SPOT AND TIME CHARTER RATES FOR
TANKERS, 1970-77

By D. Glen, M. Owen and R. van der Meer*

In this paper we have tried to develop and test some ideas concerning the relationship
between the current “spot™ rates for oil tankers and the rates charged for longer-term
charters. Previous writers [in particular Zannetos (1966a, 1966b)] have argued that
there are great similarities between this relationship and the “term structure” of
interest rates.

After a brief discussion of the main changes that have occurred in chartering
activity over the period 1970 to 1977, we examine recent studies of the tanker charter
market, in particular the work of Zannetos (1966a, 1966b). We then provide a
theoretical base for the form of the relationship between spot and time charter rates,
and test it empirically. In so doing, we are able to shed some light on the probable
nature of the formation of “rate expectations” in the tanker market.

RECENT DEVELOPMENTS IN THE OIL TANKER MARKET

The main characteristic of market rates for tanker charters over the recent period is
the distinctive cycle of “booms” and “slumps” which have been noted by previous
writers (Zannetos, 1966a, Koopmans, 1939, and Hawdon, 1978) in both spot and
time charter markets. During periods of high rates independent owners may recover
their fixed investment within a very short time scale, of 4 to 5 voyages or less; but this
situation has tended to be atypical. A tanker charter market characterised by “low”
rates tends to be the norm; in recent years, as can be seen from Figure 1, there have
been only two years of high rates, 1970 and 1973. As a result of the steep rise in the
price of crude oil in late 1973, world oil demand showed a marked decline from its
trend growth, and this, plus the well-known “recession effects” on the western
economies, led to a decline in the (derived) demand for oil tanker services during 1974
and 1975.

There was some improvement in demand for oil tanker services in 1976, but, owing
to the arrival of new tonnage ordered during the 1972—73 boom, rates continued to be
low. Consequently in 1976 new tanker orders reached a new low as well. The
magnitude of the additional supply can be gauged from Table 1, which shows the
sharp changes that occurred in the ordering of new tankers over the period.

The 1973 boom and recent recession have brought some interesting changes in the
chartering behaviour of oil companies, and appear to have affected the market in a
number of other ways. Since 1973 the vast majority of time charter fixtures have been
of 12 months’ duration or less. This is in sharp contrast to the oil companies’
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FIGURE 1
Time Charter Rate Averages 1970—1977

chartering activity of earlier periods, and reflects their increased uncertainty as to the
future behaviour of the oil tanker market. Having been forced recently to lay up a
significant amount of relatively new tonnage, both owned and on long-term charter,
they appear to be less willing to commit themselves as far forward as previously.
Table 2 illustrates how the distribution of charters by period has altered in the last few
years. In 1970 only 14.6% of dirty fixtures was of 12 months’ duration or less,
compared with 49.2% of 24-36 months’ duration, but by 1977 those figures were
67.6% and 12.2% respectively. This confirms the trend, particularly evident from
1974 onwards, of a movement by oil companies to commit themselves more and more
to only short-term fixtures. At the same time, there has been a growing differential in
spot rates for different size classes of vessels, and the rates for ultra large crude
carriers (ULCCs) have been particularly low (see Table 3).

Since there is no perfect substitutability for ships of different size classes, ULCCs,
which experienced the highest growth rate of supply in recent years, have been
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TABLE 1
New Tanker Orders

Dead Weight
Tonnage

1970 10,579,760
1971 12,360,830
1972 11,738,525
1973 24,074,650
1974 7,940,000
1975 1,341,625
1976 701,000
1977 1,444,570

Source: H. Houlder and Partners, shipbrokers, London.
All figures relate to firm orders and exclude military orders.

TABLE 2
Number of Dirty Fixtures by Length of Charter

Period (months)

Year 0-12 12-24 24-36 3648 48—60 60 and over

1970 61 93 206 6 32 21
1971 57 8 45 1 25 10
1972 42 10 31 5 13 57
1973 85 66 170 11 66 9
1974 85 14 36 1 9 2
1975 49 6 3 0 10 1
1976 138 21 10 1 25 7
1977 94 10 17 2 9 7

Source: H. Houlder and Partners.

