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DELIVERABLE	1.5	
Combined	or	ratio-based	indicators	

Summary	Report	

This report discusses combined or ratio-based indicators within the group of indicators 
on market trends and structure, and a link of these indicators with different categories of 
indicators. We explore three groups of combined or ratio-based indicators: 

1. Internal combined or ratio-based indicators: these indicators are based on 
data for one indicator only (e.g. market share based on maritime traffic data);  

2. Intra-group combined or ratio-based indicators: these indicators combine 
two or more indicators of the category ‘market trends and structure’  

3. Inter-group combined or ratio-based indicators:  these indicators combine an 
indicator of the group ‘market trends and structure’ to an indicator of another group (i.e. 
socio-economic indicators, logistics chain and operational performance indicators, 
environmental indicators or governance indicators). 

The above typology forms the base structure of the report.   
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DELIVERABLE	1.5	
Combined	or	ratio-based	indicators	

	

 POSITIONING	OF	THIS	REPORT	IN	WP1	

The aim of WP1 within the PORTOPIA project is to further develop the PPRISM 
indicators on market trends and structure and to seek meaningful expansions.  The 
specific objectives of the work package include: 

• Improving data availability and comparability of PPRISM indicators  

• Collecting and presenting data at a more disaggregated level in terms of goods 
types and time periods 

• Developing new indicators (ratios and indexes)  

• Develop forecasts on short, medium and long term developments in port 
activities in Europe using a combination of techniques (modelling, meta-analysis 
and survey) 

• Incorporation in a European Port Observatory (EPO) with link between 
indicators and specific policy targets in the EU transport policy. 

Deliverable 1.5 aims at presenting a set of feasible new indicators, which combine 
existing indicators in new and meaningful ratios and indexes. While the market related 
indicators form the basis for this task, the search for combined indicators and ratios is 
not limited to the indicators on market trends and structure only. It explicitly includes 
links to other groups of indicators, particularly the socio-economic indicators and 
logistic chain and operational performance indicators. The final aim is to come up with 
a range of ‘output over input’ or ‘demand vs. supply’ indicators so that relationships 
between outputs and inputs across indicator groups are established instead of only 
focusing on input-related indicators (e.g. infrastructure provision) or output-related 
indicators (e.g. performance in terms of cargo throughput or employment). The core 
principle behind this task is that the new indicators should rely as much as possible on 
information extracted from available datasets, so that additional data collection on top 
of the range of existing indicators is minimized. 
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 A	TYPOLOGY	OF	COMBINED	AND	RATIO-BASED	INDICATORS		

The starting point for the development of ratio-based indicators is formed by the base 
data related to cargo throughput/maritime traffic, vessel traffic and hinterland traffic in 
individual ports. These three elements form the basic data indicators. These are 
indicators on the performance of ports in absolute terms.  

Cargo throughput figures are the most widely used measures of port performance (in 
business and academia) and are very frequently used to compare scale and 
competitiveness among a set of ports. Total port throughput data for European ports can 
be obtained from individual port authorities or Eurostat. Secondary sources with 
compiled data include trade journals such as Containerisation International. Deliverable 
9.4 provides a more international focus on data availability issues related to the market 
trends and structure. The statistical comparability of port throughput data published by 
port authorities and Eurostat remains a major point of attention. Potential discrepancies 
have already been addressed several times in the Statistics Committee of ESPO and are 
also a major concern when drafting annual European port statistics. Since maritime port 
throughput data are key to the calculation of most of the other shortlisted indicators on 
market trends, a further standardisation of collection and reporting methods among 
European ports is an essential task to come to meaningful comparative analysis and 
benchmarking between ports.  

Most ports report on vessel traffic movements per year in their annual reports or web-
based port statistics sections. While port authorities or government agencies typically 
possess more disaggregated data on vessel movements based on vessel size, flag of 
registration and or vessel type, these sorts of data are mostly not made publicly 
available and are only available upon specific request. Fleet statistics data are available 
via Lloyd’s shipping data, Fairplay, the Institute of Shipping Economics & Logistics or 
data provided by consultants like MDS Transmodal. Apart from the observation that 
acquiring specific data from these institutions may be quite costly, it is often also 
difficult to get precise data on the link between vessel movements and specific ports. In 
essence, the compilation of a database on vessel traffic in European ports would thus 
mainly have to rely on statistics made available by the respective port authorities and 
government agencies.  

Gathering reliable data on hinterland traffic flows is by far the most difficult issue 
related to the basic data indicators as was already discussed in Task 1.3 of Deliverable 
1.1 and the addendum on the current status of discussions with ESPO on modal split 
data in European ports. A number of ports keep data records on the modal split in inland 
transportation, but the comparability of these data across ports is generally low due to 
differences in collection methods. For example, a port might include inland traffic 
generated by the local industry in the total hinterland transport statistics while another 
port might limit itself to hinterland flows with a maritime origin or destination. There is 
no European methodology to collect such data. Ports might report modal split figures 
for total inland port traffic and the inland movements of containerised cargo, but 
generally do not publish figures on other commodities. One of the most important 
deficiencies in hinterland traffic datasets relates to the general lack of information on 
the origin or destination of the cargo in the hinterland. In cases where such figures are 
made available they are mostly based on survey data or transport models. The presence 
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of reliable inland transport data per port and per hinterland region would add significant 
value to the analysis of port competition in Europe. Moreover, it would certainly 
contribute to a better understanding of modal competition in Europe (e.g. 
competitiveness of rail) and the north-south debate on port competition. 

Based on the above base indicators, we explore three groups of combined or ratio-based 
indicators: 

1. Internal combined or ratio-based indicators: these indicators are based on 
data for one indicator only (e.g. market share based on maritime traffic data);  

2. Intra-group combined or ratio-based indicators: these indicators combine 
two or more indicators of the category ‘market trends and structure’  

3. Inter-group combined or ratio-based indicators:  these indicators combine an 
indicator of the group ‘market trends and structure’ to an indicator of another group (i.e. 
socio-economic indicators, logistics chain and operational performance indicators, 
environmental indicators or governance indicators). 

The above typology forms the base structure of the remainder of this report.  

 

 INTERNAL	COMBINED	OR	RATIO-BASED	INDICATORS	

3.1.	Indicators	based	on	temporal,	geographical	and	cargo	type	dimensions	

Indicators on market trends can be collected and calculated where possible, at three 
dimensions: time, geography and commodity (see figure 1). These dimensions open 
possibilities for a first set of internal composed or ratio-based indicators. 

Figure 1. Dimensions in the analysis of indicators on market trends 

 

Source: authors’ compilation 
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The dimension time includes annual, quarterly and monthly data. Annual data are the 
most readily available (at least for maritime traffic and vessel movements). Quarterly 
data are particularly desirable as it makes it possible to have a close follow-up on 
seasonal and short-term economic fluctuations such as economic booms and recessions. 
However, quarterly data on port traffic data are not readily available in all European 
ports. The Rapid Exchange system (RES) provides such data for a selection of 
European ports. There are port authorities and government agencies that publish 
monthly data (such as Puertos del Estado for the Spanish Ports). We argue that monthly 
data provide too much detail for the type of indicators we wish to analyse. Quarterly 
data provide sufficient information on short-term fluctuations.  

Adding the time dimension offers a lot more insight in market trend indicators. Indeed, 
in addition to a static analysis of such indicators, it is more relevant to examine these 
data over a period of time. The addition of an evolutionary component within a time 
series reveals trends that cannot be identified in a static framework. In order to achieve 
this, next to the absolute values of the indicators, the average and percent growth of 
each indicator can be calculated. Any year of intervals can be taken into account. For 
example, a three-year interval is interesting since such a period is short enough to 
identify short-term trends and long enough to smoothen peak or lows during a year.  

