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A B S T R A C T

Since the mid-twentieth century, economic growth has yielded a major transformation in the maritime transport
industry and, subsequently, in the way ports are organized and managed. The generalization of containerised
cargo, accompanied by the increasing size of container ships, have not only changed port infrastructure and
operations, but also affected many carriers' decisions, who now tend to concentrate their routes on few larger
ports, instead of distributing them among nearby smaller ones. The way these changes might reshape compe-
tition and cooperation across ports is studied in this article using the Chilean experience as a case study. Thus,
under the coverage of a theoretical model on inter-port competition in capacity and location variables, we
analyse the relationship between the Chilean ports of San Antonio and Valparaíso, both serving the metropolitan
area of Santiago, and separated by< 100 km. We particularly focus on their potential gains under the existing
Government plans of building a large-scale port as a hub to attract ships of up to 18,000 TEUs, a prospective
cooperation strategy of capacity sharing that could be viewed as a win-win alternative to competition.

1. Introduction

Recent estimates (UNCTAD, 2017) indicate that in 2016 seaborne
trade accounted for 80% of total world trade in terms of weight,
whereas in terms of value, its share was> 70%. The sustainability of
this impressive growth depends on efficient coordination among ports
as origin and ultimate destinations of the traded goods, and on the ef-
fective internal coordination of services and agents (shippers, port op-
erators, freight forwarders and carriers) (Correcher, 2017).

This description is mostly true for countries whose geography makes
them dependent on maritime flows. Chile's external trade, for example,
is strongly determined by its ports and, therefore, the changes brought
about in recent decades from the rise of containerisation and the sub-
sequent increase in ships' average size have led to the need to moder-
nise its port system, particularly following the recent expansion of the
Panama Canal. Since the country considers it a first-order priority to
develop its capacity to meet the expected demand (FDC Consultores,
2015), the Ministry of Transport and Telecommunications (MTT), re-
sponsible for proposing and coordinating long-term development stra-
tegies, is currently implementing the National Port Development Plan
(MTT, 2013), the main axes of which includes building a large-scale
port (PGE or Puerto de Gran Escala, using its Spanish acronym). Both the

existing ports of San Antonio and Valparaíso, have been proposed as
potential candidates for the PGE, but the final location and its (co-
operative or competitive) role with respect to the existing infrastructure
remains a highly controversial issue.

In fact, to gain a foothold in a globalised market, most ports man-
aged by different port authorities or private operators (even those lo-
cated within the same region, as shown by Wang & Slack, 2004) in-
creasingly use customer-oriented strategies both to attract new carriers
and/or retain older ones. Among these strategies, the introduction of
competition - either for, in or between markets - often becomes the most
relevant.1 The first one is usually carried out through concessions for
specific harbour services (such as pilotage), the characteristics of which
do not allow for too many competitors. Competition in the port is then
used for those services that allow the concurrence of many operators
under free entry and exit conditions. Finally, competition between
ports, which constitutes the focus of this paper, is related to the rivalry
with nearby ports with similar characteristics and (especially) when the
port hinterland overlaps (Cabrera, Suárez-Alemán, & Trujillo, 2014).

It is precisely in this latter case where the competition vs. co-
operation dilemma emerges. There are obvious arguments to favour
competition between ports from the point of view of efficiency and
equity, but the case for ports providing occasionally complementary
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services instead of competing ones is also gaining momentum. Ishii,
Lee, Tezuka, and Chang (2013) say, for example, that port competition
mostly comes from problems related to excess capacity, and they find a
positive empirical relationship between the amount of capacity in-
vestments and the degree of competition. On the other hand, in their
report for the European Parliament, Buck Consultants International
(2009) argue that increasing pressure on port capacity rather than en-
hancing competition, promotes cooperation.

The development of short sea shipping, increase in the ships' size
and cargo volume, have led some ports to cooperate to meet the de-
mand. Port size (Song, Cheon, & Pire, 2015), port functionality, cor-
porate governance principles and free trade zones (Notteboom & Yang,
2017) have also led to port cooperation. According to González-Laxe
(2004), ports should concentrate their efforts on achieving high pro-
ductivity rates, which include, among other actions, the specialisation
of ports and terminals. On the other hand, each type of ship, which has
specific characteristics depending on the cargo it carries, require spe-
cialised facilities and technologies, which must be met by ports and port
terminals. Serrano-Martínez (2000) points out that specialisation can be
a primordial element to increase the market share of traffic for which
there is sufficient demand, although it can also limit the development of
a port by reducing its area of action. A disproportionate degree of
specialisation in a port can become a source of vulnerability and,
sometimes, may contribute to unnecessary duplication (Birkinshaw &
Lingblad, 2005).

