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Abstract

The paper addresses congestion of the Bosporus that could result from the Montreux
Convention which states: "In times of peace merchant vessels shall enjoy complete
freedom of transit and navigation in the Straits, by day or by night, under any flag and
with any kind of cargo . . . ." While the Straits are not congested at present for general
cargo, we can expect congestion within seven to fourteen years. There may be conges-
tion for tankers sooner because of safety considerations. The carrying capacity of the
Straits can be improved if atwo-part tariff is used to ration general cargo and an auc-
tion is used to allocate tanker slots.
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Congestion of the Turkish Straits: A Market Alternative
1. Introduction
Congestion in the Bosporus is a complicated issue: it involves economics, geography, the
environment, the rights and interests of Turkey and other states and international law. This paper
addresses this issue from an economic perspective. It is an attempt to show how economics and
market forces can reformulate a debate that has for some time been at a stalemate because what
appear to be irreconcilable points of view. Economics, and in particular the idea of using the mar-

ket as a mechanism to regul ate traffic in the Bosporus, suggests that it is possible to resolve this

issuein away that benefits all parties. Economics can cut the Gordian Knot.

The Turkish Straits, connecting the Mediterranean with the Black Sea, consist of the Dar-
danelles, the Sea of Marmara and the Bosporus. The Bosporusis one of the busiest waterways in
the world, handling annually 50,000 ships in addition to fishing boats and local traffic, The
Bosporusis 19 mileslong and is less that one half mile wide at its most narrow point. Traversing
Istanbul, a city of 12 million people, the Bosporus is spanned by two bridges. Over one-half mil-
lion people cross the waterway daily. The Bosporusisas central to Istanbul asthe Mississippi isto
New Orleans. Any accident involving hazardous cargo could endanger the lives of thousands of

people. Thiswaterway is crucial to the economies of Turkey and other countries that border the

Black Sea.? If the Bosporus were not a trade route from the Black Seato the Mediterranean, it
would simply be regarded as Turkey’ sinternal waters. The fact that it is an important trade route
and crosses the center of Turkey’slargest city creates a conflict of interests between Turkey and

Black Sea commerce.

Since the eighteenth century, when the Black Sea ceased to be Turkish internal waters,

transit through the Bosporus has been regulated by a series of treaties and international conven-

LThe key contribution is from Coase (1960). Coase, in his formulation of what came to be known as the Coase Theo-
rem, argued that well defined property rights can lead to efficient allocations. Subsequently, Brito, Intriligator and
Sheshinski (1997) show that under certain conditions the market allocation |ead to allocations that improve the welfare
of al parties.

2These countries are Bul garia, Georgia, Moldova, Russia, Ukraine.
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tions. The solutions have varied with the number of powersinvolved, the balance of power, and

the importance of the Bosporus as a trade route and channel for the transit of warships. In 1936,

the Montreux Convention allowed Turkey to regul ate the passage of warships, through the Straits,
but required the free passage of merchant traffic. Section I, Article 2 of the Montreux Convention
states: "In times of peace merchant vessels shall enjoy complete freedom of transit and navigation
in the Straits, by day or by night, under any flag and with any kind of cargo, without any formali-
ties...." .[emphasisadded] The primary concern of the Montreux Convention, however, was the
transit of warships through the Straits and the status of fleetsin the Black Sea; very little attention
was given to the regulation of merchant traffic. Thisis not surprising given that at the time when

the Montreux Convention was signed merchant traffic was approximately 12 vessels a day. More-
over, at that time, shipswere small and it was not likely that a shipwreck could pose athreat to the

shore.

Sixty years later, the role of merchant traffic is more important. It now flows at a rate of
135 vessels aday. Tankers can be as large as 130 thousand tons. Furthermore, under the terms of
the Montreux Convention, reporting cargo content is voluntary even with regard to hazardous
cargo. So isthe use of pilots. There is no mechanism in the Montreux Convention for taking spe-

cia precautions for hazardous materials or for scheduling traffic.

Requiring the free passage of merchant traffic may have been trivial in 1936, but now it
endangers the health and safety of the Turkish people. A question that must be addressed is
whether Turkey has the power to regul ate passage through the Straits to protect that health and
safety. Turkey has asserted its right to regulate traffic in the Bosporus and issued regulations that

went into effect on July 1, 1994.2 Thelegal basisfor thisright isnot clear, but behind international

law is Turkey’ s physical control of the Straits.* Theloss of control of the Straits by Turkey isthe

result of a series of wars culminating in World War |. The argument can be made that duress,

3-The rules established a required separation of 8 cables or about one mile for normal cargo vessels; however, they re-
strict transit through the Bosporusto onetanker at atime. Thisrestrictsthe number of tankersthat can transit the Straits
creating congestion for tankers even when there is adequate capacity and no congestion for normal cargo vessels. The
argument is that the market can be used to ration this scarce resource. See Nitzov (1998) for a description of how the
1994 rules restrict tanker slots.
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unequal bargaining power and unforseeability make these conditions unenforceable.® One can
also make the argument that under modern conditions, unrestricted access violates Turkey’s right
to protect the health and safety of it citizens. The fact that the Montreux Convention changed the
terms of the Lausanne Convention, which was imposed on Turkey after the First World War, sug-
gests that the Montreux Convention itself too can be changed under new circumstances.