TABLE 3
Overall Average Spot Rate by Size Class

Current Worldscale rates

16,000 < 25,000 25,000 < 45,000 45,000 < 80,000 80,000 < 160,000 160,000 +  All

DwWT DWT DwWT DwT DWT Sizes
1970 203.15 187.36 182.11 181.81 150.27  191.65
1971 110.32 102.40 97.03 85.74 79.70  102.04
1972 97.17 78.99 65.90 59.61 50.08 77.96
1973 244.93 234.84 205.24 195.09 158.66 211.39
1974 189.92 143.75 112.79 74.05 58.22 99.01
1975 110.28 81.28 59.26 33.61 21.55 50.65
1976 118.20 92.13 67.64 42.57 28.48 52.50
1977 132.50 104.80 67.21 39.18 24.33 50.80

Source: H. Houlder and Partners.
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TABLE 4
Lay Ups (Monthly Average 000 DWT)

1970 80.7
1971 729.2
1972 3595.4
1973 1736.2
1974 2915.1
1975 29996.6
1976 41163.2
1977 34035.0

Source: H. P. Drewry and Co.; Shipping Statistics and Economics, London.

particularly badly affected. Their draught requirements and lack of manoeuvrability,
coupled with the lack of adaptation to “clean” oil trades, has meant a relative increase
in rate differentials by size class of ship. The “lay up” rate has also increased
substantially over the period (see Table 4), particularly as long-term charters have
ended and have been replaced by either short-term or spot charters, or not replaced at
all.

It is worth noting that significant differences in the behaviour of time charter rates
appear when the data is disaggregated by size class. It is evident that the peaks and
troughs of charter rates occur at different times for the different classes. Indeed, often
peaks are as much as six months apart (see Figure 1).

These points are of particular importance in examining previous models of freight
rate determination and comparing them with our own theoretical developments.

PREVIOUS STUDIES OF FREIGHT RATE DETERMINATION

Zannetos (1966a) analysed the structure of the oil tanker market in the 1950s, using
pooled data on spot and time charter fixtures 1950-1959, collected from various
sources. A most important part of the approach was the concept of “price-elastic”
expectations. Zannetos argued that, because of the formation of “price-elastic
expectations”, the derived demand curve for oil tanker charters becomes upward
sloping over a range of oil tanker rates which is limited at the “upper end” by the
“income effect” of the price increase and at the lower end by the costs of the marginal
vessel. Within this range, demand increases with an increase in the tanker rate,
because it is thought that it would be cheaper to charter now than to wait and charter
in the near future at new and higher rates. Tanker owners will also respond by trying
to delay fixing their vessels as long as economically possible, thus limiting supply and
driving the rates up still further.

“Price-elastic expectations” thus provides an interesting hypothesis to try to test.
Unfortunately, in Zannetos’ own applied work the “test” appears to be a rather weak
one. The statistical model used by Zannetos is developed in terms of the “spot
equivalent” of time charter fixtures. Under certain assumptions about route distance,
speed, etc., a time charter fixture, which is expressed in $ per dwt per month, is
translated into $ per ton mile. This latter ferm is directly compared with spot rate
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fixings, which are easy to measure in these terms because the route length and other
details are usually known.

Zannetos then tries to explain the variation of the “spot equivalent” in terms of a
number of exogenous variables. These include:

(1) The monthly index of short term rates;

(2) duration of ship’s charter;

(3) the “lead time” (between date of fixing and date of commencement of
charter);

(4) vessel size;

(5) percentage of ships idle;

(6) change in percentage of ships idle;

(7) orders outstanding;

(8) change in orders outstanding;

(9) index of past rates to measure “rate expectations”.

These variables were fitted by means of ordinary least squares to “high rate” and
“low rate” periods. A relatively poor fit was obtained, for which there appear to be
two main explanations. Firstly, the effect of “size” seems to swamp all the other
“independent” variables employed. By not breaking down the market into different
size classes, Zannetos fails to recognise the limited degree of substitutability between
size classes and the segmentation which arises in rate formation. Clearly the “spread”
of vessel sizes was much smaller in the 1950s than in the 1970s, but we feel that this is
an important point.

Secondly, Zannetos’ econometric modelling of the formation of expectations was
very crude, employing only a one-period lag and a fixed weighting system.