Furthermore, when dealing with small geographic environments,
competition may result in an increasing waste of resources (García-
Alonso, Sánchez-Soriano, & Vallejo-Pinto, 2007), suggesting the need to
establish a process of co-competence; that is, to cooperate to attract
traffic from other ports, and reduce the region's overall degree of
competition (Li & Oh, 2010).2 Thus, regional port systems may some-
times prefer non-competitive solutions (Wang & Slack, 2004), which
could lead to port clusters (Vaggelas, Pallis, & Kladaki, 2017) or other
types or coordination mechanisms, where some kind of cooperation is
mutually beneficial. Cooperation between ports may yield mutually
advantageous solutions that improve the overall competitiveness of all
ports in the same region (Hwang & Chiang, 2010; Song, 2002; Song,
2003; Yap & Lam, 2006).

A final argument lies in the idea that, since container traffic is de-
veloped in a highly competitive environment, marked by the increase in
the size of ships and alliances between shipping operators, port co-
operation can be also presented as a counteracting option (Avery, 2000;
Merk et al., 2015; Wilmsmeier & Sanchez, 2010; Wilmsmeier &
Sanchez, 2017). Bartlett and Ghoshal (2000) argue in this case that port
alliances allow the benefits of economies of scale through the pooling of
resources and concentration on core activities, while taking advantage
of the specific strengths and capabilities of each company and the ef-
ficient use of complementary resources.

With the existing literature in mind, and with the sole aim of analysing
the role of neighbouring ports while possibly shedding some light on this
issue, the structure of this paper is as follows: Section 2 firstly characterises
some of the major features of the Chilean port system and, then, describes
in detail the PGE building location problem in Chile. Section 3 develops a
theoretical model that provides a stylised view of the debate by comparing
the cooperative versus the competitive solution. The article concludes with
a discussion of policy implications in Section 4.

2. Competition vs. cooperation in the Chilean port system

Until a few decades ago, ‘regulation and centralisation’ characterised
most Latin American ports (Silva, 2008); national governments were

responsible for their construction, maintenance, administration and op-
eration. The sector had several characteristics that did not favour inter-
national trade, such as low investment; poor quality of services, equipment
and facilities; and high port fees (Hoffmann, 2000). The spread of con-
tainerised cargo and the emergence of container ships forced the region to
develop modern and efficient ports that, through the improvement of
commercial relations, could contribute to faster development. To cope
with this, port reforms took place in Chile (1981), Colombia and Vene-
zuela (1991), Argentina, Mexico and Uruguay (1992), Brazil (1993) and
Panama (1994). Many of these reforms increased competition by changes
in the legal framework, followed by decentralisation, liberalisation and the
introduction of private participation.3

2.1. The Chilean port system today

According to the OECD (2017), Chile's exports represents 28% of
GDP, with>90% of external trade handled through the National Port
System (SPEC, in its Spanish acronym). The SPEC encompasses all the
commercial ports in the country, either public (for public usage) or
private (those that offer an exclusive service to their owners, namely,
15 mining ports and 17 oil tankers) (Gobierno de Chile, 2005). The
commercial port system for public use is currently managed by 10 state
enterprises and 14 private companies. These are commonly known as
Port Authorities, and were created with the purpose of promoting
competition, decentralising the former state-monopoly Port Company of
Chile and opening former state ports to the private sector. These au-
thorities are public companies that have their own assets and their
relationship with the government is managed through the Ministry of
Transport and Telecommunications (MTT), whereas the Public Enterprises
System (SEP) exercises operating control of its management.4

Port Authorities are responsible for the administration, operation,
development and conservation of ports and terminals, and may carry
out construction works for expansion, improvement, conservation, re-
pair and dredging of ports and terminals. The companies can operate
directly or via third parties by means of port concessions in the cases of
berthing facilities and several port services. Despite this broad decen-
tralisation, investment decisions are centralised in the MTT, which
coordinates long-term development plans.

