ton of cargo when the number of days in
port varies.

In this we find that the increase in cost for one day averages 10 cents/ton, i.e.,
$2,400 or £1,000, for a 25,000 dwt. ship, and 7 cents/ton, i.e., $3,430 or £1,430,
for a 50,000 dwt. ship. If we apply a £ scaling down factor to obtain the running
costs for a 12,000 dwt. ship we obtain the figure of £750, which compares favourably
with the other estimates.

Let us use this figure of £750 and forecast that eight days per annum would be
saved by increased efficiency, and another five days would involve steaming at half
speed or less at a bunker saving of £100 per day. The saving to the shipowner
would then be in the region of £8,500 per annum. If we allot two-thirds of the annual
running expenses of the area and oceanic control to the shipowners, and remember
that the world fleet consists of some 22,000 vessels, we see that each ship must
contribute £23 towards the total annual oceanic and area costs of £755,000. Addi-
tionally, each ship might have to be fitted with equipment costing up to £6,500
per annum. So on these figures the minimum profit would be, say, £2,000.

The port authority, on the other hand, will benefit because increased berth
utilisation will directly increase operating profits. If we accept the figure quoted by
Goss for daily port charges, £212, and equate this with the daily berth rent, an
increase of only 5 per cent in utilisation would net £3,870 per berth annually. Other
savings — more difficult to quantify — would arise from more efficient use of pilotage
services and other port facilities, because the random factor would have been
removed. More personnel than are actually required are maintained in ports just
to cover unforeseen eventualities or arrivals. Labour costs being as high as they are,
any reduction in numbers should be welcomed by an authority.

If we postulate that there are at least 200 ports which should introduce control

immediately, then the proportion of the world-wide control which each must pay
for is:

1 1
£ X 755,000 o = £1,259.

Assuming an average port equipment cost of £37,500, spread over ten years with
interest at 10 per cent and yearly maintenance of £1,000, the annual cost would be
£6,625, so that the total cost to each port would be in the region of £7,900. This
would almost be recovered by the returns on two berths. Additional revenue could
be used as profit or ploughed back in the shape of reduced port charges in order to
attract more trade.

It would not be responsible to claim that routeing would eradicate collisions or
strandings entirely, but it is submitted that the number of losses would be much
reduced. If we err on the pessimistic side and expect accidents to be reduced by only
one-half, we can make some estimate of the probable savings.
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Referring to the Liverpool Underwriters’ Association annual report for 1968, we
can see that there were 157 total losses in that year, of which 71 were attributed to
stranding or collision. If 35 of these would have been avoided perhaps £25 million
worth of property would have been saved. Again, 2,500 partial losses are shown to
have been attributable to these two causes; given the same percentage reduction,
we should have a saving of £2-5 million at £2,000 per accident, or £10 million at
£8,000 per accident.

We can gather together the costs and possible savings in Tables IT and III.

Tasre I1
Costs
Proportion
10 year spread  Maintenance  of oceanic/
of capital cost and additional area control
with interest  operational cost  apportion- Annual
Capital at 10%, (if any) able total
cost £ £ £ £
Oceanic
and area
control 1,500,000 225,000 530,000 e 755,000
One port 20,000~ 4,500-6,750  900-1,100 1,259 6,659-9,109
35,000
+10,000
communications
200 ports
based on
average
costs 7,500,000 1,125,000 200,000 251,700 1,576,700
One ship 0-30,000 0-4,500 0-2,000 23 23-6,523
22,000
ships
based on
average
costs 330,000,000 49,500,000 22,000,000 503,300 72,003,300
Totals 339,000,000 50,850,000 22,730,000 755,000 74,335,000

Tasre 111
Savings
Individual Total
£ £
Ships 8,500 187,000,000
Ports (say 3 berths) 11,610 2,322,000
Less accidents — 31,250,000
Total savings — 220,572,000

These two Tables indicate not only that the scheme would be decidedly ““in the
black” on the basis of the specified assumptions, but also that one year’s savings from
reduced accidents would, in itself, account for nearly three-sevenths of the annual
expenditure.
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DIFFICULTIES

There are powerful arguments for routeing, but the difficulties should not be dis-
counted. The greatest is that of obtaining international agreement and cooperation,
because such a system is quite impossible on a unilateral basis. The conservative
attitude of some owners and their shipmasters will also prove to be a barrier which
will only be surmounted by the exercise of considerable ingenuity.

The operational difficulties envisaged stem from the need to adapt computer
programs to deal with all the languages involved - it is no use telling a Russian
ship to steer 010° at 15 knots in Japanese! Another complication to be expected
comes from fishing vessels and yachts. If established lanes were to be used little
difficulty would be encountered, because these areas could be forbidden to all
vessels not routed, or it could be stated that they crossed such lanes at their own
risk. With a “free routeing” system, however, there would be no established lanes,
and I can see no alternative to insisting that every fishing boat and offshore yacht
should have some means, albeit simple, of communicating with the control.

Despite these and other difficulties, the introduction of a complete routeing system
would bring very real and welcome economic benefits and an increase in productivity.
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