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ABSTRACT

This study seeks to investigate the empirical basis for the hypothesis, arising from the
economics literature, that public enterprises are inherently less efficient than private
enterprises, with reference to British ports which provide a comprehensive
"laboratory"” of mixed—ownership enterprises.

The relative productive efficiency of public ports vis—a—vis private ports is
evaluated in terms of efficiency frontiers of the industry at a fairly high degree of
rigour. By applying the techniques of efficiency measurement the various ways that a
British port producer might depart from overall productive efficiency were
systematically explored. These include: production on the interior of the production
possibilities set; production in the congested region of the boundary of the production
possibilities set; and deviation from the scale that arises from the long-run
competitive equilibrium. As well as static productive performance, productive
performance relative to dynamic production frontiers is also the subject of
investigation.

Both mathematical programming techniques and econometric techniques are
employed. To fulfil the tasks in the empirical analysis, the econometric approach has
been enhanced in two ways. First, a less restrictive structure of production technology
is specified in estimating efficiency frontiers in order to define parametric measures in
a more meaningful way. Second, Solow's (1957) measure of productivity growth is
reconsidered in a context of stochastic frontier functions, which enables us to
translate efficiency gains over time into a movement towards frontiers and a
movement of the frontiers.

As far as British ports are concerned we found no evidence for believing the
inefficiency associated with public ownership to be wunavoidable. The results cast
serious doubt on the transformation in productive performance brought about by the
port privatisation programme.
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YMB AND ABB TION

Some standard mathematical notations used in the text are explained as follows:

=: A:=B A is defined by B;

€ a € A a is an element of A;

S AS B A is a subset of B;

2 if X and Y ¢ R(m), then Xj 2 Y; for all i=1,2,...
> X » Y if and only if X; 2 Y;;

R(m) Euclidean space of dimension m;

R(m)+ R(m)+:= (x: xeR(m), x2 0)+. I(Y;)

n.u nXi o= (}:(Xi)z)‘/z, Euclidean norm of X ¢R(m);
>0 X >to, X tends to +»

Abbreviations are explained where they are first introduced in a section and redefined

when they appear in other sections.
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Chapter 1

Introduction

1.1 The Patterns of Port Ownership in the UK

There are well over 300 ports and harbours in the United Kingdom ranging in size
and complexity from small river wharves and fishing harbours to more than 100
commercially significant port authorities, as illustrated in Fig 1.1-1. A striking
feature of British ports is the diversity in the forms of ownership.

Port ownership in this thesis is defined in terms of who provides port facilities
and services. A port basically functions as a meeting point for various transport
modes such as maritime shipping, inland navigation, highway and railway transport,
pipeline and aeroplane. A bundle of different facilities and services have to be
provided in order to fulfil the basic function of a port. Broadly these can be
categorised into three groups: 1) the infrastructure (land, water area, docks, locks,
breakwaters, channels, navigational aids, etc.); 2) the superstructure (quay cranes,
gantries, forklifts, warehouses, sheds, etc.) and 3) the services (cargo loading and
unloading, storage, pilotage, towage, etc.). Since any parties, such as national
government, local government, independent public entities and private operators,
may be involved in providing port facilities and services, port ownership is not
simply a dichotomy between private and public ownership as in many other
industries. The allocation of the provision rights and hence the property rights for
the infrastructure, the superstructure and services among various parties gives rise

to different patterns of port ownership as shown in Fig 1.1-2.
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in which the domain of the port authority is restricted to the provision of the
infrastructure, while investment in the superstructure and port operation are the
responsibility of licensed private companies. Thus we see that the frontier of public
authorities rolls back gradually from Fig 1.1-2 (a) to (c). When the provision of
all the facilities and services is left to the private sector as shown in Fig 1.1-2 (d)
we have the case of a private port.

Since a public port authority usually owns the property rights to the
infrastructure, its role in port activities is more than just a normal operator along
with others. As well as being directly involved in port operations, a port authority
is typically- responsible for port planning, promotion and regulation of matters such
as pollution, safety of life and property within the physical boundary of the port.
A port authority is also potentially entitled to take advantage of its position to
monitor and control the conduct of licensed private operators when necessary. In so
doing a port authority is acting as a regulatory agency, designed to address
undesirable features of market forces and to promote the interests of port
customers and producers as a whole.

Therefore port ownership is better characterised in terms of the statis and the
jurisdiction of the port authority. In the status dimension port ownership represents
the degree of devolution from the case of centralised administration to the case of
comprehensive privatisation. In the jurisdiction dimension port ownership represents
the extent of public control from the case of a pure public-sector port to the case
of a pure private—sector port. Indeed port ownership can be viewed as a range of
public policy instruments extending from laissez faire to government control.

Nearly all the types of port ownership can be found in the UK. Best—-known
are its trust ports, which constituted the most important form of port ownership in
the UK before the second stage of privatisation in late 1980s and early 1990s. Also
in the UK there are a number of private ports — a form of port ownership rarely
found in the rest of the world. Private ports have now become the most important

type of port ownership following the privatisation of some major trust ports (we
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shall return to this in the next section). In addition there are a small number of
municipal ports and even one national port. Fig 1.1-3 shows the relative

importance of the different forms of ownership in terms of traffic in 1990.

50.00% / -

45.00%
40.00%

35.00%
30.00% -
25.00%-
20.00% |
15.00%

10.00%-

0.00% NNRECE S ; C ‘

¥ T T j

trust port private port municipal port national port

Fig 1.1-3 Relative Importance of Port Ownership in the UK 1990
Note: This is estimated on the basis of traffic data in Port Statistics 1990 published by Ministry
of Transport and British Ports Federation. After privatising two municipal ports (Bristol and Boston)
in 1991 and a number of trust ports (Clyde, Forth, Medway, Tees & Hartlepool and Tilbury) 70%
of the cargo handling capacity of Britain's ports belongs to the private sector.

Trust ports have the characteristics of an autonomous port, but they are more
independent than autonomous ports in France and Italy. Trust ports are set up by
individual acts of Parliament or statutory orders, and owned and administered by
self-governing bodies. The Secretary of State for Transport appoints most board
members, including the chief executive of the port and also representatives from
interested groups e.g. ‘port users'. The remit of trust ports is typically, to provide

a service for the import and export of goods by sea; to provide navigational

conservancy; and to make the best use of their assets. Trust ports are not
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profit—-making and were not permitted to engage in non—port activities until recently
(Transport and Works Act, 1992). They are required to earn enough revenue to
cover depreciation on assets at replacement cost, to pay interest on loans, and to
provide for loan redemption. In years when they realise surplus revenue they must
devote such a surplus to the furtherance of their statutory objectives, not the least
of which, from the user's point of view, is a reduction in port dues and charges
levied on ships and cargoes. Trust ports are usually capitalised by fixed—interest
borrowing either from normal commercial sources, sometimes supported by
government or directly from government. In the same way as other commercial
undertakings trust ports are liable to national and local taxation. In 1990, 50 per
cent of cargo volume though the UK ports was handled by trust ports. The trust
ports which are included in the 10 largest British ports in 1990, as shown in Table
1.1-1, are London, Dover, Tees & Hartlepool, Milford Haven and Medway.

In 1990, 37 per cent of cargo volume through UK ports was handled by
private ports. These include the Associated British Ports (ABP), Felixstowe,
Liverpool, Manchester and a number of small ports. The list should now also
include Tees & Hartlepool, Medway, Forth and Tilbury (a division of the Port
Authority of London), as a result of the second wave of port privatisation in 1991
and 1992. Needless to say private ports are managed by boards which are elected
by shareholders. Exceptional are London, Medway and Forth, which were privatised
by staff buy—out. Typically private ports are profit—-making, and company status
enables them to diversify their activities into non—port areas such as investment in
real estate. Private ports are capitalised by share—issuing and are liable to national
and local taxation.

Municipal ports are owned by local authorities and managed by boards
nominated by local authorities. The boards are divisions of the local councils rather
than autonomous bodies. Like trust ports, municipal ports are non-profit making
and are not free to diversify their activities. Municipal ports are usually required to

generate revenue to cover total cost and to finance new port development. Some
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municipal ports are sometimes required to make a contribution to the budget of
the local authority. Municipal ports are capitalised by local government at fixed
interest rates and liable to national taxation (except the Corporation Tax) and local
rates. The best-known municipal ports are Bristol, Sullom Voe and Ramsgate. The

remainder are small. In 1990, 13 per cent of cargo volume through UK ports was

handled by municipal ports.

Table 1.1-1 Top Ten British Ports 1990

Order Ranging by Traffic{1] Ranking by Trade Value[2]
(Thousand tonnes) (£ million)

1 London Dover
(58,148) (36,256)

2 Tees & Hartlepool Felixstowe
(40,248) (25,048)

3 Grismby & Immingham London
(39,357) (13,298)

4 Sullom Voe Grimsby & Immingham
(36,011) (11,665)

5 Milford Haven Southampton
(32,180) (10,336)

6 Southampton Harwich
(28,849) (9,422)

7 Forth Liverpool
(25,433) (6,496)

8 Liverpool Ramsgate
(23,183) (5,625)

9 Felixstowe Medway
(16,448) (4,544)

10 Medway Tees & Hartlepool
(15,901) (2,905)

Notes:

[1) All Foreign and domestic traffic; See figures in the parentheses below each port.

[2] Imports and exports; See figures in the parentheses below each port.

Source: Port statistics 1990 published by Ministry of Transport and British Ports Federation.
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In addition to the above categories, there are only 4 small ports remaining in
the nationalised sector of the ports industry. A separate administrative unit
responsible to the Government, the British Waterways Board (BWB), owns them
and operates two of them. The share of the national port group in the total UK
port traffic is negligible.

The main features of alternative forms of port ownership are compared and
contrasted in Table 1.1-2. Unlike their counterparts in the rest of the world, for
instance those in continental European countries, public ports in Britain are
financially independent and are required to cover costs with no financial assistance
from the Government. On the other hand they are free to set and vary their
charges, subject only to the right of appeal of port users with regard to two
specific types of charges (section 31 of the Harbours Act 1964). Since 1984 there
has been no requirement for ports to seek government sanction for new investment
regardless of size. Thus they operate as normal commercial undertakings in much
the same way as private ports.

The extent to which port authorities participate directly in port operation in
the UK also varies. Where the infrastructure and the superstructure serve general
cargo they are mostly provided by the port authority. But in the case of bulk
cargo private companies (oil, steel companies, etc.) other than port authorities are
often responsible for a considerable proportion of the investment in the
superstructure. Conservancy in most ports is provided by the port authority. In all
ports cargo handling is mostly undertaken by port authorities and only 20 per cent
is undertaken by licensed stevedoring companies. Pilotage used to be provided by
regional pilotage authorities in some ports and by port authorities in others. Under
legislation passed a few years ago the responsibility for pilotage was transferred to
the local port authorities. The responsibility for lighterage and towage is fulfilled in
some ports by private towage undertakings and in others by the port authority. By
and large the duties and powers of port authorities are comprehensive. Thus the

typical form of UK port ownership is very close either to the service port or the
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private port types as shown in Fig.1.1-2 (a) or (d).

Table 1.1-2 Features of Alternative Port Ownership

Company Port
Trust Port

Municipal Port

Company Port
Trust Port

Municipal Port

Company Port
Trust Port

Municipal Port

Company Port
Trust Port

Municipal Port

Company Port
Trust Port

Municipal Port

Company Port
Trust Port

Municipal Port

Ownership
Shareholders[1]

Public trust

Local authorities

Management
Elected by shareholders

Appointed by the Ministry

Appointed by local authorities

Objectives
Profit making

Public interests

Local interests

Managerial Constraints
Shareholders, take over and bankcruptcy

Managerial change
Managerial change and intervention

by local authorities

Pricing (2]

No restriction
No restriction

No restriction

Investment
No requirement to seek sanction
No requirement to seek sanction

No requirement to seek sanction
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Table 1.1-2 (Continued) Features of Alternative Port Ownership

Einancing
Company Port Share issuing and borrowing from markets
Trust Port Fixed-interest loan{3]
Municipal Port Fixed-interest loan[4]

Activity Area

Company port Free to diversify

Trust Port Legislatively restricted to port activity[5]

Municipal Port Legislatively restricted to port activity
Taxation

Company Port national and regional taxation

Trust Port national and regional taxation

Municipal Port national and regional taxation{6]
Right to Exit

Company Port Not without the sanction of Parliament

Trust Port Not without the sanction of Parliament
Municipal Port Not without the sanction of Parliament
Notes:

[1] Three recently privatised trust ports (Medway, Forth and Tilbury) are owned by their
management and employees.

[2] Under the Harbours Act (1964) section 31 port customers are entitled to challenge excessive port
charges over costs.

[3] There is a borrowing limit imposed by Government.

[4] There is a borrowing limit imposed by local authorities, which is tighter than the borrowing
limit imposed on trust ports.

[5] Under the Transport And Works Act published in March 1992 restrictions on the right of trust
ports to diversify have been removed.

[6] Except Corporation Tax.



22

1.2 Evolution of Port ownership in the UK

The current status of port ownership in the UK is the result of an extended
historical evolution involving the interplay of political, economic and technological
influences.

Municipal ports were the earliest form of port ownership, this being the
approach to port administration under the British Monarchy as early as the 10th
century. Private ports were the product of industrial revolution and the railway era
when railway companies began to build their own docks. The system of trust ports
grew up in the 19th century, and provided a means of ensuring that harbour
facilities in a given area were properly maintained for the benefit of the local
shipping and/or fishing communities. Before World War Two most of the large
ports in the UK were trust ports and the remainder were owned either by public
or private companies or by municipalities. The general view then was in favour of
trust ports because they combined the features of public ports with the advantage
of autonomous status. Apart from diverse status of port authorities, another feature
of port administrative structure at that time was that port facilities and services
were provided by various separate private and public operators.

Since World War Two the UK port transport industry has undergone
considerable organisational change. Many factors have influenced development within
the industry. But political and economic events have been the major parameters in
shaping the present institutional arrangements (Thomas,1981). Table 1.2-1 lists the
principal landmarks of developments since 1945.

Shortly after the Second World War the Labour Government which was in
office from 1945 to 1951 launched a vast nationalisation programme. Following the
nationalisation of the Bank of England, the coal industry and the Air Corporation,
several transport sectors including railways and their ports were nationalised with

the Transport Act 1947,



Table 1.2-1 Principal Events in the British Port Industry

1945-1992

Time Events
1947 Transport Act of 1947;
Nationalisation of railway ports and
formation of British Transport Commission;
1962 Transport Act of 1962;
Reorganisation of British Transport Commission
into British Transport Dock Board;
Rochdale report of 1962;
1964 Harbours Act of 1964;
Set—up of National Ports Council;
1965-1969 Amalgamation of ports;
1971-1972 Reconstitution of major port trusts;
1981 Transport Act of 1981;
Privatisation of British Transport Dock Board into
Associated British Ports;
1990-1992 Privatisation of Major Trust Ports and Municipal Ports.

23

Nationalisation, as a modern concept, was aroused on the one hand by

the

apparent exploitation of labour by capital, a strand rooted in socialist ideology, and

on the other hand, by a growing awareness of the limitation of competition in

those industries where a natural monopoly seemed to exist, a strand rooted in

pragmatism (Thompson and Hunter, 1973, pp.3). We shall return to the second
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strand in detail in the next section.

Under the Transport Act of 1947 all properties owned by railway companies
including their ports and docks were transfered to the British Transport Commission
(BTC). The BTC had six assistant authorities, one of which, the Dock and Inland
Waterway Executive was, in charge of ex-railway ports.

After this the organisational structure of UK ports remained unchanged until
the transfer of the publicly owned ports from the Dock Division of the BTC to
the newly created British Transport Dock Board (BTDB) under the Transport Act
of 1962, Two factors led to the passing of the 1962 Act. One was the huge deficit
of the BTC from its railway undertakings. The other was the inability of BTC to
manage its vast undertakings, including railways, the ex—railway ports, long distance
road haulage, road passenger transport, inland waterway transport and London
passenger transport. Under the 1962 Act, the BTC was dissolved and separate
public corporations in the form of various boards were established, each with its
own power and jurisdiction and each responsible to the Minister of Transport. Most
of the ex-railway ports were put under the control of BTDB and the docks linking
with the inland waterway system were put under the comtrol of British Waterways
Board (BWB).

The subsequent structural changes were a direct resuit of the findings of the
Rochdale Committee in 1962 (Rochdale Report, 1962). The Rochdale report made
detailed recommendations with respect to each of the selected ports, with overall
recommendations on a broad policy for the whole industry. The Committee
suggested considerable benefits would be derived by combining many port functions
under a single port authority. The Committee favoured the continued existence of
independent trusts although it recommended revisions in the constitution of trust
ports. It was also recommended that ports in direct public ownership should be
replaced by trusts. To improve regional planning of port capacity and unity of
command in the provision of the most important services, the Committee envisaged

the amalgamation of certain existing ports, and proposed grouping them on existing
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estuary basis. As far as national planning was concerned the establishment of a
national port authority was also envisaged which would be non-operational, would
have responsibility for the overall development of UK ports, and would be given
the necessary statutory powers to accomplish this.

The Conservative Government then in power rejected the idea of a national
ports authority, and established in its place, a National Ports Council (NPC). The
NPC was an advisory body which did not possess the power to enforce policies. It
was established by the Harbours Act of 1964 and given the responsibility, subject
to the Secretary of State's approval, for ‘formulating and keeping under review the
improvement and development plans of port authorities in the UK and encouraging
and promoting more efficient management of port facilities and services'.

With respect to organisational structure the work of the NPC can be
conveniently subdivided into two phases (Thomas, 1981). Between 1965 and 1968
the NPC implemented a scheme of port almagamation on an estuary basis and
reconstitution of harbour authorities in line with the recommendations of the
Rochdale Committee. The provision of cargo-handling services, pilotage, and
conservancy was, until the early 1960s, very similar to that currently prevailing in
continental European countries with the existence of non-operational port
authorities while port services were provided by private or public operators. The
arguments for the amalgamation of port undertakings on which most emphasis was
usually laid were those concerned with priorities in investment, the avoidance of
the wasteful duplication of resources, better planning in the distribution of traffic,
more realistic charging schemes, and fuller use of port capacity. Following
discussion with interested parties, larger port authorities were established under
which port functions were concentrated. In effect this led to the enlargement of
independent port trusts and the extension of the role of public ownership, since the
type of port administration to emerge from rationalisation was determined by the
predominant authority existing before.

The policy of rationalisation initiated by the Rochdale Committee and
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promoted by the NPC had the support of the law with the introduction of a more

rigid and effective licensing procedure under the Harbour Act of 1966. According
to the provision of the 1966 Act applicants for licences to operate as stevedores
were required to satisfy two principal conditions. First, they must be competent to
manage and supervise operation efficiently and they must be prepared to provide
all necessary and proper equipment for use in connection with their work. This
implies the needs for managerial expertise and investment on the part of the
applicant. Secondly the applicant must be prepared to provide permanent
employment to dock workers in accordance with the provisions of the local labour
board.

The implementation of the policy of rationalisation in the provision of port
services was also accelerated by two further important contributory factors. The
most significant was the amendment (Dock Worker Act, 1967), in 1967, of the
National Dock Labour Scheme introduced in 1947 (National Dock Labour Board,
1947), which required licensed employers to prohibit the continuing practice of
casual employment. The other factor was the organisational and operational change,
as well as new investment in specialised facilities which come with rapid
technological advance in maritime transport industries (namely the introduction of
cargo unitisation and the development of bulk shipments). Many companies were
forced to leave the industry because of inability to cope with the new situation.
The survivors often had to merge with others to acquire sufficient management
expertise and capital for development.

As a result of these changes the number of licensed private operators fell
significantly and port authorities assumed an increasingly important role in the
provision of cargo handling and other port services.

