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Abstract
In the competitive environment of liner shipping, the ability to nimbly adjust
shipping capacity to demand could mean the difference between a thriving
shipping operation and one that will most likely fail. How quickly and effectively
carriers adjust their capacity may depend on how their expectations regarding trade
volumes and freight rates are formed. We find that if adaptive expectations prevail in
the decision process, capacity deployment may suffer some degree of inertia but,
compared to expectations that are formed rationally, capacity would be be relatively
stable. On the other hand, if carrier expectations are rational, capacity deployment
might be more likely to align closer and faster with demand. We seek to empirically
test whether carriers’ expectations of demand, aiming at deploying the right amount
of capacity, can be characterized as adaptive or rational. We find that a) in most
cases, adaptive expectations is the paradigm in container shipping; b) the way
expectations are formed and the market structure of the liner shipping industry are
two things not totally unrelated; and c) rational expectations point to more
competitive markets (such as that of the Pacific), while adaptive expectations
indicate higher concentration and thus imperfect competition (as is the case in the
North Atlantic). Our findings have important regulatory implications in the sense that,
if one accepts, as we do, that adaptive expectations are consistent with concentrated
industries, while rational expectations suggest more competition, then our paper
suggests that the 2008 abolition of the liner conference system from European trades
has failed to improve the level of competition in the Europe – US liner shipping
markets.
Keywords: Liner shipping, Container shipping, Liner conferences, Freight rate
fluctuations, Rational expectations, Adaptive expectations, Regulation in shipping,
Liner consortia block exemption, Market structure

Introduction
Economic agents who consistently make well-informed decisions based on accurate
and cost-effective forecasts are bound to prosper (Orazem and Miranowski 1986). It
should be obvious to all, therefore, that profitability, if not firm survival by and large,
lies behind the way a company forms its expectations (forecasts). Needless to say of
course that the consequences of incorrect projections of key variables, especially if errors are systematic and persist over time, are more severe for firms operating in competitive industries than those operating in less competitive and thus more forgiving
© The Author(s). 2020 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0 International
License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium,
provided you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons license, and
indicate if changes were made.
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environments. As the accuracy of predictions can vary depending on how expectations
are formed, it is reasonable to assume that the way expectations are formed may be indicative of the level of competition in a particular industry. This is the hypothesis we
are modelling and testing below, in the case of liner shipping.
In liner shipping, the balance of supply and demand is a critical parameter in the determination of the direction, level and stability of freight rates (Haralambides et al.
2003). However, given the nature of the service and the uncertainties of international
trade, excess capacity in container shipping has allegedly become a permanent feature
of the industry; a persistent threat to the stability of freight rates; to profitability; and
even to carrier survival.1 In today’s operating environment, where collective pricesetting is prohibited in two of the three major east-west trade routes, decisions that determine the level of operating capacity are critical to carriers’ financial well-being. This
said, however, the proliferation of a quasi-permanent excess capacity in the industry
suggests that carriers tend to systematically overreact to positive demand growth signals, and they fail to react timely and sufficiently when demand retreats. The persistence of excess capacity, it seems, can partially be traced to the quest for economies
offered by increasingly larger vessels, as well as to the costs and complexity associated
with removing existing but smaller vessels from service, or cascading them to peripheral markets.
The questions asked in this paper regard the way expectations of demand in liner
shipping are formed, and the possible link between expectations and industry structure.
Rational expectations, which are consistent with optimizing behaviour (Muth 1961),
should normally prevail in today’s more competitive and also more uncertain environment of the liner shipping industry. We find that this may not be always true, and global shipping alliances may have something to do with it. Adaptive expectations, in
which the agents’ forecasts of key variables are based exclusively on past observances
with no regard to current conditions, are more likely to have prevailed in the era of collective price-setting of liner conferences.
To address these issues, we carry out an empirical analysis using quarterly data of
liner shipping supply and demand, for the aggregate US liner shipping market and for
the two major US east-west trade lanes (i.e. Pacific and Atlantic). The paper’s key
innovation is to show that the way expectations are formed can hint to the level of
competition in the industry. To a policy maker or a market regulator this is important
information as well as a ‘tool’.
The remainder of the paper is organized as follows. We begin with a discussion and
graphical analysis of liner shipping capacity and demand and we subsequently describe
their performance across different regulatory regimes. A section on expectations develops the models to be tested, data and market definitions offer a detailed outline of
the data set and finally we provide a discussion of our results before drawing
our conclusions.