The dimension geography focuses on the grouping of individual ports in larger units of 
analysis. All indicators can be calculated and collected for the European port system as 
a whole, regional port systems (e.g. West-Med, the Atlantic range (from south Spain to 
Brittany in France), the Le Havre-Hamburg range, the Baltic port system, the 
UK/Ireland port system and the Black Sea port system), multi-port gateway regions (see 
2009 ESPO/ITMMA study on the ‘Economic analysis of the European port system’ for 
a proposal) and individual ports. Comparing indicators at several geographical scales 
allows to develop a much better understanding of diverging/converging traffic trends 
among ports and port groups in Europe.  

The geographical dimension allows to calculate meaningful market shares. A market 
share is defined as the proportion of the total available market or market segment that is 
being served by a particular port (or group of ports) over a stated period of time. This 
indicator can be expressed as the ratio of the freight tonnage of one commodity handled 
in a small region to the freight tonnage of one commodity handled in a bigger region.  
Thus, the market share can be written as:  

 

where, 
= volume of cargo i handled per commodity per geographical scale j in period t 

= volume of cargo i handled per geographical scale g in period t 

 
n=number of different categories of commodities handled at the port  
 

 

where, 
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= volume of cargo i handled at land interface per geographical scale j in period t 

 
n=number of different categories of commodities handled at the port 
 
We can also calculate the average growth of the market share: 

       
   

Insights on the market share trends provides port authorities, terminal operators and 
policy makers with the possibility to estimate their market share and know the position 
of their port against a relevant port market.  

For example, the growth of ports or port groups can be combined with market shares in 
the framework of a Strategic Positioning Analysis (SPA). An example of such a 
dynamic positioning is provided in figure 2.    

Figure 2: Example of dynamic positioning of port ranges based on market share and 
average annual growth  

 

Source: Notteboom (2014) 

 

A last dimension relates to cargo commodities. For example, maritime traffic 
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• Roll-on roll-off traffic: this includes seaborne vehicle trade, short sea/ferries, 

short sea/unaccompanied freight transport (trailers without truck) and deep-

sea/liner trades with RoRo-facilities; 

• Dry bulk: this cargo segment can be further sub-divided in major bulks (iron ore, 

coal, grains, bauxite/alumina and rock phosphate) and minor bulks (minerals, 

fertilizers, etc.); 

• Liquid bulk: this includes crude oil, but also oil products and other liquid 

products; 

• Conventional general cargo: this refers to cargo that is normally packed, 

bundled or unitized but which is not stowed in containers. Examples of break 

bulk packaging techniques include (big) bags, bales, cardboard boxes, cases, 

casks, crates, drums or barrels which can be stowed on pallets or skids. The term 

“bundled”, for its part, is sometimes used to refer to unpacked goods (usually 

iron and steel items or sawn timber), which are strapped together. Finally, the 

term “neobulk cargo” is often used for specific kinds of general cargo that is 

mostly shipped in larger parcels. 

 

The splitting up of total throughput figures and the relevant traffic groups allows to 

calculate relative shares of each of the commodity groups in total throughput. It also 

allows to present somewhat related indicators, such as: 

- Container dependency: the share of containerized cargo in total cargo throughput 

- Degree of containerization degree: the share of containerized cargo in total general 

cargo throughput (i.e. roro + conventional general cargo + containers) 

 

Figures 3 and 4 provide an evolution (period 1980-2014) of the above indicators for the 

main container ports in the Le Havre-Hamburg range. 
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Figure 3. Evolution of degree of containerization in a sample of north European 

container ports 

 
Source: Notteboom (2016) 

 

Figure 4. Evolution of the container dependency in a sample of north European 

container ports 

 
Source: Notteboom (2016) 

 

Figures 5 and 6 combine the two above indicators for a sample of north and south 

European ports. Also here, a temporal dimension is introduced by focusing on the years 

1980, 2000 and 2014. 
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Figure 5. Degree of containerization and container dependency for a sample of north 

European container ports 

 
Note: the size of the circles is proportional to the total container traffic in tons  

Source: Notteboom (2016) 

 

Figure 6. Degree of containerization and container dependency for a sample of 
Mediterranean container ports 

 
Note: the size of the circles is proportional to the total container traffic in tons  

Source: Notteboom (2016) 

The figures reveal that the path to increased containerization has not been the same in 
all ports. In northern Europe, Rotterdam and Le Havre have always combined a high 
degree of containerization with a rather low container dependency. The German ports of 
Bremen/Bremerhaven and Hamburg have the highest container dependency. They have 
gone through a strong growth phase in the degree of containerization during the 1980s. 
At present, almost all general cargo in Hamburg is containerized. The Belgian coastal 
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port of Zeebrugge witnessed a gradual but rather volatile increase in the importance of 
container traffic. Antwerp, Europe’s largest port in conventional general/breakbulk 
cargo, saw a very steep rise of the degree of containerization from about 21.5% in 1980 
to an elevated 88.3% in 2014. The containerization of conventional general cargo and 
commodities such as tobacco, coffee, cacao and bananas is one of the factors behind the 
growth of containerization. Except for Zeebrugge and Dunkirk, all large container ports 
have reached containerization degrees in excess of 80%. Since almost all break bulk 
cargo that could be containerized (i.e. in terms of dimensions, weights, etc.) has been 
containerized, this substitution process is essentially near to completion, except for 
increasing flows of bulky commodities that are still in the process of being 
containerized. 

The economic crisis made a number of ports to refocus on other cargo flows while not 
ignoring containerized cargo. For example, several ports such as Antwerp have 
witnessed strong traffic growth in oil products in recent years following the increasing 
role of traders in this line of business and the associated development of additional 
large-scale tank storage capacity. Many ports have developed a strong interest in project 
cargo, the offshore industry, the recycling business, and biomass and other renewable 
energy (e.g. ports acting as key nodes in the construction process of large-scale 
windmill farms on land and in the sea).  

In the Med, Marseille and Livorno combine a moderate degree of containerization with 
a rather low container dependency. Livorno’s position hardly changed during the period 
of observation. Algeciras, but particularly Valencia and La Spezia, have seen the 
strongest push towards the upper right corner: they have witnessed a rapid development 
towards a higher container dependency and high degree of containerisation. The strong 
development of the container transhipment business is a major driver behind the fast-
changing positions of Algeciras and Valencia. Genoa and Barcelona hang somewhat in 
the middle. While Genoa gradually moved from the bottom left corner to the middle of 
the graph, Barcelona initially rose fast, but saw a modest move away from the upper 
right corner after the start of the economic crisis. Note that the figures only relate to 
freight. The cruise business is not included and this happens to be a key market for a 
number of ports (e.g. Barcelona).    

In Deliverable 1.1 we also discussed indicators strongly linked to cargo throughput 
figures such as the transhipment incidence. Task 2 of Deliverable 1.1 provides a 
detailed discussion on the transhipment market in the European port system. 
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3.2.	Indicators	on	cargo	concentration	and	differentiation		

Another group of internal combined indicators of market trends measures cargo 
concentration and differentiation dynamics. Such indicators allow to assess whether the 
cargo flows in individual ports or groups of ports are getting more dispersed or 
concentrated in spatial terms or in terms of commodities handled. Concentration and 
differentiation indices can be coupled to market share evolutions in view of analyzing 
whether cargo concentration/differentiation is favourable to the competitiveness of ports 
or port groups. Spatial concentration ratios and commodity-based differentiation indices 
can also be combined to give a more comprehensive insight in the relations between 
spatial and commodity-based dynamics in ports and port groups. 

The field of industrial organization has gathered a lot of attention among scholars with 
strong empirical focus on industry concentration. A lot of alternatives indicators have 
been developed over the years to study concentration. Concentration measures are 
divided into two big categories: discrete and cumulative measures. Most of the 
concentration indicators fall into the first category that shows the percentage of total 
industry output accounted for by the n-largest firms of the market. Concentration 
measures differ through various weighting schemes of market shares of the firms.  