Most Chilean ports are medium-sized and handle different types of
cargo. In Northern Chile, ports specialise in mining products, such as
coal, copper or iron. Ports in the central region handle containers and
agricultural products, and the ports located in the South specialise in
fruit and forestry products for export. The larger ports, San Antonio and
Valparaíso, handle a high volume of containerised cargo with an
average container ship turnaround time slightly above one day in 2015
(OECD, 2016). Although other Chilean ports present lower ship turn-
around times (for example, Callao) this figure is like other international
container ports.

2.1.1. Valparaíso port authority
Valparaíso is one of the biggest Chilean port in terms of contain-

erised cargo and number of passengers. Currently, it handles> 9
million tons of general cargo and attracts around 40 cruise vessels and
100,000 visitors per season (SEP, 2016). The port is structured into two
mixed cargo and passenger terminals, one cruise passenger terminal (all
of them managed by means of licenses,5 and an extra-port area of

2 Particularly if we assume that the economic area of influence of most ports is linked
to the nearby hinterlands and can be estimated at about 450 km in radius (González-Laxe,
2007).

3 According to Estache and Trujillo (2004, 2008), private participation led to techno-
logical, productive and quality improvements in services. Only in the 1990s did the total
investment in port infrastructure and services match the total over the previous four
decades.

4 The Valparaíso Port Authority and San Antonio Port Authority were created in 1998,
following open corporation rules.

5 In line with its expansion plan, since 2016 the port has 3 new ship-to-shore gantries
(terminal TPS) and the most modern passenger terminal in Latin America. It has capacity
for 6000 passengers on two cruise vessels simultaneously (SEP, 2016).

L. Trujillo et al. Research in Transportation Business & Management 26 (2018) 100–108

101



logistical support (ZEAL).6

In 2016, Valparaíso Port handled over 9million tons of cargo, of
which 83% was containerised cargo; although in recent years it has not
moved dry bulk (SEP, 2016). In trade terms, Valparaíso stands out in
exports of liquid bulk (Directemar, 2017). As part of its integration in
international trade, it also has many cooperation agreements with
leading ports around the world.7

2.1.2. San Antonio port authority
San Antonio Port stands out in terms of containerised cargo, ve-

hicles and liquid and dry bulk, as it handles over 17million tons of
general cargo (SEP, 2016). Additionally, next to the port there are six
industrial parks that, due to their proximity to the port (which has a
direct connection with road and rail), are significant at both intermodal
and international level. San Antonio port comprises two multipurpose
terminals and two bulk terminals.

In 2016, and in accordance with its expansion plan, STI Terminal
continued to increase the length of its dock and purchased new ma-
chinery, including two Ship to Shore porticos. In addition, the Port of
San Antonio completed its dredging process (of 16m) to accommodate
the new generation of larger vessels (SEP, 2016). During 2016, this port
handled 18,210,121 tons, and particularly focused on containerised
cargo (68%). A high proportion of cargo from the south of Chile is
handled in San Antonio Port, to subsequently be carried to international
destinations. In particular, 60% of the cargo from Argentina passes
through San Antonio Port (San Antonio Port, 2017). In general, its
imports doubled that of Valparaíso; although the two ports together
receive over 30% of Chilean imports (Directemar, 2017).8

2.2. The Puerto de Gran Escala (PGE) project9

One of the key features of the National Port Development Plan that is
being implemented by the Ministry for Transport and
Telecommunications (MTT, 2013) consists in building a large-scale port
(PGE), to address the expected growth of trade and the limited capacity
of existing ports. The proposed location of the new PGE is in the middle
of the country and will serve five of the most economically active re-
gions (Michea, 2013).10

As shown in Fig. 1, the ports of San Antonio and Valparaíso already
operate in this area and the container transfer capacity currently
available in the region is estimated at 2.3MMTEU/year, distributed
between Terminal 1 (T1) in the port of Valparaíso, operated by private
concessionaire TPS, and Terminal 1 (T1) in the port of San Antonio,
operated by private concessionaire STI (see Tables 1 and 2). The cor-
responding port authorities have also successfully tendered their second
container terminals, which are expected to increase installed capacity

by slightly over 2MMTEU/yr. All this capacity, plus small increases
provided by minor infrastructure improvements to the existing term-
inals operated by TPS and STI, should increase the total capacity in the
area of influence to approximately 4.9MMTEU/year by 2021 (Guasch,
Suárez-Alemán, & Trujillo, 2016).

