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Abstract

The Covid-19 pandemic has severely impacted the world economy, generating an
unprecedented shock that pushed carriers to adapt to the collapse of demand. Most
of the related adaptation actions (e.g., blank sailings) appear as temporary initiatives
being insufficient to reach a long run equilibrium. Moreover, while carriers man-
aged to adjust their own supplied capacity to the ongoing crisis, the port sector has
been greatly impacted by the fall in transport demand, not being able to counteract
the demand shortages as effectively as the carriers. Against this backdrop, the paper
introduces a model for assessing the effects of demand shocks (e.g., due to the pan-
demic) on the integration strategies of carriers. We focus on the possible initiatives
that demand shocks may trigger on the horizontal and vertical integration among
the actors of the shipping industry. In doing so, the present study provides useful
insights for better understanding potential future market modifications and their
impact on social welfare. Using non-cooperative games, profit-maximising strate-
gies, in case of such integrations, are compared in order to study how carriers and
terminal operators might react to demand shocks in the medium and long run.

Keywords Liner shipping - Competition assessment - Integration - Non-cooperative
games

1 Introduction

The spread of the Covid-19 virus has deeply impacted several industries and econ-

omies, causing modifications in global value chains and in several trade-related
sectors.
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The effect of lockdowns on regional economies was also amplified by the differ-
ent starting and ending dates of local restrictions: several Asian countries entered in
first partial lockdowns in February 2020, most European countries imposed lock-
downs starting in mid-March of the same year, while the American countries imple-
mented first restrictions about 2 weeks later.

This sudden change of production and distribution patterns impacted the econ-
omy severely. IMF (2021) estimated the global economy to shrink by 3.3% in 2020,
with a rebound in 2021 to be evidenced by the re-opening of most activities. Simi-
larly, UNCTAD (2020) estimated declines in the maritime industry of about 4.1% in
2020.

The effect of shutting down production and shops of non-essential goods had an
important impact on transport and logistics systems. In our view, the impact of the
pandemic on trade and maritime business has demonstrated once more how a better
understanding of the effect of external shocks on the shipping market could improve
the responses of different market players. As such, the Covid-19-related economic
lockdowns presented us with a demand shock that we will use here to improve our
understanding of strategic behaviour of carriers.

Shipping companies continued to operate even during the most severe phases of
national lockdowns, but inevitably the industry was affected by the contraction in
production and reduced demand for raw materials and finished goods. Existing lit-
erature highlights the difficulties of carriers to adapt to network disruptions and mar-
ket shocks (e.g., Chen et al. 2016; Achurra-Gonzalez et al. 2019). This implies that
demand shocks, such as pandemics have potential long-term consequences. Such
conclusions are highlighted by most of the preliminary studies, published in late
2020 on the impact of Covid-19, on either the general shipping business (e.g., Notte-
boom et al. 2020) or on specific market segments (e.g., Rahman et al. 2020), which
hint at these potential long-term impacts. Notteboom and Haralambides (2020) point
out that the pandemic substantially changed the competitive playing field for the port
sector, and increased uncertainty for ports with regard to planning and investments.
Ferrari and Tei (2020) argued that the shipping lines were capable of adapting to the
Covid-19 pandemic better than in other demand-related crises (e.g., 2009 financial
crisis), using a series of novel and partially collaborative approaches (e.g., massive
use of the so-called blank sailings, i.e., the possibility to cancel a port call or even a
service, as a solution for adapting to demand fluctuations).

As stated by Wilmsmeier and Sanchez (2015), economic downturns strongly
affect the shipping lines’ strategies, especially in terms of network hierarchization.
In the aftermath of economic and financial crises, the shipping and port industries
have often reacted through a series of market adaptation strategies. Related to this,
several studies (e.g., Midoro and Pitto 2000) for shipping and Slack and Fremont
(2005) for ports) define horizontal and vertical integration as a key corporate strat-
egy to rationalise costs and expand the companies’ market share. Alexandrou et al.
(2014) reviewed a series of mergers & acquisitions (M&As) in the shipping indus-
try, to determine their effects on company performance, depending on local regula-
tion and conditions. As such, integration plays a key role in the value generation of
most shipping companies and in the possibility for them to compete in the market.
This has been highlighted by relevant regulatory bodies, as in the case of strategic
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partnerships (e.g., alliances). For instance, the European Commission granted the
shipping sector exemptions from “normal” competition regulation, often justified on
the basis of the cost structure peculiarities (OECD 2015). Within this framework,
the reaction of most carriers to the Covid-19 pandemic has been developed through
alliance-related strategies (e.g., blank sailings and re-routings), underlining in this
way how integration is not only a potential solution in business-as-usual situations
but it can also play a crucial role in mitigating demand shocks as well (e.g., Ferrari
and Tei 2020). These elements urge scholars to understand better the impact of such
strategic moves on the economic welfare of the port regions.

Furthermore, on the one hand the role of the integration approaches as a potential
way for adapting and recovering from external shocks is relatively understudied; on
the other hand, the market impact of such strategic moves, in terms of (port) eco-
nomic welfare and not just companies’ revenues, is missing. As such, the current
paper tries to fill this gap, applying a non-cooperative game to a market-related case
study. Thus, the outcome of the proposed analysis will shed lights on the impact on
economic surplus of different strategic moves, usually introduced by major market
players within the port and shipping competitive environment, to mitigate demand
shock effects.

The reminder of paper is as follows. After this brief introduction, Sect. 2 intro-
duces the theoretical background, discussing both general competition theory and
applications to the maritime sector. Section 3 is focused on the model development
and analysis and the paper concludes with a final section summing up findings and
critical discussing the main research outcomes.

2 Theoretical background
2.1 Integration and market concentration

Looking at vertical integration strategies, the economic literature often highlights
that, when upstream and downstream companies are integrated through governance
and/or ownership links, mark-ups or double marginalisation (i.e., the needed profit
margin applied by the various companies involved within a specific supply chain)
are removed, thus increasing total profits and consumer welfare (Hamilton and
Mgasqas 1996; Spengler 1950). On the one hand, vertical integration can help inte-
grated firms to gain larger profits but also to exert more bargaining power (Riordan
2008; Rey and Tirole 2007). On the other hand, this result might not hold when the
downstream competition is fierce (Mathewson and Winter 1984) or if vertical inte-
gration enhances efficiencies along the market chain, whereas downstream strategies
induce lower prices (Chen 2001). Recently, Slade and Kwoka Jr (2020) argued that
vertical integration is not always necessary to achieve the benefits of the elimination
of the double marginalization problem, unless vertical mergers induce merger-spe-
cific cost savings. Within the shipping sector, multiple reports (e.g., van de Voorde
and Vanelslander 2009; ITF 2018; Hoffmann and Hoffmann 2021) have discussed
the impact of both horizontal and vertical integration in terms of changing market
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power as well as the impact in terms of service quality, deployed capacity, and over-
all trade costs.

Contrasting results about vertical relationships also emerged when considering
the competitive effect of partial ownerships, that is, in case of upstream (down-
stream) companies which own and control (or partially own and control) shares of
downstream (upstream) firms, conducing to forward (backward) vertical ownership
(Brito et al. 2016). Furthermore, more refined analyses distinguish between active
(or control) and passive (or silent) ownerships, where the main difference is that, in
case of active shares, the partially acquired companies might look after the interests
of the acquiring ones by internalizing their own gross profits (including vertical-
related revenues) in proportion to the detained shareholdings (O’Brien and Salop
2000). Focusing on passive and backward ownership only, Greenlee and Raskovich
(2006) confirmed previous research (e.g., Fronmueller and Reed 1996) arguing that
silent interests held by a downstream firm yield a partial rebate of the upstream mar-
gin, so that input demand increases with backward ownership, and the upstream firm
optimally responds by raising prices.

