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Majority of studies in the port sector have linked productivity growth with port 
reforms. On determinants of efficiency in the sector; while some empirical 
research works found significant relationship between ‘type of ownership 
structure’ (public vs. private terminal operators) among other factors, others 
found no significant relationship. The majority of such studies featured Data 
Envelopment Analysis (DEA) and Stochastic Frontier Analysis (SFA) models 
as analytical framework. This is in spite of limitations associated with DEA and 
SFA models. In this research we fill the gaps in existing research by 
ascertaining the effect of port ownership structure involving foreign private and 
indigenous private terminal operators on seaport efficiency. This is carried out 
simultaneously with productivity assessment of Nigeria seaport using a 
relatively novel modelling framework: Translog Output-Oriented Distance 
Function model. Using a panel data set covering a period of twenty three years 
(1991-2013), we calibrated a Translog-output distance function model which 
incorporates the best features of the traditional models: DEA and SFA. Based 
on the error structure of the Translog model, we also calibrated an efficiency 
model. The Two models: Translog distance function and efficiency models 
were applied in assessing the effects of the spate of port reforms embarked by 
the Federal government of Nigeria. Results indicate that the port concession 
policy has induced a productivity growth in the ports;with the index averaging 
about 1.02per annum in the last twenty three (23) years. This growth is linked to 
two main sources: efficiency change and technical change. In addition, it was 
also found that proximity to economic activity, size of terminal and type of port 
operators are significant factors that affect efficiency of our seaports. 
Assessment of relative efficiencies of the ports also indicates that only sixty-
three (63%) of ports concessioned to private terminal operators and which are 
located in the Western part of Nigeria attained optimal efficiency levels. The 
study recommends among othersthat port regulator should be appointed by the 
government to monitor activities of the terminal operators, ensure they fulfil 
their contractual obligations in the area of investments in cargo handling 
facilities and provision of quality ports services. The government should also 
improve ports’ landside infrastructure. The latter is expected to strengthen the 
competitive position of ports that face barriers of distance to markets or 
industrial centres. 

Key Words: Nigerian ports, development, production, regulation and efficiency 
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CHAPTER ONE 

INTRODUCTION 

1.1 The Background of The Study 

Trade and transport are inextricably linked; efficient transport services are 

prerequisites to facilitated international trade between nations. While some 

recent research demonstrate how transport inefficiencies affect trade success, 

foreign investment and development, examples include: Hummel (1999), 

Henderson et al. (2001), Hoffmann and Kumar (2002), Matthee and Naudé 

(2007), Tanaka (2010), Limao and Venables (2000) (for precise impact of high 

transport costs); other studies notably Asher et al. (1998), Sanchez et al. 

(2003),Clark et al. (2004), and Wilson et al. (2003), however link effect of 

transportation on trade directly to ports and border crossings.  

 

USAID (2004) posits that port inefficiencies have been identified as a major 

weakness in trade-related transport and logistics particularly in developing 

countries, which impose costs on producers and erode the intended benefits of 

trade preferences in major markets such as the United States and the European 

Union. Improving port efficiency can lower total transaction costs and boost the 

competitiveness of a country’s exports (USAID, 2004).Therefore, in order to 

maintain a competitive position in major seaborne trading markets, countries 

need to work on the factors that affect the efficiency of their ports and draw 
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continuous comparisons on the degree of efficiency among them and with the 

ports of other regions (Gonzalez and Trujillo, 2007).Over the years, 

international seaborne trades have been on the increase and national economies 

have benefited from the multiplier effects of this expansion. For developed 

countries, it is safe to say that transport is not a barrier to trade. Thus, from the 

aspects of efficiency, availability, quality, logistics and costs; shippers or traders 

in those nations are well served by efficient transport provisions. The success of 

their government’s strategies on economic growth through trade facilitation and 

expansion has been to a large extent made possible by considerable and 

properly focused investment in port infrastructure and equipment. This is 

arguably not the case in developing countries like Nigeria where shippers are 

faced with a number of transport and other logistical problems in ports and 

hinterland while making shipments (Onwuegbuchunam, 2013). These 

constraints are attributable to inadequate and dilapidated port facilities alongside 

growingincapacity of the Federal government to continue to fund port 

investment programmes. 

 

Generally, infrastructure funding challenges in ports can be linked to three key 

global developments namely: technological progress in shipping, wave of fiscal 

reforms arising (among other reasons) from government’s inability to continue 

to finance publicly owned ports and competition among ports. One aspect of 

technological change was the advent of containerization for moving cargo. 
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Technological changes came with major changes in cargo handling methods 

using equipment such as cranes, rolling stocks and specialized trucks which 

have to accommodate the demands of containerization. Ships also grew in size 

and speed; thus imposing greater demands on port infrastructure and services. 

Most of these changes have necessitated major port sector restructuring and in 

particular the unbundling of competitive segments of port services from public 

monopolies to private operators. 

 

The second was the fiscal crisis of the 1980s to the mid-1990s in most 

developing and transition economies (Estache et al, 2002).Owing to high and 

lumpy nature of transport investments, government had traditionally been the 

sole provider of transport infrastructure in most developing and transition 

economies. The fiscal crises made it increasingly difficult for national 

governments to continue to provide finance for public monopolies like ports and 

railways which had hitherto become inefficient. This led to decay in transport 

facilities and hence poor service delivery in seaports.  

 

Thirdly, the technical changes in cargo handling and ship handling methods 

generated a highly competitive environment in the seaport industry, especially 

between those large ports with the facilities to serve regular deep-sea traffic 

from liners. Thisscenario coupled with the development of integrated transport 

chains has reduced transport costs to such an extent that it is now often 
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preferable for a shipper to use a distant port instead of a closer one, provided 

that the former has better facilities and connections than the latter. Hence, 

modern ports must be extremely competitive to be able to offer optimal 

combinations of time/price for those shipping firms demanding their services. 

The pressure on port management to attract ships and cargo necessitated large 

scale investments in ports which must have modern and efficient terminal 

facilities and sound management to remain in business. These developments 

however, posed major funding challenges especially to developing countries 

like Nigeria where the federal government hitherto, shouldered the 

responsibility for port super and infrastructure investment. Thus while port  

sector funding challenges could not be met in the face of other sectors 

competing for resources, the Nigerian government was left with the choice of 

involvingthe private sector in infrastructure investment which was needed in 

order to raise productivity and efficiency levels in port terminals.  

 

As a way of introducing private investment in the port sector, the Nigerian 

government privatized the ports (albeit partially); adopting the “Landlord” 

approach; whereby the Nigeria  Port Authority ( the custodian of Nigeria ports) 

is responsible for port planning and regulatory tasks (related to safety, security 

and environment), and maintains ownership of port-related land and basic 

infrastructure. Under this arrangement, the private sector would be responsible 

for terminal operations, construction, purchase, and ownership of superstructure 
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and equipment. Under this model, the public sector provides port infrastructure 

in the strict sense (lighthouses, quays, loading and unloading areas, etc.) while 

private companies supply the superstructure required to provide port services 

(office buildings, machinery, etc.).Within the Nigeria’s port system for 

example, it is the responsibility of the custodian authority (i.e. NPA)to 

determine the conditions for the private sector to operate by fixing tariff caps, 

number and type of terminals, concession terms and features, among others. In 

order for the NPA to ensure adherence to these conditions it should maintain 

efficiency, economy, productivity and security standards in ports, which calls 

for a wide knowledge of terminal productivity and efficiency.Thus, to provide a 

framework for assessing the effect of deregulation on terminal efficiency and 

factors that affect productive efficiency given the new environment of port 

deregulation, this research is imperative. In the following paragraph the specific 

background to the research problem is presented. 

 

The Port’s Authority in Nigeria lacked substantial capital (in foreign currency) 

required to upgrade port infrastructure and invest in new ones. Specifically, 

funding challenges led to the following problems: inadequate port storage 

capacity and navigational aids, bunching of vessels, limited cargo handling 

facilities, high down time of equipment, low labour productivity and shortage of 

storage space. Specifically, the effects of the problem associated with limited 

infrastructure funding in Nigerian ports  by 1990’smanifested inlow levels of 
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efficiency, increased turnround times of ships and increased container dwell 

times (Leigland and Palsson, 2007). Akinwale and Aremo (2010) for 

example,find that it took weeks to discharge and load a ship instead of the 

fourty-eight(48) hours standard time in Asian ports. In 2001, the port of Lagos 

was only clearing 100 containers per day, compared to the expected 500 to 600, 

while port users and the Nigeria’s Port Authority (NPA) were increasingly 

diverting cargo to other ports in Nigeria as well as to ports in the neighbouring 

countries (UNCTAD, 2011).  

 

The ageing infrastructure in Nigerian ports required substantial rehabilitation 

and replacement involving substantial foreign currency which the Federal 

Government could not afford. The decay in port services in the pre-reform era 

was a culmination of the following(Igbokwe, 2001): 

(a) Terminal Facility Constraints: 

i. Berthing constraints; arising from congested berths. 

ii. Lack of cargo storage spaces; congestion of storage spaces at the terminals 

led to double stacking of containers and hence container identification 

(manually done) became a time consuming activity. 

iii. Shallow draughts of the portsdue to poor dredging made port visits by large 

vessels impossible and this led to high frequency of ship diversion to 

neighbouring ports. 



23 
 

iv. Lack of total mechanization of cargo handling operations: stevedoring labour 

productivity and crane efficiency were low. Besides, strike actions and poor 

weather often exacerbatedthe problem. 

v. Absence of Integrated Management and Port Community Information 

System: Absence of integrated Information and Communication Technology 

(ICT) in port operations resulted in lengthy documentation processes thereby 

causing delays. Thus, manual processing, multiple physical interfaces and 

redundancy characterized the export-import processes at Nigerian ports. 

Hence, bottlenecks and limited use of information technology in the 

processes hampered the seamless transfer of cargo at the ports. In addition, 

the presence of physical interfaces in the import/export process hindered the 

smooth flow of information transfer, thus leading to lower productivity. 

 

(b) Managerial Problems (operational in nature) 

i. Absence of priority in assigning vessels to berths. 

ii. Security Problems: Security breaches in the terminalsand the introduction of 

too many agencies in ports which encouraged piracy and touting.  

iii. Sub-optimal port services were provided to port users who consequently 

resorted to using neighbouring ports where tariffs and costs were 

competitive. 
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iv. Funding Constraints: This encouraged foreign domination: Nigerian 

Government lacked capacity to properly fund port investment. Neighbouring 

ports with proper port investment competed away port services from Nigeria.  

v. Corrupt Practices: There were too many agencies in the ports some of which 

activities overlap and there was large scale extortion of money by each of 

these agencies. 

The above problems manifested in high turnround times of ships visiting ports, 

high cargo dwell times, uncompetitive cargo handling operation and exorbitant 

terminal handling charges.Thus, the port stakeholders complained about 

uncompetitive port services and increasing transaction costs at the ports. 

Significant pressure was mounted on the federal government of Nigeria to 

reform the port system. In an attempt to address and provide solutions to 

problems in the national ports and hence improve port services, the federal 

government engaged the services of a Dutch maritime advisory firm. The firm 

initiated a study of the port sector known as the Royal Haskoning B.V(Leigland 

and Palsson (2007)). The ‘Haskoning’ study found that the administration of the 

Nigerian ports was characterised by an unusually high degree of centralization. 

The management of Nigeria Ports Authority(NPA) for example, usually sought 

the permission of the president or the minister of transport before certain 

decisions were made. Hence, key decisions affecting both policy and operation 

in port sector were not taken with dispatch. The ports were also operated as 
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public corporations without commercial focus. Internal budget deficits arising 

from inefficient services were dealt with through imposition of uncompetitive 

tariffs. According to the study, although the Nigerian Ports Authority operated a 

‘Tool port’ at the time, it did not restrict its services to this function. The 

authority participated in service delivery alongside with the private operators. 

This duplicity led to excessive shipping and freight handling costs. As Leigland 

and Passion (2007) records, by the end of 1990’s repeated tariff increases along 

with unchecked inefficiencies and poor management, had made Nigerian ports 

among the slowest and most expensive in the world. 

 

Based on the assessment of best practices, the ‘Haskoning’ study recommended 

the adoption of the ‘Landlord’ model whereby the public sector (NPA) would 

be responsible for port planning and regulatory tasks (related to safety, security 

and environment) and maintains ownership of port related land and basic 

infrastructure. The private sector would however, be responsible for marine and 

terminal operations, construction, purchase and ownership of superstructure and 

equipment. Based on the recommendations of the Haskoning study, the Federal 

Government of Nigeria, embarked on terminal infrastructure concession as a 

way of attracting private capital to the port sector.By July 2006, about 25 long 

term port concession contracts had been awarded to private companies 

(Akinwale and Aremo, 2010). 
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1.2 THE RESEARCH PROBLEM 

The specific port productivity and efficiency issues which the reforms are 

expected to address could be summed thus; based on Gidado (2008): (i) 

Increasing port efficiency through concession of terminals to private operators, 

(ii) Decreasing the cost of services to the port users by administering price 

competitive services and (ii) Decreasing government expenditure (public costs) 

for supporting a viable port sector. It is envisaged that addressing these issues 

through reforms would lead to reduced transaction costs in ports, trade 

facilitation/expansion and economic growth in the long run. However, the port 

modernization policy of the federal government has so far; based on UNCTAD 

(2011) assessments yielded the following positive outcomes: 

i. Substantial investments in physical capital in line with the development 

plans have been made. 

ii. Injection of managerial expertise and investments leading to productivity 

improvements. 

iii. Throughput expansion. 

iv. Reduction in cargo clearance delays. 

v. Improved connectivity to international shipping networks, facilitating 

international trade and opportunities to develop a logistics hub. 

vi. Knowledge transfers to local operators and employees. 
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vii. Further capacity developments like the 1000 TEU container terminal at        

Lekki are on underway. 

More specifically, investments in facilities and handling equipment have led to 

reduction in average waiting time of vessel in Nigerian ports form 2.17 days in 

2003 to 1.6 in 2010 (UNCTAD, 2011). In spite of the achievements made so 

far, the following constraints according to UNCTAD (2011), still persists in the 

port sector: 

 Shipping tariffs are higher than pre-reform levels. 

 Slow response by NPA to port infrastructure and maintenance needs. 

 Failure of certain operators to fully implement investment and development 

plans or fulfil financial obligations to the government. 

 Problems with the state of assets and property handed over by the NPA. 

 Persistent anti-competitive behaviour. 

 Industrial actions over implementation of new labour regimes. 

 Continued cargo clearance delays and issues with customs and cargo 

inspection. 

 Failure of some investors to fully implement investment and development 

plans or fulfil financial obligations to the government. 

Thus, while it appears from the foregoing that port reform undertaken has not 

completely addressed port terminal performance questions; there is need to 

investigate in details, drivers of productivity changes and efficiency in Nigeria’s 
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seaports. The quest for optimal port modernization policy has provided the 

context and impetus for this study. This study seeks to evaluate seaport 

productivity and drivers of its efficiency. The assessment of efficiency of 

seaports is of extreme importance because of theincreasing competition they 

face (Cullinane et al., 2006) which in turn creates the need for better utilization 

of the available resources (Halkos and Tzeremes, 2012). Specifically this study 

would provide an analytical framework for evaluating the outcomes of the on-

going port reforms and ascertain imperatives of future port modernization 

policies. Empirical findings on variables which drive port productivity and 

efficiency are relevant to the port regulator for reviewing and setting new 

benchmarks for the terminal operators. Following the transfer of port terminal 

management from public to private sector; this study seeks to ascertain the 

following: 

i. Have there been significant changes in port production frontier in the post 

concession era and what are the sources if changes have occurred? 

ii. What factors drive efficiency in the port sector? 

iii. How has the type of port concession policy adopted affected port 

efficiency? 

iv. What are the relative efficiencies of Nigeria’s seaports? 

v. What are the imperatives of terminal concession policy on the efficiency of 

Nigerian ports? 
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The answers to the above specific questions form the basis of the research 

problem which is the analysis of productivity and efficiency in Nigeria’s 

seaports. 

1.3 AIM OF STUDY 

The main aim of this research is to evaluate the productivity and efficiency of 

Nigeria’s seaport terminals and hence ascertain the determinants of seaports’ 

technical efficiency. 

1.4 OBJECTIVES OF THE STUDY 

The objectives of this study are as stated below: 

1. To determine the productivity changes (or frontier shifts) in Nigeria’s ports. 

2. To identify the sources ofproductivity changes in Nigeria’s ports. 

3. To evaluate the significant factors that affect seaport efficiency. 

4. To assess the relative efficiencies of Nigeria’s seaports in post concession 

reform regime. 

5. To test for the effect of ownership structure on port efficiency.  
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1.5 HYPOTHESES OF THE STUDY 

To realise the objectives of this study, the following null hypotheses are 

postulated and tested. 

1. There are no significant changes in level of productivity in Nigeria’s seaports. 

2. The sources productivity changes in Nigeria’s seaports are not significantly 

different from zero. 

3. The factors affecting seaport efficiency are not significantly different from 

zero 

4. The relative efficiencies of Nigeria’s seaports in the post concession era are 

not significantly different from zero. 

5. There is no significant effect of ownership structure on the efficiency of 

seaports. 

(All hypotheses are tested at α = 0.05 level of significance). 

 

1.6 SIGNIFICANCE OF THE STUDY 

The ability to quantify efficiency and productivity variables provides the port 

management with a control mechanism with which to monitor the performance 

of production units under its control. The research aims at providing critical port 

productivity and efficiency assessment metrics. The outcome will be relevant to 

port stakeholders given the new emphasis on reduction in transaction costs 

along transportation chains and facilitation of international seaborne trade 
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through removal of tariff and non-tariff barriers. Specifically, the government, 

which is the regulator in the ‘Landlord’ model type of port governance adopted 

in Nigeria ports, may wishto assess the effects of the reform policy initiatives on 

port infrastructure performance (i.e. its productivity and efficiency).  

 

Empirical estimates of port efficiency variables could be used by the port 

regulator to assess policy scenarios (sensitivity analysis) and hence avert costs 

associated with outright policy introductions. For the port investors, the terminal 

operators; they will be interested in knowing the feasibility for recouping their 

investments at the ports. The study would provide them with immediate tool for 

knowing specific areas (capital, labour and other environmental inputs) to 

concentrate their focus on. The study would provide information on factors that 

drive seaport infrastructure productivity and efficiency and hence identify areas 

for strategic planning and investment. It would also provide them with basis for 

providing competitive services. For instance, factors that attract shippers, 

logistic service providers, carriers and shipping companies to ports (grouped 

under environmental factors in model) would help in designing port services 

that meet the strategic interest of the port users. To the academia, the 

contribution of this research would fill research gaps in port production frontier 

modelling in the context of a developing country like Nigeria which merits 

closer investigation. 
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1.7 JUSTIFICATION OF THE STUDY 

Many research studies have addressed gaps in literature on port terminal 

productivity and efficiency modelling using the traditional parametric and non-

parametric productivity models. Examples of non-parametric models include: 

Data Envelopment Analysis (DEA), and Free Disposal Hull, etc.; notable 

applications include: Martinez et al. (1999), Tongzon (2001), Turner, Windle, 

and Dresner (2004), Barros et al (2006),Cheon(2007), Al-Eraqi et al. (2008), 

Liu et al. (2008), Barros et al. (2010), Caldeirinha (2011), Munisamy and Singh 

(2011), Demirel et al. (2012) and Lu and Wang (2012).  

 

The parametric models include: Stochastic Production Frontier (SPF) based on 

Cobb Douglas, Constant Elasticity of Substitution (CES) or the more flexible 

specification Translogarithmic function and notable applications include: Liu 

(1995), Notteboom et al. (2000), Coto-Millan et al. (2000), Cullinane et al. 

(2002, 2003, 2006), Di-Vaio et al. (2011) and Kennedy et al. (2011). Single 

output stochastic frontier models have been found inadequate in cases where the 

multi-output characteristics of port technology are to be considered. Although 

deterministic based frontier models like the Data Envelopment (DEA) technique 

overcomes this limitation, it is rather inefficient in the presence of outliers in 

sample data. Besides DEA approach ignores the functional forms of the frontier 

involved and hence cannot account for any noise (error term) arising from 
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measurement in data set. The limitations in the use of stochastic frontier models 

and DEA techniques have been taken care of in the few recent empirical 

applications using parametric Distance Function models. These models combine 

the excellent features of stochastic frontier and DEA models; examples include: 

Sarriera et al. (2013) and Gonzalez and Trujillo (2008) who assessed the effects 

of reforms on technological change of ports. In this study we extend the 

application of parametric Distance function model in examining among others, 

the determinants of efficiency, the technological changes and the sources of 

such changes in Nigeria’s ports. In terms of focus, most researches in port 

efficiency have concentrated on post port reform evaluation and have tested the 

impact of port ownership type on terminal infrastructure efficiency; i.e. whether 

public or private ownership contributed to terminal efficiency. The existing 

studies assume homogeneity in private terminal operators, but this is not the 

case in the Nigeria’s reforms. This study will extend existing research frontier 

further by examining the effect of ownership structure (peculiar to Nigeria’s 

reform context) on port terminal infrastructure efficiency.  

 

Thus, there is appreciable degree of heterogeneity in private ownership structure 

in the Nigeria’s case; hence we want to determine empirically for example, 

whether being an indigenous private operator or foreign based private operator 

had any effect on capacity to invest and manage port terminals and hence 

achieve efficiency in terminal operations. This study is critical in the light of 
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anecdotal evidence that the indigenous private terminal operators lack expertise 

and face significant barriers in accessing foreign credits than their foreign 

counterparts. In other words, the relevant question is; does type of terminal 

operator matter in terminal infrastructure provision, management and efficiency. 

This differentiation (in financial capability and expertise) has implications on 

port efficiency and competition and therefore merits empirical investigation.  

 

There seems to be contrasts in findings on relationship between port efficiency 

and ownership structure; for example Liu (1995), Notteboom, Coeck and Van 

den Broeck (2000), Tongzon (2001), Cullinane, Ji, and Wang (2005) and 

Kennedy et al. (2011) suggest that there is no link between ownership structure 

and estimates of port efficiency. However, studies by Valentine and Gray 

(2001), Cullinane, Song and Gray (2002); Gonzalez and Trujillo (2002), Barros 

(2003), Tongzon and Heng (2005), Cullinane, Wang, Song, and Ji (2006), 

Manzano et al. (2008) and Sarriera et al. (2013)find that positive relationships 

exist between port efficiency and ownership structure. The point to note is that 

these authors tested for ownership vs. efficiency effects between public and 

private terminals and not between indigenous and foreign private terminals as 

prevalent in the Nigeria’s context.  
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1.8 SCOPE OF THE STUDY 

The heterogeneity of activities developed at ports hinders the analysis of ports 

as a whole and, on the contrary,calls for an analysis focused on a specific 

activity (Nombela and Trujillo, 1999) and a limited number of ports (Tongzon, 

1995a, b, 2001). In this study the performance of terminals in eight (8) coastal 

ports in Nigeria covering the period from years 1991 to 2013 will be assessed. 

Economic activities within a port have multiple dimensions. They encompass 

administrative services, ancillary services to ships like pilotage, towage, supply 

of utilities, ship repairs and cargo handling etc. Among these services, cargo 

handling requires special attention as it constitutes more than 80% of the bill on 

vessels ‘visits’ to a port (Trujillo and Nombela, 2000) and (Tovar et al., 2007). 

Therefore analysis in this research will focus on terminal operations covering 

cargo handling and infrastructure utilization. The study period covers the pre 

and post port reform regimes and is intended to capture effects of the reform 

policies: effects of investments in cargo handling facilities and infrastructure on 

terminal productivity improvements and efficiency.  

 

1.9 LIMITATIONS OF THE STUDY 

The study will be limited to assessment of port productivity changes and 

evaluation of factors that determine port infrastructure productivity and 

efficiency based on production frontier analysis. 
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CHAPTER TWO 

REVIEW OF RELATED LITERATURE 

2.1 CONCEPTUAL FRAMEWORK OF THE STUDY 

2.1.1 The Concept of Seaports 

A seaport can be considered as a single or multi-product organizational unit that 

provides services to ships, passengers and cargoes. Seaport activities are 

characterized by the following elements: 

 Infrastructure provision 

 Services provided by the former, and 

 Co-ordination between the different activities performed at ports (Trujillo 

and Numbela, 1999). 

 

More elaborately, the European Parliament (1993) defines the port as a complex 

of berths, docks and adjacent land where ships and cargoes are served. Access 

to this land is through maritime access infrastructure and land access 

infrastructure. The maritime access infrastructure includes channels, locks, aid 

to navigation etc. while land access infrastructure relates to roads, rail network 

and inland navigation. Apart from the access infrastructure, the area where 

seaport activities take place encloses both the infrastructure within the port 

(berths, quays, docks, storage yards etc.) and the superstructure. The 

superstructure consists of fixed assets built on the infrastructure (sheds, fuel 
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tanks, office buildings etc.) and fixed and mobile equipment (cranes, van 

carriers, transtainers etc.). These infrastructures are deployed at the port to 

provide port service. 

 

2.2 Types of Services Provided at the Ports 

 Besides the provision of basic infrastructure for the transfer of goods and 

passengers between sea and land, there are multiple services provided by 

different agents at the port, some of whom may even work outside the port area. 

These services cover all activities linked to the connection between port users 

and port, from the moment that a ship approaches a port until it ends all its 

operations.  During this period, some services are provided to the ship (like 

berthing, pilotage, towing and tying), some to port users, some to ship’s crew 

and others related to cargo discharge or loading.Port services provided to port 

users are those related to administrative paperwork and permits (e.g. Ship Entry 

Notice- SEN, Import/Export documentation etc.). These are usually undertaken 

by ‘clearing agents’ on behalf of consignees. Thus, port administrators are 

expected to design and implement streamlined procedures to minimize the 

burden of paperwork. This is important since delays arising from inefficiency of 

administrative procedures translate to large economic losses to shippers and 

shipowners (Trujillo and Nombella, 1993). There are also ancillary services 

(like supply of bunkers, stores etc.) provided by agents within or outside the 

port area. In this category, medical services to ship’s crew, cleaning services are 
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included.However, the most important service provided to cargo ships is cargo 

handling. This encompasses all activities related to the movement of cargoes 

from and to ships and across port facilities. The process of cargo handling varies 

according to the type of goods involved. Bulk cargoes are handled using bulk 

facilities. Similarly, containerized and RoRo shipments require respective 

specialized facilities since their physical characteristics differ. Differing 

handling methods also means that rate of cargo handling of different cargoes 

differs. The trend towards specialization is motivated by the need to maximize 

cargo handling operation given the physical characteristics of goods involved. 

Cargo handling is a critical aspect of port activities because according to 

Trujillo and Nombella (1993), cargo handling charges constitute approximately 

between 70% and 90% of the total cost involved in moving cargoes through a 

seaport. Hence, this is one of the services that must be supervised more closely 

by a regulator in order to achieve cost-efficient port operations. 

 

2.3 Strategic Role of Seaports, Institutional Structure, and Implications on 

Terminal Efficiency 

Seaports play a significant function of facilitating interchange of seaborne 

traffic between maritime and inland transport modes. In many countries, most 

international trade (export and import) and cabotage trade are carried out 

through maritime transport. This is because maritime transport has the least cost 



39 
 

advantage over other modes of transport in long haul of large volume (but low 

value) commodities. Transportation of seaborne traffic is therefore dependent 

on seaports which act as interfaces between modes of transport. Thus, ports 

need to be efficiently managed to guarantee cost effective transportation of 

traffic through them. The basic objective of a seaport is to provide a fast and 

safe transit of goods and passengers through its facilities, so that generalized 

costs for passengers (fare + time) and for shippers (tariffs + storage time) are 

minimized. In addition, some large seaports serve as hubsfor connection and 

transhipment, allowing cargoes on different long-haul routes to be served more 

efficiently by several ships.  

 

The role of a modern seaport can be summarized in the following United 

Nations Conference on Trade and Development’s(UNCTAD) definition: 

seaports are interfaces between several modes of transport, and thus they are 

centres for combined transport. Furthermore, they are multi-functional markets 

and industrial areas where goods are not only in transit, but are also sorted, 

manufactured and distributed. In reality, seaports are multi-dimensional 

systems, which must be integrated within logistic chains to fulfil properly their 

functions. An efficient seaport requires, besides infrastructure, superstructure 

and equipment, adequate connections to other transport modes, a motivated 

management, and sufficiently qualified employees. However, certain 
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developments in the port market place; technology in ship design and cargo 

handling methods have expanded the scope of responsibilities of seaports. 

 

In the last decades, profound changes in maritime transport which have 

modified the balance between capital and labour at seaports have been 

witnessed. Ports are now increasingly becoming capital-intensive industries, 

while in the past they used to be labour-intensive. The development of 

containerized transport is another factor that has significantly modified port 

operations. Containers have allowed large cost reductions in cargo handling, but 

they have also imposed new needs on ports in terms of equipment (gantry 

cranes, specialized terminals and improved pavements, etc.). On the other hand, 

economies of scale obtained in the transport of large quantities of containers and 

bulk cargoes have led to the building of increasingly larger specialized ships 

that require substantial port investments in new infrastructures and equipment. 

All these technical changes have generated a highly competitive environment in 

the seaport industry, especially between those large ports with the facilities to 

serve regular deep-sea traffic from cargo liners. Modern ports no longer have a 

monopolistic position in the transport of goods to neighbouring regions 

(hinterlands). Again, the development of integrated transport chains has reduced 

transport costs to such an extent that it is now often preferable for a shipper to 

use a distant port instead of a closer one, provided that the former has better 

facilities and connections than the latter. Therefore, modern ports must be 
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extremely competitive to be able to offer optimal combinations of time/price for 

those firms demanding their services. Technological changes and a more 

competitive environment have induced a re-consideration of the role that the 

public sector must play in the running of seaports.Against the backdrop of the 

forgoing, a thorough understanding of the relevant phenomena that underlie 

changes in maritime transport and challenges facing ports is relevant.  

 

2.4 Theoretical Framework of the Study 

The purpose of this section is to review the relevant theories that explain the 

changes (technological, economic and political) in portsand maritime transport. 

The challenges posed by these changes are evaluated in relation to how they 

affect port performance (productivity and efficiency). For example, 

technological, economic and political changes have led to devolution of 

responsibilities in ports and hence the introduction of various governance 

models in port terminals. In the ports’ market environment, scope for 

competition among ports has been expanded and now extends beyond their 

natural borders.  The geographical scope of port operation has been thus 

expanded. Ports are now seen as nodes in transport chains and hubs without 

immediate but distant hinterlands. For example, a port is now patronised on the 

basis of its value adding attributes to supply or transport chains and not on the 

basis of its location. Hence, port policy makers need to be aware of these 

dynamics and new role expected of ports in order to design and provide efficient 
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port service. In the preceding paragraphs the following theories are discussed: 

Contextual/Relational theory of port development, Spatial and Distribution 

theory of seaports, Regionalization theory of port development, Port Production 

theory and Port Governance Theory.  

 

The Contextual theory by Sanchez and Wilmsmeier (2010) contends that 

developing an efficient port requires tying its development objectives with 

changing economic systems (e.g. transport demand, structure of trade, transport 

services) and contexts (institutional capacities) in a relational manner. In other 

words, for effectiveness,port modernisationprogrammes should recognise the 

changing economic environment surrounding ports and the dynamic nature of 

maritime transport system etc. However, Regionalization and Spatial 

Distribution theory of port development (see Notteboom and Rodrigue, 2005) is 

more in line with the Relational theory. They discuss the specific evolutions in 

the dynamic port environment which impact on its performance. Thus they can 

be employed to identify valuable inputs which should be incorporated by port 

management to achieve higher performance.   

