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Executive/management summary  

Maritime and inland waterways traffic has increased exponentially over the last decades. This required 

different solutions to ensure safety at sea, which resulted in the Automatic Identification System (AIS). 

Almost every ship broadcasts its location and status information by means of AIS, making it possible to 

detect other ships, wherever they were. Building on the developments of the completed work in the 

ESSnet  big data programme I [1] on the use of AIS data (Automatic Identification System) for maritime 

statistics, the aim of this Work Package (WP) tracking ships (WPE) is to develop functional production 

prototypes. Results of the WP in the first program showed the potential wealth of AIS data to improve 

current statistics and to generate new statistical products. Although some important elements of 

current maritime statistics such as type and quantity of goods loaded or unloaded at the port are not 

part of AIS, AIS is useful to improve other aspects of statistics and provide new products. In addition, 

AIS data is also useful for statistics on inland waterways, emissions and can provide other new 

products.  

For each of the four main products identified in the first deliverable, a first version of the prototype 

using AIS data has been developed in the current program: 

(1) Improve statistics on Inland Waterway transport: statistics on Dutch Inland Waterways (IWW) are 

based on incomplete information. Information on some parts of the Dutch inland waters is missing, 

resulting in incomplete data on ships’ journeys and with that, information on goods (un)loaded. 

Implementing information from AIS in the process, completes this missing information on ships’ 

journeys. This was done by developing a production infrastructure that can deal with big data.  

Furthermore, algorithms were developed to link AIS data to traditional source data. In turn, a 

methodology was developed to estimate the type and quantity of the commodities transported. 

(2) Develop statistics on the behaviour of fishing vessels: using AIS, the first results on the activity of 

fishing fleet (time when a fishing vessel is out of the port) and the traffic of fishing fleet (the number 

of fishing vessels in fishing areas) in Poland have been derived. Several visuals have been created: a 

map with the fishing ports and fishing areas, and the traffic intensity. The fishing fleet was derived 

using the EU fishing fleet register, applying the rules of the Common Fisheries Policy. The prototype 

was also tested for fishing ports in the Netherlands and Greece. 

(3) Improve quality of statistics on port visits: a Port Visits Geo-Solution prototype was developed in 

PostgreSQL. AIS data is used to derive the port visits and port traffic of the Piraeus port in Greece. The 

prototype shows that we are able to generate the official so-called F2-table. The prototype was also 

tested for ports in Poland and the Netherlands. Two manuals have been developed providing analytical 

guidelines, technical instructions for this prototype for full-fledged implementation in the ESS. 

(4) Improve statistics on air emissions and energy used for the environmental accounts: a method was 

developed to identify shipping vessels related to the Dutch economy using text mining techniques. 

Research was performed to investigate the use of distance travelled per ship as a proxy of fuel usage 

and emissions. As there was no direct opportunity to actually calculate fuel usage and emissions, e.g. 

due to insufficient availability of data sources, three theoretical methods were developed to 

implement AIS. 

Additionally during this work package, a prototype is being created to develop an early indicator for 

trend changes in the real economy. 
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Concerns, signalled during the previous ESSnet  big data programme I [1], like the need for suitable 

hardware and software tools for the exploration and exploitation of the huge amount of AIS data, still 

applied. The products mentioned were created using several big data platforms: local platforms, the 

Big Data Test Infrastructure (BDTI) environment and its successor, the Dataplatform, both provided by 

European Commission, and the United Nations Global Platform (UNGP) provided by the UN Global 

Working Group (GWG) on Big Data for Official Statistics. Each environment has its specific set of tools 

and uses other sources of AIS data with different coverages. AIS data is collected by several parties 

around the world, though the scope of the data may differ. Some parties only collect national data, 

some parties collect data on a European level and some parties collect all data around-the-world. Some 

parties collect maritime data and some parties collect data focused on inland waterways. 

During the project, each time the best environment for developing and testing the product had to be 

selected. The choice depended mostly on the coverage of the AIS data. The inland waterways product 

requires AIS data on inland waterways, which only is available nationally because of privacy reasons. 

Both the products on port visits and on fishing fleet were developed locally and later implemented and 

tested on the Dataplatform. Almost 7 months after the start of the project of the project, the BDTI 

environment was provided by the European Commission. It was available for 5 months for an 

interrupted period. Then, the environment was deprecated and in month 18 of the project, it was 

replaced by the Dataplatform. Setting up the Dataplatform and loading the AIS data required a lot of 

valuable project resources. Finally, for the product on air emissions and energy used for the 

environmental accounts, worldwide coverage is required, which was only available on the UN Global 

Platform. 

Even though the Dataplatform was provided late during the project, it was used to test two of our 

products for other countries. The port visit product, which was developed by Greece, was executed to 

create the F2 tables for several Dutch and Polish ports. And the fishing fleet product, which was 

developed by Poland, was executed to create the first results on Dutch and Greek fishing fleet activities 

and behaviour. This shows that the products can be executed on other platforms than initially 

developed. And more importantly, it shows that the solutions are generic and can be used to produce 

the results for other countries. 

