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Abstract

This paper attempts to shed light on the proposal that firms in concentrated industries may keep excess capacity to forestall entry and/or expansion by rivals. Excess capacity can deter entry by forming expectations on the part of potential entrants that incumbents are capable of responding aggressively to threats. It is closely related to the theory of limit pricing in that excess capacity enables firms to forestall entry by immediately increasing output when potential entrants threaten. But in order to make a convincing case for excess capacity as a strategic entry deterrent, all potential sources of excess capacity must be considered simultaneously. These may include industry-specific structural factors, such as the divisibility of demand relative to supply, economies of scale or wide swings in demand.  

Ocean liner shipping exhibits structural factors that have led excess capacity for much of its history. It is a concentrated industry that until the late 1990s was dominated by price fixing industry groups known as liner shipping conferences. In spite of limited antitrust immunity granted by most governments to liner shipping conferences, excess capacity is and has been a persistent problem that could be a major cause of operational inefficiencies. As such, ocean liner shipping presents an ideal forum in which to distinguish between excess capacity that is an artifact of structural conditions of supply and demand and excess capacity that may be employed as a strategic defense against opportunistic rivals. The results of a random effects model with instrumental variables show some limited support for the entry deterrence element of excess capacity in liner shipping. 

Keywords

Excess capacity, entry deterrence, strategic behavior, barriers to entry, theory of the core, instrumental variables. 

Introduction

The notion that firms would commit resources to idle capacity in order to thwart potential entrants rather than adopt an accommodating strategy once potential entry becomes reality has few proponents. In general, the maintenance of capacity as an entry barrier is a costly undertaking that is inconsistent with the assumption of rational behavior and profit maximization. But empirical work in this topic is relatively rare.  What studies do exist tend to favor the doubters. Most of these works, however, suffer from inadequate data rather than shortcomings in the theoretical construct. In particular, the empirical demands of isolating excess capacity that is incidental to normal operating conditions and that, which may be deployed deliberately to deter entry, are considerable. Excess capacity is an important issue in liner shipping because capacity costs (stowage factor) are a principal determinant of liner shipping freight rates (Jansson & Shneerson 1986). Excess industry capacity will thus restrict carriers’ ability to maintain sufficient revenues to cover the high fixed costs that prevail in this industry. This paper develops a model of strategic excess capacity in the ocean liner shipping industry then uses industry data on capacity to test the entry-deterring hypothesis. 

Structural Sources of Excess Capacity in Liner Shipping 

Natural Monopoly

Significant and chronic levels of excess capacity are typical of industries that exhibit structural features of natural monopoly. Farrar (in Sharkey, 1982) provides a neat summary of these features:

1)  The industry must supply an essential product or service

2)  The industry must occupy a favorable location for production

3)  The outputs of the industry must be non-storable

4)  Production must be characterized by economies of scale

5)  The customers of the industry must require a “certain and a well-defined harmonious arrangement which can only be attained by a single supplier.” 

In the strictly qualitative sense, liner shipping roughly conforms to the first four of the above conditions. First, it has been an essential and instrumental component of the dramatic increase in international merchandise trade during the past 50 years; second, it can occur only in seaports with specialized facilities to handle to loading and unloading of containers; third, its output is non-storable since the revenue losses from empty slots aboard containerships can never be recovered; and fourth, its operations at least at the voyage level can be characterized by economies of scale. Sharkey (1982) added technical conditions to the definition of natural monopoly based on the industry cost function. He concluded that a natural monopoly could exist if the industry cost function is sub-additive, that is, if it is more cost effective for one firm to produce output than for more than one firm. When more than one firm operates non-cooperatively under conditions of sub-additivity, there is likely to evolve a dynamic capacity expansion problem and subsequently, excess capacity.

The dynamic capacity expansion problem in liner shipping can be explained as follows. When faced with linear demand growth over time, and fixed costs to install new capacity, it is optimal for firms to add capacity in discreet units at equally spaced intervals (Sharkey 1982). This incremental approach permits the supplier to more evenly match capacity with demand growth while economizing on the fixed costs of installation.  When there are two or more non-collusive firms, each will choose its capacity expansion path independently of the other(s). In spite of the efforts of global alliances in liner shipping, this could lead to prolonged bouts of excess industry capacity because capacity can only be added in large (relative to demand increments) and discreet sizes. Each carrier adds q units of capacity at specific intervals. However, demand growth may support just q/n units of capacity, where n is the number of firms in the market. If the unit costs of adding capacity are non-linear, then each firm choosing independently will attempt to economize on those costs by adding more capacity at less frequent intervals. This makes matters worse. The problem becomes even more severe when demand fluctuates. Fluctuating demand causes uncertainty in the decision to add capacity. If the cost of supply shortages is higher than the cost of carrying excess capacity, the carrier is more likely to err on the side of excess capacity rather than be caught short during periods of high demand. 

If firms operating under conditions of cost sub-additivity are permitted to collude, however, a different picture emerges. By sharing resources or merging, the problem of dynamic capacity expansion in industries that require lumpy supply-side investments eases. Rather than each firm adding q units of capacity when demand for each firm is higher by q/2 a collusive agreement may offer each firm’s unused excess capacity to meet the growth in demand. In liner shipping, this reasoning is behind the rise of vessel sharing arrangements and carrier alliances during the past decade. 