Moving to forward vertical links where companies exert forms of control over
partially integrated firms, Baumol and Ordover (1994) showed that when an
upstream firm does control, but only partially owns, a downstream firm, then final
prices may rise. Essentially, a large part of the literature converges to the conclusion
that passive ownerships (where integrated companies are only interested in addi-
tional revenues coming from shareholdings) might exacerbate market power issues
and do not affect positively consumer welfare. With respect to backward and control-
ling vertical integration—that is, the primary literature our analysis contributes— the
results obtained in the literature display opposite directions, depending on the type
of competition. Riordan (1998) showed that, in Bertrand markets, backward vertical
integration by a dominant firm raises the competitive fringe’s cost and always harms
consumers through higher prices However, extending Riordan’s analysis to Cournot
competition, Loertscher and Reisinger (2014) found that vertical integration is more
likely to benefit consumers, i.e., by enlarging the supplied output, when the industry
is more concentrated. Similar results were recently derived by Brito et al. (2016),
who studied an industry where downstream firms partially own a supplier. Focusing
on consumer surplus under passive ownership, the final consumer’s welfare is invar-
iant with respect to ownership shares. By contrast, if ownership comes with partial
and active control (as defined in O’Brien and Salop 2000), then consumer surplus
is higher and increasing function of the shares. Interestingly, those results are based
on two effects of backward partial ownerships that are going to be referred to in our
analysis. On the one hand, this entails a vertical-control effect, which reduces the
extent of double marginalization, and can enhance both the total output and the con-
sumer welfare. On the other hand, a tunnelling effect is also at play, whereby down-
stream firms use wholesale prices to transfer value from independent and passive
upstream shareholders. In other words, the conclusive impact of the partial acqui-
sition of shares happens to be closely related to the qualification of shareholders,
where downstream operators controlling upstream firms may erode surplus from the
non-controlling ones. Actually, those two contrasting effects are key ingredients of
our analysis, where: (i) upstream firms’ shares owned by downstream operators are
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given, and (ii) the strategic linkage between integrated companies is proportional
to shareholdings. Yet, since we are interested in looking at the impact of control-
ling shares on total throughput and on incentives for horizontal mergers in the liner
shipping industry, the second contribution of this paper is devoted to the vertical
and horizontal integrations in the maritime sector, as a persistent process which has
taken place in the last years (e.g., Crotti et al. 2020; Zheng and Luo 2021).

2.2 An application to shipping

Strategic alliances—and related integration strategies—have achieved unprece-
dented importance, with nearly 80% of the global container capacity offered by the
three main alliances (ITF 2018), up from the roughly 40% in the early ‘00 s. Moreo-
ver, only few major maritime routes still see independent carriers offering more than
5% of the deployed capacity (ITF 2019) with some regional markets (e.g., Europe)
that are dominated by global players as well. Strategic alliances often impact also the
operability of main terminals, with main carriers (e.g., Maersk Line, MSC, CMA-
CGM, Cosco) directly or indirectly owning shares of major container terminals.

Regarding to the emergence of vertical cooperation along the maritime supply
chain, various scholars have discussed the different levels of integration of carri-
ers with key ports and local/global terminal operators to achieve different types of
efficiency at container terminals. Similar to shipping lines, terminal operators and
port authorities are also trying to integrate with different industry partners (Rodri-
gue and Notteboom 2009; Notteboom 2002). As for the ability of removing double
marginalization effects through backward integration, Midoro et al. (2005) argued
that investing in ports can help liner companies to meet shippers’ needs for effi-
ciency, together with higher reliability, freight control, and even risks (Notteboom
and Rodrigue 2012). Among others, Ferrari et al. (2008) showed that servicing
home markets affects vessel deployment over trade lanes, enhancing vertical links
between terminal operators in Europe and Asia. In the last years, a key decision of
liner companies has been whether to manage dedicated terminals and keep them
exclusive, or to have a dedicated terminal accessible to all the carriers. Haralam-
bides et al. (2002) found that carriers with dedicated terminals would benefit from
such arrangements, as they could enjoy greater flexibility, reliability, short turna-
round times, and enhanced efficiency in the management of global supply chains.
More recently, Kaselimi et al. (2011) discussed the influences of dedicated terminals
on the efficiency of port operations from the perspective of terminal operators and
port authorities, using spatial competition models.

Terminal operators can increase their revenues and capacities by offering dedi-
cated terminals, while shipping lines that do not have their own dedicated terminals,
generally pay higher fees in non-dedicated terminals. Complementing that analysis,
Alvarez—Sanjaime et al. (2013) studied the motives of vertically integrated carriers
to extend terminal services to rival shipping lines, and categorized different ways of
using carriers’ own terminals. They found that carriers should operate their own ter-
minals in a non-exclusive way, to pursue higher profits. Actually, carriers not own-
ing terminals may also be better off with non-exclusive terminals, resulting in higher
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port fees, social welfare and industry profits. From a port governance perspective,
Yip et al. (2014) developed a game model to study the effects of competition for
seaport terminal awards, concluding that terminal operators would prefer to control
more terminals in a certain region, and expand their operations to every port. Also,
when a port authority has significant market power, the authors argued, it tends to
introduce inter- and intra-port competition. Recently, Zhu et al. (2019) emphasized
the important role of vertical integration between carriers and terminals to achieve
larger synergies in the maritime industry. They developed an analytical model to
study the effects of vertical integration, with a focus on shipping lines’ investments
in port capacity. They concluded that vertical integration between terminal opera-
tors and shipping lines leads to higher port capacity, market output and consumer
surplus.

Although the above literature has often found that backward integration between
carriers and terminal operators could improve the overall port sector, increasing
profits and social welfare, research has not been devoted to evaluating existing incen-
tives for mergers between liner shipping companies in the presence of vertical inte-
gration, although the topic has been debated in the modern maritime industry (e.g.,
Meersman et al. 2015). In a relatively early work, Alix et al. (1999) argue that merg-
ers are effective and relatively immediate strategies to reacting to demand shocks.
Similarly, Das (2011) found that, with respect to strategic alliances, mostly during
market recessions, carriers are more likely to opt for mergers. Aiming at exerting
insights about the impact of merger waves on the stability of alliances, Crotti et al.
(2020) found that, for increasing vertical integration between carriers and terminal
operators, horizontal integrations among carriers might strengthen the stability of
strategic alliances for many levels of market demand, resulting in welfare-enhancing
outcomes in the industry. Thus, assessing whether gains from horizontal integration
could be affected by demand conditions (or shocks) is of utmost importance among
port players in the light of the effects of the Covid-19 pandemic.

3 Model and results

By leaving aside the occurrence of strategic alliances and focusing on the effects
of both demand conditions and vertical ownerships (in this case, backward) on the
incentives to merge, we focus on two port-related scenarios, one in which there is
only one terminal owned by a shipping company,' and the other in which there are
two competing terminals: a vertically integrated one and a pure stevedoring termi-
nal, and where competition is based on price.” In order to represent the impact of

! Multiple scenarios have been tested (e.g. multiple ownership status, presence of a third independent
terminal, mixed service strategies) but results were consistent with the one presented in this paper. For
computational simplicity and effectiveness in discussing the results, only the two scenarios above will be
discussed. Authors are available for sharing alternative model outcomes.