1

The 2016 collapse of Hanjin Shipping is one glaring example that was several years in the making. It can be
traced primarily to overinvestment in “megaships” at the time of the financial crises in the US (2008/09) and
Eurozone (2010), and to the slower economic growth in China beginning in 2010. Each of these
developments depressed demand growth to levels far below what the company had anticipated when making
its investment decisions (see https://www.joc.com/special-topics/hanjin-shipping-bankruptcy for a timeline of
events leading up to declaration of bankruptcy).
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Liner shipping capacity and demand
Operational excess capacity is a well-known, and one might say a quasi-permanent feature of liner shipping. Explanations can be traced to the peculiar nature of the service,
characterized by fixed sailing schedules (cf. fixed costs) on the supply side (lumpy capacity), and the seasonal peaks and troughs of (an inelastic) demand. Excess capacity
tends to suppress freight rates, cut carrier profits and erode the industry’s ability to deliver prompt and reliable services to shippers. Notwithstanding this, the urge of individual carriers to ensure competitiveness (as well as market share) through scale
economies, allegedly achieved by larger vessels, is unrelenting.
Larger ships and high frequency of service -the latter as demanded by the shippers
themselves- mix an explosive cocktail, challenging the ability of carriers to fill profitably
the ship (Haralambides 2019). Carriers have responded by rationalizing their services
through vessel sharing agreements and/or strategic alliances, to facilitate the more efficient matching of supply to demand. However, such cooperation among carriers could
be seen by some as anticompetitive, its effects not much different from those of liner
conferences.
Figures 1, 2, 3 and 4 display quarter-over-quarter (QoQ) growth rates of containership capacity (measured in deadweight tons - dwt) and containerized imports to the
United States, as well as the growth rate differentials for the Westbound Transatlantic
(WTA); Eastbound Transpacific (ETP); and total US containerized import market. The
data extends from the first quarter of 1998 to the last quarter of 2016. Capacity data is
limited to fully cellular vessels only,2 obtained from the US Army Corp of Engineers
(USACE) Vessel Clearance database. Trade volumes were taken from US Census
The WTA reveals a weak correlation (0.14) between capacity growth and containerized import growth. This mismatch was particularly wide in the period of a misplaced
shipping investment euphoria, beginning in early 2006 and lasting to early 2008 (Haralambides and Thanopoulou 2014). Oppositely, following the disastrous year 2009, a recovery in trade, starting in the second quarter of 2010, appears to have surprised
carriers whose capacity response was clearly insufficient. Adjusting supply to demand
growth improved in 2011 but still remained insufficient.
More important than demand-supply correlations, however, at least in the special
case of this paper, are the grown rate differentials and their persistence over time. The
growth rate differentials, or what will be called henceforth the ‘gap series’3 between
shipping capacity and trade demand are displayed in Fig. 2.
Figure 2 shows a relatively narrow gap series up to 2005. As said above, a significant
widening occurs in 2006 and lasts through to 2015. After this, a pattern more similar
to the earlier part of the series is reestablished. Supply and demand in the ETP market
is shown in Figs. 3 and 4.
Carriers serving the ETP appear to have more successfully anticipated future trade
volumes than their counterparts in the WTA. The correlation coefficient between ETP
slot capacity and demand growth was 0.51, i.e., 3.6 times larger than that of WTA. The
difference in the two markets is particularly stark when considering the period of the
2
A “fully cellular” containership is one that exclusively accommodates maritime containers, leaving no room
for any other type of cargo.
3
The gap series, defined as the growth rate of capacity less the growth rate of demand is an indicator of the
magnitude of the supply/demand imbalance and its direction over time.
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Fig. 1 Westbound Transatlantic QoQ Growth in Supply/Demand

global financial crisis between 2007 and 2009. Whereas in the WTA there was significant divergence of supply and demand during this period, in the ETP the mismatch
was far less, and the standard deviation of the ‘gap series’ indicated a relative stability of
the capacity -demand divergence over time. One should note that small deviations suggest, on average, more fluid, or speedier, capacity adjustments, whereas large deviations
indicate relative rigidities in capacity adjustments and therefore a longer persistence of
excess capacity over time. The latter case is more pertinent to adaptive expectations,
whereas in the former case, carriers are more likely to form rational expectations.
Figure 4 presents the gap series for the ETP. In general, positive gaps are capped at
0.10–0.20 and negative gaps are above − 0.20 except in two occasions. Clearly, carriers
serving the ETP are more proficient in matching slot capacity to demand than their
counterparts in the WTA. We attribute this to differing levels of competition in these
two markets. Because the ETP is a more competitive market than the WTA, judging by
the number of independent carriers operating there,4 errors in deployment can be more
harmful to carriers’ bottom line; a situation one might be tempted to see, perhaps with
a degree of witticism, as a ‘moral hazard’ issue.
Table 1 presents the gap series statistics for the total sample WTA, pre- and postblock exemption, the total sample ETP and total US inbound trades.
For the full sample, the average difference between supply and demand growth was
+ 0.002 in the WTA but −0.029 in the ETP and − 0.002 for the total US market. The
WTA reveals also a wider gap series variation, with a standard deviation of + 0.135
compared to +.094 in the ETP and + .093 for the total US market. The interpretation of
mean comparisons suggests that carriers in the WTA tend to overreact to demand
growth compared to carriers serving the ETP and the total US market. At the same