The Theory of the Core

Rejuvenated by Telser and Bittlingmayer in the 1980s, the theory of the core suggests that cooperative arrangements among firms are less an attempt to impose monopoly prices than they are a response to inefficiencies caused by core emptiness. Core emptiness, defined as an inability to match supply with demand at every point in time, can bring about periods of excess capacity because it fosters instability in market share among incumbents. Pirrong (1992) and Sjostrom (1989) have both tested the empty core model in ocean shipping markets. In both papers, the notion that liner conferences operate as rent-earning cartels is dismissed. Rather, cooperative arrangements in liner shipping were found to exist exclusively to counteract core emptiness that would otherwise cause volatility in market shares and freight rates. The sources of core emptiness in liner shipping are likely its fixed sailing schedules and lumpy capital. Firms engaged in liner trades cannot delay departures until their vessels are full and as such will face the possibility of unused capacity on every voyage. Moreover, modern containerships are large relative to demand for space aboard them. If the core of ocean liner shipping markets is indeed empty, it could explain at least some occurrences of excess capacity.

The Theoretical Construct - A Review of the Literature 

Spence (1977), Dixit (1980), Eaton & Lipsey (1981), Gilbert (1989), Gilbert and Harris (1984), Kamien and Schwartz (1972), Bernheim (1984), Wenders (1971), Gilbert and Vives (1986) and Gaskins (1971), among others, have all considered the problem of strategic capacity choice in oligopolistic or decreasing cost industries. A common thread running through each of these papers is that the behavioral perceptions about incumbents can alter potential entrants’ decisions. In other words, to successfully deter entry, the incumbents’ threat to increase output and intensify competition in the post-entry game, i.e., to “play nasty” in the game theorist’s language, must be credible. Excess capacity serves this role, particularly in decreasing costs industries because the holder can immediately increase output when entry is threatened without incurring onerous incremental costs.

Spence assumes that existing firms choose to hold excess capacity as part of an entry-deterring strategy. The excess capacity allows firms to respond immediately with increased output and lower prices when entry is threatened, thereby decreasing the probability of entry by reducing the revenue prospects of potential entrants. In Spence’s model, a strategy of holding excess capacity differs from the limit price model in that production with excess capacity is necessarily inefficient. Prices are higher than the limit price, and output is lower. However, existing firms that are tacitly colluding will likely find that monitoring each other’s capacity is easier than monitoring each other’s price. With deviations easily revealed, a strategy of excess capacity improves market share and price stability. 

Dixit concentrates on the subtleties of competitive interactions between incumbent and entrant. Such factors as the reputation of the incumbent can influence the decision to enter the market. Heavy pre-entry investment by incumbents signals potential entrants that having incurred large capital costs, the incumbent will be an aggressive competitor post-entry. In Dixit’s model, capacity expansion costs may be an important determinant of an incumbent’s reaction function when faced with a credible entry threat. Unlike Spence, Dixit found that capacity expansion costs limit the range of incumbent action, and at some threshold level, incumbents’ threats to saturate the market with their own capacity becomes non-credible. 

In Eaton and Lipsey, entry deterrence hinges upon the “ability of incumbents to create irreversibilities.” They describe two types of entry: “predatory”, where the incumbent is replaced by the entrant; and “augmenting”, where the incumbent accommodates the entrant. The particular type of entry is hypothesized to result from the nature, i.e. the durability, of product-specific capital investment. If capital is “immortal” and is product-specific, i.e., has no use other than that for which it was originally built, then entrants perceive it as an irreversible and eternal commitment to production. If entry occurs in this case, it will be augmenting and incumbents are less likely to hold excess capacity. The incumbent’s commitment to immortal capital is sufficient to convince the entrant that an aggressive posture would be fruitless. On the other hand, if capital decays, then the commitment by the incumbent must be renewed periodically. In this case, entry is more likely to be predatory. In this case, the incumbent deters entry by holding excess capacity, denying the entrant a positive stream of discounted profits. 

In Kamien and Schwartz, incumbent uncertainty of the timing of entry can lead to persistent excess capacity and marginal costs below marginal revenue in a dynamic setting. The analysis relies heavily on the assumption that once deployed, capacity is inflexible. Gaskins also considers a dynamic optimization model where incumbents maximize long-term profits and entry occurs at a constant rate. Entrants cause prices to fall gradually to the limit price. Unless the incumbent holds a cost advantage, his share of the market is driven down to zero. As long as incumbents maximize long-term profits, Gaskins’ model shows that they will be willing to incur short-term entry deterrence costs, including those associated with holding excess capacity. 

In a model with increasing returns to scale, growing demand and “lumpy” capacity, Gilbert and Harris suggest that excess capacity can occur when incumbents follow a strategy of preempting potential entrants by adding new plants. Preemption resembles Bertrand competition
 and implies earning negative short-term incremental revenue on new plants (excess capacity), and reduced revenues from existing plants. If the potential entrants and incumbents compete in a Cournot–Nash fashion, however, then the likelihood of excess capacity is diminished. A Cournot–Nash equilibrium permits both incumbent and entrant to earn positive profits somewhere between the competitive outcome and monopoly. The difference lies in the ability to affect decisions of rivals. In Cournot-Nash equilibria, firms behave, taking rival behavior as given. But if firms undertake investment to preempt rivals, it suggests that they believe their rivals’ behavior can be governed by their own. Thus in a Cournot-Nash game, a preemptive investment would have no affect on an entrant’s decision to enter or not. Capital accumulates faster in a preemptive strategy and excess capacity can occur. 

