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Abstract 

This report presents the systemic model and the performance measure for the seismic 
assessment of port facilities. A description of the system and its main functions along with 
the description of system taxonomy are made. The response of the port system is a function 
of the response of the components. Methods to evaluate the system seismic performance 
are reviewed and commented. Available performance indicators (measurements) for the 
single components and for the port facility system as a whole are reported. The main 
performance indicators to be used in SYNER-G within the framework of the general 
methodology for the systemic vulnerability evaluation and the developed software are 
identified. A short introduction on system performance indicators is followed by a literature 
review on the available port performance measurements and simulations. The summary of 
the available indicators is given in a tabulated format. Finally, key Port Performance 
Indicators (PPIs) are identified and commented. 
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1 INTRODUCTION 

Port transportation systems are vital lifelines whose primary function is to transport cargos 
and people. They contain a wide variety of facilities for passenger operations and transport, 
cargo handling and storage, rail and road transport of facility users and cargoes, 
communication, guidance, maintenance, administration, utilities, and various supporting 
operations.  Ports offer wide-open areas that can be used for emergency or refuge activities 
after a damaging earthquake. Moreover, ports can play an important role during the recovery 
period, as they can contribute to the reconstruction assistance and the transportation of 
goods for homeless citizens.   

In view of the importance of ports in today’s society, it is clear that the extended loss of 
function of major ports for any reason could have major regional, national, and even world-
wide economic impacts. Experience has shown that one source of such losses of function 
has been major earthquakes. For example, the Hyogoken Nanbu (Japan) Earthquake of 
January 17, 1995 has resulted in extended closure of the Port of Kobe (the sixth largest 
container port in the world) and repair costs to that port have been estimated to be on the 
order of $5.5 billion (Werner 1998). Indirect losses due to this significant port damage were 
estimated at about $6 billion during only the first year after the earthquake (1995). When 
indirect loss data during ensuing years after the earthquakes are compiled, it is expected 
that they will add substantially to the losses incurred during 1995. 

Ports’ functionality is determined based in their capacity to provide service activities, in 
particular for vessels, cargo and inland transport. As such, it is possible that a port may 
provide sound service to vessel operators on the one hand and unsatisfactory service to 
cargo or inland transport operators on the other. Therefore, port performance cannot 
normally be assessed on the basis of a single value or measure. On the other hand, they 
comprise complex systems consisting of several lifelines and infrastructures, which interact 
with each other and with the urban fabric. For the assessment of the complex system 
performance, contributions of all components, and their interactions, have to be 
appropriately accounted for. 

In the followings, the description of the port system taxonomy is provided. Methods to 
evaluate the system seismic performance are described and commented. Available 
performance indicators (measurements) for the single components and for the port facility 
system as a whole are reported and the main performance indicators to be used in SYNER-
G within the framework of the general methodology for the systemic vulnerability evaluation 
and the developed software are identified. A short introduction on system performance 
indicators is followed by a literature review on the available port performance measurements 
and simulations. The summary of the available indicators is given in a tabulated format. 
Finally, key Port Performance Indicators (PPIs) are identified and commented. 
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2 DESCRIPTION OF SYSTEM TAXONOMY 

The following elements of port system will be considered in SYNER-G (Fig. 2.1):  

o Waterfront structures 

o Cargo handling and storage components 

o Infrastructures  

− Buildings (sheds and warehouses, office buildings, maintenance buildings, 
passenger terminals, traffic control buildings); 

− Utility systems (electric power system, water system, waste-water system, 
natural gas system, liquid fuel system, communications system, fire-fighting 
system); 

− Transportation infrastructures (roadway system, railway system, bridges).   

 
 

Fig. 2.1  Breakdown of port system components 
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2.1 WATERFRONT COMPONENTS 

Port waterfront structures are quite broad and varied, and include a range of retaining 
structures/dikes (e.g. at wharves, embankment, breakwaters, and dredged shipping lanes 
and waterway) and berthing structures. 

o Gravity retaining structures along the waterfront (quay walls/piers): concrete block 
walls, massive walls, concrete caissons, cantilever structures, cellular sheet pile 
structures, steel plate cylindrical caissons or crib-work quay walls. Founded on 
rubble and soil or rock. 

o Sheet pile wharves with auxiliary structures for anchoring or sheet pile with 
platform (horizontal pile-supported slab). Sheet pile, pile, fill-soil foundation. 

o Piers usually of deck slabs supported on pile caps and piles from wood, steel or 
concrete (with or without batter piles). Structures on columns with auxiliary 
structures for horizontal force absorption. 

o Mooring and breasting dolphins. Monolithic gravity structures, founded on rubble 
and soil or rock or piles, or pile structures. 

o Breakwaters: gravity structure, piled structure, or rubble mound. 

 

2.2 EARTHEN EMBANKMENTS 

They include hydraulic fills and native soil materials. Embankments could be native soils, 
rock and sand dike with backland fills, bulkheads and sea walls and breakwaters.  

2.3 CARGO HANDLING AND STORAGE COMPONENTS 

Cranes and cargo handling equipment are large equipment items used to load and unload 
freight from vessels.  

o Cranes (rail, tire and track mounted gantry and revolver cranes, mobile cranes 
and crane foundations and power supply systems). 

o Tanks (anchored and unanchored, above grade and partially buried, tank 
foundations and containment berms). 

o Other cargo handling and storage components (cargo) [port equipment 
(stationary or mounted on rails) and structural systems used for material handling 
and transport (cranes, conveyors, transfer towers and stacker/reclaimer 
equipment), tunnels and pipelines, and temporary transitional storage and 
containment components]. 
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2.4 BUILDINGS 

Buildings at port may be the following:  

o Sheds and warehouses (large, open, frame-type structures with long-span roof 
systems, usually braced in one or two directions. Walls of concrete, masonry or 
medal siding.) 

o Office buildings (single or multi-storey steel, timber, concrete or masonry 
construction). 

o Maintenance buildings (similar to shed and ware-house structures). 

o Passenger terminals (usually long span structures from concrete, masonry, steel 
or wood.). 

o Control and clock towers (tall, narrow tower-type structures, usually steel-framed 
with exterior masonry or other cladding). 

Older unreinforced masonry and non-ductile concrete frame structures, prior to seismic 
codes, often exist in port facilities and have been used for warehouse, office, maintenance, 
and passenger terminals buildings. 

They house various functions:  

o Administration,  

o Security,  

o Maintenance,  

o Engineering,  

o Storage,  

o Passenger terminal,  

o Other facilities. 

2.5 PORT INFRASTRUCTURES 

All utility systems and transportation infrastructures are commonly present within a port 
facility: 

o Electric power system. Electric power is necessary for the operation of cranes, 
pumps, area lighting, office equipment and buildings, and as an auxiliary supply 
to operate electrical equipment on board the ships. In addition, emergency back-
up power is required in case of commercial power loss. 

o Water system. A potable water supply is necessary at ports for drinking, food 
preparation, and sanitation, and to provide an auxiliary potable supply to the 
ships. Water (which may be non-potable) is also required for cooling equipment. 
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o Waste-water system. Waste disposal is required for sanitary purposes for the 
port’s landslide and ship operations. Adequate drainage of the site is vital to keel 
the area clear for operations. 

o Natural gas system. Natural gas is used for heating in offices and for food 
preparation. 

o Liquid fuel system. Liquid fuels are used to operate the port’s fixed and mobile 
internal combustion engine-driven equipment and emergency generators, and to 
fuel ships. Liquid fuel system consists of fuel storage tanks, buildings, pump 
equipment, piping, and, sometimes, backup power.  

o Communications system. Telephone and radio communication facilities are 
essential to the port’s normal business operations, communication between 
landslide operations and ships, and emergency response and recovery.  

o Fire-fighting system. Fire suppression at wharves, warehouses, buildings and on 
ships. 

o Roadway system. Roadway access links are commonly required at port facilities 
to transfer of waterborne cargo and people to and from their landslide origins and 
destinations. Roadway components include roadbed embankments, walls, signs, 
lights, pavements, base and sub-base, bridges and tunnels. Tunnels may be lined 
or unlined, through alluvium or rock, at any depth below ground surface. 

o Railway system. Railway access links are commonly required at port facilities to 
transfer of waterborne cargo and people to and from their landslide origins and 
destinations, although not all ports have rail access. Railway components include 
roadbed embankments, walls, ties, rails ballast and switches. 

o Bridges. Bridges are a common element of roadway and rail access systems at 
ports. Offshore port facilities, as well as many inland-waterway piers, wharves 
and docks, require access bridges that often span across bodies or water. 