4

Based on data from MDS Transmodal (https://www.mdst.co.uk), a private maritime transport data provider
and consulting firm in the UK, as of February 2019, carriers operating independently in the ETP accounted
for 13% of the containership capacity in that market. In the WTA, independent carriers represented just 7%
of containership capacity.
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Fig. 2 Supply – Demand Growth Rate Differentials WTA

time, comparing the standard deviations, one might come to the conclusion that the
supply/demand gap created by the WTA overreaction persisted for longer.
A difference can be detected in the WTA between the pre-and post-block exemption. WTA carriers tended to overreact to demand growth in the pre-block exemption period and underreact in the post-block exemption period. Again, one
might be tempted to see this as a ‘moral hazard’ issue, associated to the ‘protection’ conference price-setting privileges were affording to carriers in the pre-block
exemption period. However, gaps persisted for longer in the post-block exemption
period, as evidenced by the higher standard deviation. Positive gaps were only
slightly larger, on average, in the post-block exemption period, suggesting little to
no change in carrier overreactions. Negative gaps, however, were almost four percentage points larger in absolute value during the post-exemption period compared
to the pre-exemption period.

Fig. 3 Eastbound Transpacific QoQ Growth in Supply/Demand
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Fig. 4 Supply – Demand Growth Rate Differentials ETP

Performance across regulatory regimes
The data set is of sufficient length to allow us to compare supply/demand imbalances
across different regulatory regimes in the WTA but not in the ETP where the Ocean
Shipping Reform Act of 1999 would have been relevant. For the WTA, the task
amounts to comparing carrier performance in efficiently meeting demand changes before and after the abolition (in 2008) of the EU Regulation 4056/86, which was granting
antitrust immunity to price-fixing coalitions of carriers (better known as ‘conferences’),
serving the trades of the European Union. Descriptive statistics of carrier performance
in meeting demand changes in the WTA are displayed in Table 2, and deviations there
are those of Fig. 2.
Supply/demand gaps are on average wider in the post-abolition period (1.81 Slot
Tons/Trade Tons) than in the pre-abolition one (1.52 Slot Tons/Trade Tons). In other
words, the transportation of one ton of cargo in the post-abolition period necessitated
19% more shipping capacity (1.81/1.52) than before. Differently, one could argue that,
in spite of the abolition and the ensuing tougher competition, excess capacity in the
post-abolition period was considerably more prevalent. The standard deviation of the
gap series also showed more variation in the post-abolition period.
In terms of the direction and strength of the relationship between the growth rate of
demand and the growth rate of capacity, they tended to move in opposite directions in
the pre-abolition period, but in the same direction post-abolition. This suggests a lag in
carrier reaction to demand growth pre-abolition but an active stance post-abolition. In
general, the above results show that carriers have performed better in matching supply
to demand in the WTA during the pre-abolition period, when the market was dominated by ‘self-regulating’ and price-fixing conferences, than in the post-abolition
period.5 But if supply-demand matching has worsened in the post-abolition period, it
begs the question of whether carriers form expectations for trade growth differently
under different regulatory regimes. What follows is an econometric exploration on how
carriers form expectations for trade growth in both the WTA and ETP markets and, in
the case of WTA, whether the formation of expectations differs from the pre- to the
post abolition period.

5

One is tempted to at least partially attribute worsening supply/demand matching, observed in the postabolition period, to the global financial crisis of 2008–09. However, should this be true, the same worsening
should have been observed in the ETP where it did not.
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Table 1 “Gap series” statistics pre- and post block exemption
Sample

Count

WTA
Mean

Full Sample
Pre-Block Exemption

ETP
Std Dev Mean

N = 76 0.002

0.135

N = 43 0.010

0.118

Total US
Standard Deviation Mean

Standard Deviation

−0.029

0.094

−0.002

0.093

0.035

0.050

0.043

0.083

−0.094

0.069

−0.067

0.059

Post-Block Exemption N = 33 −0.009 0.156
Positive Gaps

N = 76 0.102

0.050

N = 43 0.097

0.005

Post-Block Exemption N = 33 0.108

0.012

Pre-Block Exemption

Negative Gaps
Pre-Block Exemption

N = 76 −0.098 0.095
N = 43 −0.081 −0.204

Post-Block Exemption N = 33 −0.119 −0.523
Source: USACE, Authors’ Calculations

Expectations models
In this section, we develop and estimate models of containership operating capacity, in
an attempt to determine if carrier capacity decisions are a consequence of adaptive expectations or if, instead, carriers exhibit rational expectations in their choices. Previous
works on expectations in shipping provide zero guidance, since these are directed at
bulk and tanker shipping, both entirely different markets than fixed-schedule liner shipping markets.6
To begin, we note that the analysis presented here concerns only short-term adjustments to supply/demand imbalances. This is starkly different from the long-term investment behavior in container shipping, where capacity adjustments derive from
investment in new vessels, or from acquiring or merging with rival firms (For the stages
of short- and long-term adjustment of shipping supply see Haralambides 2019; Koopmans 1939).
Adaptive expectations