 

The port production theory by Talley (2012), offers a suitable framework for 

assessment of productivity and efficiency metrics in a seaport. Talley’s theory 

of port production provides a conceptual basis for understanding the types of 

services (interchange services) provided in the port; how these services can be 



43 
 

measured in terms of quantity and quality, the type of  resources utilized in the 

provision of these services; cost implications and expectations in terms of 

effectiveness and efficiency. According to the theory, services provided in the 

port can be categorized as: freight, passenger, vessel or vehicle interchange 

services. Talley notes that these services depend on utilization of six portinput 

resources namely: labour, energy, harbour waterway, infrastructure, berth and 

mobile equipment. To measure the quantity of the interchange services, Talley 

supports the use of throughput to measure the amount (or volume) of 

interchange service but demonstrates that throughput cannot be an accurate 

measure except a time dimension is added to it.  

 

The theory also provides measures for discriminating between the quality 

(analogous to speed and reliability) of interchange services or port operation 

options. In addition to conceptualizing measures of service quality that can be 

provided in the port, Talley also identifies two major cost components 

associated with shipper or carrier’s demand for port interchange service. These 

are money and time cost; where time cost arises from cargo or ship length of 

stay in port while money cost represents actual port charge for service provided. 

He notes that in the provision of services, ports have efficiency and 

effectiveness objectives. Thus, while ports should strive to maximize profit or 

minimize costs in the provision of interchange services, they also have to 

provide quality service to port users and increase market share.  
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The usefulness of the framework provided by Talley is that it could serve as a 

guide in modelling port productivity (in the disaggregate sense) at the level of 

different ‘handling’ activities in the port. However, modelling issues involving 

too many independent variables and which are well documented by existing 

research in port production modelling are not addressed by this framework. To 

the extent that it serves as a guide in identifying the potential output and input 

variables in port production, the theory is relevant in modelling of the present 

study. 

 

Port governance theory examines the various models for devolution of 

responsibilities following the introduction of private sector operators in seaport 

infrastructure financing and terminal operations(see Notterboom (2007), Baltzar 

and Brooks (2007)). It provides the general principles which serve as a guide to 

national governments in selecting the appropriate port reform model that best 

fits their port modernization objectives and contexts. It further provides some 

insights based on international experiences; on what other feedback 

mechanisms and environmental variables etc. that should be incorporated in the 

reform to achieve optimal performance of seaports. The type and nature of these 

variables have implications on port efficiency models to be calibrated for ports 

under investigation. The motivation to examine this theory lies in the fact that 

previous research on port productivity and efficiency modelling were conducted 
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either to assess the effects of port reform on port efficiency or to carry out 

sensitivity analyses on certain parameters of proposed reform. The present 

research effort is in line with the above motive. As stated from the beginning, 

the environment of pre and post reform of Nigerian ports provided the context 

of this study. In the sections that follow, a detailed discussion of the 

aforementioned theories is conducted. 

 

2.5 Port Performance Theories: Implications on Seaport Efficiency and 

Productivity. 

2.5.1 Contextual and Relational Theory of Port Development 

Ports are meant to play a critical role as gateways and facilitators of trade. In 

recent years, ports have undergone an intensive evolution in trying to adapt to a 

changing environment (change in demand, etc.).  The results and models from 

this evolution vary by regions and economic contexts, particularly in developing 

countries.Thus, while ports have developed in scale and are consequently taking 

on the challenges of growing trade flows; access infrastructure to ports or 

delivery corridors and institutional developments have lagged behind. The 

resulting bottlenecks in some way reflect deficits and insufficiencies in the 

interplay of economic system and the factors defining port development: 

transport demand, the structure of trade, transport services, institutional 

capacities etc. Ports have responded to these challenges through investment in 

infra and superstructures, and also through devolution. The result and 
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effectiveness of these responses differ throughout the global port system. Ports, 

particularly in developing regions have struggled in reacting timely and 

adequately to successfully meet the challenges of growing trade flows. 

Limitations surged into public awareness fully in the port industry, revealing the 

inefficiencies of these proclaimed facilitators of trade and absence of contextual 

development. 

 

As a way forward, proponents of relational and contextual theory approach to 

port development contend that the lags, lack of balance between port 

development and changing economic system and contexts should be addressed 

through a better understanding of the following: 

i. The institutional framework for port operations and the changing role of 

port authorities under a competitive and privatized port environment. 

ii. The changing relation and play of power between port authorities, port 

operators and shipping lines.  

iii. The conceptualization of the hinterland: regionalization of maritime and 

land hinterland. 

 

The Relational and Contextual theory also contends that port 

development/reform policies should incorporate dynamic developments in port 

land side and seaward environments. Port development in developing countries 

has mainly been driven by external factors and the port system is significantly 
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influenced by the need to satisfy the requirements of the maritime system. But 

privatisation efforts in the region have only provided a partial cure for port as 

the role of ports continues to change. For instance, today, port can no longer 

expect to attract cargo simply because they are natural gateways to rich 

hinterlands. The role of ports has changed from a monopoly to a dynamic 

interlinkage and to a subsystem in the logistic chain. The proponents of this 

theory contend that these dynamic changes in port roles must be recognised and 

incorporated in reform policy. They argue that privatisation is only a partial cure 

for what ails ports in developing countries and that if implemented in isolation, 

it simply lacks a relational view of port development.  

 

Reforms in developing countries ports have principally been based on Fordist 

principles; based on the economies of scale and efficiency gains, driven by 

standardization of products and services (see Farrell, 2009). However, Fordism 

has structural boundaries because these economies eventually reach their limit. 

But, new developments toward a post-Fordist economic environment change the 

source of competitiveness for ports from economies of scale on basic 

production factors (capital, land, labour) to economies of scope based on 

advanced production (service) factors, know-how, and procedures. Moreover, 

the nature of required services is changing from standard services with long life 

cycles, to large differentiated service requirements, with short life-cycles. 
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The environment for ports has evolved in a highly dynamic manner with more 

uncertainty and risk. Finally, the forms of organization have changed from 

integrated structure based on standard procedures and processes to flexible 

decentralized structures with incident management needs (Baltazar, et al.,2007).  

 

The maritime industry is also in a state of flux. New forces are requiring 

adjustments and adaptations: ports are particularly vulnerable because 

intermediaries are in complex and competitive transport chains. Ports are 

required to act and react to developments in both land and water spheres and 

this requires the appraisal of its role in logistical chains on land and water.New 

port development in business models; vertical and horizontal integration in the 

maritime sector has led to an increasing involvement of global port operating 

groups and shipping lines in port management and operation. This emerging 

dynamic nature of maritime sector reflects a cyclic pattern that is dependent on 

economic development. For example, shipping cycles influence maritime 

industry development and thus also conditions port development. Therefore, 

port development policies in developing countries should be conceived in a 

relational and contextual manner i.e. based on outcomes of the interaction of the 

economic system, the transport system (the maritime and port subsystems) and 

the social system (labour and manpower). 

The challenge to port reformers in developing countries should be to determine 

strategies for long term sustainability which is not necessarily at a maximum 
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efficiency, respecting the contextuality of port development under specific 

conditions, considering the game of crossed pressure that acts over ports and 

their development. 

 

2.5.2 Spatial Distribution Theory of Port Development 

Traditional port development models (Taafe et al., 1963; Bird, 1980) focus on 

the explanation of different stages of port development over time based on 

economic, political and technological factors. Hayuth (1981, 1988), points out 

the importance of technological change and its impact on a competitive 

structure of ports. Robinson (2002) and Notteboom&Rodrigue (2005,2008), 

among others, add logistical integration from a functional and organizational 

perspective as a subsequent development stage to the models postulated from 

Taafe et al. (1963) and Bird (1990).These models have been useful in 

explaining port development as a function of technological, organizational and 

functional aspects, but fall short in that they do not take into account knowledge 

management and organizational capacity. These in essence, point out the 

important relationship between port development and spatial distribution of port 

activity which particularly develops through technological development i.e. 

containerization. 

 

2.5.3 Regionalization Theory of Port Development 
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Regionalization phase of port development addresses contemporary port 

development beyond the stages accounted for by ‘Anyport’ model (Bird, 1980). 

The Anyport model developed by Bird (1980) describes how port 

infrastructures evolve in time and space. Based on this model, starting from the 

initial port site with lateral quays adjacent to the town centre; port expansion is 

the product of evolving maritime technologies and improvements in cargo 

handling. This is also marked by changing spatial relationship between the port 

and the urban core, as docks are built further away from the central business 

district. In the later stages, increased specialization of cargo handling, growing 

sizes of ships, and ever increasing demands for space for cargo handling and 

storage results in port activity being concentrated at sites far commonly located 

adjacent to downtown areas, became obsolete and were abandoned. Numerous 

reconversion opportunities of port facilities to other uses (water, parks, housing 

and commercial development) were created.  

 

Three major steps can therefore be identified in the port development process 

according to Anyport model: setting, expansion and specialization. The three 

phases depict well port development processes, especially in large traditional 

ports and remains valid explanation of port development. However, the model 

has some weaknesses in view of explaining contemporary port 

development.Anyport model does not explain the recent emergence of seaport 

terminals that primarily act as transshipment hubs in extensive maritime hub-
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and-spoke and collection and distribution centres. Certain developments explain 

this phenomenon. 

 

Increased cargo availability has triggered changes in vessel size, liner service 

schedules and in the structure of liner shipping. Carriers and alliances have 

reshaped their liner shipping networks through the introduction of new types of 

end-to-end services, round the-world services and pendulum services, especially 

on the main east-west trade lanes. As a result, a new breed of terminals has 

emerged along the east-west shipping lanes at unlikely places far away from the 

immediate hinterlands that historically guided port selection. These sites have 

been selected to serve continents and for transhipping at the crossing points of 

trade lanes. They rely heavily, sometimes completely, on traffic flows generated 

by the interaction of widely separated places and stimulated by the ports enroute 

location or intermediacy. The model of Bird does not provide a base to explain 

the emergence of such terminals in ‘offshore’ or island locations with limited or 

no local hinterlands. Secondly, Anyport model does not recognize the inland 

dimension as a driving factor in port development dynamics (i.e. inland freight 

distribution centres and terminals as active modes in shaping load centre 

development). Therefore, Notteboom and Rodrigue (2005) introduced the fourth 

stage in port development – Regionalisation, where “inland distribution 

becomes of foremost importance in port competition, favouring the emergence 

of transport corridors and logistics poles. The port itself was not the chief 
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motivator for or instigator of regionalisation. Regionalisation resulted from 

logistics decisions and subsequent actions of shippers and third party logistics 

providers (Notteboom and Rodrigue, 2005). 

 

2.5.4 The Conceptual Theory of Port Production  

Talley (2012) provides a conceptual framework for understanding port 

production. According to this framework, a port is viewed as a place where 

cargoes and passengers are transferred to and from vessels and to and from 

shores and waterways. Thus, a port provides interchange services;i.e., received 

cargoes and passengers are passed through to departing vessels and vehicles.A 

port may have one or more marine terminals – distinct infrastructure within a 

port for the transfer of cargoes and passengers to and from vessels. Ports and 

marine terminals may be common user or dedicated. Common user ports and 

marine terminals accept vessel calls from all shipping lines (subject to 

government regulations). Alternatively, dedicated ports and marine terminals 

restrict vessel calls to those of certain shipping lines. Further, they may be 

owned or leased by shipping lines. If so, these shipping lines will restrict vessel 

‘calls’ to its own vessels or the vessels of shipping lines with which they have 

formed alliances. 

 

However, ports and marine terminals which are nodes in transportation 

networks are used by transportation carriers in the provision of transportation 
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services. The users of port services include shippers, passengers and 

transportation carriers, maritime and surface carriers (railroad and truck). Also, 

there are providers of port services. The primary port service provider is the port 

(or terminal) operator that provides interchange service to and from shores and 

waterways for the cargo and passengers received. A container port, for example, 

provides interchange service for the TEUs (twenty-foot equivalent units) that it 

receives; that is, import TEUs received from ocean vessels are interchanged 

with domestic vessels and land vehicles, and vice versa for export TEUs; 

transshipment TEUs are interchanged between vessels.  

 

There are other port service providers namely: (i) the stevedore, (ii) the ship 

agent, (iii) the pilot, (iv) the towage company, (v) the customs broker and (vi) 

the government. A stevedore company is hired by a shipping line to load and 

unload cargo to and from its ships while they are in port. These entities provide 

complementary services in the port interchange service production process. The 

Government for example, provides port navigational aids for port harbours, 

customs services, vessel traffic service systems, and construction and 

maintenance of harbour channels. To provide port interchange services a 

number of resources are utilized as discussed in the following section. 

 

i.  Port Interchange Services Resources: Port Resources 



54 
 

The resources used by a port in the provision of port interchange services may 

be classified into six categories: (i) labour, (ii) energy (fuel), (iii) harbour 

waterway, (iv) berth, (v) infrastructure and (vi) mobile equipment. Port labour 

resources (Lp) include labour who are directly involved in the physical 

movement of cargo within the port (for example dockworkers who move cargo 

to and from vessels) and management labour who coordinate, plan and 

supervise the physical movement of cargo within the port. Port energy resources 

(Ep) include fossil fuels used in the engines of port equipment. The habour 

waterway (Wp) is a body of water adjacent to the land area of a port, which 

vessels traverse in order to reach a port’s berth(s), reach an open waterway (e.g. 

a river or an ocean) or drop anchor. The berth (Bp) is the water area alongside a 

port’s wharf (or quay), where a vessel berths for its cargoes and passengers to 

be unloaded and loaded.  

 

A port’s infrastructure (Ip) includes its physical structures, for example a wharf 

(or quay), an apron, a yard and gates. The wharf (or quay) is a structure 

alongside a habour waterway at which vessels are moored for the unloading and 

loading of cargoes and passengers. The apron is an area of the wharf (or quay) 

where cargoes and passengers are assembled before loading on or after 

unloading from a vessel. The yard consists of (i) a land area for the storage of 

cargo and equipment, (ii) roadways and pathways for the movement of cargoes, 

passengers and port equipment, and (iii) buildings for administrative activities, 
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the storage of cargoes and waiting by passengers. Gates are entry and departure 

gates through which freight vehicles (e.g. railroad cars and trucks) enter and 

depart and passenger vehicles (e.g. autos and buses) enter and depart the port, 

transporting port cargoes and passengers. Port mobile equipment (EQp) includes 

port vehicles and other equipment directly involved in the physical movement 

of cargoes and passengers within the port. Examples of such equipment for a 

container port include ship-to-shore gantry cranes, straddle carriers, yard gantry 

cranes, and automated guided vehicles (Talley, 2009). 

 

ii. Port Production Functions 

A port provides interchange service to received cargoes, passengers, maritime 

carrier vessels and surface carrier vehicles. In order for port interchange service 

to occur, at least two parties must be in agreement; for example, shippers must 

be willing to provide their cargoes and individuals themselves as passengers, to 

a port, and the port must be willing to accept the cargoes and passengers for 

provision of interchange service. Similarly, maritime carriers and surface 

carriers must be willing to provide their vessels and their vehicles respectively 

to a port (i.e., to call at the port), and the port must be willing to accept the 

vessels and vehicles for provision of interchange service. The amount of 

interchange service that a port can provide will depend upon the amount of 

resources it utilizes in the provision of the service and upon the amount of 

cargoes and the number of passengers, maritime carrier vessels and surface 
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carrier vehicles received for interchange service. If the amount of interchange 

service provided is the maximum amount achievable given the amount of 

resources utilized and the amount of cargoes and the number of passengers, 

maritime carrier vessels and surface carrier vehicles to be interchanged, then 

this relationship may be described as the port’s production function in the 

provision of port interchange service. If the port adheres to its production 

function in the provision of port interchange service, the port is technically 

efficient in the provision of the interchange service.  

 

Based on Talley (2012), port interchange production functions for freight, 

passenger, vessel and vehicle interchange services may be expressed 

mathematically as: 

fr p p P p P pPFIS = g (L , E , W , B , I , EQ )    …    (2.1) 

pa p p P p P pPPIS = g (L , E , W , B , I , EQ )    …    (2.2) 

vsl p p P p P pPVIS = g (L ,E , W , B , I ,EQ )    …    (2.3) 

veh p p P p P pPHIS = g (L , E , W , B , I , EQ )    …    (2.4) 

 

Where PFIS, PPIS, PVIS and PHIS represents port freight, passenger, vessel 

and vehicle interchange services, respectively. 

 

 

iii. Port Interchange Service Measures: The Throughput 
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Traditionally, cargo and passenger ports have measured the amounts of freight 

and passenger interchange services that they provide by the amounts of cargoes 

(in tons or TEUs) and passengers (in number) that they receive and pass through 

the ports, i.e., by cargo and passenger throughputs. Also, port throughput has 

been used as a measure of port output in the investigation of technical and cost 

inefficiencies of ports. Talley’s port interchange theory contends that since the 

physical structure of received cargoes and passengers is not altered when they 

pass through ports; that is, the physical structure of cargoes and passengers that 

pass through a port remains the same as when they entered the port (unless 

damaged or injured from the pass – through process); then port throughput is 

not a measure of port output in port production functions.  

 

The theory argues that a time dimension has to be added to capture the essence 

of throughput in the port output measurement process. Accordingly, a measure 

of port interchange service that does reflect the role of the port in the cargoes 

and passengers to be interchanged in creating this interchange service is the 

amount of cargoes (number of passengers) that passes through the port per unit 

of time in port. For a container port, this measure is the tons equivalent units 

(TEU) Ratio, i.e., the number of TEUs that pass through that port (or are 

interchanged) divided by the total time that these TEUs are in port. Note that the 

numerator of this ratio is TEU throughput. Thus, the TEU Ratio may also be 

referred to as TEU throughput per unit of TEU time in port. As for cargo and 
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passenger throughput, vessel and vehicle throughput per se do not reflect the 

port’s role in the interchange of this throughput. A measure that does so is the 

number of vessels (vehicles) that pass through the port per unit of time in port, 

i.e., the number of vessels (vehicles) that pass through the port (or are 

interchanged) divided by the total time that the vessels (Vehicles) are in port, 

i.e., Vessel (Vehicle) Ratio.  

 

The Throughput ratio (in terms of cargo tons or TEUs, number of passengers, 

number of vessel calls, and number of vehicle calls) has the desirable property 

that an increase in its value also indicates a decrease in the port’s technical 

inefficiency – where a port’s technical inefficiency declines when the 

percentage change in interchange resources utilized by the port is less than the 

percentage change in the port’s throughput. By deduction, it follows that an 

increase in a port’s Throughput Ratio is synonymous with a decrease in its 

technical inefficiency.  

 

iv. Port operating options 

A port’s operating options are the means by which it can differentiate the 

quality of its interchange service. The operating options of a port are similar to 

those of the carrier for differentiating the quality of its transportation service. 

Operating options for the port that are analogous to speed of movement for the 

carrier are the port operator’s loading and unloading service rates, i.e., cargo 
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loaded and unloaded per unit time by the port to and from vessels, inland carrier 

vehicles and port equipment. Port operating options that are analogous to the 

reliability and spatial accessibility operating options of carriers include: 

departure gate reliability (percentage of time that the port’s departure gate is 

open for vehicles), entrance gate reliability (percentage of time that the port’s 

entrance gate is open for vehicles), berth reliability (percentage of time that the 

port’s berth is open to the berthing of vessels), harbour waterway reliability 

(percentage of time that the port’s harbour waterway is open to navigation), 

berth accessibility (percentage of time that the port’s berth adheres to authorized 

depth and width dimensions), and harbour waterway accessibility (percentage of 

time that the port’s harbour waterway adheres to authorized depth and width 

dimensions). 

 

v. Port Resource Functions 

A port’s resource function for thesth type of resource (Rs) relates the minimum 

amount of this resource to be employed by the port to the levels of its operating 

options and amounts of cargoes, number of passengers, number of maritime- 

carrier vessels and number of surface - carrier vehicles handled (output of the 

port) (Talley 1988); that is, 

s s nR = R (OPTION ; Cargoes, Passengers,Vessels,Vehicles)   …  (2.5) 

s =1,2,...,S;n =1,2,...,N  
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where nOPTION is the nth operating option of the port. 

 If no unused (or excess) capacity exists for the resources utilized by a port in 

providing a port’s interchange service, then changes in the levels of the port’s 

operating options for the purpose of increasing the quality of the service will 

require that additional resources be utilized by the port. That is to say, if no 

excess capacity exists for resource Rs, then an increase in the improvement level 

of operating OPTIONn will require that the port utilize a greater amount of 

resource Rs, i.e.,∂Rs / ∂OPTIONn>0. 

 

 Also, if no excess capacity exists for resource Rs, then an increase in Cargoes, 

Passengers, Vessels and Vehicles received and passed through the port will 

result in an increase in the amount of resource Rs utilized by the port, i.e., 

∂Rs / ∂Cargoes >0, ∂Rs / ∂Passengers >0, 

∂Rs / ∂Vessels >0 and ∂Rs / ∂Vehicles >0. 

 

vi. Port Demand 

Ports provide interchange services to their users – shippers, passengers and 

carriers. Thus, port interchange services are demanded by shippers, passengers 

and carriers. We examine these aspects of demand in the subsequent section. 

(a) Port Shipper Demand 

In order for a port freight interchange service to occur, the shipper must be 

willing to provide cargo to the port and the port must be willing to receive and 
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interchange this cargo. Since the shipper and the port are involved in creating 

port freight interchange service, there will be two prices for this service – a 

money price (per unit of port freight interchange service) that is charged by the 

port to the shipper for the freight interchange service and a time price (per unit 

of port freight interchange service) that is incurred by the shipper’s cargo while 

in port (Talley 2006). This time price is the product of the cargo’s value (or 

cost) of time per unit of time in port and the time that the cargo was involved in 

the provision of a unit of port freight interchange service. An example of cargo 

value of time in port is the inventory cost incurred by port cargo. Examples of 

port freight interchange services include the stuffing and stripping (to and from) 

containers of shippers’ cargoes. 

 

(b) Port Carrier Demand 

In order for a port carrier service to occur, the maritime (surface) carrier must be 

willing to have one of its vessels (vehicles) call at the port and the port must be 

willing to receive and service these vessels (vehicles). Since the carrier and the 

port are involved in creating a port carrier service, there will be two prices for 

this service – a money price and a time price. For the cost that the port incurs in 

providing port carrier service, the port will charge a money price (per unit of 

port carrier service) to the carrier (Talley 2006). The carrier will also incur a 

time price (per unit of port carrier service) related to its vessel or vehicle that 

was involved in the provision of the port carrier service. This time price is the 
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product of the vessel’s (vehicle’s) value or cost of time per unit of time in port 

and the time that the vessel (vehicle) was involved in the provision of a unit of 

port carrier service. Examples of vessel (vehicle) time costs include vessel 

(vehicle) insurance and depreciation costs. Examples of port carrier services 

include loading and unloading cargo to and from vessels and vehicles and vessel 

berthing and unberthing. 

 

vii. Port Effectiveness 

A port, especially facing competition, is concerned not only with whether it is 

technically and cost efficient, but also with whether it is able to optimize its 

overall operating objective, e.g., to maximize profits, maximize throughput 

subject to a minimum profit constraint, or minimize losses subject to a 

government subsidy constraint (in order to increase market share). If a port is 

able to optimize its overall operating objective, it will be described as effective. 

Thus, a port has efficiency and effectiveness operating objectives. 

 

Port efficiency operating objectives include the technical efficiency objective of 

maximizing port interchange service in the employment of a given level of 

resources (exhibited by the port’s production function) and the cost efficiency 

objective of minimizing cost in the provision of a given level of port 

interchange service (exhibited by the port’s cost function). Port effectiveness is 

concerned with how well the port provides service to its users – shippers, 
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passengers and carriers. In order for a port to be effective, it must be efficient. 

Specifically, it must be cost - efficient, which in turn requires that it must be 

technically efficient. That is to say, a necessary condition for a port to be cost-

efficient is that it be technically efficient. A necessary condition for a port to be 

effective is that it be cost-efficient. In view of technological, political and 

market changes in the environment of ports, efficiency and effectiveness can 

only be guaranteed through private sector management of terminal operation. 

This raises the question of how responsibilities should be shared in the ports and 

which is best examined through the port governance theories. 

 

2.5.5 Port Governance Theory 

In many countries around the world, governments and public port authorities 

have retreated from port operations in the belief that enterprise-based port 

services and operations would allow for greater flexibility and efficiency in the 

market (through more competition) and a better response to consumers’ 

demands. Ports, which have traditionally been run like a government 

department, are witnessing an infusion of private money that promises greater 

competition, higher productivity and eventually lower costs, which will be 

passed on to importers and exporters. Often this involves the transfer of 

provision of services from public bodies to private enterprise. Ports have 

become an interesting business, attracting the attention of large investment 

groups and equity fund managers.Ports have responded by developing new 
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governance structures, which are tailored to the specific local conditions in 

terms of culture and port objectives. In this new environment, the concessioning 

of port services to private operators has become common practice. A concession 

is a grant by a government or port authority to a (private) operator for providing 

specific port services, such as terminal operations or nautical services (e.g. 

pilotage and towage). Concession policy has become a powerful governance 

tool to port managers in particular in the terminal operating business. First, 

market developments such as vertical and horizontal integration are challenging 

(landlord) port authorities to redefine their role in the competitive process. 

Through concession policy, port authorities can retain some control on the 

organization and structure of the supply side of the port market. Second, 

through concession policy port managers can encourage port service providers 

to optimize the use of scarce resources such as land.  

 

Port Concession in this context is the concessioning of land to private terminal 

operators under the landlord port authority model. Under this model, the 

landlord port authority is normally a separate entity under public law 

established by specific legislation(World Bank, 2007). It has the capacity 

toconclude contracts (including concession agreements), enforce standards 

andmake rules and regulations applicable within the port area. Port 

operations(especially cargo handling) are carried out by private companies. 
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Today, thelandlord port is the dominant port model in large and medium-sized 

ports. 

2.6 Private Terminal Operations in Public Ports 

Four major types of combinations of port/terminal ownership and port/terminal 

operations can be distinguished: (a) public/government ownership and public 

participation in operations; (b) public/government ownership and private 

participation in port/terminal construction, operations and management; (c) 

public/government ownership and private participation in superstructure 

installation (e.g. cranes) and operations and (d) private ownership and 

operations. See table 2.1 for formalized port privatisation model by The World 

Bank. 

Table 2.1: Port Governance Models Prototypes 
  TYPE INFRASTRUCTURE SUPERSTRUCTURE PORT LABOUR OTHER FUNCTIONS 

Public Service Port Public Public Public Majority Public 

Tool Port  Public Public Private Public/Private 

Landlord Port Public Private Private Public/Private 

Private Service Port Private Private Private Majority Public 

Source: The World Bank(2007) 

 

The use of the model of Public Ownership and Private Operations (POPO) is 

widespread (Murthy &Notteboom, 2002). Under the POPO model, a concession 

agreement is signed between a private terminal operator and a landlord port 

authority or empowered government agency. Concessions can take the form of a 

long-term lease or an operating license. Under the long-term lease system, a 

private company is allowed to operate a specified terminal for a defined period 
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of time. The government or a public authority holds the property rights of the 

facilities throughout the concession period and receives lease payments on the 

assets. The concession/lease fees paid by the private terminal operator are used 

to upgrade and expand the facility.However, more alternatives are available to 

structure the responsibilities of terminal operator and port authority/government 

with respect to the construction, financing and operations of the terminal 

facility. These include: 

i. Build-Lease-Operate (BLO). The port authority leases the construction and 

operation of the whole port or part of it to a private company through a long-

term concession. The private company constructs the terminals/berths/ other 

facilities. In turn, the port authority controls the rights throughout the 

concession period and receives a lease payment annually. 

 

ii. Build-Operate-Transfer (BOT). In case of the BOT technique, a government 

or public authority grants a concession or a franchise to a private company to 

finance and build or modernize a specific port facility. The private company 

is entitled to operate the facilities and to obtain revenue from specified 

operations or the full port for a designated period of time. The private sector 

takes all commercial risks during the concession. At the end of the 

concession period, the government retakes ownership of the improved assets. 

Arrangements between the government and the private operator are set out in 

a concession contract that may or may not include regulatory provisions. 
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iii. Rehabilitate-Operate-Transfer (ROT). The government or public authority 

grants a concession to a private company to finance and rehabilitate or 

modernize a specific terminal or an entire port. This company is entitled to 

operate and obtain revenue from the rehabilitated port for a specific period. 

The private company takes all commercial risks, and at the end of the 

concession period, the government retakes ownership of the improved asset. 

 

iv. Build-Rehabilitate-Operate-Transfer (BROT). The government or public 

authority grants a concession to a private company to finance and 

rehabilitate or modernize a specific terminal or an entire port. This company 

is entitled to operate and obtain revenue from the rehabilitated port for a 

specific period. The private company takes all commercial risks, and at the 

end of the concession period, the government retakes ownership of the 

improved asset. 

 

v. Build-Operate-Share-Transfer (BOST). BOST is similar to BOT, when a 

government grants a concession or a franchise to a private company to 

finance and build or modernize a specific port/terminal for a designated 

period of time. The revenue obtained from terminal operations is shared with 

a designated public authority throughout the concession period. The 

government/public authority should assure a specific quantity of throughput 

for revenue. The commercial risks are shared among the government and the 
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concessionaire. At the end of the concession period, the government retakes 

ownership of the improved asset. 

Terminal concession agreements may be awarded by several methods, including 

without limitation, by direct appointment, private negotiation, from a qualified 

pool or using a competitive process. A competitive bidding procedure for berths 

and terminals typically consists of two stages: a qualification stage and a 

selection stage. 

 

 Stage 1: Qualification 

The first stage encompasses a qualification of the candidates based on 

experience and financial strength. The experience of the candidate can, for 

instance, be demonstrated by the management of facilities for similar cargo in 

the same or other ports. The candidate thus has to credit his experience in the 

activities related to the project by giving proof of specific antecedents in the 

exploitation of terminals. The first stage in the bidding procedure reduces the 

number of potential bidders, which is bad for competition, but it also reduces 

the risks of noncompliance by unreliable bidders. 

 

 Stage 2: Selection 

The second stage typically comprises a technical and financial proposal and a 

price bid. Every qualified bidder will present only one offer, without variants or 
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alternatives. Based on the technical and financial proposal and or the price bid, a 

bidder among the bidders that have been prequalified, is selected. An alternative 

way of awarding a concession consists of putting a strong focus on the price. 

The stipulations on the price bid depend on the price bidding systems used. 

Goss (1990) describes quite extensively the price bidding systems that can be 

used in concession and lease agreements; the alternatives available range from a 

given rent but minimal charges to a maximum rent and freedom to the private 

operator to set his own charges. 