In the broadest sense, Schumpeter’s thesis (1942) denies that incumbent firms would proactively defend their market against potential competitors because the continuous process of innovation in capitalist economies - Schumpeter’s theory of “creative destruction” - makes any investment in entry deterrence an exercise in futility.
 He wrote, “…the impact of new things – new technologies for instance – on the existing structure of an industry, considerably reduces the long-run scope and importance of practices that aim, through restricting output, at conserving established positions, and at maximizing the profits accruing from them.”
 Schumpeter made no distinction between mature industries, such as liner shipping, and immature industries. Both are implicitly assumed to face the same threat of technological innovation that will inevitably undermine the monopolist’s dominance.

Shy (1995, pp. 186-192) also denies that excess capacity can be a successful entry deterring strategy. His conclusion relies heavily upon the assumption that the costs of increasing output above the equilibrium level of capacity, is prohibitive. Moreover, Shy’s model assumes that capacity is irrevocable. In his two-stage game, the incumbent costlessly chooses a capacity level in stage one. In stage two (the sub-game), both entrant and incumbent choose output levels and play a Cournot game. Because the entrant is aware that the incumbent’s cost of increasing output above planned capacity is prohibitive, the threat by the incumbent to do so loses credibility and the strategy will fail. Benoit and Krishna (1991) go even further. They suggest that in a dynamic setting, excess capacity may even invite entry, because commitments, such as excess capacity that imply predatory behavior, are just as likely to increase the prospects for collusion in the post-entry game. They conjecture that excess capacity that is sufficient to deter entry by “pessimistic firms” will also invite entry by “optimistic firms” who believe that the incumbent will be unwilling to sustain repeated losses and will offer to accommodate the entrant instead. The probability of accommodation increases if there is a history of cooperation in the industry and if there are high exit barriers or sunk costs.

Models like that in Spence, where oligopolies hold entry-deterring capacity, implicitly assume that the oligopoly is a “shared monopoly”, that is, individual oligopolists behave  in a purely cooperative fashion and share total industry profits among themselves. The strategy is likely to break down, however, if the oligopolists behave non-cooperatively. In this case, a “free-rider” case emerges, since entry-deterring capacity takes on the characteristic of a public good. Bernheim (1984) and Gilbert and Vives (1986) show that the free-rider problem is a function of the degree of certainty regarding the amount of investment required to deter entry and the level of cooperation among the incumbent oligopolists. When the amount of entry-deterring capacity is certain the free-rider issue is unimportant, because regardless of which incumbent does the investing, the returns to the oligopoly are infinite. In each model there exists a critical threshold of investment that determines whether entry occurs or not. An epsilon of investment above the critical threshold limits entry to zero. If entry occurs, returns to the oligopoly are driven down to zero. If entry is deterred, returns are infinite. Therefore, it doesn’t matter which incumbent undertakes the investment, since the choice is either zero returns or infinite returns. However, Waldman (1987) shows that the free-rider issue can reduce optimal entry-deterring investment when the level of entry-deterring capacity is uncertain. In this case, the question becomes, which incumbent does the investing in excess capacity? If incumbents behave in a purely cooperative fashion, then excess capacity can be allotted to each and there is no free riding. On the other hand, if the incumbent oligopolists behave non-cooperatively, and the amount of entry-deterring investment is uncertain, then it is unclear if any of the incumbents will opt for individual action to deter entry. Doing so, first, does not guarantee entry deterrence (uncertainty), and second, its investment is a return to rival incumbents (the public good aspect). 

Wenders illustrated a convincing argument that if incremental costs of increasing output during periods when entry is threatened are sufficiently low to maintain profitability, excess capacity may be an important tool to prevent entry. The argument has appeal for liner shipping because liner shipping, for most of its range of output, is a decreasing cost industry. Once an increase in demand is noted and the threat of entry is revealed, it is relatively easy for the incumbent carrier, operating a multiple vessel service with excess capacity on a particular route at a particular frequency, to increase its output by loading more of the additional cargo per vessel, or increasing the frequency of its voyages. 

The work of Fox (1994) adds formal weight to the notion that incumbent liner shipping firms hold excess capacity. Under the assumption that a liner shipping conference is a cartel, Fox implies that excess capacity is the result of competition among cartel members in the provision of quality, which in liner shipping means faster, more frequent and more reliable services. Since prices are fixed by the cartel, the choice of quality is the most likely means available for individual members to increase their market share. The effect of this pursuit of quality may be excess capacity that incidentally forestalls entry.