Adaptive expectations are formulated when economic agents observe past values of a
certain variable, and then use those values to generate forecasts (of that variable).
Agents are assumed to accomplish this mechanically, ignoring any other, current, information that might have had an impact on the variable in question. For instance, should
demand rise over a relevant historical time period, carriers with adaptive expectations
would normally expect the same thing to happen going forward. Such a mechanical
process in the formation of expectations leaves carriers vulnerable to perhaps being
fooled into thinking that an earlier rate of demand growth would continue, when in fact
it might not. This may lead to a stable increase in capacity, even if it results in persistent overcapacity. Thus, this form of expectations can generate inertia in key decision
variables, as errors in projections can persist in practical terms for more than one forecast period ahead. In our case, the key decision variable is (container shipping) capacity
and, for optimal operations, it must closely match containerized trade volume. A reasonable representation of adaptive expectations can be written as in Eq. (1).
6

Beenstock and Vergottis (1987) simply assume rational expectations for the bulk and tanker markets while
Binkley and Bessler (1983) find support for ‘elastic expectations”, which they explain as an immoderate
response to demand signals.
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Table 2 Capacity deployed (DWT) relative to demand (trade volume) in the WTA pre- and postantitrust block exemption
Westbound Transatlantic Market

Pre- (97Q1 –
08Q3)

Post (08Q4 –
16Q4)

Ratio of Supply/Demand (Slot Capacity in DW Tons/Containerized Trade) 1.52

1.81

Standard Deviation Slot Capacity – Containerized Trade Growth Rate
Differential

0.118 (N = 43)

0.156 (N = 33)

Capacity – Containerized Trade Growth Rate Correlation

−0.29

+ 0.31

Source: USACE and author’s calculations



vet ¼ vet−1 þ β vt −vet−1

ð1Þ

where vet is the expected trade volume at time t, vet−1 is the expectation of trade volume
for time t formed in in the previous period and vt is the actual trade volume at time t.
For stability, β must lie between 0 and 1 and can be interpreted as the fraction by
which volume expectations adjust to past prediction errors per unit of time. The larger
the β, the faster expectations adjust. If β = 0, expectations never adjust, whereas if β = 1,
agents have perfect foresight, as would be the case with rational expectations.
Equation (1) can be expanded and rearranged to produce
vet ¼ βvt þ ð1−βÞvet−1

ð2Þ

Lagging (2) and solving iteratively generates a distributed lag with geometrically declining weights as in Eq. (3)
vet ¼ βvt þ βð1−βÞvt−1 þ ð1−βÞ2 vet−2 þ … þ ð1−βÞn vt−n

ð3Þ

Equation (3) states that trade volume expectations for next period are a weighted
average of past realizations; but as β is assumed to lie between 0 and 1, the weights decline geometrically with each historical realization. This implies that expectations in the
distant past can be practically ignored since their impact on current expectations would
be negligible. Evidence for adaptive expectations would amount to estimating Eq. (3)
and testing for 0 < β < 1.If β = 1, the weights of past realizations go to zero and expected
volume is equal to actual volume. The latter is equivalent to rational expectations,
whereby economic agents are assumed to possess perfect foresight.
In practical terms, Eq. (3) cannot be estimated in its current specification since vet is
unobservable. However, we do observe capacity, kt, and because the theoretically
optimum level of capacity utilization in the short-run is assumed to be 100%, then in
equilibrium k t ¼ vet :
Taking logs of both sides of (1),


ln vet ¼ lnvet−1 þ β ln vt − ln vet−1

ð4Þ

and invoking the equilibrium condition k t ¼ vet , while acknowledging the seasonal nature of the liner shipping industry,7 we have
The seasonality of demand in liner shipping markets is easily observed. “Backwards looking” carriers are
therefore assumed to base their decisions not on the immediate past quarter but on the same quarter oneyear earlier.
7
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ln k t ¼ lnk t−4 þ βð ln vt − ln k t−4 Þ
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ð5Þ

Capacity then depends on capacity deployed in the same quarter of the previous year,
with some correction for supply/demand imbalance. Equation (5) can be rearranged to
produce
ln k t ¼ βlnvt þ ð1−βÞ ln k t−4

ð6Þ

If carriers rely on past values of capacity, then β < 1 and expectations are described as
adaptive. However, if β = 1, this is evidence against adaptive expectations since such a
coefficient indicates that past realizations are ignored.
Rational expectations