2 In this paper, we refer to integrated terminals as the ones that are leased out to a company in which at
least part of the shares is owned by a shipping company (i.e., a vertically integrated company). Moreover,
we use the term “Pure stevedore terminal operators” in the case terminals are either publicly or privately
managed by companies without directly or indirectly shareholding by shipping companies.
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Fig. 1 Liner shipping market
with an integrated terminal only ... Liner A Liner B

N2

Integrated terminal
T

Covid-19 on companies’ behaviour, our main hypothesis is that either demand vari-
ations (shocks) or modifications of the shares owned by the integrated companies
would impact on the incentive to merge of different carriers, depending on the port
configuration. The model outcomes will help in evaluating the impact of different
strategies on total port throughput and social welfare, depending on the expected
demand shocks. By following a game-theoretic framework, we model horizontal
mergers where the carriers, as oligopolistic players in a Cournot competition, might
gain efficiencies due to larger capacity (among others, see Perry and Porter 1985;
McAfee and Williams 1992; Motta and Vasconcelos 2005; Vasconcelos 2010) and
we assume that they (partially or totally) own shareholdings of a private terminal
company, in the style of Brito et al. (2016). By discussing the theoretical results of
this modelling approach to the best of our knowledge, we aim at providing the sec-
tor literature with the first attempt to understand which port setting (between the two
presented scenarios) would entail horizontal mergers conducive to higher total port
supply and industry surplus as a consequence of demand variations and different
shareholding schemes.

This paper investigates the incentives for carriers to merge in port configurations
characterized by backward vertical integration between (downstream) carriers and
(upstream) terminal operators. To this end, two contrasting scenarios are compared.
In the first one, the merging carriers would call at a seaport with one integrated ter-
minal. In the second scenario, there is an integrated and non-integrated terminal,
both supplying cargo handling services.

3.1 First scenario with only one vertically integrated terminal

In the benchmark market structure, consider two carriers, A and B, supplying homo-
geneous container shipping services. They are assumed to call at a landlord seaport
where a single terminal is operated by an integrated terminal operating company (T)
(Fig. 1).

From a shareholding perspective, operator T is assumed to be vertically (back-
ward) integrated with carrier A. In order to have a fairly general model, we assume
that A’s shares add up to s < 1, while the residual property rights, 1 — s, are owned
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by outsider shareholders,® not involved as carriers (e.g., non-integrated terminal
operators, investment funds, financial houses, etc.). Since A’s ownership of T has
a direct effect on its decisions about output setting (i.e., T is an input supplier for
A and B), the vertical relationship is assumed to imply an active control by liner A
over terminal operations. By contrast, in this model the outsider investors display a
passive (or silent) ownership, i.e., they only earn additional revenues from T’s busi-
ness. Clearly, if s=1, A has a total control over T, meaning that A’s overall interests
are completely internalized by T. If s=0, instead, all the investors belong to non-
shipping sectors. As a result, this approach implies that, when maximizing its objec-
tive function, T would consider active shareholders’ interests in proportion to their
financial stakes in upstream operations (O’Brien and Salop 2000).

Formally, the downstream carriers maximize their own gross profit: v, = 7, + sz
and vy = 7y, where 7, and 7 are net (shipping) profits; 7 are T’s profits in port.
In turn, as an upstream company, T maximizes the following: vy = sv, + (1 — )7y,
i.e., A’s gross profits, weighted for related shares, plus her own profits 7, multiplied
by the passive 1 — s shares owned by non-shipping firms (see Brito et al. 2016).

From the shipping market side, for our purposes we model the simplest inverse
demand function for shipping services in this scenario, that is: p = @ — Q, where
a > 0 represents the market size (i.e., demand for container business generated
by the specific port), p is the level of shipping rates, and Q = g, + g is the port
throughput, calculated as the sum of each carrier’s market output. The carriers com-
pete by setting shipping output (Containers) and bear costs at sea with decreasing
returns, ie., C(g;) = (qi)2/2kl-, for i = A, B. This quadratic formulation of total
costs is general enough to encompass the features of shipping costs (such as conges-
tion and delays due to large outputs; see Zhou et al. 2019) and the capacity endow-
ment k;, which may convey efficiencies through scale effects. Additionally, carriers
must pay terminal fees to T, whose marginal costs are set to zero.

3.1.1 Pre-merger game

Before any merger project is envisaged, we derive equilibrium carriers’ outputs and
gross profits. The timing of the game is the following. In the first stage, T sets ter-
minal fees (assumed identical for all carriers, regardless of their share in T), while
in the second stage, each carrier sets the output to maximize their gross profits. To
determine the subgame perfect Nash equilibrium (SPNE) of this two-stage game, we
proceed backward, starting from the second stage. For a given level of the terminal
fee f;, and assuming capacity k, = kp, normalized to 1, the carriers maximize the
following own gross profits:

3 In practice, most partial ownerships in terminals are joint ventures with other terminal operators, many
of which are integrated with shipping lines. Several scenarios have been tested and outcomes are consist-
ent with the ones presented in this paper. Other elaborations are available to readers upon request.
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From (1), carrier A can offset the input (landside) costs and to gain additional
revenues from terminal operations (i.e., by increasing s, A would reduce the term
—fq, and raise the term fgz). Maximizing the above value functions by A and B
yields individual and total second-stage equilibrium outputs:

qA(f)=%‘£<1_%)’ qB(f)=%‘£<1+%) )
O £ g () + g5 = %(a _f<l B %))

Clearly, higher terminal fees (as wholesale input prices) tend to reduce carri-
ers’ deployed capacity at port. Yet, whereas an increase in A’s shares in T reduces
B’s output, it enhances A’s supply, because of their downward indirect effect on the
integrated terminal fees. As a whole, the port throughput is negatively affected by
terminal fees, but a stronger integration with A (captured by shares s) expands the
total number of containers handled at the infrastructure.* Inserting (2) into (1) yields
first-stage gross profits, v, (f) and v(f). In order to get the stage equilibrium, T max-
imizes the value function v, with respect to the terminal fee, leading to the equilib-
rium fee:

f= 2a(16 — 225 + 175%)
"~ 64— 108s + 10052 — 1153

3

As specified in Appendix A.2, the integrated terminal fee is inherently affected
by market size. Modifications of the market size, as in the case of a decreasing a,
imply lower terminal fees f: as such, demand shocks impact the strategies of the
terminal T, independently from the ownership structure. Yet, the effect of A’s shares
on f is more subtle. In case of terminal fees in the form of linear wholesale prices
(i.e., ruling out two-part tariffs), a tunnelling effect arises (Brito et al. 2016; LaPorta
et al. 2000). This effect deals with the carriers’ ability to ‘tunnel’ value of termi-
nal operations from passive shareholders. Other things being equal, when vertically
integrated, T considers A’s objectives by reducing its terminal fee (that is, A’s input
costs). However, this implies a reduction in dividends for non-shipping shareholders
(i.e., those not gaining from lower fees). For s <'s, seeking for additional revenues
from liner B prevails over future savings on input costs (i.e., the tunnelling effect
is rather weak), and T would raise the terminal fee. Contrarily, for s > 5 = 0.46,
increasing A’s control over T contributes to lower terminal fees, thus enhancing the

4 See details in the Appendix A.1.
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Fig.2 Merger between A and B
with an integrated terminal only

(- Liner A Liner B

S o |

Integrated terminal
T

tunnelling effect (again, see details in Appendix A.2). By inserting (3) into (1)-(2),
we state the following:

Result 1 Increasing (decreasing) the share of a carrier in terminals implies: (i) a
larger (smaller) throughput and gross profits for integrated (non-integrated) compa-
nies, and (ii) a greater total throughput at port. Yet, equilibrium figures depend on
the market size, as adverse demand shocks reduce each outcome:

2a(2s — 55 — 4) a(7s® — 2257 +20s - 8) a(24s — 35% — 2257 - 16)
94T 119 21002 + 1085 — 64 787 1155 — 1002 + 1085 — 64~ 1157 — 10052 + 1085 — 64
4
8a2 (12 + 20s — 12157 +2625° — 2495* + 1325° — 1155) 3a2(7s53 — 225 + 205 - 8)°
e (11s% - 10052 + 1085 — 64)° " 2(11s3 — 10052 + 1085 — 64)°
®)

From Result 1, market size (measured by a) has a straightforward impact on equi-
librium outcomes, as either demand booms or slumps proportionally change quanti-
ties and gross profits. Instead, the intensity of the vertical integration between car-
riers and terminal operators (that is, A’s control over T in the model) has a twofold
impact on carriers’ containers transported and gross profits. Firstly, a direct effect
exists—due to the double marginalization in vertically related industries (in general,
see Motta 2004)—for which increasing vertical-control means getting closer to a
complete integration between carriers and terminal operators, inducing a more effi-
cient supply chain (see also Riordan 2008 and Chen 2001). Secondly, an indirect and
additional output-expanding effect occurs, due to the tunnelling effect, i.e., reduced
fees charged to integrated carriers). In fact, the interplay leads to more container
volumes supplied in the port, since the expansion of the integrated carriers’ out-
put counterweighs the declining supply of non-integrated ones. Overall, that result
extends to be in favour of the integrated carrier’s gross profits.’

5 See details in the Appendix A.3.
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3.1.2 Merger game

We now assume that carriers A and B merge into a new entity M. As a result, the
inverse market demand is p,, = a — Q);, where Oy, = q, ) + g, indicates total
containers supplied by the new entity (Fig. 2).% For the sake of simplicity, we rule
out bargaining steps between the two carriers, therefore the incentive to merge is
only related to larger prospective gross profits vis a vis the pre-merger status quo. We
also consider the same timing for the pre-merger game. By following standard litera-
ture on asset-based horizontal mergers (e.g., Motta and Vasconcelos 2005; Perry and
Porter 1985), we assume that carriers benefit from asset-specific efficiency gains,
i.e., based on the aggregation of capacity endowments (see also Crotti et al. 2020).
In particular, following McAfee and Williams (1992), each carrier enjoys a dou-
bling in capacity with respect to the pre-merger case, i.e., ky + kg = k), = 2. Thus,
the total individual costs would be equal to C(q;,,) = (q;5) /2ky. fori = A, B. As
in the pre-merger case, the two-stage market equilibrium is derived by backward
induction.

For a given terminal fee /™, in the second stage the merging carriers maximize
joint gross profits:

(da00)”
VM(QA,quB,M;fM) =7rf{1 + ﬂg/l + SﬂAT/I =PM(‘1A,M + qB,M) - A2M) 6)
2
4,
_ % — (1= )™(qap + qpu)

Since the market is served by a single company, now the impact of A’s shares
on T’s decisions is also internalized by B. By maximizing (6) with respect to post-
merger quantity, each liner sets post-merger (symmetrical) second-stage TEU is:

aan (M) = aga (M) & a (FY) = %(a -M1-y) )

where (as in the pre-merger scenario) increasing fees reduce supplied TEUs, while
higher s expand them.’

Inserting (7) into (6) and maximizing the terminal operator’s value function
yields first-stage terminal fees®:

M= ®)

6 In this modelling, we analyse merger incentives taking into account demand conditions, captured by
a. Instead of assuming stochastic changes in the market size, without loss of significance we consider
merger projects occurring for a given pre-merger equilibrium demand (see Qiu and Zhou, 2007). Lower
(higher) values of @ would imply a slump (boom) in the demand of TEUs to be shipped.

7 See Appendix A.4.

8 See details in the Appendix A.5.
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Merger incentives are
positive

g Total port
No merger throughput
7
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Merger incentives (@) and total port throughput (b) in case of integrated terminals only

Fig. 3 Merger incentives (a) and total port throughput (b) in case of integrated terminals only

If market conditions are worsening due, for instance, to a demand shock (« tends
to 0), T reduces the terminal fee to increase the number of containers. By contrast to
the pre-merger case, the integrated terminal fee is always increasing with the share
of A in T. The reason is that, since the merger implies a monopolistic case, T is not
committed to reduce A’s input costs for competition purposes anymore, and the tun-
nelling effect tends to disappear. This outcome could have exemptions in the case,
for instance, of subsidies, as discussed in Merck (2020).

Inserting (8) into (6)—(7), we state the followinggz

Result 2 A merger between a vertically integrated and a non-integrated carrier
would entail the following equilibrium outputs and gross profits:

A _— 20
92-5) M 90—

Oy = 2qy ©)

As in the pre-merger case, the stronger the integration (higher s), the larger the
total throughput and gross profits. Instead, demand shocks (lower a) reduce the
equilibrium throughput and profit.

Result 2 remains prospective, because it only occurs if A and B have the right
incentives to merge, which mostly depends on two questions: Would their joint gross
profits be larger with respect to the pre-merger scenario? How could demand shocks
affect the merger incentives?

In order to answer these questions, we consider three key elements related to the
integrated terminal scenario: (i) the difference between post- and pre-merger joint

° See details in the Appendix A.6.
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Fig. 4 Liner shipping market

with integrated and non-inte- Liner A Liner B
grated terminals :
~0 ~T
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al < |
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N Integrated terminal Pure Stevedore
T terminal operator O

gross profits, i.e., Av,, £ v, — (vA + VB), (ii) the difference between post- and pre-

merger total port throughput, i.e., AQ,, 2 Q,, — O, and (iii) the demand sensitivity
. . Avy . o qs . .

of merger incentives, —' = o, that is, an indicator capturing the impact of demand

variations on the carriers’ gross profits. After some algebra, as specified in the

Appendix A.7, we can summarize the results in the following:

Proposition 1 A merger between vertically integrated and non-integrated carriers
would only occur for relatively low (0 < s <s;) or high (sy < s < 1) shares of the
terminal, owned by the merging carriers. In the case of relatively low (high) shares:
(i) the merger induces a smaller (greater) port throughput than the pre-merger set-
ting; and (ii) for either very low or very high vertical integration, merger incentives
are larger but also more sensitive to demand shocks.