 

3 PERFORMANCE INDICATORS OF SYSTEM 
COMPONENTS 

In view of the complex structure and functional requirements of port systems, the 
performance of port facilities is mainly assessed at system level. For certain individual port 
components, single performance indicators are proposed, which can be summarized as 
following: 

Waterfront structures (quay walls): 

o ratio of length functioning; 

o available docking length per ship category; 

o residual displacement and tilting; 

o differential settlement on apron and between apron and non-apron areas.  
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Cargo handling equipment (cranes): 

o differential displacement of parallel track (derailment, misalignment or toppling); 

o peak response of structural members and equipment. 

4 METHODS TO EVALUATE SYSTEM 
PERFORMANCE 

4.1 REVIEW OF AVAILABLE LITERATURE ON METHODS TO EVALUATE 
PORT SYSTEM SEISMIC PERFORMANCE 

Current engineering practice for seismic risk reduction for port facilities is typically based on 
design or retrofit criteria for individual physical components (e.g., wharf structures) 
expressed as prescribed levels of displacement, strain, etc. However, the resilience and 
continuity of shipping operations at a port after an earthquake depends not only on the 
performance of these individual components, but on their locations, redundancy, and 
physical and operational connectivity as well; that is, on the port system as a whole. 

Several researchers have studied the seismic performance of the network systems such as 
highway, power supply, and water distribution network, as described in the respective 
sections of the present report. However, the available approaches for the seismic 
performance of port system are limited. In almost all past studies the evaluation of the post-
earthquake performance of the lifeline system is based on the simulation of the damage 
states of each component under given scenario earthquakes; it is hence a typical seismic 
risk assessment (SRA) methodology. They do not consider how damage and downtime of 
these structures might disrupt the overall port system’s ship handling operations and the 
regional, national, and even international economic impacts that could result from extended 
earthquake-induced disruption of a major port. They basically remain at the estimation of 
direct physical losses (structural damage and replacement and repair costs) (NIBS 2004). In 
few cases direct (economic loss to direct physical damage, such as business interruption 
and income loss) (Pachakis and Kiremidjian 2003, 2004, Na et al. 2007, 2008) and indirect 
(economic impact that is driven by the damages in other sectors led by an earthquake) (Rix 
et al. 2009) economic losses are assessed, while in general the interaction effects and the 
integrated response of the port system are not taken into consideration.  

One of the most well-known and widely used risk assessment methodologies for analyzing 
potential losses from earthquakes (as well as other natural hazards such as floods and 
hurricane), including also the assessment of seismic risk for port facilities, is the one 
developed by FEMA (Federal Emergency Management Agency) and incorporated in the 
HAZUS software (NIBS 2004). It couples scientific and engineering knowledge with 
geographic information systems (GIS) technology to produce estimates of hazard-related 
damage before, or after, a disaster occurs. However, this methodology has been developed 
for application in the United States and its application in Europe may not be always 
appropriate given the specific feature of European elements at risk.  
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Seismic risk reduction decisions for a port depend on the particular operational, economic, 
and political framework within which the port operates. Werner et al. (1999) proposed a 
design method for the reduction of seismic risk in port systems, which is based on the 
concept of “acceptable seismic risk” for evaluating these various factors and deciding upon 
the final design approach. Different seismic scenarios are considered and Monte Carlo 
simulation is used, for the development of a probabilistic tool to assess the incurred 
uncertainties in different parameters involved in the evaluation procedure. 

Few years later Pachakis and Kiremidjian (2003, 2004) proposed a methodology to simulate 
the seismic response, planning and risk management of port facilities. A model for 
estimating physical losses is developed and a simulation model for evaluating revenue 
losses from wharf closure until complete restoration is described. The methodology has 
been based on a set of data from a US port. The losses are classified in two categories: 
losses due to physical damage of port facilities (direct losses) and revenue losses due to 
reduction or loss of functionality for the time seismic damages are being repaired (indirect 
losses). The methodology is conditioned on specific seismic scenario events with known 
anticipated characteristics. For the estimation of revenue losses, two necessary interrelated 
components are needed: a methodology to predict the damage state of the port facilities 
after a seismic event (vulnerability model) and a methodology to relate the damage state 
with the monetary loss. The current methodology is based on the use of existing fragility 
curves proposed in HAZUS (NIBS 2004). 

The analysis of seismic risks to the entire system of wharf structures at the Port of Oakland 
was performed by Werner and Taylor (2004), in order to assess the effectiveness of various 
seismic upgrade options in reducing potential economic losses from interruption of shipping 
operations and damage repair costs (which are typically much lower than losses due to 
shipping interruptions). The methodology is based on the development of deterministic or 
probabilistic estimates of economic losses. Due to the various levels of uncertainties in 
earthquake occurrences and in the estimation of seismic hazards and components’ 
vulnerabilities, the results of the proposed methods may present important differences.  

One of the most recent studies is the one developed by Na et al. (2007, 2008) and Na and 
Shinozuka (2009) aiming at the estimation of earthquake effects on the performance of the 
operation system of a container terminal in a seaport. In particular, the methodology focuses 
on direct economic loss (revenue loss) of port operators, resulted from the reduced 
throughput associated with downtime. To evaluate the economic loss of damaged system, 
an analytical framework is developed by integrating simulation models for terminal operation 
and fragility curves of port components in the context of seismic risk analysis. The 
computerized simulation model is verified with actual terminal operation data obtained from 
15 different container terminals. The functionality of port components is assessed using 
fragility functions proposed by the authors (for quay wall structures) incorporating 
uncertainties associated with a scenario earthquake. Quay walls and container gantry 
cranes are considered as the main components to represent the terminal operation system 
after an earthquake, without taking into consideration functional and physical 
interdependencies between port facilities. The economic losses are described in terms of the 
reduced container throughput and increased ship waiting time. Based on the analytical 
procedure to assess the seismic performance of the terminal system, fragility curves are also 
produced through Monte Carlo simulations. This approach can be used not only for 
estimating the seismically induced revenue loss but also serve as a decision-making tool to 
select specific seismic retrofit techniques on the basis of benefit–cost analysis.  
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A model to assess the seismic vulnerability of the port facility in the form of fragility curves, 
considering the associated uncertainties, has been developed by Shinozuka (2009). These 
fragility curves are derived from the seismic response analysis of wharf structures as a 
function of PGA, or any alternative measure of the base- rock ground motion intensity; 
different levels of damage and corresponding performance levels of the wharf allowing the 
ships to dock have been proposed. The seismic response analysis is performed through a 
Monte Carlo simulation of the facility response, and the response analysis is repeatedly 
carried out for each of a large number of probabilistic scenario earthquakes, consistent with 
the regional seismic hazard. The global fragility curves can be used to make probabilistic 
prediction of the expected damage states and associated direct losses of the port facilities 
under the seismic hazard in the form of a risk curve. The proposed methodology has been 
applied in the Port of Kobe. 

Rix et al. (2009) describe an ongoing research project for the seismic risk management and 
downtime of port systems. A probabilistic risk analysis framework is proposed through Monte 
Carlo analysis to estimate the system-wide economic consequences of a particular seismic 
risk management option. The port system fragility is expressed as business interruption 
losses due to reduced container throughput and ship delays or re-routing. In particular, the 
basic concepts and developed methods to address the analysis of seismic risks to a port-
wide system of berths (with their particular wharf and crane structures) are presented. The 
way in which the results can guide port decision makers in making a better selection of 
design, retrofit, operational, and other seismic risk management options is also discussed. 
The framework is based on previous work to assess wharf seismic design criteria and 
upgrade strategies for major projects at the Ports of Los Angeles and Oakland (Taylor and 
Werner 1995, Werner 1998, Werner and Taylor 2004, Werner et al. 2002, Werner et al. 
1999). Again, as in previous models, the port system is described only by its waterfront 
structures, and not by the whole system of components and facilities affecting the port 
functionality after the occurrence of an earthquake event. 