A much more sophisticated modelling approach is that of Hawdon, who uses two
stage least squares to estimate a seven-equation model of rate determination, ordering,
scrapping, etc. Hawdon, however, is more concerned with long-term movements of
the market (1950—73) and uses annual data. Moreover, he does not disaggregate by
vessel size, nor does he explain the behaviour of time charter rates.

The purpose of our work has been to fill these gaps. We have thus tried to develop a
theoretical model of tanker rate determination which incorporates three important
aspects of the market. Firstly, we distinguish by size class of vessel; this enables us to
allow for the limited substitutability which may exist between vessel sizes. Secondly,
we include fixtures of all charter durations, from “spot” to very long-term charters.
Thirdly, we allow for the influence of rate expectations upon formation of rates, and
indeed try to estimate their structure econometrically.

THE THEORETICAL RELATIONSHIP BETWEEN SPOT AND TIME
CHARTER RATES

We now consider the link between spot and time charter rates for a vessel of a
particular size class, and pose the problem that would face an independent tanker
owner considering the opportunities open to him when trying to obtain employment
for his vessel. To be specific, what is the “minimum supply price” that an owner
should accept for a marginal vessel for either a spot or a time charter fixture?
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In order to develop our analysis we first distinguish three broad cost categories,
which can be related to chartering in the spot and time charter markets. Firstly, there
are the costs associated with a single voyage, which are mainly bunker costs and port
charges. These voyage costs are clearly dependent upon ship size, age, type of
propulsion, and speed. Secondly, there are the costs termed operating costs, which
include repairs and maintenance, insurance, crew costs and administration expenses.
These are paid if the ship is not productively employed, and some part of them is
paid if the ship is laid up. Such costs fluctuate between ships, because of the different
technologies embodied in them, and over time, because of inflation. Finally there are
the capital costs of the ship, which consist of hull depreciation and interest charges on
the mortgage.

Now consider the problem of an independent owner choosing whether or not to
accept a time charter. In order to analyse this problem, we make two assumptions: (1)
The independent owner has, as his main alternative, the opportunity of taking a
sequence of spot charters which last the same number of periods as the time charter
fixture that we are considering. With this assumption, the opportunity cost of
accepting a time charter will simply be the surplus of revenues over voyage costs
foregone by refusing the sequence of spot charters. Operating and capital costs are
assumed to be the same, irrespective of the type of charter, and thus may be ignored.
(2) The independent owner has a given rate of discount, which he applies to his
expected spot rate and cost levels. These in turn will be “forecast” by the owner when
taking or rejecting a time charter.

Under the above assumptions, we can write:

t+L—-1
MCL - Z W‘r(‘tr*t - rvc*t) (1)

T=t

where MCT denotes the cost to the independent owner of accepting a time charter of
duration L periods, W_ measures his discount rate, ,7*, his expectation of the spot
rate in time 7 which he holds at time #; _vc*, the owner’s expectation of voyage costs
in time 7 held at time ¢.

This states that in time period ¢ the independent owner’s opportunity cost of
accepting a time charter of duration L periods is given by the discounted expected
profits which could have been earned on a sequence of spot charters.

For the marginal vessel, the present value of the long-term charter rate at time ¢, R,
must equal the opportunity cost to the owner of accepting that rate. However, most
charter party agreements provide for the payments to be made monthly over the
duration of the charter agreement. Thus the present value to the independent owner of
the charter agreement is

t+L—1
G.P.V.= Y W.R, 2

T=t

Most of the agreements from our data base are of the “fixed” payment type, whereby
the actual payment R, remains constant over time. If this is the case, by combining (1)
and (2) we can write
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FIGURE 2
Hypothetical Distribution of Spot Rates Expected in Period t

t+L—1 t+L—1
Z Wr R'r - Z Wr(rr*t - rvc*t) (3)
=t T=t¢

Upon rearrangement, this can be written as

t+L-1
R,=R.= 2 a(r*—.vc*) 4)
=t

R, and R, are now one and the same, because of the assumption of equal fixed
payments per time period, and a, is defined to be