As depicted in Fig. 3, the results in Proposition 1 can be explained as follows. If
the carriers own a relatively small share in T (i.e., s <), they gain smaller gross
profits than in the pre-merger situation because the horizontal integration between
carriers has the standard effect of reducing the total quantity of containers trans-
ported to or from the port, i.e., AQ,, < O(Fig. 3.b). In that region of parameter, the
incentive to merge is positive but their sensitivity to demand conditions (captured
by 6) is increasing when s tends to zero, i.e., in case the integration between carri-
ers and integrated terminals is close to null (Fig. 3a). When holding relatively high
shares (i.e., s > 5y), the merger incentives are still positive and, in that case, are
sustained by the fact that a larger control over the integrated terminal exists and
increases the merging carriers’ supply (AQ,, > 0) as in Result 2. In Fig. 3a, shows
how the merger incentives are more sensitive to demand shocks when the industry
is rather fully integrated, that is, when s is close to 1. Essentially, this result states a
sort of duality as the impact from mergers might be more sensitive to variations in
market demand conditions for either weakly or strongly vertically integrated ship-
ping industries. Finally, whereas the post-merger terminal fees are always increas-
ing in s (see Appendix A.5), instead for intermediate shares (i.e., 5; < s < sy), the
pre-merger terminal fees are at their highest (see Appendix A.2), thus the gains from
merger turn out to be definitely negative, and a horizontal integration would never
occur.
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3.2 Scenario with one integrated terminal and one non-integrated terminal

In this alternative scenario, we consider the same baseline as in previous cases,
except for the fact that now A and B are assumed to call at two terminals: a terminal
T, integrated with container carrier A, and a non-integrated terminal O, completely
separated from the carriers. (Fig. 4). We are then facing a case of two upstream
operators, competing in setting terminal fees. As a result, the inverse demand func-
tion rewrites as follows: p = a — 0, where 0 £ Q7 + 0° = (3" + %) + (3¢ + 49)
is the total port throughput, including the A’s and B’s supply either at the integrated
and/or the non-integrated terminal, respectively. When calling at the terminals, the
carriers must pay a fee to each of them, i.e., f; and f,, and still bear costs with

decreasi e C(aT 50) = W) po
ecreasing returns, i.e., C(g7,3°) = S fori = A, B.

3.2.1 Pre-merger game
The pre-merger game is solved by backward induction and for the second stage A

and B set their own supply, given the terminal fees f; and f,,. Meanwhile, the carri-
ers maximize gross profits so that:

W@l rfo) = matsmr = Play +37) - = ~Jr@y ~Jodl + 91 (2, + @)
~T\2 ~0\2

T 0% 7 o +(q oo

5u(al 0 To) & my = (g a) ) o

(10)

fori = A, B. Still assuming unit carriers’ capacity endowment (k; = 1), the ability

for A to save input costs and recoup revenues from B through own control over T is

once considered. In the second-stage, the maximization of carriers’ value functions

in (10) yields their own supply at both the integrated and non-integrated terminal, as
a function of respective terminal fees:

i}

o 7 3
Q£(fraf0)=%_%(4—g—35>+70
T 7 f 3f

7 7 f 8 4J~C0 (an
Z]/?(fT’fO):%+7T<3_§S)_7
~0(7 7 a f S 4f0
i) =5 +5(3-5) =%

Considering the effect of terminal fees on traffic, since the two terminals compete
on price, as expected, increasing the fees set by either T or O reduce the carriers’
supply at own terminal and increase that at the rival one. Actually, setting higher
terminal fees tends to divert the supplied capacity towards other port facilities. Inter-
estingly, if A’s shares increase, only the container volume by carrier A at the inte-
grated terminal would increase, while all the other outputs are reduced. Therefore, in
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this scenario, the major effect of larger shares s is to divert A’s supply towards the
integrated terminal, leaving the pure stevedore-managed terminal with fewer con-
tainers to be handled. As for the total throughput at terminals, we get
0" (Trfo) = 2(a+ 3o = 22 = 9) and 0% (Fr.fo) = 2 (20 + 6 (1-2) - 8f0g).

Despite the fact that a shock in demand (lower «) reduces the overall throughput
at both the terminals, increasing integrated terminal fees f; would reduce (expand)
the total throughput at the integrated (pure stevedore managed) terminal, whereas
higher A’s shares have the opposite effect.'”

Inserting (11) into (10) and maximizing the terminal operators’ value functions:
V=8V (.fTs.f()) +(1- S)fr(ﬂ(fr’.frﬁ + qlrg(.fr’fo)) and ¥, =7, :.fo(q/? (J?T’fo) + E]g(f%f()))’
the pre-merger integrated and non-integrated terminal fees are:

. 2a(972s — 78852 — 693)

Jr = 117455 — 1021252 % 13705 — 6930 "
5 __al491ds —4389:° 4 896+ —2772) 12)
7 2(117455 — 1021252 + 1370s* — 6930)

Similar to a single integrated terminal scenario, both terminal fees are affected
by demand shocks (decreasing a). As a whole, the integrated terminal fee is always
higher than the non-integrated terminal one, i.e., f; > _fo. For increasing values of s
(the level of A’s vertical integration with T), the fee of the non-integrated terminal
.fo is always lowered to attract more containers, because a larger share of carrier A in
terminal T induces lower output at the non-integrated terminal (as in Appendix B.1).

By contrast, in the present scenario with competition between integrated and pure
stevedore-managed terminals, the pricing strategy of T (variously integrated with
A) is non-monotonic. For s < § = 0.70, the integrated terminal fee is raised by A’s
shares, as saving input costs are less relevant than recouping revenues from B. Con-
trarily, for s > §, again the tunnelling effect offsets the importance of additional rev-
enues, and T looks after A’s interests by lowering own fee.!! By using the terminal
fees in (12), we state the following:

Result 3 In the presence of both an integrated and a non-integrated terminal, the
total throughput handled at the former is greater than that at the latter. A stronger
vertical integration between A and T implies (i) more TEUs supplied, and (ii) larger
gross profits for the integrated liner. Still in this case, demand shocks would reduce
equilibrium figures:

10" See details in the Appendix B.1.
" See details in the Appendix B.2.
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Fig.5 Merger between A and B
with integrated and non-inte-

grated terminals T Liner A Liner B
A 1Y
ah / \QM
N
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) (15245 — 7055 — 1052s* — 1584) = (16355 — 15785 + 5025° — 792)
0= 213705 — 1021252 + 117455 - 6930) ™4 ~ 13705° — 102125 + 117455 — 6930
r (x(33723 — 32975 + 91653 — 1584) o a(l 173s — 93052 + 105> — 792)
8 = 513705 — 1021252 + 117455 — 6930) 72~ 13705° — 102125 + 117455 — 6930
o (24485 —20015° +68s® — 1584)  _  4a(702s - 62757 + 1285 — 396)

" 1370s% — 1021252 + 117455 — 6930 1370s% — 1021252 + 117455 — 6930
(13)

a? (25090560 — 671552645 + 8912703657 — 422161205 — 79128455* + 224756885° — 32887365°)
8(1370s* — 1021252 + 117455 — 6930)°
a? (25090560 — 905731205 + 1639520285 — 1637392325 + 95198643s* — 254223125° +25916485°)

V=

Vg =

8(137053 — 1021252 + 117455 — 6930)°
(14)
Here it is important to note that, given the vertical relationship with T, the liner
company A’s quantity of TEUs handled at the integrated terminal is always greater
than that at the pure stevedore-managed one, i.e., E]ﬁ > E]f, while the opposite occurs
for B, as qg > E]lT;. Overall, the operator T would handle a larger throughput than O,
and this output-based dominance by T is accrued for increasing A’s control over T.!?

3.2.2 Merger game

We finally consider the incentive for A and B to merge. Hence, in this case we study
a situation where, in case of upstream competition between terminals, the down-
stream interplay between carriers is eliminated by a horizontal merger (Fig. 5). Still
assuming asset-based efficiencies by aggregating carriers’ capacity, when merging A
and B decide their own TEUs supply at each terminal, now acting as a single entity
and maximizing joint gross profits in the second stage. The inverse demand function
is: Py =a— QM, where QM 4 QL + QAO/I = (q;M + Q£YM> + (QZM + qg!M). QM is
the total post-merger throughput. As for carriers’ costs, theiy still encompass a dou-
T 0
ble capacity by merger, conducing to C(qZM, qu> = W, fori = A, B, and
where k;, = 2.