The question of traffic through the Bosporus is now getting more attention because of the
emergence of Caspian oil. Thetwo pipelinesfor Caspian oil now in existence end on the Black Sea
as will other pipelines that are being planned or built. This production will create a burden on the
Bosporus unless measures are taken. Turkey, supported by the United States, proposesto avoid the
Bosporus by building a pipeline from Baku to Ceyhan on the Mediterranean. The difficulty with
thissolution isthat pipelines are, except for very short distances, more expensive than tankers. The
estimates of the cost of moving oil from Baku to Ceyhan range from $1.00 to $2.00 per barrel. The
cost of moving oil from the Black Seato the Mediterranean by tanker isless than twenty cents per
barrel. The cost differential, in combination with low oil prices, is making some oil companies re-
luctant to invest in this pipeline. Turkey has responded with declarations that it will impose new
regulations on the transit of oil through the Bosporus. The Russian government, which wants to
maintain it right of free passage through the Bosporus, has opposed these regulations. Here, at the

moment, the discussion appears to be deadl ocked.

Congestion of the Bospor us: Executive Summary

Vesselsin transit through a strait can impose two types of externalities. Thefirst is conges-
tion. If the traffic volume is high enough, queues form and transit is delayed. This delay imposes

an economic cost on cargo. The second type of externality isrisk of injury to the neighboring

communities. Thisincludes damage to the environment as well as risks from dangerous cargos.®

Given these two externalities, the Straits can be viewed as acommon property resource, subject to

4-Schachte and Bernhardt (1993) describe the regime of the Turkish Straits as a classic example of an article 35(c) Law
of the Sea Convention that covers bodies of water governed by long-standing international conventions. The rights of
transit are "clearly less that the right of transit passage and in certain facets, less that the right of non-suspendable pas-
sage." Inthe 1958 Convention on Territorial Sea and Contiguous Zone, these rights are subject to not being prejudicial
to the "peace, good order or security of the coastal state." However, "peace, good order or security of the coastal state”
is not a defined term. See also Scharfenberg (1996) and Bernhardt (1995).

5-See Posner (1998).
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congestion, that has the potential of imposing costs on surrounding communities. The question
then is whether traffic in those waters creates externalities that are so substantial that it is neces-
sary to impose some controls on passage. This paper addresses this question. The results of the

paper are;

1. While the Straits are not congested at present for general cargo, we can expect conges-

tion that will result in substantial delays within seven to fourteen years. In the model, delays go

from 5 hours to 500 hoursin the span of six months.” Of course, this would not happen. Freight
rates would increase and the market would reach an equilibrium. Just asin the old Soviet Union,
time in the queue would be the equilibrating mechanism that would ration the scarce resource.
The precise time depends on the rates of growth of the economies that use the Straits aswell ason
some technical parameters. However, even with the most optimistic assumptions, the issue of

rationing access to the Straits must be addressed very soon.

2. Tanker slots are more restricted due to safety considerations. Turkey has set the rule that
only one dangerous cargo can be in the Bosporus at atime. Thisrule will result in congestion for
tanker traffic much sooner. Thereis, however, sufficient capacity to carry the production of the
Caspian oil fieldsif the slots are allocated efficiently and appropriately sized tankers are used.
Such allocations would require modification of the Montreux Convention. One way to allocate
tanker dots efficiently isto auction the slots. The alternative is to divert oil traffic to pipelines.

3. A key element of safety in the Straitsis the separation, or distance, between vessels. As
long as the required separation of traffic is sufficient to prevent vessels from having to maneuver,
traffic flow is stable. However, if traffic has to maneuver to maintain separation, the flow of traffic
becomes unstable, creating the potential for accidents. The ability of the Straits to carry traffic is

afunction of separation. It may be thus be argued that, if the separation between ships is reduced,

6. Damage to the environment include such ongoing items as oil spill from bilges and sewerage. The risk of an accident
from dangerous cargo may involve the small probability of avery large accident and is very difficult to quantify. For
example, suppose the collision between Nassia and Ship Broker in 1994 had occurred next to the Topkapi Palace rather
than in the Black Sea,

7-See Table 2 on page 12 below.

8.-The distinction is between open loop and close loop control. Lags in control can make closed loop control systems
unstable. Thusiif vessels are spaced close enough so that they have to maneuver, the system can become unstable.
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the capacity of the Straitsto carry traffic will beincreased. However, this can lead to unstabletraffic

dynamics which will increase the probability of accidents.

4. The probability of an accident in the Turkish Straits increases with the square of the vol-
ume of traffic if other conditions do not change. Thisimpliesthat doubling traffic will increase the

probability of an accident by afactor of four.

5. It is possible to reduce the volume of traffic that goes through the Straits without reduc-
ing the amount of cargo. At present, the distribution of cargo by size of vesselsis such that 60 per-
cent of the vessels are only carrying 30 percent of the cargo. A mechanism such as a two-part
tariff, which makes it more economical to ship in larger vessels, could change the distribution of
the size of vessels that use the Straits. A two-part tariff would consist of afixed charge per vessel
and a variable fee contingent on the size of the vessel. This result isimportant because it suggests
that restricting access to the Straits can improve the welfare of al parties by more efficient use of

its capacity.