Adaptive expectations imply that the structural parameters governing economic choices
are static, meaning that decisions agents make today are based on quantitative relationships between key variables observed and established in the past. Beginning with Muth
(1961), economists began to question adaptive expectations on the grounds that such
formulations are too mechanical in nature, ignoring critical current information in
favor of established principles. Muth (1961) pointed out the non-optimality of this behavior and proposed an alternative he called rational expectations. Here, agents make
use of all available information and not just past relationships. Among others, this
would imply that the expected value of some target variable, such as price or demand,
will be an unbiased predictor of the actual realization.
Rational expectations can be represented by the expression X t ¼ βX et þ et , where Xt
is the actual realization of the target variable at time t and X et is its expected value at
time t but formulated in a prior period. The error term et is assumed to be distributed
normally with zero mean and constant variance. If β = 1, the agent is said to formulate
expectations rationally, unhindered by strict adherence to observations of past realizations; instead they make projections governed by all available information.
Testing for rational expectations has primarily relied upon comparing survey data on
expectations to actual realizations. A recent example is from Puah et al. (2013) who examined the rational expectations hypothesis in Malaysian manufacturing industries.
However, according to prior studies (Lovell 1986; Svendsen 1993), evidence for rational
expectations collected from such “direct” tests is weak.
“Indirect” tests of the rational expectations hypothesis are an alternative, whenever
-as in the case of liner shipping- survey data is unavailable. For example, a liner shipping firm’s model aiming to predict trade volume (vt) could conceivably look as in Eq.
(7) below.
vt ¼ α0 þ α1 vt−1 þ Xβ þ ut

ð7Þ

where X is a matrix of explanatory variables that could include a measure of global
trade, the real exchange rate, etc., and u is an error term of zero mean. To add the perfect foresight condition, consistent with rational expectations, we take expected values
of (7) to get
E ðvt Þ ¼ α0 þ α1 vt−1 þ Xβ þ E ðut Þ
If E(ut) = 0, it is straightforward to show (subtract (8) from (7)) that

ð8Þ
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ð9Þ

which is the same as β = 1 in Eq. (6).
Again, E(vt) is unobserved but it can be approximated by kt as long as the assumption
of optimal capacity utilization equaling 100% holds. Testing for rational expectations is
therefore a matter of testing for β = 1, and that the forecast errors in Eq. (5) are zero.
These two conditions imply that capacity choices are made with perfect foresight and
as such they are unbiased. In this case, the unbiased forecast is consistent with rational
expectations8 and we can therefore rely on the results of Eq. (6) to test for rational
expectations.
The island model

The perfect foresight assumption is fairly restrictive and unlikely to hold in markets with
wide fluctuations in demand. We therefore undertake to construct two alternative tests
that relax this assumption. The first test derives from what has come to be known as
the ‘Lucas Critique’ (Lucas Jr. 1972). In short, Lucas argued that firms’ output in imperfectly competitive markets responds inversely to variations in aggregate demand but
positively to its own, firm-specific, demand. Lucas arrived to this conclusion via the
famous “Island Model” where firms must decide whether changes in aggregate demand
are firm-specific, in which case output responds positively, or are changes explained by
general economic trends, in which case output does not respond.
A critical determinant of this decision is the firm’s observance of historic variations
in the relative price of its own output, together with those of the aggregate price level.
If historical aggregate demand varies more, relative to firm-specific demand, the individual firm will be more likely to attribute changes in its own price to changes in aggregate demand, rather than to the demand for its own output. In this case, its price
relative to the aggregate price will be stable and will be sufficient to maintain some
constant profit. On the other hand, should the firm decide that variation in demand for
its own output is higher relative to aggregate demand, the firm is more likely to respond with a price change larger than the change in the aggregate price level.9 Should
this be the case, expectations can be characterized as rational since the firm will dismiss developments in overall demand in favor of using the most relevant information.
The Lucas Critique would suggest that liner shipping operators must distinguish between demand for their own containerized services from overall demand for trade. In
this case, a specification such as in Eq. 10 below would be reasonable.
k t ¼ α0 þ α1 vt þ α2~yt þ α3~yt−1 þ a4 ct þ ut

ð10Þ

where vt is liner market level import demand at time t, yet is the growth rate of aggregate import demand at time t and ct represents a measure of carrier costs. This specification roughly follows Lynde (1990) who used a similar model to examine the
formation of expectations across several US manufacturing industries. The most
This is equivalent to saying that β = 1 in Eq. (6).
One issue that could cause concern in applying the Lucas Critique to liner shipping is the question of
market structure. Lucas’ theory was directed at imperfectly competitive markets, so that a clear distinction
could be made between increases in aggregate demand and in firm-specific demand, implying that firms produce and sell differentiated products. While containerized shipping can be characterized at first glance as an
industry offering a homogenous good, on closer inspection there are opportunities for product differentiation
via such attributes as door-to-door services and integrated logistics (Haralambides 2019).