4.2 SYSTEM PERFORMANCE INDICATORS 

In general, the measures used to assess the performance of any system are defined based 
on the following criteria:  

• Inventory Functions – physical characteristics, numbers of facilities, labor, 
equipment. 

• Engineering – structural integrity, deterioration. 

• Operational Reliability – delay, closures. 

• Economical and Financial – Cost/Benefit Analysis, capital and financial resources. 

• Demand - Traffic volumes and flows. 

• Safety and Security. 

Ports are essentially providers of service activities, in particular for vessels, cargo and inland 
transport. As such, it is possible that a port may provide sound service to vessel operators 
on the one hand and unsatisfactory service to cargo or inland transport operators on the 
other. Therefore, port performance cannot normally be assessed on the basis of a single 
value or measure. 
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4.3 REVIEW OF AVAILABLE LITERATURE ON PORT PERFORMANCE 
INDICATORS 

4.3.1 Classification of performance measurements 

Measurement of port performance has been focused on port activity related performance, 
productivity and efficiency indicators. Several Port Performance Indicators (PPIs) can be 
deducted from different port authorities’ reports. United Nations Conference on Trade and 
Development, in a classic monograph on port performance indicators (UNCTAD, 1976) 
discusses different port performance indicators, classified as financial and operational. 
UNCTAD (UNCTAD, 1999) suggests two categories of port performance indicators: macro 
performance indicators quantifying aggregate port impacts on economic activity, and micro 
performance indicators evaluating input/output ratio measurements of port operations. 

Ducruet et al. (2007) argue that in advanced economies, the average wage level is a better 
indicator of the role of ports in realizing economic wealth in a given area. Different types of 
indicators are throughput(s) (ports as transshipment nodes), value added (expenses on 
labor depreciation and profit), employment (port as clusters of economic activities) and 
others (port connexity index, intermodalism from infrastructure benchmark or employment, 
position among a port range, such as market share by port / shipping line, port-urban relative 
concentration index, gradients of centrality / intermediacy, types of transport chain 
integration, regulations, such as environmental issues, port governance, port attractivity for 
firms, specializations, urban radiance, continental accessibility, unemployment rate, 
redevelopment dynamics at the port-city interface, image marketing and communication). 
Most indicators of port performance are based on a volume, of goods, value added or 
employment.  

According to Trujillo and Nombela (1999), the various ways of measuring port efficiency or 
productivity, are reducible to three broad categories: physical indicators, factor productivity 
indicators, and economic and financial indicators. Physical indicators generally refer to time 
measures and are mainly concerned with the ship; sometimes, co-ordination with land 
modes of transport is measured. Factor productivity indicators also tend to focus on the 
maritime side of the port. Economic and financial indicators are usually related to the sea 
access. Port impacts on the economy are sometimes measured to assess the economic and 
social impacts of a seaport on its respective hinterland or foreland.  

Peter and Paixão Casaca (2003) suggest a set of new port performance indicators that 
measure lean port performance and sustain the subsequent development of agile ports. Two 
different levels of port performance are identified: the external (relative to the process as a 
whole with performance measures reflecting a customer perspective, and therefore being an 
organisational performance measure) and the internal (which reflects a more functional and 
individual approach and relates to each node and link performance measurement that 
constitute sub-processes of the whole process and whose performance is critical to the 
success of the whole process). 

De Langen et al. (2007) present a number of potential Port Performance Indicators (PPIs). 
These PPIs are related to three “port products” (e.g. the cargo transfer product, the logistics 
product and the port manufacturing product). They also make a distinction between three 
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types of performance indicators: output indicators, upgrading indicators and license to 
operate indicators. According to De Langen et al. (2007), specific PPIs for the three port 
products are better than PPIs for the port as a whole, because of the large differences 
between these port products. They propose new PPIs for the three port products and for the 
port as a whole, based on a review of the available performance indicators used for airports, 
clusters, industrial parks and regions. 

For large port systems worldwide, container movement is identified as the major source of 
income and container traffic has registered an exponential growth over the last few years. 
International container terminals have identified economic, technical, operating and 
marketable indicators which essentially provide a picture of container terminal operations 
enabling operators to monitor the most important results and evaluate their significance. 
Operator performance comprises not only the number of containers handled per hour (the 
main port efficiency indicator), but also a number of other significant variables, such as 
temporal variables, spatial variables, objective performance variables and operating 
variables. Common productivity measures of container terminals (for different elements of 
the terminal as well as aggregated measures) have been proposed by Le-Griffin and Murphy 
(2006). 

4.3.2 Port performance simulations 

Traditional approaches to port performance consider the port as an industry which, like any 
other industry, measures its performance, mainly based on efficiency analysis. The basic 
concept of efficiency measurement is the ratio of total outputs to total inputs. Such 
measurement has been focused on port productivity indicators, even though logistics 
performance can be compared against other classes of performance measures, namely, 
cost, customer service, asset management and quality and productivity indicators. Efficiency 
analysis of sea-ports embraces three scientific quantitative methods, namely, ratio analysis 
(Song and Cullinane, 2001), the econometric frontier (Liu, 1995; Coto Milan et al., 2000; 
Estache et al., 2001; Cullinane et al., 2002; Cullinane and Song, 2003) and the Data 
Envelopment Analysis DEA (Roll and Hayuth, 1993; Martinez-Budria et al., 1999; Tongzon, 
2001; Valentine and Gray, 2001; Barros, 2003a; Barros, 2003b; Barros & Athanassiou, 
2004; Cullinane et al., 2005; Al-Eraqi et al., 2008; Azevedo et al., 2009). Free Disposal Hull 
(FDH) is another alternative technique (categorised as mathematical programming) for 
estimating an approximation to the efficient frontier. Some approaches look at ports as 
business organizations with performance measurement based on profits. 

On the other hand, many simulation models of port operations, especially container port 
operations, have been developed (McLean and Biles, 2008; Song et al., 2005; Van 
Rensburg et al., 2005; Bush et al., 2003; Goldsman et al., 2002; Shabayek and Yeung, 
2002; Nam et al., 2002; Legato and Mazza, 2001; Tahar and Hussain, 2000; Bendall and 
Stent, 1999; Ramani, 1996; Lai et al., 1995; Lawrence, 1973). Port studies employ different 
methods like genetic algorithms and simulation, queuing theory, cost and logistics models. 
Using several input data, they try to simulate the performance of port systems, by quantifying 
parameters indicative of the physical operations, the port productivity, as well as economic 
and financial characteristics. The performance measures provided as the models’ outputs 
can be classified as operational, logistics/ financial, productivity, efficiency, utilization and 
other indicators.  
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Finally, the effect of an earthquake event on port operations has been addressed only by two 
recent studies. Na and Shinozuka (2009) provided a methodology for estimating the effects 
of the earthquake on the performance of the operation system of a container terminal in 
seaports. To evaluate the economic loss of damaged system, an analytical framework was 
developed by integrating simulation models for terminal operation and fragility curves of port 
components in the context of seismic risk analysis. For this purpose, a computerized 
simulation model has been developed and verified with actual terminal operation records. 
Based on the analytical procedure to assess the seismic performance of the terminal, 
system fragility curves have also been developed. Pachakis and Kiremidjian (2004) 
presented a methodology to assess probabilistically the operational losses in multi-terminal 
container ports after scenario earthquakes via simulation. For this purpose, a port operations 
simulation model was developed and applied to various single and multi-terminal examples. 

4.4 SUMMARY OF PORT PERFORMANCE INDICATORS (PPIS)  

Table 4.1 gives the summary of the proposed Port Performance Indicators (PPIs).  

More generally, container throughput is unquestionably the most important and widely 
accepted indicator of port or terminal output (in general throughput volume). Almost all 
previous studies treat it as an output variable because it closely relates to the need for 
cargo-related facilities and services and is the primary basis upon which container ports are 
compared, especially in assessing their relative size, investment magnitude or activity levels. 
Most importantly, it also forms the basis for the revenue generation of a container port or 
terminal. Data regarding cargo volumes can easily be found. On the other hand, there are 
some limitations of throughput as PPI: a differentiation should be made between different 
commodities, in case of ports where not only container movements are examined. Moreover, 
throughput volumes do not tell much about the economic impact of a port, since growth of 
throughput volumes is mainly explained by international trade flows, and not by the 
performance of a port. 