12 See details in the Appendix B.3.
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The related joint gross profits are:

~ (=T =0 T 70\ _~ - = ~T ~0
Vm <qi,M’ qi,MfM’fM> =Tam t Tpy + STy =Py z (qi,M + Cli,M>

i=A.B
2 2
0 15)
() + () e
B Z 4 — =)y 9im
i=A,B i=A,B
Maximizing (15) we get second-stage quantities
~ T 7 - AT % T (3T % 1
wlinfin) = app (i) = @ (i i7) = 35 (20 = 18731 = )+ 167y7)
~ T 7 - AT % -0 (7T 7 1
G ioit) = o Ui Tiy) & @ U Fig) = 15 (2 + 16751 =) = 1877)

(16)

For the merger case, the impact of terminal fees and the shares of carrier A’s
container volumes transported at the terminal T and O display opposite direc-
tions. As expected, the competitive price between the terminal operators implies
that increasing the fees of the integrated terminal T (non-integrated terminal O)
would reduce (raise) the total output at the integrated (non-integrated) termi-
nal. In case of larger shares of carrier A in terminal T, an increasing number of
containers are shifted towards the integrated terminal, to the detriment of the
non-integrated terminal.'® Inserting (16) into (15) yields first-stage merging car-
riers’ gross profits, and then, in order to get the first-stage equilibrium, T maxi-
mizes T;y = svy (FI.70) + (1 = 9)fF gl (FF.79), and O maximizes: ¥ =7z, =

FOq0 (f1.79), yielding terminal fees
- 13a o a26—17s)
= 2%  nd A= s
Iv=130-29s " v = 3030 - 40y a7

Similarly to a single integrated terminal, the main effect of increasing shares
owned by A (now merged with B) is to raise the integrated terminal’s fee, whereas
the pure stevedore-managed terminal fee would be lowered by O to capture more
demand. Even for a single carrier in the presence of two competing terminals, the
tunnelling effect tends to disappear, as saving input costs is a second-order driver
than channelling fees to the final consumers. Nevertheless, the existence of negative
demand conditions (shrinking a) would lower both terminal fees.'*

Finally, inserting (17) into (15)—(16) we state the following:

Result 4 In the presence of both a integrated and a non-integrated terminal, the
post-merger total throughput at both the terminals, and the merged carriers’ gross
profits are, respectively:

13 See details in the Appendix B.4.
14 See details in the Appendix B.5.
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Fig. 6 Merger incentives (a) and total port throughput (b) in case of integrated and non-integrated termi-
nals

HT A Q@T — 468a HO A qo — 18&(26 - 17S)
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_ 8la?(153s% — 884s + 1352) (18)
VM =
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The vertical integration (higher s) induces larger (smaller) post-merger total
throughput at the integrated (pure stevedore managed) terminal, but still greater
merging carriers’ gross profits. Demand shocks (lower a) would reduce the
equilibria.

We then consider the incentives to merge for carriers, together with the
related impact of demand shocks on merger gains and finally look at the effects
of the horizontal integration on the overall port throughput. Again, by defining
AV, 27, — (T/A + \73), AQy 20, -0, and% =¢, we can conclude that:

Proposition 2 In the presence of both integrated and pure stevedore-managed ter-
minals, (i) a merger between vertically integrated and non-integrated carriers will
always occur in this model; (ii) the post-merger throughput at the integrated termi-
nal is larger than the pre-merger case only for large enough integrations (s > 0.33);
(iii) the post-merger supply at the non-integrated terminal is always lower than
before the merger; (iv) the overall port throughput is reduced by the merger; and
finally (v) higher incentives to merge are present for relatively low vertical integra-
tion, whereas those incentives are also more harmed by demand shocks.

Looking at Fig. 6, the results of Proposition 2 are motivated as follows. By com-
paring the post- and pre-merger joint gross profits, it is possible to check that A¥,,

15 See details in the Appendix B.6.
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Table1 Summary of results

Scenario Positive merger incen- ~ Larger Merger sensitivity to demand
tives post-merger variations
throughput
Strong Weak

Only one integrated s <5, =04land s> 0.45 s—>0ands > 1 s—35, =041

terminal s>5,=0.73 and

s = 5;,=073

One integrated terminal ~ Always (Vs) Never (3s) s—0 s—1

and one non-integrated

terminal

is a strictly positive function for any value of s. Thus, differently from what was
obtained in the previous scenario, the presence of two terminals (one integrated and
one non-integrated) implies that a merger between A and B would always occur.
Again, the indicator § helps us to investigate the relative impact of demand shocks
on merger incentives. Actually, differently from Proposition 1, here the horizontal
integration conveys larger gains for relatively low private terminal’s shares held by
the merging carriers. In that case, potential demand shocks have a stronger (down-
ward) marginal effect on profits, thus reducing the prospective benefit for merging
companies.

By contrast, although merger incentives are weaker, for very high vertical inte-
gration the negative marginal effect of demand shocks on merger gains would be
lower (Fig. 6.a). As for the effect of the merger on terminal throughput, the presence
of a pure stevedore-managed terminal—whose level of output is always lower than
the integrated one (i.e., Q]L > Ql?/,)—determines the ability of merging carriers to
divert the most part of demanded TEUs towards the integrated terminal, thus enlarg-
ing the profitability of the merger. In fact, AQL > 0 for s > 0.33, while AQAO/, < 0 for
any s. In general, the total throughput at port is reduced by the merger, as the carri-
ers would redirect most of the demanded TEUs towards the integrated terminal, i.e.,
AQ,, 2 0, — O < 0for any s (Fig. 6.b).'°

4 Discussion and concluding remarks

The analysis performed above is a first attempt to assess the impact of demand vari-
ations on the attitude of industry players to increase their level of integration and the
effects of this in terms of market (i.e., concentration and port activity) and welfare.
Our study is particularly important given the demand shock caused by the Covid-
19 pandemic, firstly through an unprecedent demand reduction (due to local and
regional lockdowns) and then through an unexpected bounce-back for most mar-
kets. Within this framework, demand shocks represent incentives to pursue vertical

16 See details in the Appendix B.7.
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integration strategies, in the presence of a plurality of terminals within the port, but
they generate different trade-offs, considering either the social welfare or the public
viewpoint.

From a social welfare point of view, mergers do not always imply an increase
in port throughput: integrations between carriers and terminals might improve the
competitive position of the private operators promoting the merger. But this is often
not the case from a public point of view: there is a difference in interests and, hence,
appreciation of the effects of mergers among the stakeholders involved (e.g., regula-
tors, port authorities, terminal operators, and shipping companies). Moreover, ver-
tical integrations do have an impact on terminal fees, often reducing them: this is
one of the advantages of pushing integration-related behaviours. Furthermore, the
proposed analysis has underlined how the coexistence of integrated and pure steve-
dore-operated terminals at port could determine different outcomes in terms of total
throughput and carriers’ gross profits.

In Table 1, the main results according to the two studied scenarios are summa-
rized. In particular, the presence of integrated terminals would likely imply merg-
ers between carriers only if the carriers’ shareholdings into terminals are either
relatively weak (s <5, =0.41) or strong (s > sy = 0.73), resulting into market
equilibria where merging carriers gain large profits, but the total throughput (and
thus consumer welfare) is expanded only in the case of significant vertical integra-
tion (s > 0.45). Introducing non-integrated terminals (managed by pure stevedores)
provides a scenario where mergers are always likely to occur, but where the total
throughput might decrease to the detriment of final consumers. In terms of the
impact of demand variations on the incentives to merge, the two scenarios provide
notable results. In the first scenario, the largest effect, caused by demand changes on
merger profits, occurs for either null or total integration between carriers and ter-
minal. This implies that, besides zero shareholdings of a terminal, the decision to
largely invest into a terminal might also convey potential higher gains from merger.
By contrast, in the second scenario, owning smaller shareholdings entails a stronger
impact of demand variations on merger profits, while a rather complete integration
would imply a lower sensitivity, and therefore weaker merger incentives.