8
9
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definitive results supporting rational expectations in liner shipping are when α1 =1 and
α2 = 0.In other words, as is postulated by the rational expectations school, agents cannot be fooled by changes in aggregate demand. The results of estimating the Lucas
Model are given in Table 5 (OLS) and Table 6 (GMM).
Forward looking model

The last test we run, as outlined and conducted by Fair (1993), is an application of the
idea that firms with rational expectations are “forward looking”, meaning they make
current decisions on pricing and other key variables, based partially on what they expect the future will hold. This stands in direct contrast to adaptive expectations, in
which firms are strictly backward looking. The forward looking model, therefore, necessitates the inclusion of leads as well as lags in an econometric specification. A reasonable model could be as in Eq. (11):
k t ¼ α0 þ α1 vtþi þ α2 vt−i þ ut

ð11Þ

Where vt + i is containerized trade volume i periods ahead. If firms are forward looking then α1 will be significant but α2 will be 0. Given the inherent seasonality in liner
shipping, we chose i = 4 (our data is quarterly) for both the lead and the lagged variables. Our results are presented in Table 6.

Data and market definitions
Quarterly demand data from 1997 to 2016 were obtained from US Census’ “USA Trade
Online”. The data includes total trade volume; total containerized trade volume; total
trade value and total containerized trade value; commodity; country of origin; and US
port of entry. On the supply side, the US Army Corp of Engineers collects vessel clearance data that includes the port of entry, the individual vessel (including her IMO
number) and the country of origin. Vessel capacity in TEUs and in deadweight tons
was obtained by matching the vessel’s IMO number to vessel characteristics found in
various internet websites (most were collected from www.containership-info.net and
www.vesseltracker.net).
In addition to the aggregate US inbound container shipping market, we consider the
ETP and the WTA markets individually. The ETP involves the aggregate containerized
imports and container-carrying-capacity from the countries/ports of Northeast and
Southeast Asia to the US west coast. The WTA is an aggregate of containerized shipments from Europe, including Russia and the Mediterranean, to the US east- and gulf
coasts. One caveat in the capacity data is the treatment of Canadian transshipment:
Some Atlantic services call the Canadian ports of Halifax and Montreal, subsequently
serving US demand via truck or intermodal rail. This volume is not captured as waterborne trade from Europe but from Canada. Moreover, it is only when the vessel makes
a secondary call at a US port that it can be included in the dataset. The same scenario
plays out in the transpacific trade through Vancouver and increasingly Port Prince Rupert. Since this trade is invisible to current data sources, we have chosen to ignore it as
insubstantial relative to trade moving directly through US ports.
Carrier operating costs are represented by real fuel costs obtained from the US Energy Information Agency. Shocks are represented by a 0–1 dummy variable to control
for the events of September 11, 2001 (1 for quarter 4 in 2001; quarter 1 in 2002 and 0
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otherwise) and the global financial crisis (1 for the quarters between 08Q1 and 09Q4,
and 0 otherwise.)

Results and discussion
The adaptive expectations model is represented in estimable form by Eq. (6). As it includes a lagged dependent variable, estimates of this model by ordinary least squares is
problematic. We therefore present two estimates. In the first, we establish the independence of the error term and the lagged endogenous variable by the condition that if errors
are serially uncorrelated then they are also uncorrelated with the lagged endogenous variable. We establish this by estimating the equation in first differences and using the
Breusch-Godfrey test to confirm the absence of serial correlation in the errors. The results
for the full sample and the pre- and post- Block Exemption10 samples for the WTA are
shown in Table 3, with t-statistics given in parentheses. The second set of estimates is
generated using a two-step, generalized method of moments (GMM) estimator, detailed
by Hansen (1982). Hanson’s estimator consists of generating a weighting matrix that is
the inverse of the covariance matrix in the first step regression, then using them to weight
the estimates in the second step. This method controls for possible heteroscedasticity.
The first differences (OLS) model for the full sample suggests that carrier capacity responses in the ETP are much more elastic (+ 0.604) to changes in trade volume than in
the WTA (+ 0.067) and the total US market (+ 0.305). As the elasticities of capacity adjustments with respect to current trade volume in both the ETP and the WTA are less
than unity, the results indicate that carrier expectations are adaptive rather than rational. In the WTA, carrier responses are of the incorrect sign and are insignificant
during the pre-block exemption period. That changes in the post-block exemption
period (+ 0.232) but not enough to confidently say that the way in which expectations
are formed has changed. Table 4 contains the results of estimating the same model as
Table 3 but with Hanson’s two-step GMM process rather than OLS.
The results are generally consistent with those in Table 2, albeit with more explanatory power. The coefficients of trade volume are each different from 1, indicating adaptive expectations in all markets. Comparing the WTA pre- and post-block exemption, β
rises significantly between samples but not sufficiently to change the conclusion of
adaptive expectations for both periods.
To determine whether rational expectations play a role in the formation of carrier expectations we estimated the Island Model, represented in Eq. (10). The results are given
in Table 5. Note that the growth rate of total US import demand and containerized imports demand enter the equation as four-quarter moving averages.
Each variable is differenced one period but none performs particularly well. Looking
at the coefficient of containerized imports (α1) relative to that of total imports (α2), the
results for the full sample indicate that, along with the total market, carriers in the ETP
are less likely to be misled by changes in overall US import growth but are instead motivated by changes in their own market or “island”. WTA carriers exhibit similar behavior in the total sample but results in the separate samples indicate the opposite.
10