After a detailed review on the theoretical and empirical measures applied for industrial 
concentration in non-port businesses but also examining the literature on port/terminal 
studies, we came up with a list of indicators that can be applied in this category for the 
ports: 

• n-port Concentration Ratio ( ) 

• Herfindahl-Hirschman Index (HHI) 

• Location Quotient (L.Q.) 

• Entropy Index (H), and  

• Gini Coefficient (G).  

For our study, the HHI and  seem to be the most appropriate measures for the shares 

of ports as weights. Between those two, maybe HHI is preferable as it is more 
comprehensive and revealing measure compared with .  

At this point and before the analysis of the indicators of this sub-category, we should 
mention that we suggest to limit the concentration ratios to maritime traffic only. In 
principle, similar ratios can be calculated to hinterland traffic but the difficulty in 
gathering the requested data would make it impossible to get a good indicator.  

The tables below provide a detailed discussion of each of the possible concentration and 
differentiation indicators. 
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Table 1. The n-port concentration ratio 

Characteristics Description 
Name of the indicator n-port Concentration Ratio ( ) 
Definition of the 
indicator 

The n-port concentration ratio is the sum of the percentage 
market shares held by the n largest ports 

Short description and 
general purpose  

The n-port concentration ratio is a measure of the 
proportion of the total throughput in port industry that is 
produced by a given number of the largest ports of the 
industry.  
 
The most common ones are ,  and  . The  
(n=4) is the sum of the market shares of the largest four 
ports, and the  (n=8) is the sum of the percentage 
market shares of the largest eight ports. The peculiarity of 
port industry with the small geographical markets dictates 
for a  & maybe a .  
 
An industry with exactly four ports has a CR4 of 100; while 
an industry with 10 equally sized ports has a CR4 of 40. 
 
These indicators are used in order to calculate the degree to 
which the port market is oligopolistic and the extent of 
market control of the largest ports. Concentration ratios 
range from no concentration, to low, medium high and total 
concentration. 

Commodity or product 
market or cargo 
segment  

• Containers  
• Roll-on roll-off traffic 
• Dry bulk 
• Liquid bulk 
• Conventional general cargo 

Geographical scale • Multi-port gateway 
• Regional port system or range 
• European ports system 

Traffic direction • Incoming (unloading) 
• Outgoing (loading) 
• Total (incoming & outgoing) 

Unit(s) of measurement • Mio tonnes 
• TEUs or number or containers 
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Calculation formula 
 

• Concentration Ratio 

 

where,  
= market share of port j regarding commodity i,  

 
where, 

= volume of cargo i handled at the seaside per port j in 
period t 

= volume of cargo i handled at the seaside per 

geographical scale g in period t 
n=number of different categories of commodities handled at 
the port  
 
• 

Average Concentration Ratio
 

 

Potential 
targets/objectives and 
tolerance of the 
indicator 

• Allowance for quantification of horizontal integration 
dynamics in port industry 

• Help the policy makers to develop appropriate strategies 
to balance the need for scale in ports and the need for 
flexibility in the market 

Potential 
methodological 
problems (collection 
and benchmarking on 
port/port 
range/European level) 

• The examination of  assumes that there are at least 4 
or 8 ports in the market under consideration depending 
on the  indicator used. In port industry, this is not 
always the case. 
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Table 2. The Herfindahl-Hirschman Index (HHI) 

Characteristics Description 
Name οf the indicator Herfindahl-Hirschman Index (HHI) 
Definition of the 
indicator 

The HHI index is the sum of the squared percentage market 
shares of all ports in the industry.  
 
It is a flow-weighted concentration index which implies that 
it can be decomposed according to the shares of total 
throughput of each group.  

Short description and 
general purpose  

It is a measure of the size of ports in relation to the industry 
and an indicator of the amount of competition among them.  
 
The HHI increases with the level of concentration. The HHI 
ranges between , moving from a huge number 
of very small ports to a single port market. Thus, it reaches 
its lower bound of 0 with a minimum level of concentration 
when the number of ports is very large. It reaches its upper-
bound of 1 with a maximum level of concentration when 
only a single port has a market share of 100%.  
 
The HHI was first introduced and applied for a number of 
countries by A.O. Hirschman (see below calculation 
formula) [National power and the structure of foreign trade, 
3. Ch. 7 and pp. 157-162] but later was used in a slightly 
different formula by O.C. Herfindahl and thus took its name 
after both researchers.  
 
The HHI is a measure of industry concentration. Actually, it 
was developed to provide an alternative measure to . 
The major benefit of HHI compared to  is that it gives 
more weight to larger ports. In addition, it takes into account 
the number of ports in the industry and the entire size 
distribution of the ports and not just the share accounted for 
by n largest number of those. 

Commodity or product 
market or cargo 
segment  

• Containers  
• Roll-on roll-off traffic 
• Dry bulk 
• Liquid bulk 
• Conventional general cargo 

Geographical scale • Multi-port gateway 
• Regional port system or range 
• European ports system 

Traffic direction • Incoming (unloading) 
• Outgoing (loading) 
• Total (incoming & outgoing) 
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Unit(s) of measurement • Mio tonnes 
• TEUs or number or container 

Calculation formula 
 

• Herfindahl-Hirschman Index (HHI) 

,  

where,  
= market share of port j regarding commodity i  

 

 
where, 

= volume of cargo i handled at the seaside per port j in 
period t 

= volume of cargo i handled at the seaside per 

geographical scale g in period t 
n=number of different categories of commodities handled at 
the port 
 
• Normalized H.H.I, 

  

where, 
N is the number of ports in the market and  
H is the usual H.H.I.  
The normalized index varies from 0 to 1. 

 
• Index Concentration (IC) (or Hirschman’s concentration 

index) 

 
 
• Average HHI 

 

Potential 
targets/objectives and 
tolerance of the 
indicator 

• Allowance for quantification of horizontal integration 
dynamics in port industry 

• Help the policy makers to develop appropriate strategies 
to balance the need for scale in ports and the need for 
flexibility in the market 

Potential 
methodological 
problems (collection 
and benchmarking on 
port/port 

• The examination of H.H.I. assumes that there are enough 
ports in the market under consideration that justify a 
competitive market 

• It is sensitive to the number of observations. So, if in 
period t the world is divided into two ports and each port 
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range/European level) has a share of ½ in world trade flows then the index 
takes the value of 0.5. if now in period t+1, the world is 
divided into 3 ports of which each has a 1/3 share of 
world trade then the index takes the value of 0.33. 
Although this may be a desirable property, it may be 
misleading as the number of ports also varies in the 
sample, an equal share for each port does not affect the 
value of the indicator. 

• Homogeneous, convex index of degree 0 on total flows 
or in other words, it is invariant to change in the scale of 
distribution. Thus, an increase of 10% of the throughput 
of each port leaves the index unaffected.  

Notes • The HHI is a more comprehensive and revealing 
measure of industry concentration than CR. Because it 
uses the square of market share, and includes the share 
of every port, it is able to show differences in 
concentration between industries even when the CR4 
measures (or CR8 measures) are identical. So, unlike the 
concentration ratio, the HHI will change if there is a shift 
in market share among the larger ports. 
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Table 3. Location quotient 

Characteristics Description 
Name οf the indicator Location Quotient (L.Q.) 
Definition of the 
indicator 

It is the calculated ratio of an industry’s share of total local 
area throughput divided by the same industry’s share of 
total base area throughput. 
 
Alternatively, it could be defined as the division of a share 
of a given commodity in a port’s traffic by the share of the 
same commodity in the country’s total traffic. 