Empirical Evidence of Strategic Excess Capacity

Empirical work in the study of excess capacity in oligopoly, particularly in industries with a high degree of capital mobility, is relatively rare. Most investigations of this topic are theoretical in nature and rely upon the tools of game theory to arrive at their conclusions. This is as likely a function of the difficulty in finding adequate data, than a consensus among economists about the results. What most studies seem to suggest is that strategic excess capacity is more likely an action of last resort than a strategy of first choice.

In the 1970s and 1980s there were some empirical studies of excess capacity that are worth reviewing, even though none have revealed overwhelming support for the theory of excess capacity as an entry deterrent. Masson and Shaanan (1986) estimated a three-equation recursive model of non-industry specific excess capacity in the U.S. economy for three sample periods. They attempted to separate excess capacity created by strategic decisions from that created by misjudging demand. They found only weak evidence to support the strategic excess capacity hypothesis. However, they did find stronger evidence that excess capacity complements the ability of firms to follow a practice of limit pricing, and furthermore, that the more excess capacity carried by incumbents, the higher can be their limit price. Gilbert and Lieberman (1987) studied the investment behavior of firms in 24 chemical product market industries. They used a discreet choice model to predict when firms are likely to expand capacity and found that the entry-deterring effects of preemptive investment are real but temporary. The requirement to repeat the strategy over time reduces its effectiveness. Lieberman’s 1987 study of chemical processing plants found that firms in this industry kept excess capacity “to accommodate demand variability and capital lumpiness.” Lieberman concedes that there are instances where incumbents built excess capacity once the threat of entry was revealed but these were relatively rare. Hilke (1984) adds excess capacity to a “traditional formulation” of entry that relies upon expected profits and industry growth as inducements to entry. He measures excess capacity at the top of the business cycle to avoid incidental excess capacity. Applying this specification to a cross section of industries revealed that while excess capacity was negatively associated with entry, its impact was not statistically significant at the 10% level. Esposito and Esposito (1974) studied how market structure may contribute to an understanding of excess capacity. They found that excess capacity is higher in “partial oligopolies”, i.e. those industries with moderately high concentration, than in “tight oligopolies”, i.e. industries that are very concentrated, or industries that are perfectly competitive. The authors surmised that partial oligopolies are less able than tight oligopolies to coordinate investment decisions in new capacity when demand turns up because the latter consists of fewer firms and therefore fewer decision makers. Excess capacity in industries that are perfectly competitive was negligible. More recently, Driver (2000) estimated a pooled time series model of capacity utilization for a sample of British firms in several manufacturing industries. There was evidence of strategic excess capacity in three out of 12 industries. These three industries shared features such as low product differentiation, high rates of growth and perhaps most importantly, high levels of industrial concentration as measured by the Herfindahl index. In the remaining nine industries under study, excess capacity was more likely to be precautionary, in part, Driver suggests, because entry barriers formed by product differentiation were higher. 

A Model of Strategic Reserve Capacity 

Drawing from the ideas of Gaskins, Spence, Wenders and others, the model presented in this paper attempts to incorporate the effect of the propensity of rival firms to enter an incumbent’s market on the incumbent’s choice of capacity, or more specifically, excess capacity. Elemental in Gaskins’ model is the assumption that incumbent firms maximize long-run profits as opposed to short-term profits. This permits the incumbents to follow a dynamic limit price strategy in order to thwart potential entrants. The limit price is defined as that price for which net entry is zero. In general, a limit price is sufficiently high to permit positive profits, but sufficiently low that an entrant would be unable to recover his fixed costs of entry. Applying a limit price model to liner shipping markets, however, would be problematic. Although there has been some degree of simplification over time, pricing decisions in liner shipping markets rely on an extremely complex system of rates that vary by commodity, by route, and by weight. With such a varied and lengthy commodity list, the question becomes which commodity-route pair should the limit pricing strategy be applied to, and for how long? Conceptually, liner carriers could simply apply a standard discount to each commodity-route pair. However, since the ability to price discriminate essentially makes the liner carrier a multi-product firm, an across-the-board limit price could easily create unnecessary losses in producer surplus. Moreover, liner carriers may run fleets composed of ships with heterogeneous cost functions, which could be a major source of inefficiency if a uniform price is agreed to. Additional constraints arise because carriers may impose surcharges on particular trade routes at irregular intervals to cover the costs of repositioning equipment during periods of steep trade imbalances, or for unanticipated spikes in the costs of fuel or fees paid to ports and stevedores. Cost functions may also differ significantly across incumbent firms. Getting liner conference members to agree on a limit price under these conditions would require in-depth knowledge of member costs at the plant (ship) level. An agreement on a limit price would also imply equal profit discounting among conference members. Differences in costs and discounting would create additional hurdles in getting conference members to agree on a limit price strategy. There may also be differences in perception among conference members regarding the threat of entry. On a more practical level, freight rates are difficult to obtain except in an aggregate form in limited markets.

A means of circumventing the problem of modeling conference freight rates is to understand that a limit price strategy is the reduced form of an excess capacity strategy, and that the latter may in fact be preferred because of its ease of implementation. There is a negative relationship between average freight rates and excess capacity.
 Therefore, it is reasonable to state that excess capacity among conference or alliance members may in fact be a limit price strategy in disguise. Certainly, choosing a single capacity level that would deter entry is easier than choosing a limit price strategy by commodity-route pair. Capacity is also easier to monitor both among conference members and among potential entrants. In addition, a strategy of reserve capacity would be less likely to receive the scrutiny of regulatory authorities, since these regimes are charged mainly with scrutinizing liner pricing and not the investment decisions of conference members.