From 1971 the NPC engaged in the reconstitution of major trust ports to
make the boards smaller, to include more executive members and to ensure that
members were appointed for their knowledge and experience rather that by

particular bodies and interests.
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Apart from the nationalisation of the ex-railway ports, successive Labour
governments also initiated a number of unsuccessful attempts to bring the port
sector as a whole under public ownership. The Ports Bill of 1969 was designed to
establish a national ports authority to control all harbours handling more than 5
million tonnes of cargo a year. In August 1974 the Labour government announced
that UK ports were to be nationalised, and a consultative letter outlining the
proposed administrative structure was published. A second consultative document
prepared in April 1975 proposed that all private commercial port undertakings
should be transferred to public ownership. The suggested organisational structure
was intended to increase central control of port management whilst preserving the
maximum degree of local independence and initiative. These documents failed to
become law with the defeat of Labour in the general elections of 1970 and 1979.

In the early 1980s the Conservative government launched a series of
privatisation schemes which in the transport sector included the BTDB ports. The
Conservatives believed that port users would be best served by allowing ports to
compete with each other and by leaving the development of new port facilities to
commercial requirement and market forces. It was not considered appropriate to
attempt to lay down a detailed plan or framework for the operation and
development of UK ports. In May 1981 the Transport Act 1981 empowered the
Government to transfer the ownership of the BTDB from the public sector to the
private sector with the new title of Associated British Ports (ABP).

The privatisation of BTDB was only the first series of privatisations. In
January 1990, Boston, a municipal port, was privatised, which can be considered as
the starting point of a second stage of privatization in the industry. Boston was
followed in 1991 by Bristol — the largest municipal port, which was sold by Bristol
Council to First Corporate Shipping. In August 1990 the then Prime Minister, in
answering a Parliamentary question, said that the Government was looking into the
possibility of an enabling bill aimed at the privatisation of the trust ports. In the

mean time trust ports wishing to become limited companies have been encouraged
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by the Government to submit Private Bills to Parliament. Privatisation of trust
ports was perceived as a means of increasing the ability of trust ports to diversify
activities and to invest in port related transport operations. The opportunity offered
by company status for commercial redevelopment in dockland areas and property
development was seen as an attraction of privatization. Much of the growth of
ABP has been attributed to property development. Company status would also
facilitate a wider access to sources of capital for investment than is currently
available to trust ports. Thus an important objective of port privatisation proposed
at this time was particularly related to development needs. Under the powers of
the Ports Act 1991 Tees & Hartlepool was taken over by a private company,
which beat off a staff buy—out and led the way in the fight to privatise the trust
ports. The sale embroiled the Government in controversy with Labour after it
refused to overturn the offer by the private company. In March 1992 Medway,
Forth, and Tilbury (a division of the Port of London Authority) were taken over
by their management and employees in deals totalling about £90 million as the
Government moved swiftly to offload ownership before the general election
intervened to prevent sales. This time the Government avoided further damaging
rows by agreeing to sell to local managements in regions where any other decisions
could have had political repercussions. The list of trust ports privatised in 1992
also includes Clyde. It is certain that many other trust ports will follow sooner or
later. These changes have brought some 70 per cent of the cargo handling capacity
of Britain's ports into the private sector. Private ports which are rarely seen in the
rest of the world are thus replacing trust ports and becoming the dominant form
of port ownership in Britain.

To summarise: there have been two contrasting approaches towards port
ownership and administration in the UK. While the interventionist approach, which
has been historically influential, points to deficiencies of port markets and insists on
some form of public ownership and some degree of central control of port

development, the market approach currently adopted by the Government maintains
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that the efficient provision of port facilities and services must be left to the market
mechanism. The shift from the interventionist approach to the market approach
reflects a radical change of government industrial policy not only in the port sector
but in other sectors as well. Historically, transport, energy and communications
industries have been targets for public ownership in the UK. In recent years the
UK has abandoned the public ownership approach by pursuing an active
privatisation programme and at the same time setting up a number of regulatory
agencies to monitor and control the behaviour of privatised companies when
necessary. Unlike other industries which were nationalised concerns, public ports
were already largely commercialised and decentralised, but this was not considered
sufficient. The fundamental philosophy underlying the current public policy towards
private business is that whenever competition is feasible, it is generally regarded as
the optimal form of industrial organisation. When it is not, regulation is believed
to be a more favourable instrument of public policy than public ownership. It
seems to be assumed that the port sector falls into the category of industries where
competition is feasible and that instances of market failure in the port sector are
trivial. Thus it is believed that ports should be privatised without need for

regulation of price and investment.
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1.3 Port Ownership in Theory and Practice

The diversity in port ownership is not a unique British phenomenon. It reflects
different perceptions everywhere about the relative importance of ‘market failure' as
compared with ‘government failure' in port economy. The structures and policies
vary not only between but also within countries all over the world.

Comprehensive private ports are not common. Apart from those in Britain,
private ports in other countries, if any, are usually integrated within a major
manufacturing enterprise (e.g. the oil port of Wilhelmshaven) without coming under
the relevant port administration. Most major ports in the world are in some form
of public ownership in the sense that they are administered either by local
government (e.g. municipality or province) or central government, or by public
autonomy. In the ports directed by the central government one can distinguish two
groups: those administered directly by central government and those where
management is entrusted to a separate administrative service or a similar body.
Non—autonomous ports in France and Italy, all the major commercial ports in
Greece and major ports in many developing countries are examples of the first
group. The second group are represented by the 4 river ports controlled by the
British Waterways Board (BWB) as mentioned earlier, which is responsible to the
central government. Autonomous ports can be found in France, Italy, Britain,
Ireland and Denmark and are the most important ports in the countries in
question. Trust ports in Britain belong to this category and are probably more
autonomous than similar ports in other countries. In the USA, Australia, Western
European countries and Japan, municipal or local ports are the most important
ones of the countries in question. Most of the principal world ports such as
Rotterdam and New York belong to this category. By and large municipal or local
ports seem to be the most popular form of port ownership in terms of the status

of port authorities.
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In terms of the jurisdiction of port authorities, the landlord or tool port,
where the port authority provides the infrastructrue and superstructure and delegates
port services to private sector companies, seems to be the most popular form. In
the USA, Australia and Western Europe there is a common practice which
distinguishes between public port activities (the provision of the infrastructure as
well as port planning, promotion and regulatory activities) and commercial port
activities (the provision of superstructure and cargo handling services). Service ports
where a port authority or a private sector company performs all port activities are
less common. Examples are ports in Singapore and Israel. In Britain, Ireland and
Denmark port authorities perform almost all port activities.

Despite the diversity of institutional structures, by and large ports around the
world have traditionally been among the industries in which government control, in
the form of public ownership, regulation, financial assistance etc., is substantial.
This is not exceptional even in the market—oriented economies. Goss (1983)
advances four reasons why it is appropriate that major seaports in a country should
be owned by the public sector. The first reason is that while property rights on
land can be held by private individuals/firms the aquatory rights of the seabed and
water column cannot normally be held by private individuals or companies — but
an authority created by the government can own such rights. Secondly, national
planning is needed in port development and, since ports are sub—systems of the
total transport systems of the country, the public sector becomes the more
appropriate agency to ensure integrated and co-ordinated planning of all transport
services in the country. Thirdly, since the access channel, navigational lights and
buoys and so on can be said to fall under the concept of public goods a public
port authority becomes the most suitable organisation to provide such facilities for
the common good. Fourthly, the public sector would have the flexibility and
organisational adaptability to arrange mergers of a number of ports which can
result in significant economies of scale. Moreover, the public sector could organise

port facilities to be developed on a selective basis taking into account special,
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regional, local and national requirements.

There can be other arguments for ports being owned in the public sector.
One is based on the fear of market power that ports may enjoy because of their
exclusive location (local monopoly) and unavoidable concentration in port traffic
(natural monopoly) especially for container and bulk shipments. This permits
monopoly pricing and profits, deadweight losses of welfare and the absence of any
pressure to keep costs as low as possible. Indeed, as the result of adopting modern
shipping and cargo—handling technology, which are believed to exhibit substantial
economies of scale, both the number of ports and the number of terminal
operators have been reduced dramatically in many countries. The actual behaviour
of port operators in this situation is thus of interest. Goss (1982) outlined an
interesting example of this in Australia, where there are only a very few firms
handling general cargo or operating container berths. Two stevedoring firms with
substantial market shares were studied in some depth by the Australian Prices
Justification Tribunal. A report was produced suggesting not only unjustified high
port charges but also prevalent inefficiencies and excessive costs associated with
these firms which could be linked to a lack of real competition.

Another argument is based on a strong doctrine which underlies port policies
in continental European countries, the USA and many developing countries. It is
believed that the national and regional economy can derive considerable benefits
from the existence and development of ports such as accessing foreign markets,
increased international trade or trans—shipment trade, reduced transport costs, and
attracting and stimulating industries which in turn creates jobs, as well as personal
and business income. Ports are thus viewed not as discrete commercial entities, but
as components of the regional infrastructure acting as catalysts for regional
development. The benefits derived from the provision of port facilities and services
are dispersed throughout the population and are not fully reflected in the accounts
of private operators or commercialised public ports.

In recent decades, however, there has been increasing dissatisfaction with the
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perceived poor performance of nationalised industries and frequent failure of state
control. Privatisation policies, as attempts to reduce the role of government, are
currently in progress the world over. Port industries are not excepted and ports
entirely run by government are considered to be more expensive and less efficient.

The conviction that public ownership is synonymous with productive
inefficiency is often rationalised in two ways in theories of industrial economics.
First of all, the transfer of ownership from the private to the public sector (or
vice-versa) results in a change in managerial incentive structures. Viewed from the
perspective of the principal-agent theory, one can distinguish two effects (Vickers
and Yarrow, 1989). One is the change in the objective of the principals
(shareholders in the case of private enterprises, the voting public in the case of
public enterprises). The other is the change in the arrangements for monitoring the
performance of management. The managers of private enterprises will be concerned
with meeting the requirements of the shareholders and may be faced with threats
of take—over and bankruptcy, whereas the managers of public enterprises will
concentrate on the satisfaction of ministerial objectives. While the capital market
for corporate control is not perfect, it is regarded as more effective than the
public monitoring system, which is subject to multiple levels of hierarchy and is
vulnerable to goal displacement. Thus private enterprises are hypothesized to be in
general more productively efficient than public enterprises, though the former tend
to be less allocatively efficient than the latter,

Secondly, public ownership was one of the main solutions to the problems of
natural monopoly that arose in industries where competition was assumed to be
impossible or undesirable. However, there has been increasing awareness that
competitive forces were too much neglected when they have a useful role to play.
The competitive force provides a spur to productive efficiency as well as serving a
mechanism conductive to allocative efficiency. The absence of competition under
public ownership is thus seen as explaining the correlation between public

enterprises and poor productive performance.
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With these considerations in mind it is then hardly surprising that the esteen
of public enterprises is at a low level and privatisation has become a world-wide
phenomenon. Port privatisation can be achieved in two different ways. In most
countries the privatisation process is limited to the provision of the superstructure
and services and takes the form of the tool port or landlord port as in the case of
many successful world ports such as Rotterdam, New York, Antwerp and Hamburg.
It is believed that ports are better operated privately. Port activities such as cargo
handling, warehousing, towage, lighterage and pilotage (whether pilotage should be
provided by a public authority or a private-sector company is still controversial in
many countries) can be readily catered for by private-sector companies. There has
also been a tendency in many countries to increase the share of private investment
in the provision of terminals as much as possible in order to ensure efficient
management on the part of operators. But it is also considered in these countries
that the involvement of government in ports is indispensable and the existence of
public authorities is necessary. This can be justified by the arguments based on the
potential for market failure which may arise in port industries as mentioned above.

In contrast to the classical pattern in other parts of the world, port
privatization in Britain is comprehensive and involves the transfer of the whole port
ownership from the public to the private sector and the possibilities for market
inefficiencies are assumed to be trivial.

In spite of their different perceptions of the relative importance of ‘market
failure' as compared with 'government failure' in port economy, the consensus of
both approaches to port privatisation is that in practice public ownership is

inherently inefficient.
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1.4 The Plan of this Study

This study seeks to investigate empirical evidence for the hypothesized productive
inefficiency inherent in public port ownership vis—a—vis private port ownership with
reference to British ports.

The results of this study can have important public policy implications. If one
believes that there are many instances of both ‘market failures' in seaports, for
example, in the process of planning, supplying ‘public goods' and controlling
externalities, and 'government failure', i.e. productive inefficiency, the dilemma for
public policy is a trade—off between allocative efficiency and productive efficiency.
But if public ports are not necessarily inferior in productive performance or if
public ports can be made more efficient through other means without changing
their ownership status, such a trade—off will not be necessary.

The wusual arguments against public ownership are made on general grounds
and are not entirely relevant to ports. Firstly, Vickers and Yarrow (1989)'s notion
of public enterprises corresponds to those in nationalised industries, and hence their
theoretical analysis about the incentive structures under alternative forms of
ownership from the perspective of the principal-agent theory which can be
problematic when applied to port industries where public ports are of several
forms, including trust port, municipal port and national port. One should examine
the principal-agent relationship under different types of public port ownership as
compared with that under private ownership before one can be certain about the
impact of port ownership on productive efficiency. Secondly, competition rather
than ownership per se is an overriding factor in generating efficiency. The size of
efficiency gains from port privatization largely depends on the structure of the port
market. But there is immediately a question as to whether port competition is
workable given modern port technology which is believed to exhibit substantial scale

economies.
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The objectives of privatisation in the port transport industry as in other

industries are many and varied. But at the micro—economic level the most
important objective of any restructuring has been the promotion of increased
economic efficiency, as privatisation is largely motivated by dissatisfaction with the
productive performance of publicly owned ports. It has been more than 10 years
since the Conservative Government first launched its port privatisation programme.
Within that time Britain has become the only country in the world in which the
private sector dominates the port economy. Crucially, has port privatisation
transformed the industry into a paragon of efficiency? To date, however, there is
little concrete evidence on the impact of the transformation upon port efficiency.
The private port Felixstowe is considered as an example of outstanding success
amongst British ports. From virtually nothing the port has grown to become
number one in container traffic by a wide margin. But the growth of Felixstowe
may well be attributed to its non—scheme status while its major competitors such as
London, Liverpool and Southampton were hampered by labour problems. The
overall trend of ABP ports has been one of an improvement in profits since they
were privatised. But much of the growth of ABP, for example, valued at £60
millions in 1983 but valued at £490 millions in 1990, has been due to property
development.

The number of performance studies of alternative forms of port ownership is
sparse. To the author's knowledge the only serious study of this kind was done by
Goss (1979, 1). Based on his visit to the principal world ports he was surprised to
arrive at the conclusion that different port administrative systems can be equally
efficient. As an example he mentioned the port of Hong Kong and the port of
Singapore, with similar geographical environments and comparable cultural
traditions, but taking exactly the opposite philosophies regarding the operation of
their ports. Whereas in Hong Kong the private sector is dominant, in Singapore
the port authority holds all the operations. Interestingly both ports are renowned

for efficiency. Goss believed that if the port of Hong Kong and the port of
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Singapore were to be run in any other way it would be so much in contrast with
the whole of their respective forms of Government that it would become extremely
difficult to operate. It seemed to him that the main factor is that the port system

should be

appropriate to the general system of government and the beliefs of people even though the
latter is expressed as over-simplified slogan[pp.47]

and therefore

It is a serious ertor to transplant port organisations as if they were mechanical rather than

social bodies...

There is no concept of “best port® which might be considered ideal and applied to any

places.

While Goss investigated the relationship between port ownership and efficiency
in a global context, this study will examine the same theme in a British context.

There is no shortage of empirical studies to compare the performance of
public and private enterprises in general. Having surveyed US studies, Vickers and
Yarrow (1989, pp.40-1) find that, in industries such as electricity generation and
distribution and water supply, where there is little competition and extensive
regulation, there is no conclusive evidence. Where competition is significant, there
is some evidence that private enterprises perform better, but the existence of
competition tends to limit the differences in efficiency that persist for any
appreciable period. In the UK, early work by Pryke (1971) indicated that the
efficiency of public enterprises was generally superior to that of private enterprises
in the first two decades after the war. But subsequent investigation of performance
in the 1970s (Pryke, 1981) reversed this finding. Thus the results of this empirical
literature have been mixed and there is no firm ground for believing that private
firms perform better.

As Vickers and Yarrow stress, methodological problems abound in all empirical
comparisons. One problem in these studies is that like is not always compared with

like. This problem will be overcome in this study. The British port transport
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industry, which provides a fairly comprehensive “laboratory” of mixed ownership
enterprises, appears to offer a good prospect for a comparative study of port
ownership and administrative structures. An ideal comparative study is a
like~with-like one, to put comparison in a setting of other things being equal in
order to identify the major issues. Obviously UK ports operate under same market
conditions and share the same political system, cultural tradition and geographical
environment. Moreover public ports in Britain are well-known for their financial
independence so that they are able to pursue a professional business approach just
as much as private ports. In addition, UK ports provide an interesting case of
"mixed markets" where public enterprises compete with private enterprises, which is
an issue addressed in a relatively small literature.

Another problem of previous studies is the reliance upon variables that are
easily observable, such as profitablity, factor productivity, and unit cost. These
measures need not bear a close relationship with efficiency and some of them may
even lead to a bias in favour of private ownership. An important feature of this
study is to measure productive efficiency directly to a fairly high degree of rigour
rather than use any other approximate measures. Measures of productive efficiency
in this study are constructed in terms of Farrell (1957)'s frontier production
function, which is consistent with the underlying economic theory of optimising
behaviour.

Since the core of our investigation is concerned with productive efficiency, it
is desirable to spell out its meaning at this point, though formal definitions and
more explanations will be given later. In general, economic efficiency corresponds
to Pareto optimality in resource allocation. There are two kinds of resource
allocation going on in an economy. One is the resource allocation between
economic agents (e.g. firms) through market mechanisms. The other is the resource
allocation within economic agents (e.g. firms). Economics is supposed to deal with
the issue of efficiency. But in the framework of microeconomics the meaning of

allocative efficiency is narrowed to concern the first kind of resource allocation
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only, while "allocative efficiency” related to the second kind of resource allocation
is not usually discussed in any detail. However, an economy will not be Pareto
efficient if the second kind of resource allocation is inefficient. The second kind of
mallocative efficiency” is known as productive efficiency, which can be defined
relative to frontier production functions. A frontier production function simply
represents the most productive technology currently available. A firm is said to be
productively efficient if the firm succeeds in exploiting maximum production
possibilities given by the frontier technology, i.e. the maximum possible level of
outputs given inputs or the minimum possible level of inputs given output. A firm
is said to be productively inefficient if the producer fails to exploit the maximum
production possibilities given by the frontier technology. There are a number of
possible ways that a firm might be productively inefficient. We are particularly
interested in what follows:

(1) purely productive inefficiency: this refers to X-inefficiency and technical
inef ficiency. X-inefficiency arises from failures to realise the maximum production
possibilities of the current technology in use, as a result of motivational deficiency
at both management and worker level. It is thus managerial inefficiency. Technical
inefficiency arises from the difference between the current technology in use and
the most productive technology currently available. It is managerial inefficiency at
least in the long run;

(2) congestive inefficiency: this could be a form of inefficiency in transportation.
Congestion inefficiency occurs when a firm is not free to dispose of one of the
inputs for one reason or another. As a result, the amount of the input in use is
so excessive relative to other inputs that the marginal productivity of the input
becomes negative. One suspected cause of congestion inefficiency in British ports
was the National Dock Labour Scheme;

(3) scale inefficiency: a firm is said to be scale inefficient if the firm fails to
operate on the optimal scale which maximises "average productivity” which would

occur in the long-run competitive equlibrium. Scale inefficiency is not necessarily
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inefficiency in private sense. But it is undesirable from the social point of view.

These three types of%"ﬁciency are mutually exclusive and exhaustive, meaning
that a firm can be inefficient in any one way, any two ways, or in all three ways,
but in no other way. Thus purely productive efficiency, congestive efficiency and
scale efficiency are said to be components of overall non-price productive
efficiency. The composition of productive efficiency in this way enables us to
investigate the productive performance of firms systematically.