Short description and 
general purpose  

A commonly used measure intended to help analysts to 
compare a region’s level of industry concentration relative 
to a larger geographic unit (such as state or the nation as a 
whole). 

A location quotient greater than one means that the local 
area has relatively higher throughput concentration than the 
base area (usually the state). A location quotient equal to 
one means that the local area has the same proportion of 
throughput as the base area. A location quotient of less than 
one means that area has a smaller proportion of throughput 
than the base area. 

Commodity or product 
market or cargo segment  

• Containers  
• Roll-on roll-off traffic 
• Dry bulk 
• Liquid bulk 
• Conventional general cargo 

Geographical scale • Individual port 
• Multi-port gateway 
• Regional port system or range 
• European port system 

Traffic direction • Incoming (unloading) 
• Outgoing (loading) 
• Total (incoming & outgoing) 

Unit(s) of measurement • Mio tonnes 
• TEUs or number or container 

Calculation formula • Location Quotient (L.Q.) 

 

where, 
= volume of cargo i handled at the seaside per port j in period t 

=volume of total cargo handled at the seaside per port j in period t 

=volume of cargo i handled at the seaside of all ports operating 

in region m (multi-port gateway, regional port system or range or 
European port system) in period t 
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= volume of total cargo handled at the seaside of all ports 

operating in region m (multi-port gateway, regional port system or 
range or European port system) in period t 
 
Respectively, 

•  

where,  
= volume of cargo i handled at the seaside per port j in period t 

=volume of cargo i handled at the seaside of all ports operating 

in region m in period t 
=volume of total cargo handled at the seaside per port j in period t 

=volume of total cargo handled at the seaside of all ports 

operating in region m in period t 
 
• Average Location Quotient (avrg.L.Q.) 

 

Potential methodological 
problems (collection and 
benchmarking on 
port/port 
range/European level) 

• Allowance for quantification of vertical integration 
dynamics in port industry 

• Help the policy makers to develop appropriate 
strategies to balance the need for scale in companies 
and the need for flexibility in the market 

Notes • This measure can be used at any industry level that the 
analyst deems important 

• It is generally accepted practice to interpret location 
quotient of   as high and  as low [C. Von 
Schirach-Szmigiel (1973), Trading Areas of the UK 
port, Geographika] 

• Location quotient is only an indicator of relative cargo 
concentration in a given area as compared to a larger 
(base) area. A high LQ does not necessarily mean that 
there will be growth in that cargo. It only means that on 
relative basis, the cargo is significant to the local 
economy.  
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Table 4. Entropy Index 

Characteristics Description 
Name οf the indicator Entropy Index (H) 

(or Theil entropy coefficient or Information Theory Index) 
Definition of the 
indicator 

The weighted average of the logarithms of the reciprocals of 
each port’s market share 

Short description and 
general purpose  

Absolute Entropy Index 
Entropy formula expresses the expected information content 
or uncertainty of a probability distribution. First, applied by 
Theil in the information theory. From then onwards, it has 
been employed as an index of industrial concentration in 
several instances. The entropy is regarded as an inverse 
measure of concentration. The basic entropy measure is 
utilized whenever data are available on port shares. It allows 
for disaggregation because of its axiomatic base. This way, a 
logic disaggregation of a set of data into different subsets can 
be achieved and their interactions be analyzed e.g. 
concentration at a national level can be split into 
concentration in the various regions. 
Properties of the entropy index: 
• If  then all ports have an equal share and 

concentration is at a minimum but H(s) increases 
• When the number of ports n, increases but  

concentration decreases as H(s) increases 
• Mergers lead to an increase in concentration and a 

reduction in H (s) 
 
Relative Entropy Index 
Spatial analysis, like in terminal business, requires that the 
unit of investigation be defined by geographic boundaries. 
Since geographic regions are the basic unit of analysis and 
regions are of different size, there is no a priori reason to 
expect equal shares among regions. This means that H(s) for 
a particular point in time is without meaning. This is the 
reason why, relative entropy is used. Relative entropy 
measures over time provide a unique and useful means of 
investigating spatial concentration properties. 
 
Entropy disaggregation 
Entropy index allows for disaggregation because of its 
axiomatic base. This way, a logic disaggregation of a set of 
data into different subsets can be achieved and their 
interactions be analyzed e.g. concentration at a national level 
can be split into concentration in the various regions. 
Allowing for spatial concentration analysis. Thus, entropy 
index can be broken down into between-set entropy and 
within-set entropy.  
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Commodity or product 
market or cargo 
segment  

• Containers  
• Roll-on roll-off traffic 
• Dry bulk 
• Liquid bulk 
• Conventional general cargo 

Geographical scale • Multi-port gateway 
• Regional port system or range 
• European port system 

Traffic direction • Incoming (unloading) 
• Outgoing (loading) 
• Total (incoming & outgoing) 

Unit(s) of 
measurement 

• Mio tonnes 
• TEUs or number or container 

Calculation formula • Absolute Entropy Index 

 

where, 
=the share of the market of the j-th port,  

 &  

 
• Relative Entropy Index 

        
 

where,  
= the absolute between-set entropy  

=a measure of the extent to which the port industry is attaining 

maximum possible between-region geographic dispersion in shares given 
the number of sets 
 

         

where,  
= the absolute within-set entropy 

= a measure of the extent to which the port industry is attaining 

maximum possible within-region geographic dispersion in shares given 
the number of divisions within regions 
 
• Entropy disaggregation 

       
 

where, 
m=sets of geographic regions 
 
• Average Entropy Index 
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Potential 
targets/objectives and 
tolerance of the 
indicator 

• Allowance for quantification of horizontal integration 
dynamics in port industry 

• Help the policy makers to develop appropriate strategies 
to balance the need for scale in companies and the need 
for flexibility in the market 

Potential 
methodological 
problems (collection 
and benchmarking on 
port/port 
range/European level) 

• The unit of measurement is expressed in logarithmic 
terms and thus, the measure is not directly comparable to 
other measures of concentration. 

• The entropy runs opposite to the level of concentration 
i.e. the higher the entropy the less the level of 
concentration and vice versa. A solution to this can be the 
reciprocal of the antilogarithm of the entropy. 

• Entropy index, like HHI, is sensitive to the number of 
observations. So, if in period t the world is divided into 
two ports and each port has a share of ½ in world trade 
flows then the index takes the value of 0.5. if now in 
period t+1, the world is divided into 3 ports of which 
each has a 1/3 share of world trade then the index takes 
the value of 0.33. Although this may be a desirable 
property, it may be misleading as the number of ports 
also varies in the sample, an equal share for each country 
does not affect the value of the indicator. 
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Table 5. Gini coefficient 

Characteristics Description 
Name οf the indicator Gini Coefficient (G) 
Definition of the indicator The Gini coefficient is defined based on the Lorenz curve, 

which plots the proportion of the total income of the 
population (y-axis) that is cumulatively earned by the 
bottom x% of the population. 

Short description and 
general purpose  

Initially developed to measure degree of inequality in 
income distribution, but have also been widely used to 
measure concentration. 

A method to measuring traffic concentration at 
transportation nodes such as airports, intermodal terminals 
and seaports. Especially, a measure to assess spatial 
inequality/concentration in seaport systems. 

If one port accounts for the total volume of containers, the 
Gini coefficient equals unity which coincides with the 
whole area under the diagonal of equal distribution 
 

Gini Coefficient (G) 
There are different methods to calculate the Gini 
coefficient but a simple applied formula is the one 
introduced by Brown (1994) for measuring inequalities in 
health. Under this method, G is calculated by 2 variables 
instead of one. 
 
The Gini coefficient ranges from 0 to 1. It is sometimes 
multiplied by 100 to range between 0 and 100. A low Gini 
coefficient indicates a more equal distribution with 0 
corresponding to complete equality. Higher Gini 
coefficient indicate more unequal distribution with 1 
corresponding to complete inequality.  
 