Regulation of the use of the Bosporusisobviously very complicated. If safety isignored, it
can be argued that the Bosporus is not congested at the present time. However, if rules that space
tanker traffic are enforced, then the Bosporusis or will soon be congested with respect to tankers.
The Bosporus will likely be congested with respect to normal traffic in seven to fourteen years.
The costs associated with traffic in the Bosporus are abstract. A large tanker accident that kills
thousands of people or destroys historical treasuresin Istanbul has not yet occurred. It is very dif-
ficult to create concern about an event that has not occurred and has very small probability of

occurring, particularly when the danger is to others.

If the market is used to regulate access to the Straits, then safety regulations need not be
used to control the volume of traffic. It may then be possible to have a more dispassionate techni-
cal discussion on safety. Changing rights of access to the Straits by creating property rights will
have distributional consequences. The economic rents that result from privatization should be suf-
ficient to compensate the losers. An international commission can be can established to do this.

This, however, isapolitical issue.



2. Congestion of the Straits

One of the costs that can result from free access is delay due to congestion. Congestion
will be familiar to most readers from their experience on highways. Traffic on highways flows
smoothly until the volume reaches a critical level, and then it slows dramatically and stops. This
process has been studied by traffic engineers using queuing models, some which can be very elab-
orate and require numerical solutions on acomputer. Traffic through the Bosporus can be model ed
inasimilar fashion and it is possible to construct very elaborate computer ssmulations. It is useful,
however, to construct arelatively ssmple model of the flow of traffic more transparent than a com-
puter simulation based on the assumption that the 1994 navigation rules are enforced and the sep-
aration been vessels mandated by the rules is sufficient to eliminate the dynamic interaction
between vessels as they proceed through the Straits. The assumptions about parameter values are
few and the solution can easily be verified. Such a model, however, must be used with care. The

simplicity is gained at the expense of ignoring the dynamics of traffic through the Straits.

arrivals | queue ! Bosporus

Figurel
The processisillustrated by Figure 1 above. The arrival of vesselsis assumed to be given

by a Poisson process. Thisis equivalent to the assumption that ships arrive at random, but thereis
agiven average arrival rate. Define the arrival rate as| . This parameter is the average number of
vesselsthat arrive at one of the entrances of the Bosporus in an hour. Upon arrival, vessels enter a
gueue for entry into the Bosporus. Vesselsin the queue enter the Bosporus at an interval mandated
by the navigation rules. Thus, the separation required and the speed of the vessels determine the

rate at which vessels can enter the Bosporus. Define a to be the mean service time.
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In 1997 traffic through the Bosporus was reported to be 50,000 vessels a year. This gives

an average value of 2.85 for | .9 The other very important parameter in a queueing model is the
rate at which vessel can enter the Bosporus denoted by a. If we assume that the 1994 navigation
rules are in place, then vessels must maintain a separation of one nautical mile and a speed of 10
knots. Thisimplies that no more than 10 vessels can enter the Bosporus in one hour in one direc-
tion. Thisis a very optimistic estimate of the mean service rate as it assumes that the Straits are
always open to traffic. Further, maintaining a service rate of 10 vessels an hour would require that
merchant vessels maneuver with the precision of a naval squadron. Ships would have to time the
moment they get under way so as to maintain the required separation and speed. Weather and the

skill and training of the crews of merchant vessels suggest that the effective mean service rate is

likely to be less than 10 vessels an hour.1°

The model resultsin a Markov process with a Poisson arrival rate, and a constant service

time.™* The waiting time of such a process is given by the equation

month number of |
vessels

January 3551 247
February 3391 244
March 4207 2.83
April 3779 2.62
May 4813 3.23
June 4690 3.26
July 4738 3.18
August 4411 2.96
September 4272 2.87
October 4178 281
November 4724 3.28
December 4188 281

10-The question of the correct separation between vessels involves a trade-off between the carrying capacity of the
Straits and safety. Other factorsthat the model ignores, but must be kept in mind, are weather, local traffic and the need
to close the Straits to two way traffic because of vesselsthat exceed 150 metersin length.

11-For adiscussion of such models see Vanags (1977).
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where W is the mean waiting time, | isthe mean arrival rate, and a is the mean service rate.12 In

Figure 2 we plot waiting time as afunction of servicetime for arrival rates of 3, 4.5, and 6 vessels

an hour.
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These calculations suggests that under normal circumstances, delays due to congestion are
negligible for arrival rates less than 4.5 vessels an hour and service rates greater that 7 vessels an

hour. Thisis consistent with current experience.