 

Given a set level of investment and quality requirements, the winner is either (a) 

the highest payer for the right to provide terminal services, or (b) the bidder 

offering the lowest price to be paid by the terminal users. In the first option the 

port authority or government agency aims at maximizing the revenue. The 

payments are typically made annually. The second option focuses more on the 

interest of the port users and ensures price minimization rather than revenue 

maximization. The concession fee under the first option is seldom renegotiated 

while the fee under the second option is often renegotiated in such a way that 

the concessionaire ends up with a larger share of the rent created by the 

efficiency gains achieved by the concessionaire.In some cases, particularly with 

new terminal developments in developing countries, bidders have to quote the 

percentage of their revenue to be passed on to the government. The competition 
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is then based on bidding and priority will be given to the party offering the 

highest percentage to the government. 

 

The literature on various models of port reform reviewed above suggests that 

some level of privatization is expected to increase efficiency in the port, but 

what are the mechanisms by which this is to come about? The expectation of 

increased efficiency presumes, first, that managers will make better decisions. 

The change in managerial decision making is itself attributed to a new, 

“business oriented” policy environment. Yet, such an environment does not 

come about by chance or merely because there has been some devolution of 

power away from government. Rather, it reflects a conscious decision by port 

directors to change the orientation of management.  

 

2.7 Concession Agreements as Port Governance Tools 

(Contractual Arrangements and Information Asymmetries) 

In a terminal leasing/concession system, a private company is allowed to 

operate a specified terminal for a given duration. The design of the concession 

agreement or contract, starting with the rights and obligations of the 

concessionaire, is a key element. One of the main reasons behind particular 

contractual arrangements in a concession agreement relates to potential 

information asymmetries as described in the principal/agent theory.  
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Rasmussen (1994) distinguishes three models ofprincipal-agent problems: 

moral hazard problems with hidden information, moral hazard problems with 

hidden action and adverse selection problems; where the principal (in this case 

the port authority) is not informed about a certain characteristic of the agent (the 

terminal operator), an adverse selection problem may arise. The term ‘adverse 

selection’ was originally used in insurance. It describes a situation where the 

people who take out insurance are more likely to make a claim than the 

population of people used by the insurer to set their rates. In moral hazard 

models, information asymmetries result from the principal’s inability to observe 

the agent’s action (moral hazard problems with hidden action) or to uncover 

hidden information about the agent (moral hazard problems with hidden 

information). 

 

The adverse selection problem only partly applies to terminal concession 

agreements. As mentioned earlier, candidates for a concession typically have 

the right to verify the state of the premises and have access to all available 

information. As such, both port authority and (candidate) terminal operator 

generally start with the same information as regards the object of the 

concession. Moral hazards problems are more prominent in the concession 

procedure. In principle, a port authority (the principal) bases its decisions about 

the granting of a concession on information available at the time of the 

granting.Although the information about the candidate might be very elaborate 
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(e.g. financial status, performance in other ports, client base), the port authority 

has no guarantee that the agent will meet its objectives in terms of cargo 

generation. As such, concession agreements often take the form of performance-

based contracts to create incentives for the agent (terminal operator) to act in the 

principal’s interest. The specific design of the concession agreement, its 

regulatory regime, the tariff regime and the way the concession is awarded 

reveal the priorities of port authorities and government agencies and, as such, 

play an important role in port governance.  

 

2.8 Using Concession to Stimulate and Sustain Competition 

i. Durations 

In many parts of the world, legislators have developed rough guidelines on 

concession durations with a view to safeguarding free and fair competition in 

the port sector. The duration of the agreement is of crucial importance both to 

terminal operators and port authorities. In general, long-term agreements allow 

private port operators to benefit from learning-by-doing processes and to 

achieve a Reasonable on Investment (ROI). Port authorities try to find a balance 

between a reasonable payback period for the investments made by terminal 

operators, on the one hand, and a maximum entry to potential newcomers, on 

the other. As long-term agreements limit market entry, intra-port competition 

will only take place among the existing local port operators. However, even 

when concession periods are long, new players can still enter the market either 
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through a merger or acquisition of a local operator or when a long-term 

concession or lease of a new terminal expansion is allocated to them.  

 

ii. Throughput Guarantees 

A concession agreement typically contains provisions in view of protecting 

terminal operator and port authority against arbitrary and early cancellation. 

However, it can also include paragraphs that empower the port authority to 

(unilaterally) end the concession in case the terminal operator does not meet 

certain pre-set performance indicators. The most common indicator relates to 

cargo throughput. The port authority or government agency can indicate upfront 

a minimum throughput to be guaranteed by the concessionaire (especially in 

case of existing berths/terminals). This should encourage the operator to market 

the port services to attract maritime trade and to optimize terminal and land 

usage. Should the terminal operator not meet the objectives set out in the 

concession agreement, a penalty will be payable to the port authority (e.g. a 

fixed amount per ton or TEU short) or, in the most extreme case, the concession 

will be cancelled. 

 

Throughput guarantees are a powerful governance tool to port authorities for 

three reasons. First, from a land management perspective, throughput 

guarantees secure a reasonable level of land productivity. Land for port 

development is scarce in most parts of the world and efficient use is necessary 
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to safeguard it for the future. Moreover, it sends out a positive signal to 

environmentalists and community groups about the port community’s intentions 

vis-a-vis rational land use. Environmental considerations are very prominent in 

the relationship of community stakeholders with port authorities. 

 

Second, imposing specific performance targets is particularly useful in cases 

where the level of the concession fees is not giving enough incentive to terminal 

operators to reach high terminal utilization rates. By integrating throughput 

guarantees, efficient land use becomes a shared responsibility between port 

authority and terminal operator. The question remains whether or not specific 

terminal throughput targets should be used to modify the behaviour of terminal 

operators. It may be more appropriate in some cases to achieve the objective 

through the basic allocation of responsibilities or a modification of the 

concession fees. Moreover, specific throughput guarantees will deliver the 

expected results only if the performance of the terminal operator can be 

adequately monitored and if the targets can be enforced. Third, stringent 

demands regarding the use of space by the concessionaires can lower the entry 

barriers to newcomers. The port authority could retract or reallocate certain 

parts of the terminal due to underutilization. These kinds of stipulations in 

concession agreements contribute to an improved contestability in the container 

handling industry (Notteboom, 2002).Moreover, port authorities can move an 
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intra-port monopoly toward a local oligopoly by allocating a long-term 

concession or lease of a new terminal expansion to a new operator. 

 

Through specifications in concession agreements port authorities can actively 

shape the structure and market organization of the terminal handling business in 

the port area, both in spatial and functional terms. To widen the private sector’s 

participation and provide competition, the port authority or government agency 

can require that the operator not be allowed to participate in more than one 

contract at the same port. In smaller ports, a concession agreement could state 

that no other stevedore can develop container handling activities in the same 

port. As such, port authorities can partially design an intra-port market 

configuration they prefer through the bidding procedures and concession 

agreements used. Port authorities can have good reasons to opt for a market 

configuration of only one or two container terminal operators within a specific 

port area, for example, to provide a better answer to carrier power and carriers’ 

demand and to guarantee a larger financial base for investments in expensive 

terminal infrastructure. 

 

Concession agreements can have a great influence on overall port performance. 

A poorly designed lease contract can lead to situations where the port authority 

has no legal means to penalize inefficient companies or to end the contract 
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unilaterally. The resulting underutilization of valuable land and infrastructure 

undermines the growth potential of the port. 

 

 

2.9 Port Governance Structure/Models and Implication on Port Efficiency 

Port governance became a critical issue in port management and administration 

owing to the following: 

 Changing economic environment produced by the globalization of production 

and distribution. 

 Changing forms of cargo transportation 

 Technological breakthroughs, etc. 

Verhoeven and Vanoutrive (2012) posit that governance practices are not stable 

in time and space. While in the past cargo-handling in European ports was 

traditionally carried out by locally based companies, horizontal and vertical 

integration of cargo-handling companies have resulted in a market dominated 

by global players. As a response to this evolution, several port authorities 

reposition themselves by adopting pro-active strategies and developing 

activities in other nodes in the logistic chain, outside the own port perimeter. 

 

Port services can be summarized as being of two types: those provided by the 

infrastructure and those required for loading and unloading cargo and handling 

it on the ground. As noted by Cullinane, et al. (2004), “it is possible that a port 
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may provide sound service to vessel operators on the one hand and 

unsatisfactory service to cargo or inland transport operators on the other”. This 

requires a clear definition of the agent being analysed and of the port activity 

being performed, which may not be the same in the various existing port 

systems. If the services provided by the various agents were analysed as a 

whole, it would not be possible to isolate the source of any potential 

inefficiency, which would result in incorrect policy or business (Wang et al., 

2011). 

 

To adapt to the new challenges and contexts, many national governments 

embarked on port reform programmes thus changing port governance 

structures.Most reforms devolved management responsibilities and to a lesser 

extent transferred responsibilities associated with port ownership to newly 

created or existing corporate entities. Thus while there is absence of consensus 

on appropriate governance models, the World Bank took interest and developed 

a generic Port model in the document titled the Port Reform Tool kit (2005). 

 

2.10 The Evolution of Port Reform Policies 

Port privatisation started in the late 1980s and early 1990s following the public 

sector reform in the UK and US, but the British experience informed current 

thinking in port privatisation. Port devolution in the UK often involved outright 
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sale, even of the regulatory functions; transfers were often at discounted prices 

and today there is no port regulation per se.Baird and Valentine (2007) find that 

there were two phases of port privatisation in the UK; the first involving the sale 

of state owned port & railway and the second, disposal of major trust ports. The 

UK reform model is seen as unique because the privatisation of UK ports 

included the sale of port land.  The British case featuredmainly selling of ports 

(removing public ownership and accountability) rather than infrastructure and 

facilities, which was the goal in most other countries. Although Brooks and 

Pallis (2012)observe that competitiveness of British ports were due largely to 

deregulation of port labour; there were some criticisms regarding the British 

model.The fully privatised model of the UK did not work well (Brooks and 

Pallis, 2012). It is flawed from a public interest/taxpayer perspective and for a 

long time after, there was less investment than might have otherwise occurred 

(Baird 2000). Secondly, there was too much concentration on improvement of 

trade and acquisition of infrastructure holdings with little attention paid to 

issues of safety. The government lost control of oversight functions and 

monitoring as private entities invested & acquired infrastructures. This loop 

hole discouraged other governments from copying the UK model. Efforts to 

address the shortcomings of early port reform effort of the 1990’s led to the 

development of port reform model by UNCTAD. 

 



79 
 

The World Bank subsequently developed a comprehensive set of guidelines on 

port reforms in a document titled; the World Bank Port Reform Tool-Kit 

(WBPRTK). This kit focuses on the role (landlord, tool, service or private) and 

activities of Port Authorities (P.A’s) as a core theme of port governance. The 

document has provided guiding principles to many national governments on 

port reform. The reform kit does not provide means of testing the outcome of a 

specific model applied nor how government should respond to possible 

scenarios. While its scope covers the extent of possible involvement of both 

public and private sector in a reform setting, the kit does not explain the balance 

of responsibilities between the parties which would lead to better port 

performance. Based on these criticisms a number of studies on port governance 

suggest models to be adopted in each port must be based contexts and 

peculiarities of its environments and recommendations of best practices in 

world ports.  

 

However, Brooks and Pallis (2008) propose that models imposed be revisited in 

order to fix any misalignment in the framework imposed or to fit changing 

economic circumstances, and also feedback from the port itself or perhaps its 

political masters should be incorporated as experience with port reform 

unfolds.Brooks (2005) notes that every port in a port-reform environment faces 

identity crises in determining its objectives given the conflicts between its 
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government regulators (or owners); it’s customers as its local community 

stakeholders and its managers (or shareholders). She argues that strategic 

objectives should drive the port governance model chosen.Strategic objectives 

that ports may follow include: maximizing profit for shareholders; maximizing 

returns on investment for governments; maximizing traffic through port subject 

to a maximum allowable operating deficit; and optimizing economic 

development prospects, be they local or national. 

 

2.11 Port Governance Structures across Mediterranean, European and 

African Countries. 

The reforms that took place in Spain and Italy in the 1990’s France and Greece 

in the 2000’s followed distinctive approaches port of national interest (e.g. 

corporatization) and peripheral ports (for example) were granted a certain 

degree of autonomy but within a public framework .The devolution of the small 

ports involves very different conditions and challenges than those that confront 

the major international ports, so that the models are not directly 

comparable.Canada streamlined its models to three, developing a divestiture 

program to privatize one group (local & regional ports), commercialising the 

major ports important to the national economy and retaining its public service 

obligations to the third group (remote ports). Estache and Rus (2000) state that 

in Africa, and in Kenya for example, the government signed a contract with 
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Hutchison Holdings in 1996 a step to introducing private terminal operators in 

their ports. The government of Morocco has started with transformation of its 

public agency into an autonomous corporation (akin to corporatisation of a 

public entity). Total transfer of ports to private operators is the long term 

objective of the government of Morocco. The government of Senegal is 

transforming the port of Dakar into a landlord port and stevedoring services 

have been transferred to the private operators.    

 

Brooks (2005) notes that every port in a post- reform environment faces identity 

crises in determining its objectives, given the conflicts between its government 

regulators (or owners), its customers, its local community stake holders, and its 

managers (or shareholders). She argued that strategic objectives drive the port 

governance model chosen. Strategic objectives that port may follow include: 

maximizing profit for shareholders; maximizing return on investment for 

government, maximizing traffic throughput subject to a maximum allowable 

operating deficit; and optimizing economic development prospects, be local or 

national. 

2.12 The State of Port Reform 

Extant literature maintains that port governance models are still driven by the 

following interest: commercial profitability, customer satisfaction, strategic 
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national interest and sustainable local economic development. Corporatization 

has taken place, with the issuance of share capital, but with the government 

retaining a majority of the share, and the issuance has not been accompanied by 

public listing.In most cases, government ownership means that there is no port 

authority per se but a government with responsibility for the port. In contrast, 

the government of South Africa for example has created a single port authority 

– the South African national port authority- custodian of eight major sea ports 

and there is no port level port authority. 

 

In conclusion, government ownership is still a dominant feature of port 

governance, with few fully privatized ports amongst the world’s largest. As a 

result, the majority of the largest ports have commercialized or corporatized 

governance structures, or have found other ways to increase the participation of 

the private sector via the provision of these public activities, for example 

infrastructure development. Through build operator transfer schemes, or the 

operation of terminal facilities through concession agreement.Mixed 

governance models incorporating contracted management of this type are found 

available for injecting private sector management into public governance 

through the use of concession. Many ports however, remain government owned 

and managed, although they may have been decentralized.  

2.13 Port Regulation and Efficiency 
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Public ownership in the seaport industry has usually been justified by the 

argument that seaports play a key role for national economies, and they have 

special characteristics that can easily provide the firms running port facilities 

with market power (expensive specialized assets, sunk costs, indivisibilities and 

economies of scale) or some public good characteristics. Moreover, in some 

countries seaports are regarded as focal points for regional development, which 

justify the subsidies from governments for the building and improvement of 

port facilities. In the last two decades, a more competitive environment led to a 

consideration of the role that the public sector must play in the running of 

seaports. International experiences have shown that private participation in both 

these aspects (operations and infrastructure) is beneficial for seaports. These 

experiences make a case for a revision of the traditional organization of seaports 

around the world, changes that will prepare ports for a more competitive market 

and less financial help from governments. 

 

Devolution of port management practices vary from country to country 

depending on their experience and legal system but the landlord model is the 

one most widely used in the world. Under this model, the public sector provides 

port infrastructure in the strict sense (lighthouses, quays, loading and unloading 

areas, etc.) and private companies supply the superstructure required to provide 

port services (office buildings, machinery, etc.). These services, which are 

generally provided by private companies, include cargo handling, which 
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encompasses all handling operations from placing cargo on the dock to loading 

it on the ship and vice versa. The most common means of introducing private 

sector participation into cargo handling services at port terminals is through the 

granting of concessions. In general, international experience has shown that the 

substitution of public property by private property in relation to certain port 

services produces a remarkable increase in productivity and a reduction in the 

waiting time of vessels, thus improving the efficiency of such services (Estache 

et al., 2002). It is in line with this objective that the Nigerian Government 

embarked on privatization (concession) of its port infrastructure. 

 

The involvement of the private sector in the port industry seems therefore 

feasible and desirable. This is to enable this sector face the increasing demand 

of maritime transportation. The type of contract and price regulation is 

determining factors for the success of privatization and in the improvement of 

port efficiency. Song et al. (2001) argue that empirical studies haven't put into 

evidence the relation between the management model (public, private, or semi-

public) and port efficiency. However, it has been shown that a positive relation 

exists between the involvement of the private sector in port activity and the 

increase in output (Estache et al., 2002). These conclusions are coherent with 

many economic findings that suggest that the separation between transportation 

activities where there are economies of scale (infrastructure supply) and other 

activities (the supply of services) reduces the total costs. However, one has to 
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note that the fixing of cap prices may lead to the deterioration of the quality of 

services to port users. Besides, the dynamic changes in the ports competitive 

environment call for constant review of operating conditions governing 

concession agreements and changes made when necessary. Thus, benchmarking 

through efficiency measurement has become imperative. 

 

2.14 Classification of Terminal Operators in Seaports. 

The main reason for involving the private operators or terminal operators in 

ports is to bring about quality management and the needed funding for 

infrastructure investment. But who are these terminal operators?  Notteboom 

and Rodrigue (2012) posit that a strict categorization of terminal operating 

companies is difficult to establish. Bichou and Bell (2007) propose a 

classification of global port operators based on four types of market players: (a) 

terminal-operating shippers (TOS) mainly active in non-containerized cargo 

operations; (b) terminal-operating shipping lines (TOSL) with terminals 

operated on a dedicated or a common-user basis; (c) terminal-operating port 

authorities (TOPA) and (d) terminal-operating companies (TOC). Olivier 

(2005) and Olivier et al. (2007) make a distinction between two types of 

transnational corporations in the terminal industry: international terminal 

operators (ITOs) whose core expertise is linked to terminal operations and 

ocean carriers whose core expertise is not in ports but vertically-related 
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maritime shipping activities. Along the same lines, Slack and Frémont (2005) 

use the terms transnational terminal operating companies (TTOs) and 

international shipping lines. Parola and Musso (2007) define three groups: pure 

stevedores who manage terminals as profit centres, integrated carriers who 

manage terminals mainly as costs centres and a group of hybrid terminal 

operators consisting of shipping lines involved in the stevedoring business and 

handling both own cargo and third-party traffic to make profit. Combining the 

above insights transnational terminal operating companies are grouped in three 

categories: 

(i) Stevedores: Port terminal operators that expanded into new markets to 

replicate their expertise in terminal operations and to diversify their 

revenue geographically. Port of Singapore Authority (PSA) is the largest 

global terminal operator coming from a stevedore background.  

(ii) Maritime shipping companiesinvested in port terminal facilities to help 

support their core maritime shipping business. In many cases hybrid 

structures are formed with separate business units or sister companies 

active in liner shipping or terminal operations. The terminal facilities can 

be operated on a single-user dedicated base or alternatively also be open to 

third shipping lines. APM Terminals, a sister company of Maersk Line, is 

the largest global terminal operator coming from a maritime shipping 

background.  
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(iii) Financial holdingsincludes various financial interests ranging from 

investment banks, retirement funds to sovereign wealth funds attracted by 

the port terminal sector as an asset class and for revenue generation 

potential. The majority has an indirect management approach; acquiring an 

asset stake and leaving the existing operator take care of the operations. 

Others will manage directly the terminal assets through a parent company. 

Dubai Ports World (DPW), a branch of the Dubai World sovereign wealth 

fund, is the largest global terminal operator coming from a financial 

background. 

Table 2.2 provides an overview of the leading global terminal operators 

classified by volume of terminals they control. As well as looking at total TEU 

handled by each global operator. The top ten terminal operators control an 

increasing share of the world’s total container handlings: 64.6% in terms of total 

throughput handled in 2009 compared to 41.5% in 2001.  

Table 2.2:Top 10 Global Container Terminal Operators’ Equity Based Throughput 

2001 2006 2009 

Operator TEU(mil.) Share Operator TEU(mil.) Share Operator TEU(mil.) Share 

HPH 29.3 11.80% HPH 60.9 13.90% HPH 64.2 13.6% 
PSA 19.5 7.90% APTM 52 11.90% APTM 56.9 12.0% 
APTM 13.5 5.50% PSA 47.7 10.70% PSA 55.3 11.7% 
P&O PORTS 10 4.00% DP World 41.6 9.40% DP World 45.2 9.5% 
Eurogate 8.6 3.50% Cosco Pacific 22 5.00% Cosco Pacific 32.5 6.9% 
DPA 4.7 1.90% MSC 11.7 2.70% MSC 16.4 3.5% 
Evergreen 4.5 1.80% Eurogate 9.4 2.10% Eurogate 11.7 2.5% 

Cosco Pacific 4.4 1.80% Evergreen 8.9 2.00% Evergreen 8.6 1.8% 
Hanjin 4.2 1.70% SSA Marine 7.6 1.70% SSA Marine 7.7 1.6% 
SSA Marine 4 1.60% CMA-CGM 6.6 1.50% CMA-CGM 7.0 1.5% 

TOP 10 102.7 41.50% Top 10 268.4 60.90% Top 10 305.5 64.60% 

Source: Notteboom and Rodrigue (2012) 
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Based on the foregoing definition and classification; the terminal operators in 

Nigeria ports can be grouped as stevedores and maritime shipping companies. 

These provide cargo handling services open to third party shipping lines for 

commercial purposes and also operate dedicated terminals to enhance their 

shipping line operations.  

 

2.15 The Measurement of Efficiency in Nigeria’s Ports Sector: Relevance 

and Challenges. 

The common denominator of the Nigeria’s National transport policy objectives 

for the nation’s port system is the efficiency of its service delivery. The concept 

of efficiency is explicit in most of the national transport programmes and other 

multilateral documents concerning ports. For example, the Free Trade Zone, oil 

and gas free zone, cabotage policy, trade facilitation programme of UNCTAD, 

Ecomarine project for neighbouring West African countries and other port 

reform policies etc., can only be supported by efficient functioning of ports as 

part of the transport network which is an essential prerequisite to stimulating the 

development of maritime transport. 

 

The main argument for the port privatisation policy is to increase the efficiency 

of the Nigeria’s transport system. The privatisation policy clearly defines the 
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role of maritime transport as a key instrument of the development of a transport 

system that is both efficient and user friendly. To deliver on that agenda, ports 

need to be efficient. They require the provision of cost effective cargo handling 

and other ancillary services to needing port clients. This also requires a more 

efficient interconnection of ports with the other transport modes to contribute to 

the reduction in the total logistic cost (e.g. reducing waiting time associated 

with transshipment) and other transaction costs. This is one of the goals to be 

achieved by the provision of more competitive port services and more and better 

choices of service providers. The foregoing points to the central role of port 

efficiency in the Nigerian debate on sustainable transport policy. Hence this 

study is relevant as it provides an assessment of the productivity and efficiency 

levels observed today in Nigeria’sseaports.  

 

However, the analysis of today’s port efficiency is limited simply because 

access to the right level of information is limited too, particularly when it comes 

to costs. Ideally, a database providing all the outputs and inputs and their costs 

in all major ports should be available. However, it is surprising to note that the 

Nigeria’s Ports Authority that is supposed to be the government regulator in the 

post-reform era has relapsed on its responsibility to keep the much needed 

records meant for monitoring purposes. For example, the annual abstract of port 

statistics which is a yearly publication on cargo handling activities and level of 

infrastructure in all the Nigeria’s ports and terminals is as at the time of writing 
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not yet published. It was found that since the concession of terminals to the 

private operators; the publication of such statistical information has ceased. The 

concession monitoring committee (set up by NPA) expected to collect and make 

use of such information has not published any such data on port activities since 

the privatisation.  The raises some issues on effective monitoring of terminal 

operations where there is dearth of quantitative information. 

 

Without even beginning to assess the performance of the port industry, it is easy 

to argue that the evaluation of the efficiency of the sector requires a strong 

commitment of the Nigeria port authority to generate comparable information 

on the various non-competitive activities that take place in the ports. In many 

instances, this would require the separation of records of operators delivering 

both competitive and non-competitive services. The monitoring of the 

generation of this kind of information needs to be assigned to an independent 

regulator and not the concession monitoring committee as is presently the case 

in Nigerian ports. Ultimately, it is unclear whether the dearth of statistical 

information is due to the lack of discussions and decisions on post port reforms 

monitoring in Nigeria. 

 

2.16 Measurement of Port Efficiency:Conceptual Issues 

By the efficiency of a producer we have in mind a comparison between observed 

and optimal values of its output and input. The exercise can involve comparing 
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observed output to maximum potential output obtainable from the input, or 

comparing observed input to minimum potential input required to produce the 

output, or some combination of the two. In these two comparisons the optimum 

is defined in terms of production possibilities, and efficiency is technical. It is 

also possible to define the optimum in terms of the behavioural goal of the 

producer. In this event efficiency is measured by comparing observed and 

optimum cost, revenue, profit, or whatever goal the producer is assumed to 

pursue, subject, of course, to any appropriate constraints on quantities and 

prices. In these comparisons the optimum is expressed in value terms, and 

efficiency is economic. 

 

Measurement of efficiency is faced with certain technical problems that need to 

be addressed. One is how to make certain that all relevant variables are 

included. Even when all relevant outputs and inputs are included, there remains 

the formidable second problem of assigning weights to variables. Market prices 

provide a natural set of weights, but two types of question arise. First, suppose 

market prices exist; if market prices change through time, or vary across 

producers, is it possible to disentangle the effects of price changes and quantity 

changes in a relative performance evaluation? Alternatively, if market prices 

reflect monopoly or monopsony power, or cross-subsidy, or the determination 

of a regulator, do they still provide appropriate weights in a relative 

performance evaluation? Second, suppose some market prices do not exist. In 
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the cases of environmental impacts and public infrastructure mentioned above, 

the unpriced variables are externalities either generated by or received by 

market sector producers. How do we value these externalities? However the 

weighting problem is more pervasive than the case of externalities. The non-

market sector is growing relative to the market sector in most advanced 

economies, and by definition the outputs in this sector are not sold on markets. 

There is further challenge in valuing outputs such as law enforcement and fire 

protection services, or even public education services, each of which is publicly 

funded rather than privately purchased. Is it possible to develop proxies for 

missing prices that would provide appropriate weights in a performance 

evaluation? The presence of distorted or missing prices complicates the problem 

of determining what is meant by “relevant.” The third problem makes the first 

two seem easy. It is as difficult for the analyst to determine a producer’s 

potential as it is for the producer to achieve that potential.  

 

Efficiency and productivity are related concepts. Thus, while productivity of a 

production unit is measured by the ratio of itsoutput to its input Lovell (1993), 

changes in productivity are due to changes in efficiency, production technology, 

production process and differences in the environment among other factors. 

Productivity for an individual Decision Making Unit(DMU) can be calculated 

without reference to any other DMU, whereas efficiency is a ratio of 

productivities with reference to an efficient frontier. An efficient frontier is a 
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description of the correspondence between input and output bundles when a 

DMU is operating at the “best case” productivity level (Johnson, 2006). 

Productivity and efficiency both measure the performance of firms (Gonzalez 

and Trujillo, 2008).  Efficiency is only one part of the overall performance see 

figure 2.1. The interest here is in isolating the efficiency component in order to 

measure its contribution to productivity. 
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Fig. 2.1: Koopmans and Debreu-Farrell measure of technical efficiency 
Source: Porcelli (2009) 
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was Farrell (1957) who undertook the task of quantifying efficiency. Farrell 

(1957) defines three concepts of efficiency: Technical efficiency, Price 

efficiency and Global efficiency which are constructed under the assumption of 

efficient production function. Over time, the academic studies coined different 

terms to those established by Farrell (except for technical efficiency which has 

held over time) Kumar and Gulati, (2008). Thus, price efficiency is known as 

allocative efficiency and global efficiency as economic efficiency. Allocative 

(or price) efficiency refers to the ability to combine inputs and outputs in 

optimalproportions in the light of prevailing prices, and is measured in terms of 

behavioural goal of the production unit like, for example, observed vs. optimum 

cost or observed profit vs. optimum profit (Koopmans and Debreu-Farrell). The 

technical efficiency (TE) relates to the productivity of inputs. The technical 

component refers to the ability to avoid waste, either by producing as much 

output as technology and input usage allow or by using as little input as required 

by technology and output production. 

 

 More formally according to Koopmans and Debreu-Farrell measure of 

technical efficiency: technical efficiency is measured as the ratio between the 

observed output and the maximumoutput, under the assumption of fixed input, 

or, alternatively, as the ratio between the observed input and the minimum input 

under the assumption of fixed output. Koopmans (1951) argues that a producer 
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is technically efficient if an increase in an outputrequires a reduction in at least 

one other output or an increase in at least one input, and if a reduction in any 

input requires an increase in at least one other input or a reduction in at least one 

output.  

A measure of technical efficiency under Constant Returns to Scale (CRS) is 

known as a measure Overall Technical Efficiency (OTE). In Data Envelopment 

Analysis (DEA) framework, OTE measure has been decomposed into two 

mutually exclusive and more additive components: Pure technical Efficiency 

(PTE) and Scale Efficiency (SE); the decomposition allows for the 

determination of sources of inefficiencies.  PTE measure is obtained by 

estimating the efficient frontier under the assumption of variable returns to scale 

(VRS). It is a measure of technical efficiency without scale efficiency and 

purely reflects the managerial performance to organize the inputs in the 

production process; it is an index for capturing managerial performance (Kumar 

and Gulati, 2008). The ratio of OTE to PTC provides SE measure. The measure 

of scale efficiency (SE) provides the ability of the management to choose the 

optimum size of resources i.e. to decide on the port size or in other words, to 

choose the scale of production that will attain the expected port terminal 

production level. 

 

2.17 The Concept of Productivity: An Introduction 



96 
 

Productivity can be defined simply as output divided by the input that is used to 

generate the output. Output consists of products or services and input consists of 

materials, labour, capital, energy, etc. Productivity measurement is one 

traditional and practical tool for managing productivity. In measuring 

productivity, single output and single input are always assumed. This is for 

practical illustration purposes. In reality, productivity measurement often entails 

measuring multiple outputs and inputs and this is called total factor 

productivity. Total productivity is the total output divided by the sum of all 

inputs. In practice, it is quite challenging to sum different outputs (products and 

services) and inputs (e.g. labour, material, energy) in measuring total 

productivity. Initial efforts consist of applications of partial productivity 

indicators: Malmquist and Tornqvist indexes and also Leuberger indicators 

which were later replaced with more formal measures using production 

functions. 

 

However, the commonly use measures of productivity measures highlighted in 

the foregoing require that quantitative data be collected from operations or 

activities under consideration. In many cases, it is quite difficult or even 

impossible to collect data needed for productivity measurement. It is in such 

situations that Indirect (or surrogate) productivity measurement can be used, see 

figure 2.2. 
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Sink (1983) defines surrogate productivity measures to include factors and 

managerial ratios that are not included in the concept of productivity, but are 

known to correlate with productivity. Subjective (Surrogate) productivity 

measures are not based on quantitative operational information. Instead, they 

are based on personnel’s (or respondents) subjective assessment (Kempilla, 

2003). Subjective data (descriptive or qualitative) is usually collected using 

survey questionnaires or by interviews. Examples of surrogate productivity 

techniques can be found in the measurement of port terminal operations using 

Structural Equation Modelling (SEM) of Factor Analysis models. But in this 

study, the objective productivity measurement approach will be adopted. 

However, we are more concerned in measurement of direct and Total Factor 
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Figure 2.2: Different Approaches to Productivity Measurement. 