t+L—1
w5 w)
T=t
This formulation does not allow for the probability that at some time in the periods
covered the owner’s vessel could fail to obtain employment in the spot market. We
therefore have to modify this relationship to take account of this fact.
Let us first introduce the action of a “minimum” spot rate, below which the owner

would rather lay up his ship for the period than accept a spot charter. We postulate
some density function for the owner’s expected spot rates, as in Figure 2.
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It can be shown (see Appendix) that the marginal cost or supply price of accepting
a time charter of duration L periods will now be determined by three factors. It is the
sum of (1) the present value of expected earnings from spot market activity net of
voyage costs, weighted by the subjective probability of accepting these spot charters,
less (2) the present value of expected lay-up costs, weighted by the probability of the
spot rate being less than r* ., plus (3) present value of expected operating costs
under spot charters, adjusted downwards by the frequency with which such charters
are rejected.

By using the mathematical expectation of rates as a measure of risk evaluation, we
are asserting that the independent owners are “risk neutral”, and this is not
necessarily true. We can provide a crude approximation of risk behaviour by
postulating that a constant “risk premium” may need to be earned (or risk subsidy,
depending on the owner’s view of risk differences between spot and time chartering).
This provides us then with a modified version of (4), which becomes

t+L—1
Ri= 2 a(r*=pc*)+2 (%)
T=¢
where A denotes the “risk premium”.

Equation (5) cannot be measured in its present form, because we cannot measure
expectations. We therefore have to specify how the independent owner’s expectations
are formed. One widely used assumption is that the expected values of economic
variables are simply based upon their past levels, perhaps in some kind of “error
learning” process. This is not the same as simply relying on “adaptive” expectations.
As Muth (1961) and others have shown, provided that the market acts in a
competitive manner, this method of forming expectations is an “optimal” one.

As our sample period (1970—1977) covers years in which “random” shocks were
experienced in the form of OPEC oil price rises, this is a point to bear in mind. Indeed
it will be of interest to see whether this approach to modelling expectations is robust
enough to “explain” the behaviour of rates during this unsettled period. Using this
approach!, we define

[e0]
1= 2 (BY Few + BRve, .+ BY OC,_, + BY CC,_)+ Uy (6a)

=0

and

o0
temt* = 2z (BET’ Fe_o+ B(zzl) ve,_, + Bg’?) OC,_. + B{ CC,_)+ U, (6b)

=0
[e 0]
e10¢*, = 2 (W ve,_,) + Uy, (7a)
=0
[e o]
ambC* =2 (0™ ve, ) + U, (7b)
=0

! This approach is similar to that used by Modigliani and Shiller.
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That is, the values of expected spot rates held in periods ¢ and (¢ + m) are given by
equations (6a) and (6b). These state that the expected spot rate is a weighted average
of past spot rates and the past behaviour of the various components of tanker costs.
Similarly, expected voyage costs are assumed to be a weighted average of past voyage
costs.

Upon substitution into (5), we obtain the reduced form

o0
Ri= 2 (6,1, + 0y ve,_,+ 05, 0C,_. +6,,CC,_) + A +u, (8)
=0
where u is a random error term.

We have not been able to estimate equation (8) because of the difficulty of
obtaining a reliable series of cost estimates. However, there is a way in which this
problem can be avoided. Time charter and spot rates are often quoted in “Worldscale
Equivalents”. These are index numbers, which are calculated for a particular ship by
expressing the $ rate as a percentage of the “break even” rate which would be needed
to be earned by a 19,500 dwt standard vessel on a given rate in a 1 year period. Now,
in order to calculate worldscale itself, assumptions and forecasts have to be made
about voyage costs. Thus, if we use the worldscale equivalent rates rather than the
actual $ rate, we can reduce our relationship simply to one between the rates
themselves. We are assuming, of course, that the determination of “‘worldscale flat” is
such that cost expectations are quite accurately mirrored in their calculations. This
may not be unreasonable, as most cost increases tend to be far more predictable than
rate increases in this market. Sharp changes in costs, for example, will be mirrored in
the “worldscale flat” rate within six months after they occur. Therefore, if we use
nominal worldscale as a measure of rates which include some cost expectation, (8)
can be reduced to

o]
R,= 2 u,r_ . +4+uy, 9)
=0
where all rates are now in worldscale, 4 is a constant, and u, is a normally distributed
error term.