The concept of overall non-price productive efficiency and its components
mentioned above are static in the sense that they are measured against a fixed
production frontier in a given period of time. The production frontier, however,
shifts and hence the set of efficient input and output combinations widens and new
possibilities emerge because of technological development. A firm is more
progressive or more dynamically efficient than another if it improves efficiency,
relative to the shifting frontier, faster than the other. While it is important to
make efficient use of resources at any time, it is dynamic efficiency or
progressiveness that counts in the long run. This should be a matter for concern as
well as static efficiency when we are talking about the comparative efficiency of
alternative forms of port ownership.

We commence, in chapter 2, by providing a theoretical perspective for the
possible effects of port ownership on efficiency. The analysis will focus on the
degree of port competition and the incentive structures of port management under
alternative forms of ownership, since the productive efficiency property of
private—sector companies is often justified in these two ways. We will also provide
a model drawing on the theory of spatial competition to compare the efficiency of
pricing and investment decisions under alternative forms of port ownership. Chapter
2 thus offers a balanced text on the relationship between port ownership and
economic efficiency, though our empirical analysis is concerned with productive
efficiency only.

Chapters 3—4 provides estimates of productive efficiency, both overall and by
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components, for sampled British ports during the period 1983-1990. There are two

competing approaches on how to construct frontiers. The first approach is
deterministic on the assumption that the maximal output (given the level of inputs)
or the minimal set of inputs (given the level of output) can be attained without
error. The deterministic approach is often argued to be comnsistent with economic
theory. Furthermore it is non—parametric and imposes no explicit functional forms
by using mathematical programming techniques. However, it will over— or
under—estimate the true extent of inefficiency if the data is contaminated by
statistical noise (as always). The second approach is stochastic, assuming that the
maximal level of output or the minimal level of inputs is ramdom rather than
exact. This allows statistical noise to be distinguished from true inefficiency. But
this approach using econometric techniques is parametric and may impose an
unwarranted structure on the frontier technology. Unless panel data is used it has
to assume an explicit distribution function for inefficiencies as well. Since
econometric models should be presumed to be misspecified (Gilbert, 1986), it is
possible to argue that efficiency estimates derived from sophisticated stochastic
frontier models need not be closer to the true extent of inefficiency than those
derived from deterministic frontier models. Thus each approach has its limitations
and each can be defended. To base solid conclusions on empirical evidence both
approaches will be employed. Thus productive efficiency of British ports is
estimated relative to a deterministic frontier in .chapter 3 anmd relative to a
stochastic frontier in chapter 4.

Compared with the deterministic approach using mathematical programming
methods, the stochastic approach using econometric techniques is less solid. To
enhance the stochastic approach the efficiency frontier of the British port industry
is modelled using a less restrictive structure. An attempt is made to define purely
productive efficiency, congestive efficiency and scale efficiency in the parametric
framework. The construction developed enables us to evaluate the productive

efficiency of British ports relative to a stochastic frontier in a systematic way
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similar to the deterministic approach.

In chapter 5 the dynamic efficiency of British ports is estimated. To do this
we have developed a measure of total factor productivity growth in terms of a
stochastic frontier production function, which translates efficiency gains over time in
a different way from Solow's (1957) approach. It is shown that productivity growth
over time can be more meaningfully decomposed into techmical progress and
efficiency improvement.

In chapter 6 the study is brought to its conclusion by examining empirical
evidence on the relationship between port ownership and productive efficiency in

the British port industry.
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Chapter 2

Efficiency and Port Ownership:
A Theoretical Analysis

The efficiency implications of port ownership depend on the degree of port
competition and the relative effectiveness of different monitoring systems associated
with ownership. This chapter therefore analyses port market structure and
management incentive structures under alternative forms of port ownership.

Port markets are known to be oligopolistic. Technological development in the
port sector is believed to weaken competitive forces further. Therefore there are
serious doubts as to whether port competition is sufficient to ensure efficiency. It is
perfectly possible to argue within an orthodox microeconomics framework that, in
the context of monopoly, public management will do better in terms of economic
efficiency than private management (Vickers and Yarrow, 1989, pp.1). Section 2.1
thus investigates the structural features of port markets given current port cost and
demand conditions. As far as the British port industry is concerned, we find no
evidence to suggest that the economies of scale formed in modern port and
maritime transport technology are so pronounced that the scope for port
competition has become limited.

While this finding could mean that port competition is sufficient to ensure
satisfactory performance by private ports in terms of both allocative and productive
efficiency, it would not neccessarily imply substantial efficiency gains from port
privatisation. Unlike in other sectors, port privatisation is not seen as a means of

introducing new competition. UK Government port policy has been fairly liberal
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even before port privatisation. Public ports of various forms have been required to
be self-financing and have been largely commercialised. In such circumstances,
public ownership and competition are perfectly compatible with each other. In
mixed markets where public ports and private ports compete productive
performance depends very much upon managerial incentive structures. Section 2.2
then compares and contrasts the managerial incentive structures inherent in
alternative forms of port ownership from the perspective of principal-agent theory.
We conclude that port privatisation in Britain is unlikely to improve the managerial
incentive structure significantly, since the general defects of a public monitoring
system are largely reduced for trust and municipal ports because of their
autonomous and decentralised nature. If we accept that a change of port ownership
neither enhances competition nor improves incentive structures significantly, we will
not be surprised if there is no significant difference in productive performance.
Recall that port ownership represents the degree of devolution as well as the
extent of public control. Transfer of port ownership from the central government
sector to the local government sector or to the private sector implies
decentralisation of pricing and investment decisions. Here the misgivings of
interventionists not only point to monopoly pricing but also to potentially
undesirable port development in the absence of conscious planning by a central
agency, whereas the fear of free marketeers is the ineffectiveness, inaccuracy and
inefficiency of central planning and co-ordination. In section 2.3 the pricing and
investment performance of decentralised public and private ownership as compared
with centralised public ownership is modelled in a simplified setting. We argue that
as long as public ports under indirect ownership are required to maximise the sum
of producers' and consumers® surplus, port decentralisation does not worsen
allocative nor investment performance. Another interesting result that emerges from
the analysis is that port privatisation is likely to lead to higher port prices as
compared with the social optimum, but the resultant allocative inefficiency is

negligible and the undesirable economic effect is mainly distributional. A more
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serious welfare loss due to privatisation, however, is likely to be under— or

over—provision of port facilities.
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2.1 Structural Features of Port Markets

Market structure is important because the structure determines the behaviour of
firms and that behaviour in turn determines the performance of the industry.
Market structure includes such elements as product differentiation, market

concentration on both the supply side and the demand side, and entry conditions.

Location_differentiation

The product of a port is a bundle of services, such as cargo—handling,
warehousing, pilotage, towage and many other complementary services. Port services
differ from port to port in many aspects, including quality of facility, turnaround
time, the rate of cargo damage and pilferage, the range of complementary services
available and so on. The most important element distinguishing one port from
another is port location, which has an important implication for port market
power. Consider a line-segment hinterland along the horizontal axis in Fig.2.1-1,
where cargo is uniformly spread out. The wuniform distribution of port traffic
implies that the distance from either port represents the volume of port traffic as
well. Thus, for example, if the most distant customer of port 1 at O locates at a
distance X from the port, the port throughput is X as well. The port services are
supplied by two ports at either end of the hinterland, O and C, but are identical
in all other aspects. Port price is P, = OF charged by port 1 at O and P, = OG
by port 2 at C. In addition to this, it is assumed that inland transport cost is ¢
per unit of cargo and per mile in both directions and represented in Fig 2.1-1 by
the gradient of the sloping lines. The customer whose cargo origin or destination is
at a distance X from the port at O has to pay inland transport cost per unit of
cargo tX if the traffic goes through port 1 and t(OC-X) if the traffic goes through
port 2. Assuming ¢ is constant, the total transport costs per unit of cargo the

customer will pay at a distance X from port 1 is P,+tX or P _+(OC-X). This is
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given by the height of the sloping lines. Naturally the customer will choose to ship

his cargo from the port with lower unit transport costs. The point D where the
sloping lines intersect corresponds to a marginal customer who is indifferent
between shipping his cargo through either port. Customers to the left of the
marginal one will choose port 1 and customers to the right will choose port 2.
Given a common reservation price R, however, only the customers whose cargo is
spread over OA and BC will remain in the market whereas the customers whose
cargo spreads over AB will be prohibited from the market by transport costs. The
market is in effect segmented into two. Each port has a monopoly over its

exclusive hinterland because of its distinct location.

aP+1X D

o A B c X

Fig 2.1-1 Location Differentiation and Local Monopoly

The local monopoly that a port enjoys stems from inland transport costs,

which are determined by the distance from a port and the unit inland transport
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cost t. Obviously, if two ports are close enough so that their markets are no
longer insulated from each other, the market structure will be changed from
monopoly to duopoly and the ports will have to engage in spatial competition. A
change in ¢ will have the same effect. This can be seen by imagining a reduction
in ¢ which causes flatter sloping lines to intersect below the reservation price, say,
at E, so that no customers will now be excluded from the market. Another effect
of a change in t is to change price elasticity of demand facing the port. When ¢
is higher, the sloping lines are steeper and port customers will be less sensitive to
changes in port prices because the proportion of port charges in total transport
costs is less significant. On the other hand, when ¢ is lower, customers will be
more sensitive to changes in port prices. Thus with high inland transport costs
ports enjoy local monopoly in the sense that they serve an insulated market and
face inelastic demand.

The degree of local port monopoly is country— or even area-specific, being a
function of the geographical separation of the ports, the configuration of the inland
transport system and the nature of the trade. Its long coast line endows Britain
with a large number of seaports and they are connected with their hinterland by a
well-developed inland transport system. It is likely that for Britian sloping lines are
relatively flat. Also British ports are quite close together and in consequence the
demand for individual British ports is likely to be relatively elastic and local port
monopoly power is therefore probably limited.

The degree of local monopoly can be eroded by a reduction in inland
transport costs. Such a reduction can be achieved by improving inland transport
infrastructure and by introducing new cost-reducing transport technology. Indeed,
with the development of transport technology, e.g. specialisation and
containerisation, unit inland transport costs in real terms have become much lower,
and in Fig. 2.1-1 this gives flatter sloping lines. As a result, the demand facing
individual ports is more elastic on the one hand, and port markets are enlarged

and ports are brought into spatial competition with more distant ports on the
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other. Since inland transport cost and transit time have become so much lower,
cheaper and more efficient, importers and exporters can operate just as efficiently
and cheaply through relatively distant ports as through local ones. A favourable
location is no longer sufficient to guarantee a port's prosperity and it becomes
increasingly difficult to define the limits of a port's natural hinterland. Port traffic

is therefore more likely to be determined by cost and service advantages.

Market concentration

While the development of transport technology has eroded the element of local
port monopoly through its effects on inland transport costs, it has at the same
time enhanced the likelihood of port natural monopoly. Before World War Two
most vessels were general purpose cargo ships. After World War Two specialised
ships began to appear: firstly giant oil tankers developed, followed by ore carriers,
grain carriers and OBO vessels. In the 1960s and 1970s a wide variety of new
types of vessels have appeared to signify a new era of cargo transportation:
container vessels, Ro—Ro vessels, LASH vessels, LGP tankers, new types of ferry
boats and ships specialising in particular products such as certain chemicals,
automobiles and locomotives. The rapid change of maritime transport technology,
combined with rapidly rising labour costs in advanced economies in the post—war
period brought a demand for more productive cargo handling techniques. The
response was the adoption of specialised container and bulk handling facilities,
which can be seen as a revolution in port technology. In contrast to the
conventional port technology which is notoriously labour intensive, the modern
technology of cargo handling is capital intensive. It is believed that there are
substantial economies of scale in port operation. Moreover, substantial scale
economies are also believed to exist in modern maritime technology. Modern cargo
vessels are larger in size and more expensive in terms of the opportunity cost of
staying at ports. Thus the best interests of both ship and port operators require

traffic concentration in fewer and larger ports. This suggests that we should expect
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to observe a tendency for port markets to become more highly concentrated.
However, despite the above, it can be argued that the net impact of
technological development on port market concentration is unclear. Consider Fig
2.1-2, which depicts a conventional U-shaped long-run average cost curve,
LRAC, for a typical port in a particular port market. In the long-run competitive
equilibrium, the port will be of optimal size q, and there is a corresponding
market demand Q,. The market share of the typical port is q,/Q,. Owing to
technological development, the long—run average cost is shifted downwards to
LRAC2, which increases the optimal scale to q, and market size to Q,. It follows
that market concentration will increase only when the growth in market size
Q,—Q, is less than the increase in optimal port scale (q,—q,) (Clarke, 1985,
pp.28-31). But technological development has indeed enlarged the port market size
at the same time as enlarging port size and the net impact of the two effects may

go either way.
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Fig 2.1-2 Market Concentration and Technological Development
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Furthermore the extent to which economies of scale can be achieved from
farger ports is questionable. In challenging the idea of a super port, Gilman (1980)
argued that economies of scale in terminal operation are weak. For instance, for
deep—sea trades where container dwell times are typically long, it is found that a
wide spread container exchanges of 3000 to 6000 TEUs are indigestible in many
terminals, and the increase of potential terminal throughput and the reduction of
costs are difficult. The economies of ship size are also not as powerful as
expected. Concentration of deep—sea ship itineraries is associated with a much
higher cost of secondary distribution.

Earlier Bennathan and Walters (1979, pp.43-50) argued that the concentration
of port traffic in a smaller number of ports increases inland transport costs, and
after a certain level of concentration locational disadvantages may more than offset
economies of scale derived from the concentration of port traffic. Thus there is a
trade—off between economies of scale in operation and diseconomies in location.

Empirical evidence in Britain seems to support the view that economies of
scale are not substantial enough to justify high traffic concentration. Port markets
are better defined in terms of trade areas and cargo groups. Unfortunately the
cargo classification adopted from 1981 onwards is different from that used before in
official publications of port statistics, and there is thus no consistent data available
to calculate the trend of market concentration for different trade areas and cargo
groups. Shown in Table 2.1-1 are the S5-Ports concentration ratios (denoted by Cs)
in Britain for bulk fuel and other traffic from 1965 to 1990 and for container and
Ro-Ro traffic from 1971 to 1990, which are the shares of the total port traffic
accounted for by the biggest five ports. Although they are calculated on the basis
of aggregate data, they are probably sufficient to reflect the trend of market
concentration for different trade areas and cargo groups.

Surprisingly there is no evidence to show a significant increase in port market
concentration over the last 25 years. From 1965 to 1990 Cs increased by only 6%

for bulk fuel but declined by as much as 19% for traffic other than bulk fuel. For
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container and ro-ro traffic, where scale economies are supposed to be the most
pronounced with the new technologies, Cs has been fairly stable within the range
from 45% to 50%. The corresponding figures calculated for 12 port regions (not
shown) also indicate a stable trend in market concentrations. Therefore, as far as
the UK is concerned, there has been no significant trend of port traffic

concentration over the last 25 years.

Table 2.1-1 5-Port Traffic Concentration Ratio Cs in the UK 1965-1990

Years 1965 1970 1975 1980 1985 1990 Change
Bulk Fuel 53% 49% 46% 49% 54% 59% +6%
Others 57% 49% 44% 38% 38% 38% -19%
Years 1971 1975 1979 1983 1987 1991

Cont /Ro-Ro 45% 45% 47% 49% 52%  42% -3%

Note: Cont/Ro-Ro: Container and Ro-on and Ro-off cargo.
Source: Port Statistics 1990.

Countervailing power of port users

If modern maritime transport technology had indeed exhibited substantial economies
of scale, this would have implied not only an impetus to market concentration
from the supply side (fewer and bigger ports) but also a tendence for market
concentration from the demand side (fewer and bigger shipping companies).
Galbraith (1952) argued, inter alia, that in modern oligopolistic industries, the
main force compelling sellers to conform to consumer wants and to hold price near
cost is not competition but the contervailing power exercised by strong buyers. An
important influence here is the theory of countervailing power. Briefly, a
concentration of power on the demand side will invoke a balancing concentration
of power on the supply side. When a few large shipping companies bargain with a
few large terminal operators, it is likely to be more difficult for terminal operators

to hold price above cost, all else equal.
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The implications of buyers' power are complicated. On the one hand strong
buyers tend to have some monopsony power over sellers. On the other hand,
strong buyers are also likely to have monopoly power in the market where they act
as sellers. Ideally we would like buyers' power not to be so weak that buyers can
bear on the pricing of sellers and at the same time not so strong that the same
buyers face substantial price competition in their product and service market.
Fortunately such buyers can be found in the port market. There are six logically
possible market structure types involving power on the buyers' side, including a
single buyer facing a single seller (bilateral monopoly), a single buyer facing many
purely competitive sellers (pure monopsony), a few buyers facing a few sellers
(bilateral oligopoly), a few buyers facing many sellers (oligopsony) and so on.
Among the six main market structure types, bilateral oligopoly is the most
promising in the sense that the buying firms possesses some monopsony power but
not monopoly power. Port markets may provide a classical example of bilateral
oligopoly where a few port oligopolists face a few shipping oligopolists.

Shipping companies with strong buyers' power restrain the power of port
oligopolists in several ways. One is that terminal operators are prone to cut prices
in order to land an wunusually larger order, especially when they have excess
capacity. Contracts in which shipping companies commit themselves to particular
port terminals are large in quantity and long in duration. Shipping companies can
exploit the weakness of stevedoring operators by dangling the temptation before
each of them to encourage a break from the established tariff structure. An
example of this tactic was found in the bargaining process of Sealand with
Rotterdam and Antwerp in 1987 for a ten year contract from 1990.

Shipping companies with strong buyers' power also play off one port
oligopolist against another to induce price concessions. In continental European
ports, for instance, major shipping companies have a principal terminal ususally,
but each also spreads its business around terminals in other ports so that it can

threaten to shift, or actually shift, its distribution of orders in favour of terminal
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operators who offer more attractive terms.

The power of port users to induce price cuts is strongest when demand for
port facilities and services is slack, so that ports have excess capacity that can be
utilised profitably if an increased share of some major shipping companies' business

can be captured by price cuts.

Contestability of port markets

There are alternative definitions of entry barriers which have been used in the
literature. Demsetz (1982) and Brozen (1975) have sought to confine the idea of
entry barriers to government—based restrictions on entry. Stigler (1968) focuses on
asymmetries in demand and cost conditions between established firms and potential
entrants. The definition of entry barriers, which is given by Bain (1968) and is
most often used in industrial economics, centres on the extent to which established
firms can elevate their selling prices above the minimum average costs of
production. Entry barriers to port markets are probably high on all definitions.
First of all there are government—based restrictions. Potential operators may be
unable to engage in port business simply because the provision of port services is
controlled by the port authority or an official license must be held. There are also
geographical restrictions because suitable sites to build a port or land needed for
storage areas are not available everywhere. Economic barriers to entry such as
location superiority, absolute cost advantage enjoyed by established port firms and
economies of scale are also present. The most formidable barrier, however, is
probably due to the sunk cost of investment in port facilities which are highly
specialised and they are either not re—saleable at all or re-saleable with a
substantial loss compared to the purchase price. The contestability of port markets
is thus hopelessly low.

With these considerations in mind it is interesting to note a policy suggestion
by Goss (1987, pp.31-39) to encourage potential competition in port industries by

making port markets contestable. Basically it is suggested that the port authority
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builds terminals for leasing out on a competitive basis, for a period long enough to
enable the licensed operator to acquire the experience necessary for efficient
operation and to secure an adequate return, but short enough to enable them to
be aware of the possibility of losing the next alteration of leases if they do not
behave properly. Under these circumstances the established operators would set
their price level lower than the limit price so as not to attract competition for
leases. When prices have to be low, the only way to increase profit is to improve
productivity.