For a port authority, maximizing social welfare (carriers’ profits plus consumer
surplus), which setting would convey the best configuration is a topic that deserves
further investigation, especially with regard to the potential long-term negative
demand conditions in the industry. On the one hand, it would be interesting to assess
the expected social welfare when comparing the two scenarios, thus considering
whether the trade-off between higher profits and smaller throughput would end up
to a larger social welfare. On the other hand, by contrasting the two port configura-
tions, understanding in which case merger projects are able to raise or reduce the
status quo (pre-merger) social welfare would be of key relevance.

For a public port authority, the internal organisation of the port (e.g., the pres-
ence of more than one terminal, or the ability to promote both integrated and non-
integrated terminals) could affect the overall social welfare generated by vertical
integration strategies, particularly if linked with demand variations. As such, an
assessment of the consequences of such strategic solutions on port throughput and
fees (e.g., public goals vs. private revenues) appears as necessary in all different
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circumstances. Our results indeed suggest that the co-existence of integrated and
non-integrated terminals do not always help in achieving higher levels of through-
put (particularly whenever the integrated carriers could enjoy other kinds of advan-
tages). Thus, our results imply that in order to achieve public goals (e.g., increase
tax collection, employment levels, etc.), port management bodies should introduce
proper monitoring systems as well as effective regulation so as to promote an opti-
mal level of service. Similarly, competition authorities are often involved in the
evaluation of mergers and acquisitions, as well as in assessing the market impact of
other strategic agreements that could affect competition, market concentration, and
generally on service characteristics. Eventually, as in the case of the Belt and Road
Initiative (Ferrari and Tei 2020), maritime-related integration strategies often entail
geopolitical challenges as well. These latter aspects (i.e., port social welfare in case
of integrated carriers and related regulatory tools) certainly need further assessment
and they will be part of an already planned future research development.

The paper shows how demand shocks—as the one experienced during the Covid-
19 pandemic—and market organisation (i.e., non-integrated vs. either horizontally
or vertically integrated operators) create different sets of conditions to further push
towards market integrations, modifying the willingness to pursue M&A and allow-
ing for alternative strategic behaviours. Authors are aware of the limitations of the
study. In order to improve the robustness of the achieved results, future steps of the
analysis will include a numerical testing, using a real case study for better fine-tun-
ing the model and the possibility to increase the number of possible scenarios (e.g.,
plurality of terminals with different market conditions, alliances, and alternative tar-
iff strategies) so as to better evaluate the several situations actually occurring in the
market.

Appendix A—Scenario with an integrated terminal only
A.1 Second-stage equilibrium in the pre-merger game.

The quantity-setting equilibrium is derived by maximizing each carrier’s value func-
tion in (1) with respect to shipped TEUs. The first-order conditions (FOCs),
ov;/oq;=0 for i=A,B, give a system of best-response functions:
qu (qB) = 1(oc —qp—f(1— s)) and g (qA) (a —qy — f), showing that carriers
compete in strategic substitutes, i.e., players react to rivals’ increasing TEUs by
reducing own supply. Related second order conditions (SOCs) for local maxima of
concave functions are fulfilled, as ; = —% <0, for i = A, B. The solution of the
above system yields second-stage outputs, as in (2). By comparative statics, we
check that increasing fees reduce both carrierss quantity supplied:

aqg—;f) = —i + 2 <Ofors < 2 andaqu(,f) = _41_1 — 3 < 0fori=A,B. As for the effect
of increasing A’s shares q{’;(f) 3f > 0 means that A’s supply goes up, while, for

liner B, < 0 implies less TEUs shipped by B. Overall, the effect of
increasing termlnal fees on the total quantity of TEUs at port is negative, as

e
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%Ef) = —%+ i <0 for Vs. For rising A’s shares, this effect is reverted, i.e
20 _ 1 5,

as
A.2 First-stage equilibrium in the pre-merger game

The first-stage equilibrium is derived by maximizing
vy = svaf + (1= 9)f (q,() + 45()) with respect to I ie.,

S =& —f+as® - B + 55 — fas+ Zsf = 0. Solving for f yields the

equilibrium terminal fee in thlS pre-merger scenario (with an integrated terminal
only) as in (3). Searching for local maxima, the second derivative

92 11 25 . . . . . .
0;27 =9 =S5+ —s — 1is negative, as required. By simple comparative statics,

we first check that the termlnal fee is always positive (i.e., it gives positive values for

any a and/or s). As a result, a lower @ means lower fees as well. As for the effect of
s o _ 2a(187s* 4845 489252 1024v+320)
A’s shares, — As
ds (115—10052+1085—-64)"
sign of the derivative depends on the numerator, which is positive (negative) for
s < (>)s = 0.46. Therefore, a larger (smaller) vertical integration causes lower

(higher) terminal fee.

the denominator is positive, the

A.3 Equilibrium outcomes in the pre-merger game

The impact of A’s shares on equilibrium figures is evaluated by comparative statics.

. ) 8a(1255*—2815%+32352—2005+76
Since dqy _ S - ) 50 and
ds (115 —10052+1085—64)

P 2a(2295*~53657+72852 —6085+208 . . .
29 _ _2( ) < 0 for Vs, increasing shares by A expands its

os (115 ~100s2+1085—64)° o
. 9 20(271s*—588s"+5645°—1925+96
output, and in turn reduces B’s one. As a whole, 90 _ 2 - )
Z (1153-10052+1085-64)

implies that a larger integration induces a greater TEUs supply at port. Regarding

gross profits, the impact of A’s shares on its profits is the following:

ov 1602 374s7—6237s6+19173s5—3225054+3337Os3—22548s2+9064s—l936 .
a = ( ) > 0, while that on B’s
0s 1153-10052+1085—64)°

dvg __ 6a>(160357~879050+21468s° ~328245'+336805° ~225605>+90245-1664)

rofits is: =2
p 0s (115 =10052+1085—64)°

>0

<0.

A.4 Second-stage equilibrium in the post-merger game

The maximization of (7), ie., dvy, (qA,M’ quM;fM)/dqin =0 yields two best-
response functions:qi’M(qj’M) = % a—2q;y -Ma - s)), fori,j = A, B. Solving the
system leads to (8). As for the marginal effect of terminal fees and A’s shares, we get

dau () 2 qu(f ) _
that: o ——a(l—s)<0and 9f > 0.
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A.5 First-stage equilibrium in the post-merger game

The first-stage equilibrium is derived by maximizing
vly = vafM + (1 =)™ (g (™)) with respect to ™, ie.,

Z;M = 9(1 —5)*(a = M2 —s)) = 0. Solving for fM yields the equilibrium terminal

fee in the post-merger scenario in (9). The second-order condition is fulfilled, as
9 VM

0M2 -
g
da

increasmg in s.

(1 -2 —-5) < O ngher (lower) a means higher (lower) fees, i.e.,

— > 0. Slmllarly, > 0, thus post-merger terminal fees are always

- (2—x>2

A.6 Equilibrium outcomes in the post-merger game

00y _ _4a Wy _ 402
It is easily proven that % = G o T Ty

A’s shares enhances post-merger equilibria. Conversely, since the level of demand is
a multiplicative factor in each figure, demand shocks would lower them.