In terms of demand forecasts, the total nominal capacity in the port
system would be exhausted by 2025 if there is average GDP growth of
4%; while at a rate of 5% this would occur in 2021. Therefore, the MTT
concluded that at some point in the first half of the 2020s, growth in
demand in Central Chile would require additional container capacity,
and it thus proposed the development of the PGE (Michea, 2013). As
mentioned above, the candidate locations are either San Antonio or
Valparaíso, but it is not clear what role each should play, or their re-
lationship to the PGE. Regarding container traffic, both ports of San
Antonio and Valparaíso are currently serving as the main ports of the
country, handling slightly more than half of the total containers of the
Chilean port system. In addition, their geographic locations, infra-
structure and facilities, and the services they provide, make either of
them very suitable to become the country's PGE (Trujillo et al., 2016).

The proposal under discussion is to sequentially implement two
mega-ports, one in each of those two locations. San Antonio might
naturally support (at least) two port operators (terminals) given its
technical specifications, while Valparaíso, with just one front, would
naturally support one port operator (although two could be considered
if the terminal was split) as this is a ‘natural’ structure, given its tech-
nical specifications. Regarding the choice between the two identified
locations it appears that from the logistics, capacity to induce compe-
tition, add capacity, cost basis (economies of scale) and ‘back-up area’
standpoint, San Antonio might have the edge to be ‘the first mover’.
This would be the case due to its apparently better intermodal links
(railroad), its greater capacity and backup area, and its ability to put in
place at least two competing operators (two competing port terminals)
and therefore produce a likely lower cost of services. Therefore, con-
sidering the various economic indicators, it seems that the port of San
Antonio presents a better option against Valparaíso, given its capacity
and productivity conditions (Trujillo et al., 2016). Let us now have a
look at this from a theoretical perspective.

3. Port competition vs. cooperation: a theoretical view

There are several different ways to model inter-port competition be-
tween (private) operators and/or (public) authorities in neighbouring ports.
This type of competition takes place when at least two competitive ports are
in the same port region and compete either for the same hinterland ship-
ments, or for the same transhipments, or for both types of traffic.

One of the first contributions to this literature was Veldman and
Buckmann (2003), who departed from shippers' preferences to develop a
simple model on container port competition for west European hubs. Luo
and Grigalunas (2003) extended this analysis to the US coastal container
ports but adopted a spatial-modelling strategy where carriers chose their
call-ports to minimise generalised costs. Cullinane, Teng, and Wang
(2005) also analysed the relative competitiveness of two neighbouring
container ports (Shanghai and Ningbo) with respect to the carriers'
generalised costs, whereas De Borger, Proost, and Van Dender (2008)
developed a two-stage game to analyse the interaction between price and
capacity decisions in congested terminals and hinterlands. Anderson
et al. (2008) and Li and Oh (2010) also used game theory to model
competition between ports at Busan and Shanghai, and Shanghai and
Zhou Shan, respectively. Park, Han, and Lu (2010) and Saeed and Larsen
(2010) specifically focused on Bertrand games (price competition with
capacity restrictions) seeking both competitive and cooperative solu-
tions, as found in Ishii et al. (2013) or for several Asian ports.

Most recent contributions, such as Park and Suh (2015) or, parti-
cularly, Song, Lyons, Li, and Sharifi (2016), have followed the same
path. They have sought to combine previous theoretical approaches
into models where strategic interactions between carriers and ports are

6 The ZEAL is a logistical platform in which both entry and exit of trucks and cargo to
and from the Valparaíso terminals are coordinated by the Port Community System of
Valparaíso Port (SILOGPORT). The route between ZEAL and port terminals is used by
500,000 trucks annually; it is 11.6 km long, and has 3 viaducts and 3 bidirectional tun-
nels, which reduce pollution and congestion.

7 It has twinning arrangements with Puerto Lázaro Cárdenas (Mexico), Barcelona Port,
Bilbao Port (Spain), Shanghai (China) and Los Angeles Port (USA), among others
(Empresa Portuaria Valparaíso, 2017). Additionally, the port has scheduled services
available with shipping lines such as Kawasaki Kisen Kaisha (Kline); Mitsui O.S.K. Lines
(MOL); Nippon Yusen Kaisha (NYK Line); CMA CGM; Hamburg Sud Line; Hapag Lloyd;
China Shipping Container Lines (CSCL); Hyundai Merchant Marine (HMM); Mediterra-
nean Shipping Company (MSC); and Maersk Line.