Port markets would then be contestable in the sense that everyone would be
free to compete for the franchise in the form of an auction for the monopoly
right actually to provide a particular port service (cargo handling, warehousing,
towage, pilotage, etc.), rather than in the sense that potential entrants are free to
come into the market to compete with established firms. The idea can be
implemented by making purposive use of the structure of landlord ports or tool
ports where investment in infrastructure or even superstructure is undertaken by
port authorities and the amount of private investment in capital assets is limited.
At one extreme all major port facilities and equipment could be leased from port
authorities through contractual arrangements as well as the infrastructure.

There are reasons, however, to doubt that the franchise will be truly
competitive. Although it is possible for investment decisions regarding the
superstructure as well as the infrastructure to be left to public port authorities
while competition is made for the operating franchise, it is argued that the
operating franchise allows market forces to act only to a limited extent, and the
divorce of investment and operating decisions can lead to an undesirable loss of
coordination (Vickers and Yarrow, 1989, pp.110-115). The major change in world
ports since World War Two has been specialisation. Common user quays were
replaced by more specialised ones for handling of container and Ro-Ro, or dry
bulk, or liquid bulk or conventional traffic or for multi-purpose use for particular

shipping companies. On the one hand the business decision to commit to a
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particular cargo, or a particular type of vessel, or a particular terminal user tends
to be obstructed or delayed by bureaucratic procedure if public port authorities are
responsible for investment. On the other hand it is reasonable that he who gains
the benefit of specialisation should take the investment risk of specialisation. For
this reason in the continental European landlord ports there has been increased
private investment in superstructure, while the investment domain of public
authorities has been narrowed to the infrastructure. As long as private investments
are needed, the sunk cost will place potential entrants at cost disadvantage. If
winning the franchise is based on the maximum bid, established operators are more
likely to succeed as compared with new entrants. Since their investment expenditure
on capital assets is sunk, they have firmer commitment to the industry and are
likely to be more determined to win the franchise. While potential entrants have
the opportunity to invest elsewhere, their commitment to the industry is less firm.
Established operators are thus willing to pay more for the franchise than potential
operators. It is also reasonable to expect that potential operators are at a cost
disadvantage, as compared with the incumbents in access to superior port
technology as a result of experience, patented or secret processes and management
expertise and skilled labour. Also there may be long-established customer loyalty to
the existing operator.

If winning of the franchise is not based on the maximum rent to be paid, but
is based on actual performance (as with the British TV franchises), there will be
problems of administration and the idea loses part of its appeal.

There are also problems of asset handover, of contract specification and
enforcement (Vickers and Yarrow, 1989, pp.110-115). When the entrant defeats the
existing operator in the competition for the franchise, there is a tough problem of
asset handover which involves considerable expense in negotiation and arbitration
regarding the appropriate transfer price.

The most difficult problem is that it is probably impossible to specify explicit

conditions in terms of the qualities and the charges of port services to be
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provided. But a contract without such conditions reduces the attractiveness of
franchise as a form of potential competition. The duration of the lease is also a
problem. Relatively short—term leases tend to produce effective and constant
pressure of potential competition on the existing operator. The difficulties of
contract specification and administration also suggest that the short—term contract
has advantages because less future uncertainty needs to be taken into account. But
short—term leases are likely to inhibit technical progress and discourage private
investment as short—-term operators tend to be near-sighted. At the time of
specialisation the long—term contract for the wuse of specialised terminals by a
particular user also makes short-term leases impossible. The building of brand
loyalty for terminal operators also favours long term leases.

These are, of course, just conjectures. The franchising of port services based
on contestability of port markets remains an attractive idea. This can be a form of
port privatisation alternative to the British model. With this option, ports can
preserve their public nature while public involvement in port business is reduced to
the minimum level. Where there is indeed a case of natural monopoly in ports and
the scope of actual port competition is really limited, policy makers with this
option may be in a better position to deal with the dilemma of how to enjoy scale
economies of port traffic concentration without suffering from monopolistic

behaviour. The option merits further discussion and empirical study.
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2.2 Principal-Agent Relationship under Alternative Forms of Port Ownership

The principal-agent problem arises from the diversity of objectives and asymmetry
of information. The agent is supposed to act in the interests of the principal, but
unfortunately the agent does not in general share the same objectives as the
principal. In addition, the principal does not have full information about the
circumstances and behaviour of the agent. Thus the principal has a problem to
induce the agent to act in his interest and to monitor his behaviour and
performance. The performance of the agent depends on the effectiveness of the
monitoring system that governs the principal-agent relationship.

A change in port ownership alters the principal-agent relationship. In any
event port management remains as the agent and normally consists of similar
persons in terms of motivation, personality and managerial skill. What is changed
by a change of ownership are the incentive structures imposed on the management,
which implies two things in particular. First, there will be a change in the
objectives of the principals (shareholders in the case of a private port, the local
public in the case of a municipal port and the general public in the case of a
trust port and a national port). Second there will be a change in the arrangements
for monitoring the performance of port management. Differences in the objectives

and in the monitoring arrangements may cause differences in performance.

Private ports

The principal in the case of a private port is the body of shareholders. Vickers
and Yarrow (1989, pp.7-34) provide a detailed analysis of the principal-agent
relationship between shareholders and management of private-sector companies in
general. Their analysis should also apply to the case of private ports.

The objective of shareholders is assumed to be maximisation of the expected

return from port assets, although, in general, shareholders will not be unanimous in
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their rankings of managerial policies. Port managers are assumed to be concerned
with their own utility but can be induced to pursue profit by three groups of
participants in capital markets:

(i) the port's shareholders, who seek contractual arrangements with port
management that maximise their own payoffs;

(ii) other investors or their agents (e.g. management of other companies), who
might take over or purchase the port and alter existing contractual arrangements;
(iii) the port's creditors, seeking managerial changes in the event of threatened or
actual default.

Under competitive pressure in markets for port services profit—-maximising port
producers are unlikely to charge much above marginal costs and the pursuit of
profit thus provides a vigorous and constant incentive to improve productive
efficiency.

Nevertheless the proposition that the managers of private ports will always be
effectively constrained to act in the best interest of shareholders is not uncritically
acceptable.

As far as the monitoring system of shareholders is concerned, the main
problem is associated with the dispersion of shareholders. When the ordinary share
capital of a port is dividled amongst many investors, the activity of specifying and
enforcing managerial contracts confers external benefits on other shareholders so
that the intensity of monitoring is lower than the optimal level. A shareholder, in
order to impose his view, must investigate the performance of the port, the extent
to which port management was responsible for poor performance, the extent to
which port managers are able to rectify the failure. Because of information
asymmetry, these efforts require substantial costs, as is also the case if an
individual seeks to remove a management board member through the shareholder
voting system. The enforcement costs incurred are often unlikely to justify the
benefit which accrues to the individual shareholder.

The theoretical and empirical analysis of takeovers suggests a number of
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limitations to this form of capital market constraint on the performance of
managements. One of the problems, for instance, is due to the relatively
insignificant influence of shareholders on acquisition decisions, over which managers
continue to have considerable discretion.

Regarding the effect of bankruptcy, there are at least two limitations on the
strength of the incentives for internal efficiency. Firstly, when probability of
bankruptcy is high managements tend to enjoy managerial discretion in the short
run so that the incentives for the improvement of internal efficiency disappears.
Secondly, the determination of the firm's debt level is frequently at the discretion
of the management and hence the management can ease the constraint it faces.

For all these reasons, although the managers of private ports are concerned
with meeting the requirements of shareholders and may be faced with threats of
take—over and bankruptcy, they clearly have some discretion to pursue goals other
than profit maximisation. More likely they may aim to maximise their own utilities

subject to satisfying certain profit targets.

Public ports

Under this heading are covered trust ports, municipal and national ports. The most
evident feature of the principal-agent relationship under public ownership is that
the principals (voters) do not typically seek to maximise profits and the agents are
not typically threatened by take—over and bankruptcy. However this need not imply
that managerial incentive structures are weaker in public ports than in private ones.
By nmanagerial changes and profit-related bonuses government can induce
management to perform efficiently. A potential advantage of government monitoring
over private monitoring is that public ownership provides an instrument for
correcting the failures associated with dispersed shareholdings and corporate control.
The problem in the case of national ports lies in the multiple levels in the
public monitoring hierarchy, which involve three levels of the principal-agent

relationship, including voting public and elected politicians, elected politicians and
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civil servants, civil servants and port management. Ports in the central-government
sector fall into two categories. One consists of those which are administered
directly by central governments: the other is those where the management function
is entrusted to a separate administration service. National ports in Britain, including
those which once existed (BTDB) and the only one left (BWB), belong to the
second group. They were public corporations, like most other nationalised
enterprises in Britain. Public corporations combine freedom for management from
government's supervision of day—to—day operations with public control of the
broader policies of the enterprises. Nevertheless, the public control hierarchy is
highly wvulnerable to goal displacement and excessive ministerial intervention.

The objectives laid down for public port management are often multiple,
varied and unclear., A summary of some conceivable port management objectives,

though not exhaustive, as given by Suykens (1986) is as follows:

——obtaining the maximum throughput with the existing capacity;
--maximising net profits of the port authority;

—-operating port at least cost in real terms;

—striving for highest employment level in the port;

—--securing national independence of the country’s maritime transport;
—-promoting regional economic growth;

——offering the shippers and receivers the highest possible quality of service in terms of transit
speed of the goods, reduction of the amount of damage and pilferage etc;
--optimising vessels’ time in port;

--reaching financial autonomy of the port authority;

--minimising total cost of maritime transport;

—-maximising return on capital investment;

—-minimising required capital investment.

As Suykens argued manifold objectives reflect the great number of parties involved
in a port, including national and local government, the chamber of commerce,
trade unions, shipping lines, shippers as well as port operators. They all have an

interest in determining port administration objectives, and try to impose their own
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influences in setting the objectives. Public ports are expected to pursue public
interests. But public interests may well be in conflict. The benefits derived from
the existence and development of ports differ across the population. The general
public has an interest in the efficient provision of port facilities and services, for
otherwise they will have to pay more than necessary for the use of ports in terms
of either more tax or higher port tariffs. The local public living around the ports,
however, tends to attach more importance on the prosperity of port economy. It is
in their interest to have more jobs and more business and personal income
generated by the port and port-related industries. As far as dock workers are
concerned an improvement in efficiency may have an adverse effect on their
welfare. For instance, registered dock workers are worse off following the abolition
of the Dock Labour Scheme which protected them from casual employment. There
are also conflicts between commerce and aesthetics, between economic advantages
and social costs, between residential, recreational and commercial land wse.
Politicians are assumed to be concerned about their electoral benefits. Given the
divergence in the public interest over ports, it is improbable that politicians will
have a constant incentive, persistently induced by the general public, to administer
national ports efficiently. The priority given to particular objectives, as a result of
political struggle, is likely to keep changing. There is little reason for believing
economic efficiency will always be given first priority in port management.

Since 1978, public corporations in Britain have been exhorted to maximise
efficiency subject to a generally tight set of constraints of financial and production
cost. In contrast to their counterparts in Continental Europe and the USA, public
ports in Britain are unique in their financial independence. A series of financial
objectives for UK ports is contained in a memorandum of the National Ports
Council of 25 November 1975, and these suggest that each port authority should
generate sufficient cash revenue each year to meet: 1) interest and any taxation
and dividends to shareholders; 2) redemption of capital debt actually falling due in

the financial year, and provision towards the redemption of capital debt falling due
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for repayment in future years; 3) S0 per cent of all capital expenditure; The

annual consolidated surplus (before exceptional items, taxation and interest charged
to revenue but after making full and proper provision for the depreciation out of
revenue) should present a return on capital of not less than 10 per cent (Financial
Objectives, 1978). The requirement that the port cover its costs provides a valuable
administrative incentive to the port authority to control its costs and its expansion
plans.

While managerial discretion can be reduced by tighter financial constraints, the
problem of ministerial discretion remains. A necessary administrative feature of
national ports is centralisation. Government tends to retain many key decisions such
as investment, tariffs, and personnel at ministry level, or if not made directly by
the ministry these decisions are often subject to ministerial approval. With excessive
intervention national ports tend to suffer from a lack of energy and vigour and
tend to be too bureaucratic, too inflexible to respond adequately and promptly to
the market situation and to customer needs.

Given these fundamental weaknesses it is likely that the incentive structures
imposed on national port managements are in general defective as compared with
private ports, even though the capital market for corporate control is not perfect.

This conclusion, however, cannot automatically apply to the case of municipal
and trust ports. Unlike national ports municipal ports are responsible to local
authorities rather than to national government. As a result of decentralisation, there
are two immediate effects on the public monitoring process. The first is the
alleviation of the problem of information asymmetry. In general local governments
tend to know more than the national government about the circumstances and
performance of port management. This may make it easier for local government to
design and enforce incentive schemes to induce ports to be managed properly. In
general intervention by local government is likely to be better informed. Moreover,
the administration of municipal ports may involve fewer levels of bureaucratic

hierarchy. In some ports management is a department of the local authority. In
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others managing directors are members of local councils. Thus the gap between
local government and port management is narrower. In consequence port
management may suffer less from the inefficiency of red tape and tend to respond
to a changing market situation more promptly and adequately.

Perhaps the most hopeful form of public port ownership is the public trust.
The principal-agent relationship in the case of trust ports possesses two
distinguishing features. One is the autonomous status of the agent. No one is
entitled to intervene as long as trust ports act properly in accordance with statutory
objectives laid down for them by parliament. The other is a simpler process of
public monitoring. Because of their autonomous nature there is less scope for
hierarchial and bureaucratic administration of port matters. The principal-agent
relationships in national, municipal and trust ports are contrasted in Fig 2.2-1.
Although the public monitoring hierarchy for a trust port looks the same as for a
national port, the links between port management on the one hand and politicians
and the Ministry on the other hand are indicated by the lines of dashes, meaning
that trust ports are under no direct administration of either Parliament or the
Ministry.

Given these desirable features trust ports have three potential advantages over
municipal and national ports. Firstly, the management objectives of trust ports are
statutory and there is no way that these objectives can be displaced by political
objectives. Secondly trust ports are free from excessive intervention from
government and enjoy almost the same degree of freedom as private ports. Thirdly
trust ports are likely to suffer much less from the internal inefficiency of
bureaucracy.

The core of the autonomous nature of trust ports is financial independence.
This provides a managerial incentive to improve productive efficiency. Compared
with the pursuit of profit by private ports, the requirement that the port recover
its costs is a constraint rather than a objective. Port management may still have

discretion to pursue their own benefits as long as the constraint is met. It may be
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argued that financial independence is thus not likely to generate as much incentive
to improve productive efficiency as the objective of profit maximisation. But equally
it can be argued that, because of imperfections in the capital market for corporate
control, managers in private ports may also merely pursue the financial objective of

satisfying shareholders.

Nati 1 Port Municipal P T P
General Public Local Public General Public
y Y Y
Politician Local Politician Politician
) 4 4
Ministry Local Government Ministry |
‘/"—!ﬂ_ﬂ"\A

Fig 2.2-1 Alternative Public Monitoring Hierarchies

To summarise; public ports may suffer from deficiences of public monitoring
hierarchies, goal displacement, lack of clarity in corporate objectives and operative
responsibility, and excessive ministerial intervention in operational decisions. The
deficiencies, however, are not unavoidable and in fact can be reduced when port
administration is decentralised, as in the case of municipal ports, or independent
from government as in the case of trust ports. On the other hand, the private

monitoring system also suffers from imperfections. It is therefore not safe to
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conclude which monitoring system is generally more effective as far as the port
industry is concerned. The corollary of this is that the efficiency gains of
privatising ports under indirect public ownership because of the change in

managerial incentive structures are likely to be small correspondingly.
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2.3 Port Pricing and Investment Performance under Alternative Froms of Ownership
This issue has been treated in an important but neglected paper by Bobrovitch
(1982). Based on a two-ports system model, Bobrovitch shows (a) the equivalence
of centralised planning and decentralised maximisation of net social welfare; (b) the
apparently suboptimal traffic allocation resulting from competition between profit
maximising ports, but allocative inefficiency disappears when demand density is
symmetric and the two ports are located symmetrically; (c) the port producers
adopt the same investment rule regardless of whether they seek to minimise the
costs of all participants in the system, or to maximise the net social benefit
independently, or to maximise profitability. It is important to note that the result
that private ports wadopt the same investment rule as public ports does not mean
that they will necessarily choose the same port capacity as public ports. Port
capacity is a function of port output. If the allocation of traffic in a private—ports
system is suboptimal, the port capacity chosen by private ports will be suboptimal
as well. However, if the assumption of symmetric demand is acceptable, the effects
of suboptimal traffic allocation and hence of suboptimal port capacity can be
neglected.

If the immediate effect of the transfer of port ownership between central
government sector, local government sector and the private sector is a change in
the objectives of port management, Bobrovitch's model can be used to describe and
compare pricing and investment behaviour and performance under the alterative
forms of port ownership. But Bobrovitch's results can be questioned in two aspects.
Firstly, Bobrovitch failed to show whether the port duopoly price level derived by
him is a Nash equilibrium and whether or not such an equilibrium exists. Thus
nothing can be said about the market performance of port duopoly relative to the
publicly owned ports. Secondly, Bobrovitch confined himself to a partial analysis in
which the cargo wvolume was taken as given in determining the optimal port

capacity. Since the outcome of price competition in the Nash equilibrium depends
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on port capacity among other tt_ﬂngs, it is more plausible to assume that private

ports will compete to choose the optimal port capacity to improve their position in

the game of price competition. These two problems are tackled in what follows.
The discussion here is based on the following assumptions:

Assumption 1 The hinterland is a line segment of length d; port service is

provided by two ports located at either end of the hinterland O and C as shown

in Fig 2.3-1.

a Generalised cost

E
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€ Xi—;
d
, Distance
(0] B C

Fig 2.3-1 A Two—Port System

Assumption 2 The aggregate demand for port services is assumed to be absolutely
inelastic regardless of changes in port charges and capacity. Without loss of
generality, cargo is homogenous and evenly spread over the line segment. The
density of cargo is one. Thus the aggregate demand is d as well.

The assumption of inelastic aggregate demand for port services is quite
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reasonable, since the proportion of port cost in the final product value is
insignificant and port customers in aggregate are unlikely to be very sensitive to
changes in port price. In addition, the assumption of uniform traffic distribution
implies symmetric demand.

Assumption 3 Each port charges a uniform price. Ship time cost at port per unit
of cargo is assumed linear in the port occupancy rate. Inland transport cost per
mile for each unit of cargo is also linear in distance. Thus generalised transport
cost per unit of cargo incurred by a marginal port user at a distance X; from port

i (i=1,2) is given by

(2.3-1) Tj = Pj+ a — + tX;j

Where Pj = port i's charge;
Xj = the length of port i's market; Given Assumption 2, X; also
represents port i's cargo volume;
Kj = port i's capacity;
Xij/Kj = port occupancy rate;
a = average opportunity cost of ship time in port per
unit of cargo when port occupancy rate is 100%
t = constant inland transport cost per mile per unit

of cargo.

Three points about Assumption 3 need to be explained. First, the work of
Singer (1937) and Hoover (1937), which was subsequently followed up by Greenhut
(1975) and Beckman (1976), suggests that a profit-maximising spatial monopolist
has an incentive and is able to adopt a policy of price discrimination by which he
charges buyers a variable proportion of transport costs. The same applies to a
profit—-maximising port monopolist, and in many ports customers are in fact charged

against their cargo origins and destinations. Here, however, consider only the
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simple case where ports charge a uniform price. Second, it may not be realistic to
assume that average ship time cost a(XyK;j) is linear in the port occupancy rate
(X;/K;). In practice, this will tend to rise rather rapidly as port throughput
approaches full capacity. But a non-linear average ship time cost will increase the
algebraic complexity without yielding much further insight into the problem. Third,
it is implicitly assumed either that ship operators and cargo owners are the same
entities or that competitive ship operators will include port charges and ship delay
costs in their rates so that cargo owners bear generalised transport costs in full.
Assumption 4 Production cost in port equals ¢;X;+rK;, where ¢; is the constant
marginal cost in port i and r is the constant cost of capital per unit of capacity,
which is identical in both ports.