> 0, therefore increasing

A.7 Proof of Proposition 1

Starting from the gross profits’ galns boy merger, by plotting the related function, we
a?(26155—1173657+59524s0 ~ 12342457+ 1513125~ 1185285° +5984052— 18432c+2560)
check that Av,, =

18(1154-1225° 430852~ 2805+128)°
positive for either s<is; 2041 or s> sy =2 0.73. Since

_ a(27s4+100‘v3—212sz+144x—32) .
AQy = Sl s - 1227 73082280, 125), < (>)0 for s < (>)0.44626, therefore in the above

former (latter) region the post-merger port throughput is lower (higher) than before
the merger. As for the parameter &, its behaviour largely depends on which region of
shares s we are considering. Actually, for s<3;, the fact that
26 4( 163535'0+110954s° —18023885% +791224857 —179394405°+255149765° 241495685 +155823365> —66524165>+17510405—23 1424)

= & <0
ds 9(1154~1225+30852~2805+128)’

implies that for values of s close to zero (very weak integration), the impact of
demand variations on merger incentives is stronger. Similarly, as % 50 for any
s > sy means that a likewise fierce sensitivity to demand shocks is detected when
the vertical integration is quite complete, i.e., for s tending to 1.

Appendix B—Scenario with integrated and non-integrated terminals
B.1 Second-stage equilibrium in the pre-merger game
Since each carrier sets the quantity of TEUs to be handled at both terminals, they

maximize gross. profits with respect to g' and °, i.e., 0v,(3".3%:/.fo)/0q" =0,
and 9%,(g", 3% f1.fp)/93° = 0, for l—A B. Solvmg the followmg four-equation

system of best-reply functions: g% (59, 3%.39) = ! (a - _q — gt g% —Fr(1-9)),
0 ~
7 (a5.4.5) = 5 (e~ 53, ~24 -1, —fr) BT ag) = 3(o- §21 i)

and 39(3%.3%,39) = + (a - —q -g" -q9 f0> yields the (13). By comparative

e
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- 94, 1 9z | 9 1
statics, we prove that: =2 =—-(1-5)<0, £ =—--<0,-2=—--<0, and
dag 1 9q; afT1~ ? aQ?fT 4 ’ o oQ3T 6
—L = A = i —_— = - — e
7, 3 < 0. Yet, . 3fT > (. Since i 7(2 s) <0, 5 7 > 0,

90 _ 67 (1 _s 900 _ _8 90" _ 47 900 _ 37
< = 7fT<1 2) >0, %2 = -3 <0, and L = 4, >0, % = ~3f, <0, thus
increasing terminal fees benefit rivals’ terminal operators, while A’s shares push

TEUs towards the integrated private terminal.

B.2 First-stage equilibrium in the pre-merger game

The integrated terminal operator T (whose shares s are owned by the liner A) maxi-
. ~ . =~ . . oy . .
mizes ¥, with respect to fr, by imposing = = 0, while the pure stevedore terminal
. .. I ~ . = . v,

company simply maximizes own profits, ¥, = 7, with respect to f,, i.e., F 0.
0

Second-order conditions for local maxima are satisfied for both the problems, as

0%, _ 241 3 508 o , 195 16 0%, 16 .
L = — = —s——=<0and =2 = —— <0 for any s < 1. By inspect-
o5 441 TZANEY™ 7 o1 7 ys$s y mnsp
ing (14), f, is lowered by increasing values of s, e,
o, 189((165985* —4012053+4551352-223085+7920) = . ..
=L = — - < 0. Instead, f; is not monotonic in s,
s 2(137053102125>+117455-6930

. oF,  18a(1123405*—29592053+45627657—4361285+155925 N

since 22 = ( . ) > (<)0 for s < (>)5 2 0.70. In

s (137053 -1021252+117455-6930)

terms of difference between the two terminal fees, it is easy to check that
as(8965%—14375s+1026)

fr=Jo= 2(137053—1021252+117455—6930)

is positive for any s.

B.3 Equilibrium outcomes in the pre-merger game

(i) The differences between TEUs supplied at both the integrated and non-integrated

; : : c AT 0 as(205652-24515+1746)
terminal by each liner are derived as follows: g} — g7 = —5 o TR T He50) 0,
ST =0 _ as(89652—14375+1026)

while 9p —4p = 2(137053—1021252+117455-6930) <0. Overall,
s(58052-5075+360)

o' -0° = o aaes > As for the impact of shares, we can also prove
0B 50701659851 ~4012057+4551352~223085+7920)

that = = - >0 and

ds 2(137053~1021252+117455-6930)

00° 108a(165985*~401205° +4551352~223085+7920 . .
000 _ _ 108«( 5 ) < 0. (ii) Comparing gross profits, we
s 2(1370s3-102125%+117455—-6930
275(272245° 2217505 +4773685° —56269757+3464125—108416)

1370531021252 +117455—6930

have that ¥, — V5 = — > (0 forVs.

B.4 Second-stage equilibrium in the post-merger game

Maximizing (15) with respect to TEUs quantities at either the integrated or non-

integrated terminal, ie., oy, (Z]ZM, R A ) /94},, =0 and

o7y, <Z]ZM, qi’M;ng, 1o ) / dqu =0, fori = A, B, yields second-stage quantities in (16).

Analysing the impact of terminal fees, %ﬁf{i) = —%(1 —5) <0, %éfﬁ) = % 0,

w =-8 <o, w =B1-9> 0: The vertical integration raise
o0 17 o 17

¥
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M(fM‘fo) f > 0

(shrlnlg) ;h%) ntegrated (non integrated) terminal’s supply, i.e., o

Iy
d ds 17M<0

B.5 First-stage equilibrium in the post-merger game

4
To derive the first-stage equilibrium, we solve —= 2 i =0a nd 2o > f” = 0 conduces to a

1 a+8f9
t~wo-equat10n syftem of bestreply functions  fI'(f2) = 9(2_24) and
flg( 151) = é(% +4f}5(1 - s)), whose solution yields equilibrium terminal fees in

oy 637 .
M= ‘> 0 while

(17). As regards the impact of shares, 3 — (130495

a~()

% = % < 0. Negative (positive) demand changes lower (ralse) Ty > 0 and
M

> 0.

B.6 Equilibrium outcomes in the post-merger game

20, 22932a 16848
=——=_>0, and =——
s 17(130—49s)> ds 17(130—49s)>

o0y _ 42120%(345-169) . S
% = T3040 > 0. As the demand parameter « is still a multiplicative

factor, demand slumps lower equilibrium figures.

For increasing shares, we get

while

B.7 Proof of Proposition 2

The difference between post- and pre-merger joint gross profits yields

~ A~ ~ ~
AVy =V — (VA +vB) =
a?(607473638485" —97767267049657 +58002989021815° —180091449584405° +338821627872425* —4054696 17046565 +31256784217800s> —14439729189600s+3310087809600)
68(671305* —67848857 +190306552 ~18664205-+900900)°

which is a positive function for any s. Analysing the sensitivity to demand shocks,
we check that d—‘j < 0, implying that a stronger integration reduces the sensitivity to
demand shocks. As for the comparison between throughputs, we prove that

~ ~ 18 X . .
o), - QZ = Doy ”:9) > 0, so more TEUs are handled at the integrated terminal.
—a9s
Overall, AD,, 2 O, — O = 3a(164565*+1100155>~39691252+3802685—171600)
P oM M 17(671305* ~6784885° + 190306557 — 18664205+90090)

< 0 for any s.
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