12.5ee Hillier, F. S. and G. J. Lieberman, (1967) p. 302.
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In Figure 3 above, we see that as the mean arrival time approaches the mean service time,
the mean waiting time becomes very large. Traffic levels can be partitioned into three regions:
First, aregion wheretraffic is not congested and additional traffic does not create delays; second, a
region where traffic is congested and additional traffic creates substantial delays; and third, a
region where traffic through the Bosporus is not feasible. The points of partition between the con-
gested and the uncongested region is somewhat arbitrary and the exact level of traffic where the

Straits become congested is to some degree subjective. A measure that has been used to define
congestion is the flow rate!® The flow rate, f , istheratio of the flow of traffic divided by thetime
it takes to use the facility. Thus, in the case of the Bosporus, this number is given by

P =Wt

(2)

where t isthetimeit take avessel to transit the Bosporus, approximately 1.8 hours.

13 See Johnson (1965).
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Figure4

The relationship between | and f is depicted in Figure 4. Congestion is defined as the

point where additional traffic reduces the flow, or equivalently, as the point Where% =0.f*is

the maximum feasible flow of traffic. If we assume the service rate is 7, then the Bosporus

becomes congested at 83 percent of capacity.

The date at which the Bosporus become congested depends on two parameters, the service
rate and the rate at which traffic will increase. Predicting the rate at which the traffic will increase
requires a prediction of the rate at which the economies that border the Black Sea will grow.
Under normal circumstances, such predictions are difficult. In this case, the difficulties in predic-
tion are further complicated by the fact that the economies of the countries that border the Black
Sea are undergoing structural change. Further, the economic activity associated with the exploita-
tion of the Caspian oil fields will generate additiona traffic. The exploitation rate of these
resources is still uncertain. Thus, it is probably a fool’s errand to attempt to predict when the
Bosporus will become congested. It is not difficult, however, to compute a contingency table

which can be used to put bounds on the problem.
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A key parameter of the model is the arrival rate, | . This parameter will vary by time of
year and time of day. The seasonal variation in the reported data in 1997 was 134 percent. There
appears to be variation the arrival rate over the day.1* For example, if 60 percent of the traffic was
during the twelve hours between six in the morning and six in the evening, then the arrival rate for
July, 1997 would increase from 3.26 to 3.91 during the daylight hours. Table 1 below gives the

time until the Bosporus becomes congested for general cargo under such conditions.

Table 1:
servicerate

growth rate 7 8 9

3 13.0 17.9 222
35 11.2 15.3 19.0
4 9.8 134 16.7
45 8.7 11.9 14.8
5 7.8 10.7 133
5.5 7.1 9.8 121
6 6.5 8.9 1.1
6.5 6.0 8.3 10.3
7 5.6 7.7 9.5
75 5.2 7.2 8.9
8 49 6.7 8.3

The economic cost of congestion can be calculated. Define C,, as the cost of waiting, H as

the average tonnage of avessel, and b asthe cost per ton per day. Then the cost of waiting isgiven

by

C, = bWH 3)

141 could not find published data of the use of the Straits by time of day. Casual observation suggests that traffic de-
creases anight. Collecting this datafrom primary sources should not be difficult. Whether time-of-day congestion will
change arrival timesis an interesting question.
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The elasticity of cost with respect to traffic is given by

_ w1
h_‘ﬂ_| c, a-l )

A modern 25-thousand ton container vessel costs approximately $1.00 per ton per day. The cost of

tankersand bulk carriers are more on the order of $.50 aton. The cost of holding cargo ranges from

$.04 per ton per day for oil to $5.00 per ton per day for automobiles’® If we assume a service rate
of 7 ships per hour, the delay of the average vessel at the point where the Bosporus becomes con-
gested isabout 20 minutes. The cost of delay under the assumptionsthat the average vessel is 4,500
tons and the cost per ton day is $1.00 at the point where the Bosporus becomes congested is about
$70.

Table 2:
cost of delay
arrival rate elasticity delay cost
(ships/hour) (hours) (dollars)
6.000 7.00 0.43 $80
6.900 70.00 4.93 $924
6.990 700.00 49.93 $9,362
6.999 7000.00 499.93 $93,737

Table2 above illustrates the dramatic increase in delay that occurs after the Bosporus
becomes congested. Note that at a growth rate of 4.5 percent a year, it would take just over three
years from the point where the Bosporus becomes congested to the point where delays are about 5
hours. 1t would take less than six months more to reach the point where the use of the Bosporus
becomes economically infeasible. Of course this would not happen because freight rates would
increase and the market would reach an equilibrium. Just as in the former Soviet Union, time in
the queue would be the equilibrating mechanism that would ration the scarce resource. An explicit

market for accessis amore efficient way of allocating this resource.

15 ship operating costs can be found in Noer (1996) and Tusiani(1996). Cargo hold cost can be calculated.
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The separation between vessels and the regulations as to speed were assumed to be those
of the 1994 regulations. There is a clear trade-off between the level of traffic the Turkish Straits
can handle and the value of these parameters. This is a safety question that hinges on technical
issues as well as judgments as to the value of human life. Telling the Turks that they must accept
the risks associated with smaller separation distance between vessels is in fact telling the Turks

that they must risk their population for the benefit of the economies of the Black Sea countries.

3. Stability of traffic and Safety

A key assumption of the analysis is the assumption that the navigation rules are being
enforced so that the mandatory separation distance between vessels determines the service rate of
the Straits. As the Straits become congested, there may be pressure to increase the service rate by
decreasing the separation. Thus, it is useful to investigate the implications of separation on the sta-
bility of the traffic and safety.