Assuming that excess capacity is a valid strategy, a model of the choice of capacity under conditions of hit and run entry is outlined below. The model assumes, as in Gaskins, that liner shipping is an oligopolistic industry with a fringe of well-behaved
 potential entrants. The model is necessarily dynamic since to be effective, the holding of reserve, entry-deterring capacity must be repeated an infinite number of times. Of primary importance is the distinction between productive capacity and reserve capacity. Depending upon the state of demand, productive capacity and reserve capacity are fungible or perfect substitutes.

The Model

There are two players in the market, incumbents and fringe. They compete in a Bertrand-like fashion such that each player believes that his actions can affect the behavior of his rival. It is assumed that incumbent firms maximize long-term profits, which requires them to maximize capacity utilization on every voyage. Excess capacity is the only means by which an incumbent can forestall entry/expansion in the competitive fringe. This excludes the influence of product differentiation. An example will serve to illustrate. Suppose there is a fixed level of demand, F. And suppose for a given speed and size of the incumbent’s ship, the incumbent can only satisfy F/2 of this demand on one voyage.  In this case, the incumbent must make two voyages. Under these circumstances, the incumbent is vulnerable to “hit and run” entry during the first voyage. To defend against this, the incumbent is required to deploy an additional vessel in the service, increase the speed of the existing service, or replace the vessel with one that can accommodate all of the cargo on one voyage. In each case, the frequency of service rises because more cargo can be transported in less time. 

The above implicitly defines output as service frequency. In particular, service frequency is defined as the total number of container “slots” transported per unit of time, a function of the size and speed of the vessel. Whether those slots are filled with containers is irrelevant. If the ship makes a voyage it has “produced” output in the form of the total number of slots it has made available to shippers. The slots that are not purchased are excess capacity.

Service frequency per unit time is assumed to be a function of aggregate capacity employing a Cobb-Douglas technology.  
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Where Fs(t) is the output (service frequency per unit time) of incumbents at time (t), K(t) is aggregate capacity and ( is the returns to scale parameter. Aggregate capacity is a combination of the size of the ship and its speed. Incumbent aggregate capacity is made up of productive capacity Kp(t) plus excess reserve capacity, Kr(t) that is employed when entry is threatened. Reserve capacity becomes a key element of aggregate capacity because were it not for the entry deterrence effects of reserve capacity, incumbent output would be reduced by entry. Hence aggregate capacity is

K(t) = Kp (t) + Kr (t) and the production function is thus, 
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The change in incumbent service frequency over time is given by, 
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where Fd(t) is market demand (measured in terms of frequency of service) in period (t) at time, K(t) is incumbent capacity in period (t), and 
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 < 0, incumbents reduce their frequency of service, which could imply sailing their vessels at slower speeds. In equilibrium frequency of service supply=frequency of service demand.  Hence, we can substitute for Fd(t) in equation (3):
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The change in entrant capacity in the incumbent’s market at time t is given by: 
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Fd(t) is market demand so Fd(t) - K(t) is excess demand. When Fd(t) > K(t) + X(t), excess demand is positive and 
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Since K(t) is aggregate capacity, we can substitute Kp(t) + Kr(t) = K(t)

6) 
[image: image11.wmf])]

(

)

(

)

(

)

(

[

)

(

t

X

t

K

t

K

t

F

k

dt

t

dX

r

p

d

-

-

-

=


Substitute 
[image: image12.wmf]dt

t

dX

)

(

 in equation (6) to equation (4). 

7) 
[image: image13.wmf])]

(

)

(

)

(

)

(

[

)

(

)]

(

)

(

[

)

(

t

X

t

K

t

K

t

F

k

t

sK

t

K

t

K

dt

t

dF

r

p

d

r

p

s

-

-

-

+

-

+

=

a


To maintain a constant level of service frequency over time, incumbents set
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To solve for Kr(t), it is easiest to assume constant returns to scale such that (=1. Note that the model has also assumed linear demand growth. The solution is further simplified by assuming that scrapping is zero. Containerships are long-lived assets and are scrapped only reluctantly by their owners. Instead, older vessels are more likely to end up either on the charter market or redeployed to some other less profitable trade lane. 

9) 0 = Kp (t) + Kr(t) + kFd(t) - kKp (t) - kKr(t) – X(t)

Solving for Kr(t):
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Dividing both sides by Kp(t) normalizes the results.
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Kr(t) is reserve or excess capacity evaluated at a constant level of service frequency given potential entry. Taking the derivative of Kr(t) with respect to X(t) yields the key analytical result. 
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The higher is k, i.e., the higher the propensity of the fringe to enter or expand, the higher is the tendency of incumbents to add excess capacity. The derivative implies that incumbents observe fringe firm behavior in period (t) and decide how much reserve capacity to add in period (t) based on k. When fringe firms add capacity in period (t), incumbents counter at the rate of
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, incumbents would have to add an infinite amount of capacity to forestall entry. 