Assumption 5 Port capital is divisible.

Assumption 6 Three options are available as regards the industrial organisation of
the two-ports system. One option is equivalent to nationalising the two ports and
putting them under a centralised administration. The objective of the central ports
authority, be it the Ministry of Transport or a separate administrative service
responsible to the Ministry, would be to maximise the social welfare of all the
participants in the system. Given inelastic demand, this is equivalent to minimising
the total costs of all the participants in the system. Under the second option, port
administration is decentralised and each port is owned and administered by an
independent public trust or a local authority. Each independent port authority is
expected to maximise the social welfare of port producers and customers within the
physical boundary of its port. The third option is to privatise the public ports. The
managements of private ports are assumed to maximise profits. We also suppose
that competition policy prevents one port from being merged or taken over by
another so that the private—ports system remains a duopoly.

Assumption 7 Private ports engage in quantity-setting competition, in which ports
decide how much cargo volume to handle and let the market decide the price at

which port service is provided. Each private port acts in the belief that its rival
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will take the situation as given (i.e. a Cournot-like assumption).

This assumption needs explaining. First, we usually think of the distinction
between quantity-setting (Cournot) and price-setting (Bertrand) behaviour as
determined by the technology: how quickly can a firm alter the rate of output?
Kreps and Scheinkman (1983) take a different approach and view the difference of
the two types of competition as depending on whether production capacity is
constrained or not. The distinction between quantity—setting and price—setting can
be made in the port sector from both approaches. Port operators of common user
terminals are unable to predict ship arrivals accurately when they decide to build
terminals. They have to set production schedules in advance and cannot alter
production capacity in the short run once the terminal is built. Thus competition
between common user terminal operators is likely to be of the quantity—setting
type. In specialised terminals, by contrast, long term contracts between port
operators and shipping companies are made for the exclusive use of terminals
before the commitment of either side to the specialised services. Port competition
in this circumstance is likely to be of the price—setting type. However, even in
common user terminals, price undercutting is possible when the existing terminal
capacity is in excess of demand. Therefore it appears that the type of port
competition depends Ex—ante (before terminals are built or re—developed) on the
technology and Ex—post (once terminals are built and re—developed) on production
capacity. In the following discussion attention will be confined to the
quantity—setting type of port competition.

Second, the Cournot-like behavioural assumption in this quantity—setting port
oligopoly model implies zero—price and non-zero—quantity conjectures. Since
aggregate demand is fixed, there can be only two cases of conjectural variation:
either the change in one port's cargo volume is fully absorbed by the opposite
change in the other port's cargo volume (non-zero—quantity conjecture), or the
change in one port's cargo volume is impossible simply because the other port

refuses to change its cargo volume (zero—quantity conjecture). In contrast to general
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oligopoly models, the zero—quantity conjecture in this model is a belief that the

rival port will be very aggressive. To prevent one port from changing its cargo
volume, the rival port must change its price accordingly (non-zero-price
conjecture). But if the rival port takes the situation as given, it must keep its
price unchanged (zero—price conjecture).

Although the aggregate demand is absolutely inelastic, demand for an
individual port is elastic as port users can divert their traffic from one port to the
other. Obviously port users will choose the port with lower combined transport
costs per unit of cargo. The allocation of the total traffic d between the two ports

will not be in equilibrium until the following condition is satisfied:

X, d-X,
(2.3-2) P, +a — + X, =P,+a
K, K,

+ t(d-X,)
One can derive the demand for port i from Eq(2.3-2)

P;-Pj+S;d
2.3-3) xjm 1T

Si+Sj

where Sj = t + a/Kj; i, j=1,2; i#j.
Or the inverse demand function in terms of port charges

(2.3-4) P; =P; + S:d - (Si+sj)xi

J J
(i, j=1,2; i#))

In public policy analysis perfect competition as a welfare ideal is often taken
as a benchmark case to evaluate the performance of alternative market structures.
But the perfect competition model requires an assumption of no externalities in

production and consumption. In a congestion-prone system like ports we cannot
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declare that external effects are of no importance. In the following analysis the
outcome of centralised pricing and investment decision aiming to minimise the total
costs of all participants in the system is taken as the benchmark case to evaluate
the performance of decentralised public ownership and private ownership. Here we
assume that administrative deficiency of central planning is of no importance, since
we concern the optimising behaviour only.

Proposition 1 A centralised and a decentralised publicly owned two-port system are
equivalent in their optimal solutions to pricing and investment problems:

(i) the optimal port price is determined by

(2.3-5) P;* = ¢i+a(Xy/K;)  i=1,2;

(ii) the optimal port capacity in both systems will be determined by

(2.3-6) K;* = XjAalr) i,=1,2.

The mathematical formulation of and solution to the centralised and
decentralised optimisation problems and the proof of Proposition 1 are given in
Appendix 2.3-1 and 2.3-2.

The port pricing policy adopted in centralised and decentralised public ports as
indicated in Eq(2.3-5) is based on a marginal cost and congestion pricing rule. c;
is marginal port producer's costs. aXj/K; is additional ship time costs incurred by
all ships together as a consequence of the entrance of a marginal ship. It is shown
in Appendix 2.3-1 that marginal ship time cost is given by 2aXyK; and average
ship time cost is given by aX;/K;. The operator of the marginal ship will take
account of average rather than marginal ship time cost after its entry when he
calculates the expected profitability of the service. Thus in the case where ship
time costs are linear in the utilisation rate of port capacity the cost taken into
account in private decisions is only half the cost incurred by society. The central
port planner who seeks to minimise the total costs of all participants in the
system, and the decentralised port authorities which seek to maximise the net social
benefit in the physical boundary of their ports, will charge port customers the

divergence between marginal ship time cost and average ship time cost, i.e. aXyK;.
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The marginal cost and congestion pricing ensure optimal allocation of traffic
between different ports and different seasons. The topic of port congestion pricing
is discussed more fully in Vanags (1977) and Bennathan and Walters (1979).

The optimal port capacity Ki‘ as indicated in Eq(2.3-6) in both systems is
positively related to the opportunity costs of ship time a4 and negatively related to
the opportunity cost of port capital r. Due to the fact that port services are not
storable, there is a problem of reconciling capacity with fluctuating demand. On
the one hand, more capacity would imply lower ship time in port but higher costs
of port construction. On the other hand, if less capacity were constructed, lower
costs of port construction would be incurred, but ship time costs would rise. The
optimal port capacity in the centralised and decentralised optimisation is determined
by balancing the costs from both the port producers' and the customers' side.
Proposition 2 The optimal solution to pricing and investment problems in the
privatised two-port system is different from the social optimum obtained in
centralised decision-making. Particularly, if the two ports are identical in cost and
capacity,

(i) the port duopoly price in the Nash equilibrium will exceed the socially optimal
level;

(ii) the port duopolists will under-invest when they agree on market share and
over—invest when they do not, as compared with the social optimum.

First of all let us identify the Nash equilibrium of the port duopoly in price
and output. It is important to note that in the Hotelling model no Nash
equilibrium exists when two firms compete on both price and location. When
location is fixed and two firms are sufficiently far from each other a Nash
equilibrium in price exists (Graitson, 1982). Given that port location is immobile
and the two ports locate on each end of the line segment, there will be a Nash
equilibrium in price. As shown in Appendix A2.3-3 the profit—-maximising cargo

volume based on zero—price and non-zero—quantity conjecture is given by
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P;: + S:d - ¢;
(2.3-7) X{j = ] ] '

2(Si+Sj)

(1,j=1,2; i#j)

and the implied port price will be

(2.3-8) Pi= (1/2)(Pj + Sjd +c;)

(i,j=1,2, i#))

The throughput each port will choose depends upon what it thinks the port
price will be in the other port. In general the zero—price and non-zero—quantity
conjectures are inconsistent. With the aggregate demand d, port i's throughput must
be d—Xj if port j picks up its throughput as Xj. But when Xj is the
profit-maximising throughput of port j, d-Xj need not be the profit—-maximising
throughput of port i. The converse is true as well. The port duopoly approaches
equilibrium only when the sum of profit-maximising throughputs of the two ports is
equal to d exactly, i.e.,

(2.3-9) Xj + X d

j=
or
Pj +de'°i+Pi+5id‘°j

(2.3-10) =d
2(Si+5j)

Substituting Eq(2.3-8) into Eq(2.3-10) and rearranging gives

(2.3-11) Pi = (1/3)(5{d+2S jd+2cj+cj)

(i,J=1,2, i#))
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Substituting P; in Eq(2.3-11) into Eq(2.3-7) gives

3cd+(a/l(i)d+(2a/l(j)d+cj-c,-
3(2¢+ a/Kj+ a/l(j)
(i, j=1,2, i#j)

(2.3-12) Xj =

Crucially, as Xj in Eq(2.3-12) satisfies X,+X,=d, X, is port 1's optimal
choice given X, as port 2's choice, and X, is port 2's optimal choice given X,
as port 1's choice, (X,, X,) determined by Eq(2.3-12) and (P,, P,) determined
by Eq(2.3-11) are the port duopoly output and price in Nash equilibrium.

When the two ports are identical in cost and capacity, i.e. ¢;=¢ j and Ki=Kj’

the pair of prices and outputs in Nash—equilibrium reduces to

(2.3-13) Pj = c + (ad/K) + td

(2.3-14) Xij = d/2

From Proposition 1 it is easy to see that Pi*=c+(ad/2K) and Xi*=d/2 is the
social optimum when the two ports are identical in cost and capacity. With the
term (ad/K) included in port charges, port duopoly in effect internalises the
external effect of port congestion. But, as compared with the social optimum
achieved in centralised and decentralised public ports, the port duopoly overcharges
port users by the amount of (ad/2K)+td. The market power of the port duopoly
stems from both the cost of inland transport (td) and the scarcity of port capacity
(ad/2K). The economic effect of overcharging is income redistribution from port
customers to producers. With inelastic aggregate demand overcharging port price
does not lead to a deterioration in efficiency of resource allocation between ports

and other sectors. According to Eq(2.3-14), the duopoly level of output is equal to
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the social optimum, provided that the two ports are identical in cost and capacity
and that demand is symmetric (as implied by Assumption 2). Thus there will be
no distortion in traffic allocation either, as long as ports are identical and demand
is symmetric. Intuitively this is so because traffic allocation depends on the relative
rather than the absolute price level of two ports. The optimal pattern of traffic
allocation divides the hinterland equally and this will not be changed as long as the
two identical ports charge the same level. An important corollary of this is that
the distortion in traffic allocation may well be greater with different objectives of
port pricing as compared with identical objectives of port pricing. Thus mixed port
ownership in this country might be undesirable from a traffic allocation point of
view.

Now consider investment performance of port duopoly. Bobrovitch derived the
profit—-maximising capacity by setting Olly/0K;=0 (where II; is the profit function in
Eq(A2.3-3-1) and he then concluded that the investment rule is the same as
Eq((2.3-6). It was assumed that port oligoplists would treat the pricing and
investment decisions separately. When they chose the profit—-maximising output they
would take the capacity as given. And when they chose the profit-maximising
capacity they would take the market share as given. This partial analysis certainly
fails to reflect real features of oligopolistic competition in port sectors. It would be
more plausible to view port competition as a set of interrelated games. Since the
outcome of price games is predetermined largely by the outcome of investment
games, port duopolists would make every effort to improve their position in the
price games through investment competition. In our analysis equilibrium price and
capacity is determined in the following manner: taking port capacity as fixed, Nash
equilibrium price is first sought, then profits are expressed as a function of
capacity alone and the investment rule of port duopolists is sought. Assume that
initially the two ports are identical in capacity and cost and that they take turns to
invest so the two ports remain identical throughout the game of capacity

competition. Recalling P; in Eq(2.3-13) and X; in Eq(2.3-14), the profit in Nash
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equilibrium is given by

(2.3-15) M = (Pj - ¢;)X; - 1K

= (¢ + td +ad/K-c)d/2 - rK

= (1/2)(t + a/K)d® - rK

Apparently the port duopolists have an incentive to under—invest as long as
they agree on maintaining the existing market share in Nash equilibrium, since

capacity expansion erodes profitability:

aﬂi ad2

(2.3-16) - - -r<o
9K 2K;

As already noted, the degree of monopoly power is partly due to the scarcity of
port capacity. Given cargo volume port duopolists will be better able to raise port
charges if port capacity is lower in relation to demand. But each port duopolist
also understands that in general its market share in Nash equilibrium as expressed
in Eq(2.3-12) is a function of its capacity and its rival's capacity among other

things, and that

axi 3adt + 3azd/Kj
(2.3-17) - >0

8Ki (6tKi+3a+3aKi/Kj)2

given identical marginal cost. It does not have to maintain its market share. Rather
each port will be able to enlarge its market share by expandling its capacity. But
capacity expansion in one port will then provoke competition on capacity from its

rival port in order to defend its market share, because
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aX; -3adt - 3a’d/K;
(2.3-18) - <0

3K (6tKj3a+3aKi/Kj)’

Although each port duopolist knows that

JP; ad
(2.3-19) —_— <0
8Ki 3KiK‘

which implies that competition on capacity will erode profitability, the situation will

get even worse if the rival port siezes the expansion opportunity, because

aPi 2ad aPi
- - <
3KiKi 8Ki

(2.3-20)

8Kj

Port competition on capacity will not stop until the expected profit is zero.
Recall that the profit in Nash—equilibrium when the two ports are identical in
capacity and cost can be written as Eq(2.3-15). The equilibrium capacity denoted

by K;' is such that

(2.3-21) mj(Kij*) =0

Substituting the socially optimal port capacity Ki* into II; we have

(2.3-22) M (K %) = (1/2) (¢ + a/Ki*)d?-rk;*

= (1/2)(td’+ rd/(a/r))> 0O

Since

(2.3-23) M (Ki*) > M;(K;') =0

and
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(2.3-24) a"i/al(i <0

it is obvious that the equilibrium capacity when the port duopolists disagree on

market share is larger than the optimal level:

(2.3-25) Ki' > K*

Therefore in either case the duopoly level of port capacity is different from
the social optimum. The departure from the optimal level of capacity causes a
more serious welfare loss than the departure from the optimal level of price.
Investment efficiency rather than allocative efficiency should be the focus of applied

welfare analysis in port economics.
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Appendix 2.3-1

Optimisation in a Centralised Publicly Owned Two—port System

The optimisation problem of the central planner is how to allocate total traffic d
between the two ports in order to minimise the costs of all participants in the

system, i.e.

(A2.3-1-1) Min £ TC; = Z[(1/2)tXj+ a(X{/K{) + c;Xj+ rKi]
i=1

Subject to ;Xi =-d
i=1

where TC; (i=1,2) is generalised transport costs in port i, including inland transport
cost, ship time cost and port operating and capital cost. Recall that the term X
is unit inland transport cost for the marginal user at a distance X; from port i.
Given linear inland transport costs in distance, average inland transport cost for
users at port i is (1/2)tX;. Note that, under the uniform traffic density assumption
(Assumption 2), X; is equal to port i's traffic as well. Thus total inland transport
costs for all users in port i is (1/2)tX;X;. Under Assumption 3 a(Xy/K;) is unit ship
time costs in port i, hence a(Xy/KX; is total ship time costs for all users in port
i. Given Assumption 4 ¢;X; is operating costs and rK; capital costs of port i.

Noting that X;=d-X;, minimum costs are given by setting OLTCydX;=0 and

OLTC;/9K;=0 from which one obtains

;=0

(A2.3-1-2) tXi- t(d-xi) + 2a(Xi/Ki) - Za(d-xi)/Kj+ Ci-CJ

(i,j=1,2; i#j)
and
(A2.3-1-3) - a(X{/Kj) + r =0

(1,§=1,2; i#))
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Solving Eq(A2.3-1-2) for X; we obtain the optimal throughput in port i, i.e.

dt + 2ad/l(j + CJ - cj

(A2.3-1-4) Xi{ =
2(¢t + a/K; + 8/Kj)

(i,j=1,2; i#))

Rearranging Eq(A2.3-1-2) one obtains

(A2.3-1-5) tX; + aXj/K; + aXj/Kj+ c;
- tXj + aXj/Kj+ aXj/Kj+ c;

(i, j=1,2; i#j)

Comparing Eq(A2.3-1-5) with Eq(2.3-2) it is evident that the optimal price is

given by

*

(A2.3-1-6)

=Y
[

ci + a(XyK;) i=12)

The solution for K; in Eq(A2.3-1-3) is the optimal capacity of port i (i=1,2),

ie.

(A2.3-1-7) K;*

X; Aalr) (i=12)

Assuming that the two ports are identical so that ¢,=c,=c and K, =K =K, the
least—cost pattern of port traffic allocation determined in Eq(A2.3-1-4) reduces to
X,*=X2*=d/2. The optimal port capacity in (A2.3-1-7) is then given by

K,*=K,*=(d/2) Aalr).
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Appendix 2.3-2

Optimisation in a Decentralised Publicly Owned Two—port System

The real costs, denoted by 6;, incurred by customers in port i include port charges
P; and average ship time costs a(Xj/K;j). From Eq(2.3-2) one can derive the
inverse demand function for port i in terms of the real costs, which indicate the

willingness to pay by port users in port i, i.e.

(A2.3-2-1) 8i(Xj) = Pj+ a(Xj/Ki)
- Pj+ a(d—xi)/Kj+ t(d-Xj)- tXj

(i,j=1,2; i#]j)

Following Bobrovitch, the net social welfare function that an independent port
authority seeks to maximise is defined as the difference between social benefit
derived from port i's services and social costs incurred by port i's producers and

customers, i.e.

(A2.3-2-2) WF = [ *1 8;(2)dzZ - [a(X{/Kj) + ¢;Xj+ rK;]

(i,j-l,2; i;tj)

Optimum WF is given by dWF/dXi = 0 and dWF/JKi = 0 from which one obtains

(A2.3-2-3)  ©;(X;) - 2aX;/Kj- c; = 0 (i-1,2)

and

(A2.3-2-4) -aXj/Ki+ r = 0 (i-1,2)
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Since 6; = P; + a(Xy/K;), Eq(A2.3-2-3) implies that the optimal port charging

level in decentralised public ports is given by
(A2.3-2-5) Py = ¢ + aX{/Kj (i=1,2)
which is identical to the socially optimal level of port charges obtained in
centralised public ports P;* determined in Eq(A2.3-1-6).

Eq(A2.3-2-4) implies that the optimal port capacity in decentralised planning
is given by

(A2.3-2-6) K = Xj/(a/r) (i-1,2)

which is also identical to the social optimum obtained in centralised planning Ki*

determined in Eq(A2.3-1-7).
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Appendix 2.3-3

Profit-maximisation in a Privately Owned Two-port System

Recalling the inverse demand function in terms of port price expressed in

Eq(2.2-4), the profit function for port i is then given by

(A2.3-3-1) M = [Pj + de - (Si+Sj)Xi - cjlXj - rKj

(i,j=1,2; i#))

Maximum profits are given by setting OI/3X;=0. Assuming zero—price and
non-zero—quantity conjectures, i.e. an/BPFO, the profit-maximising throughput

derived from the normal condition is given by

Pj+ de - ¢j

2(Si+Sj)

(A2.3-3-2) Xij =

(i,j=1,2; i#j)

Substituting X;' into Eq(2.3-4) the implied port price will be

(A2.3-3-3) P; = l/2(Pj + de + ci)

(i,j=1,2; i#j).
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Chapter 3

Productive Efficiency of British Ports

Relative to a Deterministic Frontier

This chapter and the next two involve estimating productive efficiency for British
ports. In this chapter efficiency is measured against a deterministic reference
technology, on the assumption that the entire deviation of an observation from the
technology is attributed to inefficiency. Both parametric and non-parametric
approaches are available to estimate the deterministic technology against which
efficiency is measured. Since the parametric (deterministic) approach may impose
an unwarranted structure on the production technology, the more flexible
non-parametric approach was chosen, which enables us to explore systematically the
various ways that a port producer might depart from overall productive efficiency
relative to a piecewise—linear reference technology.