The assumption that the service rate, a, is constant implies that once a vessel enters the
Bosporus, it proceeds without any interaction with other traffic. Even at low volumes of traffic this
assumption is probably not valid because vessels going through the Straits must deal with local
traffic such as ferries. The problem becomes much more difficult, however, when the volume of

traffic increases to the point where there is substantial interaction.

Traffic engineers have studied the dynamics of traffic systems and model such systems as
coupled second order differential equations with lag responses. Consider N vesselstrying to main-
tain adistance D from the vessel ahead and assume that thereisalag T between a disturbance and
the time a vessel responds. This lag is due to lags in recognition, transmission of commands, and
response of the machinery. Such interaction can be described by a second order differential equa-
tion

d Zx-

g = Nl (t=T)=D=x(t-T)] ()
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Define a Dn -platoon as agroup of n vesselsfollowing at a distance of D apart. The dynam-

ics are described by the system of differential equations, where ¥, is the second derivative of x;

with respect to time and x isaforcing function.

%| |-, 0 % 0 o|[xt-T] [y
Xo| _|ry To% 0 0 ||x(t=T)| _|D 6)
Ya Yo Ya Y4 Vo Ya Ya Ya
%y [0 0 Yary-ryl|xy(t-T) LD

This system of lagged differential equations can be solved using Laplace transforms. Rep-

resent the Laplace transform of x;(t) by X,(s) = L(x(t)) and recal that

—sT . . . . .
L(x(t-T)) = e S X;(s), The system of differential equations given by (6) can be written as

S+r, e 0 %o 0 [ X, (s)] «
r, SHr.e” % 0 0 Xp(s)| = |-D @
YVa Va Yo Ya Va Ya Ya
_ -D
0 0 v v Sre |G
The stability of the system is determined by the roots of
FS+r e 0 Y% 0 0
2 —sT 4
det T, s+r,e ¥ 0 0 -0 (8)
YVa YVa Yo Ya Ya
0 0 VY S+r e’

If the lags are zero, the roots of the system are given by c¢; = +,/—r ;. Therea roots are

zero, so thisis the equation of an undamped oscillator. Formally, it is a stable, but not asymptoti-

cally stable, system. However, if T>0, the system is unstable. If T>0, the characteristic equation is
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atranscendental function and there are an infinite number of roots. The stability properties can be

investigated by looking at a linear approximation of the characteristic equation. This results in

rT J(TP=4)r,

C; = > . The system will have positive real roots and is unstable. Since the real

roots are positive, the transfer function does not give a defined response to a perturbation. The
roots are independent of the size of the system which runs counter to the intuition and observa-
tions that an increase in the length of the platoon will increase the instability of the platoon. Fur-
thermore, the stability properties are independent of the separation which goes counter to

observations that gaps in traffic dampen disturbances. Observations of traffic in tunnels have sug-

gested that as density increases there are discontinuitiesin the flow of traffic.1® We can construct a
model that addresses such questions. Assume that vessels are initially separated by a distance D
and as long as the separation exceeds Dy the vessel maintains the prescribed speed, vg. If the sep-

aration is sufficient so that vessels do not have to respond to minor variations, most disturbances
should cancel and the system can run open loop. As long as the disturbances are minor, the
dynamics of the system are stable. If, however, there is a disturbance of sufficient magnitude to

reduce the separation to less than Dy, vessels will maneuver to maintain separation. Since an

unstable system will amplify disturbances, a disturbance to the i-th vessel in a platoon will be

transmitted to all following vessels.

Calculating the probability that a disturbance will create instability is a special case of cal-
culating the probability that a disturbance can lead to an accident. If we assume that the probabil-
ity of adisturbance is small enough so that we can ignore second order terms, then the probability

of adisturbance to a platoon will deviate sufficiently to lead to an accident is:

¥
Xp = Ny (5))ds. (©)
D

16. See Gazis (1973), pp. 76-103.
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A Dn -platoon can have an accident if the platoon ahead has an accident or a platoon of oncoming
traffic has an accident and is close enough to transmit the disturbance. To compute the probability

of an accident it is necessary to first compute the distribution of platoons.
Let v be the required speed though the Bosporus and D be the length of the Strait. The time

necessary to transit the strait is l—) . Inasteady state, average rate must be equal to therate at which
vessels are going though the Strait. Thus, the average number of vessels in the strait is | -[3

Assume the separation distance is D, then there are :::—)) dlots and the probability that any of the

D

'Y 1D
slotsisoccupiedis p = D v

D

The probability that a vessel isin a Dn -platoon is n(1— p)zpn_l. Let M = It bethe

number of vessels that transit the Straits in a given time period, t ;. The expected number of ves-

sels in a Dn -platoon is Mn(l—p)zpn_l and the number Dn -platoons is

Mn(l—p)zpn_l 2 n-1
n

= M(1-p)p . Thetotal number of platoonsisQ = M(1-p).