Source: Kempilla (2003) 
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Productivity measures given that port terminals, the object of our analysis are 

multi-output and multi-input organizations.  

2.17.1 Measuring Total Factor Productivity (TFP): Models and 

Assumptions  

In quantifying productivity, what is usually needed is a measure of output 

differences which is not explained by different input choices and occurs, 

instead, through marginal product increases. This quantity, usually referred to as 

Total Factor Productivity (henceforth TFP), is the essence of the economic 

notion of productivity. To put it formally, what the economists have in mind 

when they talk about productivity is a production function of the type: 

it(X )it tY A f    …       (2.6) 

i.e. relating the output ( )Y  of a generic unit (firm/industry/country) i at time t to 

a (1xL) vector of inputs X and the term A saying how much output a given unit 

is able to produce from a certain amount of inputs, given the technological 

level. The state of technology, embodied by the function (.),F is given and 

common to all 'i s . 

Hence, the TFP index at time t is the ratio of produced output and total inputs 

employed i.e.: 

 

itf(X )
it

it

Y
TFP A    …      (2.7) 
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The available methodologies for productivity estimation, which we classify 

according to different criteria, are shown in figure 2.3. In figure 2.3, we 

distinguish between deterministic methodologies, whose output is a 

“calculated” measure of TFP, and econometric methodologies, providing us 

with “estimated” productivity levels and/or growth rates. Within these, we 

discriminate between Frontier and Non-Frontier Approach.  

 

However, the first distinction one should keep in mind when approaching this 

field is between methodologies used in macro studies, that is methods 

concerned with aggregate (countries/regions/industry) productivity and 

methodologies used in micro studies, aimed at measuring individual (firm/plant) 

productivity.Aggregate studies are mainly concerned with identifying the role of 

TFP on growth dynamics, the main goal consisting of explaining the state wide 

differences in economic performance across countries. This literature started 

with the Solow growth theory, in which the pattern of productivity growth 

essentially mirrors that of the so called technological progress (i.e. Solow 

residual). This approach goes under the name of Growth accounting and it has 

been the first deterministic methodology proposed to estimate TFP and has been 

used to estimate TFP at both aggregate and sectoral levels. 

 

Among macro studies, we also describe alternative parametric methods to 

estimate TFP; called growth regressions. Like growth accounting, these are 
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extensions of the standard Solow growth model. However, unlike the former, 

they use a model-based approach, as its main contribution is to identify a 

structural equation to estimate TFP levels from aggregate data Therefore, with 

respect to the Growth Accounting approach, the advantage of growth 

regressions is that TFP is not estimated as a residual from a calibration exercise 

and we do not need to trust specific functional form assumptions.  

 

Frontier models are applied to both aggregate and individual data. They differ 

from the Non-Frontier models for the assumption that observed production 

units do not fully utilize their existing technology. In the presence of 

inefficiency, productivity measurement is affected and so it will be productivity 

change, unless inefficiency does not vary over time. Since in many contexts it is 

relevant to provide evidence on the contribution of efficiency change to 

productivity change, a main advantage of these models is that they allow for the 

presence of time varying technical inefficiency in production. The main reason 

leading to the adoption of frontier models is then their capability to disentangle 

two main sources of productivity growth: technological change and technical 

efficiency change. Technological progress is assumed to push the frontier of 

potential production upward, while efficiency change reflects the capability of 

productive units to improve production with a set of given inputs and available 

technology. An advantage of frontier models is that they can provide useful 

information to the policy maker for the design of productivity-enhancing 
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policies. For instance, if the main source of a productivity slowdown is detected 

to be technological regress, this would suggest orienting policies towards 

measures that induce technological innovation.  

Data Envelopment Analysis (DEA) (Farrell, 1957; Charnes et al., 1978) can be 

seen as an attempt to overcome some of the specific weaknesses of the growth 

accounting approach: a particular functional form for technology, particular 

assumptions on market structure and the hypothesis that markets are perfect. 

The basic idea of this approach consists of enveloping the data (the observed 

input-output combinations) in order to obtain an approximation of the 

production frontier (or best-practice frontier) and using this to identify the 

contribution of technological change, technological catch-up, and inputs 

accumulation to productivity growth. SFA also starts by assuming that firms 

cannot produce using the most efficient possible way but, differently from 

DEA, accommodate for shortfall from potential output due to random shocks 

beyond the control of producers.  

 

FR
O

N
TI

ER
 

DETERMINISTIC 

METHODOLOGIES 
ECONOMETRIC METHODOLOGIES 

DEA (DATA ENVELOPMENT 

ANALYSIS)                                                                          

(MICRO-MACRO)                                                 

FDI (FREE DISPOSAL HALL)                                                                 

(MICRO-MACRO)  

PARAMETRIC SEMI-PARAMETRIC 

STOCHASTIC FRONTIER ANALYSIS                           

(MICRO-MACRO)  
  

N
O

N
 

FR
O

N
TI

ER
 

GROWTH ACCOUNTING                                                                                            

(MACRO)                                                               

INDEX NUMBERS                                                     

GROWTH REGRESSION                             

(MACRO) 

PROXY VARIABLES                              

(MICRO) 



102 
 

(MICRO-MACRO) 

FIG. 2.3: Productivity Estimation Methods. 

Source: Massimo, et al., (2009) 

2.17.2 Assumptions of ProductivityModelling. 

Given the objective of productivity measurement which is to identify output 

differences that cannot be explained by input differences, at least six issues will 

affect how successful various methodologies are at accomplishing this. First, 

one has to specify whether all firms share the same production technology and 

input trade-off or not. Second, most methods require a functional form 

assumption, or at least some restrictions, on the deterministic portion of the 

production technology. Third, especially when some heterogeneity in 

technology is allowed, an assumption on firm behaviour is required to learn 

about the technological differences. Fourth, when technology is assumed 

homogeneous across firms, it can be estimated econometrically, but one has to 

control for the well-known problem of endogeneity of input choices. Fifth, to 

distinguish productivity from other unobservable elements that affect output, 

one has to place some structure on the stochastic evolution of the unobserved 

productivity difference. Sixth, methodologies differ in sensitivity to 

measurement error in output or inputs. 

 

2.17.3 Partial Measures of Productivity 
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Index numbers are relatively flexible in the specification of technology, but do 

not allow for measurement error. Assuming firms minimize costs and factor and 

goods markets are competitive, they provide an exact measure of productivity 

without having to estimate the full range of input substitution possibilities.Index 

numbers provide a theoretically motivated aggregation method for inputs and 

outputs, while remaining fairly uncertain on the exact shape of the production 

technology. For example, Caves et al. (1982a) show that the Tornqvist index 

exactly equals the geometric mean of Malmquist productivity indices using 

either firm’s technology if the production technology is characterized by a 

translog distance function. The weighting exploits information on the input 

trade-off contained in the factor prices.Assuming perfect competition in output 

and input markets and optimizing behaviour by firms, it is possible to calculate 

productivity index from observables, without having to estimate the production 

function. It even allows for some heterogeneity in technology. The main 

advantages of the index number approach are the straightforward computations 

(no estimation is required), the ability to handle multiple outputs and many 

inputs, and the flexible and heterogeneous production technology it allows. The 

main disadvantages are the deterministic nature and the necessary assumptions 

on firm behaviour and market structure.N.B: For the index number approaches 

to be theoretically ‘exact’, output markets have to be competitive.  
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The input and output quantity index numbers, and productivity indices, are all 

based on the ideas of Malmquist and the distance function approach. Use of 

these indices for economic analysis is based on the assumption that the firms 

observed in periods s and t are both technically and allocatively efficient (Coeli 

et al., 2005). There are numerous index formulae that can be used to construct 

output and input indices. The Laspeyres, Paasche, Fisher and Törnqvist indexes 

are some of the more widely used index formulae. 

Suppose information on the price and quantity of M  outputs is available for 

period 0t ,...,T .  denoting the output price and quantity vectors in period t   as 

1 M(p ,..., p )tp  and 1 M(q ,..., q )tq   , the Laspeyres output index L
t(Q )  is defined as 

follows: 
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  is m's  nominal output share. 

The equation above shows the Laspeyres output quantity index is the period 0 

share weighted sum of quantity ratios.  
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The Paasche output quantity  p
t(Q )  index is defined as follows: 
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The Paasche output quantity index uses period t  prices as weights, in contrast to 

the Laspeyres output quantity index that uses period 0 as weights. 

The Fishers output quantity index F
t(Q )  is found by taking the geometric average 

of the Laspeyres and Paasche output quantity indexes, that is:  

1
L P 2
t t(Q Q )F

tQ   

Finally, the Törnqvist output quantity T
t(Q )  index is defined as follows: 
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Input quantity indexes are defined in a similar manner using input prices t(c )  

and quantities t(x ) . 
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2.17.4 Non Parametric Models for Measuring Productivity 

i. Data Envelopment Analysis (DEA) 

Data Envelopment Analysis (DEA) can be broadly defined as a non-parametric 

method for measuring the relative efficiency of a decision making unit (DMU), 

in this case a port terminal. The model was initially developed by Charnes et al. 

(1978) and has the advantage of being used for analysing multiple output and 

input units. One assumption that underpins the earlyDEA approaches, including 

the CCR model (Charnes, Cooper and Rhodes 1978), is that the sample under 

study exhibits constant returns to scale. However, a voluminous body of 

evidence suggests that constant returns to scale assumption is particularly 

inappropriate to the ports sector where, it is commonly asserted; economies of 

scale are quite significant (Cullinane and Khanna, 2000; Robinson, 1978; 

Tabernacle, 1995). In order to cater for such situations, where variable returns to 

scale may be more the norm, the CCR model has been modified so that scale 

efficiencies, for example, may be separated out from the pure productive (or 

technical) efficiency measure that the standard CCR model yields.  

 

In the specific case of port efficiency studies, theability to handle more than one 

output is a particularly appealing feature of the DEA technique. This is because 
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there existsa number of different measures of port output that may be used in 

such an analysis; the selection depending upon what aspect of port operation 

constitutes the main focus of the evaluation. In addition to providing relative 

efficiency measures and rankings for the DMUs understudy, DEA provides 

results on the sources of input and output inefficiency, and identifies the 

benchmark DMUs that are utilized for the efficiency comparison. This ability to 

identify the sources of inefficiency could be useful to port or terminal managers 

in inefficient ports so that the problem areas might be addressed. For port 

authorities too, they may provide a guide in focusing efforts on improving port 

performance. Another property of DEA relates to some behavioural assumption 

made about the production units. For example, an Output-oriented version of 

DEA is employed when modelling DMUs where the objective is to maximize 

output given fixed inputs at fixed prices. However, where the output is an 

exogenous variable in the case of ports; an input oriented DEA is adopted. This 

is the case because the outputs (or cargo throughputs) represent demand for 

services that are outside the control of the decision makers. Thus terminal 

operators can only maximize outputs by optimally utilizing (infrastructure) 

inputs.   

 

ii. The Malmquist Productivity Index (MPI) 

We employ the Malmquist total factor productivity (TFP) index to measure 

productivity changeson production frontiers and also isolate sources of such 
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changes. The concept of the Malmquist productivity index was first introduced 

by Malmquist (1953), and Caves et al. (1982), applied it in a non-parametric 

framework. Fare et al. (1994) developed it into the output-based Malmquist 

productivity change index. The Malmquist index estimates the total factor 

productivity (TFP) change of a Decision Making Unit (DMU) between two 

different time periods by calculating the ratio of the distances under a specific 

technology. Fare et al. (1992) posit that the Malmquist TFP index can be 

decomposed into catching-up in efficiency and the shift in frontier technology. 

The frontier shift effects, represented by the shift of the productive efficiency 

frontier can occur because of such significant change as technological progress. 

Port efficiency gains from the frontier shift effects can come from the capacity to 

keep up with latest technologies that are possibly driven by institutional reforms 

to increase (or by increasing) market competition. The catch-up effect, on the 

other hand, is also referred to as technical efficiency change that can be represented 

by a port’s movement along the production frontiers, which is possible even within 

a relatively short period of time. The catch-up effect is so termed since the 

concept implies the capacity of ports to managerially follow best practices in order 

to operate on the frontiers at any point in time. The efficiency gains caused by the 

catch-up effect can be mainly attributed to managerial capacityof ports to (a) 

respond to port demand by flexibly adjusting production scales (changes in scale 

efficiency) and to (b) adjust input factors timely (changes in ‘pure’ technical 

efficiency) (Cheon, 2007). Decomposing efficiency changes into sources 
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produces different policy implications as it identifies the sources of inefficiency 

of ports. For example, if a port does not efficiently utilize its existing assets and 

input factors, but tries to attribute its inefficiency to its level of technology and 

lack of long term capital investment, the result of these courses of actions would 

be creations of ineffective and unreasonable policies (Cheon, 2007). 

2.17.5 Parametric Frontier Models 

The parametric methods assume the same input trade-off and returns to scale for 

all firms. Functional form assumptions concentrate all heterogeneity in the 

productivity term, but the explicitly stochastic framework is likely to make 

estimates less susceptible to measurement error. The most in the literature is the 

Cobb-Douglas functional form which in logarithms is as shown: 

it o it it it itl kq l k        
  …    (2.8)

 

ωit represents a productivity difference known to the firm, but unobservable to 

the econometrician; ϵit captures other sources of independent and identically 

distributed (i.i.d) error.Consistent estimation of the input parameters faces an 

endogeneity problem. Firms choose inputs knowing their own level of 

productivity and a least squares regression of output on inputs will give 

inconsistent estimates of the production function parameters. 

 

i. Stochastic Frontiers (SF) 
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The stochastic frontier literature uses assumptions on the distribution of the 

unobserved productivity component to separate it from the random error. The 

method is credited to Aigner et al. (1977) and Meeusen and van den 

Broeck(1977) who model productivity as a stochastic draw from the negative of 

an exponential or half-normal distribution. Estimation is usually with maximum 

likelihood. In the production function in equation (2.8), the term it  is weakly 

negative and interpreted as the inefficiency of firm i at time t relative to the 

best-practice production frontier. An alternative interpretation is that the firm-

specific production function lies it  below best-practice.Initially developed to 

measure productivity in a cross-section of firms, the model was generalized for 

panel data in a number of ways. Battese and Coelli (1992) provide the most 

straightforward, but also the most restrictive generalization, modelling the 

inefficiency term as: 

 

0( )1 2 with ( , )t tSF
it i ie N       :   …   (2.9)   

The relative productivity of each firm it  is a time-invariant draw from a 

truncated normal distribution. Inefficiency increases (decreases) 

deterministically over time if η is positive (negative) at the same rate for all 

firms.An advantage of the stochastic frontiers is that the deterministic part of 

the production function can be generalized easily to allow more sophisticated 

specifications, e.g. to incorporate factor-bias in technological change. They 

straightforwardly generalize the popular fixed effects estimator. 
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(a) Parametric Estimation: Instrumental Variables (GMM) 

The general approach to estimate dynamic error component models of Blundell 

and Bond (1998) was first applied to production functions in Blundell and Bond 

(2000). The productivity term is modelled as a firm fixed effect it plus an 

autoregressive component ' '
1( ).it it it    Quasi-differencing the production 

function gives the estimating equation in its dynamic representation, 

'

'
 -1=  + (  -  -1)  (  -  -1)    

  (    -  -1) .
it

it it it it it tit l k

it it iti

q q l l k k



     
   

  
 

1 4 4 4 2 4 4 4 3
 … (2.10) 

 There is still a need for moment conditions to provide instruments, because the 

inputs will be correlated with the composite error it . Estimating equation (2.10) 

in first-differenced form takes care of the firm fixed effects. Three and more 

periods lagged inputs and output will be uncorrelated with it under standard 

exogeneity assumptions on the initial conditions.  

 

Blundell and Bond (1998) illustrate theoretically and with a practical 

application that these instruments can be weak. If one is willing to make the 

additional assumption that input changes are uncorrelated with the firm fixed 

effects, twice lagged first differences of inputs are valid instruments for the 
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production function in levels. The production function in first differences and 

levels are estimated jointly as a system with the appropriate set of instruments 

for each equation. 

(b) Semi-Parametric Estimation (Olley and Pakes) 

The last method was introduced by Olley and Pakes (1996) to estimate 

productivity effects of restructuring in the U.S. telecommunications equipment 

industry. Productivity, a state variable of the firm, is assumed to follow a 

Markov process unaffected by the control variables. Investment, which is shown 

to be a monotonically increasing function of productivity, becomes part of the 

capital stock with a one period lag. Inverting the investment equation non-

parametrically provides an observable expression for the productivity term that 

can be used to substitute it from the production function. An advantage of the 

Olley-Pakes approach is the flexible characterization of productivity, only 

assuming that it evolves according to a Markov process. Potential weaknesses 

are the nonparametric approximations. The functions that are inverted are 

complicated mappings from states to actions, which have to hold for all firms 

regardless of their size or competitive position.As an alternative to the methods 

discussed earlier, Olley and Pakes (1996) have developed a consistent semi-

parametric estimator. This estimator solves the simultaneity problem by using 

the firm’s investment decision to proxy for unobserved productivity shocks. 

Selection issues are addressed by incorporating an exit rule into the model.  
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Olley and Pakes (1996) were the first to introduce an estimation algorithm that 

takes both the selection and simultaneity problem explicitly into account. They 

develop a dynamic model of firm behaviour that allows for idiosyncratic 

productivity shocks, as well as for entry and exit. At the start of each period, 

each incumbent firm decides whether to exit or to continue its operations. If it 

exits, it receives a particular sell-off value and it never re-enters. If it continues, 

it chooses an appropriate level of variable inputs and investment. The firm is 

assumed to maximize the expected discounted value of net cash flows and 

investment and exit decisions will depend on the firm’s perceptions about the 

distribution of future market structure, given the information currently 

available. Both the lower bound to productivity (i.e. the cut-off value below 

which the firm chooses to exit) and the investment decision are determined as 

part of a Markov perfect Nash equilibrium and will hence depend on all 

parameters determining equilibrium behaviour. 

 

To achieve consistency, a number of assumptions need to be made. First, the 

model assumes there is only one unobserved state variable at the firm level, i.e. 

its productivity, which is also assumed to evolve as a first-order Markov 

process. Second, the model imposes monotonicity on the investment variable, to 

ensure invertibility of the investment demand function. This implies that 

investment has to be increasing in productivity, conditional on the values of all 

state variables. As a consequence, only non-negative values of investment can 
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be used in the analysis. This condition needs to hold for at least some known 

subset of the sample. Finally, if industry-wide price indices are used to deflate 

inputs and output in value terms to proxy for their respective quantities, it is 

implicitly assumed that all firms in the industry face common input and output 

prices.  

 

Starting out from the basic Cobb–Douglas production function given by:  

  0   q
it it it m it it itk ly k l m v u           …   (2.11) 

Where  0it itv    represents firm-level productivity and q
it  is an i.i.d 

component, representingunexpected deviations from the mean due to 

measurement error, unexpected delays or other external circumstances.The 

estimation procedure can be described as follows. Capital is a state variable, 

only affected by current and past levels of it . Investment can be derived from 

the capital rule as follows: 

1 (1- )it it itI K K       …    (2.12) 

Although it follows from the capital rule that lagged investment should be used 

to invert out productivity, Olley and Pakes (OP) experiment with both current 

and lagged investment in their empirical application. They settle on using 

lagged investment, even though the use of lagged investment results in 

unrealistically low estimates for the capital coefficient. However, recent 

research has shown that the use of lagged or current investment in the OP 
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estimation algorithm has important implications for the validity of the estimator. 

Specifically, the use of current investment invalidates the moment condition for 

capital used for identification in OP, because it generates correlation between 

capital and the productivity innovation term. Hence, investment decisions at the 

firm level can be shown to depend on capital and productivity or ( , )it t it iti i k 

where lower-case notation refers to logarithmic transformation of variables. 

Provided investment is strictly increasing in productivity, conditional on capital, 

this investment decision can be inverted, allowing us to express unobserved 

productivity as a function of observables: ( , ).it t it ith k i   

 

2.18 Review of Empirical Studies on Port Productivity and Efficiency 

Productivity studies in the port sector have frequently been carried out with the 

object of addressing questions bordering on issues of planning and future 

investments, operation of cargo handling equipment and design of optimal tariff 

structures among others. Researchers have addressed these issues from the 

analysis of production and cost structures in the provision of port facilities. The 

aims have been that: firstly estimating marginal costs as well as global and 

specific economies is an essential tool for tariff cap regulation. Thus, marginal 

cost estimates permit the assessment of its feasibility in tariffs applied. 

Secondly, estimated economies of scope provides basis for assessing the 

possibility of port/terminal diversification or specialization. Lastly, analysis of 
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cost structure may provide the yardstick to determine the optimal number of 

permissible terminal operators to foster competition. Cost structure analysis also 

permits the estimation of various productivity indicators for single port/terminal 

or between terminal comparisons. This is often the objective of using 

methodologies involving frontiers rather than indicators in productivity 

assessments.  

Broadly, two different techniques are used to carry out efficiency studies. Both 

techniques aim at estimating frontier functions but they differ in the way the 

frontiers is estimated. The first uses non stochastic and non-parametric 

mathematical programming methods. Within these optimization methods, the 

popular one was introduced by Charnes et al. (1978) and is known as Data 

Envelopment Analysis (DEA). This method assumes no functional form and 

permits multi-output estimation of production technology. Its flexibility has 

made possible the widespread application in empirical papers; see Al-Eraqi et 

al. (2008), Herrera and Pang (2008),Liu et al. (2008), Barros et al. (2010), 

Caldeirinha (2011), Munisamy and Singh (2011),Demirel et al. (2012), and Lu 

and Wang (2012). Furthermore, the ‘frontier’ nature of this technique allows 

the capturing of productive inefficiencies, thus also offering a benchmarking 

tool for inter-port efficiency comparisons (Barros et al., 2010).DEA analysis can 

accommodate multiple inputs as well as multiple outputs in its efficiency 

evaluation. This makes DEA analysis more suitable for port efficiency 
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measurement because ports produce a number of different outputs. Among 

these outputs are the quantities and the variety of cargoes handled, the types of 

ships serviced, the interchange with land transport modes, the additional 

services rendered such as warehousing and so on (Roll and Hayuth, 1993 cited 

by Tongzon, 2001). 

The second technique, econometric modelling and stochastic frontier modelling 

is the most common application among these models. It relies on stochastic 

parametric regression based methods. This technique was introduced by Aigner 

et al. (1977) and Meeusen and Van de Broeck (1977). It has been applied in the 

assessment of port productivity. Notable applications include these papers: Liu 

(1995), Notteboom et al. (2000), Coto-Millan et al. (2000), Cullinane et al. 

(2002, 2003, 2006), Gonzalez and Trujillo (2008), Di-Vaio et al. (2011) and 

Kennedy et al. (2011) among others. A detailed discussion of empirical studies 

employing parametric and non-parametric approach is provided below. As a 

synopsis of what follows, the empirical papers reviewed in the proceeding 

paragraphs capture the objectives, methodologies and findings on productivity 

and efficiency analysis of terminals from the period following the application of 

non-parametric and parametric techniques. In terms of objectives of these 

papers; some studies were carried out with the object of finding the relative 

efficiencies among intra or international ports. In this case, relative efficiency 

scores of ports under consideration are calculated and applied in ranking them 
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according to varied levels of efficiencies for benchmarking purposes. In some 

applications, sources of and factors affecting efficiency of these ports are 

identified and measures to improve their competitive positions are proffered.  

In addition to determining the competitive position of ports, efficiency studies 

are also carried out with the object of assessing the effectiveness of spate of 

reforms that have taken place in many ports across the globe. Issues like effects 

of privatisation (ownership structure), environment factors, size of terminal, 

locations etc. on terminal efficiency dominate such studies. Findings vary 

depending on governance model adopted in each port, scope of study data and 

geographical position of the port(s) in question. However, majority of these 

studies agree on common grounds. Examining the methodology of these studies, 

majority of them feature DEA approach and its variants; investigating such 

issues as type of Returns to Scale exhibited by the terminal under investigation. 

Other studies have applied DEA based Distance function and Malmquist index 

models to identify sources of efficiency or inefficiency.  

 

Super DEA models (variants of the conventional DEA) are also employed in 

some studies to tackle the problem of ties in efficiency scores. This issue is also 

addressed through the use of Free Disposal Hull (FDH) models that relaxe the 

convexity assumption implicit in DEA approach. The few limitations of DEA 

methods make modelling with stochastic frontier models appealing. As has been 
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pointed out before, stochastic frontier models can only handle single output port 

terminal setting and hence cannot be applied for modelling multi-output 

terminals. However, adaptations of stochastic frontier models e.g. parametric 

Distance functions have been applied to overcome the limitations of DEA and 

regular stochastic frontier models. We would notice in the proceeding review 

that studies have evaluated ports based on both single input and multi-output 

nature of terminals. It is frequently advised that researchers should provide basis 

for whichever ever orientation (single or multiple outputs) to be adopted in 

modelling any terminal.  Various definitions of inputs are used by different 

researchers but majority of the studies reviewed include quay side facilities and 

yard facilities as port production capital inputs.  Since ports in developed 

nations (which dominate the studies reviewed here) are mechanized. In terms of 

labour input, the issue of what constitutes labour inputs is a bit controversial. 

For example, some authors argue that there is a high level correlation between 

labour input and Information and Communication Facilities (ICT) available in 

the port and so ICT can be used as a proxy to labour input in modelling. Yet 

other authors argue that ports in developing countries engage human labour in 

cargo handling operation, hence they include number of gangs or gang-hours 

utilized by the stevedores as labour inputs. Exogenous factors are also included 

as inputs in terminal production in some studies. The foregoing depicts the 

pattern of almost all the studies reviewed here. The following paragraphs 

present more detailed review of the studies. 
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i. Studies Based on Non-Parametric Models 

Martinez et al. (1999) classified twenty-six (26) ports into three groups, namely 

high, medium and lowcomplexityports. After examining the efficiency of these 

ports usingDEA-BCC models, the authors conclude that the ports of high 

complexityare associated with high efficiency, compared with the medium and 

lowefficiency found in other groups of ports.Tongzon (2001) uses both DEA-

CCR and DEA-Additive models to analyse the efficiency of four Australian and 

12 other international containerports for 1996. 

 

Two output and six input variables reflecting port performance were used. The 

output measures are cargo throughput and ship working rate (measured as total 

number of loaded and unloaded containers in TEU). This measure is meant to 

capture the effect of cargo related facilities and services. The second output, 

ship working rate, captures the effect of services provided to ships and is 

defined as the number of containers moved per working hour per ship (an 

indicator of speed of service to vessel). Three inputs based on production 

function framework were included. These are capital inputs (made up of number 

of berths, cranes and tugs). Due to lack of information on stevedoring labour; 

the number of port authority employees for the respective ports was used as 
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proxy for stevedoring labour. The terminal area of the port was considered as 

land input. The results suggest that Melbourne, Rotterdam, Yokohamaand 

Osaka are the most inefficient ports in the sample, with enormousscope for 

improvement found to exist with respect to containerberths, terminal area and 

labour inputs. Clearly plagued by a lack of dataavailability and the small sample 

size (only 16 observations); more efficientports than inefficient ports are 

naturally identified. Realizing thisserious drawback, the author concludes that 

further work should be donein collecting more observations to enlarge the 

sample analysed. 

 

Valentine and Gray (2001) apply the DEA-CCR model to 31 container ports out 

of the world’s top 100 container ports for 1998. The objective of the authors’ 

work is to compare port efficiency with a particular type of ownership and 

organisational structure to determine if there exists any relationship between 

them. The authors conclude that cluster analysis is a viable tool for identifying 

organisational structures and that the ports’ sector exhibits three structural forms 

that seem to have a relationship to estimated levels of efficiency. For the period 

1990–1999, Itoh (2002) conducted a DEA window analysis using panel data 

relating to the eight international container ports in Japan. Tokyo was found to 

be consistently efficient in terms of its infrastructure and labour productivity 

over the whole period, while Nagoya performed well during the early part of the 

period covered by the analysis. At the other extreme, efficiency scores for 
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Yokohama, Kobe and Osaka were found to be low throughout the duration of 

the period under study. Barros (2003a) applies DEA to the Portuguese port 

industry in 1999 and 2000. The motivation for the analysis is to determine what 

relationship exists between the governance structure that has been established 

for the Portuguese port sector, the incentive regulation promulgated under this 

structure and the ultimate impact on port efficiency. The author concludes that 

extant incentive regulation has been successful in promoting enhanced 

efficiency in the sector, but that this could be improved upon by the 

implementation of recommendations aimed at redefining the role of Portugal’s 

Maritime Port Agency, the regulatory body responsible for port matters.  

 

This time using data for 1990 and 2000, Barros (2003b) again applies DEA to 

the Portuguese port industry to derive estimates of efficiency thatcan then be 

utilized to determine the source of any inefficiency that may be identified. One 

of the results of the analysis is that while Portuguese ports have attained high 

levels of technical efficiency over the period covered by the analysis, the sector 

has generally not kept pace with technological change. The author concludes 

that the financial aids to investment that form part of the EU’s Single Market 

Program have stimulated greater efficiency in the port sector, particularly as the 

result of the greater competition that is faced; a feature that is particularly 

relevant for Portuguese ports located near the border with Spain. Through the 

application of Tobit regression analysis, it is also found that container ports are 
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more efficient than their multi-cargo counterparts (suggesting that there are 

diseconomies of scope in cargo handling), that efficiency is positively related to 

market share and, finally, that greater public sector involvement is negatively 

related to efficiency. 

 

In yet another extension of this work, Barros and Athanassiou (2004) apply 

DEA to the estimation of the relative efficiency of a sample ofPortuguese and 

Greek seaports. The broad purpose of this exercise was tofacilitate 

benchmarking so that areas for improvement to managementpractices and 

strategies could be identified and, within the context ofEuropean ports policy, 

improvements implemented within the seaportsectors of these two countries. 

The authors conclude that there are economicbenefits from the implementation 

of this form of benchmarkingand go on to evaluate their extent.Bonilla et al. 

(2004) apply a version of DEA that includes a statistical tolerance for 

inaccuracies in input and output data to the investigation of commodity traffic 

efficiency within the Spanish port system. Their sample comprises 23 ports and 

annual data are collected for 1995–1998 inclusive. Given a calculated high level 

of correlation betweenprospective input variables, a single input encapsulating 

infrastructure endowment is incorporated into the analysis. The most and least 

efficient Spanish ports are identified and, using an ‘incidence analysis’, the 

authors conclude by identifying which ports are most sensitive to variations in 

traffic volumes among the different types of cargo handled.  
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Given the characteristics of the container port industry and the random effects 

associated with a single measured value of production for each port or terminal 

in a sample and the level of measured efficiency associated with it, Cullinane et 

al. (2004)recognised that the analysis of cross-sectional data will inevitably 

provide inferior estimates of efficiency than those based on panel data. In 

seeking to allow for this potential, they applied alternative DEA approaches 

based on cross-sectional and panel data analysis, respectively. The authors 

conclude that by so doing, the development of the efficiency of each container 

port orterminal in a sample can be tracked over time and that this provides 

interesting and potentially useful insights for both policy formulations and 

management.  