Average ship turn-round time is commonly reported by Port Authorities. Ship turnaround 
times provide an indication of how quickly ships enter, unload, load and depart from a port. 
The indicator therefore captures the collective performance of a wide range of port service 
providers, which usually include port authorities. However, comparisons between ports are 
precluded since each port uses a different set of parameters to measure turnaround time. 
Ship turn-round time is identified by Chung (1993) as primary measure of vessel 
performance, along with the tonnage handled per ship day in port. Productivity in ports is 
generally measured in terms of the tonnage of cargo handled per unit of work station per 
hour, while assessing port's performance from the point of view of the exporter/importer, the 
dwell time of cargo in port is of interest. Performance in asset utilization is measured in 
relation to the tonnage of ships calling at a port and/or the tonnage of cargo handled. 
Financial performance indicators are also characterised as key measures.  

Nam et al. (2002) identifies as key performance measures the average port time, average 
berth time, average berth occupancy ratio, average waiting time, and average number of 
container cranes per vessel. 

According to Peter and Paixão Casaca (2003), effectiveness can be determined holistically 
and the indicator that can best measure effectiveness is the overall time that cargo is in port. 
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Another PPI, that is used in a number of ports is the value added generated in seaports. This 
PPI is relevant for assessing the economic importance of the port but does not say anything 
about the efficiency of the port. 

The increasing integration of ports in logistics chains has also led to attention for PPIs to 
assess this integration (Bichou and Richard 2004). These PPIs are specifically focused on 
supply chain integration. 

Finally, based on Transportation Research Board (TRB Reports), in order to assess the 
performance of a port system, the ideal database should include the following parameters: 

 Time (date) associated with the shipment movement itself. 

 Mode (truck, rail, water) and submode. 

 Product origin and destination, including international shipments. 

 Facility or equipment interchanges, including intermodalism. 

 Type of equipment used to move the product. 

 Product weight, density (measured in pounds per cubic foot) and value. 

 Shipment size. 

 Route used for domestic shipments. For international trade, the inland movement 
to\from a port, airport or gateway and the movement to/from foreign markets. 

 Shipper and receiver relationship (contractual). 

 Transportation rates, fees, and costs. 

 Time sensitivity (just in time, JIT) or perishablity of the product. 

 Equipment movements, including repositioning empties and backhauls. 

 Other products moving on the same piece of equipment (multiple products from 
either the same or different shippers). 

 The economic multipliers associated with the shipment (tied to other modeling 
efforts). 

 Cargo ownership, including the names and addresses of the shipper, receiver, and 
carriage provider. 

 Tax and fuel payments tied to shipment. 

 The relationship between goods movement to the local economy and jobs. 

 Timely data collection and reporting of the shipment event to others (the information 
is reported fairly quickly after the shipment occurred). 

 Identifying the actual product that was shipped. 

And the following Performance Measures are needed: 

 Average ship turn-round time. 

 Average tonnage per vessel day.     

 Average vessel time at berth.       

 Average vessel time outside.        
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 Average waiting (idle) time. 

 Average Waiting Rate.        

 Tons per gang hour.                 

 TEUs per crane (hook).  

 Dwell time.                         

 Berth throughput.                  

 Throughput per linear meter.        

 Berth occupancy rate (%).  

 Berth utilization rate (%).  

 Income (expenditure) per GRT (or NRT) of shipping.                                                         

 Operating surplus per ton of cargo handled. 

 Rate of return on turnover.  

 

Port throughput (with appropriate differentiations according to port commodities) is 
intrinsically the main indicator that should be at least used for the assessment of port 
performance within SYNER-G. Based on data availability and the final outcome of the 
methodological specificities that will be defined in WP5 (D5.6: Systemic vulnerability and 
loss for harbors), alternative and/or supplementary indicators could be used, like ship turn-
round time, average tonnage per vessel day, average berth time, average vessel time 
outside, average berth occupancy ratio, average waiting time, average number of container 
cranes per vessel, throughput per linear meter etc.  
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Table 4.1  Summary of Port Performance Indicators (PPIs) 

 Indicator Type Description Reference 

1 
Aggregate port 
output 

Efficiency 
parameter 

- Includes total goods moved in the port in thousands 
tonnes, the passenger embarked and disembarked and 
the number of vehicles with passengers 

Coto Milan et al. (2000)  
McLean and Biles (2008) 
 

2 

Cargo Throughput  
(Throughput 
volume, Volume of 
merchandise 
handled) 

Port Performance 
Indicator 
Efficiency 
parameter 
Cargo transfer 
product – output 
indicator 
Ship processing 
measure 
 

- Tones that is transferred per unit of time 
(year/month/day) 
- Movement of general cargo dry and liquids and 
containers) load/unload (Tons) 
- Total cargo handled (dry and liquid cargo, unloaded and 
loaded) 
- Gross tonnage, break-bulk cargo, solid bulk, liquid bulk, 
Ro-Ro traffic, dry bulk 

Al-Eraqi et al. (2008) 
Roll and Hayuth (1993) 
Tongzon (2001) 
Valentine and Gray (2001) 
Estache et al (2001) 
Barros & Athanassiou (2004) 
Barros (2003a) 
Barros (2003b) 
Port authorities Annual Reports 
De Langen et al. (2007) 
Lawrence (1973) 

3 

Container 
throughput 
(Total delivery, 
Throughput – TEU) 

Efficiency 
parameter 
Ship processing 
measure 

- Number of container movements across the quayside or, 
alternatively, in terms of the monetary value of these 
movements as indicated by the revenue associated with 
this operation 
- Total containers handled (loaded and unloaded) 
- Containerised freight, cargo 
- Number of containers handled per hour 
- Annual container throughput in TEUs / Number of TEUs 
carried within the period (average number of voyages per 
year) 
- Total Delivery is measured monthly, quarterly and yearly 
in terms of number of containers moved. This parameter is 
measured in twenty-foot equivalent units (TEUs) for both 
20-foot containers and 40-foot containers. 
 - Ports’ total throughput (total number of container-liftings) 

Cullinane et al. (2005) 
Valentine and Gray (2001) 
Barros & Athanassiou (2004) 
Barros (2003b) 
Cullinane et al (2002) 
Azevedo et al. (2009) 
Lawrence (1973) 
Zaid and Shah (2007) 
Na and Shinozuka (2009) 
McLean and Biles (2008) 
Song et al. (2005) 
Bendall and Stent (1999)  
Legato and Mazza (2001) 
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 Indicator Type Description Reference 

4 

Throughput per 
square meter 

New PPI for the 
cargo transfer 
product – 
upgrading indicator

 De Langen et al. (2007)  

5 Average weekly 
demand (TEU’s)  

Operational 
Indicator 

 Pachakis and Kiremidjian 
(2004) 

6 Weekly capacity 
(TEU’s) 

Operational 
Indicator 

 Pachakis and Kiremidjian 
(2004) 

7 Demand / Capacity Operational 
Indicator 

 Pachakis and Kiremidjian 
(2004) 

8 Total unassigned 
volume 

General model 
behavior 

 Song et al. (2005) 

9 

Throughput per ship 
day for Container 
(Boxes, nos.) 
(Average container 
throughput per 
vessel) 

Operational 
Indicator 

- Average container throughput per vessel served by each 
operator within the study period: 

- No. of vessels going to each operator in each month 
- No. of container throughputs (in thousand TEU) 
handled by each operator in each month 

- Average container throughput (TEU) per vessel handled 
by each operator in each month 
- Ship through-put (number of export and import 
containers for each berth) 

Port authorities Annual Reports 
Ramani (1996) 
Shabayek and Yeung (2002) 
Tahar and Hussain (2000) 

10 

Throughput per ship 
day (Average 
tonnage per vessel 
day) for General 
(Conventional) 
Cargo (Tons, m.ton) 
(Average tonnage 
per vessel day 
(hour)) 

Operational 
Indicator 
Efficiency 
parameter 
Measure of vessel 
performance 
 

- The average output of a ship at a berth per day 
measured in tonnes of cargo  
Can be estimated for each one of the following: Dry bulk 
(Mech., Conv.), Liquid bulk,  Break bulk 
- Tonnage handled per day or hour that the vessel is in 
port. The average tonnage handled per ship day or ship 
hour would be obtained by dividing the total tonnage of 
cargo that is loaded and discharged by the total number of 
hours that all vessels spend in port. 
- Total tonnage of cargo handled divided by Total no. of 
vessel days (hours) 