The chapter begins, in section 3.1, with a brief outline of the notion of a
frontier function and the computational framework set up by Farrell (1957). The
meaning of inefficiency relative to the production frontier is also discussed. Section
3.2 shows how the simple framework initiated by Farrell has been extended and
developed into more meaningful and less restrictive non—parametric constructions.
This section also provides a background for the development of parametric
(stochastic) models in the next chapter. Given the non-parametric constructions
outlined in section 3.2, the linear programming models used to calculate various
notions of productive efficiency are set up in Section 3.3 and applied to British

ports in Section 3.5. It is found that there has been substantial variation of



87

productive efficiency in the industry and that X-inefficiency, technical inefficiency
and scale inefficiency have been the important components of productive

inefficiency.
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3.1 Frontier Production Function

The textbook definition of a production function holds that it gives the maximum
possible output which can be produced from a given quantity of a set of inputs.
The word frontier may meaningfully be applied in this case because the function
sets a limit to the range of possible observations. One may observe points below
the production function frontier but no points can lie above the production frontier.
The measurement of inefficiency has been the main motivation for the study of
frontiers. As a matter of fact a departure from the frontier can be constructed as
an index of inefficiency for the firm concerned. In early work, however, only
average production functions have been estimated, since a linear regression model
was postulated for the underlying technology. A crucial assumption here is that the
mean of the disturbance term is zero. In other words discrepancies of actual output
values from the expected output value are not attributed to any one-sided error
such as inefficiency. Rather they are assumed to be symmetric, as a result of
unspecified influences, randomness in human response and measurement errors, and
will average out at zero. One cannot derive any meaningful efficiency measures
from such an average production function.

The beginning point for any discussion of frontiers and the meaningful
measurement of efficiency is the work of Farrell (1957), who provided definitions
and a computable framework for productive inefficiency, which was decomposed
into technical inefficiency and price inefficiency. Consider a port production activity
involving two factors of input: labour X1 and capital X2, and producing a single
output Y. Assume that the most efficient production technology currently available
is represented by Y=f(X1,X2). Also assume that the technology is subject to
constant returns to scale, so that the frontier production function can be written as
1=f(X1/Y,X2/Y), i.e. the unit isoquant SS' as illustrated in Fig 3.1-1. The line PP’

is the current isocost line (minimum cost of producing one unit of output). The
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crosses denote observable input coefficients for the ports in the industry. Let A be
a specific port firm. Given the best technology currently available and the factor
ratio of A, the most efficient production activity should take place at B. The
Farrell measure of technical efficiency is then defined by the ratio of OB/OA.
Given current factor prices, however, even B is not the most efficient (the least
cost or the most profitable point) because of its non-optimal factor ratio. Hence,
the observed port firm A is also price inefficient. The corresponding point of
minimum cost is D and the Farrell measure of price efficiency for A is defined by
the ratio of OC/OB. The measure of overall productive efficiency for A is then
computed as the product of the technical efficiency measure and the price

efficiency measure and is equal to OC/OA.

Fig 3.1-1 Frontier Function and Productive Efficiency

Price inefficiency is due to failures to adopt the least—cost technology defined
by the current isocost line PP’. Farrell suspected of whether a high price efficiency

is desirable (pp.261). Price efficiency measures the extent of a firm's adaption to a
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particular set of factor prices. In the short run it need not indicate any
unavoidable errors in decision making, since, for example, ports which invested
long ago may have had rather different expectations about future factor prices than
would those which invested comparatively recently. Simliarly, in a period of
expansion a port's best policy may be to operate for a time well above its optimal
level of output, although this would imply a low price efficiency. Thus Farrell
believed that price efficiency provides a good measure of efficiency in adapting
prices only in a completly static situation.

Farrell's measure of technical efficiency measures the extent of deviations from
the frontier production technology. Farrell maintained that it indicates "the
undisputed gain that can be achieved by ‘gingering up' the management"” (pp.260).
In other words Farrell's original intention is to measure managerial efficiency.
Clearly to measure genuine efficiency requires all important factors of production
except the managerial inputs to be included as explanatory variables in the
production function. This also requires the quality of inputs except the quality of
managerial inputs to be homogenous or the quality of inputs to be counted as
further factors of production if they are heterogenous (as always). Recall that, in a
classical regression model of production function, we shall build all important
factors of production into the systematic part, leaving the mean of the disturbance
term to be zero. In a frontier production function model, however, we shall
deliberately leave managerial inputs outside the systematic part. It is the quantity or
quality of managerial inputs that is the source of inefficiency we concern. However,
it is easy said than done to measure input variables accurately and exhaustively.
Failures to so will obscure policy implications of the efficiency estimates, since
inter—firm efficiency may be partly attributed to the non—-measurement of a further
factor of production. The problem of the measurement of inputs will be discussed
in Section 3.4. At this stage we need to elaborate on the exact meaning of
managerial efficiency.

Even when we are free from measurement problems there is still room for
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doubt whether departures from the production frontier indicate “undisputed gains
that can be achieved by gingering up the management”. This should include
X-inefficiency, which occurs due to motivational deficency at both management and
worker level. The extent of X-inefficiency reveal gains that can be achieved
through improving incentive structures of the management concerned. But
departures from a production frontier need not be attributed to X-inefficiency only.
They may simply represent the efficiency of a technology in relation to the
best—practice technology. Clearly, with technical progress, technologies available
recently are likely to be more productive than technologies available long ago.
Once the technology is chosen, a firm is stuck with that particular technology until
it is profitable to change it. At any moment an industry is likely to be living with
different vintages of technology, which vary in productivity. In the short run, the
inefficiency of a technology is not necessarily avoidable even in a X-—efficienct firm,
since it is unwise to replace the existing technology with the frontier technology at
any cost.

Technical efficiency, managerial efficiency and X-efficiency are often used
interchangably in economics literature. Leibenstein (1973) objected to technical

efficiency being synonymous with X-efficiency:

I use the term “X-efficiency” for what some writers may mean whey they speak of
“technical efficiency” (for example, Farrell (1957)) or “efficiency in the engineering
sense” (Schwartzman, 1973). My reason for this is to escape from some of the
behavioural nuances and suggestions contained in the words “technical efficiency* (or,
in some wuses, "entrepreneurial efficiency”). Ome of the implications of "technical
efficiency” is that there is some sort of a “central controller” of inputs who, at least
in principle, is able to determine how the inputs are to be combined in order to
pursue the objective of the firm (ie. minimize costs). The only difficulty implicitly
admitted is that this central controller is not quite as good at doing his job as he
might be. His technique is off as it were. Hence, a firm may be technically
inefficient. I believe that this involves an undesirable simplification of the nature of
the firm, and hence 1 will use the more mneutral concept of X-inefficiency to mean
the extent to which a given set of inputs do not get to be combined in such a way

so as to lead to maximum output.
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There is some inconsistency in this quoted paragraph. At the begining Leibenstein

seemed to emphasize that X-inefficiency is a better term than technical inefficiency
for what he meant, but finally he seemed to infer that these two terms are
different in substance. It is important to note that the difference between
X-inefficiency and technical inefficiency is not just a matter of nuance.

In this monograph we formally distinguish between X-inefficiency and technical
inefficiency and maintain that they represent two distinctive components of Farrell's
"technical inefficiency”, represented by the ratio of OB/OA in Fig 3.1-1. We
replace the term "technical inefficiency® with the term non-price productive
inefficiency. Technical inefficiency arises from the difference in the the frontier
technology and the technology actually adopted due to putty—clay problem. By
contrast X-inefficiency occurs because of failures to explore the maximum
production possibility of the technology actually adopted. The distinction between
these two efficiency notions are important because they have different policy
implications. While X-inefficiency indicates the efficiency gains that can be achieved
by gingering up the management, technical inefficency implies that the efficiency
gains that can be achieved through technical progress. Technical efficiency may
reflect conduciveness of a firm to technical progress and its managerial efficiency in
investment decisions. But if we assume that knowledge of producers are imperfect
so that they need time to adjust their production to the optimal level, technical
inefficiency is unavoidable in the short run.

It is possible to decompose a deviation from the frontier into technical
inefficiency and X-inefficiency. For instance, one may introduce variables in
addition to factors of inputs in the frontier production function to describe the
technical levels of firms in utlising the capital and labour inputs. Since the
additional variables vary over firms using different technologies, firm—specific
production functions can be derived from the common production function. While
the X-efficiency measure can be constructed relative to the firm-specific production

function, the technical efficiency measure can be obtained by comparing the
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firm—specific production function and the most efficient firm-specific production
function.

The efficiency notions we have discussed so far are defined relative to a
frontier technology that exhibits constant returns to scale and strong disposability.
In non-parametric models more efficiency notions can be defined if we specify

different characteristics for the frontier technology.
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3.2 The Non-parametric Approach

Both non-parametric and parametric approaches were proposed by Farrell (1957).
His non-parametric approach specifies the piecewise-linear, free disposable convex
hull of the observed input-output ratio by some mathematical programming
procedure. Farrell's non-parametric method has the advantage that no functional
form is imposed on the data, but has the disadvantage of quite restrictive
assumptions, namely, constant returns to scale and strong disposability of inputs.
Secondly, Farrell illustrated his method for the case of a single output; the
generalisation to permit multiple outputs by his approach is complicated. Finally,
the efficiency estimated by Farrell's approach is susceptible to the presence of
extreme observations and measurement error as the frontier is computed from a
supporting subset of observations from the sample.

Following Farrell, many contributions have been made to construct a less
restrictive piecewise-linear technology in order to generalise the non-parametric
approach. Among the most important ones are the work by Charnes, Cooper,
Rhodes (1978, 1979), and Banker (1984, 1), which is known as Data Envelope
Analysis (DEA); and the work by Fare, Crosskopf, Lovell (1985) which we may
call FCL models.

Both work via an axiomatic formulation from which is constructed a series of
measures of efficiency relative to piecewise-linear technologies. But the efficiency
measures derived from FCL models are more comprehensive than those derived
from DEA models. Both radial and non-radial measures of input—based efficiency,
output-based efficiency and graph—based efficiency are developed by FCL. By
radial measurement overall productive efficiency can be decomposed into price and
non-price productive efficiency. The latter can be further decomposed into purely
productive ef ficiency, congestive efficiency and scale efficiency. The reference to

sources of efficiency underscores one of the main contributions of the FCL
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approach.

In this study we will confine our attention to radial measures of input- and
output-based productive efficiency for individual UK ports, as the virtues of the
radial family of efficiency measures include the ease of computation, a
straightforward cost and revenue interpretation, and the consequent decomposability
(for details, see FCL (1985)). The remaining task of this section is to clarify the
various notions of efficiency.

FCL models may be considered as an extension of Farrell's model in two
respects. First, FCL formally distinguish a number of contexts in which a firm
makes its input—output decisions. In this study we shall confine ourselves to two of
them:

(i) a revenue maximisation context, in which a firm takes its inputs as being
predetermined or exogenous;
(ii) a cost minimisation context, in which the firm takes its output as being
predetermined or exogenous.

FCL maintain that different circumstances require different efficiency measures.
Input efficiency, which is appropriate to the situation (ii), measures the efficiency
of an input vector in the production of a predetermined output vector. Output
efficiency, which is appropriate to situation (i), measures the efficiency of an
output vector producible from a predetermined input vector.

Both input and output measures are radial in the sense that they search for
the maximum proportional reduction in inputs or increase in ouputs. The distinction
between input and output efficiency measures can be illustrated in Fig 3.2-1. For
simplicity, consider a single—output Y and a single-input X reference technology
denoted by FPF. Relative to FPF, the production plan in A is inefficient. The
input measure of productive efficiency seeks a maximum reduction of input
consistent with continued production of the same output, and it takes B as the
efficiency reference point of A. The output measure of productive efficiency seeks

a maximum output expansion consistent with continued usage of the same input
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and it takes C as the efficiency reference point of A.

The input measure is unequal to the output measure unless the technology is
homogenous of degree one (FCL, 1985, pp.132). Since Farrell assumed constant
returns to scale, there was no need in his framework to distinguish the two
measures. But in general the efficient use of inputs does not necessarily imply the

efficient production of output. Nor is the converse true.

PFP

wlk
>

Fig 3.2-1 Input and Output Efficiency

Secondly, while the technology specified by Farrell is simple and restrictive,
the technologies in FCL models are sophiscated and flexible. In Farrell's model the
frontier technology is subject to constant returns to scale and strong disposability
(we shall return to these shortly). By contrast, three reference technologies are
distinguished in FCL models:

(i) the long-run competitive equilibrium technology, which exhibits constant returns
to scale (CRTS) and strong disposability of inputs and outputs;
(ii) the strongly disposable technology, which exhibits variable elasticity of scale and

strong disposability;
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(iii) the weakly disposable technology, which exhibits variable elasticity of scale and
weak disposability.
The variety of technologies enables us to define various notions of efficiency.
Consider Fig 3.2-2 which illustrates the three reference technologies by the
the three isoquant lines, I1, I2 and I3, for two inputs, X, (labour) and X2
(capital), to produce a specified level of output Y (denoting either a single output
or a vector of multiple outputs) in a cost-minimisation context where the input
measure of efficiency is appropriate. The points along each technology represent
different senses of the most efficient input combinations. The area above each

technology is the corresponding input possibilities set.

X
h L s
A
B
C
D
E

0 "X

Fig 3.2-2 Input-Based Productive Efficiency

With constant returns to scale and strong disposability of inputs and outputs,
the long—run competitive equilibrium technology denoted by I,(Y) provides the

largest input possibility set required to produce Y. This is so because frontier firms
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operate at the most productive scale size. For a single—input and single—output
case, the most productive size is simply the scale for which the average
productivity measured by the ratio of total output to total input is maximised. In
the case of multiple inputs, the most productive scale size is the scale that
maximises the "average productivity” measured by the ratio of total outputs to total
inputs for a particular input and output mix. The concept of the most productive
scale size is closely related to returns to scale. Outputs per unit of inputs for a
particular input and output mix would be maximised if and only if constant returns
to scale prevailed. In order to maximise average productivity one would increase
the scale size if increasing returns to scale prevailed, and decrease the scale size if
decreasing returns to scale prevailed.

It is useful to distinguish between the problem of determining the most
productive scale size for particular input and output mixes and the problem of
determining the minimum cost mix of inputs and outputs on the basis of their
relative prices (Banker, 1984, 2). Since prices are likely to be more volatile than
the pure technological characteristics, Banker argued that estimation of merely the
cost function is likely to retain its relevance for managerial and policy decisions for
shorter period than the estimation of the purely technological relation between the
physical quantities of inputs and outputs.

Another feature of the long-run competitive technology is strong disposability,
as generally assumed in economics textbooks that technologies are monotonic. In
other words, if one increases the amount of at least one of the inputs, it should
be possible to produce at least as much output as one was producing originally.
The technology is said to be strongly disposable or congestion—free, since if one
can dispose costlessly of any inputs, having extra inputs around cannot do any
harm (Varian, 1990, pp.303-304).

The strongly disposable reference technology denoted by I(Y) is also assumed
to exclude the possibility of congestion again but to exhibit increasing returns to

scale or decreasing returns to scale. Since firms that adopt this technology fail to
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maximise average productivity, I,(Y) lies above the long—run competitive equilibrium
technology and the input possibilities set shrinks accordingly.

The monotonicity or strong disposability of the technology implies positive
marginal productivity. However, in accordance with the law of diminishing returns,
if more and more of a variable factor is applied to a fixed quantity of other
inputs, eventually the resulting increases in output must diminish. Whenever this
happens and the variable input is not freely disposable for one reason or another,
the technology is said to be congestive in the variable factor. Technologies
exhibiting congestion are frequently found in agriculture, transport, and engineering
industries where a proper subset of production factors is kept fixed and increases in
the others may obstruct output (Fare, 1980). This may be justified in two ways
(Heathfield and Wibe, 1987, pp.26-27). The first relies on the heterogeneous
nature of the fixed inputs. At the initial stage of production only the most
productive parts of the fixed inputs are in use. But as output expands more of the
least productive parts of the fixed inputs are pressed into service and so the
marginal product of the variable input declines. This could be the case in the port
sector where the fixed inputs are land and water area. At first only the most
suitable sites, which are close to urban centres or require less dredging, are chosen
to build terminals. But as output expands the quality of the capital inputs is poorer
and poorer and hence the marginal product of labour declines. The second relates
to the optimum factor ratio given by quantity of the fixed input. Before the
optimal ratio is reached the variable input will become more productive as it
increases. Beyond the optimum, the factor ratio is less and less optimal as the
variable input increases and eventually the marginal product of the variable input
will become negative. An example of this in the port sector of this country could
be the now abolished labour scheme which prohibited casual employment of dock
workers. Under the scheme, port employers were not permitted to dismiss
registered dock workers without consulting with joint boards of employer and trade

union representatives. With dramatically declining labour requirements as a result of
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technical progress in the industry, the labour/capital ratio is less and less optimal
with a redundant labour force. Qur attention will be confined to the second type
of congestion in technology which is due to the non-—optimal factor ratio. Returning
to Fig.3.2-2, if one of the inputs, say labour X, is not strongly disposable,
congestion in X, will cause the technology denoted by I,(Y) to be
backward—-bending so that the input possibilities set shrinks further. The
backward-bending frontier indicates that the technology is not monotonic: the
marginal product of labour is negative.

Against these reference technologies various notions of productive efficiency
can then be measured. Following FCL it is useful to categorise three primary
measures and two derived measures of non—price productive efficiency.

The three primary measures include non-—price productive efficiency OTE,
weakly productive efficiency WTE and purely productive efficiency PTE. Again
consider Fig.3.2-2 which illustrates the wvarious input-based notions of efficiency
diagrammatically. The observed input combination is denoted by A. First of all,
relative to the long-run competitive equilibrium technology I1,(Y), the overall point
of efficient production with the same factor ratio as A would be E. The
input-based measure of non-price productive efficiency (IOTE) for A relative to

I,(Y) would be

(3.2-1) IOTE = OE/OA

The point C on the strongly disposable 1,(Y) represents a weak point of
efficient production, since the point C is not attainable with the congested
technology I1,(Y). But the point D is attainable with I,(Y) as well as with I,. By
disposing CD units of X,, the point C is attainable. The input-based measure of

weakly productive efficiency (IWTE) for A defined relative to 1,(Y) would be

(3.2-2) IWTE = OC/0A
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Finally, against the weakly disposable and non-CRTS technology I.,(Y) the

input-based measure of purely productive efficiency (IPTE) which is due to

production in the interior of I,(Y) would be

(3.2-3) IPTE = OB/OA

Two points should be noted about these three primary measures. First, in
Farrell's framework IOTE, and IWTE and IPTE are equal. This is so because
Farrell assumed constant returns to scale and strong disposability, and hence the
three reference technologies distinguished in the FCL framework coincide. But
unless we are convinced that the frontier technology can only be characterised with
constant returns to scale and strong disposability it is necessary to distinguish the
three measures from one another. Second, for the reason explained in section 3.1
IPTE is hypothesized as both technical efficiency and X-efficiency.

Divergency in the values of the three primary measures implies the existence
of two additional categories of inefficiency, known as congestive inefficiency and
scale inefficiency. Given the three primary measures, the latter two measures can
be derived. Congestive inefficiency occurs because of production on the
backward—-bending segment of the technology where inputs are not strongly
disposable. To measure input congestion radially, one needs to determine by how
much an input wvector can be radially reduced to reach the closest
input—congestion—free technology (i.e. 1,) from the congested technology (I,). Such

an input congestion measure can be defined as the rato of IPTE and IWTE, i.e.

(3.2-4) ICE = IWTE/IPTE = OC/OB

Scale efficiency occurs because the firm is not operating at the most

productive scale consistent with the long-run competitive equilibrium. Naturally such

an input measure of scale efficiency relates to the divergency bewteen I, and I,
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and should then be derived from IWTE and IOTE, i.e.