8 San Antonio also has a railway intermodal station that arrives at all terminals. Maersk
Line, Compañía Sudamericana de Vapores (CSAV), Compañía Chilena de Navegación
Interoceánica (CCNI) and Maruba are some of the shipping lines that provide regular
services to this port.

9 The MTT website contains more technical details about the implementation of the
PGE. See for example: www.mtt.gob.cl/pdl/maritimo-portuario/maritimo-portuario-
proyectos-destacados.

10 These regions are: Coquimbo (IV), Valparaíso (V), O'Higgins (VI), Maule (VII) and
Metropolitan of Santiago.
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explicitly considered. Spatial competition and the minimisation of the
carriers' generalised costs also constitute key elements of these models,
whose main objective is always to determine whether it is better for
port operators to compete or cooperate in prices and capacity assign-
ments. Let us now review a basic model that addresses the relevance of
these features for the Chilean case.

3.1. Modelling spatial competition between ports

Consider two neighbouring container ports competing in the same
geographic market for both exports and imports. This is the case, as
shown in Fig. 2, of the Chilean ports of Valparaíso and San Antonio,

which serve the metropolitan area of Santiago (as the main reference)
and other relevant economic regions in the country. The three nodes are
separated by road distances of< 130 kms (about 2 h for a container
truck), although the northern-most port is slightly closer to the Ar-
gentinian border; another main source for exports.

For the competition analysis between these two ports it is reason-
able to assume that they predominantly seek to attract hinterland and
transhipment imports,11 and therefore it is possible to build a model

Fig. 1. Location of Valparaíso and San Antonio ports in Central Chile.
Source: Michea (2013).

Table 1
Valparaíso Port infrastructure.
Source: Empresa Portuaria Valparaíso (2017), ZEAL Puerto Valparaíso (2017) and VTP (2017).

Terminal Operator Berth (n°) Berth (meters) Maximum depth (meters) Specialisation

Terminal 1 Terminal Pacífico Sur Valparaíso
S.A. (TPS)

5 1002.7 9.4–13.8 Cargo/passenger

Terminal 2 Terminal Cerros de Valparaíso
(TCVAL)

3 605 6.2–8.8 Cargo/passenger

Passenger Terminal Valparaíso Terminal de Pasajeros
S.A. (VTP)

This is a modern passenger terminal building located 1.2 miles from the berths and has an area of 5200m2, allowing it to
serve> 6000 passengers simultaneously.

ZEAL ZEAL Sociedad Concesionaria S.A.
(ZSC)

This is an extra-port area of logistical support and has a total area of 45 ha

Table 2
San Antonio Port infrastructure.
Source: SEP (2016) and San Antonio Port (2017).

Terminal Operator Berth (n°) Berth (meters) Maximum depth (meters) Specialisation

STI Terminal San Antonio Terminal Internacional (STI) 3 769 13.5 Containerised cargo/general cargo/bulk cargo
PCE Terminal Puerto Central S.A. 4 721 6.28–12 Containerised cargo/general cargo/bulk cargo
Panul Port Terminal Puerto Panul S.A. 1 37 11 Dry bulk
9 Berth Terminal San Antonio Port Authority (EPSA) 1 45 10 Liquid bulk

11 This is just a simplifying assumption that does not preclude the existence of other
port objectives and strategies (either economic or social) as widely discussed in the lit-
erature (see González-Laxe, 2004).
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from the point of view of a representative ocean carrier that chooses
whether to operate in one port or the other depending on its generalised
costs (g).12 Formally, the utility of this carrier when calling at port
i=A, B, (San Antonio or Valparaíso, respectively) is given by13:

= − = − +u p q u g u p q c d( , ) [ ( ) ]i i i i i d0 0 (1)

where:
u0, is (any) carrier's reservation utility;

= − >p q α β q( ) 0i i i i i , is the monetary component of the generalised
cost, which includes a fixed payment (handling charges and other port
tariffs, α) and a variable discount, which represents the cost advantages
of having larger capacity (qi) at port i (for example, due to economies of
scale)14; and.

cd·d, is the transport cost15 multiplied by the sailing distance from
the customer's location to the nearest (chosen) port.

It can immediately be seen that capacity (qi) is the key variable in
this model. It does not only determine the cost structure of each port,
but also its revenue structure. It can be defined as the potential of a
given port to handle a certain amount of demand (per unit of time)
beyond which the port collapses and carriers must reroute their vessels
to other (non-congested) ports.