Port authorities Annual Reports 
Indian Ports Association (2009-
2010) 
UNCTAD (1976) 
Chung (1993)  
Ramani (1996) 
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 Indicator Type Description Reference 

11 
Tons per ship-hour 
in port 

Operational 
Indicator 

 UNCTAD (1976) 

12 

TEU transshipped 
per port 
or Percentage of 
total transhipment 
movements 

General model 
behavior 

 McLean and Biles (2008) 
Song et al. (2005) 
 

13 

Containers supplied 
and received by 
each container 
depot 

 - Number of containers supplied and received by each 
container depot 

Van Rensburg et al. (2005) 

14 
Containers loaded 
and offloaded at the 
port 

 - Number of containers loaded and offloaded at the port Van Rensburg et al. (2005) 

15 
Containers loaded 
and offloaded by the 
vessels 

 - Number of containers loaded and offloaded by the 
vessels 

Van Rensburg et al. (2005) 

16 

Connectivity index New PPI for the 
cargo transfer 
product - output 
indicator 

 De Langen et al. (2007) 
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 Indicator Type Description Reference 

17 

Average ship turn-
round time 
Turn around time of 
vessels (days) 
Average ship port 
time (hours) 

Operational 
Indicator 
Efficiency 
parameter 
Ship processing 
measure 
“Port discharge 
Process” 
performance 
indicator 
Port service quality 
indicator 
New PPI for the 
cargo transfer 
product - output 
indicator 
 

- Total time spent by a ship since its entry till its departure 
= Pre-berthing detention time + Transit time + Total non-
working time (non-working time, idle time) + Working time 
Can be estimated for each one of the following 
cate7gories: Dry bulk (Mech., Conv.), Liquid bulk,  Break 
bulk, Container 
- Overall time of cargo in port 
- Port time (berth time) + (waiting time) 
- Total hours vessel stay in port divided by Total no. of 
vessels 
- Ship turnaround times provide an indication of how 
quickly ships enter, unload, load and depart from a port. 
- Duration of the vessel's stay in port and is calculated 
from the time of arrival to the time of departure. 
Traditionally expressed in days, it is now common to 
express turn-round time in hours. The port authority would 
normally compile statistics that would provide monthly and 
annually average turn-round times. The average turn-
round time per ship is determined by dividing the total 
hours by the total number of ships calling at the port. 
In its basic form, ship turn-round time does not mean 
much, as the length of stay of a vessel is influenced by (a) 
the volume of cargo, (b) the facilities made available and 
(c) the composition of the cargo itself. Thus it becomes 
necessary for the port to break the basic ship turn-round 
time down for tankers, bulk carriers, container vessels 
and general cargo vessels, and even subdividing these 
into domestic trade, regional trade and ocean going 
vessels. 

Port authorities Annual Reports 
Indian Ports Association (2009-
2010) 
UNCTAD (1976) 
De Langen et al. (2007)  
Lawrence (1973) 
Peter and Paixão Casaca 
(2003) 
Nam et al. (2002) 
SCNPMGTE (1996) 
Chung (1993)  
McLean and Biles (2008) 
Goldsman et al. (2002) 
Ramani (1996) 
Tahar and Hussain (2000) 
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 Indicator Type Description Reference 

18 

Turnaround per 
Prime Mover  
 

Productivity 
measure 

- The turnaround is basically return trip made by the 
Prime Mover. The total number of return trips made 
derived from operational data is measured against the 
total number of Prime Movers gives the Turnaround to 
Prime Mover ratio. 

Zaid and Shah (2007) 

19 

Service time of Ship 
(day) (Average total 
time, Service Time) 

Port Quality 
Indicator 
Operational 
Indicator 
Productivity 
indicator (element 
measure – Berth) 
Ship processing 
measure 

- Average time needed to transfer difference types of 
cargo from ship mooring to departure of hinterland 
transport of the port production chain 
Can be estimated for each one of the following 
categories: Dry bulk (Mech., Conv.), Liquid bulk,  Break 
bulk, Container 
- Vessel Service Time (hrs.) 
- Average service time per vessel at each berth 

Port authorities Annual Reports  
UNCTAD (1976) 
Le-Griffin and Murphy (2006) 
Lawrence (1973) 
Pachakis and Kiremidjian 
(2004) 
Shabayek and Yeung (2002) 

20 

Berth time 
(Average vessel 
time at berth) 

Operational - = {(lifts per ship) + (no. of crane assigned) + (Q/C 
productivity)} + (berthing and un-berthing time) 
- Total hours alongside berths divided by Total no. of 
vessels berthed 

Nam et al. (2002) 
Chung (1993)  
Tahar and Hussain (2000) 

21 

Overall average 
service times of the 
operators 

 - Overall average service times of the operators within the 
study period 
- No. of vessels going to each operator in each month 
- Average service time of each operator (hour) 

Shabayek and Yeung (2002) 

22 
Fraction of time 
berthed ships 
worked 

Operational 
Indicator 

 UNCTAD (1976) 
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 Indicator Type Description Reference 

23 

Average waiting 
(idle) time 
(Waiting time of 
Ship (day) or Idle 
time at berth 
(percentage)) 

Operational 
Indicator 
Efficiency 
parameter 
Cargo transfer 
product indicator 
Ship processing 
measure 
“Port discharge 
Process” 
performance 
indicators 

- The time when a vessel remains idle at berth expressed 
as a percentage of the total time of the vessel at berth. 
Lower idle time would mean early completion of cargo 
handling and readiness for more vessels 
Can be estimated for each one of the following 
categories: Dry bulk (Mech., Conv.), Liquid bulk,  Break 
bulk, Container 
 - Ship’s waiting time to start discharging operations 
- Boat waiting time (idle time) 

Port authorities Annual Reports 
Indian Ports Association (2009-
2010) 
UNCTAD (1976) 
De Langen et al. (2007) 
Lawrence (1973) 
Peter and Paixão Casaca 
(2003) 
Nam et al. (2002) 
Pachakis and Kiremidjian 
(2004) 
Bush et al. (2003) 

24 Tow waiting time   Bush et al. (2003) 

25 Average waiting 
(idle) time for berth 

Operational - Total hours of vessels waiting for berth divided by Total 
no. of vessels berthed 

Chung (1993)  

26 
Average waiting 
(idle) time due to 
rain 

Operational - Total hours of work stoppage due to rain divided by 
Total no. of vessels worked 

Chung (1993) 

27 
Average waiting 
(idle) time other 
causes 

Operational - Total hours of stoppage attributed to the cause divided 
by Total no. of vessels worked 

Chung (1993) 

28 

Pre-berthing 
detention 

Efficiency 
parameter 
“Port discharge 
Process” 
performance 
indicators 

- The time during which a ship waits before getting entry 
into a berth 
Can be estimated for each one of the following 
categories: Dry bulk (Mech., Conv.), Liquid bulk,  Break 
bulk, Container 
- Ship’s waiting time to be berthed 
- Waiting time before berthing 

Indian Ports Association (2009-
2010) 
Peter and Paixão Casaca 
(2003) 
Tahar and Hussain (2000) 

29 Arrival late Operational 
Indicator 

 UNCTAD (1976) 
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 Indicator Type Description Reference 

30 Time spent in the 
queue 

  Tahar and Hussain (2000) 

31 
Time ships spend 
empty and/or 
unloaded 

  Bush et al. (2003) 

32 Time ships spend 
loaded and waiting 

  Bush et al. (2003) 

33 Ship working rate  Efficiency 
parameter 

 Tongzon (2001) 

34 Average Waiting 
Rate (5a/3) 

Operational - Total hours of vessels waiting for berth divided by Total 
hours alongside berths 

Chung (1993)  

35 Dwell time Operational - Total no. of cargo tons x days in port divided by Total 
tonnage of cargo handled 

Chung (1993) 

36 Average vessel time 
outside   

Operational - Total hours in port - total hours berth alongside divided 
by Total no. of vessel calls 

Chung (1993)  

37 

Ship’s capacity 
utilisation 

“Port discharge 
Process” 
performance 
indicator 

 Peter and Paixão Casaca 
(2003) 
McLean and Biles (2008) 