DATA BASE AND EMPIRICAL WORK

We have spent a considerable period of time trying to build up a suitable data base on
which to test our model. Our original intention was to obtain monthly statistics for the
period 1970-77 for all the variables considered relevant in the overall model. This has
proved to be an ambitious task, and in some cases data was impossible to obtain.
However, we have been able to obtain data on a quarterly basis, and this provided us
with the raw data for testing the “term structure” hypothesis.

Time charter fixtures were obtained from shipbrokers2 This provided over three
thousand individual time charter fixtures, detailing ship name, type of propulsion, age,
lead time of charter, charterer, rate and worldscale equivalent. This data provides the
base from which monthly and quarterly time charter rates of particular durations for
given size classes can be constructed.

2H. Houlder and Son in particular.

53



JOURNAL OF TRANSPORT ECONOMICS AND POLICY

January 1981

"G"T SI [9A3] %66 1 1 JO In[eA [BONLIO—SONSHE)S —7— ()

(ken) ey (6Lzo)  (@81) (9s°L) (1-s) (Loorn) (99:s1) (sL) (z6°0)

86°01 16T 12960 3 62600  LETO0  LSOO'0  $LTOO YLLOO SPY1°0 TLITO T8T0 IYE€°0 96'€1—
W'D (61 (€LY (sep) L) @®cn (so'81) (r9s1) (reTn) (68°0)

611 99'1 96°0 4 85500 LEEOO0  S620°0 £40°0 9%L0°0 ovZIo T161°0 9LT0 16LE°0 66'€1—
(Sree0) (117 ye) I6'v) (evon) (86°€1) (s6°L) (L£0)

1S9°ST  STO'1 760 4 STPO'0  €LEOO L9500 L0010 €691°0 §T9C°0 €08€°0  TTITS
as Ma ¥ [vmuoudjod P74 L 97l $704 vy €y ey iy "4 uvISu0)

Jo 22432 n n n n ” n n n I

SHNSIY UODWIST

g a1avy],

54



SPOT AND TIME CHARTER RATES FOR TANKERS D. Glen et al.

For certain size classes, however, it became apparent that time charters were not
sufficiently well spread to provide a continuous time series, as charters tend to occur
in “bursts”.

Background data on lay ups, scrappings, scrap prices, second hand and new
building prices, was obtained from various shipping consultants and chartering
companies®. This data, again, is rather sketchy, and it proved impossible to dis-
aggregate by size class of ship in some cases. Finally some cost data was collected
from various sources, although obtaining such information is notoriously difficult.

In order to test the “model” expressed in equation (9), we had to search through our
data base to try to obtain a time series of charter fixtures which fitted our assumptions
as closely as possible. We chose vessels in size class range 25-45,000 dwt (handy
sized tankers) and a charter duration of between 8 and 16 months, with a very small
“lead” time between charter fixture and date of commencement of charter. Because of
the uneven nature of the market, in some quarters no fixture had been reported for
vessels of that size. For these quarters estimates were made, by taking actual rates for
vessels of a size class higher or lower and making suitable adjustments. This has been
necessary for only two of the quarters used.

In order to meet our assumptions, we also had to select a size class of ship which
had not been as badly affected by the recession as others, in order to try to minimise
the role of demand factors. In the period under consideration (1971-76, quarterly),
the rate of lay-ups for the 25-45,000 dwt tanker has in fact been relatively low by
comparison with the overall market. This, then, enables us to maintain our
hypothesised relationship between time charter rate of a given duration and spot rates
as in equation (9). This equation was estimated using the TSP programme at
University of London Computing Centre. This enables the lag structure to take any
shape it likes, subject to the degree of polynomial specified. A number of different
regressions were calculated, using either quadratic or cubic polynomials, and varying
the length of the lag. The results of three such regressions are presented in Table 5.

All three equations are very well defined, with high 2, reasonable Durbin Watson
statistics and good #-statistics. Two points are worth noting from these estimates.
Firstly, it is interesting that in two of the three regression equations the constant “risk
premium” is negative in value. If the particular vessel size class that was employed
enjoyed a reasonably secure period of demand over the sample period, one could
expect the owners to view the probability of not securing a spot fixture as being quite
low. The negative coefficient could be interpreted as a measure of the owners’ risk
averse behaviour in being prepared to take a lower rate despite the reasonable
employment prospects. Such an interpretation must be treated with caution, however,
as the estimates of all three constant terms are not significantly different from zero.