Pre-block exemption is the period between 1997 and the second quarter of 2008 when the European
Commission (Directorate General for Competition) scrapped Regulation 4056/86 that was granting antitrust
immunity to liner shipping conferences. The post-block exemption period is defined as all subsequent
quarters.
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Table 3 Adaptive expectations – OLS estimates - equation in first differences
Series

Constant

Vt

Kt − 4

Shocks

Wald
Test

Breusch –
Godfrey

Adj RSquared

F-Statistic

Full Sample N = 75
All Trades

0.002
(0.044)

0.305c
(3.99)

0.470c
(5.20)

−0.0003
(− 0.020)

82.3c

0.024 (Pr = 0.876)

0.58

35.06c

ETP

−0.001
(− 0.26)

0.604c
(8.17)

0.151a
(1.75)

−0.007
(− 0.43)

50.4c

0.010Pr = 0.9194

0.67

52.08c

WTA

0.008
(1.14)

0.067
(1.06)

0.421c
(4.07)

−0.037b
(−2.03)

168.3c

.0901 (Pr = 0.764)

0.22

8.03c

0.422b (2.98)

− 0.041
(−1.49)

167.6c

0.002 (Pr = 0.967)

0.16

3.45b

0.371 (2.19)b

−0.060
(− 0.99)

37.12c

0.209 (Pr = 0.647)

0.22

3.65b

Pre-Block Exemption (WTA, N = 41)
WTA

0.006
(0.66)

−0.021
(− 0.27)

Post-Block Exemption (WTA, N = 29)
WTA

0.010
(0.88)

0.232
(1.84)a

a

Significant at the 10% level, bsignificant at the 5% level, csignificant at the 1% level

Moreover, α1 is statistically significant only for the total sample. These results provide
some support for rational expectations in the ETP but not in the WTA.
The same Island Model, estimated using Hanson’s two-step GMM, is given in Table 6.
The results are generally consistent with those obtained from OLS.
Finally, we estimate a variation of Fair’s forward looking model of Eq. (11), estimated
by Hanson’s two-step GMM. The results are posted in Table 7.
Looking specifically at the coefficients estimated on the four-quarter lead variable,
the results in Table 7 indicate forward looking and therefore rational expectations on
the part of carriers in the ETP. In the overall market and in the WTA specifically, no
such evidence is revealed.

Conclusion
Our results suggest that expectations that drive decisions on capacity deployment
among liner shipping companies are formed adaptively in the overall US liner shipping
Table 4 Adaptive expectations – GMM
Series

Constant

Vt

Kt − 4

Shocks

Wald Test
(β = 1)

Centered RSquared

F-Statistic

Full Sample N = 75
All Trades

0.131 (0.25)

0.134a (1.78)

0.856c (11.35)

−0.033
(−1.58)

132.0c

0.97

334.6c

ETP

7.337c (3.50)

0.336b (2.44)

0.267 (1.15)

0.004
(0.09)

23.4c

0.75

28.5c

WTA

1.358 (0.99)

0.190 (1.57)

0.740c (7.27)

−.081b
(−1.94)

45.1c

0.82

46.3c

1.115c (6.49)

− 0.076a
(−1.74)

66.4c

0.74

23.8c

0.392b (1.96)

−0.214b
(− 2.16)

7.7b

0.65

8.66c

Pre-Block Exemption (WTA, N = 41)
WTA

−0.606 (−0.32)

−0.078 (− 0.59)

Post-Block Exemption (WTA, N = 29)
WTA
a

4.931a (1.72)

0.331 (1.37)

Significant at the 10% level, bsignificant at the 5% level, csignificant at the 1% level
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Table 5 Rational Expectations island model: OLS in first differences
Series

Constant

Growth Rate
Growth Rate Real Price
Market Level
Total Import Bunker
Import Volume Value
Fuel

Shocks

Breusch –
Godfrey

Adj RFSquared Statistic

−0.002
(−.01)

0.072 (Pr =
0.788)

0.04

1.77

Full Sample N = 72
All
0.001 (0.18)
Trades

0.534b (2.47)

−0.151
(− 0.85)

−0.005 (−
0.20)

ETP

−0.0009 (−
0.11)

1.341c (4.75)

− 0.352
(− 1.49)