Let N be the size of the largest platoon, for avery large N, the distribution of Dn -platoons

isthen given by
2 n-1 n-1
1- _
pon) = —L=PP - P g *1_p). (10)
1-p°& " &P
n=1 n=1

Define G, (I , D) asafunction that givesthe conditional probability that a platoon will have an ac-

cident caused by the platoon ahead of it and G,(I , D) asafunction that givesthe conditional prob-

ability that a platoon will have an accident caused by the platoon adjacent to it. It will be assumed
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G.(I,D G,(I,D
L1600 16,(,D)

T T 3 0. That is, increased traffic does not decrease the probability

th
of an accident.

Assume that both streams of traffic are symmetrical. Let W, be the probability that a

Dn -platoon will have an accident. Then

N N
Wy, = X, +G;(1,D) § p(D, n)Wpy, +G,(I,D) § p(D, nWy, . (11)
i=1 i=1
Define
N
W, = & p(D, n)Wp, (12)
i=1
and
G(I,D) = G,(I,D) +Gy(I,D). (13)

Equation (11) can be approximated by a system of linear equations

1 0 Y% —G(I,D)||Wor X1
0 Ve Y4 —G(I,D)||Woo| — |x, (14)
Ya Ya Ya Ya A 1,

—(D,1) p(D,2) ¥a 1 Wo| |0

N

For N large, § p(D,i) @1, so
i=1
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N
a p(D,i)x,
W, = X, +G(l, D) iffGW (15)
N N
& p(Dix| |@a-p) @ np" |y
W = 1 eroy | T | TToeq oy |0 ()% (16)
D
or
¥
— p N
Y = | T=poar o) 0 ) o

Recall that Q = tyl (1-p) isthe number of platoons. The expected number of Dn -platoons that

have an accident is p(D, n)Wp,,Q . Using equation (12), the total number that have an accident can

be written as

1D
_ _ \' .
Z(D,| ) = QWD = t0| [m]? (S))dS (18)

Now consider some base period Z(D, 1 ). The number of accidents relative to this base

period is given by

Z(b1) _ 1°[1-6(,D)]

"D = 26 T T1-60.D)

(19)

As long as the probability of a transmitted accident is not decreasing with the volume of

traffic, the number of accidents increases with the square of the flow of traffic.
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4. The Economics of Restricting Passage

Because the Bosporus is a common property resource, its congestion is not unexpected.
The argument that restricting access to a congested common property resource will increase effi-
ciency is aso not novel. Until recently, however, it had been accepted that the wealth transfer
associated with privatizing acommon property resource was from the user to the new holder of the
resource. Recent research, however, has shown that if the users of the common property resource
are heterogeneous, then the creation of property rights to acommon property resource can lead to

amarket allocation that will benefit both the owner of the common property resource and the user.

The argument is that a solution to the problem of congestion of the Bosporus is to recog-
nize Turkish property rights to this Strait. If the Bosporus is congested, this allocation of rights
will lead to an increase in the welfare of the Black Sea states that depend upon the Bosporus for

access to the M editerranean.

A key element in establishing this argument is to show that it is feasible to reduce the vol-
ume of traffic without reducing the cargo that transits the Bosporus. Data on the distribution of

tonnage of vessels that transit the Straits are not available, but there are data on the distribution of

length of vessels that cross the Dardanelles.}” This data can be used to construct a distribution of

tonnage given some technical assumptions. The data are presented in the histogram in Figure 5

below.

17This data is courtesy of the Turkish Embassy in Washington.
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The data can be used to construct acumulative density function. | will assume that all mer-
chant vessels are at least 75 meters in length. Inasmuch as there are vessels that are reported that
are less than 75 meters in length, this assumption will bias the data against the argument | am

making.

Cumulative density function
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Figure 6
To calculate the distribution of the traffic by tonnage, approximate the cumulative density

function by piece-wise linear segments. Define N, as the total number of ships that pass through
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the Straitsand N(L) asthetotal number of shipsunder L metersin length. The density functionis

defined by equation (20), below.

300
N(300) = N, HA(s)ds. (20)
0
Where
300 100 150 200 250 300
OA(s)ds = ads+ Qayds+ (gagds+ (hads+ yasds (21)
0 75 100 150 200 250
and a i = 1,5 arethe parameters of the piece-wise linear density function.

The next step is to relate the data on length of vessels to tonnage. If vessels are similar in

shape, tonnage is afunction of the cube of the length, thus

3

Y =qL (22)

where g isa parameter.18 The amount of cargo capacity of vessels of length L or lessis given by

L

FINoA(s)s’ds (23)
0
and total cargo capacity is given by
300
(‘)qNOA(s)ssds. (24)

0

The fraction of cargo capacity of vessels of length less than or equal to L is given by

18.30hn H. Noer at the Center for Naval Analysesreportsfinding thisrel ationship between length of vessel and tonnage.
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L
FP(9)s°ds
F(L) = ‘E— (25)

N(s) s’ds
0

Note that the constants q and N, cancel. Inasmuch as smaller vessels have larger overhead interm

of weight to cargo carrying capacity than larger vessels, thisrelationship isbiased in favor of small-
er vessels.