Data

The model is designed to isolate strategic excess capacity from structural sources. Data will be pooled across trade lane and direction or trade. There are two players in the market, dominant firms and a competitive fringe. In liner shipping it seems obvious that the dominant firms should be those engaged in conference agreements or discussion agreements. However, aside from the extreme practical difficulties of determining this structure over time, the work of Fox makes clear that conferences compete with each other as well as with the competitive fringe. For this reason, the dominant firms are defined as the leading two, three, four and eight firms in each market based on the share of container traffic carried in TEUs. Trade lanes are broken out by direction of trade.  There are 20 panels in the data set.  These include 10 trade lanes broken out by import and export legs.   

1)  Trans-Pacific (Imports/Exports)

2)  Trans-Atlantic (Imports/Exports)

3)  East Coast of South America (Imports/Exports)

4)  West Coast of South America (Imports/Exports)

5)  Central America (Imports/Exports)

6)  Caribbean (Imports/Exports)

7)  Oceania (Imports/Exports)

8)  Middle East/India and Other Asia (Imports/Exports)

9)  Africa (Imports/Exports)

10)  Other (Imports/Exports)

The Trans-Pacific combines Northeast and Southeast Asia and the Trans-Atlantic combines the North Atlantic and Mediterranean trades. The Middle East/India and Other Asia trade combines India and the subcontinent, the Persian Gulf and the rest of the Middle East except North Africa. The Trans-Pacific consists of China, Taiwan, Japan, Korea, Hong Kong, Thailand, Malaysia, Indonesia, Singapore and The Philippines. The Trans-Atlantic trades include all of Europe plus Turkey, Gibraltar, Cyprus and Malta. The West Coast of South America is Chile, Peru, Ecuador and Colombia, the East Coast of South America, is Brazil, Argentina, Venezuela, Uruguay, Paraguay, Suriname and Guiana. Central America includes Mexico south to Panama and the Caribbean is all islands not under United States governance. Africa includes the entire continent of Africa and Oceania is Australia, New Zealand and all South Pacific Islands not associated with United States governance. “Other” includes Canada, Greenland and various other territories in the Atlantic not associated with United States governance. 

Data is pooled across trade region and direction of trade. There are 20 panels with quarterly observations from the fourth quarter of 1991 through the fourth quarter of 2001 which yield a total of 740 observations. Endogeniety of fringe capacity is likely to pose an estimation issue. While excess capacity of dominant carriers is hypothesized to be a function of fringe firm entry and expansion, it is also the premise of this model that that fringe firm expansion is a function of dominant excess capacity.

Evidence of endogenous variables can be revealed with the Durbin-Wu-Hausman (DWH) test.
 If the test reveals evidence of endogenous variables, ordinary least squares (OLS) is not consistent. Instead, the model requires a two-stage estimation procedure. Either fringe firm capacity or incumbent concentration is first estimated as a function of all the exogenous variables in the model, and then the predicted values from those estimations are used to estimate the conference excess capacity equation.  

The estimation approach will make use of random and fixed effects models with instrumental variables.  Instrumental variables (IV) use the exogenous variables in the model to predict the values of the endogenous variable, or that variable thought to be closely related to the error term. All data is sourced from the PIERS database.

The equation to be estimated is the following:

1)  PKEit = α1 + α2*PKFit + α3*Kit + α4*DDit + α5*IMBit + α6*OSRA + α7*DVAR1QTRit + α8*AVG_Kit + α9* TIME, 

PKEit is dominant carrier excess capacity
 as a percent of the sum of dominant firms’ excess capacity,

PKFit is fringe firm capacity measured as a percent of the sum of TEUs carried by dominant firms, 

Kit is the sum of capacity held by dominant firms,

DDit is total demand or TEUs shipped in market i at time t,
IMBit is the absolute value of the imbalance between imports and exports.  The higher the trade imbalance, the higher will be the likelihood of excess capacity,

OSRA is a dummy variable for the Ocean Shipping Reform Act.  It takes on a value of 1 after implementation in the second quarter of 1999 and 0 before, 

DVAR1QTRit is the quarter-to-quarter percentage change in demand and is meant to capture the effect on excess capacity of the volatility of demand,

AVG_Kit is the average capacity of containerships serving lane i at time t. This is a common measure of “minimum efficient scale” (MES) by which industrial economists rate the possibility of entry. The greater is MES, the lower the probability of entry since higher MES implies higher fixed (and perhaps sunk) entry costs. It is a function of technological change and as such may be closely correlated with the variable TIME.

TIME is just a simple time trend to capture such variables as technical change, increased carrier cooperation through vessel sharing and other variables not directly in the model.

Since capacity of the fringe is likely to be endogenous, it will require a second equation composed of all the exogenous variables in the first equation plus an instrument(s) for the endogenous variable. The predicted values from this regression are substituted for the actual values in equation (1). The search for an appropriate instrument is a key element of simultaneous equations estimation. If the chosen instrument does not display a statistically significant relationship with the endogenous variable, the problem of weak instruments can produce biased results.
 In the case that fringe firm capacity is endogenous we have equation (2).  