38 

Time waiting for 
cargo to be 
transferred from one 
mode to another  

“Port discharge 
Process” 
performance 
indicator 

- Time in storage and time from quay to storage Peter and Paixão Casaca 
(2003) 

39 

Time spent in 
transferring cargo 
from storage to net 
mode of transport  

“Port discharge 
Process” 
performance 
indicator 

- Time spent in transferring cargo from storage to net 
mode of transport (including loading time) 
- Storage time at ports 

Peter and Paixão Casaca 
(2003) 
McLean and Biles (2008) 

40 

Time spent by cargo 
awaiting departure 
of next mode of 
transport  

“Port discharge 
Process” 
performance 
indicator 

- Time spent by cargo awaiting departure of next mode of 
transport (road or rail) 

Peter and Paixão Casaca 
(2003) 
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 Indicator Type Description Reference 

41 

Time spent in 
carrying out logistics 
activities required by 
customers that add 
value 

“Port discharge 
Process” 
performance 
indicator 

 Peter and Paixão Casaca 
(2003) 
 

42 

Time for goods to 
be cleared 

“Port discharge 
Process” 
performance 
indicator 

- Time for goods to be cleared (if such is to be done at 
port level) 

Peter and Paixão Casaca 
(2003) 
 

43 

Ship’s time spent in 
route deviations 

“Port discharge 
Process” 
performance 
indicator 

 Peter and Paixão Casaca 
(2003) 
 

44 

Time spent carrying 
out ship repairs due 
to engine 
breakdowns 

“Port discharge 
Process” 
performance 
indicator 

 Peter and Paixão Casaca 
(2003) 
 

45 

Total time delays “Port discharge 
Process” 
performance 
indicator 

 Peter and Paixão Casaca 
(2003) 
 

46 

Overall transit time “Port discharge 
Process” 
performance 
indicator 

 Peter and Paixão Casaca 
(2003) 
McLean and Biles (2008) 

47 

Keeping track of 
goods on board 

“Port discharge 
Process” 
performance 
indicator 

 Peter and Paixão Casaca 
(2003) 
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 Indicator Type Description Reference 

48 

Handling rate of 
discharge 
operations 

“Port discharge 
Process” 
performance 
indicator 

 Peter and Paixão Casaca 
(2003) 

49 

Average length of 
berth queue (ships) 

Storage and 
congestion 
measure 

- Traffic congestion, caused by ships waiting in queue 
because either all useable berths are busy offloading 
other ships, or ships are already waiting for free berths 
ahead of them 
- Queues at fleet locations 

Lawrence (1973) 
Nam et al. (2002) 
Goldsman et al. (2002) 
Bush et al. (2003) 

50 

Productivity per 
gang hour 
General 
(Conventional) 
Cargo (Tons, m.ton) 
or 
Tons per gang hour  

Operational 
Indicator 

- Total tonnage handled divided by Total no. of gangs x 
total no. of hoursworked 

Port authorities Annual Reports 
UNCTAD (1976) 
Chung (1993)  
 

51 

Productivity per 
gang hour Container 
(No.) or 
TEUs per crane 
(hook) hour 

Operational 
Indicator 
 

- Total no. of TEUs handled divided by Total no. of cranes 
used x total no. of hours cranes worked 

Port authorities Annual Reports 
Chung (1993)  
 

52 
Labor Productivity Productivity 

indicator (element 
measure – Gang) 

- Number of Moves/man-hour Le-Griffin and Murphy (2006) 

53 
Ratio gross crane 
productivity 

Efficiency 
parameter 

- Ratio of TEUs handled per working day divided by 
number of cranes times working hours per day 

Song and Cullinane (2001) 

54 
Average No. of 
crane per ship 

  Nam et al. (2002) 
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 Indicator Type Description Reference 

55 

Crane Utilization  
 

Productivity 
indicator (element 
measure – Crane) 

- TEUs/year per Crane 
- Gantry utilisation level 
or number of working hours accumulated over all the 
cranes (working time over time of reference) 
- Total time which the cranes are used for loading and un-
loading the containers as a percentage of the total time 
they are available 

Le-Griffin and Murphy (2006) 
Legato and Mazza (2001) 
Tahar and Hussain (2000) 

56 
Crane Productivity Productivity 

indicator (element 
measure – Crane) 

- Moves per Crane-Hour Le-Griffin and Murphy (2006) 
 
 

57 
Number of gangs 
employed per ship 
per shift 

Operational 
Indicator 

 UNCTAD (1976) 

58 No. of gangs 
employed per day 

 - Number of gangs employed per day over the month of 
reference. 

Legato and Mazza (2001) 

59 Fraction of time 
gangs idle 

Operational 
Indicator 

 UNCTAD (1976) 

60 

Berth capacity 
Berth throughput 

Port Productivity 
Indicator 
Efficiency 
parameter 
Asset performance 
General model 
behavior 

- Expected throughput capacity per berth 
(Total cargo moved through the docks) 
- Movement of freight 
- Total tonnage of cargo handled at berths divided by 
Total no. of berths 
- Total box moves 

Martinez-Budria et al. (1999) 
Barros & Athanassiou (2004) 
Barros (2003a) 
Barros (2003b) 
Chung (1993)  
Song et al. (2005) 

61 

Berth Utilization Productivity 
indicator (element 
measure – Berth) 
Storage and 
congestion 
measure 

- Vessels/year per Berth 
- Service utilisation of berth 

Le-Griffin and Murphy (2006) 
Lawrence (1973) 
Pachakis and Kiremidjian 
(2004) 
Tahar and Hussain (2000) 
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 Indicator Type Description Reference 

62 Berth utilization rate 
(%) 

Asset performance - Total time that ships actually work x 100 divided by Total 
time of ships alongside 

Chung (1993)  

63 

Ratio berth 
utilisation (Berth 
utilization rate (%)) 
 

Efficiency 
parameter 
General model 
behavior 

- TEUs handled per divided by the number of container 
berths 
- Shipping services’ utilization 

Song and Cullinane (2001) 
Song et al. (2005) 

64 

Berth Length 
Utilization Rate 
(Throughput per 
linear meter of 
wharf) 

Productivity 
indicator 
Asset performance 

- TEUs per foot of container quay 
- Total tonnage of cargo handled at berths divided by 
Total length of berths 
 

Le-Griffin and Murphy (2006) 
Chung (1993)  
 
 

65 Over-utilization of 
fleet locations 

  Bush et al. (2003) 

66 

Berth occupancy 
rate (%) 

Port Productivity 
Indicator 
Operational 
Indicator 
Asset performance 
 

- Expected capacity utilization of the berths 
- Total time of ships at berths x 100 divided by Total no. of 
berths x 360 days 

Port authorities Annual Reports 
Chung (1993) 

67 Berth occupancy 
rate 

 - Berth occupancy rate = (total berth time) + (total berth 
operation time) 

Nam et al. (2002) 

68 Berth occupancy 
factor 

Congestion 
Indicator   

- The time that a berth is utilised, divided by the total 
available time 

Indian Ports Association (2009-
2010) 

69 
Berth occupancy 
(%) 

Operational 
Indicator 

 Port authorities Annual Reports 
Ramani (1996) 
Tahar and Hussain (2000) 

70 

Berth availability “Port discharge 
Process” 
performance 
indicator 

 Peter and Paixão Casaca 
(2003) 
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 Indicator Type Description Reference 

71 Tons per ship hour 
at berth  

Operational 
Indicator 

 UNCTAD (1976) 
 

72 
Containers 
movements by ship 
by hour [Un.] 

Efficiency 
parameter 

 Azevedo et al. (2009) 

73 

Average amount in 
storage 

Storage and 
congestion 
measure 

- Average amount in storage: 
- CY containers 
- CFS tons 

- Number of different containers at the container depots 

Lawrence (1973)  
Van Rensburg et al. (2005) 

74 Container yard 
levels, TEU 

  McLean and Biles (2008) 

75 

Ratio of yard 
throughput 
Land Area 
Utilization 

Efficiency 
parameter 
Productivity 
indicator (element 
measure – Yard) 

- TEUs handled per year divided by Gross acre in square 
meters (TEUs/year per Gross Acre) 

Song and Cullinane (2001)  
Le-Griffin and Murphy (2006) 

76 
Ratio yard storage 
productivity 

Productivity 
indicator (element 
measure – Yard) 

- TEUs storage capacity divided by gross acre in square 
meters (TEUs/Storage Acre) 

Song and Cullinane (2001)  
Le-Griffin and Murphy (2006) 

77 
Gate Throughput 
 

Productivity 
indicator (element 
measure – Gate) 

- Containers/hour/lane 
 

Le-Griffin and Murphy (2006) 

78 
Truck Turnaround 
Time 

Productivity 
indicator (element 
measure – Gate) 

- Truck Time in Terminal Le-Griffin and Murphy (2006) 

79 Equipment 
availability (%) 

Operational 
Indicator 

 Port authorities Annual Reports 

80 

Equipment 
utilisation - % of 
availability  
 

 - Measured in terms of ratio of available equipment 
against the total number of equipment in the fleet.  