The other important consideration is the load factor. Define b; as the load factor. The

actual amount of cargo, Y, carried through the Straits will be given as

100 150 200 250 300 e
Y = gN_e a b, sSds+ Qyab,sSds+ Masb.sids+ da,b,ds+ dacbesids (26
= Ny¢ Qb S ds+ Qayb,s'ds+ (gaghss'ds+ (yasb,s'ds+ (asbss'ds:  (26)
75 100 150 200 250 2

Assume that all vessels less than 100 meters have a load factor of 100 percent, vessels
between 100 meters and 150 meters have a load factor of 75 percent, and vessels over 150 meters
have a load factor of 50 percent. Vessels under 150 meters in length comprise over 75 percent of
the traffic. Tankers and bulk carrierswill be in ballast approximately 50 percent of the time. These
assumptions are intended to bias the case in favor of small vessels. Table 3 below givesthe values

of the parameters.
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distribution of traffic and load factors

length a; b,
75-100 0.0152 1
100-150 0.0078 0.75
150-200 0.0034 0.5
200-250 0.0008 0.5
250-300 0.0004 0.5
Table 3:

The distribution of carrying capacity and cargo are plotted in Figure 7 below.
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20 1
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Figure7
The question that follows is how much can traffic be reduced and still handle cargo.
Assume that the minimum length of the vessels, L, , is greater that 100 meters and that all the
cargo carried by excluded vessels is reallocated uniformly to vessels under 150 meters in length.

Let ¢ betheincreasein the cargo carried by these vessels, then
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o 150 200 250 300 5
Y = dNgcq (‘)a2b253ds+ (‘)a3b353ds+ (‘)a4b4sgds+ (‘)a5b553ds:—. (27)
© Lmin 150 200 250 g

Equations (26) and (27) can be used to solvefor ¢ ,

00 150
(‘)alb—ls?’ds+ (‘)azssds
2
q= 75 e 100 (28)
O S ds
I-MIN

Note that most of the parameters have been eliminated and the only assumption needed isthe ratio
of the load factors of vessels less that 100 meters in length and vessels greater than 100 metersin
length. Let R be thereduction in traffic that results from imposing arestriction on the length of ves-

selsthat transit the Straits, then reduction in traffic necessary to carry the cargo is given by equation

(29)
150 200 250 300 )
N & o]
i =1l- =1-¢ O @ds+ agds+ (yauds+ (yagds: (29)
° € L 150 200 e

Figure 8, below, givesthevalueof | for valuesof L,,;, between 100 and 150 meters.
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The distribution of cargo by size of vesselsis such that 60 percent of the vessels are only
carrying 30 percent of the cargo. Thus, any policy that increases the amount of cargo carried by
larger vessels could result in a decrease in traffic without reducing the amount of cargo that tran-
sits the Straits. A policy that could change the distribution of the size of vessels transiting the
Straitsisatwo-part tariff. A two-part tariff consists of afixed charge that isindependent of the size

of the vessel and a fee contingent upon the size of the vessel.

Shipping is of course governed by the laws of supply and demand. But it isamore compli-
cated market than many. On the demand side, cargo is a commodity with multiple attributes. At a
very simple level, moving cargo involves the minimization of at least three separate costs: Firgt,
there is the cost of consolidating the cargo, loading it on the vessel, unloading and distributing it;
second, there are the capital costs associated with the cargo; and third, thereis the cost of shipping
(freight rates). Shippers choose vessels so as to minimize the cost of moving the cargo. A shipper
of asmall cargo from asmall port may choose to use a small vessel even though the cost of trans-

portation per ton isless on alarge vessel.

The supply of shipping is also very complicated. Ships are an irreversible form of invest-

ment. Once a ship is built, it is available to the market until it is scrapped. The actua supply
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depends on the time frame. In the long run, ships can be built or scrapped. In the medium run,
ships can be laid up or brought back into service. In the short run, ships can be redeployed
between markets. And in the very short run, the only variable that can be adjusted is freight rates.
Thus, at any time the owner of the vessels must solve a very complicated dynamic optimization
that involves not only the revenues from the cargo it is about to load, but also future revenues that
depend on the location of the vessel and future cargos. The complexity of the market makesit very
difficult to use standard supply and demand analysis to study this market. However, if we restrict
our analysisto atime interval large enough so that the distribution of vessels among marketsisin
equilibrium, we can assume that for most cargos the shipping market is competitive. Thisimplies
that the rate of return on a particular type of vessel must be the same in all markets in which that

type of vessel can compete.

Consider a shipper moving a cargo of typei, from port j to destination k using a vessel of

length s. We can write the cost of shipping this cargo as

Cijx = Chy(s) + C2(9) (30)

where Cﬁk(s) is the sum of the cost of handling the cargo and the capital cost and Cizjk(s) isthe
freight rate. We will assume that in most cases the cost of handling the cargo and the interest cost
increase as the size of the vessel increases and the freight rate declines. The justification for these
assumptionsisthat smaller vessels provide more frequent service to smaller ports, but there arein-
creasing returns to scale in the ship size. This curve may be strictly increasing, for example, cargo
going in to very small ports or into the Danube where there are serious draft limitations. On the
other hand, the cost of moving oil and other bulk cargos may be strictly decreasing for vessel s under

20 to 40 thousand tons.