If all the ports in a port system are equal of size, the Gini 
coefficient will equal zero and the Lorenz curve would 
coincide with the diagonal of equal distribution 
 
Decomposition of Gini Coefficient 

An important issue in the analysis of inequality is the 
decomposition of the total indices. Literature provides 
some techniques to decompose the Gini coefficient neatly 
into a weighted sum of within and between group 
inequality. The first component of the Gini decomposition 
is the inequality within port ranges. The second is the 
inequality between port ranges. The third is formed by the 
transvariation or the overlapping effects between port 
ranges.  
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Dissimilarity Index (DI) 

A variant of Gini coefficient was introduced by some 
researchers that applied it to container port system. This is 
the dissimilarity index (DI) that is the summation of 
vertical deviations between the Lorenz curve and the line 
of perfect equality also known as the summation of 
Lorenz differences. 

Commodity or product 
market or cargo segment  

• Containers  
• Roll-on roll-off traffic 
• Dry bulk 
• Liquid bulk 
• Conventional general cargo 

Geographical scale • Multi-port gateway 
• Regional port system or range 
• European port system 

Traffic direction • Incoming (unloading) 
• Outgoing (loading) 
• Total (incoming & outgoing) 

Unit(s) of measurement • Mio tonnes 
• TEUs or number or container 

Calculation formula • Gini coefficient (G) 

      
 

where, 
σΧ= cumulative percentage of cargo throughput, 
σΥ=cumulative percentage of number of ports,  
N=number of ports (observations) 
 
• Decomposition of Gini Coefficient 

 
 

= a weighted average of the ranges’s Gini coefficients
 

 

 
=the between range Gini coefficient obtained if every 

port throughput in every range were to be replaced by the 
relevant range mean 

 

 

 

=a normalized index that indicates the distance 
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between port ranges  and  
The distance here is interpreted as a measure of the 
structural differences between the subgroups’ structures 
 
• Dissimilarity Index (ID) 

 

where,  
Y and X are percentages (or fractions) of the total number 
of ports and their respective cargo throughput. N is the 
number of observations (ports) 
 
• Average Gini coefficient (avrg.G) 

      
 

Potential 
targets/objectives and 
tolerance of the indicator 

• Allowance for quantification of horizontal integration 
dynamics in port industry 

• Help the policy makers to develop appropriate 
strategies to balance the need for scale in ports and the 
need for flexibility in the market 

Potential methodological 
problems (collection and 
benchmarking on 
port/port range/European 
level) 

• The sample size should remain the same during the 
sample period. Emergence or disappearance of new 
ports in the sample negatively affect reliability of G. 

• The more observations or categories the more reliable 
will be the G for assessing inequality. G based in few 
observations is unreliable for comparing different 
groups at any one time but it can be reasonable for 
monitoring changes in inequalities over time.  

• G can amplify biases. So, if grouped data are 
compared, it should be compared with the same things  

• When Gini coefficients are compared, particularly 
over time, it should be noted that G is insensitive to 
multiplying all observations by a constant but it is 
sensitive to adding a constant to all observations.  

• G might over-simplify a situation particularly where 
the issue of equality is multi-dimensional.  
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Table 6. Commodity Diversity Index (CDI) 

Characteristics Description 
Name οf the indicator Commodity Diversity Index (CDI) 
Definition of the 
indicator 

A relative-diversity index which is the sum of the absolute 
value of the difference between each port share in regional 
range and in European range 

Short description and 
general purpose  

A measure of the diversity of a set consisting of various 
types of commodities handled in ports. Allows for 
correcting and comparing differences in commodity shares 
at the European level. For each port, the absolute 
differences between the share of a commodity j in port i and 
the share of the corresponding commodity j at European 
level are summed. 

Commodity or product 
market or cargo segment  

• Containers  
• Roll-on roll-off traffic 
• Dry bulk 
• Liquid bulk 
• Conventional general cargo 

Geographical scale • Multi-port gateway 
• Regional port system or range 
• European ports system 

Traffic direction • Incoming (unloading) 
• Outgoing (loading) 
• Total (incoming & outgoing) 

Unit(s) of measurement • Mio tonnes 
• TEUs or number or container 

Calculation formula  

Where, 
=market share of port j in region m (multi-port 

gateway, regional European port system or European port 
system) 

Potential 
targets/objectives and 
tolerance of the 
indicator 

• Allowance for quantification of vertical differentiation 
dynamics in port industry 

• In combination with Concentration Indicators, it helps 
the policy makers to develop appropriate strategies to 
balance the need for scale in ports and the need for 
flexibility in the market 

Potential 
methodological 
problems (collection and 
benchmarking on 
port/port 
range/European level) 

• none 
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Table 7. Commodity Specialisation Index (CSI) 

Characteristics Description 
Name οf the indicator Commodity Specialisation Index (CSI) 
Definition of the 
indicator 

The sum of the subtraction between average market shares 
of two commodities  

Short description and 
general purpose  

It is comparable to the Location Quotient Index (LQ). It 
constitutes a diversification of the Relative Diversity Index 
(RDI) but with consideration of 2 commodities instead of 1. 
This is to avoid distortion of the results due to 
overestimation of rare commodities in some ports. 

Commodity or product 
market or cargo 
segment  

• Containers  
• Roll-on roll-off traffic 
• Dry bulk 
• Liquid bulk 
• Conventional general cargo 

Geographical scale • Individual port 
• Multi-port gateway 
• Regional port system or range 
• European ports system 

Traffic direction • Incoming (unloading) 
• Outgoing (loading) 
• Total (incoming & outgoing) 

Unit(s) of measurement • Mio tonnes 
• TEUs or number or container 

Calculation formula 
• Commodity Specialisation Index (CSI) , 
where, 

=market share of commodity a for region/port i and 
 

= market share of commodity b for region/port i and 
 

 
 

• Average Commodity Specialisation Index (avrgCSI) 
 

Potential 
targets/objectives and 
tolerance of the 
indicator 

• Allowance for quantification of vertical differentiation 
dynamics in port industry 

• In combination with Concentration Indicators, it helps 
the policy makers to develop appropriate strategies to 
balance the need for scale in ports and the need for 
flexibility in the market 

Potential 
methodological 
problems  

• none 
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Table 8. Traffic balance 

Characteristics Description 
Name οf the indicator Traffic Balance (TB) 
Definition of the 
indicator 

The ratio of two different types of commodities   

Short description and 
general purpose  

Illustrates the cargo diversification by examining the 
imbalances between two different types of commodities 
handled per port. Thus, different combinations of 
commodities may be analysed.  
 
The advantage of this index is that is can be directly 
computed for every port and destination  
 
One specific indicator stemming from TB is the 
Containerization Degree, the ratio between the 
containerized cargo and the general cargo. This indicator 
shows the share of containers in the maritime related 
import and export flows of general cargo so as to study 
how many ports have embraced containerization and how 
this is evolving in time 

Commodity or product 
market or cargo segment  

• Containers  
• Roll-on roll-off traffic 
• Dry bulk 
• Liquid bulk 
• Conventional general cargo 

Geographical scale • Individual port 
• Multi-port gateway 
• Regional port system or range 
• European ports system 

Traffic direction • Incoming (unloading) 
• Outgoing (loading) 
• Total (incoming & outgoing) 

Unit(s) of measurement • Mio tonnes 
• TEUs or number or container 

Calculation formula •  

 
• 

Degree of containerization (C)
 

      
 

where, general cargo=containers, Roll-on roll-off traffic & 
general cargo 
 
• Bulk Specialization 

      
 

Potential methodological 
problems  

• none 
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 INTRA-GROUP	COMBINED	OR	RATIO-BASED	INDICATORS		

Up to now, we discussed internal ratio-based indicators that rely on comparing data of 
the same or a similar indicator. Indeed, in order to calculate market shares, container 
dependency or concentration or differentiation indicators, we only need to rely on 
maritime traffic data disaggregated per relevant range, multi-port gateway or any other 
relevant geographical unit, and per commodity group.   
 