Secondly, we can infer a little about the lag structure of the “expectation
formation” relationship [equation (6)]. Although we cannot identify the true structural
parameters of this equation, it may be worth pointing out that the lag structure
employed by the Zannetos hypothesis would most certainly have to be of the form
shown in Figure 3. This is the result of applying two conditions to the structural
equation itself. Firstly, we hypothesise that at least one of the early coefficients in the
lag structure must have a value which is positive and greater than unity, in order to

3 H. P. Drewry, Clarksons, AS/Platou, Fearnley and Egers.
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FIGURE 3
Lag Structure Implied by Zannetos’Hypothesis of “Price-elastic” Expectations

generate a significant increase in the rate expectations variable. This is important,
because the Zannetos hypothesis states that a 1% increase in the expected rate will
lead to a greater than 1% increase in demand for charter services, more than offsetting
the effect of the actual rate increase itself. Secondly, in order to ensure that rate
expectations are consistent with long-run stationary equilibrium, it must also be true
that the lagged coefficient values should sum to unity. Taken together, the conditions
also imply that some coefficient values in the lag structure will have to be negative.

However, when we examine the weights in our estimated equations, we note that
they behave as any well-behaved “geometric progression” would, with the exception
of a slight, but not very well defined, upturn of weight value at the end of the lag itself.
Clearly, these results are not compatible with the lag structure employed by Zannetos’
hypothesis.

Of course, we can only properly identify the structural coefficients of (6) if we insert
a priori the coefficients of the term structure equation, that is, the a’s in equation (5).
This would involve assuming certain values for the discount rates that the owners
employ in determining the choice between the spot and time charter markets. Indeed,
a more thorough test of Zannetos’ hypothesis can only be made by estimating both
demand and supply functions for chartering activities for each size class of ships, as
this would be the only way of correctly identifying the parameter values incorporated
in our reduced form model, equation (9).
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Lag Structure Observed from Estimated Equations

SUMMARY AND CONCLUSION

In this paper we have developed a theoretical argument which seeks to explain the
relationship between spot and time charter rates in terms of the tanker owner’s
knowledge of current rates and expectations about future rates. In modelling the
formation of rate expectations we were able to derive a reduced form relationship
which we were able to test. In so doing, we were able to test Zannetos’ hypothesis of
““price elastic expectations”. Our empirical results seem to suggest that this hypothesis
is not borne out by observed behaviour, and that modelling price expectations on the
basis of exponentially declining weights appears to provide a reasonable “ex-
planation” of the formation of rate expectations. If our tentative empirical findings are
borne out by future research, it appears that an alternative explanation for the violent
fluctuations in rates will need to be found.

APPENDIX

If the owner does not accept a charter at the rate 7', he will incur lay up costs for that
period. If he does accept, then he earns a gross return equal to the difference between
the spot rate and voyage cost levels. Thus the “expected profit” from a series of spot
charters is given by

57



January 1981 JOURNAL OF TRANSPORT ECONOMICS AND POLICY

t+L 400 r!
P= [ e« [ fr)lr,—veldr,— [ f(r)loc! + Luc,ldr \dt
t r: —00
t+L + o0 t+L

— J e [ f(r)oc, dr.dt— [ e “cc dt
t r; t

The discounted expected profit from spot market activity should be equated to the
discounted expected profit from time chartering activity. The profit from this would be
given by

t+L
| e“*[R,—oc, —cc,] dt
t

By equating these two, and manipulating, we arrive at the following relationship
between time charters and spot charters:

t+L t+L t+L
J e“"R di=P+ [ e“oc,dt+ [ e“"ccdt
t t t

This cancels to

t+L t+L +00 re
[ e R di= | e“‘”(f ) lr,—vedr,— [ f(r,) Luc, dr,

t t e o
+ | fwloc, — oc;’]dvr) dt

In the text, we have approximated to the above expression by suppressing the cost
term, which, given our choice of size class of vessel, is not unreasonable.
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