 

Recognising the limitations in assessing the efficiency of ports solely on the 

basis of capital and labour inputs, Park and De (2004) develop what they refer 

to as a ‘Four-Stage DEA Method’. This involves the disaggregation of the 

overall efficiency model into its constituent components, so that better insight 

can be gained into the real sources of efficiency. The model comprises 

individual DEA components that determine the respective efficiency related to 

productivity, profitability, marketability and overall. In applying their method to 

a sample of Korean ports, the authors conclude that improving the marketability 

of Korean seaports should be the utmost priority of port authorities. 
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Turner et al. (2004) applied DEA to the determination of changes in 

infrastructure productivity in North American ports over the period 1984–1997. 

They subsequently use the productivity estimates as the dependent variable 

within a Tobit regression model, which sought to determine the causal factors 

affecting the scores they derived. The authors conclude that there are significant 

economies of scale present within the North American sector, both at port and at 

terminal level - a finding that concurs with the outcomes of most research 

investigating economies of scale in the port sector. They also find that access to 

the rail network is a pivotal determinant of container port infrastructure 

productivity in North America, but that there is no evidenceto suggest 

thatspecific investment in on-dock rail facilities is a productive use of the land-

take involved. 

 

Cullinane et al. (2005), empirically examine the relationship between 

privatisation and relative efficiency within the container port industry. The 

sampling frame comprises the world’s leading container ports ranked in the top 

30 in 2001, together with five other container ports from the Chinese mainland. 

DEA is applied in a variety of panel data configurations to eight years of annual 

data from 1992 to 1999, yielding a total of 240 observations. The analysis 

concludes that there is no evidence to support the hypothesis that greater private 
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sector involvement in the container port sector consistently leads to improved 

efficiency. 

Using cross-sectional data for year 2002, Cullinane and Wang (2006) apply 

DEA to the derivation of estimates of relative efficiency for a sample 

comprising 69 of Europe’s container terminals with annual throughput of over 

10,000 twenty foot equivalent units (TEUs). The sample was distributed across 

24 European countries. The main finding is that significant inefficiency 

pervades the European container handling industry, with the average efficiency 

of container terminals under study amounting to 0.48 (assuming constant 

returns to scale) and 0.42 (assuming variable returns to scale). Most of the 

container terminals under study exhibit increasing returns to scale, with large 

container terminals more likely to be associated with higher efficiency scores. A 

further conclusion was that there was significant variation in the average 

efficiency of container terminals located in different regions, with those in the 

British Isles found to be the most efficient and Scandinavia and Eastern Europe 

the least efficient. 

 

Cullinane et al. (2006) apply both DEA and Stochastic Frontier Analysis (SFA) 

to the same set of container port data for the world’s largest container ports and 

compare the results obtained. A high degree of correlation is found between the 

efficiency estimates derived from all the models applied, suggesting that results 

are relatively robust to the DEA models applied or the distributional 
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assumptions under SFA. High levels of technical efficiency are associated with 

scale, greater private- sector participation and with transshipment, as opposed to 

gateway ports. In analysing the implications of the results for management and 

policy-makers, this paper concludes that a number of shortcomings of applying 

a cross-sectional approach to an industry characterised by significant, lumpy 

and risky investments are identified and the potential benefits of a dynamic 

analysis, based on panel data, are enumerated.Similarly, using the same dataset 

for the world’s most important container ports and terminals, Cullinane et al. 

(2006) evaluate and compare relative efficiency estimates derived from the two 

alternative techniques of DEA and the Free Disposal Hull model (FDH). The 

results confirm expectations that the available mathematical programming 

methodologies lead to different results and the conclusion drawn is that the 

appropriate definition of input and output variables is a crucial element in 

meaningful applications of such techniques. 

 

Barros (2006) evaluated the performance of Italian seaports to assess the effect 

of reform on competitiveness of Italian ports. Data employed for analysis 

comprise balanced combination of operational and financial data covering 

seaport operation for the period 2002 to 2003. Specifically, effect of size, 

containerization and labour on efficiency was investigated. Output in this case is 

measured by three indicators: liquid bulk (which includes oil and other liquid 

products), dry bulk (including Ro-Ro cargo and other dry bulk), number of 
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ships, number of passengers, number of containers (TEU) and total sales. Inputs 

include: number of personnel, the value of capital invested and the size of 

operating costs. Variants of DEA models: super efficiency and cross efficiency 

DEA were used to overcome the shortcomings of regular DEA-CCR model. 

The findings show that large seaports with higher book value assets tend to have 

high efficiency scores than seaports with less book value. Again containerised 

seaports yielded higher efficiency scores than less containerised ones. Finally 

seaports with fewer employees (by sales) are found to be more efficient than 

ones with more employees (by sales).  

 

Baros and Shunsuke (2006) analysed the efficiency drivers of Japanese 

seaports. Faced with increasing competition from Asian and European ports; the 

study sought to identify areas of infrastructure improvement necessary to 

achieve cargo handling and marine transportation costs. A two-staged 

estimation procedure according to Simar and Wilson (2007) was applied to a 

representative sample of Japanese seaports. In the first stage, Data envelopment 

Analysis (DEA) model based on four scale assumptions is applied to generate 

relative efficiency scores of the ports. These assumptions are constant Returns 

to Scale (CCR), Variable Returns to Scale (BCC), cross efficiency DEA and 

Super efficiency DEA. In the second stage, a truncated bootstrapped regression 

proposed by Simar and Wilson (2007) was then applied to estimate the factors 
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of efficiency using the scores from the first stage estimation and the identified 

explanatory variables.  

The bootstrap technique allows error terms to be correlated with the second 

stage explanatory variables. This approach enables consistent inference within 

models explaining efficiency while simultaneously producing standard errors 

and their confidence intervals. The authors claim that the truncated bootstrapped 

second stage regression accounts for the efficiency scores better than a Tobit 

model used in similar studies. Output variables included are number of ships, 

tons of bulk cargoes and containers (TEU). Inputs included are number of 

personnel and number of cranes. The efficiency variables tested included trend, 

GDP, Hub population.  

 

Cheon (2007), assesses Total Factor Productivity (TFP) changes (from 1991-

2004) in 95 World container ports (US, Asian, African and European ports) 

following institutional reforms. The input variables employed in modelling 

using DEA model are: total container berth length (meter); container terminal 

area (square meters); capacity of container cranes (tonnage) including large 

quayside cranes and mobile cranes in container terminals, while output variable 

includes: container volumes handled (total throughputs). Analysis of data shows 

that the 81 of the world ports sampled improved their average total factor 

productivities from 1991 to 2004, while 15 of the remaining ports have decreased 
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their efficiency. Based on the decomposition of sources of inefficiency, it was 

found that inefficient ports lacked strategic capital investment, sound institutional 

restructuring and poor managerial practice. 

 

Surveys conducted by Cullinane and Wang (2007) and Panayides et al. (2009) 

for the specific case of container ports present a critical analysis of DEA 

applications to seaport economic efficiency measurement and note the problems 

and limitations of applying this technique in a port context. These limitations 

specifically involve the model specification, the definition of variables, the 

implications derived from the number of inputs, outputs and DMUs, and the 

type of data utilized. The type of data used conditions the model employed in 

each case. The use of cross-sectional data only allows comparing one DMU 

with the remaining agents that comprise the database, while the use of panel 

data also allows for an analysis of the change in time of a DMU, which could 

help avoid possible biases derived from the use of cross-sectional data. 

Cullinane and Wang (2007) review various options offered by the DEA 

methodology for handling the information contained in panel data, 

distinguishing among four approaches based on whether the calculated frontier 

is contemporaneous, intertemporal, sequential or the DEA version known as 

window analysis. Cullinane and Wang (2007) apply the contemporaneous, 

intertemporal and window approaches to a sampling of the world’s leading 
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container ports and show how the highest measure of efficiency is obtained with 

the contemporaneous model, while the lowest is yielded by the intertemporal 

frontier. 

 

Al-Eraqi et al. (2008) analysed the efficiency of 22 seaports in the Middle East 

and East African region using DEA methods and data covering a period 

between 2001 and 2005. A special feature of this study is the estimation of 

efficiency trends over time, i.e. DEA windows analysis (an extended model of 

the conventional DEA) was applied to estimate efficiency of the ports over time. 

Inputs variables included are berth length, terminal storage and cargo handling 

equipment. While output variables considered are: number of ship-calls and 

cargo throughputs. The study concludes that small ports are more efficient than 

big ports. The reasons for efficiency changes were attributed to Gulf war and 

security of shipping companies; but these could not be established from the 

results obtained. Again the time frame of the data set employed is nearly a 

decade old and too obsolete for benchmarking modern ports in the location of 

the study. The sources of (in) efficiency were not identified and neither were 

theirdetermining factors in the study. 

 

Herrera and Pang (2008) studied the efficiency ranking of 86 world seaports 

using DEA and Free Disposal Hull (FDH). Output variable includes container 

throughput (in TEU’s) and inputs variables are terminal area, quay gantry and 
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yard mobile cranes based on secondary data collection. Labour was excluded 

from list of input variable as most ports in the sample have mechanized their 

terminal operations (i.e. technological change has reduced the importance of 

this factor).  Findings show that larger ports are more efficient than smaller 

ones. Differences in efficiency between Asian and European seaports were 

found but could not be attributed to geography since there is a likelihood of 

other factors like type of governance, proximity to world production centres 

explaining the variation. Manzano et al. (2008) employ an econometric model 

to determine how legislative changes introduced between 1992 and 2003 have 

affected the evolution of the levels of traffic of the Spanish port system for 

period 1966 to 2003.They control for the effect of other variables that might 

have influenced Spanish maritime traffic such as international maritime flows, 

taken as a proxy of globalization, or gross domestic product. Findings show that 

efficiency tends to rise with increasing autonomy of seaport. 

 

Liu, et al. (2008), measure technical efficiency and Total Factor Productivity 

(TFP) index (productivity changes) of 47 container terminals in China. Using 

data covering terminal operations between 2003 and 2004, the objective of the 

study was to assess their technical efficiency and total factor productivity 

growth using DEA and Malmquist TFP models. Input variables include: Quay 

side cranes and Rubber tyred gantry, Land was proxied by length of terminal 
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area. Container throughput represents the output variable. The study was 

predicated on the need to position Chinese ports given her growing trade and 

globalization.  Important findings are that efficiency of terminals is linked to 

proximity to markets, improved managerial practice, and capital structure or 

collaboration with foreign partners. The data for the study is limited and may 

affect generalizability of finding. Caldeirinha(2011), applies DEA methodology 

to model twenty-two (22) European seaports. Data consists of port records from 

Spanish and Portuguese port authorities covering the year 2005.Input variables 

include: the size of the terminal, quay size and number of cranes, and the output 

variable consists of annual TEU handled at the ports. The authors found a strong 

correlation between the performance of terminals, measured volume of TEUs, 

and the heavy commitment of resources for infrastructure and equipment used, 

including the terminal area, length of the platform and number of quay cranes. 

In addition major transshipment terminals were found most efficient using these 

resources. 

 

Halkos and Tzeremes (2011) apply Malmquist Productivity Index (MPI) 

decompositions to measure Greek seaports’ productivity for the time period 

2006-2010. The effect of size of terminal on productivity levels was also tested. 

They find that that number of terminals within a seaport explains productivity 

changes than seaport’s absolute length. Although the Greek seaports were found 

unproductive during the time period of 2007-2008 due to scale effects, but MPI 
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index applied records the average product notion which is based on constant 

returns to scale assumption. However as has been suggested by Grosskopf 

(2003) the “true” underline technology can also exhibit variable returns to scale. 

The specific contribution of the paper to seaport productivity measurement lies 

in the application of three different decompositions as has been introduced by 

several authors  as well the inference approach introduced by Simar and Wislon 

(1999) in order to construct confidence intervals for Malmquist productivity 

indices and their decompositions. They authors also applied a second stage 

analysis using nonparametric regression approaches aiming to establish how the 

size of the examined seaports has affected their productivity levels over the 

study period. These approaches ensure robust results for drawing inferences. 

 

Munisamy and Singh (2011), analysed the technical and scale efficiency of 69 

Asian ports using DEA.  The aim of the study is to provide basis for 

performance improvements of Asian ports given their hub position in global 

transport network and hence the need to improve their competiveness in the 

facilitation of world trade.  Output variable for port production modelling 

include container throughput handled and input variables include are berth 

length, terminal area reefer storage and number of quayside cranes-all based on 

secondary data collection. Results indicate that inefficiency is due to pure 

technical efficiency rather than scale inefficiency and suggests improvements in 
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port management and operational planning at local and national levels. In 

addition, the study did not find any evidence linking size and ownership 

structure to efficiency improvements. To take care of the possible ties of 

efficiency scores in DEA analysis the authors applied a variant of traditional 

DEA model; Super-efficiency DEA to discriminate among ports with same 

efficiency ranking; i.e. .finding ‘best of the best’ among efficient ports in the 

sample. The major criticism remains (as posited by different authors) that ports 

operate in different environments, have complex functions and therefore cannot 

simply be directly comparable. 

 

Lu et al. (2012), analysed the efficiency of 31 Chinese and Korean ports using 

panel data from port records. The output variable included was throughput 

while terminal area, number of berths, water depth, berth length and yard 

tractor. Three variants of DEA were applied, the CCR, BCC and Superefficient 

DEA to calculate the efficiency scores. Evidence from the results indicates that 

Chinese ports were more efficient than their Korean counterparts owing to large 

scale infrastructure investments in the former. Interestingly a mixture of Returns 

to Scale (RTS) was exhibited by the Asian ports with large terminals exhibiting 

Constant Returns to Scale (CRT) while smaller terminals showed Increasing 

Returns to Scale (IRS). The application of Super efficiency DEA model by the 

authors is an improvement on a similar study by Liu et al. Since CCR model 

assigns a score of 1 to efficient DMU’s, Super DEA model assigns a score that 
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is greater than1 to more efficient DMU and helps in classifications involving 

ties. However the standardization of input and output variables before analysis 

is not necessary since statistical softwares in general have internal algorithms 

for doing so. Again DEA method is only necessary if multiple outputs are 

involved. The authors only applied a single output variable (in a study where 

multi-outputs are expected) and the robustness of the results therefore may have 

been impaired. Another limitation is that sources of (in) efficiency changes were 

not identified and hence linking efficiency observed in Chinese ports to large 

scale infrastructure investments lacks empirical explanation. 

 

Sarriera et al, (2013) evaluate the technical efficiency of container ports in Latin 

America and the Caribbean using an input-oriented stochastic frontier model. A 

10-year panel is employed with data on container throughput, port terminal area, 

length of berths, and number of cranes available in 67 ports. The model has 

three innovations with respect to the available literature: (i) it treats ship-to-

shore gantry cranes and mobile cranes separately, in order to account for the 

higher productivity of the former; (ii) a binary variable is introduced for ports 

using ships’ cranes, treated as an additional source of port productivity; and (iii) 

a binary variable is used for ports operating as transshipment hubs. The 

associated parameters are highly significant in the production function. The 

results show an improvement in the average technical efficiency of ports in the 

Latin America and the Caribbean region from 36 percent to 50 percent between 
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1999 and 2009; the best-performing port in 2009 achieved a technical efficiency 

of 94 percent with respect to the frontier. The paper also studies possible 

determinants of port technical efficiency, such as ownership, corruption, 

terminal purpose, income per capita, and location. The results reveal positive, 

but weak, associations between technical efficiency with landlord ports and 

with lower corruption levels; stronger results are observed between technical 

efficiency with specialized container terminals and with average income.  

ii. Studies Based On Parametric Models 

Tongzon and Heng (2005) analysed 25 Asian container ports to find the effect 

of government and private sector participation in port management on port 

efficiency.  In addition, the study also assessed the significant factors that affect 

competiveness of the container ports. Cross section data employed for this study 

consists of variables that affect port efficiency and port competitiveness. To 

estimate the determinants of inefficiency, it was necessary for the authors to 

estimate the stochastic production frontier model proposed by Battese and 

Coelli (1995) which incorporates the inefficiency effects. 

 

Relevant variables included in the Cobb Douglas production function estimated 

are: container throughput in TEUs (as the dependent variable), the terminal 

quay length, the terminal surface and the number of quay cranes (as independent 

variables). The variables for the technical inefficiency model include: extent of 
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private sector participation in port terminal (denoting ownership structure), port 

size (dummy variable defined according to whether port handling capacity 

exceeded 1million TEUs or not). In the second model describing determinants 

of port competitiveness, the dependent variable is port cargo throughput. This 

variable was validated with index derived through principal component 

analysis. The dependent variables are efficiency level for port, cargo handling 

charges, reliability of port, number of direct liner vessel calls, draught of port, 

market environment of port, landside accessibility of port and product 

differentiation ability of the port. The findings support that mixture of public 

and private participation improves port efficiency. The government should 

regulate while private sector should manage port operations. Additional 

evidence provided by the study is that adaptability to customers demand is the 

most important determinant of port competitiveness. This study is relevant 

because it partly addresses the relationship between degree of public and private 

sector involvement and port efficiency. However, it did not examine further 

stratification in private participation (foreign and local operators). Besides, the 

cross section data did not account for changes in past periods which may affect 

the findings. Again only top 10 container ports were considered; thus casting 

doubts on the generalizability of the results. 
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Dasanayaka (2006) assesses the capacity utilization of three Sri-Lankan 

seaports. The focus of the study was on estimation of productivity frontier and 

scale of operations to determine the profitability of port operations. A Cobb-

Douglas production function was estimated using a time series financial data 

covering a period of 1980-1993. He finds that the port industry frontier 

exhibited increasing returns to scale which depends on changing demand for 

seaport services and corresponding development to cope with this demand. The 

results present evidence of remarkable improvement in tonnage handled and 

services to ships following reforms in 1977. Bruce et al. (2006) examine new 

alternative methods for measuring and comparing efficiency across U.S ports. 

Their work criticises the use of survey data for measuring efficiency. According 

to them, drawbacks of survey data are that they are impressions of survey 

participants made at one point in time and cannot account for evolution of port 

efficiency over time.   

 

Gonzales and Trujillo (2008) apply a Translog distance function in the top 

Spain seaports to analyse reforms made in 1990s. The central question 

addressed was how have the reforms introduced in 1992(development of new 

port management procedures and organizational structure aimed at 

decentralization of the port system) and 1997 (regulating the participation of 

regional government in ports and hence allowing participation of private sector 
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in port activities) affected efficiency of Spanish port system. In addition, effects 

of changes in technology (e.g. changes in cargo handling methods and ship 

design) on the ports were also examined through analysis of technological 

changes in port production frontier. Data for the study covers the period 1990 to 

2002 intended to reflect reform effects. Unlike previous studies, the unit 

analysis is the port authority. Four port output variables namely: containers, 

liquid bulk, other cargoes and passengers were included in the modelling 

process. The input variables are the berths, surface area of terminals and labour. 

In addition, two factors thought to influence the environment of the Spanish 

port authorities were included and are viz: the geographic location of ports 

(mainland and Island ports); Mainland ports (face more intense competition 

than Island ports which are captive to some shippers. Other factor is the refinery 

ports or ports located near refineries. Ports located near refineries generate 

unusual and specific type of traffic to these ports.  

 

The following peculiarities are noted from the above study: the port authorities 

instead of terminals were used as the unit of analysis; input variables account 

for ports operated by public authorities and private operators. No distinction 

was made of labour directly involved in cargo handling activities, rather 

administrative and technical staffs were added together as labour inputs. It is 

arguable how the aggregation of input data in this case justify modelling of port 

system at aggregate level as implied in this study. Apart from the aggregate 
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perspective of this study i.e. the examination of effects of reforms on joint 

participation of public and private sector in Spanish port system, an innovative 

feature is the application of parametric distance function which accounts for the 

multi-output nature of Spanish ports and indeed most national ports. This is 

besides the few applications of this modelling technique e.g. Banosand Pina, 

(1999) which considered single port output and Sarriera et al. (2013). Important 

findings of the study are that refinery and location variables affect port 

efficiency with refinery variable showing dominant influence than Island ports. 

Positive technical efficiency changes in Spanish port system showing stability 

over time of study were also identified. 

 

Di-Vaio et al., (2011),  using a panel data set covering a period  between 2006 

and 2008 analysed the effect of ownership structure on efficiency of 11 cruise 

terminals in Italy under stochastic frontier framework. Ten input variables four 

of which relate to the characteristics of berths and the other four relating to 

passenger flow; were included in the analysis. An aggregate of two types of 

cruise flow: boarding/disembarkation and transit traffic were included as out 

variable i.e. productivity. In addition, five environmental variables were 

introduced in order to test for the effect of exogenous factors that impact on 

cruise terminal production. The first indicator variable was included to analyse 

the effect cruise and ferry activities while the second tests for the effect of 
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terminal capacity for multipurpose utilization. Others are average daily stops, 

type of cruise traffic (transit or disembarkation) and type of terminal operation 

(cruise or ferry). Applying the stochastic output distance function modelling 

technique, the study shows that the partnership between private and public (with 

a strong private management component) has a positive impact on the technical 

efficiency of the cruise terminals. 

 

Kennedy et al. (2011) assessed the efficiency of five Asian ports using both 

primary data from port records and secondary data obtained from Delphi panel. 

The major aim of the study was to find the determinants ports technical 

efficiency and in addition identify attributes of operational efficiency based on 

opinion of port experts. Two models were applied in the study: first a Cobb-

Douglas production frontier was used to estimate the factors affecting technical 

(in) efficiency; size of port only was found significant while extent of private 

sector participation was found insignificant. In the second analysis involving 

estimation of operational efficiency (customer focused) of the five ports; a 

structural equation modelling (SEM) framework was applied. Qualitative 

factors or Service Quality (SERVIQUAL) factors reflecting port customer 

inputs and other port attributes: operating capacity, electronic documents 

handling capacity and hinterland connections were analysed.  
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The SEM results show that quality of cargo handling and port throughput 

correlates more with operational efficiency of the ports among other variables 

tested. Authors argue that scale of operation in isolation of SERVIQUAL 

factors cannot guarantee improved performance. The author’s also based their 

arguments in using SEM on the proposition that various aspects of efficiency 

cannot be explained using analytical techniques but rather by subjective 

evaluation techniques. However, the study approach is outside the framework of 

Neo-classical production theory that explain port production and did not provide 

any theoretical basis that support combination of analytical and subjective 

multi-criteria technique in addressing both technical and operational efficiency 

simultaneously. 

 

Yeo (2010) concentrated on efficiency measurement of Asian terminals to 

identify factors affecting their competiveness (efficiency). Based on a sample of 

61 Asian terminal and port records on cargo handling activity, the author 

applied a parametric model to identify efficiency factors. The difference in 

methodology between this work and others so far carried out on Asian ports 

especially Liu et al. (2008) and Lu and Wang (2012) is the inclusion of 

SERQUAL variables (categorical in nature) as inputs in addition to other input 

variables covering port facilities and hinterland attributes. This inclusion was 

based on the premise that efficiency (which should be customer focused) should 

be based on service level. However, the study did not show how categorical 
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predictors (constructed from Likert scale) were combined with other continuous 

variables in a least squares regression modelling framework. Again, efficiency 

measure is a normative measure i.e. based on port production frontier. This 

framework was not considered and casts doubts on generalizability of the 

findings. The findings of the above reviews can be articulated as follows: that 

governance or ownership structure, greater private sector participation 

(Manzano et al., 2008), incentive regulation (Barros, 2003) and marketability of 

ports (Park and De, 2004) have positive effects on port efficiency; other are: 

scale (Cullinane et al., 2006), size of container terminal (proxy for level of 

infrastructure) (Barros, 2006) correlates positively with efficiency, container 

ports are more efficient than their multi-cargo counterparts; access to rail 

network (exogenous influences) (Turner et al., 2004) are critical determinants of 

container port efficiency.  

 

However, none of the studies addressed cases where private sector participants 

can further be categorized as indigenous private terminal operator and foreign 

private terminal operator as in the Nigeria’s port terminal privatisation case. The 

methodology of the present work benefits enormously from the work of 

Gonzalez and Trujillo (2008) already discussed. In particular, we would adopt 

the parametric distance function model, but with extension in the present study. 

Environmental factors that additionally affect port production in the study under 
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reference would also be considered alongside other input variables. The 

limitation in Gonzalez and Trujillo (2008) study is that although their work 

identifies technical changes over time, it did not link these changes to any 

sources so that specific intervention can be applied. The present work extends 

application of the parametric distance function model by incorporating 

parameters that address sources of efficiency changes. The present work differs 

from Gonzalez and Trujillo (2008) in that it examines how port deregulation 

(typified by private sector participation in Nigeria’s ports) has affected port 

productivity and efficiency. It differs from previous modelling efforts in these 

ways: it introduces a parametric distance function similar to ones by Banos et al. 

(1999) and Gonzalez and Trujillo (2008) but extends it to additionally account 

for the sources of technical changes. More precisely, the present work examines 

effect of private sector participation on port productivity and efficiency while 

taking into cognizance the heterogeneity in composition of private operators 

that typifies the Nigeria’s reform landscape. These are the gaps in previous 

works which the present work intends to fill.   
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CHAPTER THREE 

RESEARCH METHODOLOGY 

3.0 Introduction 

The methodology adopted for the achievement of the set objectives of this 

research is quite elaborate in view of the nature of units of analyses, data 

requirements and the questions to be addressed. This is understandable given 

that seaports are complex organizations where a multitude of activities take 

place. Since seaports offer services to calling vessels, passengers and cargo; 

they are viewed as multi-output organizations. The main units of analyses in 

this study are the terminals. Since port production activities take place at the 

terminal level i.e. how much throughput to achieve and how many inputs 

(quayside and yard facilities, stevedoring labour etc.) are to be deployed; hence 

terminals can be taken as Decision Making Units (DMU).  

 

This terminal level approach recognises that production decisions are now made 

by the terminal operators and not the Port Authority. Again, since cargo 

handling services are now undertaken by the terminal operators, it is reasonable 

to assume that competition exists in all the terminals. Therefore, given the 
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assumption of perfect market in cargo handling services/productivity (which is 

the main activity we are interested in) and services to vessels calling at the 

terminals; comparison of inter terminal productivity and efficiency would likely 

produce reasonable estimates of level of performance in the port sector. The 

privatisation of port cargo handling services in Nigeria’s ports started in the 

year 2006. UNCTAD (2011) finds that some level of success has been recorded 

and it is expected that productivity changes (technological changes or shifts in 

production frontier) have occurred in ports production over time. We would test 

this assumption by calculating the Total Factor productivity changes and also 

identify the sources of the productivity changes.  

 

The data used for productivity analysis are secondary in nature as they describe 

past port production decisions. They consist of production outputs (throughputs) 

and inputsvariables (e.g. capital, labour and other exogenous factors) pertaining 

to port activity over a period of time. The data period (1991–2013) was 

purposively selected in order to capture certain port performance metrics of 

interest. Besides, this study period is intended to adequately capture changes in 

port performance in the pre and post port reform era which are of interest in this 

study. The data requirements were demanding since they relate to market 

information which is usually kept confidential by the terminal operators. 

3.1 Research Design 
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The focus of this research is the analysis of productivity and efficiency of 

Nigeria’s seaports.To actualize the objectives of the study, survey research 

design was adopted to elicit information from the Nigeria’s Ports Authority 

(NPA) and terminal operating companies in concessioned terminals in Nigeria’s 

eight coastal ports.The survey approach was necessary since obtaining 

information for this study entailed using survey questionnaires to obtain data on 

cargo handling activities and input resources. In this instance, survey 

questionnaires were administered in order to collect data describing cargo 

handling outputs and infrastructure facilities deployed for attainment of that 

purpose in Nigeria’s seaport terminals.  However, additional data pre-dating 

concession era were obtained from NPA. Also, data on factors which affect port 

productivity and efficiency in Nigeria (supported by those found in empirical 

literature) were collected during the survey. 

 

 More specifically, the first phase of the research involved physical collection of 

data on port productivity and efficiency factors from port operators using survey 

questionnaires. Some discrepancies and gaps found in the data set so obtained 

were cleared through face to face interview and phone calls to the port terminal 

managers. In the second phase, we applied the Translog Output Oriented 

Distance function model to evaluate port productivity and factors that affect port 

efficiency. Analysis of port productivity entailed evaluation of technological 
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(frontier) shifts and the sources of such shifts in Nigeria’s port during the study 

period. Again, based on established assumptions of the error structure of the 

Translog (Output oriented Distance function) model (subsequently discussed), 

we to evaluated the factors that affect port efficiencies. 

3.2 Description of the Study Area/Population 

The study units consist of cargo handling terminals operated in eight (8) coastal 

ports in Nigeria. The coastal ports are: Apapa, Port Harcourt, Tincan Island and 

Container Terminal ports (CTC). Others are: Onne, Calabar, Warri and RoRo 

ports. Five terminals have been concessioned in Apapa port; namely Terminals 

‘A’ to terminal ‘E’. Container Terminal port (CTC) is concessioned. Port 

Harcourt port has two terminals: terminal ‘A’ and ‘B” Tincan Island port 

contains four new terminals namely: terminals ‘A’ to ‘C’ and the RoRo 

terminal. Considering the Eastern ports; Onne port has three terminals carved 

out of it; which are FLT ‘A’, FLT ‘B’ and FOT ‘A’. Calabar port now has three 

terminals which include the Old Calabar port and two new terminals ‘A’ and 

‘B’. Warri port consists of five terminals namely Warri Old ‘A’, Old ‘B’, Old 

‘C’ and Warri New ‘A’ and ‘B’ while RoRo port has only one terminal. There 

are altogether twenty six terminals so far transferred to private operators which 

are expected to have invested in facilities utilized in these terminals. Out of the 

twenty-six terminals transferred to the private operators; ten (10) of the 

companies managing them are wholly owned by foreign operators though 
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maintaining local leadership while the remaining sixteen terminals are operated 

by Nigerian operators, see Kruk (2008). The complete list of the ports and 

terminals surveyed is presented in appendix two (2). Cargo and vessel handling 

activities at these terminals over the study period would be surveyed for the 

purpose of evaluating the productivity and efficiency in the port sector.  

3.3 Sampling Procedure 

The privatization exercise in the port sector led to the ceding of twenty-six 

terminals created from Nigeria’s eight (8) coastal ports to private companies. 

However, within the population of the terminal operators, there exists a strata 

made up of foreign terminal operators and indigenous terminal operators. Past 

studies have examined the effect of terminal ownership structure (i.e. being 

public terminal operator or private terminal operator) on port efficiency. Such 

studies assumed homogeneity in the structure of private terminal operators, but 

this is not the case in Nigeria’s ports where further categorisation exists among 

the terminal operators. Thus, for the purpose of this study, this categorisation 

constitutes a relevant research question which requires investigation. 

Statistically, the existence of strata in the population of terminal operators 

implies that sampling technique to be employed should take cognizance of the 

strata; that is to say that sampling should be done in such a way as to ensure that 

each stratum is proportionately sampled. Therefore, multistage probability 

sampling technique consisting of the simple random sampling and stratified 
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random sampling with proportional allocation techniquewas employedto 

calculate the sample size of the terminals to be sampled and within the 

terminals, the number of indigenous and foreign operated ones to be studied. In 

the first stage we determined the sample size of our units of analysis (the 

terminal operating companies) based on the sample frame of twenty-six 

terminal operators. In the second stage we then calculated the sample size in 

each stratum of terminal operators (Indigenous and Foreign based) to be 

surveyed. These calculations were implemented as shown below: 

3.4 Sample Size 

The sample size in the first stage was determined using the following formula 

(seeYamane, 1967): 

21 ( )

N
n

N e



 …            (3.1)               Where: 

             n = Sample Size 

            N = Population Size 

            e   = Allowable Error 

With an allowable error of 5%, the sample size was thus calculated as: 

2

26

1 26(0.05)

24.

n 



…       (3.2) 
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Thus, twenty-four (24) out of twenty-six (26) terminals concessioned to private 

operators by calculation constitute the sample size in this study.The names of 

the terminal operating companies surveyed are attached as Appendix 2. Since 

there are ten (10) terminals concessioned to foreign terminal operating 

companies and sixteen (16) terminals concessioned to indigenous terminal 

operators, we then used stratified probability sampling with proportional 

allocation to select the sample size in each category (or strata) of the terminal 

operators identified in this study.To determine the sample size of each of the 

categories of terminal operatorsin the study we applied the following formula 

according to Walpole et al. (2012): 

h h

n
n N

N
   
 

    …             (3.3) 

Where: 

h = terminal operating company (foreign or indigenous) 

nh  =  Sample size ofterminal operating company h. 