Some cargos will have an interior minimum. The cost curveis depicted in Figure 9 below.



27

Cijks

|
|
|
x

S

Figure9
The lowest cost isgiven by s*, so if the ships are available, the shipper would use avessel of size

s* . In the medium run, this curve islikely to be quite flat. Vessels of various sizes will be compet-

ing for the same general cargo and any competitive advantages or disadvantageswill be capitalized
into the value of the vessal. In the long run, construction of new vessels will result in vessels that

are more efficient given the distribution of cargo.

Let us suppose that atwo-part tariff of the form

T =y+z (31)

isimposed on vessels. If the market for shipsis competitive, the cost of shipping is given by

Cijk = Ci() + CA(s) + ls’+ z. (32)

The curve would shift as shown in Figure 10 below.
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The cost will increase and the minimum point will shift to theright from s* tos **. To seethisnote

~

. C . dCijk ¥y dCijk : o
thatthemlnlmumpomt|sg|venbythesolut|onto$ 5= O.Thus,d—S >0 atthepoints ™,

which impliesthat s™ > s*.

Thus, atwo-part tariff will increase the average size of avessel that uses the Straits and the
burden of the tax will be on the cargo. Analyzing whether the burden of the tax will be on the

buyer or seller of the cargo is beyond the scope of this essay.

Oil is different from general cargo. There are two additional constraints to oil traffic. The
first and most important is the rule that allows only one vessel carrying dangerous cargo to bein
the Bosporus at a time. The second is the fact that very large tankers in excess of 150 metersin
length need the entire channel to maneuver and thus require that traffic in the opposite direction be

halted.

However, even under very restrictive regulations, there are on average over ten slots for
tankersto transit the Straitsaday. A 60-thousand ton tanker can carry approximately 400 thousand
barrels of oil. Thus, ten such tankers can carry four million barrels a day. This number is far in
excess of projected Caspian oil exports in the foreseeable future. The problem is how to alocate
these slotsin an efficient manner. One possible mechanism is an auction. Auctions are now used to

allocate access to power grids. By comparison, an auction to allocate tanker slots would be very



29
straight-forward. The economies of transporting of oil by tanker relative to pipelines are so large

that it islikely to be cheaper to move oil out of the Black Sea by tanker under the strictest of safety

standards than to use pipelines.1®

Supporters of the Baku-Ceyhan pipeline face a dilemma. If access to the Straits is not
restricted, then a pipeline that carries ail to the Mediterranean is not economically viable because
of the large differential in the costs. The differential cost of moving oil by tanker from
Novorossiysk to Augustacompared to Ceyhan to Augustais under 20 cents per barrel. The capital
costs alone of the Baku-Ceyhan pipeline are around $1.50 per barrel. Tariffs on pipelines reflect
the cost of alternative means of transporting the product. SUMED tariffs, for example, are indexed
to tanker rates. If traffic through the Straits is not regulated, a pipeline is not economically viable.
However, if traffic through the Straits is regulated, the oil can be transported safely and economi-

cally and a pipeline is not necessary.

5. Conclusions

The step between the results of an economic study and policy recommendations is treach-
erous, there is the temptation to push the recommendations beyond what can be supported by the
results of the study. | am going to yield to the temptation and indulge in some specul ation.

The results of the paper suggest that in only afew years the Straits will simply not be able
to carry the traffic without imposing substantial delays. Therefore, it will be necessary to ration ac-
cess to the Straits. It isin the common interest of the countries that border the Black Seathat such
a mechanism be implemented. One rationing mechanism is the market which can substantially re-
duce the amount of traffic without any reduction in the amount of cargo that transits the Straits.
Economic rents can be created by a well defined system of property rights, however, changing
rights of accessto the Straits will have distributional consegquences. The economic rents that result
from privatization should be sufficient to compensate the losers. An international commission to

do this can be established.

19t must be emphasized that how safe is safe enough is a policy question that requires the judgment of expertsin the
field. However, abench mark could be the standards imposed on shipping in American or Western European waters.
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If the market rations access to the Straits, then safety regulations need not be used as a
mechanism to regulate the volume of traffic. It may then be possible to have a more dispassionate
technical discussion on safety. Thisis important as many people appear to view proposed regula-
tions as a pretext in the argument for the Baku-Ceyhan pipeline. An accident that kills thousands
of people or destroys historical treasuresin Istanbul has not occurred. It isvery difficult to get peo-
pleto worry about an event that has very small probability occurring. Capacity of the Straitsto car-
ry traffic and safety are related and there are trade-offs; however, the economic surplus that could
result from arational allocation of the use of the Straits would permit an increase in safety without
areduction of the amount of cargo that transits the Straits.

An element that could play an important part in resolving the issue of the Bosporusis the
market for natural gas. In 1994, when Turkey imposed unilateral navigation rules, Russia threat-
ened to withhold natural gas from the Turkish market. In 1999, theroles are reversed. Central Asia
now has an oversupply of natural gas and Turkey is one of the few markets for this gas. A stable
market for Russian gas and for the use of the Russian gas pipeline system could be a factor in ne-

gotiations to revise the Montreux Convention.
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