On the other hand, the utility of each port operator (i= A, B) is
given by a profit function defined by the difference between commer-
cial revenues, variable costs and fixed costs,16

= − −π p q p q q c q c q( , ) ( ) ( ) ( )i i i i i i i i i i (2)

where:qi, represents actual demand for port i; ci(qi)= γiqi, refers to the
variable costs (usually proportional to cargo handling), and

=c q κ q( )i i i i, corresponds to the fixed costs (associated with capacity

building and maintenance).
The structure of this simple model resembles many classical speci-

fications on horizontal differentiation. In fact, Hotelling's linear city
(Hotelling, 1929) seems to perfectly suit Chile's shape in a map, al-
though his ‘umbrellas’ should be viewed from a vertical viewpoint, as in
Fig. 3.17 The vertical line, whose length has been normalised to [0, 1]
represents all the carriers' potential locations (that is, the total demand
in terms of TEUS or number of vessels); whereas A and B represent the
ports' positions, and (B–A) the distance between them. To simplify the
analysis, it is assumed that all the carriers are evenly distributed over
the line, with density 1.

3.2. The competitive equilibrium

To determine the equilibrium when both ports compete to attract
the maximum number of carriers (competitive equilibrium), we now
proceed in two steps. Firstly, using Fig. 3 as a reference, we identify the
actual demand for each port, which includes captive carriers plus a
share of the non-captive ones, that is:

= +
= − + − −

q A d
q B B A d(1 ) [( ) ].

A

B (3)

Note that the non-captive demands are endogenous and dependent
on the ports' decisions (on prices and capacity). It is graphically defined
by the position of the marginal carrier, for whom the utility obtained is
the same at both ports, =u p q u p q( , ) ( , )A A B B . The size of the captive
demand is determined by the ports' (exogenous) position.18 Therefore,
according to Eq. (1), the equilibrium condition is:

= → = → +

= + − −

u p q u p q g g p q c d

p q c B A d

( , ) ( , ) ( )

( ) [( ) ]
A A B B A B A A d

B B d

which in turn implies,

=
−

+ −d
p q p q

c
B A( ) ( )

2
( )

2
.B B A A

d (4)

Following Eq. (3), the actual demand for each port is finally given
by:

= + − +

= ⎡
⎣

− + ⎤
⎦

− +

q p p q q A B p q
c

p q
c

q p p q q A B p q
c

p q
c

( , , , ) ( )
2

( )
2

( )
2

( , , , ) 1 ( )
2

( )
2

( )
2

A A B A B
A A

d

B B

d

B A B A B
B B

d

A A

d (5)

This shows, as expected, a (negative) relationship with own prices
and a positive relationship with rival's prices (which becomes a sub-
stitute port). Note the role played by transport costs, which are in-
versely related to the size of non-captive demand.

The second step, to determine the competitive equilibrium, consists in
building and maximising each port's profit function. As a benchmark
case, the following simplifying assumption will be made:

Symmetry assumption. . Both ports have symmetrical and exogenous
revenue and cost structures, that is, αA= αB= α, βA= βB= β, and
γA= γB= γ, κA= κB= κ, respectively.

Under this assumption, the only decision variable for each port is

Fig. 2. Key distances in the Central Chilean transport system.
Source: Own elaboration. See Fig. 1.

12 Given the road distances, we can assume that, for export agents, both ports are
perfect substitutes. For import traffic, it would also be necessary to distinguish between
captive and non-captive shippers in each port. Competition only takes place with respect
to the second group.

13 The literature has shown that the carrier always makes the immediate port of call
decision, and only indirectly, through carrier choice, does the shipper choose. Discussion
of this question can be found in Malchow and Kanafani, (2001, 2004), Lirn, Thanopoulou,
and Beresford (2003), Ugboma, Ugboma, and Ogwude (2006), Tongzon (2009), Ng, Sun,
and Bhattacharjya (2013).

14 Hence, the greater the capacity of a port, the more likely it can offer lower tariffs to
its customers.

15 This exogenous cost includes fuel consumption and a proportional amount of other
vessel costs, as well as the opportunity cost of cargo, as discussed in Song et al. (2016).

16 We assume that the objective of the port operator (either a public authority or a
private terminal owner) is to maximise profits (and minimise costs). Other objectives are
ignored for the sake of simplicity.