Nh  = Population size ofterminal operating company h and 

n,N : as defined and obtained from equation (3.2) 

Thus, using equation 3.3, the sample sizes for each of the organizations 

according to type of terminal operator, are displayed in Table 3.1. 
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Table 3.1: Sample Sizes of Foreign And Indigenous Terminal Operators Under Study 
S/N TERMINAL OPERATORS (STRATA) TOTAL POPULATION SIZE SAMPLE SIZE (PROPORTIONAL ALLOCATION) 

1 Foreign 10 9 
2 Indigenous 16 15 

 
Total 26 24 

Source: Author’s own calculation 

 

Using a simple random sampling technique, a total of nine foreign terminal 

operator companies and fifteen local ones are to be selected for the survey. 

However, due to the small size of the population (only twenty-six terminals), 

the entire twenty-six terminal were surveyed to ensure a more robust modelling 

outcomes. Thus for better empirical outcomes, the sample size of twenty six 

terminal operating companies was judgementally decided and adopted. 

3.5 Type and Sources of Data 

3.5.1 Primary Sources of Data 

The primary data collected relate to the following: 

1. Characteristics or profile of the terminal operators and their ports of 

operation. 

2. Information on the level of infrastructure utilized for cargo handling 

operation. 

3. Constraints faced by terminal operators in investments in terminal facilities. 

4. Constraints faced by terminal operators in port service delivery.  
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These data were obtained usingcopies of questionnaires administered to 

terminal operators. 

 

3.5.2 Secondary Sources of Data 

The secondary data collected relate to the following: 

1. Volume of cargo throughputs (General, dry and wet bulk cargo and 

container throughputs). 

2. Port terminal’s quayside and yard facilities. 

3. Stevedoring labour productivity metrics or crane efficiency. 

4. Liner Shipping Connectivity Indices of Nigeria’s transport environment. 

5. Factors affecting port productivity and efficiency (validated through 

literature review).  

The secondary data were obtained from the terminal operators, Nigerian Ports 

Authority (NPA), published books, Journal articles and websites of a specialised 

agency of The World Bank: United Nations Conference of Trade and 

Development (UNCTAD) etc. The Journal articles and text books provided 

information for the review of relevant literature and building of 

theoretical/conceptual framework of the study. 
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3.6 Method of Data Analysis 

The specific objectives and hypotheses listed in chapter one were analysed 

using both descriptive and inferential statistical models. The descriptive 

statistical tools which were employed for exploratory data analysis included: 

descriptive summary of measures of central tendency, measures of dispersion 

and graphs. Inferential statistics like correlation tests, tests for multicollinearity 

and multiple regression models were applied to test the hypotheses that govern 

this study. In subsequent sections that follow, we discuss the productivity and 

efficiency models applied and demonstrate how the specific hypotheses of the 

study were addressed using these models. 

3.6.1. Summary of Descriptive Statistics 

In exploratory statistical analysis, tabular summaries were employed. A tabular 

summary of measures of central tendency and dispersion is a table that shows 

the mean valuesand the standard deviations of variables in the study for 

example.  For instance, a table showing the tonnage of cargoes discharged or 

loaded at the port over a period of time and their respective standard deviations 

around the mean is a descriptive statistic summary table. The essence of 

displayingdescriptive summaries was to enable us have a general idea of the 

nature of distribution of the sample data describing cargo handling activities in 

the ports within the study period. For instance, such information helped us to 
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identify outliers, skewness in the distribution of the data set which could have 

affected the modeling process if not taken care of.  

 

3.6.2. Pearson’s Pairwise Correlation Test 

This is a pre-regression diagnostic test and forms part of the exploratory data 

analysis techniques. Correlation analysis was used to measure thedegree of 

linear relationship between any two variables.The purpose of examining these 

correlations was to assess the strength of association and to identify possible 

presence of multicollinearity (among two or more independent variables). The 

coefficient ofr statistic lies between -1 and 1.  When it is 1, there is perfect 

positive linear relationship between the variables; when it is -1, there is perfect 

negative linear relationship between the variables; when it is 0, there is no linear 

relationship between the variables. The closer it is to -1 or 1, the more linear 

(negatively or positively) the variables are. There are many measures of ‘r’ but 

because our data is measured on a ratio scale, we made use of Pearson’s Product 

Moment Correlation Coefficient; mathematically given as: 
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  …              (3.4) 

‘r’ was used to test if each of the independent variables (xi) of port production 

model has any significant relationship on the output or productivity of Nigeria’s 

port terminals. Here, Yis a vector of port outputs measured as the cargo 
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throughputs at the ports; and X is a vector of port production and efficiency 

input factors. The use of pairwise correlation was necessary to ascertain if any 

significant relationship could be found between the dependent variable and 

associated independent variables. These pre-modelling diagnostics are 

necessary conditions for analysis of parametric distance function model 

specified in this study. 

3.6.3. Multiple Regression Analysis 

Regression Analysis is involves the study of the dependence of one variable; the 

dependent variable, on one or more other variables; the explanatory or 

independent variables, with a view to estimating and/or predicting the 

(population) mean or average value of the former in terms of the known or fixed 

values of the latter (Gujarati, 2003). Two regression models: Translog output-

oriented distance function and (in)efficiency model were estimated and 

employed to test the hypotheses that govern this study. The following is a 

discussion of the regression models to be applied in this study.  

i.  Parametric Distance Function Model 

When multiple inputs are used to producemultiple outputs, Shepard’s distance 

function(1970) provides a characterization of the structure of production 

technology. According to Shepherd (1970), given the existence of a production 

possibility frontier, the distance that any producer is away from the frontier is a 
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function of the set of inputs used, x  and the level of outputs produced, y . For 

the output-oriented model, this can be expressed as: 

0 (x, y) min{θ : (y / θ) (x)}D P   

where 0 (x, y)D is the distance from the firm’s output set to the frontier, and θ is 

the corresponding level of efficiency. The output distance function seeks the 

largest proportional increase in the observed output vector y provided that the 

expanded vector (y / θ)  is still an element of the original output set (Grosskopf 

et al. 1995). If the firm is fully efficient, so that it is on the frontier,

0 (x, y) θ = 1D  , whereas 0 (x, y) θ < 1D   indicates that the firm is inefficient.  

 

The distance function allows estimation of the relative efficiency offirms in 

relation to the technological frontier described by the distance function. The 

reason behind the selection of this function lies in the advantages it presents 

over the other methods of frontier estimation. Regarding these advantages, we 

can mention the following, among others: 

 

a. It allows capturing multi-output processes. This cannot be achieved with a 

production frontier and it would require the use of a cost frontier, in which 

case it would be necessary to admit the assumption of cost minimization and 

to know input prices. This feature is particularly relevant for the study of the 

port sector because of the diversity of activities developed at ports. 
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Moreover, even if the study focuses on a specific activity, such as port 

infrastructure services, it is important to bear in mind that the said 

infrastructure is employed for handling different types of merchandise (by 

type of packaging). 

b. It does not require the use of optimizing assumptions. The validity of cost 

minimization assumption hasbeen very much challenged in the context of 

public or regulated firms. In the port sector, Coto-Millan et al. (2000) proved 

that such hypothesis is not met. Therefore, when analysing the port sector it 

is veryuseful to apply a technique that does not impose an optimizing 

behaviour on the firm. 

c. It only uses physical data and therefore, it is not necessary to have 

information on outputs or factorsprices. As in other regulated sectors, the 

literature on ports also agrees on the difficulty of getting reliableprices (for 

example, effects of government subsidies on inputs prices). In addition to 

this problem, the transfer of terminal operations to the private operators that 

took place starting from 2006 changed the data gathering process from 

public to private. Consequently, it is impossible to make comparisons of 

economic data from before and after that year since financial data are kept 

confidential by the terminal operators. 

 

Distance function can be input-oriented or output-oriented. An input-oriented 

distance function features technology through the minimum equiproportional 
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reduction of input vector, given an output vector. An output- oriented distance 

function features technology through the maximum equiproportional expansion 

of output vector, given an input vector. An input-oriented distance function is 

defined as the largest scalar by which all output factors can be 

proportionallydivided and still the same amount of output be obtained. 

Mathematically, it is expressed asfollows: 

ID (y, x) { : (y)}max x / L     …     (3.5) 

Where y  is the output vector, x  represents the vector of factors and L( y )  the 

input set, which defines the group of all inputs x  that can be used to obtain the 

output vector y . A value of ID  equal to one reveals that production is efficiently 

carried out, whereas a value of ID  greater than one will indicate the degree of 

technical efficiency achieved. 

 

On the other hand, an output-oriented distance function is defined as the 

smallest scalar by which all outputs can be proportionally divided, using the 

same level of productive factors. Formally, it is defined as follows: 

OD (y, x) { : y }min / P( x )     …     (3.6) 

Where (x)P  is the output set, which represents all output vectors y  that can be 

obtained using the input vector x . 

If the value of OD  equals the unity, it evidences technical efficiency of the 

producer, while a value smallerthan one shows the degree of technical 
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efficiency achieved. Distance functions are required to meet the properties 

shown in Table 3.2 (for more details see Fare and Primont, 1995).  

Table 3.2: Properties of Distance functions 

Input - Oriented Output - Oriented 

Homogenous of degree 1 in input Homogenous of degree 1 in output 

Non-Increasing in output Non-Increasing in input 

Quasi-convex in output Quasi-concave in output 

Non-decreasing in input Non-decreasing in output 

Concave in input Convex in output 

Dual of cost function Dual of income function 

D1(y,x) ≥1,if x ∈L(y) D0 (x,y) ≤1,if y ∈P(x) 

D1(y,x) =1,if x is on the frontier of L(y) D0 (x,y) =1,if y is on the frontier of P(x) 
Source: Gonzalez and Trujillo (2008)    

 

The analysis of the conditions under which terminal operatorsin Nigerian ports 

develop their activities justifies the estimation of an output-oriented distance 

function. This is because in the provision of infrastructure services, terminal 

operators have some power to decide on the production level through the use of 

commercial policies. The terminal operators also perform a significant amount 

of marketing for their services and facilities to attract new traffic. The 

commercial policies may complement these efforts with tariff discounts offered 

within limits allowed. For instance, a port intending to attract fish to be 

processed requires that freezing companies be established there. Considering 

this capacity to influence output, terminal operators encounter certain 

difficulties in adjusting the productive factors used in the provision of 

infrastructure services, basically berths, terminal area and labour. The first two 

are quasi-fixed factors that, due to their indivisibility nature, are difficult to 
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adapt to changes in production, especially if the change is downfall (Gonzalez 

and Trujillo, 2008). 

 

ii.  The Functional Form of the Model Adopted. 

The empirical application of a distance function calls for the definition of an 

appropriate functional form. It is desirable that the functional form has the 

following advantages: it must be flexible; it must be easy to calculate and lastly, 

it must allow imposition of the homogeneity condition. The translogarithmic 

functional form (hereinafter translog) meets these conditions and this is the 

reason why, at present, most authors use it in all research fields. It consists of a 

flexible functional form that provides a local second-order approximation to an 

unknown functional form. In other words, no a priori restrictions about 

production technology are assumed and thus, the criticisms associated with 

some restrictive properties of the Cobb-Douglas function are overcome. For all 

these reasons, this work estimates a translog distance function that, when 

output-oriented, can be expressed as follows: 

0
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 …  (3.7) 

 

where y  is a vector of M outputs, x  is a vector of K  factors, i relates to the thi  

terminal, t  relates to the time period, t  is the coefficient of the time dummy f
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and it  is an error term which is discussed later. Variables are expressed in 

relation to their deviations from the geometric mean; therefore, the estimated 

coefficients can be construed as elasticities at the sample mean. 

 

iii.  Model Characteristics  

(a) Homogeneity of degree 1 in outputs. 

In order to determine the frontier, DOneeds to be equal to unity and, in that case, 

the term on the left hand side of the equation will equal zero. Consequently, it is 

necessary that outputs meet the homogeneity condition of degree 1 so the 

following restrictions are verified: 

1 1 1

1 0 0
M M K

m mn km
m m k

;    ;        
  

       …          (3.8) 

The symmetry conditions requires mn nm kl lk kl lk, , and ,         

Following Lovell et al. (1994), this condition has been imposed by normalizing 

the distance function with one of the outputs. This starts from the assumption 

that homogeneity implies that: 

O OD (x, wy) wD (x, y)    …    (3.9) 

For any 0w ,  the output chosen does not influence the results (Cuesta and 

Orea, 2002). However, if in a translog distance function any output is chosen, 

say M ,y  so that 1 Mw / y ,  the following expression results: 
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 …       (3.10) 

where *
mit mit Mit .y y / y  Note that when mi Miy y ,  the ratio *

miy is equal to 1 so that its 

logarithm is equal to zero. This is why the sum where they interact always has 

one less term (M -1) Eq. (3.10) can thus be rewritten as: 

O M it it Mitln(D / y ) (x , y / y ,α,β,δ)TL  …    (3.11) 

giving rise to the final expression: 

Mit it it Mit O-ln(y ) (x , y / y ,α,β,δ) ln(D )TL   …                     (3.12) 

In eqn. (3.12), theterm Oln(D )  can be interpreted as an error term which 

captures the technical inefficiency. 

 

(b). Structure of the Error Terms 

The distance function to be estimated is stochastic. For the purpose of 

estimating Eq. (3.12), it is necessary to determine the random disturbance term. 

We applied the methodology developed by Battese and Coelli (1988) for panel 

data and included an additive term as suggested by Cuesta and Orea (2002) to 

account for the fact that we were estimating an output oriented distance 

function. The error terms thus has the following form: 

it it iv u     …        (3.13) 
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where, itv  is a symmetrical error term, independent and identically distributed 

(iid) with a zero mean (which represents the random variables that are not 

controllable by the operator) and itu is a one-sided non negative error term 

(which measures the technical inefficiency of each operator that is varies over 

time) and is distributed independently of itv . Equation (3.13) is applied to the 

distance function and this yields: 

Mit it it Mit-ln(y ) (x , y / y ,α,β,δ) it itTL v u     …                       (3.14) 

This equation can be estimated by the maximum likelihood method which 

requires distributional assumptions on the random shock. This assumes that 

2
v(0,σ )itv N:  distribution and  2

u(0,σ )itu  | N |:  distribution (Ritter and Simar, 

1997).  

 

3.6.4. Modelling Total Factor Productivity Changes in Ports and 

Decomposition into Sources. 

The object of our productivity analysis is to derive estimates of frontier shifts 

from the output distance function model. The estimated parameters of this 

model indicating productivity or frontier changes can then be used subsequently 

to derive sources of productivity changes. The discussion here is to demonstrate 

how the Distance function model estimated (as discussed above) was 

subsequently adapted to derive Total Factor Productivity changes and sources of 

changes. The results were used to address part of the hypotheses of this study. 
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Productivity and change in productivity can be measured using different 

techniques.Diewert (1992) shows that productivity change can be calculated 

using an index number approach Fisher (1922) or Törnqvist (1936) productivity 

index. Both indices require quantity and price information, as well as 

assumptions concerning the structure of technology and the behaviour of 

producers, but neither requires estimation of anything econometrically.  

 

Productivity change can also be calculated using the Divisia index, which is 

nonparametric. Finally, it can be estimated using econometric techniques.A 

disadvantage of index number techniques and the Divisia index is that they do 

not provide sources of productivity growth, whereas nonparametric and 

econometric techniques do, more so in a stochastic environment. Here we 

usedthe econometric model to estimate the magnitude of productivity 

change,and then to decompose estimated productivity change into its various 

sources. TFP change is decomposed into technical change, scale economies, and 

technical efficiency components. The decomposition in the framework of an 

output distance functionutilizes the fact that the reciprocal of the distance 

function has been proposed as a measure of technical efficiency (Farrell, 1957). 

In particular, the reciprocal of the output distance function is equal to the 

Farrell-type output oriented measure of technical efficiency (TE) as:  

t t t t t t
O OD (x , y ) 1 lnD (x , y ) ln 0/ TE TE                 …                            (3.15) 
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Replacing the output measure of technical efficiency TE with an exponential 

non-negative error term  and totally differentiating leads to: 

O O OlnD (x, y, t) lnD (x, y, t) lnD (x, y, t) ln (t)
0

ln ln

M K

m k
m km k

d
y x

y x t dt

  
   

   & & ,  …  (3.16) 

where a dot over a variable indicates the respective growth (change) rate.  
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where RTS denotes returns to scale. Using these definitions and multiplying 

equation (3.16) by -1 (see Brümmer et al., 2002) gives equation (3.17) as shown 

below 
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Equation (3.17) can serve as the basis for the decomposition of productivity 

growth- measured as the difference between the growth rate of an output index 

and of an input quantity index (Brümmer et al., 2002). To decompose total 

factor productivity into sources, we employ the total factor productivity Divisia 

index which conventionally in a multi-output, multi-input setting is defined as: 
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is the observed cost share of input kx , and 
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1 1( ,..., ),  ( ,..., )m kp p p w w w  are the price vectors for output and inputs, 

respectively. Since there is paucity of price data on port terminal outputs and 

inputs factors and more so, since we are interested in production (as against 

cost) function analysis, we therefore apply the primal Divisia total factor 

productivity growth index which needs only quantity information. According to 

Feng and Serletis (2010) this can be represented as: 

Pr
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where 

oln D (y, x, t)
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&      …                (3.20) 

is the shadow revenue share for output m , and  
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is the shadow cost share for input .k  To further simplify the notation in (3.21), 

we define  

oln D (y, x, t)
,

lnk
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      …    (3.22) 
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So that k  in equation (3.21) can thus be written as: 



169 
 

k
k




         …   (3.24) 

Where   has been shown by Färe and GrossKopf (1994) to be returns to scale 

(RTS) in terms of the output oriented distance function. 

Rearranging equation (3.16) we have: 
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Substituting eqn. (3.25) into eqn. (3.19) yields 

Pr
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| ,imal
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Where 

oln D (y, x, t) /TC t        …   (3.27) 

ln ( ) /TE t t          …   (3.28) 
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   &     …   (3.29) 

The first term in eqaution (3.26) is a primal measure of the rate of technical 

change. In terms of the output distance function, it captures the change in the 

best practice distance function which is solely due to the passage of time. The 

second term is a primal measure of the change in technical efficiency. It 

represents the rate at which an observed port terminal is moving towards or 

away from the frontier. It is positive (negative) as technical efficiency increases 

(decreases) over time. The third term captures the contribution of economies of 
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scale. It is positive when increasing returns to scale prevails ( 1)  , negative 

when decreasing returns to scale is present. 

 

3.7 Modelling The Determinants of Efficiency in The Ports (Describing The 

(In)efficiency Model).  

Having evaluated productivity changes, the next step is to see if symmetric 

departures from the frontier can be explained. The second stage model is 

technicalinefficiency given as:    in efficiency g explanatory variables .  To 

examine the potential factors that are correlated with port (in)efficiencies, we 

used the conditional mean model of Battese and Coelli (1993, 1995) which 

permits the estimation of the frontier and the identification of the correlates of 

port inefficiencies. The mean of the inefficiency term was then modelled as a 

linear function of a set of explanatory variables. The inefficiency term itU  is 

defined as the distance between the point of the frontier output and the point of 

the real output. The technical inefficiency effect of the production frontier 

above could be specified as follows:  

it it itU z W β    …     (3.30) 

Where itz  denotes the explanatory variables associated with the technical 

inefficiency itU and β a vector of unknown coefficients; itW is a random variable 

defined by the truncation of the distribution with zero mean and variance 2  

such that the point of truncation of the normal distribution is itz , i.e., 
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it itW z .   These assumptions are consistent with itU  being a non-negative 

truncation of the 2
it(z δ,σ )N  distribution ( Battese and Coelli, 1995). In other 

words, equation (3.30) above deals with some explanatory factors of itU . Since 

technical efficiency is bounded by zero and one, OLS is not the appropriate 

technique although it has been used in practice (Parsons, 2002). One must 

transform the dependent variable or use a limited dependent technique, such as 

Tobit (see Demirel et al., 2012), semi-log relationship as was used by Kalirajan 

(1990): 
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       …    (3.31) 

or a logistic model by Mester (1997): 
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Z α
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         …    (3.32) 

employed in modelling cost efficiency. While the two-step approach seems 

reasonable, it contradicts the assumption of identically distributed inefficiency 

effects on the stochastic frontier. The solution is to model the parameters of the 

Translog Output Distance function model and inefficiency equations 

simultaneously by maximum likelihood method. The likelihood function is 

expressed in terms of the variance parameters; 

2 2 2
S V    and 2 2

S/   .  
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Additional information and references on incorporating exogenous influences 

on efficiency can be found in Kumbhaker and Lovell (2000). The technical 

efficiency of the production function of the thi  port terminal in the tht  year is 

defined as follows:  

it it it(-U ) (-z δ - W )TE exp exp     ….    (3.33) 

 

3.7.1 Description of Data and Variablesfor Analyses in the Study 

The heterogeneity of activities developed at ports hinders the analysis of ports 

as a whole and, on the contrary, calls for an analysis focused on a specific 

activity (Nombela and Trujillo, 1999) and a limited number of ports (Tongzon, 

1995a,b,2001). At port facilities, passengers and cargo are exchanged. 

Moreover, the merchandise handled at ports cannot be considered as a 

homogenous good since the different cargo types (containers, bulks, general 

cargo, etc.) are so diverse that they require specialized facilities and services. 

This fact gives credence to the consideration that many port activities are 

developed in a multi-output context. 

 

Based on the foregoing recommendation, this study centred its analysis on the 

terminal infrastructures services in Nigerian ports particularly relevant from the 

point of view of general cargo traffic but also considering the rest of 

merchandise (dry bulk and liquid bulk cargoes) handled by every terminal, 
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reflecting the multi-output characteristic of Nigeria’s ports. To describe port 

technology, we have used four variables representing the port outputs (namely: 

containers, liquid bulk, wet bulk and general cargo) and two productive input 

factors (cargo handling plants & equipment and labour). However, to avoid the 

inclusion of several output variables at the expense of degrees of freedom, we 

decided to aggregate containerized cargo and general cargo into one input 

‘general cargo’. This aggregation approach recognisesthe fact that containerized 

cargoes are grouped under general cargo traffic in Nigerian ports. Grouping is 

empirically supported because according to Stopford (1997), containerized 

cargo can be treated as a general cargo if total tonnage handled per period is less 

than 3,000 metric tonnes. Dry bulk and liquid bulk cargo handled during the 

study period were also aggregated together as bulk cargo.  

 

In summary, for modelling purposes, we aggregated the four major types of 

cargoes handled in the Nigerian ports terminals in the study period into two (2) 

categories. These are general cargo and bulk cargoes. This aggregation is not 

self-defeating given that the initial aim of modelling port productivity with 

Distance function model was to take advantage of its capacity to accommodate 

multiple cargoes in a multi-output port setting. Rather for reasons of parsimony 

and robust modelling outcomes, we aggregate into few output variables, see 

Brümmer et al., (2002).The empirical Translog Output Distance Function model 

estimated [which is an expansion of equation (3.12)] is as shown below: 
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 is a normalised output 2ty . 1ty represents the volume of General 

cargo (m/t); 2ty  denotes volume of Bulk Cargo (m/t). Similarly, 1tx  is the 

number of plants and equipment and 2tx  denotes labour input (in gang-hours); 

tf stands for the time or year dummies; while it  is the error term. 

 In the second stage estimation, we considered four factors ( itz ) validated 

through literature review, that influence the efficiency of ports. These are type 

of ownership structure, size, geographic location of ports (proxied by proximity 

to large markets or terminals at the centre of industrial activities) and Liner 

Shipping Connectivity Indices. The empirical model estimated [which is an 

expansion of equation (3.30)] is as shown thus:  

0 1 2 3 4it itU proximity size LSCI Term.Operatr W            … (3.35) 

Where itU  stands efficiency term, predicted from equation (3.34), while itW is a 

random error term as discussed in equation (3.30). 

Both models:Translog output distance function and inefficiency models were 

estimated simultaneously using statistical analysissoftware for Windows called 

STATA, version 13. 
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CHAPTER FOUR 

DATA PRESENTATION AND ANALYSIS 

4.0  Introduction 

In this chapter we will present data obtained and used for the empirical 

modelling and testing of the hypotheses of the study. For the analysis of data, 

both descriptive and inferential statistics were applied. The descriptive statistics 

are mainly used to explore the data; noting any special characteristics of the data 

which ultimately aid a better understanding of the unit of analysis under 

investigation. The inferential statistics were derived from the translog and 

inefficiency models and were applied to address the hypotheses of this study. 

4.1 Profile of Terminal Operators and Ports 

Eight (8) coastal ports namely; Apapa, Container terminal, Tincan, RoRo, Port-

Harcourt, Onne, Calabar and Warri ports were considered for analysis. Within 

the eight coastal ports are the concessioned terminals operated by both foreign 

and indigenous companies. The public sector or federal government through the 

statutory Authority, Nigeria Ports Authority (NPA) have been involved in 

terminal operations (like cargo handling) until the year 2006 when it 

concessioned these terminals to the private operators. The complete profile of 

the ports and terminal operators are presented in appendix 2.In the subsequent 

section, we evaluate the performance metrics of the ports. 
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4.2 Descriptive Summary of Nigeria Port’s Indicators of Outputs, 

Utilization and Service. 

In table 4.1, we present the descriptive summaries of the variables used for 

modelling this study. They are presented in groups and by periods reflecting 

pre-reform, reform and post reform regimes in Nigeria’s seaports. Thus, it 

would be interesting to observe if the terminal concession policy in the port 

sector made any significant changes on port’s indicators of output, utilisation 

and service. Based on table 4.1, we note that total cargo throughputs (from years 

1991-1995) averaged to approximately 1.190 million metric tons (Mt). This 

period could be seen as the pre-reform era. It also averaged marginally to 1.196 

million (Mt) in the period from years 1996-2001 which covers the reform era 

when the Federal government embarked on series of reform policies in the port 

sector. The period from years 2002 to 2006 captures the period of when series 

of feasibility studies (e.g. ‘The Haskoning B.V Study’) and consultations were 

undertaken, thus leading to an outright transfer of cargo terminal operations 

from Nigeria Ports Authority (NPA) to the private terminal operators. The final 

period in table 4.1, i.e. years 2007 to 2013 highlights the same performance 

metric of interest; but however describes effect of the lagged effect concession 

policy introduction. This is a useful basis for descriptive policy analysis in the 

sections that follow. 
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Table 4.1: Descriptive Summary of  Cargo handling Outputs, Input Resources and Turnround Times in Nig. 
Ports 

YEAR Variable Mean (values) Std. Dev. Min Max 
19

91
 - 

19
95

 
Total throughput (mt) 1,190,539 1,797,404 22,952 7,948,369 
General cargo (mt) 499,426 687,354 5 3,378,057 
Dry bulk cargo (mt) 283,785 408,098 2 1,597,622 
Liquid bulk (mt) 407,328 875,143 2 3,306,711 
Plants & Equip (nos) 67 50 2 188 
Labour (TNGH) 18 10 7 53 
Turnround time (days) 6 4 2 20 

19
96

 - 
20

01
 

Total throughput (mt) 1,961,315 2,625,472 1,021 11,500,000 
General cargo (mt) 626,047 736,483 2 2,575,729 
Dry bulk cargo (mt) 533,249 909,896 2 4,937,497 
Liquid bulk (mt) 802,019 1,567,165 2 7,165,676 
Plants & Equip. (nos) 60 43 1 215 
Labour (TNGH) 18 14 6 65 
Turnround time (days) 6 4 2 16 

 

20
02

 - 
20

06
 

Total throughput (mt) 3,630,678 4,179,458 35,020 15,100,000 
General cargo (mt) 1,060,012 1,189,730 84 4,531,664 
Dry bulk cargo (mt) 1,225,933 1,722,760 3 6,981,768 
Liquid bulk (mt) 1,344,733 2,383,420 2 9,330,409 
Plants & Equip. (nos) 32 19 2 81 
Labour (TNGH) 19 14 7 70 
Turnround time (days) 7 5 1 23 

 

20
07

 - 
20

13
 

Total throughput (mt) 9,589,885 15,500,000 52,943 102,000,000 
General cargo (mt) 2,815,978 2,917,746 2 8,131,734 
Dry bulk cargo (mt) 1,728,835 2,304,634 2 8,293,197 
Liquid bulk (mt) 5,045,072 13,200,000 41,788 89,900,000 
Plants & Equip. (nos) 54 14 26 83 
Labour (TNGH) 9 3 3 19 
Turnround time (days) 6 3 2 11 

Source: Own elaboration from data obtained from Terminal Operators and Abstracts of Port Statistics (NPA). 

 

Based on presentation in table 4.1, we note that from the year 2002 to 2006, 

cargo throughputs averaged more than two times what they were in the two 

preceding periods. Although reforms had begun in the port sector, NPA was 

however, still involved in cargo handling operations.  The concession reform in 

the year 2006 enabled the complete transfer of cargo handling functions from 

public to the private operators and had the latter invest in new cargo handling 
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facilities. It is noteworthy in table 4.1 that from the year 2007 to 2013, (i.e. the 

post concession era), total cargo throughputs handled in the Nigerian ports thus 

averaged more than three times what it was in the three preceding periods 

examined. In terms of number of facilities at the ports, we see in table 4.1 that 

in the first three periods preceding concession reform, the average number of 

plants and equipment deployed for cargo handling at the ports declined from 67 

to 60 (i.e. from the year 1991 to 2001). It came to 32 just before the reform in 

the year 2006 and has peaked to 54 since the year 2007. The labour input in 

metric tons per gang hour [Tons/ Net Gang Hours (TNGH)] or crane efficiency 

has rather dropped from 18 TNGH to 9 TNGH, since 2007. Two reasons may 

account for this result; either facilities in form of plants and equipment are not 

enough to cope with the increasing traffic attracted by the reforms or there are 

wilful delays meant to accumulate demurrage charges and hence enrich corrupt 

port workers as documented by Chikere (2014).  

 

The average ships turnround time in the ports has not shown any remarkable 

decrease since the year 1991. It is still in the range of 6 days. The result is not 

surprising given that crane efficiency (in tons per net gang hour) has on average, 

deteriorated in Nigerian ports since 2007. This outcome implies that vessels 

may still be experiencing delays at the ports and is consistent with UNCTAD’s 

post port reforms assessment, see UNCTAD (2011). 
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In summary, we note that from the years 2006 to 2013, cargo throughputs has 

increased significantly with liquid bulk cargo contributing more to the totals; 

followed by the general cargo traffic and dry bulk cargoes, See fig 4.1. 