(3.2-5) ISE = 10TE/IWTE = OE/OC

Unlike purely productive inefficiency and congestive inefficiency, scale inefficiency
as a result of departure from the long-run competitive equilibrium is not
necessarily an error on the part of the firm concerned. It is inefficient from the
social point of view.

It is easy to see that non-price productive efficiency (IOTE) can be
decomposed into the categories of purely productive efficiency, congestion efficiency

and scale efficiency, namely

(3.2-6) 10TE = (IPTE) (ICE) (ISE)
= (OB/OA) (0C/OB) (OE/0OC)

= OE/O0A

In a similar vein, radial measures of output-based non-price productive
efficiency can be constructed (FCL, 1985, pp.79-102).

In short, purely productive efficiency denoted by PTE (in the form of either
X-efficiency or technical efficiency or both), congestive efficiency denoted by CE
and scale efficiency denoted by SE are three mutually exclusive and exhaustive
components of non-price productive efficiency denoted by OTE. OTE can occur in
any one way, any two ways and all three ways but in no other ways. The FCL
framework thus enables us to define productive efficiency in a systematic manner as

compared with Farrell's framework.
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3.3 The Non-parametric Frontier Models

In this section FCL's non—parametric models are modified for British ports in order
to bring the notions of purely productive efficiency, congestion efficiency and scale
efficiency into the same framework.

It should be clear by now that different notions of efficiency are defined
against different reference technologies. In non-parametric models the reference
technologies are subsets of the input and output correspondences. A production
technology transforming factors of production X=(X1,X2,...,Xn) ¢ R(n)+ into net
outputs Y=(Y1,Y2,...,Ym) ¢ R(m)+ can be modelled by an input correspondence Y
> I(Y) € R(n)+, or inversely by an output correspondence X - P(X) < R(m)+.
I(Y) gives all possible input vectors which yield at least Y. Inversely P(X) gives all
possible output vectors obtainable from X. FCL assumes that the input

correspondence satisfies the following axioms:

L.1 0 does not belong to I(Y) for Y » 0, and I1(0) = R(n)+;
L.2 If nY(1)io+o as I>+o, then N I(Y(1)) is empty;

L.3 If XelI(Y), XX € 1(Y) for » » 1;
L.4 I is a closed correspondence;

L.5 1(8Y) € I(Y) for 8 » 1.

L.1 means that a semi-positive output cannot be obtained from a null input vector
and that any non-negative input vector yields at least zero output. L.2 means that
a finite input cannot produce infinite output. L.4 is a mathematical requirement
imposed to enable input isoquants to be defined as subsets of the boundary of the
input sets I(Y). L.3 means that a proportional increase in inputs does not decrease
outputs. L.5 means that a proportional increase in output cannot be obtained if

inputs are reduced. L.3 and L.4 are referred to as weak disposability of inputs and
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outputs respectively. These are equivalent to assuming that marginal products are
not restricted to be non—negative.

Occasionally stronger axioms than L.3 and L.5 are needed:

L.3.S tpXel(Y) > tel(Y);

L.5.S s»Yel(s)SI(Y).

L.3.S states that an increase in inputs, including but not limited to a proportional
increase in inputs, does not lead to a decrease in outputs. L.5.S states that an
increase in outputs, including but not limited to a proportional increase, cannot be
obtained if inputs are reduced. In other words marginal products are restricted to
be non—negative. L.3.S and L.5.S are referred to as strong disposability of inputs
and outputs.

Given the data available we are able to identify two inputs (labour X: and
capital X2) in the production of a single output Y in a given period of time,
where for k British ports in the sample X1, X2 and Y are all k—element column
vectors. Assume that the broad port production technology is piece—wise linear and
modelled by an input correspondence I(Y) or output correspondence P(X) which
satisfies the properties (L.1-L.5) or (P.1-P.5) inversely related to (L.1-L.5) (see
FCL, 1985, pp.25). Further we use M to denote a (k,1) vector of observed output
and N to denote a (k,2) matrix of observed inputs for k ports, and
Z={Z,,Z,,...,Zy} to denote the activity (intensity) level of each of the k activities.

The reference technology of British ports I,(Y) with no restriction of CRTS
and of strong disposability is the subset of input set I(Y) which satisfies no more

than L.1-L.5, i.e.

(3.3-1) I,(Y)=(X:U.Z.M=Y, Z.N=V.X; U,Ve(0,1], ZeR(k)+)

where ¥Z;=1 to allow for increasing, constant and decreasing returns to scale; the
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parameters U and V allow for radial scaling of the original observations and their
convex combinations.
The reference technology I,(Y) with restriction of strong disposability but not

of CRTS is the subset of I(Y) which satisfies L.1, L.2, L.3.S, L.4 and L.5.S., i.e.

(3.3-2) I,(Y)={X:Z*M5Y, Z*N¢X, ZeR(k)+)

where again YZ;=1 to allow for increasing, constant and decreasing returns to scale;
The inequalities replace strict equalities on (3.3-1) to allow for strong disposability.

The reference technology I,(Y) with restrictions of both strong disposability
and CRTS is the same as I(Y) except that the sum of Z; is not restricted to
unity.

Given these constructions a series of linear programming models can be
formulated accordingly in order to calculate the various efficiency measures.

Recall that non-price productive efficiency OTE is decomposed into purely
productive efficiency PTE, congestive efficiency CE and scale efficiency SE, where
CE is derived from PTE and weakly productive efficiency WTE according to
Eq(3.2-4), and SE is derived from OTE and WTE according to Eq(3.2-5).
Therefore we only need to consider models for three primary input measures of
OTE, PTE and WTE.

The input measure of non—price productive efficiency IOTE for an observation
(X, Y,) relative to the technology I,(Y) can be calculated from the following

linear programming problem.:

(3.3-3) Min 10TE
Subject to Z'*M » Y,
Z'*N ¢ X, *I0TE
Z>0

IOTE » 0
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The input measure of weakly productive efficiency IWTE for the observation
(X,,Y,) relative to the technology I,(Y) can be calculated from the following

linear programming problem:

(3.3-4) Min IWTE
Subject to Z*M 5 Y,
Z'*N ¢ X, *IWTE
k
Xz; = 1
i=1
Z>0

IWTE » 0

According to FCL (1985, pp.183) we also have to compute weakly productive
efficiency on the star—input correspondence IWTE* to identify sources of scale
inefficiency. If there is scale inefficiency at (Y,X), then it is caused by increasing
returns to scale if and only if IWTE*<IWTE, and it is caused by decreasing
returns to scale if and only if TWTE*=IWTE. The linear programme for IWTE* is
the same as that for IWTE in (3.3-4) except the restriction of returns to scale in
the former should be XZ;1 rather than IZ;=1.

The input measure of purely productive efficiency IPTE for the observation
(X,,Y,) relative to this technology can be calculated from the following non-linear

programming problem:

(3.3-5) Min IPTE
Subject to U*Z'#*M = Y,
Z'*N = IPTE*V¥X,
k
1Z; = 1
i=1

0<Ug1
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0<Vgl

Z>0

IPTE > 0

which is a non-linear programming problem and can be transformed into the

following linear programming problem:

(3.3-6) Min IPTE
Subject to Q*M = Y *S
Q*N = X *IPTE
k
0 > 1
i=1
S > 1

Q>0

where S = 1/U*V, Q = Z/V. Minimisation of IPTE requires that the restriction
IQj » 1 reduce to IQ; = 1. The equality must hold since otherwise a
proportionate reduction in each element of Q would allow a lower value of IPTE,
which is the minimand.

From their respective definitions in Fig 3.2-2 it is clear that IOTE £ IWTE
£ IPTE. This can also be verified mathematically. The difference between
Eq(3.3-3) and Eq(3.3-4) is the extra constraint that the Z; sum to unity in the

latter. It is then obvious why IOTE should be less than IWTE. To explain the

relationship between IWTE and IPTE, we can rewrite Eq(3.3-5) as

(3.3-7) Min IPTE
Subject to Z'*M = Y *U

IPTE*X, = (Z'*N)/V
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k
IZ; - 1
i=1

0<Ug1
0<VvVgl
Z>0

IPTE > 0

Both free variables U and V are bounded within (0,1]. Clearly when U=V=l,
Eq(3.3-7) is equivalent to Eq(3.3—4) and hence IWTE=IPTE. In this case the
strongly disposable technology coincides with the weakly disposable technology.
When U or V is less than unity, Y *U or (Z'*N)/V in Eq(3.3-7) must be larger
than Y, or Z'*N in Eq(3.3-4). This means that the minimisation of IPTE has
tighter constraints than the minimisation of IWTE, and hence that IWTE <
IPTE.

For the output correspondence, P(X) axioms P.1-P.5 and P.3.S and P.5.S
inversely related to the above axioms can be imposed (see FCL, 1985, pp.25), and
the corresponding output—based reference technologies can be constructed. In a
similar vein, one can construct linear programming models to calculate output

efficiency, and these are given in Appendix 3.3-1.
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3.4 Variables and Data

The source of data for this thesis was the annual reports and financial accounts
published by port authorities in Britain during 1983-1990. Although there are 100
commercially significant ports in Britain, not all of them provide information on all
variables and some do not publish annual accounts at all. Having deducted
non—commercial ports (e.g. fishing ports or harbours mainly involved in navigation
and conservancy or off-shore supply) from those which do provide annual accounts,
at best one can have 37 observations a year. However, the samples do cover
almost all the well-known British ports and all the important ports in each
category of ownership. The samples also have a fair coverage of ports of different
size, including major ports, medium ports and small ports (a classification adopted
by the British Ports Federation). Associated British Ports are taken as one unit
since the group does not provide data at disaggregated level.

A production frontier is not observable. It can only be estimated from a data
set of relevant input—output variables. An accurate representation of the frontier
technology depends not only on how well the frontier is modelled, but also on how
well the variables are measured. Before constructing the variables, however, one
must know the production process that the technology refers to. For instance, steel
production consists of three processes: mining, iron production and steel production.
Different processes require different inputs to produce different outputs. The mining
process ‘produces' iron ore by applying capital and labour to the land. The
production of iron requires capital and labour and iron ore. The steel producing
process uses capital and labour and iron. Alternatively, the three stages can be
regarded as a single process. In this case the inputs would be capital, labour and
iron ore and output would be steel. Needless to say, the capital and labour inputs
used in different processes are different.

The process of port production is complex, consisting of pilotage, towage,
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berthing, cargo loading and unloading, and warehousing. Also modern ports tend to
diversify beyond traditional port activities into distribution, related transportation and
property sale, etc. Ideally, it would be best to concentrate on one particular
production process, for example, cargo handling. But this is impossible with the
data available. The port production process considered in this study is the activity
of the port as a whole. This leaves room for doubt on the interpretation of
efficiency measures since the activities of a given port may not be the same as
those represented by the corresponding point on the frontier. Nevertheless, in
contrast to continental European ports, the internal structure of British ports is
relatively uniform. Although there are exceptions, the duties of British port
authorities are relatively comprehensive. Britain's port activities are thus not
hopelessly uncomparable. In addition, what concerns us is the relative efficiency of
different forms of port ownership rather than of individual ports. It is hoped that,
by averaging efficiency for each group, the effect of the diversity of port activities
will be reduced. In the final chapter we shall consider to what extent the diversity
in activity can account for inter—port efficiency.

The measurement of inputs fraught with difficulties. For instance, it is
well-known that capital represents a particularly difficult problem, which has
provoked, and continues to provoke, a great deal of controversy. In the context of
frontier estimation, the most worrying problem is, however, not how to define
input variables, but how to treat the heterogeneity of factors of production (Farrell,
1957, pp-260). The productiveness of different sets of equipment may vary
considerably. So would the natural fertility of farmers' land, or the quality of the
labour force. Quality differences in a factor favour a firm using relatively high
grade. Whenever this is so, there is room for doubt whether efficiency measures
constructed relative to a frontier are genuine measures of managerial efficiency.
This problem is the same in effect as the problem of omission of one of the
factors, which would give a firm that used relatively much of this omitted factor a

relatively high efficiency. One may consider inability to measure quality difference
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in a factor as an omitted factor: quality of the factor.

Nevertheless, the correct measurement of all relevant factors is subject to
information available, and, in practice, information is notoriously limited. For this
reason, Farrell believed that the productive efficiency of a firm must always, to
some extent, reflect the quality of its inputs, which is not measured in frontier
models. From practical point of view, while one should take every effort, given
information available, to reduce the extent of measured efficiency attributed to
quality differences and unobserved factors through better definition of variables and
specification of the frontier model, interpretation to account for interior points
should be cautious when preliminary work on data processing is constrained by
information available. One could also, use partial or total correlation analysis, to
investigate the factors which influence estimated efficiencies.

With the data available in the financial reports, we are able to identify one
output and two inputs (labour and capital) for British ports.

Output Y is defined as turnover in thousand pounds, which consists of the
amount receivable in respect of port services provided to third parties. In some
ports this also includes revenue from property sales and rent. As a matter of fact
the value of turnover serves as an aggregate measure of the multiple services
provided by a port.

There are several serious problems associated with this measure. The first is
the use of a gross rather than a net output measure. We note that the numerator
of all productivity ratios should be net output or at least a proxy variable for net
output. It is the results that are achieved by the factors employed within the firm
concerned which is necessary to relate to the quantity of such factors. Non—factor
inputs such as bought—in materials, fuels, component parts and services are the
product of other factors from outside the industry concerned. The net output of
the port industry is ideally defined as the difference between the value of its gross
output and the value of its non-factor inputs. It is possible in principle to calculate

figures of value added for many ports based on the financial data provided in their
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company reports. However, the items reported in the financial accounts are not
standardized for all ports, and this means that some observations would be missing
if value added is used as a definition of output [1]. Since the proportion of
non—factor input costs in the value of gross output is not as significant as in other
industries, because the port industry is a service industry, it is hoped that the gross
output measure we have adopted is not a poor proxy of the net output measure
which should ideally be used.

Since we in fact use port prices as weights to aggregate the multiple services
provided by ports, another problem is that turnover would not serve as an
appropriate aggregate measure of the multiple services if port prices fail to reflect
the real costs of port facilities and services. The composition of port facilities and
services varies across ports, and this could lead to a distortion in valuing the true
level of port activities. Port prices consist of two parts: port dues on vessels and
cargoes for the use of port facilities, and port charges for the use of port services
(e.g. cargo-handling charges). The fixing of port charges is subject to negotiation
between port operators and ship operators in specialised terminals. In common-—user
terminals port charges also reflect the demand and supply situation. Since the
markets for port services in the UK are quite competitive, it is reasonable to
assume that port charges are more or less in line with port costs. Port dues, on
the other hand, are fixed by port authorities. Although they may be reviewed
every year or so in line with general price index or other considerations, they bear
little relationship with real costs of port facilities. If we agree on the short-run
marginal cost pricing principle, the opportunity cost of some port facilities (e.g.
capital dredging) is zero when the channel is under-utilised, and should reflect the

scarcity of the facilities when a port concerned is congested. These economic

[1] At the initial stage of research it was worrying that the size of actual samples of British
ports was too small to fit production frontiers. It was later realised the smallness of sample size
can be overcome by pooling cross-sectional data. Further research is planned in which the
efficiency measures will be recalculated on the basis of estimated value added.
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principles are rarely considered in the fixing of port dues. Nevertheless, the amount
receivable from collecting port dues is not a major ingredient of port incomes as
compared with the amount received from port charges in a typically commercial
port. The effect of “incorrect” prices might therefore be negligible.

Labour input X1 is defined as total staff costs consisting of wages, salaries and
social security costs in thousand pounds. In ports of the National Dock Labour
Scheme this also includes the National Dock Labour Board Adminstration levy and
the National Volunteer Severance levy. We deliberately include these in order to
reflect the impact of the labour scheme on efficiency.

Capital input X2 is measured by the net-book value of fixed tangible assets in
thousand pounds, and usually includes land, buildings, dredging, dock structures,
roads, plant and equipment etc. The gross value of freehold land required for port
operations is based on the market price. The gross value of other fixed assets is
based on cost where this is known, or on engineering estimates of what the cost
would have been at the date of purchase and construction. Depreciation in British
ports is provided, on assets other than land, on a straight-line basis over their
estimated lives.

A better measure of capital input is replacement cost. Historical cost fails to
reflect the opportunity cost or real cost of capital assets. In the port industry
where fixed assets are typically durable, the adoption of historical cost is likely to
create bias against relatively newly-built ports (e.g. Felixstowe). For some ports
which have not undertaken major investments for years (e.g. Liverpool) the net
book value based on a straight-line basis tend to undervalue the real costs of their
capital assets. This does not apply to the value of land which is based on the
market price. When information is not available on replacement cost, a better
approach would be to adopt a physical measure. For instance, one can design a
proxy measure of capital input which is a function of the size of quays, water
area, and capacity of cranes. However, since different parties (i.e. port operators

other than the port authority) may be involved in a single port, a port—by—port
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investigation would be necessary to identify the fixed capital assets which belong to
each port authority.

The two inputs available to us may not be sufficient to tie down a frontier
production function. An important factor which is likely to account for inter—port
efficiency is the port location. Every port must possess water area and land to
fulfill its functions, but the quality of port sites varies across ports. Some ports
may claim inherent cost advantages over others because of tidal characteristics and
estuary depth. The measurement of the locational factor is difficult, although not
impossible. This is so because the factor is multi-dimensional. For example, a port
located at the estuary mouth requires less capital and maintenance dredging but this
advantage may be offset by the need to construct breakwaters and stronger quay
walls, which would not be necessary if the port were built at the estuary head.

The omission of some relevant factor input in the deterministic model
produces biased efficiency estimates in favour of firms using relatively much of that
factor. In stochastic models this will result in the inconsistency of efficiency
estimates. One of the difficulties which stochastic frontier models suffer from is the
requirement of non-independence of regressors and the inefficiency term (Schmidt
and Sickles, 1984). But when some relevant factor (say locational factor) is
omitted, it may be incorrect to maintain this assumption. A port with a favourable
location gives a higher productivity. This may well imply relatively higher labour
and capital inputs because of the marginal productivity conditions. In consequence
the inefficiencies (one-sided error component) will not be independent of the
regressors. In chapter 4 we shall tackle the locational effect in a panel data model.
It is possible to argue, at this stage, that the problem may be less serious than
first appears. Some of the locational effect may already be reflected in the
aggregate capital variable which includes land. Since the value of land is based on
market price, this may reflect locational advantage of port sites to some extent.

Production in ports, as production in other transport sectors, is special in the

sense that port customers also contribute by providing factors of production: i.e.
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ship and cargo time (Goss, 1990, 1). The first involves the opportunity cost of
ship time, roughly equivalent to the time-related vessel operating costs at port
(wages, insurance, repairs and the hotel load level of fuel consumption) plus profit
foregone elsewhere. The second mainly relates to the value of time taken to keep
cargo at port (for example the cost of borrowing money to finance goods, although
it is by no means confined to this). From the social point of view these are also
an important component of port costs. Efficiency measures would be more
meaningful if ship and cargo time could be counted as an input variable along with
capital and labour. Unfortunately this was also impossible with the data available.

We are fully aware of the fact that the data set is far from ideal. With the
information available there is little preliminary work that can be done on the
measurement of inputs and output. An alternative data source is Port Statistics
published by the British Ports Federation, in which detailed output data in terms of
tonnage are available. We have also collected data on the number of port
employees by occupation. Unfortunately, there are no capital data consistent with
these output and labour data.

For the purpose of this study, the measurement problems, however, may be
less serious than it appears. Since what concerns us is the relative efficiency of
port ownership rather than of individual ports, mere bias in the measurement of
input and output variables will not matter, so long as it is spread evenly over
different ownership groups. It is when there are systematic differences between
ownership grbtrps in the input and output variables, that an ownership group's
efficiency will reflect the bias as well as its managerial efficiency. To compare
relative efficiency of different forms of port ownership, we will compare their
average efficiency. Although we do not expect the bias in the measurement to
disappear over different ownership groups, it is not difficult to believe that the

effect of the unobserved factor can be reduced by averaging the efficiency measures

of each ownership group.
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3.5 Non-parametric Estimates of Productive Efficiency

In order to estimate deterministic measures of efficiency by the non—parametric
approach, 7 linear programming problems (3 primary input measures, 3 primary
output measures and one measure of weakly productive efficiency on the star
correspondence) have to be calculated for each port in each year. The linear
programming models have been applied to the cross—section data sets of UK ports
for the period 1985-1990. The annual samples of the 6 years consist of 192
observations in total. Thus in total 1344 linear programming problems have been
calculated, using the mathematical programming package GAMS[1]. The estimates
of both input and output measures of productive efficiency, both overall and by
components, for sample ports in each year of 1985-1990 are given in Appendix
3.5 to this chapter.