A next group of ratio-based indicators combines several indicators on market trends and 
structure, the so-called intra-group combined or ratio-based indicators. In essence, it 
comes down to finding meaningful indicators that combine data inputs on maritime 
traffic, vessel traffic and/or hinterland flows. 
 
Maritime traffic and vessel movements or traffic can be combined in several ways. An 
example of such a combined indicator is the load rate (sometimes also referred to as 
call size). This is defined as the rate of loading/unloading cargo from vessels at a port 
over a stated period of time. From a temporal perspective, we can introduce the average 
growth of rate of Load Rate (L.R.), i.e. the percentage of change of the volume of cargo 
loaded/ unloaded per vessel capacity. The load rate is thus a combinational indicator 
that results from the correlation of two base-data indicators of maritime traffic and 
vessel traffic. The aim is to examine the volume of cargo loaded/unloaded per vessel 
capacity. The lower indicator shows low demand for loading/unloading services in the 
port and at the same time low volumes of utilization by vessels of the service facilities. 
 
The load rate can be calculated as follows: 
 

 

 
where, 

=total cargo volumes per commodity loaded or unloaded in vessels 

=capacity of vessels type o served by the port 

n= number of different categories of commodities handled at the port 
N=number of vessels i served at the port  
 
 
The average growth of Load Ratio is as follows: 
 

 

 
These indicators can increase the transparency on port activities and allow port 
authorities, terminal operators and policy makers to monitor co-evolution in throughput 
and vessel traffic. The implementation of such an indicator would create some 
challenges. The vessel traffic that could be used relates to the capacity of vessels calling 
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at the total of European ports. The definition of capacity of vessels is subject to different 
interpretations as various measures could be used (DWT - deadweight tonnage, GT - 
gross tonnage, etc.). There is no standardized/consolidated system in Europe to monitor 
vessel capacity or collect the relevant data. The data that are collected by each port 
authority, terminal operator, government agencies or other sources (e.g. Eurostat, 
Lloyd’s Maritime Intelligence Unit, MDS Transmodal, ISL etc.) show differences at the 
level of commodity groups and metrics. On top of that, the main challenge with vessel 
capacity is the unavailability of data of vessel capacity in GT from the relevant port 
authorities. The indicator can also lead to false conclusions and misinterpretation. For 
example, ports that rely heavily on bulk ship traffic (e.g. bulk carrier and tankers) might 
be facing a rather low load rate as these ships often arrive full with raw materials 
coming from overseas mining and oil winning regions, and leave the port empty (in 
ballast). In container and general cargo shipping, ships typically do not enter or leave 
the port in ballast. So, comparing full bulk ports to specialised container ports does not 
make a lot of sense when focusing on the load rate. 

Also, maritime traffic and hinterland traffic can be combined in intra-group indicators. 
A typical example is the gateway degree. This indicator is the ratio of maritime traffic 
over hinterland traffic for a stated period of time. The aim is to examine the relationship 
between cargo throughput at the seaside and hinterland side. When G equals 1, this 
means that the maritime traffic equals hinterland traffic. G higher than 1 shows that 
maritime traffic is higher than hinterland implying that the port might have a 
transhipment function on top of the gateway function. If G is lower than one, then this 
implies that the port generates more hinterland traffic than maritime traffic. This 
additional hinterland traffic might be caused by local port industry or an inland hub 
function of the seaport for cargo flows moving from other ports to the hinterland. 

The gateway degree can be calculated as: 

 

The average gateway degree is 

 

Also here, the indicators can potentially increase the transparency on port activities and 
allow port authorities, terminal operators and policy makers to monitor co-evolution in 
throughput and hinterland traffic. However, the actual implementation of such an 
indicator would face some methodological and data collection issues, particularly if one 
would want to compare the gateway degrees of port regions or individual ports. The 
main problem relates to the uniform and harmonized determination of the hinterland 
traffic of a port. In this context, we refer to the report of task 3 on the modal split issue 
in Deliverable 1.1 and also to the addendum on the current status of a European modal 
split methodology as considered by ESPO.  
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  INTER-GROUP	COMBINED	OR	RATIO-BASED	INDICATORS		

At the start of this deliverable, we have introduced three groups of combined or ratio-
based indicators: 

1. Internal combined or ratio-based indicators: these indicators are based on 
data for one indicator only (e.g. market share based on maritime traffic data);  

2. Intra-group combined or ratio-based indicators: these indicators combine 
two or more indicators of the category ‘market trends and structure’  

3. Inter-group combined or ratio-based indicators:  these indicators combine an 
indicator of the group ‘market trends and structure’ to an indicator of another group (i.e. 
socio-economic indicators, logistics chain and operational performance indicators, 
environmental indicators or governance indicators). 

This section focuses on the last group of combined or ratio-based indicators. However, 
we also stretch the analysis a bit further by linking indicators on market trends and 
structure to a few more general variables in view of creating new ratio-based indicators. 

 

5.1.	Market	trends	and	socio-economic	indicators	

Work package 2 extensively reported on the possibilities and methodological challenges 
concerning socio-economic indicators. Despite the lack of a European wide 
methodology to assess the socio-economic impact of ports, it is useful to examine to 
what extent ratio-based indicators can be formed by combining market trends indicators 
to socio-economic indicators. The most straightforward combined indicators in this 
respect are: 

• Value-added per ton, obtained by dividing the total (direct) value added of the 
port complex by the total cargo throughput of the port; 

• Tonnage handled per employee, obtained by dividing the total cargo throughput 
of the port by the total (direct) employment in full-time equivalents (FTE) 

While these two indicators at first glance make a lot of sense, the practical 
implementation and interpretation of these indicators is somewhat problematic. 

First, as no European-wide methodology exists on the determination of value added and 
employment (see WP2 reports), it is highly dangerous to start comparing the results 
obtained for ports located in different European countries. Comparisons for ports within 
the same country and based on the same methodology (see e.g. the reports of the 
National Bank of Belgium on Belgian ports or the Port Monitor on Dutch ports) might 
be possible, but even then, the interpretation of the results must be done in a cautious 
way. 

Second, cargo handling activities form only a part of the activities in seaports. A lot of 
direct added value and employment is created by other activities such as logistics, 
nautical services and industrial premises. Not all reports on the socio-economic 
importance of ports disaggregate the results in the same way or the same sub-activities 
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of a port complex. Ports with a huge industrial activity will most probably generate a 
high direct value added per ton handled, but a low tonnage handled per employee. Ports 
that purely focus on the handling of transit cargo without additional functions (such as 
some of the roro ports) will typically have a low value-added per ton and a higher 
tonnage per employee. Therefore, one cannot compare these indicators among ports 
without understanding the functions and range of activities of the ports concerned. 
Ideally and if data permits, it would be better to calculate several additional indicators to 
facilitate a better-informed assessment, for example: 

• Value-added of the cargo handling sector per ton of cargo handled, obtained by 
dividing the total (direct) value added of the cargo handling companies in the 
port by the total cargo throughput of the port; 

• Tonnage handled per dock worker, obtained by dividing the total cargo 
throughput of the port by the total dock worker force.  

While the above indicators might have some value, we argue that it might be more 
appropriate to compare the growth rates of value added, employment and maritime 
traffic. Figure 7 provides an example for some ports in Belgium and the Netherlands. 