0.017 (0.53) 0.005
(0.21)

0.200 (Pr =
0.655)

0.11

3.41b

WTA

0.003 (0.37)

0.361a (1.74)

0.087
(0.38)

0.005 (0.14) −0.031 1.308 (Pr =
(− 1.39) 0.252)

0.12

3.49a

−0.036 (−
0.42)

0.16

2.73b

0.31

4.59b

Pre-Block Exemption (WTA, N = 38)
WTA

0.005 (0.47)

−0.440 (− 1.06) − 0.897b
(− 2.50)

−0.070b 4.337 (Pr =
(− 2.00) 0.037)

Post-Block Exemption (WTA, N = 33)
WTA

0.004 (0.40)

0.347 (1.48)

0.522a
(1.86)

0.023 (0.69) 0.016
(0.49)

0.739 (Pr =
0.390)

a

Significant at the 10% level, bsignificant at the 5% level, csignificant at the 1% level

market and in the individual markets of the WTA as well as, to a lesser degree, in the
ETP. In the ETP, long considered to be a more competitive market than the WTA,
there is some support for rational expectations, as carriers tend to adjust capacity more
fluidly than in the WTA. While the support offered in the models is not sufficiently
convincing to make a more definitive statement, our results support the statement that
adjustments in capacity are more rapid in the ETP than in the WTA. Further, and specific to the WTA, the abolition of antitrust immunity did nothing to change the way
expectations are formed. Indeed, the models show that WTA carriers are even slower
to adjust their capacity to demand fluctuations in the post-block exemption period than
they were in the pre-block exemption one. The obvious question is why? We see two
reasons. First, the difference may be attributed to increased levels of uncertainty in the
post-abolition period, that have made carriers reluctant to commit investment in new
capacity, or to remove existing capacity. Second, and perhaps more importantly, while
conferences were abolished in Europe in 2008, global alliances and industry
Table 6 Rational expectations island model: GMM
Series

Constant

Growth Rate
Growth Rate
Market Level
Total Import
Import Volume Value

Real Price
Shocks
Bunker Fuel

Adj RF-Statistic
Squared

Full Sample N = 72
All Trades 0.040a (1.72)

0.361a (1.81)

−0.073 (− 0.56) −0.006
(− 0.49)

−0.003
(−.091)

0.16

2.23

ETP

0.022 (0.62)

0.678b (2.56)

−0.126 (− 0.60) −0.020
(− 1.00)

0.006
(0.14)

0.44

5.37c

WTA

−0.016 (− 0.56)

0.247 (1.24)

0.332b (1.96)

− 0.088b 0.41
(− 2.40)

6.26c

−0.221 (− 0.95) 0.033
(− 0.80)

−0.084b
(− 2.05)

0.19

1.01

0.449b (2.08)

−0.087a
(− 1.74)

0.83

21.66c

0.030
(1.59)

Pre-Block Exemption (WTA, N = 38)
WTA

0.039 (0.92)

−0.068 (− 0.26)

Post-Block Exemption (WTA, N = 33)
WTA
a

−0.100b (− 2.20) 0.197 (0.71)

0.067c
(3.22)

Significant at the 10% level, bsignificant at the 5% level, csignificant at the 1% level
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Table 7 Rational expectations forwards looking fair model: GMM
Series

Constant

Trade Volume 4- Trade Volume 4- Real Price
Shocks
Quarter Lead
Quarter Lag
Bunker Fuel

Adj RF-Statistic
Squared

Full Sample N = 71
All Trades 5.101b (2.28)

−0.016 (− 0.03)

0.687a (1.61)

0.106c
(2.85)

−0.084
0.89
(− 0.083)

57.6c

ETP

4.086 (1.52)

1.283c (2.98)

−0.467 (− 1.30)

− 0.014
(− 0.23)

0.218c
(2.10)

0.35

10.0c

WTA

4.745 (1.24)

0.128 (0.29)

0.625b (2.19)

0.126c
(3.38)

−0.031
(− 0.34)

0.72

23.7c

−0.194 (− 0.35)

0.237b
(2.22)

0.037
(0.62)

0.59

8.58c

0.977b (1.93)

0.067
(0.95)

−0.289
(− 1.04)

0.79

18.8c

Pre-Block Exemption (WTA, N = 37)
WTA

15.361c (4.56) 0.261 (0.59)

Post-Block Exemption (WTA, N = 25)
WTA

0.508 (0.04)

0.053 (0.04)

a

Significant at the 10% level, bsignificant at the 5% level, csignificant at the 1% level

consolidation were not. Thus, carriers were able to retain at least some insulation from
competition and therefore had little cause to change their expectations behavior. If one
believes that adaptive expectations are consistent with concentrated industries whereas
rational expectations suggest more competition, then the results of this paper could
suggest that the abolition of the liner conference system has failed to improve the level
of competition in Europe – US liner shipping markets.
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