2)  PFKit = α1 + α2*Kit + α3*DDit + α4*IMBit + α5*OSRA + α6*DVAR1QTRit + α7*AVG_Kit + α8* TIME + α 9*VOYit+ α 10*POSENTRYit, 

In equation (2) there are two instruments: the dominant group’s voyage count, (VOYit) calculated as the aggregate sum of the number of steamship lines and regions represented by a single vessel voyage in the dominant firm grouping; and net fringe entry (POSENTRYit) defined as the net addition of a carrier in the market. It is likely that as the dominant group raises its number of voyages, either on its own or though use of partner vessels, the capacity of the fringe should decline. In contrast, POSENTRYit is likely to be positively related to fringe firm capacity unless new entrants operate with less capacity than those that are exiting. 

In the random effects model, there is a single constant term that carries a distribution across panels. In the fixed effects model, differences across panels can be viewed as shifts in the constant term. The general form of a pooled time series model is Yit = a + Xb + vi + eit. The errors have two components, v and e. The v component is the error associated with the ith panel and the e is associated with both the panel and the time element. A random effects model assumes that the expected value of the v component is zero but the variance of v<>0. Otherwise, v would be a constant. The random effects model thus conserves degrees of freedom and as such is more desirable. To make the case for a random effects model, the Hausman test is available.  The Hausman test provides a means of testing whether the coefficients obtained through the fixed and random effects models differ systematically. If they do not, then the random effects model, which conserves degrees of freedom, is appropriate. The test was run on each of the four groups of firms and did not reveal statistically significant differences in the coefficients at the 5% level. Hence, the random effects model will be suitable. 

The results are reported below. They suggest that the top two, three and four dominant incumbent firms react to entry and expansion of the competitive fringe, however, only in the case of the top four firms is the reaction statistically significant. 

Table I. Model Results 

Model/Variable
Top 2
Top 3
Top 4
Top 8

Constant
-0.006
0.019
0.035
0.451***

PKFit
0.103
0.173
0.242**
-0.147

IMBit
1.55e-07**
2.07e-07**
1.87e-07**
7.83e-08*

OSRA
0.020
-.003
0.002
-0.004

DVAR1QTRit
0.060
0.125
0.010
-0.053

TIME
-0.004*
-0.004*
-0.004**
0.0002

DDit
-1.13e-06**
-1.23e-06**
-1.19e-06**
-3.32e-07

Kit
3.2e-06**
2.38e-06**
1.99e-06**
2.88e-07

AVG_Kit
0.00004
.00004
0.00004*
2.52e-06

Wald-Statistic
65.26***
41.33***
35.54***
87.78***

Judging from the results in Table I, there is positive and statistically significant reaction by incumbents to fringe firm capacity expansion in the top four firm grouping. While in the top two and top three groups, the coefficient was of the expected sign, but it was not statistically significant. The top eight firm grouping was neither statistically significant nor of the correct sign to indicate entry deterrence. The trade imbalance parameter was positive and statistically significant at least at the 10% level in each of the four groupings. The time parameter was negative in the first three groupings, suggesting that industry consolidation over the past 10 years has served to diminish the need for excess capacity as an entry deterrent. Moreover, TIME is likely picking up effects of increased use of vessel sharing arrangements that raise efficieny by rationalizing space. The coefficient on demand was negative as expected since higher levels of demand naturally reduce excess capacity, particularly if it is unanticipated, which is indeed what the specification indicates. It was also expected that the absolute level of capacity in each group would raise excess capacity since in liner shipping capacity is lumpy. This parameter was positive and statistically significant in each of the first three groups, however, it fails to explain much of excess capacity in the top eight grouping. Nevertheless, the results for absolute levels of capacity support the empty core approach since it suggests that capital lumpiness underpins a large proportion of the variance in incumbent excess capacity.  Simply put, when incumbents deploy additional capacity, excess capacity necessarily rises since there is no way to precisely gauge the level of demand growth in a fixed schedule service. In this case, excess capacity created by the nature of liner shipping capital and its operations may deter entry incidentally, not necessarily as a deliberate strategy on the part of dominant incumbents.

The sign on the OSRA dummy was not different from zero suggesting that this legislation has as yet had no effect on capacity choice among dominant firms. The sign on AVG_K was positive in the four-firm grouping and significant at the 90% level.  Like Kit, this variable is picking up the effect on excess capacity of capital lumpiness and as such is further evidence of core emptiness. In sum, there is moderately strong evidence of preemption by means of excess capacity in the random effects model. Were preemption not an influence, the models would have produced negative or statistically insignificant result. 

It is left to confirm the appropriateness of the instruments chosen to estimate the concentration and fringe firm equations. Table II reports the OLS results for the instruments in the first stage of the random effects model. Both instruments have the correct signs; however, the results indicate that only the voyage count is a strong instrument for fringe firm capacity and in the four-firm grouping only.

Table II.

Instrument
PFK2
PFK3
PFK4
PFK8

POSENTRYit
0.020
0.012
1.679
1.51

VOYit 
-0.001
-0.0005
-0.001**
0.00007

CONCLUSION

Excess capacity is blamed in large part for the poor financial performance and economic inefficiency over the long-term history of the liner shipping industry. An attempt was made in this paper to differentiate and quantify excess capacity that may be the result of strategic behavior among incumbent firms, and that which may emerge from the peculiarities of the industry. The latter include the industry’s tendency towards natural monopoly and the lack of a competitive core. 