 

Figure 7. Growth rates of total traffic, direct value added and direct employment, 
period 2008-2015  

 

Source: Notteboom (2017) based on figures on employment and value added obtained 
from ‘Port monitor’ for Dutch ports and National Bank of Belgium for Flemish ports 
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5.2.	Market	trends	and	environmental	and	safety	indicators	

Work package 3 extensively reported on the possibilities and methodological challenges 
concerning environmental and safety indicators. Environmental Performance Indicators 
are a key element for ensuring environmental protection and sustainable development 
since they provide organisations with real and updated data and information of their 
environmental performance. Through the existing techniques and on the considerations 
from the EMS standards, a new methodology (the Tool for the identification and 
implementation of Environmental Indicators in Ports - TEIP), available to all European 
ports was developed, so that they are able to identify their most adequate indicators with 
a scientific procedure behind it. After evaluating all the indicators, a total number of 171 
indicators were selected to be incorporated into the TEIP tool. The environmental 
performance indicators (EPIs) that have been selected to be included in the PORTOPIA 
Service Cloud are classified in four categories: i) Environmental management; ii) 
Environmental monitoring; iii) Top 10 Environmental priorities; and iv) Services to 
shipping. We refer to deliverable D3.2 for a full list of these indicators. 

This implies that there are potentially a high number of EPIs that could be linked to 
market trend indicators via new combined or ratio-based indicators. However, many of 
the listed indicators are not suitable or meaningful in view of the creation of such inter-
group indicators: 

• Environmental management indicators are measures of a port authority’s 
capability to deliver environmental protection and sustainability. It is composed of 
ten environmental management indicators, all related to terminology recognised in 
international environmental standards, presented in a Yes / No response format. 
Given the binary nature of these indicators (Yes / No), they are not suitable to be 
used in the context of ratio-based indicators in relation to market trend indicators; 
 

• Services to ships: the category ‘services to shipping’ takes into account three green 
shipping actions: the availability of on-shore power supply, differentiated fees for 
clean shipping, and Liquefied Natural Gas (LNG) bunkering. One way to combine 
these indicators to market trends is to examine to what extent the implementation of 
differentiated fees for clean shipping has affected cargo traffic growth and vessel 
traffic growth in the ports concerned. The same could be done with the two other 
indicators. However, such examinations do not represent new combined or ratio-
based indicators as these examinations do not imply the calculation of a new 
indicator, just the (qualitative) comparison of two separate indicators (one on market 
trends and another on the services to ships dimension); 

 
• Top 10 environmental priorities: Ports are required to rank, from an extensive list 

of 35 port environmental issues, the top 10 environmental issues that the port 
considers as its main priorities, being 1 the most important. The results are useful to 
identify the main concerns for the European ports. Analysing the changes over time 
demonstrates how these priorities have evolved over the years. It is very difficult 
and not very useful to try to link these top 10 priorities to market trend indicators via 
new ratio-based indicators; 
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• Indicators on environmental monitoring provide information about the current 

condition of the environment. This information may help port environmental 
managers to better recognize the potential impacts of the port authority’s activities, 
products or services that may interact with the environment, and consequently, assist 
in the planning and implementation of environmental performance evaluation. These 
indicators investigate whether the port monitors a set of parameters regarding the 
condition of the environment. Air, water, soil and sediments quality indicators aim 
at measuring the state of these compartments, including its chemical, physical and 
biological characteristics. Terrestrial habitats and marine ecosystems indicators 
monitor the flora and fauna of these sites. Noise is defined as unwanted sound and it 
concerns the percentage of ports that monitor these emissions. Energy and water 
consumption are the amount of energy and water that have been consumed to satisfy 
the various needs of the port authority and the industries located within the port 
area. Carbon Footprint is a measure of the total amount of greenhouse gas (GHG) 
emissions. In this particular case, Carbon Footprint calculates the tons of CO2 
equivalent that have been emitted to the atmosphere during a period by the port. The 
indicator of waste management provides information on the percentage of ports that 
monitor waste. Waste may originate from ships, port industries, the port authority 
activities or construction works.  
 

The implementation of such environmental ratio-based indicators is not easy to achieve, 
or can be considered as problematic: 

• The base indicators withheld in the category environment and safety are primarily 
related to the environmental priorities of ports and the presence of environmental 
management practices and related services. This implies we cannot relate maritime 
traffic data or vessel movement data to, for example, total CO2 emitted in the port 
area. The only way to proceed would be to group ports in specific categories or 
classes based on specific environmental characteristics (e.g. a group of ports having 
an environmental management system and a group of ports without such systems) 
and then compare, for instance, the growth in maritime traffic. It is questionable 
whether such an exercise is meaningful as it is questionable whether maritime traffic 
growth has a causal relationship with the presence or absence of environmental 
management systems in the ports considered. We develop these notions furthers in 
Deliverable 9.3.   
 

• Many of the EPIs in this category can be linked to maritime traffic data in case they 
are measured in a quantified way (for example tons of CO2). If so, we can obtain 
ratio-based indicators such as CO2/ton handled. However, cargo handling activities 
form only a part of the activities in seaports. A lot of CO2 and other emissions, 
other types of pollution and water consumption in ports are caused by other 
activities such as logistics activities and industrial premises. Ports with a huge 
industrial activity will most probably generate a high CO2 per ton handled. Ports 
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that purely focus on the handling of transit cargo without additional functions (such 
as some of the roro ports) will typically have a low CO2 per ton. Therefore, one 
cannot compare these EPIs among ports without understanding the functions and 
range of activities of the ports concerned. Hence, it might be more appropriate to 
compare the growth rates and evolution of this group of EPIs over time with the 
evolution of maritime traffic and even with some macro-economic indicators such 
as direct value added.  

  

5.3.	Market	trends	and	logistics	chain	and	operational	performance	indicators	

Work package 4 extensively reported on the possibilities and methodological challenges 
concerning logistics chain and operational performance indicators. This category of 
indicators concerns the attention mostly of shippers, since they are mainly interested in 
connectivity, transport costs, reliability and ease of transactions. Four indicators were 
selected: three concerning the connectivity of the EU ports (marine, intermodal and ro-
ro) and one on the quality of customs procedures: 

  

• Maritime connectivity: the connectivity of a port with container services to 
overseas destinations. Units: an index which is based on the following 
parameters: number of service lines, transit time between ports, largest capacity 
of the ship that operates between ports, number of competing shipping 
companies that serve the route between ports.   

• Intermodal connectivity: the connectivity of a port with intermodal container 
services to hinterland destinations. Units: an index which is based on the 
following parameters: numbers of rail and barge terminals that serve the port. 

• Ro-ro connectivity: the RoRo connectivity indicator aims at monitoring over 
time how well the European port system is connected through RoRo services.  
Units: an index which is based on frequencies, travel time per port - port route, 
the number of intermediate stops, and the number of service providers.  

• Quality of customs: it shows how users rate customs procedures, a crucial 
procedure for efficiency in ports.   

WP4 reported that there are serious data availability problems for most of these 
indicators. If data would be available then we could consider developing some ratio-
based indicators which combine these indicators to maritime traffic and hinterland 
traffic indicators. More in particular, we could think of the following combined 
indicators: 

• Maritime traffic growth vs. maritime connectivity growth in a specific 
period: if this ratio is higher than 1 then maritime traffic is growing faster than 
the maritime connectivity. If lower than one, the growth in maritime 
connectivity does not result in a similar or higher growth in maritime traffic; 

• Maritime traffic growth vs. intermodal connectivity growth in a specific 
period: if this ratio is higher than 1 then maritime traffic is growing faster than 
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the intermodal connectivity. If lower than one, the growth in intermodal 
connectivity does not go hand in hand with a similar or higher growth in 
maritime traffic; 

• Modal shift growth vs. intermodal connectivity growth in a specific period: 
if this ratio is higher than 1 then the modal shift to rail and barge (expressed as 
the relative change in the combined modal split shares of barge and rail) is 
growing faster than the intermodal connectivity. If lower than one, the growth 
in intermodal connectivity does not go hand in hand with a similar or higher 
modal shift trend; 

• Roro traffic growth vs. ro-ro connectivity growth in a specific period: if this 
ratio is higher than 1 then roro traffic is growing faster than the roro 
connectivity. If lower than one, the growth in roro connectivity does not result 
in a similar or higher growth in roro traffic; 

The above ratio-based indicators can also serve as good basis for benchmarking among 
port regions or for comparing the performance of an individual port with the overall 
performance of a group of ports.   