Zaid and Shah (2007) 
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81 Boat utilization per 
boat type 

  Bush et al. (2003) 

82 

Shift utilisation level  - Average fraction of the shift (6 hours long) during which 
a gang has been actually working. 

- average waiting time for cranes once berthed 
- probability of waiting for berth 

Legato and Mazza (2001) 

83 

Downtime of prime 
mover  
 

 - Measure of percentage of prime mover downtime 
against the total number of available time of the fleet. This 
measurement is the direct compliment of equipment 
utilisation measure to add up to 100% availability of the 
fleet. 

Zaid and Shah (2007) 

84 

Vessels handled 
(Number of ships, 
Number of sailings) 

 - Number of ships using port 
- Can be estimated for each one of the following 
categories: Dry bulk (Mech., Conv.), Liquid bulk,  Break 
bulk, Container 
- No. of vessel arrivals 

Indian Ports Association (2009-
2010) 
Port authorities Annual Reports 
Lawrence (1973) 
Legato and Mazza (2001) 
Tahar and Hussain (2000) 

85 

Ship Calls (Units)  
Number of “first port 
of call” services 

Efficiency 
parameter 
Cargo transfer 
product - upgrading 
indicator 

 Al-Eraqi et al. (2008) 
Roll and Hayuth (1993) 
Barros & Athanassiou (2004) 
Barros (2003a) 
Barros (2003b) 
De Langen et al. (2007)  

86 Number of voyages 
performed per year 

 - “Port discharge Process” performance indicator Peter and Paixão Casaca 
(2003) 

87 

No. of deliveries 
(delivery per prime 
mover)  
 

‘productivity’ 
indicator 

- Measured in terms of average number of deliveries done 
by each prime mover. The total number of deliveries in 
terms of TEUs is divided by the number of available Prime 
Movers, which gives ‘delivery per prime mover’. This 
gives the ‘performance’ indicator for each prime mover. 

Zaid and Shah (2007) 
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 Indicator Type Description Reference 

88 
No. of prime movers 
available  
 

 - Absolute number measurement – the number of prime 
movers available to perform the haulage operational 
tasks. It is measured daily, weekly and monthly. 

Zaid and Shah (2007) 

89 
Port capacity  - Aggregated capacities of all their berths  

= 330 x berth occupancy x achievable ship berth day 
output 

Indian Ports Association (2009-
2010) 

90 

Income 
(expenditure) per 
GRT (or NRT) of 
shipping   

Financial - Total income (expenditure) divided by Total GRT (or 
NRT) of shipping 

Chung (1993)  

91 
Operating surplus 
per ton of cargo 
handled 

Financial - Operating surplus divided by Total tonnage of cargo 
handled 

Chung (1993) 

92 
Rate of return on 
turnover 

Financial - Operating surplus divided by Operating income Chung (1993) 

93 

Total revenues 
(Turnover) 
Total contribution 

Port prices and 
subsidies 
Financial Indicator 
General model 
behavior 

- Port authority’s revenues stemmed from dues on 
vessels and dues on goods, each composed of various 
sub-elements 
- Absolute number – the total revenue generated by the 
haulage operations. 
- Ports’ total income 
 
 

UNCTAD (1976) 
Liu (1995) 
Port authorities Annual Reports 
Zaid and Shah (2007) 
Van Rensburg et al. (2005) 
Song et al. (2005) 

94 
Revenue per 
terminal 

 - Revenues at each terminal on a weekly basis Pachakis and Kiremidjian 
(2004) 

95 

Turnover derived 
from the provision of 
container terminal 
services but 
excluding property 
sales 

Efficiency 
parameter 

 Cullinane and Song (2002) 
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 Indicator Type Description Reference 

96 Earnings (before 
interest and tax) 

  Bendall and Stent (1999) 

97 
Value of goods 
passing through the 
port 

Cargo transfer 
product - upgrading 
indicator 

 De Langen et al. (2007)  
 

98 

Revenue per TEU  
 

Financial Measure - The total revenue is measured against the total number 
of containers moved in twenty-foot equivalent units (TEU). 
It does not give any indication on the efficiency of the 
operations. 

Zaid and Shah (2007) 

99 

Revenue per km  
 

Financial Measure - Revenue figures from the financial data are measured 
against total distance covered by the Prime Movers.  
This will only indicate the trend but not the actual 
efficiency of the operations. 

Zaid and Shah (2007) 

100 

Revenue per trip  Indicator of haulage 
‘performance’. 

- Measurement of total revenue generated averaged 
against the number of trips made within a time period. 
This will give the ‘performance’ indicator of revenue per 
trip done. Measurement frequency is monthly, quarterly 
and yearly. 

Zaid and Shah (2007) 

101 Operating revenue 
over a period 

 - Revenue per voyage- average revenue per TEU carried Bendall and Stent (1999) 

102 

Total cost Logistics indicator 
“Port discharge 
Process” 
performance 
indicator 
General model 
behavior 

- Total cost relative to the whole process or sequencing 
- Annual costs incurred by the port 
- Annual cost of sea transport 
- Total operating cost (TOC) for different policies [fixed 
combination of safety stock level (S) and allocation factor 
(F)] 
- Total running cost, income and profit margin 
- Total fixed cost per year 

Bichou and Richard (2004) 
Peter and Paixão Casaca 
(2003) 
Van Rensburg et al. (2005) 
Lai et al. (1995) 
Bush et al. (2003) 
Song et al. (2005) 
Bendall and Stent (1999) 

103 Operation Cost per 
hour 

  McLean and Biles (2008) 
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 Indicator Type Description Reference 

104 

Port costs by unit of 
cargo handled  

“Port discharge 
Process” 
performance 
indicator 

- Port costs by unit of cargo handled (TEUs if containers, 
tons if break-bulk or bulk cargo) 

Peter and Paixão Casaca 
(2003) 
 

105 

Ship costs by unit of 
cargo carried  

“Port discharge 
Process” 
performance 
indicator 

- TEUs if containers, tons if break-bulk or bulk cargo Peter and Paixão Casaca 
(2003) 
 

106 
Cost per TEU  
 

Financial Measure - Operational costs and total costs including the overhead, 
measured against total TEUs moved. It does not indicate 
the real efficiency of the operations. 

Zaid and Shah (2007) 
McLean and Biles (2008) 
 

107 Cost per voyage  - Fixed costs per voyage and variable costs per TEU Bendall and Stent (1999) 

108 
EDI use in port Cargo transfer 

product - upgrading 
indicator 

 De Langen et al. (2007)  
 

109 

Net income / Profit Efficiency 
parameter 

= Revenue-Cost where 
Cost (C)=total cost [Capital, labour, time (expressed in 
cost/monetary unit), other expenses, etc.] 
Revenue (R)=revenue earned from a particular sequence: 
For cargo sequence: R=revenue from services to cargo 
(handling rates, warehousing, consolidation, etc.); 
For ship sequence: R=revenue from services to ship 
(mooring, pilotage, wharf dues, bunkers, ship repair, etc). 
- Profit generated by each voyage 

Barros (2003a) 
Bichou and Richard (2004) 
Bendall and Stent (1999) 

110 
Profit per TEU  
 

Financial Measure - Profit is measured against the number of containers 
moved in twenty-foot equivalent units (TEUs).  
It does not indicate the real efficiency of the operations. 

Zaid and Shah (2007) 

111 
Profit per Prime 
Mover 

Financial Measure - The profit is measured against the number of Prime 
Movers.  
It does not indicate the real efficiency of the operations. 