 

There was a gradual drop in the number of plants and equipment utilised at the 

ports from the years 1991 to 2006, see figure 4.2. However, the cargo handling 

facilities has peaked up since the year 2007; after the concession reforms. The 

labour input variable or crane efficiency remained stable from the year 1991 to 

2006, but surprisingly decreased from 2007 to 2013. The more objective reason 

may be that the anticipated cargo handling facilities from the private operators 

are not enough to match the increased traffic attracted by the reforms. There are 

however, claims about delays wilfully induced to attract additional demurrage 

charges from unsuspecting port users. Average ship’s turnround times have 

remained what they have been since the pre-reform era. 
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4.3 Descriptive Summary of Other Ports’Attributes: Size of Ports.  

Apart from the summary of indicators of performance showing total tonnage 

handled, level of input resources utilized and indicator of service to ships 

(turnround time) at the ports, other attributes are also of interest in modelling 

this study.  In table 4.2, the ports under study are grouped by size where size 

according to Tongzon (2005), is defined as the amount of throughput a port is 

able to handle per annum. Accordingly, a port is considered a large port if it 

handles an annual cargo throughput greater than or equal to 1.5 million tonnes 

per annum or a small port if it handles less. Out of the eight ports under study, 

we see in table 4.2 that five of them are considered large ports since they 

exhibited a high frequency of handling annual throughputs equal to or greater 

than 1.5 million tons in 23 years. The influence of size (an indicator variable) on 
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Fig  4.2: Trends in Plant&Equip, Labour and Turnround_time in Nig. Ports
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efficiency of seaports would be investigated as part of the hypotheses of the 

study. 

 

Table 4.2: Distribution of Nigeria Ports by Size (According to Volume of Cargo Handled). 

Frequency of Handling: Cargo Throughputs per Annum (metric tons) 

Ports < 1.5 mil. tons >= 1.5 mil. tons Total Cases           Size 

APAPA 1 22 23 Large Port 
CALABAR 18 5 23 Small port 
CONT_TERMNL 6 9 15* Large Port 
ONNE 8 15 23 Large Port 
PHC 7 16 23 Large Port 
RORO 10 5 15* Small port 
TINCAN 2 21 23 Large Port 
WARRI 13 10 23 Small port 

Total 65 103 168 

*cargo throughput records not available for some years (hence total cases < 23 for some ports.) 
Source: Author’s Own Computation based on Port Records 

 

4.3.1 Description of Proximity of Port Locations. 

Previous studies have identified port location as one of the environmental 

factors that affect port efficiency. By location, we mean proximity of a seaport 

to a large market (Tongzon, 2001, 2005) or nearness to industrial activity 

(Gonzalez and Trujillo, 2008). Thus, table 4.3 shows the distribution of seaports 

under study by proximity to large markets or industrial centres. Thus we want to 

see if location of ports near large markets or industrial activities provides 

advantage to seaports in the Nigerian case. The effect of this variable on 

efficiency of Nigeria’s seaports would be tested in this study. 
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Table 4.3: Distribution of Nigeria seaports by Proximity to Economic Activity. 

NAME OF PORT LOCATION (STATE) PROXIMITY 

APAPA LAGOS Market 
 CALABAR CROSS RIVER NIL 
 CONT_TERMNL LAGOS  Market 
 ONNE RIVERS Oil&Gas 
 PHC RIVERS  Oil&Gas 
 RORO LAGOS Market 
 TINCAN LAGOS Market 
 WARRI DELTA Oil&Gas 
 Source: Author's Own Elaboration 

 

4.3.2 Distributionof Foreign Terminal Operators vs. Indigenous Terminal 

Operators in the Ports. 

One of the gaps which this study intends to fill is to test the effect of ‘type of 

ownership’ variable (i.e. whether foreign based operator or local based one) on 

port efficiency. Looking at the distribution of concessionaires (or terminal 

operators) as elaborated by Kruk, (2008), we notice that both foreign and local 

terminal operators feature in all ports. To isolate their probable unique 

contribution to efficiency of each port, we grouped ports by the extent of 

participation of each type of operator in the ports. If a foreign based operator 

dominates (i.e. showing a higher frequency of presence than the local one), such 

a port is identified as foreign based terminal and local based terminal otherwise.  

In case of a tie, a decision is taken based on the attributes of foreign operator in 

terms of expertise, investments in facilities and cargo traffic handled. These 

attributes produce overarching effects on terminals activities and hence in such 

a situation, the port in question is adjudged to be a foreign operator based one. 

Thus, in table 4.4, we used this classification to delineate foreign from local 
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operator based ports. For example, the table indicates that in the case of Apapa 

port, only one (1) out of six (6) operators in that port is foreign based, therefore 

for modelling purposes, we take Apapa port as local operator based port. The 

same classification process was applied to determine the ownership type of the 

rest of the ports as shown in table 4.4. 

Table 4.4: Distribution of Foreign Vs. Indigenous Operators in Nig. Ports 

PORT Terminal Operators (F vs.L) Ownership 
 APAPA 1/6 L 
 CALABAR 1/3 L 
 CONT_TERMNL 1/1 F 
 ONNE 2/4 F 
 PHC 0/2 L 
 RORO 1/1 F 
 TINCAN 1/3 L 
 WARRI 3/6 F 
 Source: Author's Own Elaboration based on Kruk (2008). F: Foreign, L: Local 

 

4.3.3 Distribution of Liner Shipping Connectivity Index by Some Selected 

Countries. 

Finally in figure 4.3, we examine the average values (over time) of another 

exogenous variable that is postulated to affect port efficiency; this is the liner 

shipping connectivity index (LSCI). According to the World Bank, this index is 

a measure of attractiveness of a country’s seaport environment to liner shipping 

operators. It is constructed annually by UNCTAD based on five key factors as 

enunciated below (see Hoffman, 2012): 
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i. The number of companies that provide services from/to a country’s 

ports: implying more shipping opportunities to port users at competitive 

rates. 

ii. The size of the largest ship that is deployed to provide services from/to 

a country’s port: indicating economies of scale and infrastructure. 

However ports authority need to provide ship-to-shore gantry cranes and 

dredge their access channels to allow for large containerships to be 

deployed. 

iii. The number of services that connect a country’s ports to other 

countries: this is an indication of how likely a shipper is to get to his final 

destination directly, without the need for transhipments. 

iv. The total number of ships that are deployed on services from/to a  

country’s ports: again this implies more shipping spaces and better 

connectivity to liners 

v. The total container carrying capacity of the ships that provide services 

from/to a country’ ports. 

 

Owing to dearth of requisite data, we have included this index to account for the 

effect of transport environment on port efficiency. In figure 4.3, we note that 

among the African countries listed, Nigeria ranks second with average index of 

17.18, following Egypt which has an average index of 50.56. Eretria is a 
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landlocked African country which uses Ethiopian seaport for its maritime 

operations; hence its low LSCI of average value 2.88 is hardly surprising. The 

developed nations account for very high indices with Germany topping the few 

listed. It is closely followed by U.S and France. It is thought that port and 

transport environment in these countries are of high standard. The LSCI for 

Nigeria was included as an independent variable that may affect efficiency of 

seaports. 

 

 

Fig 4.3: Liner Shipping Connectivity Index (LSCI) of Nigeria; Some selected African and Western Countries 
(2004-2013). 
Source: Own elaboration based on UNCTAD (2013). 
 

 

4.4 Analysis of Seaport Total Factor Productivity 

In this section, we analyse the productivity of Nigeria seaports in order to 

determine if there have been productivity changes and sources of such changes 
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during the study period. The stochastic frontierproductivity model estimated in 

this study is the Translog output oriented distance function as described in the 

methodology chapter. During the period covered by the study, several policy 

changes have taken place with a significant influence on the port sector. These 

included regulatory changes like port commercialisation, port concession, 

cabotage and local content policies, changes in the ship building technology and 

technological changes in the handling equipment to meet the growth in cargo 

throughputs. In the model, the productivity changes or frontier shifts brought 

about by impactsof these policies are accounted for by a time dummy for each 

year covered by the sample. This time dummies approach allows us to capture 

the effect of factors which influence all ports equally at different points in time. 

For example, the parameter year accounts for the drift of the common production 

frontier over time and measures the productivity changes through the period of 

study. Based on the stochastic production frontier model framework (for panel 

data) developed by Battese and Coelli (1992), we estimated an output distance 

function with Translog functional form. The model includes the usual factors 

that account for port productivity in addition with time dummies to account for 

the technological changes (frontier shifts over time). The sources of such shifts 

or productivity changes are derived mathematically from the estimated model; 

see equations (3.15) through (3.29).  
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The main variables employed in modelling the stochastic frontier are the output 

variable: cargo throughputs and two independent variables; plants & equipment 

and “Tons per net gang hour” (TNGH) achieved. Cargo throughputs (general 

cargo and bulk cargo) are used as a proxy to productivity. While TNGH is an 

indicator of labour input utilised. It is also an indicator of crane efficiency at the 

port (Tongzon, 2001). The variables in this study are empirically supported as 

already discussed in the literature survey. Some studies have used length or area 

of terminal, draught of approach channel etc. as independent variables. The 

researcher discovered early in the data collection phase that these variables have 

constant values throughout the study period and would not have resulted in any 

significant variation if included in the modelling process. Besides, inclusion of 

variables measuring same input often result in multicollinearity. The modelling 

results are presented in table 4.5. These results will be applied to address some 

the hypotheses of the study.  

 

Looking at the regression output in table 4.5, we note that the 

coefficientestimates k from the stochastic output distance function represent the 

production elasticity of the thk input for overall outputs; the increase in the 

primary output 1y , holding the output ratios of *
my constant is simply the 

derivative 1ln ln k ky / x    . This is the percentage increase in the primaryoutput 

due to a one percent increase in input kx holding output ratios constant. In other 
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words, since 1y  is the denominator of the output ratios, the other outputs also 

increase to keep the ratio constant. Thus, this estimated elasticity k includes the 

impact on the other outputs which keep their output ratios constant. We begin 

analysis of the results by looking at the coefficients of bulk cargo, plant & 

equipment and labour (gang hours). The signs are as expected except for the 

labour variable which shows a negative sign. The Bulk cargo has a positive sign 

implying that it contributes positively to output or productivity. The proxy for 

the capital variable also has a positive sign indicating that ‘plant & equipment’ 

variable contributes significantly to productivity. These variables have 

significant p-values and hence are statistically significant. However, the labour 

variable (TNGH) is not statistically significant. The negative sign of the labour 

variable may signify congestion effect. This variable is however not significant 

thus, indicating poor contribution of labour resource to seaport productivity. 

Considering the interaction terms, interaction between plant& equipment and 

cargo handled is significant indicating optimal utilization of capital resource in 

cargo handling operation. The interaction between labour and capital is not 

significant which implies that capital and labour are not used in the right 

proportion during port production. Labour vs. cargo interaction is not 

significant. This may be indicating poor utilization of labour in port service 

production. 
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Table 4.5: Regression Output of Translog Output-Oriented Distance Function Model. 

Variable Parameter Estimate Std. Err. Z P>|z| 

Intercept 0  1.444** 0.565 2.560 0.011 

Ln(bulk cargo) 2  0.817*** 0.121 6.730 0.000 
1/2 x Ln(bulk cargo)2 22  2.066*** 0.167 12.400 0.000 
Ln(plant&Equip) 1  0.354** 0.156 2.270 0.023 
Ln(gang_hrs) 2  -0.139 0.187 -0.740 0.457 
1/2 x Ln(plant&Equip)2 11  0.407** 0.166 2.450 0.014 
1/2 x Ln(gang_hrs)2 22  -0.187 0.320 -0.580 0.560 
1/2 x Ln(plant&Equip x gang_hrs) 12  -0.055 0.312 -0.180 0.861 
Ln(plant&Equip x bulk cargo) 12  0.585*** 0.108 5.430 0.000 
Ln(gang_hrs x bulk cargo) 22  0.166 0.225 0.740 0.461 
_Iyear_1992 1992  -4.871*** 0.938 -5.190 0.000 
_Iyear_1993 1993  1.248** 0.464 2.690 0.007 
_Iyear_1994 1993  0.528 0.508 1.040 0.299 
_Iyear_1995 1995  0.803* 0.444 1.810 0.070 
_Iyear_1996 1996  1.202** 0.464 2.590 0.010 
_Iyear_1997 1997  -2.956*** 0.534 -5.530 0.000 
_Iyear_1998 1998  1.602*** 0.504 3.180 0.001 
_Iyear_1999 1999  1.612*** 0.465 3.470 0.001 
_Iyear_2000 2000  1.413** 0.477 2.960 0.003 
_Iyear_2001 2001  0.432 0.550 0.790 0.432 
_Iyear_2002 2002  1.314** 0.535 2.450 0.014 
_Iyear_2003 2003  1.148** 0.565 2.030 0.042 
_Iyear_2004 2004  1.564** 0.563 2.780 0.005 
_Iyear_2005 2005  1.254** 0.576 2.180 0.030 
_Iyear_2006 2006  1.507** 0.561 2.690 0.007 
_Iyear_2007 2007  1.785** 0.579 3.080 0.002 
_Iyear_2008 2008  1.515** 0.602 2.520 0.012 
_Iyear_2009 2009  2.548*** 0.604 4.220 0.000 
_Iyear_2010 2010  2.457*** 0.617 3.990 0.000 
_Iyear_2011 2011  2.986*** 0.639 4.680 0.000 
_Iyear_2012 2012  2.834*** 0.637 4.450 0.000 
_Iyear_2013 2013  2.440*** 0.640 3.810 0.000 
sigma2 ( 2 )                      =  11.540 20.285 
gamma (  )   =  0.971 0.050 
sigma_u2 ( 2

u  )                 =              11.210 20.285 
sigma_v2( 2

v  )                 =  0.330 0.044 
No of Obs.                 =   121 
Log likelihood            =  -124.187 
Prob> chi2                =  0.000 
Source Author's Own Calculation. ***, **, * significant at 1%, 5% and 10% respectively. 
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Looking at the coefficients of time dummies (or indicator variables accounting 

for frontier shifts), we notice that these are significant (see p-values) for years 

1992, 1996 to 2000, and then were also significant from year 2002 to 2013. In 

terms of magnitude of the frontier shifts (or productivity changes) the 

coefficients of time dummies showed remarkable increase in values from years 

2009 to 2013. 

To better understand the magnitude of Nigeria’s seaports production frontier 

shifts or technical progress, we adopt the method proposed by Gonzalez and 

Trujillo (2008). Mathematically, technical progress can be calculated between 

any two adjacent years according to the following relation: 

1 1t ,t t tCT        …      (4.1) 

WhereCT is the coefficient of the time dummies and 1t  : the coefficient of 

previous year, while t is the coefficient of the present year.  

 

Table 4.6 tabulates the results showing productivity (frontier shifts) changes in 

the Nigeria’s seaports production during the study period. Thus, we note in table 

4.6 the significant positive technical changes (or frontier shifts) in the following 

years: 1991-1992; 1993-1994, 1996-1997. Others are: 1999-2000; 2000-2001; 

2001-2003 and 2004-2005. Positive changes were also observed in 2007-2008, 

with increasing coefficients observed in 2009-2010, 2011-2012 and 2012-2013. 

These observed changes in productivity are as expected given the spate of 
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reforms undergone by Nigeria’s ports from early years 1990s to 2006. Port 

commercialisation policy for example, was introduced in Nigeria ports 1991 

and legally established in 1998 privatisation and commercialisation exercise. 

Table 4.6: Distribution of Changes in Productivity (Frontier Shifts) in Nigeria’s Seaports (1991-2013) 

Period Coef. Technological Change Remark 

1991-1992 -4.871 -4.871 tech. progress 
1992-1993 1.248 6.119 
1993-1994 0.528 -0.720 tech. progress 
1994-1995 0.803 0.275 
1995-1996 1.202 0.399 
1996-1997 -2.956 -4.158 tech. progress 
1997-1998 1.602 4.558 

1998-1999 1.612 0.010 
1999-2000 1.413 -0.199 tech. progress 
2000-2001 0.432 -0.981 tech. progress 
2001-2002 1.314 0.882 
2002-2003 1.148 -0.166 tech. progress 
2003-2004 1.564 0.416 
2004-2005 1.254 -0.311 tech. progress 

2005-2006 1.507 0.253 
2006-2007 1.785 0.278 
2007-2008 1.515 -0.270 tech. progress 
2008-2009 2.548 1.033 
2009-2010 2.457 -0.091 tech. progress 
2010-2011 2.986 0.529 
2011-2012 2.834 -0.151 tech. progress 
2012-2013 2.440 -0.395 tech. progress 

*Negative values indicate significant technological progress. 

Source: Author’s own computation. 

 

The commercialisation policy allowed NPA to lease out some of its terminals 

for profit, but the increased productivity was achieved in the few terminals 

leased out to the private operators. The changes observed in the years 2000 to 

2005 may be interpreted as the lagged effects of the earlier reform years.  

However, the changes observed from the years 2007-2008 to 2013 could be 

attributed to the more extensive port concession policy. If we use cargo 



192 
 

throughput an index of growth, we notice in the earlier discussion and statistics 

presented that cargo traffic handled at the port more than tripled than in the 

preceding periods. In summary, we have established that there were significant 

productivity changes (frontier shifts) or technical progress in Nigeria’s seaports 

during the study period. Based on the statistical significance of parameters of 

the relevant year dummies in table 4.5, we accept the alternative hypothesis of 

significant productivity changes in Nigeria’s ports. But we are also interested in 

decomposing the productivity changes in order to identify the sources.  

 

4.5 Analysis of the Sources of Productivity Changes in Nigeria Seaports 

Identification of sources of productivity changes is necessary in order to direct 

policy interventions to specific variables of interest. Based on the 

decomposition framework proposed in the methodology chapter and 

considering equations 3.15 to 3.29, we derived total factor productivity change 

(tfpch) and its sources namely: Efficiency Change (effch) and Technical 

Efficiency Change (techch). The numerical values of these indices are 

presented in table 4.7 in a format emphasizing relevant reform regimes of 

interest. Based on the results, we note that in the pre-concession era, average 

total factor productivity index was optimal yielding an approximate index of 

1.205. According to Fare et al. (1994), a total factor productivity index greater 

than 1 (say 1.25) signals a productivity gain. Considering the components of 

total factor productivity, we note that these components namely efficiency 
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change and technical change recorded average values of 1.032 and 1.311 

respectively. These values are also optimal. We observe the same pattern of 

productivity changes in the concession reform era. The scenario in productivity 

indices observed so far was also replicated in the post reform regime.  

Table 4.7:Distribution of Sources of Productivity Changes in Nigeria’s Seaports 

 
Year effch techch tfpch 

PR
E-

CO
N

CE
SS

IO
N

 E
RA

 

1992 0.730 1.323 0.965 
1993 1.531 0.713 1.092 
1994 0.854 0.744 0.636 
1995 1.261 0.955 1.205 
1996 0.777 1.746 1.356 
1997 1.181 0.357 0.422 
1998 0.751 3.985 2.991 
1999 1.061 0.986 1.046 
2000 1.138 0.991 1.128 

sub-average 1.032 1.311 1.205 

 

CO
N

CE
SS

IO
N

 R
EF

O
RM

  Year effch techch tfpch 
2001 1.065 1.122 1.195 
2002 0.755 1.653 1.248 
2003 0.916 1.046 0.958 
2004 1.044 0.750 0.782 
2005 1.239 1.011 1.253 
2006 1.039 0.549 0.570 

sub-average 1.010 1.022 1.001 

 
 

Year effch techch tfpch 

PO
ST

 C
O

N
CE

SS
IO

N
 R

EG
IM

E 2007 0.879 0.982 0.864 
2008 1.286 1.030 1.325 
2009 0.935 1.503 1.406 
2010 1.053 0.723 0.761 
2011 1.127 0.948 1.068 
2012 1.080 0.981 1.060 
2013 0.875 0.985 0.861 

sub-average 1.034 1.022 1.049 

Average 1.007 1.013 1.020 
Source: Authors Own Calculation 

 

For a more detailed analysis and better understanding of policy implication of 

the indices, we disaggregated the total productivity indices by ports. The 
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complete result of analysis showing productivity changes and their sources 

disaggregated by ports are presented in appendix 3. However, the graphical 

representation of the results in figure 4.4 merits closer observation and 

discussion. 

In fig. 4.4, we see a clearer representation of the productivity change indices 

that occurred in the ports in the period under study. The graph shows that even 

though on the average productivity indices improved during the study period, 

this was due largely to growth observed in the western based ports. 

 

Based on the foregoing discussion, we conclude that there were significant 

changes in the components of productivity changes. This is to say that 

efficiency change and technical changes were significant sources of total factor 

productivity changes observed in the ports during the study period. 

Improvements in efficiency change captures changes in relative efficiencies 
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Fig 4.4: Distribution of Productivity Change Indices (1991-2013) by Location of Ports
Source: Own elaboration from data obtained from field work 
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over time i.e. it indicates whether port service production is getting closer 

(catching up) or farther from the frontier. In our study, we would expect the 

managerial expertise brought about by the terminal operators in the port sector 

to be reflected in changes in efficiency as well. This follows from the fact that 

observations are compared to the best practice frontier. Technical change on the 

other hand measures the capacity of port managers to optimally select and 

combine inputs in port production. More technically, it measures effects of 

innovation in port management. 

 

4.6 Analysis of the Factors Affecting Efficiency in Nigeria Seaports. 

Having found that there were changes in productivity frontier and identified the 

sources of such shifts, we then evaluate the determinants of efficiency. 

Productivity and efficiency are not the same measure because a port may be 

productive but not efficient. For example, given a level of output and input 

resources from a port, if it’s possible to realise more outputs from optimal 

utilisation of same input resources then the port in question is not efficient 

because the productivity attained initially is not optimal. Therefore, efficiency is 

attainment of the optimum productivity level. The question is what accounts for 

the difference between observed output and expected output of a port. In the 

stochastic productivity framework applied in this study; this difference is 

captured by a part of the composed error term also known as the inefficiency 

term. The degree of a port’s efficiency or inefficiency can be accounted for by 
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the inefficiency error term. But we want to estimate the factors in a port 

environment that relate to the level of efficiency or inefficiency observed. Based 

on the discussion and application of this inefficiency model as illustrated in 

details in the methodology chapter, we modelled the (in) efficiency in ports 

from the predicted residuals (or errors) of the stochastic frontier productivity 

model. The results are shown in table 4.8 and equation (4.1).  

Table: 4.8: Regression Results; Determinants of Port Efficiency. 

Variable Coef. Std. Err    t P>|t| [95% Conf. Interval] 

Intercept -3.254*** 0.378 -8.610 0.000 -4.003 -2.505 
proximity 2.529*** 0.207 12.190 0.000 2.118 2.940 
size_termnl 0.675** 0.225 3.000 0.003 0.229 1.122 
LSCI -0.032 0.161 -0.200 0.841 -0.352 0.287 
operator_type -0.958*** 0.168 -5.690 0.000 -1.291 -0.624 

No. of obs        = 120 
F(4,115)            = 143.4 
Prob> F            = 0.000 
R-squared        = 0.833 
Adj R-squared = 0.827 

Source: Author. Dependent variable: Ln (efficiency). ***, **, significant at 1% and 5% respectively. 

 

3 254 2 529 0 675 0 032

0 958

Efficiency . . proximity . size . LSCI

. OperatorType

    
             … (4.1) 

Four factors were included in the efficiency model; these are proximity to 

market or industrial centre, size of port, liner shipping connectivity index 

(LSCI) and type of port operator (foreign or local operator). As discussed in the 

descriptive statistics section, inclusion of all but one of these factors as 

efficiency determinants is empirically supported. However, no study has tested 

the effect of the fourth factor- type of port operator (whether being a foreign or 

local based operator) on efficiency of port terminal. Based on the efficiency 
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modelling results shown in table 4.8, we see that the variable 

operator_typewhich stands for type of operator is statistically significant. The 

coefficient of this variable is -0.958 with a ‘t’ statistic of -5.690. Its p –value is 

0.000 which is less than the critical value of 0.05. This result is interesting as it 

represents a step further on existing research which did not assess the effect of 

foreign or local terminal operator on port efficiency. Anecdotal evidence 

suggests that foreign based terminal operators have global expertise and access 

to foreign credit which naturally provide them with edge over the indigenous 

operators. Therefore one would expect that ‘type of operator’ should matter in 

port efficiency, hence the significance of this variable is not surprising. 

 

The second factor ‘liner shipping connectivity index’ (LSCI) is also not 

significant. However, the remaining two factors; proximity to market or 

industrial centres (proximity) and size of terminal (size_termnl) were found 

significant. Proximity factor means that level of economic activities could 

attract cargo traffic and hence revenue to the ports serving the activity areas. 

More cargo traffic could bring about better capacity utilisation of facilities and 

more revenue would bring about more investment in port facilities. These in 

turn would positively affect port efficiency. In addition, shippers in Nigeria 

generally utilise ports that are nearer to large markets since they afford them the 

opportunity to ship or market their merchandise without much transport cost 

and time (Onwuegbuchunam, 2013).  Size of terminal could also mean more 
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storage spaces, more cargo handling facilities and hence efficient service to port 

users. Therefore, the significance of these factors as determinants of efficiency 

is expected. The adjusted ‘R2’ of the model is 0.833 which implies that 83.3% 

of the variation in efficiency can be accounted for by the listed factors. Given 

that the ‘F’ statistic of the model has a value of 143.4 with a significant p-value 

of 0.000, the model has sufficient explanatory powers for adoption and use for 

hypothesis testing. Three hypotheses are addressed from the result of this 

model. On determinants of efficiency, we found that proximity to market or 

industrial centres, size of terminal and type of terminal operator are significant 

factors that affect the efficiency of seaports in Nigeria.  

 

4.7 Analysis of Relative Efficiencies of Nigeria Seaports. 

In table 4.9, average efficiency scores in percentages and their relative ranking 

are presented. These estimates were derived from the stochastic frontier 

regression output already discussed in section 4.6. Thus, from the table the most 

efficient performance during the study period was realised in Tincan Island port 

with efficiency score of 91.2%. The second best performing port was Container 

Terminal port (scoring 90.3%). Apapa port was ranked 3rd having achieved an 

average efficiency score of 84.1%. Other ports: Onne and RoRo achieved 

83.3% and 80.7% efficiency scores respectively. 
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Table 4.9: Average Efficiency Scores (%) and Rank of Nigeria Ports (1991-2013) 
Ports Period (yrs.) Efficiency (%) Rank 

APAPA 1991-2013 84.1 3 
CALABAR 1991-2013 4.5 8 
CONT_TERMNL 1991-2013 90.3 2 
ONNE 1991-2013 83.8 4 
PHC 1991-2013 20.6 7 
RORO 1991-2013 80.7 5 
TINCAN 1991-2013 91.2 1 
WARRI 1991-2013 29.4 6 
Source: Author's Own Elaboration Based on Translog Regression Output 

  

Thus, Warri, Port Harcourt (PHC) and Calabar scored 29.4%, 20.6% and 4.6% 

respectively. Based on the efficiency scores (which is less than 50%); these 

ports performed below standard during the period under investigation.  

However, this efficiency results seem to contradict the earlier findings of 

Onwuegbuchunam et al., (2012) on Port Harcourt port which was found 

efficient. To address this contradiction, a further disaggregation in table 4.10 

became necessary. 

Table 4.10: Throughputs Achieved Per Service Time (Turnround Time) By Ports (Mean Values for 1991 – 2013) 

PORTS Cargo Throughput (Mt) Turnround Time (Ave.) Throughput Per Turnround Time 

APAPA 15,400,000 10 1,694,748 
CALABAR 694,570 4 194,912* 
CONT_TERMNL 2,772,713 4 779,747 
ONNE 5,099,440 4 1,694,339 
PHC 2,836,106 11 261,822* 
RORO 1,575,365 2 882,906 
TINCAN 6,226,695 8 1,144,622 
WARRI 2,741,442 6 409,355* 

Source: Authors Own Elaboration Based on Data Obtained From Field Work. *Comparably low. 

 

Table 4.10 shows the average tonnage of cargo handled at the various ports and 

their respective turnround times in days (or service times). Also included in the 
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table is total tonnage handled per day (by inspection) in the ports. From the 

table, Apapa port produced more throughputs per day during the study period. 

This was followed by Onne and Tincan Island ports in that order. Looking at the 

turnround times of the ports, it is clear that Port Harcourt port had the highest 

average turnround time of 11 days and by calculation produced only 261,822 

metric tonnes per day during the study period. Apapa had 10 day average 

turnround time but outputted more throughputs to show for it (approximately 

1.7 million tons per day). Therefore, in terms of high turnround time and low 

output per unit time the inefficiency score observed for Port Harcourt port in 

table 4.9 is hardly surprising. The inefficiency observed in the case of Calabar 

and Warri ports can be attributed to low cargo output per turnround time; 

averaging less than 0.5 million tons per day in 23 years.  

 

In order to gauge the effect of terminal concession reforms on port efficiency, 

the data set was split into years before and after reform. Technical efficiency 

scores were calculated for the two periods. The results in table 4.11 indicate that 

although the efficiency ranking for the ports changed, yet the five efficient ports 

observed initially (in table 4.9) maintained their status. That is to say that after 

the reforms, the five ports namely Apapa, Tincan, Container terminal, Onne and 

RoRo were found to achieve efficiency score of at least 50%. The others 

Calabar, Port Harcourt and Warri Port however performed below average. 
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Table 4.11: Distribution of Efficiency Scores by Periods of Port Reforms 

 
Efficiency Score (%) 

Ports Before Reform After Reform 

 
(1991-2005) (2006-2013) 

APAPA 79.4 72.8 
CALABAR 5.5 0.0 
CONT_TERMNL 89.9 87.8 
ONNE 85.7 50.3 
PHC 29.5 5.3 
RORO 84.0 58.4 
TINCAN 90.5 87.8 
WARRI 22.5 30.5 
Source: Author’s Own Elaboration 

 

Information provided in table 4.11 requires careful interpretation because the 

efficiency scores presented therein were obtained from truncated distribution 

which has its attendant statistical problems. This is because splitting of a data 

set from the same population distribution tantamounts to truncation of 

population distribution and hence loss of valuable information contained in the 

data set as a whole. In summary, we conclude that out of the eight ports under 

study, five of them were found efficient while three of them performed below 

expectation.  We have thus far, evaluated the relative efficiencies of Nigerian 

ports. Thus, it can be concluded that the concession reforms have generated 

positive improvements in sixty three percent (63%) of the concessioned ports. 

 

4.8 Discussion of Findings 

Data collected on cargo handling activities and infrastructure from eight (8) 

coastal ports covering a period twenty three (23) years (1991-2013) were  

analysed to ascertain the following: the extent of productivity changes (if any) 
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over the study period, the sources of productivity changes or frontier shifts, the 

factors that affect port efficiency, and the relative efficiencies of Nigeria’s 

seaports. As an extension to existing research, it was necessary to assess 

whether being foreign based or indigenous terminal operator affected port 

efficiency. While noting the multi output setting of our ports, these analyses 

were carried out within the framework of Output–Oriented Distance functions 

as proposed by Shepherd (1953).  More importantly, these analyses were carried 

out within the context of reforms that have taken place in the ports, particularly 

the concession of port terminals to private terminal operators.  