 

In terms of maritime connectivity, one could also think of using the Liner Shipping 
Connectivity Index (L.S.C.I.) as a base for further development of ratio-based 
indicators. The index captures how well countries are connected to global networks. 
LSCI was developed by UNCTAD in 2004 in an attempt for a “new geography trade” 
development. The index considers 9 components: 

1. Deployment of container ships (number) 

2. Deployment of container-carrying capacity (of those ships) (TEU) 

3. Deployment of container ships per capita  

4. Deployment of container carrying capacity per capita  

5. Number of shipping companies  

6. Liner services 

7. Average vessel sizes 

8. Maximum vessel sizes 

9. Vessels per liner shipping company 

UNCAD uses  four steps to get the indicator: 

• Each one of the 9 indicators is standardised so that all indicator have the same 
maximum value of 1.0 and minimum value of 0.0. 

• The LSCI is calculated for each country.  
• The maximum average is identified. 
• All values are divided by this maximum average (the value of the maximum 

indicator becomes 1.0). 
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The biggest limitation of using the LSCI is that it is an indicator compiled on a country 
basis. This implies the LSCI is not available for individual ports.  

 

5.4.	Market	trends	and	governance	indicators	

Work package 5 extensively reported on the possibilities and methodological challenges 
concerning governance indicators.  

In the recent years, port governance issues have become increasingly relevant. The 
changes in the economic and political environments have led to modify the traditional 
port governance structures. There is still an ongoing debate regarding appropriate port 
governance models, and therefore it is interesting to identify and monitor particular 
aspects of the governance models that are nowadays being implemented and try to link 
these to the performance of the ports concerned, particularly in terms of market trends 
indicators such as maritime traffic and socio-economic indicators such as value added 
and employment.  

 

In PORTOPIA, three indicators on port governance were selected, next to the broad 
range of qualitative data contained in the factual reports. The first one is the integration 
of port cluster, which expresses the extent of port authorities’ initiatives that aim 
towards the integration of various stakeholders composing a port cluster. The second 
one measures the extent to which port authorities undertake and report activities in a 
way that enhances corporate and social responsibility (CSR). Finally, autonomous 
management provides information on whether port authorities maintain features that 
enable it to develop vital initiatives.  

All these are indexes that are obtained as a result of different parameters. Developing 
ratio-based indicators linking these governance indicators to market trend indicators is 
not feasible given the more qualitative nature of the governance indicators. However, 
from a benchmarking perspective, it does make sense to group ports together based on 
some governance criteria (such as the port management system, i.e. landlord, state-
owned, private or CSR related criteria) and compare the maritime traffic growth among 
these port groups. This implies that next to the geographical criterion (i.e. grouping 
ports based on range, multi-port gateway, or coastline), governance related elements 
could also be used to group ports in a meaningful way. 

 

5.4.	Market	trends	and	other	variables	

The analysis up to now considered indicators that have been identified by PORTOPIA 
to construct combined and ratio-based indicators in three categories: internal, intra-
group and inter-group. However, it could also be meaningful to develop combined or 
ratio-based indicators linking an indicator of the group ‘market trends and structure’ to a 
spatial or economic variable that is relevant to the port context. In this section, we 
extend the analysis by linking indicators on market trends and structure to a few more 
general variables in view of creating new ratio-based indicators.  
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Relevant variables from a port perspective could be: 

• Economic: (growth of) GDP, industrial production, population in the 
hinterland, specific hinterland regions or selected regions (e.g. NUTS II or 
NUTS III regions in Europe).  

• Spatial: size of the port area in ha  

The economic variables can be linked to market trends to create new ratio-based 
indicators. A good example is the TEU-to-GDP multiplier which has been used on 
several occasions by both academics and consultants. This multiplier divides the growth 
in TEU traffic of a port or port system by the GDP growth in a specific region or 
country relevant to the port or port system. Figure 8 gives the data for the European port 
system as a whole, while figure 9 presents the global picture based on Alphaliner.  

 

Also, spatial measures can be related to traffic related indicators, for example by 
calculating the TEU per hectare of container terminal surface, or the total tonnage 
handled per hectare of port area. However, defining the size of a port area is not easy 
as the researcher is confronted with a range of questions: 

• Do we include water surfaces or not? 
• Do we only consider built-up areas or the whole port area? 
• Do we include the space taken by transport infrastructure (rail, highways/roads, 

pipelines) or not; 
• Do we focus on cargo terminals only or do we also include logistics sites and 

industrial premises?  
• Do we take the legal definition of port area applicable in the country (if any) or 

do we also include adjacent areas which are legally not part of the port area but 
are home to a large number of port-related activities? 

A meaningful comparison of ratio-based indicators such as the cargo tonnage/ha is only 
meaningful if a harmonized definition of a port area is used and when the functions and 
range of activities of the ports concerned are fully understood.  
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Figure 8. TEU growth, GDP growth and TEU-to-GDP multiplier for the container port 
system in EU27/28 

 

Source: Notteboom (2016) 

  

Figure 9. TEU growth, GDP growth and TEU-to-GDP multiplier for the global 
container port system  

 

Source: Alphaliner Weekly Review, Volume 2016 Issue 32, 03.08.2016 to 09.08.2016  
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 CONCLUSIONS	

This report discussed combined or ratio-based indicators within the group of indicators 
on market trends and structure, and a link of these indicators with different categories of 
indicators. The core principle behind this task is that the new indicators should rely as 
much as possible on information extracted from available datasets, so that additional 
data collection on top of the range of existing indicators is minimized. 

We explored three groups of combined or ratio-based indicators. 

Internal combined or ratio-based indicators: these indicators are based on data for 
one indicator only. The main combined indicator we have proposed relate to market 
share, concentration and differentiation and cargo distribution (such as container 
dependence). We have also demonstrated that simple graphical techniques (such as 
dynamic positioning) can be used to get more insight into the relative changes of port or 
port systems. This category of ratio-based indicators is the easiest to implement in the 
PORTOPIA platform. As will be demonstrated in deliverables 9.3 and 9.5, market 
shares and cargo distribution have been implemented in the PORTOPIA platform. 
These ratio-based indicators also serve as meaningful indicators for benchmarking and 
comparison among port ranges and individual seaports.   

Intra-group combined or ratio-based indicators: these indicators combine two or 
more indicators of the category ‘market trends and structure’. The report mainly focused 
on the load rate/call size to combine maritime traffic and vessel traffic and the gateway 
degree to combine maritime traffic and hinterland traffic. This category of ratio-based 
indicators requires reliable base data collected in a harmonised way before a meaningful 
implementation in the PORTOPIA platform can be considered. This issue is further 
discussed in detail in Deliverable 9.3.  

Inter-group combined or ratio-based indicators: these indicators combine an 
indicator of the group ‘market trends and structure’ to an indicator of another group. 
The report assessed the possibility of creating new combined or ratio-based indicators 
by linking market trends indicators to other indicator groups at the level of governance, 
environment, logistics and socio-economic impact. We also extended the analysis a bit 
further by linking indicators on market trends and structure to a few more general 
economic and spatial variables in view of creating new ratio-based indicators. This 
group of ratio-based indicators has not been implemented in the PORTOPIA platform at 
this stage, but implementation can be considered if the data is available in a 
standardized way.   

 

 

 

***** 

 

 