Zaid and Shah (2007) 
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 Indicator Type Description Reference 

112 
Economic impact of 
a port 

Port as a whole - 
license to operate 
indicator 

 De Langen et al. (2007)  

113 

Degree of flexibility 
in using resources 

“Port discharge 
Process” 
performance 
indicator 

 Peter and Paixão Casaca 
(2003) 
 

114 

Degree of flexibility 
in using ship’s 
resources 

“Port discharge 
Process” 
performance 
indicator 

 Peter and Paixão Casaca 
(2003) 
 

115 Profitability of firms 
in port 

  Port authorities Annual Reports 

116 
Custom revenues 
from port 

Cargo transfer 
product - license to 
operate indicator 

 De Langen et al. (2007)  
 

117 
Index of port dues at 
“real prices” 
 

Cargo transfer 
product - license to 
operate indicator 

 De Langen et al. (2007)  
 

118 
Modal split 
hinterland traffic 
 

Cargo transfer 
product - license to 
operate indicator 

 De Langen et al. (2007)  
 

119 
Value added in 
logistics 

Logistics indicator 
Logistics product 
indicator 

 Bichou and Richard (2004) 
Port authorities Annual Reports 
De Langen et al. (2007)  

120 

Value added of port Cargo transfer 
product – output 
indicator 
 

 De Langen et al. (2007)  
 

121 Value added of port Port as a whole – 
output indicator 

 De Langen et al. (2007)  
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 Indicator Type Description Reference 

122 
Port value added  
as % of regional 
GDP 

  Port authorities Annual Reports 

123 

Percentage of 
goods to which 
value is added in 
port region 

New PPI for the 
port logistics 
product - Output 
indicator 

 De Langen et al. (2007)  

124 

Warehouse area 
(m2) 
m2 logistics space 

Logistics product 
indicator - output 
and upgrading 
indicator 

 De Langen et al. (2007)  

125 

Land price 
 

New PPI for the 
port logistics 
product - upgrading 
indicator 

 De Langen et al. (2007)  

126 

Value added (or 
employment) per 
square meter 

New PPI for the 
port logistics 
product - upgrading 
indicator 

 De Langen et al. (2007)  

127 

Time to major 
consumer markets 

Logistics product 
indicator - output 
and upgrading 
indicator 

 De Langen et al. (2007)  

128 

Market share 
Market shares in 
hinterland regions 

Efficiency 
parameter 
Cargo transfer 
product – output 
indicator 

- Measure of percentage of market share performed 
against the total market share. 

Barros (2003a) 
De Langen et al. (2007)   
Zaid and Shah (2007) 

129 
Revenue obtained 
from the rent of port 
facilities 

Efficiency 
parameter 

 Martinez-Budria et al. (1999) 
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 Indicator Type Description Reference 

130 
Berth occupancy 
revenue per ton of 
cargo 

Financial Indicator  UNCTAD (1976) 

131 
Cargo handling 
revenue per ton of 
cargo 

Financial Indicator  UNCTAD (1976) 

132 Labour expenditure Financial Indicator  UNCTAD (1976) 

133 Port related 
employment 

  Port authorities Annual Reports 

134 
Employment in port 
region 

Port as a whole - 
license to operate 
indicator 

 De Langen et al. (2007)  

135 

Wage level port 
manufacturing 
industries 

New PPI for the 
port manufacturing 
product - 
Upgrading indicator 

 De Langen et al. (2007)  

136 
Wage level port 
industries 

New PPI for the 
port as a whole - 
Upgrading indicator 

 De Langen et al. (2007)  

137 
Capital equipment 
expenditure per ton 
of cargo 

Financial Indicator  UNCTAD (1976) 

138 Contribution per ton 
of cargo 

Financial Indicator  UNCTAD (1976) 

139 
Capital Structure & 
Liquidity ratios 

Financial Indicator i. Debt Equity Ratio  
ii. Current Ratio  
iii. Quick Ratio  

Port authorities Annual Reports 

140 Productivity Ratio Financial Indicator i. Turnover of Total Assets (Time)  
ii. Turnover of working Capital (Time) 

Port authorities Annual Reports 
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 Indicator Type Description Reference 

141 

Productivity port 
industries 

New PPI for the 
port manufacturing 
product - 
Upgrading indicator 

 De Langen et al. (2007)  

142 Tonnage worked Financial Indicator  UNCTAD (1976) 

143 
Investment level in 
port 

Cargo transfer 
product – output 
indicator 

 De Langen et al. (2007)  

144 Investment level in 
port 

Port as a whole – 
output indicator 

 De Langen et al. (2007)  

145 
Investment level of 
private firms in port 
area 

  Port authorities Annual Reports 

146 
Establishments of 
(new) companies in 
port area 

  Port authorities Annual Reports 
 

147 
New establishments New PPI for the 

port as a whole - 
Upgrading indicator 

 De Langen et al. (2007)  

148 
Value added in port 
related 
manufacturing 

Port manufacturing 
product – output 
indicator 

 De Langen et al. (2007)  

149 
Investment level in 
port related 
manufacturing 

Port manufacturing 
product – output 
indicator 

 De Langen et al. (2007)  

150 

Investment level 
manufacturing sites 

New PPI for the 
port manufacturing 
product – output 
indicator 

 De Langen et al. (2007)  

151 
Average wage port 
industries compared 
to regional economy 

Port as a whole - 
upgrading indicator 

 De Langen et al. (2007)  
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 Indicator Type Description Reference 

152 

Housing prices in 
vicinity of port 

New PPI for the 
port as a whole – 
License to operate 
indicator 

 De Langen et al. (2007)  

153 
Level of service 
Customer service 

Efficiency 
parameter 
Logistics indicator 

 Roll and Hayuth (1993) 
Bichou and Richard (2004) 

154 Users’ satisfaction Efficiency 
parameter 

 Roll and Hayuth (1993) 

155 

Quality of containers 
delivered (time 
base) and customer 
satisfaction  
 

 - Quality of Containers Delivered is measured in terms of 
delivery of containers within the time frame as required by 
the customers. Containers delivered beyond this time 
frame are considered non-quality delivery. On the other 
hand, Customer Satisfaction is measured in terms of 
number of complaints received from the customers. 

Zaid and Shah (2007) 

156 On time deliveries   Bush et al. (2003) 

157 
Customers 
complaint  
 

Quality measure - Measured in absolute numbers. Zaid and Shah (2007) 

158 
No. of valid 
complaints vs. no. of 
complaints  

 - Percentage of valid complaints against total number of 
complaints. 

Zaid and Shah (2007) 

159 

Degree of process 
adaptability in 
meeting customer 
requirements 

“Port discharge 
Process” 
performance 
indicator 

 Peter and Paixão Casaca 
(2003) 
 

160 

Consumer benefits 
form lower transport 
costs 

New PPI for the 
cargo transfer 
product - License to 
operate indicator 

 De Langen et al. (2007)  
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 Indicator Type Description Reference 

161 

Percentage of claim 
per Revenue  
 

Quality measure - The total amount of customer claims captured under the 
financial expenses is measured against the revenue for a 
particular period. This will give a ratio or percentage of 
claim to revenue and indicates a trend over a given period 
as an indication of the performance of operations 
pertaining to damages due to accidents. 

Zaid and Shah (2007) 

162 
Certification of 
management 
programmes 

Port as a whole - 
upgrading indicator 

 De Langen et al. (2007)  

163 
Number of patents New PPI for the 

port as a whole - 
Upgrading indicator 

 De Langen et al. (2007)  

164 
Education levels 
employees 

New PPI for the 
port as a whole - 
Upgrading indicator 

 De Langen et al. (2007)  

165 

Number of major 
chemicals available 
in port (compared to 
other major 
chemical 
manufacturing sites 
–mostly ports) 

Port manufacturing 
product - upgrading 
indicator 
 

 De Langen et al. (2007)  

166 
Emissions of 
greenhouse gasses 

Port manufacturing 
product - license to 
operate indicator 

 De Langen et al. (2007)  

167 
Number of 
environmental 
accidents 

Port as a whole - 
license to operate 
indicator 

 De Langen et al. (2007)  

168 
Water quality in port 
 

Port as a whole - 
license to operate 
indicator 

 De Langen et al. (2007)  
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