Following the previous theoretical works of Spence, Gaskins, Wenders and others, a model of excess capacity as a strategic entry deterrent was constructed and then estimated using random and fixed effects with instrumental variables. The results suggest that strategic entry-deterring behavior is an element of excess capacity in ocean liner shipping markets at the four-firm level. That is, the model presents evidence that the top four carriers in each market studied do add excess capacity when a threat of entry or expansion in the competitive fringe is revealed. Incremental capacity reactions of four-firm incumbents to increased demand are disproportionate because increased demand also attracts entry and expansion in the competitive fringe. The excess capacity of incumbents is meant to forestall fringe firm encroachment by saturating the market and reducing fringe firm profit opportunities. 

But entry deterrence is of secondary importance to the theory of the core in explaining excess capacity in liner shipping. The primary determinant of excess capacity in liner shipping is the lumpiness of liner shipping capital. Additions to productive capacity in this industry are large relative to demand and must be made in discreet units. Simply put, when incumbents add capacity to their markets, excess capacity necessarily rises. This condition may be tolerated by incumbent operators because larger vessels capture economies of scale and thus provide lower units costs. This supports Telser’s empty core approach in describing imperfectly competitive markets, and also lends credence to Sharkey’s dynamic capacity expansion problem that characterizes natural monopoly markets. Other indicators of natural monopoly, however, such as the trade imbalance between imports and exports, technical change and demand volatility fail to provide more universal support in the application of the theory of natural monopoly to liner shipping markets. In fact, there was no convincing evidence in this model that excess capacity is a result of natural monopoly at all, unless one believes that an industry with an empty core is a salient characteristic of natural monopoly.

The implications of these results for maritime policy are predicated on the notion that excess capacity is necessarily inefficient, and that improving the flow of international liner trade requires that it be minimized. Any policy would necessarily be required to balance the interests of shippers and carriers. Shippers prefer excess capacity because it increases their choices and lowers their prices. The effect of excess capacity on carriers, however, is likely to raise its fixed costs and reduce its profits. Absent inefficient subsidies, this could eventually present a long-term threat to the viability of the industry in its current form. Instead, there is apt to be increased consolidation among incumbent carriers seeking rationalization of their capacity and subsequently an increased risk of anti-competitive behavior that is detrimental to shippers. 

First, it is clear that there is a certain amount of excess capacity in liner shipping that will have to be tolerated, since it arises from the specific characteristics of the industry and the capital it employs. Container vessels are lumpy pieces of equipment that when deployed in a fixed and committed schedule, are unlikely to always operate at maximum load factors. That being said, the one real variable that policy can affect is entry. Inefficient entry, i.e. entry that poses a competitive threat to incumbents without providing compensating benefits to shippers should be minimized. Efficient entry, on the other hand, should be encouraged. On the surface, this conclusion seems to be stating the obvious. Entry restrictions such as licensing fees can in theory provide an adequate response to inefficient entry. Maritime transport, however, confers positive externalities upon countries that operate liner services. Hence, enforcing such restrictions would require a consensus among international players with possibly disparate interests. The question then becomes, should an active policy on competitive entry be eliminated entirely? In other words, can the market itself be an adequate regulator of competition in liner shipping? Again, this would require that all countries form a consensus to adopt a policy of deregulation, including the elimination of any and all operating subsidies, national ownership of carriers, and the Liner Code of Conduct. In this case, the objective would be to force trade in maritime transport services to follow the ageless comparative advantage model of David Ricardo. A policy of this nature would also have to impose and strictly enforce antitrust rules in case deregulation causes a significant increase in market power of the suppliers.
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� In Bertrand competition with perfect substitutes, the equilibrium price is the competitive price, since there is no Cournot-Nash equilibrium between the monopoly price and the competitive price.  A price one epsilon below the rival’s price gains all of the market.


� Schumpeter’s theory of creative destruction is an apt description of the dramatic changes undergone by the liner industry after the advent of containerization in the late 1950s. Containerization so lowered the fixed costs of liner operations that it induced entry on a large scale and forced incumbents to adopt the new technology almost immediately. 


� In “Capitalism, Socialism and Democracy,” Chapter VIII, page 87.


� This observation is based on a recent analysis by PIERS/Journal of Commerce. In general, freight rates follow excess capacity with a 2-4 quarter lag on the major U.S. east-west trade routes. The lag is an artifact of contracting in advance to determine freight rates.


� “Well-behaved” implies that incumbents can predict fringe behaviour based upon a known set of parameters.


� “Laying up” is the storage of underused vessels in various facilities around the world. 


� The Durbin-Wu-Hausman test is an augmented regression test. In it, the suspected endogenous variables are regressed on all the exogenous variables in the model. The residuals are saved and used in a regression of the original model. If the errors are correlated, the t-statistics on the coefficient of the saved residuals of the suspected endogenous variable will be statistically different from zero.


� “Dominant carriers” are considered to be the top n carriers in each market based on TEUs carried. The model will be estimated for n=2, n=3, n=4 and n=8.


� See Bound, Baker and Jaeger (1995).
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