17 Standard Hotelling's ‘umbrellas’ are usually depicted from a horizontal perspective.
Their heights graphically determine the equilibrium demand for each firm in standard
horizontal differentiation models through the minimisation of the generalised cost faced
by each potential customer. Although additional assumptions can be introduced about the
distribution of customers or the shape of transport costs, the qualitative results do not
change substantially.

18 According to Chile's customs department (www.aduanas.cl), maritime imports from
Asia (30%) may choose San Antonio or Valparaiso. Imports from Europe (28%) and the
US (25%) usually find it closer to call at Valparaíso. Thus, the size of captive shippers'
demand in San Antonio is (significantly) lower than for its rival.
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how much capacity should be built in, and the solution for i=(A, B), is
given by =∗q π p qarg max ( , )i i i i where,

= − − −π q α βq q γq κq( ) ( ) .i i i i i i (6)

If we replace the demands derived in Eq. (5) into these profit
functions and maximise them, we see that the optimal capacity allo-
cation for i=(A, B) is finally given by:

− = − +∗ ∗q q c
β

A B2
3

[1 ( )].A B
d

(7)

This result proves that, in a competitive equilibrium, even when
port revenues and cost structures are symmetrical, the allocation of
capacities to each port is not the same, unless (A+ B)= 1. This is
equivalent to A=1− B, which in turn requires (see Fig. 3) that the size
of captive carriers' demand be the same for both ports. Otherwise,

>q qA B if the size of San Antonio's captive carriers is higher than Val-
paraíso's (A > 1− B), and vice versa. Capacities are thus ultimately
determined by the ports' exogenous locations (see Note Eq. (11)), and
the difference in capacity allocation will be higher, the higher the
transport costs (cd) and the lower the discounts associated to the pre-
sence of economies of scale (β).

3.2.1. Incentives and profits in equilibrium
The result in Eq. (7) is a Nash equilibrium that considers the stra-

tegic interaction between the two ports and how they react to the
carriers' behaviour. Note that nobody has incentives to deviate, and
both ports are doing their best to maximise profits. Furthermore, de-
parting from Eq. (5), we have, for i=(A, B),

∂
∂

= −
∂

∂
=

q
q c

p q
q

β
c

1
2

( )
2

,i

i d

i i

i d (8)

and using this to take derivatives in Eq. (6), it is easy to check that:

∂
∂

= − − +π
q

p q γ
β
c

βq κ[ ( ) ]
2

( ).i

i
i i

d
i (9)

Therefore, ∂ ∂ >π q( / ) 0i i if the demand is not large enough, that is

<
−

−∗q
p q γ

c
κ
β

[ ( ) ]
2

.i
i i

d (10)

This implies that a port's profits only increase if the port is small. Large
ports do not benefit from enlarging their capacity beyond a certain point.

3.2.2. The role of prices and cost differences
A final question regarding the analysis of the competitive equili-

brium is related to what happens if we drop the symmetry assumption.
Firstly, according to Eq. (6), note that each port's profits increase with
its prices and decreases with its costs, as expected:

∂
∂

> ∂
∂

< ∂
∂

< ∂
∂

<π
α

π
β

π
γ

π
κ

0 0 0 0.i i i i

(11)

But the position of the marginal carrier also moves upwards or
downwards in Fig. 3 when the revenues and cost structures differ. In
general, as in any other markets with substitutes if p q( )A A increases
and/or p q( )B B the demand in San Antonio will move to Valparaíso and
vice versa. Interestingly, according to Eq. (7), the capacity will be af-
fected only if the difference affects the economies of scale parameter
(β).

3.3. The cooperative equilibrium

Instead of a competitive equilibrium, the allocation of capacities in
San Antonio and Valparaíso ports could be alternatively achieved by
cooperation. Although there are different ways to make this possible,19

one of the simplest specifications consists in seeking a collusive
agreement in which both ports jointly determine the optimal total ca-
pacity (q ), and then share it according to any exogenous criterion θ,
such that: =q θqA and = −q θ q(1 )B .

If (again, for the sake of simplicity) we recover the symmetry as-
sumption, the only decision variable is now the combined total capacity
of both ports, ∗q , and its optimal value is subsequently determined by

= +∗q π p p q π p p qarg max { ( , , ) ( , , )}A A B A B B A B , where the collusive profit
function is defined by:

+ =
= − − − + − − −

π p p q π p p q
α βq q γq κq α βq q γq κq

( , , ) ( , , )
( ) ( )

A A B A B B A B

A A A A B B B B (12)

If we replace the demands derived in Eq. (5) into this profit function
and maximise it, we see that the optimal capacity allocation under a
collusive agreement between the ports is finally given by:

= + + − −
−

∗q A B θ θ c κ
β θ

[( ) 2(1 )]
2 (2 1)

d

(13)

Interestingly, >∗q 0 requires θ > 1/2 which means that again the
capacity allocation should not be equal for both ports, and in this case
favours San Antonio.