 

Thus, apart from exploring the methodological advantages and implications of 

modelling port productivity and efficiency in a multi-output port product 

setting, part of the goals of this research is to find out if the current spate of 

reforms in the port sector has yielded any desired results. Based on the 

empirical analysis, it was found that: there were significant productivity 

changes (or frontier shifts). The significant changes occurred in pre-reform and 

reform eras and have subsequently showed a more pronounced and steady trend 

in the post reform period precisely from years 2009 to 2013. In terms of sources 

of the changes observed, we discover that the productivity changes are 

attributable basically to efficiency change (managerial capacity to optimally 

utilize inputs) and technical efficiency change (evidence of innovation or effects 

of reforms). However, the overall productivity changes came from contributions 
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from ports situated in the Western Nigeria, namely Apapa, Container terminal, 

Tincan and RoRo ports. This result is expected given that these ports which 

constitute sixty three percent (63%) of all examined, are located in Lagos state 

which is home to largest markets in Nigeria. Apart from the market attribute, 

there is also a certain degree of industrial activities in this state and adjourning 

states which are captive to Lagos ports. Therefore, the high volume cargo 

throughputs handled and facilities present would expectedly guarantee 

significant positive productivity changes in these ports.  

 

To assess the factors affecting efficiency of Nigeria ports; four factors were 

tested namely: proximity to market or industrial activities, size of terminal, liner 

shipping connectivity index and type of terminal operator. Expectedly, in the 

efficiency model estimated, proximity to economic activity is statistically 

significant followed by size of terminal and type of terminal operators. Various 

reasons that support these finding have been addressed in the preceding section 

and for sake of brevity need no further elaboration. However, the other factor 

which was not significant statistically needs further discussion. Liner shipping 

connectivity index defines the external operating environment of the ports. It 

captures such attributes as extent of intermodal transport integration, energy 

supply, density of communication lines in port cities (these provisions are likely 

to attract more shipping companies) and draught of approach channel of ports 

etc. It should be noted that Nigeria is yet to have integrated transport system. It 
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is still grappling with challenges in the power sector and port sector community 

as a whole lack adequate internet platforms for seamless exchange of 

communication among port users and operators. Although Nigeria scored an 

average value of 17.18 (LSCI), trailing behind Egypt with LSCI as high as 

50.56, yet the elements of Liner shipping connectivity which attract liner 

operators are not fully developed in Nigeria’s port environment. This may 

explain the observed poor influence of this index on port efficiency model’s 

result.  
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CHAPTER FIVE 

SUMMARY, CONCLUSION AND RECOMMENDATION 

5.1 Summary of Major Findings 

This research modelled infrastructure productivity and efficiency of Nigeria’s 

seaports within the analytical framework of Stochastic Production Frontier 

(SPF). To capture the multi-output characteristics of Nigeria ports, we applied 

the output-oriented distance function proposed by Shepherd (1953). The 

functional chosen for the estimation of the distance function was the Translog 

function which is a flexible specification that overcomes the limitations of the 

Cobb Douglas functional form. Two stage models were implemented in the 

analysis: a Translog output-oriented distance function was initially estimated in 

order to evaluate productivity changes. In the Translog model, productivity 

changes are represented by changes in coefficients of time (year) dummies. 

Thereafter, based on the established assumptions of the composite error term of 

the estimated translog model, we subsequently estimated the efficiency model 

to account for the determinants of efficiency in Nigeria’s seaports.  

 

As part of the objectives of this study, it was necessary to decompose the 

productivity changes observed in the Translog model into sources so that 

specific policy intervention can be directly applied. Based on the above analyses 

carried out, we summarize the major findings as: there were significant 

productivity (technological) changes in the three reform phases examined 
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namely; pre-reform, reform and post reform eras. The changes observed became 

pronounced from the years 2009 to 2013 which fall into the post concession 

reform phase. The sources of these changes are attributable to efficiency change 

and technical efficiency change.It was also found that ports located in the 

Western part of Nigeria experienced pronounced productivity growth than the 

others in the other locations. These ports namely: Apapa, Container terminal, 

Tincan Island and RoRo port however constitute more than fifty percent of all 

examined. Far from being a result of sheer numbers, the observed productivity 

changes reflect effects of attributes such as nearness to market and industrial 

centres which characterise the location of these ports.  

 

Apart from productivity changes and their sources, it was also observed that 

proximity to market or industrial activity, size of terminal and type of 

ownership structure are significant determinants of efficiency of ports. The 

other variable; ‘liner shipping connectivity index (LSCI)’ was not found 

statistically significant. It should be noted that major factors in computation of 

LSCI (by UNCTAD) are the extent of integration of national transport modes 

and communication in port community etc. In Nigeria’s transport environment, 

these conditions are at basic levels hence their effects are minimal. Nigeria even 

though constitutes the largest industrial base and market in Africa, yet trails 

Egypt a relatively smaller country in terms of LSCI scores. The implication is 

that the environment of our ports is not yet optimal and so the non-significant 
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contribution of LSCI to port efficiency is understandable. On assessment of 

relative efficiencies of Nigeria’s ports, it was found that five ports of the ports 

concessioned performed efficiently. Based on table 4.9, the ports are, in order of 

their ranking, Tincan Island (91.2%), Container terminal (90.3%), Apapa 

(84.1%), Onne (83.3%) and RoRo (80.7%). The other ports namely: Calabar, 

Port-Harcourt and Warri performed below expectation. Using turnround time as 

a reflection of capital and labour resources deployed in these ports (see table 

4.10), it is easy to see that the inefficiency observed in these ports is attributable  

to low throughput output per turnround time. This implies that more resources 

were utilised to achieve low cargo throughput in comparison to the efficient 

ports. In quantitative terms according to table 4.10, Calabar, Port-Harcourt 

(PHC) and Warri ports achieved averages less than 200,000, 300,000 and 

500,000 metric tons of cargo per day respectively during the study period.  

 

These values are well below the performance levels recorded in the efficient 

ports. It is important to note that since only Western based ports performed 

efficiently; the relative efficiency gains arising from the concession reforms are 

not geographically distributed. Therefore optimal port user welfare that should 

result from the concession reforms has not been achieved.This conclusion is 

supported by Chikere (2014), who posits that there are complaints about pricing 

and quality of service offered in the ports in the post reform era. 
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On assessment effect of ‘type of ownership’ on port efficiency, we found that 

type of terminal operator affects level of efficiency at the port. This is expected 

given that the global connection of a terminal operator would determine his 

level of access to technical know-how/latest technology and foreign credit. This 

would in turn affect his level of investments in terminal facilities and the extent 

of ‘best managerial practice’ applied in the port. Both foreign and indigenous 

operators participate in the management of Nigeria seaport terminals. But it was 

discovered by the researcher during the field work that the foreign based 

operators invest more in terminal facilities than their local counterparts. This 

finding may mean that the foreigners are more technically disposed to attract 

more patronage and dominate the port terminal sector. Although more empirical 

analysis is needed to support this finding, the local operators should however be 

encouraged to invest more on modern facilities to be able to compete favourably 

with the foreign based terminal operators. This would take care of undesirable 

effect on quality of service and pricing at the ports.  

 

5.2 Conclusion 

Reform efforts have been on going in Nigeria ports since early 1990’s, 

beginning with fully implementation of commercialisation policy in the year 

1991 to outright partial privatisation in 2006. Some level of success has been 

achieved but positive impacts of the reforms are not far reaching. The present 

empirical effort finds that reforms have brought about technological progress 
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attributable to improvements in managerial practice and effective utilisation of 

cargo handling resources. However, only sixty five (65%) of the concessioned 

ports have shown remarkable improvement in efficiency levels and these ports 

are spatially concentrated (only ports based in the West). The implication is that 

welfare gains accruable to port users are not uniformly distributed. Since, 

geographical advantages were found to affect efficiency of Nigeria ports, it may 

be necessary to apply policy interventions aimed at reducing the effect of 

natural barriers which seem to undermine the efficiency of the other ports not so 

geographically favoured. The influence of size may be interpreted by port users 

as assurance of facilities and shipping spaces when they patronise a particular 

port. This factor can be improved by requisite policy interventions. Cargo 

handling facilities are not enough to match the cargo traffic attracted by the 

reforms. The findings suggest that the reforms should be stepped up to improve 

on especially those area discussed above. 

 

5.3 Recommendations 

This research has evaluated the productivity and efficiency in Nigeria’s 

seaports. The spate of reforms in the Nigerian ports has provided the context for 

the study. The findings suggest that significant technical progress has been 

achieved but this is lopsided as ports outside the Western zone have performed 

below expectation during the study period. It was also discovered that the 

number of facilities has started to peak since 2007. However, this is not enough 
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to cope with volume of cargo traffic attracted by the reforms. This development 

is reflected in turnround times at the ports which have tended to remain the 

same as in the pre-reform years. The study also revealed that six (6) out of the 

eight (8) ports examined are populated by foreign based terminal operators 

thereby raising the risk of collusive practices in the ports.  

 

Based on the above major findings, the study thus makes the following 

recommendations: 

(i) That since the significant productivity changes observed in Nigeria’s 

seaports port production frontier was based on contribution from ports based in 

Western part of Nigeria, policy interventions should aim to improve 

productivity in Eastern ports so as to maximise port users welfare gains from 

concession reforms. In practical terms a port regulator should encourage 

competition based on price and service quality attributes to attract more traffic. 

This would ensure efficient utilisation of resources (labour and capital) and 

improved throughput per turnround time.  

 

(ii) In guaranteeing effective utilisation of facilities to improve productivity, 

we should note that the present level of cargo handling facilities at the port is 

not adequate enough to meet cargo handling demand. This can be inferred from 

the discovery that cargo handling plants and equipment have maintained a 

steady decline since 1991 until the year 2007 when it started rising up (albeit 
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marginally). Provision of adequate cargo handling plants at the ports is 

encouraged as this will shore up labour productivity which is at a minimum 

according to findings. 

 

 (iii). That since proximity to market or industrial centres, size of terminal and 

type of terminal operators have been found to significantly affect seaport 

efficiency, port terminal managers should direct efforts at improving  attributes 

other naturally endowed ones. Thus as Notteboom and Rodrigue (2012) put it; 

each terminal facility is mostly independent from the others with competition 

taking place over the fundamental issues of price, reliability and quality of 

service. Each terminal operator possesses a range of physical and intangible 

assets and capabilities.  

 

(iv). That since less thirty seven (37%) of theconcessioned ports (Calabar, Port 

Harcourt and Warri) performed below efficiency levels, therefore efforts should 

be geared toward improving the lot of these ports. Low throughput is at the core 

of non-performance of these ports. Better performance can be achieved by 

attracting more cargo and reducing turnround times in these ports. As 

recommended in the previous, there should be optimal utilisation of the mix of 

labour and capital resources in these ports to achieve high level efficiency. 
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(v). Since type of terminal operators in a port affects port efficiency, closer 

monitoring of the terminal operators should be encouraged to ensure that quality 

services are offered at reasonable costs. Presently, no independent regulator has 

been appointed to monitor the activities of terminal operators at the ports. The 

present situation at the ports leaves room for collusive tendencies among the 

foreign based operators who are disposed to dominate given their expertise and 

level of facilities deployed for port services. To avoid monopolistic tendencies, 

the appointment of independent regulator has become imperative. The 

appointment of Nigeria Shippers’ Council by the Nigeria Government as the 

independent regulator for the ports goes against the norm in global best practice. 

Shippers’ councils were statutorily established to protect shippers. Thus as a 

regulator, they cannot be an unbiased arbitrator in any dispute between terminal 

operators and the port users. Thus for the purposes of this research, an 

independent regulator should be appointed for our ports. 

 

The above recommendations based on the empirical findings highlights the 

imperatives of the concession reform programme. Specific application of policy 

interventions to these issues would maximise the welfare of port users and also 

improve facilitation of Nigeria’s international seaborne trade. The specific 

contributions of this research are: (i) the application of Translog Output-

oriented Distance function model in the investigation of productivity changes 

and determinants of efficiency in ports. This is a major extension of existing 
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work by Trujillo and Gonzalez (2008) which carried out only productivity 

analysis. (ii) Most research on port efficiency did not account for the effect of 

ownership structure where further disaggregation can be found among private 

operators. This research work has filled these gaps and finds that being a foreign 

or indigenous based port operator also affects efficiency of seaports. The basic 

assumption of this study is that all the ports examined have the same production 

frontier and use the same production technology hence a common productivity 

model was estimated and adopted for the hypotheses testing. In practice this 

assumption may not be the case as some port operators may be more efficient in 

utilising inputs and producing outputs than the others; hence this would give 

rise to differences in production technology and frontiers. Thus to extend the 

frontiers of this research, future studies should consider estimating separate 

production frontiers for each port in order to re-examine the respective port 

performance metrics. 
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Appendix 1: QUESTIONNAIRE ON PORT/TERMINAL ACTIVITIES 
PROFILE OF TERMINAL OPERATOR 

Name of Terminal Operator/port …………………………………………………………………………………………. 
Type of Services Offered                                Shipping/Logistics  [      ]             Storage/Warehousing  [          ]   Others  [      ] 

Annual Tonnage Handled                              3,000 [     ]                                              Abv. 3,000 [        ] 
 Designation of the Respondents                  Manager  [        ]             Supervisor [         ]                         Others  [          ] 
 Qualification of the Respondent                    OND    [        ]            B.Sc.   [        ]                M.Sc.  [      ]        Others  [         ] 

Please kindly provide information on cargo throughputs handles in your terminal in the applicable period as well as facilities 
deployed for that purpose as per attached form B1. 

 OPEN ENDED QUESTIONS 

 What in your view are the factors affecting productivity of your operations? …………………………………………………………… 
What factors affect efficiency of terminal operations?……………………………………………………………………………………… 
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What constraints are you facing in investments in terminal facilities ……………………………………………………………………. 

What constraints affect targeted outputs?……………………………………………………………………………………………………..  
What infrastructural challenges affect your operation in the terminals?…………………………………………………………………… 

Use separate sheets to list other challenges your company is facing since port concession started 

B1: STATISTICS ON PORT CARGO HANDLING ACTIVITIES SINCE THE TERMINAL CONCESSIONPOLICY (2006 -2013) 

NAME OF PORT ………………………………………………………………… 

NAME OF TERMINAL ……………………………………………. 

    
CARGO THROUGHPUTS HANDLED 

QUAY 

LENGTH/ 

TERMINAL 

AREA 

QUAY-SIDE 

GANTRY 

YARD 

EQUIPMENT 
No. of 

GANGS 

(Labour 

Utilized) S/NO YEAR 

GEN 

CARGO 

(m/t) 

DRY 

BULK 

(m/t) 

LIQUID 

BULK 

(m/t) 

CONTAINERIZED 

CARGO 

(TEUs) 

BERTHAGE  

(M) 
(HECTARES) (number) 

Reach 

Stackers 

(R.C) 

1 2006                   

2 2007                   

3 2008                   

4 2009                   

5 2010                   

6 2011          

7 2012          

8 2013          

B2: STATISTICS ON PORT CARGO HANDLING ACTIVITIES (1991 – 2005). FILL AS APPLICABLE 

1 1991          

2 1992          

3 1993          

4 1994          

5 1995          

6 1996          

7 1997          

8 1998          

9 1999          

10 2000          

11 2001          

12 2002          

13 2003          

14 2004                   

15 2005                   
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Appendix 2: Distribution of Concessioned Terminals and Their Operators in Nigeria's Ports 

Port Terminal S/NO Company name *Local/Foreign 
Participation 

Lease 
term 

Handover date 

Apapa 

Apapa Terminal A 1 Apapa Bulk Terminal Ltd. L 25 3rd April,2006 

Apapa Terminal B 2 Apapa Bulk Terminal Ltd. L 25 3rd April,2006 

Apapa Terminal C 3 ENL Consortium  L 10 3rd April, 2006 

Apapa Terminal D 4 ENL Consortium  L 10 3rd April, 2006 

Apapa Terminal E 5 Greenview Dev. Nig. Ltd. L 25 3rd April,2006 
Apapa Container 
Terminal 6  APM Terminals Ltd F 25 3rd April, 2006 

ContnrTer
mnl 

Ijora (Lily Pond) Inland 
Container Depot 

7 A.P Moller F 10 3rd April,2006 

Tincan TCIP Terminal A  8 Josephdam Ports Services L 10 10thMay, 2006 
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Ltd 

TCIP Terminal B  9 TinCan Island Container 
Terminal Ltd 

F 15 10th May,2006 

TCIP Terminal C  10 SifaxNig Ltd L 10 10th May,2006 

RoRo TCIP Roro Terminal 11 Comet Consortium F 15 10th May,2006 

Port 
Harcourt 

Port Harcourt Terminal 
A 

12 
Ports & Terminal 
Operators Nig Ltd 

L 15 23rdJune, 2006 

Port Harcourt Terminal 
B 13 BUA International Ltd. L 25 23rd June,2006 

Onne 

Onne FOT A  14 Intels Nigeria Ltd.  F 25 21st June,2006 

Onne FLT A  15 Brawal Oil Services Ltd. L 25 21st June,2006 

Onne FLT B  16 Intels Nigeria Ltd.  F 25 21st June,2006 

Jetty FOT Onne  17 Atlas Cement Co. Ltd.  L 25 21st June,2006 

Calabar 

Calabar New Port 
Terminal A 18 Intels Nigeria Ltd F 25 21st June,2006 

Calabar New Port 
Terminal B 

19 Ecomarine Nig. Ltd L 10 1stAugust,2007 

Calabar Terminal C (Old 
Port) 20 Addax Logistics Nig. Ltd L 25 26th May,2007 

Warri 

Warri Old Port Terminal 
A 21 Intels Nigeria Ltd F 25 3rd June,2006 

Warri Old Port Terminal 
B 

22 
Associated Maritime 
services Ltd 

L 10 12th June,2007 

Warri Old Port Terminal 
C  23 Julius Berger PLc F 25 23rd June,2006 

Warri New A Port  24 Global Infrastructure Ltd L 25 4th May,2007 

Warri New B Port  25 IntelsNig Ltd F 25   

Koko Terminal  26 GulftainerBel Consortium L 10 12th June,2007 

Source: Kruk (2008), *F = Foreign; L = Local 
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Appendix 3 : Distribution of Total Factor Productivity And Sources By Ports   

  PRE-REFORM (CONCESSION) REGIME   

PORTS INDEX 91/92 92/93 93/94 94/95 95/96 96/97 97/98 98/99 99/2000 2000/01 2001/02 2002/03 2003/04 2004/05 AVERAGE 

APAPA 

EFFCH 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 
TECHCH 2.504 1.099 0.744 0.786 1.779 0.244 5.596 1.068 1.002 1.647 1.211 1.143 0.813 1.134 1.484 
TFPCH 2.504 1.099 0.744 0.786 1.779 0.244 5.596 1.068 1.002 1.647 1.211 1.143 0.813 1.134 1.484 

CALABAR 

EFFCH 0.529 5.361 0.513 2.437 0.308 0.966 0.896 0.841 0.784 1.614 0.842 0.655 0.928 1.226 1.279 
TECHCH 1.455 0.650 0.810 0.836 2.066 0.622 3.282 0.835 0.887 1.193 2.196 1.171 0.694 1.007 1.265 
TFPCH 0.769 3.487 0.415 2.036 0.637 0.601 2.940 0.702 0.696 1.926 1.849 0.768 0.644 1.234 1.336 

CONT_TERMNL 

EFFCH 0.367 4.816 0.402 2.486 0.623 1.606 0.220   2.044 0.569 2.720 0.807 0.893 1.996 1.000 1.564 
TECHCH 1.462 0.827 0.445 0.673 2.300 0.158 0.420 1.097 1.157 1.022 1.142 1.099 1.442 0.810 1.004 
TFPCH 0.536 3.985 0.179 1.672 1.432 0.254 2.288 2.242 0.658 2.779 0.923 0.982 2.878 0.810 1.544 

ONNE 

EFFCH 1.000 0.571 1.751 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.023 
TECHCH 0.939 0.492 1.082 1.930 1.011 0.290 8.120 2.201 1.684 0.629 1.482 0.700 0.413 1.266 1.589 
TFPCH 0.939 0.281 1.895 1.930 1.011 0.290 8.120 2.201 1.684 0.629 1.482 0.700 0.413 1.266 1.632 
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Continuation : Distribution of Total Factor Productivity And Sources By Ports   

 PRE-REFORM (CONCESSION) REGIME 

PORTS INDEX 91/92 92/93 93/94 94/95 95/96 96/97 97/98 98/99 99/2000 2000/01 2001/02 2002/03 2003/04 2004/05 AVERAGE 

PHC 

EFFCH 1.000 1.000 1.000 0.758 1.320 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.006 
TECHCH 1.586 0.610 0.647 0.842 2.324 0.334 3.271 0.887 1.105 1.193 1.829 1.005 0.705 0.972 1.236 
TFPCH 1.586 0.610 0.647 0.638 3.067 0.334 3.271 0.887 1.105 1.193 1.829 1.005 0.705 0.972 1.275 

RORO 

EFFCH 0.550 1.672 1.030 2.028 0.310 3.450 0.295 1.282 3.501 0.503 0.940 0.347 0.866 3.168 1.424 
TECHCH 2.047 0.734 0.641 0.826 1.913 0.206 4.713 0.886 1.355 0.777 0.991 1.198 0.871 0.856 1.287 
TFPCH 1.126 1.227 0.660 1.675 0.592 0.710 1.389 1.135 4.744 0.391 0.932 0.415 0.754 2.713 1.319 

TINCAN 

EFFCH 0.789 0.674 1.231 0.983 0.705 1.257 1.511 0.492 1.909 1.236 0.621 0.725 1.303 1.225 1.047 
TECHCH 1.737 0.763 0.656 0.865 1.985 0.376 3.694 0.940 0.864 1.558 1.875 1.055 0.793 1.129 1.306 
TFPCH 1.371 0.514 0.807 0.850 1.400 0.472 5.582 0.462 1.650 1.925 1.164 0.765 1.034 1.383 1.384 

WARRI 

EFFCH 0.632 1.834 0.517 2.614 0.791 0.535 1.303 0.830 1.225 1.198 0.645 1.550 0.665 2.119 1.176 
TECHCH 1.608 0.713 0.764 0.804 2.192 0.288 1.930 0.841 0.892 1.238 2.152 1.190 0.698 1.014 1.166 
TFPCH 1.016 1.307 0.395 2.102 1.733 0.154 2.514 0.698 1.093 1.482 1.388 1.844 0.464 2.149 1.310 
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Continuation : Distribution of Total Factor Productivity And Sources By Ports   

POST REFORM (CONCESSION) REGIME 

PORTS INDEX 2005/06 2006/07 2007/08 2008/09 2009/10 2010/11 2011/12 2012/13 AVERAGE2 

APAPA 

EFFCH 1.0000 1.0000 1.0000 1.0000 0.7930 1.2620 1.0000 0.9360 0.9989 
TECHCH 0.7840 1.6240 1.1630 2.7460 0.4330 1.0580 0.9130 0.9710 1.2115 
TFPCH 0.7840 1.6240 1.1630 2.7460 0.3430 1.3350 0.9130 0.9090 1.2271 

CALABAR 

EFFCH 3.5420 0.6070 1.4440 0.9090 1.0770 1.5240 1.1050 1.0160 1.4030 
TECHCH 0.3080 0.8320 0.9620 1.3880 0.7580 0.9170 0.9770 0.9730 0.8894 
TFPCH 1.0920 0.5060 1.3890 1.2620 0.8160 1.3970 1.0800 0.9890 1.0664 

CONT_TERMNL 

EFFCH 0.6420 0.6720 1.7750 0.5470 0.3360 5.1040 0.5660 0.5110 1.2691 
TECHCH 0.9550 0.9420 1.0600 1.2500 0.8060 0.9590 0.9900 0.9560 0.9898 
TFPCH 0.6130 0.6330 1.8820 0.6840 0.2710 4.8930 0.5600 0.4890 1.2531 

ONNE 

EFFCH 0.2520 0.9190 1.5720 1.0980 2.5020 0.3730 2.6800 0.4690 1.2331 
TECHCH 0.2720 1.1080 1.0330 1.3430 0.5300 0.8300 1.1140 0.8040 0.8793 
TFPCH 0.0690 1.0190 1.6240 1.4740 1.3260 0.3100 2.9850 0.3770 1.1480 

Source: Authors Own Calculation 
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Continuation : Distribution of Total Factor Productivity And Sources By Ports   

 POST REFORM (CONCESSION) REGIME 

PORTS INDEX 2005/06 2006/07 2007/08 2008/09 2009/10 2010/11 2011/12 2012/13 AVERAGE2 

PHC 

EFFCH 1.0000 1.0000 1.0000 0.8910 1.0430 0.9600 0.9820 1.1410 1.0021 
TECHCH 0.5650 0.7580 1.0310 1.2640 0.8000 0.9860 0.9890 0.9030 0.9120 
TFPCH 0.5650 0.7580 1.0310 1.1260 0.8350 0.9460 0.9710 1.0310 0.9079 

RORO 

EFFCH 1.2140 0.8120 1.4530 0.6610 1.2600 0.9500 1.3160 0.9950 1.0826 
TECHCH 0.9870 1.1850 0.9550 1.4030 0.7600 1.0160 0.9760 0.9720 1.0318 
TFPCH 1.1980 0.9620 1.3870 0.9270 0.9580 0.9650 1.2840 0.9670 1.0810 

TINCAN 

EFFCH 1.3920 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0490 
TECHCH 0.5310 1.4040 0.9330 1.7900 0.7270 1.0550 0.8820 1.0240 1.0433 
TFPCH 0.7380 1.4040 0.9330 1.7900 0.7270 1.0550 0.8820 1.0240 1.0691 

WARRI 

EFFCH 1.3390 1.0240 1.2780 1.1670 1.0000 1.0000 1.0000 1.0000 1.1010 
TECHCH 0.3830 0.8040 1.0870 1.7750 1.0450 0.6520 0.9790 0.9020 0.9534 
TFPCH 0.5130 0.8240 1.3890 2.0710 1.0450 0.6520 0.9790 0.9020 1.0469 
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APPENDIX 4: UNFORMATTED OUTPUT: REGRESSION RESULTS 

TRANSLOG DISTANCE FUNCTION MODEL OUTPUT 

 

 

 

 

EFFICIENCY MODEL 

                                                                              
    sigma_v2     .3298556    .043989                      .2436388    .4160724
    sigma_u2     11.20999   20.28509                     -28.54806    50.96804
       gamma     .9714159   .0504448                      .4913024    .9991645
      sigma2     11.53985   20.28439                      .3681154    361.7564
                                                                              
  /ilgtgamma     3.525906   1.816717     1.94   0.052    -.0347939    7.086605
   /lnsigma2     2.445806    1.75777     1.39   0.164    -.9993589    5.890971
        /eta     .0015318   .0066816     0.23   0.819    -.0115639    .0146275
         /mu    -1.622298   9.138807    -0.18   0.859    -19.53403    16.28944
                                                                              
       _cons     1.444464   .5646972     2.56   0.011      .337678     2.55125
 _Iyear_2013      2.43979   .6402634     3.81   0.000     1.184897    3.694683
 _Iyear_2012     2.834293   .6372446     4.45   0.000     1.585316    4.083269
 _Iyear_2011     2.985632   .6386027     4.68   0.000     1.733994     4.23727
 _Iyear_2010      2.45692   .6165385     3.99   0.000     1.248527    3.665313
 _Iyear_2009     2.547833   .6039006     4.22   0.000      1.36421    3.731456
 _Iyear_2008     1.514948   .6021356     2.52   0.012     .3347843    2.695112
 _Iyear_2007     1.785112   .5789633     3.08   0.002     .6503644    2.919859
 _Iyear_2006     1.506734   .5605701     2.69   0.007     .4080372    2.605432
 _Iyear_2005     1.253795   .5761324     2.18   0.030     .1245967    2.382994
 _Iyear_2004     1.564435   .5627721     2.78   0.005     .4614225    2.667448
 _Iyear_2003      1.14799   .5649963     2.03   0.042     .0406171    2.255362
 _Iyear_2002     1.313805    .535266     2.45   0.014     .2647029    2.362907
 _Iyear_2001     .4321783   .5501345     0.79   0.432    -.6460656    1.510422
 _Iyear_2000     1.412741    .476715     2.96   0.003      .478397    2.347085
 _Iyear_1999     1.612173   .4647817     3.47   0.001     .7012171    2.523128
 _Iyear_1998     1.601706   .5036816     3.18   0.001     .6145077    2.588903
 _Iyear_1997    -2.955938   .5344756    -5.53   0.000    -4.003491   -1.908385
 _Iyear_1996     1.201688   .4635387     2.59   0.010     .2931686    2.110207
 _Iyear_1995     .8029914   .4438707     1.81   0.070    -.0669792    1.672962
 _Iyear_1994     .5283608    .508471     1.04   0.299    -.4682241    1.524946
 _Iyear_1993     1.248311   .4643795     2.69   0.007     .3381444    2.158479
 _Iyear_1992     -4.87077   .9384194    -5.19   0.000    -6.710038   -3.031501
        X2Y2    -.1656763   .2247953    -0.74   0.461     -.606267    .2749144
        X1Y2    -.5853378   .1078558    -5.43   0.000    -.7967312   -.3739444
        X1X2      .054611   .3118738     0.18   0.861    -.5566504    .6658724
       X2_sq     .1868713   .3203015     0.58   0.560     -.440908    .8146507
       X1_sq    -.4073715   .1664085    -2.45   0.014    -.7335262   -.0812167
          X2     .1388562   .1867934     0.74   0.457    -.2272521    .5049645
          X1    -.3540931   .1558005    -2.27   0.023    -.6594565   -.0487298
       Y2_sq    -2.065921   .1665431   -12.40   0.000    -2.392339   -1.739502
          Y2    -.8166444   .1213066    -6.73   0.000    -1.054401   -.5788879
                                                                              
          Y1        Coef.   Std. Err.      z    P>|z|     [95% Conf. Interval]
                                                                              

Log likelihood  = -124.18671                    Prob > chi2        =    0.0000
                                                Wald chi2(31)      =   1205.01

                                                               max =        21
                                                               avg =      13.4
Time variable: year                             Obs per group: min =         3

Group variable: port                            Number of groups   =         9
Time-varying decay inefficiency model           Number of obs      =       121
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file C:\Program Files\Stata13\Data\my data\comphrensive data set7.dta saved
. save "C:\Program Files\Stata13\Data\my data\comphrensive data set7.dta", replace

                                                                              
       _cons    -3.254311   .3781854    -8.61   0.000    -4.003424   -2.505199
      local     -.9577557   .1684446    -5.69   0.000    -1.291412   -.6240994
    operator  
              
      lnlsci    -.0324074   .1614221    -0.20   0.841    -.3521535    .2873387
>1.5ml tons      .6753618   .2253328     3.00   0.003     .2290209    1.121703
        size  
              
 1.proximity      2.52919   .2074284    12.19   0.000     2.118315    2.940066
                                                                              
lnefficiency        Coef.   Std. Err.      t    P>|t|     [95% Conf. Interval]
                                                                              

       Total    382.776968   119  3.21661317           Root MSE      =  .74538
                                                       Adj R-squared =  0.8273
    Residual    63.8931174   115  .555592325           R-squared     =  0.8331
       Model     318.88385     4  79.7209626           Prob > F      =  0.0000
                                                       F(  4,   115) =  143.49
      Source         SS       df       MS              Number of obs =     120

. reg lnefficiency i.proximity i.size lnlsci i.operator