Recall that, by both input and output measures, non-price productive
efficiency OTE can be decomposed into purely productive efficiency PTE,
congestive efficiency CE and scale efficiency SE. Also recall that we denote IOTE,
IPTE, ICE and ISE for corresponding input measures of and OPTE, OCE and
OSE for corresponding output measures of overall non-price productive efficiency
(OTE), purely productive efficiency (PTE), congestive efficiency (CE) and scale
efficiency (SE) respectively. The most efficient score for both input and output
measures is unity. The value for input measures ranges from zero to unity,
indicating the cost saving that results from moving from the observed point to the
point with same factor proportion on the frontier: input cost at the reference point

is the fraction (indicated by the efficiency value) of input cost at the observed

Note: [1] GAMS (the acronym stands for General Algebraic Modelling System) which is designed
to make the construction and solution of large and complex mathematical programming is developed
in the Development Research Centre of the World Bank. See Anthony Brooke, David Kendrick, and
Alexander Neeraus, 1988, Gams: A User Guide, The Scientific Press.
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point for any given input prices. The value for output measures is not less than
unity, indicating the revenue increase that results from expanding production from
the observed point to the reference point: the output revenue at the reference
point is the multiple (indicated by the efficiency value) of the observed output
revenue for any given output prices. Thus a port is more efficient if its input
measure is higher or its output measure is lower.

The estimates of IOTE and OOTE for 27 sample ports in 1990 are plotted in
Fig 3.5-1. The picture that emerges from Fig 3.5-2 is one of substantial variation
in overall non—productive efficiency across British ports. The value of IOTE ranges
from 1.0 for Mersey (i.e. Liverpool) to 0.2 for Manchester. This is equivalent to
the value of OPTE ranging from 1.0 for the most efficient observation to 5.0 for
the least efficient observation. In theory, given its factor ratio, the most inefficient
port could increase revenue by 4 times or decrease costs by 80 per cent, if it
managed to move towards the long—run competitive equilibrium technology.

It seems difficult to believe the potential of improvements that has been
revealed. There are two explanations for this. Firstly, the reference technology
arising from the long-run competitive equilibrium is the most rigorous yardstick we
use to measure port performance. Departures from the most rigorous frontier
include technical inefficiency, X-inefficiency, congestive inefficiency and scale
inefficiency, whether they are inefficiencies in a private or social sense.

Secondly, departures from the deterministic frontier also include exogenous
influences (random shocks or non-random factors) beyond the control of producers.
Non-parametric efficiency estimation applied to industries where exogenous
influences are more significant tend to show larger variation in estimates. For
instance, in the work done by Farrell (1957), which applied the method to
American agriculture, the range of efficiency values was as large as ours. One of
the most important sources of random shock in the port industry is the fluctuation
in demand for port services, which is derived from demand for raw materials,

intermediate and final products. Demand fluctuations in all markets will be
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mirrored in the port market. If demand affects ports evenly, it may have little

effect on relative performance which is measured against the best—practice
technology. Since ports differ in cargo mix, demand is likely to affect ports
differently. The influence of random shocks on productive performance can be
largely wiped out by using the stochastic frontier technique which we will adopt in
the next chapter. There are also non-random influences beyond the control of
ports. Location is such a factor. For instance, the gap between Liverpool and
Manchester may be largely attributed to the relative location advantage of the
former over the latter. Nevertheless we still believe the existence of inter—port
efficiency, though the potential for improvements may be overstated. For example,
as far as Liverpool is concerned, successful marketing of this port in recent years
is also an important contributing factor to its performance.

Fig 3.5-2, Fig 3.5-3 and Fig 3.5-4 depict possible sources of overall
non—-price productive inefficiency, namely PTE, CE and SE by both input and
output measures. The direction of improvements in overall non—productive efficiency
can be indicated by these components.

An important component of non-price productive inefficiency appears to be
PTE by both input and output measures. In 1990 London, Felixstowe, Liverpool,
Ipswich, Montrose and Lancaster were efficient in terms of PTE. Since purely
productive inefficiency could be either X-inefficiency or technical inefficiency, there
was considerable scope for other ports to raise their PTE value either by improving
internal organisation or through technical progress.

SE was another important component responsible for considerable non-price
productive inefficiency in the industry. This component arises because of failures to
choose the most productive scale size. Whether actual scale size should be

increased or decreased depends on the nature of returns to scale.
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(a) Input Measure of Overall Productive Efficiency
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(b) Output Measure of Overall Productive Efficiency
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Fig 3.5-1 Non-Price Productive Efficiency of British Ports in 1990

(Non—parametric Measure)
Note: The value of input measure is the fraction of the observed cost in relation to the

minimum cost on the frontier for any given input prices; The value of output measure is the
multiple of the maximum revenue oan the frontier in relation to the observed revenue for any

given output prices. For both measures the most efficient score is 10.
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Fig 3.5-4 Congestive Efficiency of British Ports 1990

(Non-parametric Measure)
Note: The value of input measure is the fraction of the observed cost in relation to the
minimum cost on the frontier for any given input prices; The value of output measure is the
multiple of the maximum revenue on the frontier in relation to the observed revenue for any
given output prices. For both measures the most efficient score is 1.0.
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In contrast to their PTE and SE scores, most ports in the sample remained
congestive efficient. There were only 3 ports that were congestive inefficient
including Ipswich, Lerwick and Montrose. Among them only Ipswich was a scheme
port. On the whole the industry was free from congestion. The labour scheme was
abolished in 1989. But the observation remains true for years before 1989. There is
no evidence of congestion in labour input that obstructed output because of the
labour scheme.

In the above charts ports are ranked by both input and output measures from
the most efficient to the least efficient one. The efficient use of inputs does not
necessarily imply that the output vector is produced in an efficient manner. In
accordance with a theorem stated by FCL (1985, pp.132) input and output
measures of productive efficiency are equivalent if and only if the production
technology is homogenous of degree one. Since overall non—price productive
efficiency is defined relative to the CRTS technology, the values for OOTE are
reciprocal to those for IOTE. Thus IOTE and OOTE suggest exactly the same
efficiency rankings as seen in Fig 3.5-2. This is not the case for other notions of
efficiency. However, the divergency between input and output measures for PTE,
SE and CE is small. In all cases the efficiency rankings suggested by input and
output measures are only slightly different.

The efficiency features of the industry in other years are similar to that in
1990, namely, purely productive inefficiency and scale inefficiency are the main
causes why British ports depart from the frontier technology.

As noted earlier the problems of input measurement in the data sets may cast
doubt on whether the resulting efficiency measures are genuine ones. To see the
effect of variable misspecification, we follow Farrell's (1957, pp.270) suggestion to
look at the frequency distribution of efficiencies. This is analogous to the measure
of goodness of fit in multiple regression analysis. The only difference is that the
objective of regression analysis is to explain away all differences while in

non—parametric analysis one intends to explain away only non-genuine differences
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in efficiency. Farrell argued that a plausible shape of genuine efficiency distribution
is such as the half-normal, with mode at maximum efficiency while any other
shapes (e.g. rectangular, unimodal, the shape with mode at minimum efficiency)
may provide a empirical basis for believing the existence of neglected
non-managerial factors which are important in explaining productive performance.
Fig 3.5-4 shows histograms of components of overall non-price productive
efficiency in 1990. The histograms of other years are not shown because they are
similar. On Farrell's criterion the distribution of IPTE and ICE might be felt
plausible, though they were not particularly well-defined. Farrell's criterion is not
applicable to scale efficiency. Unlike purely productive and congestive inefficiency
which are private inefficiency, scale inefficiency arising from the departure of the
long-run comeptitive equilibrium need not imply managerial inefficiency. By
definition there are influences other than managerial quality behind, it is then not
surprising that the ISE distribution could be different from the half-normal shape.
Thus it seems that the capital and labour input variables in the analysis have
explained the major component while the neglected factors formed only a minor
component. Being consistent with this, R—square of the regression equation for the
production function consisting of mere capital and labour variables is as high as
96%. This, of course, does not mean that factors like location have no influence
on port production. If the locational variable is included in the analysis, the
resulting distribution of IPTE and ICE may be more plausible. But in the present
context the non—measurement of further factors of production does not seem so

important to invalidate the analysis.
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Appendix 3.3

Non-parametric Output Efficiency Model

The linear programming problems for output measures of non-price productive
efficiency can be formulated in a similar manner to input measures.

The output measure of purely productive efficiency OPTE for the observation
(X,,Y,) relative to the technology with weak disposability and variable returns to

scale can be calculated from the following non-linear programming problem:

(A3.3-1) Max OPTE
Subject to U*Z'*M = Y, *OPTE

Z'*N = V*X,

k
Zzi =1
k=1

0<uU, Vgl

Z >0
which can be transformed into the following linear programming problem:

(A3.3-2) Max OPTE
Subject to R'*M = OPTE*Y,

R'*N = S*X,
Ry ¢ 1

i<
k==1l

R»0, 0ksSg1

where R = U*Z, § = U*V.
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Again the restriction YRy¢l is, in practice, IRy=1. Otherwise no observed Y

or X can have a weight (Ry) equal to unity.
The output measure of weakly productive efficiency (OWTE) for the
observation (X,,Y ) relative to the technology with strong disposability and variable

returns to scale can be calculated from the following linear programming problem:

(A3.3-3) Max OWTE
subject to Z'*M > OWTE*Y,
Z'*N < X,
k
z;=1
i=1

Zs 0

The output measure of non-price productive efficiency OOTE for the
observation (X,,Y,) relative to this technology can be calculated from the following

linear programming problem:

(A3.3-4) Max OOTE
Subject to  Z'*M > OOTE*Y,
Z'*N < X,

Z>»>0
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Non-parametric Efficiency Estimates

Table A3.5-1 Input Efficiency of British Ports 1985
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PORTS IOTE[4] IPTE[S]) IWTE(6] ICE[7] ISE[8] IWTE*[9]
Bristol[1] 0.334 0.567 0.567 1.000 0.589 0.567
Clyde{2] 0.442 0.852 0.852 1.000 0.519 0.852
Dover 0.542 1.000 1.000 1.000 0.542 1.000
Felixstowe 0.373 1.000 0.867 0.867 0.430 0.867
Forth[2] 0.574 1,000 1.000 1.000 0.574 1.000
London[2] 0.446 1.000 1.000 1.000 0.446 1.000
Manchester[2] 0.332 0.607 0.607 1.000 0.546 0.607
Medway[2] 0.496 1.000 1.000 1.000 1.000 0.496
Mersey([2] 0.386 0.951 0.911 0.958 0.424 0.911
Milford Haven 0.762 0.780 0.780 1.000 0.976 0.780
Tees & Hartlepool[2] 0.523 1.000 1.000 1.000 0.532 1.000
Tyne 0.449 0.705 0.705 1.000 0.636 0.705
Aberdeen[3] 0.827 1.000 1.000 1.000 0.827 1.000
Ardrossan 0.383 0.443 0.443 1.000 0.865 0.443
Blyth 0.608 1.000 1.000 1.000 0.608 1.000
Boston[1] 0.502 0.651 0.651 1.000 0.771 0.651
BWB[1] [2] [3] 0.163 0.312 0.312 1.000 0.521 0.312
Cromarty Firth 0.702 0.750 0.727 0.969 0.966 0.702
Ipswich 0.396 0.752 0.752 1.000 0.527 0.752
Lerwick 0.671 0.671 0.671 1.000 1.000 0.671
Poole 0.488 0.612 0.612 1.000 0.797 0.612
Shoreham 0.580 0.582 0.582 1.000 0.996 0.580
Harwich Dock 1.000 1.000 1.000 1.000 1.000 1.000
Milford Dock(2] 0.325 0.329 0.329 1.000 0.987 0.325
Ramsgate 0.713 0.713 0.713 1.000 1.000 0.713
Notes:

(1] Data from the annual report for the year ended on 31 March 1986 while others

year ended on 31 December 1985.
[2] Referred to group.

[3] National Dock Labour Board adminstration levies not included in labour costs.
[4] IOTE-input measure of non-price productive efficiency;

[5] IPTE-input measure of purely productive efficiency;

[6] IWTE-input measure of weakly productive efficiency;
{7] ICE-input measure of congestive efficiency;

{8] ISE-input measure of scale efficiency;

are for the

[9] TWTE*-input measure of weakly productive efficiency on the star-input correspondence.
€spo
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PORTS OOTE[4] OPTE[S5] OWTE[6] OCE[7] OSE[8]
Bristol[1] 2.994 1.530 1.530 1.000 1.957
Clyde[2] 2.262 1.156 1.156 1.000 1.957
Dover 1.846 1.000 1.000 1.000 1.846
Fel ixstowe 2.684 1.000 1.110 1.110 2.418
Forth(2] 1.741 1.000 1.000 1.000 1.741
London[2] 2.242 1.000 1.000 1.000 2.242
Manchester([2] 3.016 1.527 1.527 1.000 1.975
Medway([2] 2.017 1.000 1.000 1.000 2.017
Mersey[2] 2.593 1.027 1.027 1.000 2.524
Milford Haven 1.313 1.228 1.228 1.000 1.070
Tees & Hartlepool[2] 1.912 1.000 1.000 1.000 1.912
Tyne 2.229 1.373 1.373 1.000 1.624
Aberdeen{3] 1.209 1.000 1.000 1.000 1.209
Ardrossan 2.680 2.044 2.044 1.000 1.276
Blyth 1.645 1.000 1.000 1.000 1.645
Boston[1] 1.993 1.432 1.432 1.000 1.392
BWB[1] [2] [3] 6.144 2.675 2.676 1.000 2.296
Cromarty Firth 1.424 1.418 1.418 1.000 1.004
Ipswich 2.526 1.296 1.296 1.000 1.949
Lerwick 1.489 1.236 1.296 1.049 1.149
Poole 2.049 1.472 1.472 1.000 1.392
Shoreham 1.724 1.724 1.724 1.000 1.000
Harwich Dock 1.000 1.000 1.000 1.000 1.000
Milford Dock[2] 3.075 3.071 3.071 1.000 1.001
Ramsgate 1.403 1.321 1.321 1.000 1.062
Notes:

[1} Data from the annual report for the year ended on 31 March 1986 while others are for the

year ended at 31 December 198S.
[2] Referred to group.

[3] National Dock Labour Board administration levies not included in labour costs.
[4] OOTE-output measure of non-price productive efficiency;
(5] OPTE-output measure of purely productive efficiency;

[6] ICE-input measure of congestive efficiency;
[7) OCE-output measure of congestive efficiency;
(8) OSE-output measure of scale efficiency.
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PORTS I0TE IPTE IWTE ICE ISE IWTE*
Bristol[1] 0.376 0.643 0.643 1.000 0.585 0.643
Clyde[2] 0.565 0.812 0.812 1,000 0.695 0.812
Dover 0.557 1.000 1.000 1.000 O0.557 1.000
Felixstowe 0.414 1.000 0.792 0.792 0.523 0.792
Forth{2] 0.591 1.000 1.000 1.000 0.591 1.000
London([2] 0.605 1.000 1.000 1.000 0.605 1.000
Manchester[2] 0.403 0.705 0.705 1.000 0.572 0.705
Medway[2] 0.511 0.769 0.769 1.000 0.665 0.769
Mersey[2] 0.449 0.816 0.816 1.000 0.550 0.816
Milford Haven 0.667 0.668 0.668 1.000 0.998 0.667
Tees & Hartlepool[2] 0.653 1.000 1.000 1.000 0.653 1.000
Tyne 0.537 0.843 0.843 1.000 0.637 0.843
Aberdeen[3] 0.751 1.000 1.000 1.000 0.751 1.000
Ardrossan 0.408 0.430 0.430 1.000 0.948 0.430
Blyth 0.600 0.832 0.832 1.000 0.721 0.832
Boston[1] 0.635 0.703 0.703 1.000 0.903 0.703
BWB[1] [2] [3] 0.190 0.298 0.298 1.000 0.638 0.298
Cromarty Firth 0.556 0.872 0.717 0.822 0.776 0.556
Ipswich 0.563 0.801 0.801 1.000 0.703 0.801
Lerwick 0.638 0.640 0.640 1.000 0.997 0.638
Poole 0.470 0.598 0.598 1.000 0.786 0.598
Shoreham 0.528 0.541 0.541 1.000 0.976 0.528
Harwich Dock 1.000 1.000 1.000 1.000 1.000 1.000
Milford Dock([2] 0.443 0.464 0.464 1.000 0.955 0.443
Ramsgate 0.655 0.657 0.657 1.000 0.998 0.655
Notes:

(1] Data from the annual report for the year ended on 31 March 1987 while

year ended on 31 December 1986.
[2] Referred to group.

[3) National Dock Labour Board administration levies not included in labour costs.

others are for the
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Table A3.5—4 Output Efficiency of British Ports 1986

PORTS OOTE OPTE OWTE OCE OSE
Bristol[1] 2.657 1.491 1.491 1.000 1.782
Clyde[2] 1.771 1.213 1.213 1.000 1.460
Dover 1.796 1.000 1.000 1.000 1.796
Felixstowe 2.414 1.000 1.196 1.196 2.018
Forth{2] 1.693 1.000 1.000 1.000 1.693
London[2] 1.653 1.000 1.000 1.000 1.653
Manchester([2] 2.482 1,374 1.374 1.000 1.806
Medway([2] 1.957 1.278 1.278 1.000 1.532
Mersey([2] 2,228 1.124 1.179 1.049 1.889
Milford Haven 1.499 1.364 1.364 1.000 1.099
Tees & Hartlepool[2] 1.532 1.000 1.000 1.000 1.532
Tyne 1.863 1.161 1.161 1.000 1.604
Aberdeen[3] 1.331 1.000 1.000 1.000 1.331
Ardrossan 2.450 2.231 2.231 1.000 1.098
Blyth 1.667 1.165 1.165 1.000 1.431
Boston[1] 1.576 1.334 1,334 1.000 1.181
BWB[1] [2] [3] 5.253 2.858 2.858 1.000 1.838
Cromarty Firth 1.798 1.752 1.752 1.000 1.026
Ipswich 1.775 1.204 1.204 1.000 1.475
Lerwick 1.568 1.216 1.288 1.059 1.217
Poole 2.128 1.480 1.480 1.000 1.438
Shoreham 1.893 1.891 1.891 1.000 1.001
Harwich Dock 1.000 1.000 1.000 1.000 1t.000
Milford Dock[2] 2.259 2.247 2.247 1.000 1.005
Ramsgate 1.526 1.380 1.380 1.000 1.106
Notes:

(1] Data from the annual report for the year ended on 31 March 1987 while others are for the
year ended om 31 December 1986.

[2] Referred to group.

[3] National Dock Labour Board administration levies not included in labour costs.
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PORTS 10TE I1PTE IWTE ICE ISE IWTE*
ABP[2][3] 0.140 1,000 1.000 1.000 0.140 1.000
Bristol 0.109 0.638 0.638 1.000 0.172 0.638
Clyde[2] 0.128 0.871 0.871 1.000 0.147 0.871
Dover 0.176 1.000 1.000 1.000 0.176 1.000
Felixstowe 0.125 0.846 0.846 1.000 0.148 0.846
Forth{2] 0.145 0.875 0.875 1.000 0.166 0.875
London[2] 0.135 0.950 0.950 1.000 0.142 0.950
Manchester[2] 0.125 0.731 0.731 1.000 0.171 0.