It finally remains to be seen whether this cooperative solution is
better than the competitive one found in Eq. (7). We may analyse the
case where capacity is fully assigned to one port (for example, to San
Antonio, with θ=1). In this case the previous expression simplifies to:

= + −∗
=q A B c κ

β
| ( )

2θ
d

1
(14)

and it is easy to confirm that this yields significantly higher profits for
both ports than the competitive solution.

4. Discussion

This paper has aimed to illustrate, using a case study, the subtle
issues that underpin the debate between choosing competition or co-
operation as the main operating strategies for neighbouring ports. The
debate is particularly interesting for Chile because building a large-
scale-port (PGE), and the role it could play with respect to existing ones,
has become one of the main elements of its National Port Development

Fig. 3. Hotelling's umbrellas: a vertical perspective.
Source: Own elaboration.

19 Another possibility is that both ports bargain over the capacity sharing agreement.
Formally, this cooperative solution requires the maximisation of the Nash product of both
profit functions. However, this approach seems less plausible from an institutional point
of view since it requires more autonomy for both port authorities.
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Plan, which might also have implications for other countries in the
region.

In fact, both the existing ports of San Antonio and Valparaíso have
been considered as potential candidates for the final location of the
PGE, but the resulting overcapacity problem and, particularly, the in-
teraction of the new PGE with them, remains an unresolved question
(see Trujillo et al., 2016). From the point of view of port specialisation,
with its double view of competition and cooperation according to the
type of traffic and scale of the vessel, building the PGE in the port of San
Antonio is the most favoured solution to date, but this is conditioned on
cooperation with the port of Valparaíso for large-scale traffic, as well as
promoting some type of competition for the remainder of the traffic
flows.

We have found that one of the conclusions that emerges both from
the literature review and our own theoretical model when specifically
applied to the Chilean ports system is that sometimes it pays to en-
courage port specialisation (in this case towards a large-scale port or
PGE), since the high level of mechanisation of the more specialised
ports permits a reduction in the times of load transfer, and has a po-
sitive effect on the port's internal efficiency. According to OECD (2011)
port infrastructure is generally indivisible and capital-intensive.
Therefore, ports tend to be constructed to adjust current and forecasted

demand, resulting, in turn, in a degree of excess capacity because of the
competition between relatively close ports.

Our theoretical analysis seems to confirm that the cooperative so-
lution is preferable under broader circumstances and, for Chile,
building a specialised PGE in San Antonio that could collaborate with
the port of Valparaíso in the handling of large vessels is a desirable
solution. Obviously, this does not mean that cooperation is always the
preferred option, but the strategy for all ports cannot grow to become
PGE and exploit economies of scale because, as mentioned, there is
insufficient demand for everyone. Therefore, the recommendation is
again a proactive strategy of cooperation. Given the characteristics of
these ports, it is advisable that San Antonio should seek to specialise in
large ships, Valparaíso in cruises, and both compete in other types of
cargo, although competition and regulation authorities should super-
vise the process and prevent any abuse of market dominance.

From the point of view of economic policy, the main lesson we draw
from our analysis is the need to deepen transversal planning, following
Zhuang, Luo, and Fu (2014), and to propose that port authorities help
promote coordination with the aim of developing the entire infra-
structure. In summary, following Brooks, McCalla, Pallis, and
Vanderlugt (2010), we conclude that encouraging cooperation for both
types of ports in this case would lead to growth.

Appendix A

Calculating the competitive equilibrium

Step 1. Replace the demands in Eq. (5) into the profit function of port A and B in Eq. (6):
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Step 2. Take derivatives with respect to qA and qB for each profit function and get the reaction functions:
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Finally, note that subtracting both equations we get:
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Calculating the collusive equilibrium

Step 1. First, expand the combined profit function in Eq. (12) and then replace the demands in Eq. (5) into it, taking into account that =q θqA and
= −q θ q(1 )B .
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Step 2. Take derivatives with respect to q and get the first order condition:
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