Finally, the WPE architecture was created using the Big data REference Architecture and Layers 

(BREAL), as defined by the work package on architecture (WPF). This architecture is provided as an 

annex, part of the WPF deliverable F2 [2]. 
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1. Introduction  

Building on the developments of the completed work in the ESSnet  big data programme during 2016-

2018 [1], the aim of this work package (WP) is to develop functional production prototypes. Results of 

WP4 in the first program showed the potential wealth of data from the Automatic Identification 

System (AIS), an automatic tracking system on ships for safety and management purposes. The data 

source contains detailed information on different aspects of the ship, such as identity, location, course, 

and speed, providing information to improve current statistics and to generate new statistical 

products. The WP4 consisted of three tasks: data access, data handling and methodology and 

techniques. It was concluded that although some important elements of current maritime statistics 

such as type and quantity of goods loaded or unloaded at the port are not part of AIS, AIS still is useful 

to improve other aspects of maritime statistics and provide new products. In addition, AIS data is also 

useful for statistics on inland waterways (IWW), energy used and air emissions for environmental 

accounts and can provide other new products. Concerns signalled were the need for suitable hardware 

and software tools for the exploration and exploitation of the huge amount of AIS data and the lack of 

documentation and guidance for using AIS. 

In this second big data programme the aim was to set up procedures and develop technical solutions 

for the implementation of AIS for statistics on IWW, port visits, energy use and emissions. Experimental 

statistics on fishing fleet behaviour was also identified as an important new product. Three National 

Statistical Institutes (NSI’s) participate in WPE: the national statistical institutes of The Netherlands 

(work package leader), Greece and Poland. The output of the work is available to the European 

Statistical System (ESS) and can enable other NSI’s to produce statistical output. Therefore, active 

involvement of subject matter experts, statisticians, enterprise architects and other stakeholders was 

already needed. Subject matter experts for the NSI’s working in the relevant national statistical 

production units (for example, maritime and IWW transport, emissions, fishing) were involved in 

different phases of work. Participation to some relevant Eurostat Working groups and Task Forces (for 

example, maritime and IWW transport statistics) were part of the work of this WP.  

Along with the production of the relevant methodologies, recommendations, specifications and 

statistical software, the production of experimental statistics demonstrating the capabilities to 

produce statistics is an objective of this WP. See “Annex 1: Scope of WPE in more detail” for a more 

detailed description of the work in this WP. 

In this deliverable, the implementation and development of the statistical products to be delivered in 

this WPE are described in chapter [2]. First, the different data sources used are described. Then the 

prototypes are described. This concerns improving the statistics on Inland Waterway transport, 

developing statistics on the behaviour of fishing vessels, improving the quality of statistics on port 

visits, and improving statistics on air emissions and energy used. All software, developer's and user's 

handbooks, procedures for testing and maintenance, are available on GitHub. Chapter [3] describes 

the results of an experimental investigation into the possibilities of applying dynamic networks and in-

port waiting times of shipping as indicators of economic trend changes. Chapter [4] describes our 

experiences using the new Dataplatform provided by the European Commission. Also, the experiences 

of Statistics Netherlands on processing the AIS data on a high-performance computing (HPC) platform 

are included. Finally, in chapter [5], possible future work and recommendations are provided. 
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2. Outcome of prototypes 

Data sources 

Depending on the prototype, different data sources are used for AIS. In addition, different sources of 

complementary information are used. The reason different AIS sources are used, is that not all sources 

provided the data needed for a particular prototype. Here, an overview is provided of the different 

sources used. Table 1 shows the different data sources for AIS and Table 2 the complementary data 

sources. In general, the AIS messages 1, 2, 3, 4, and 5 were used. These contain static and dynamic 

information (i.e. information on ships’ characteristics and information such as location and speed, 

respectively). For inland waterways, message 8 is relevant as it contains static information on inland 

waterway vessels. Note that not all sources were obtained specifically for this work package WPE, but 

for example also for the previous ESSnet  I (WP4), or local projects such as improving statistics on inland 

waterways. 

 
Table 1: Different data sources for AIS 

 

 
Table 2: Data sources for complementary information 

AIS data 

AIS EMSA AIS Dirkzwager AIS Polish data AIS Greek data AIS Orbcomm AIS Inland waterways

Source EMSA (not open source) Dirkzwager (not open 

source)

Polish Maritime 

Authority

Hellenic Coast Guard UN Global Platform Rijkswaterstaat

Coverage obtained European coastline European coastline Poland Greece Worldwide Dutch Inland 

Waterways

Time period available 2017-2018 March 2015 - March 

2016

yearly yearly October 2018 - present 2017

Filtering 3-minute filter unclear none none unclear none

Specifics Does not contain 

fishing fleet

Bad coverage of Greece Message 8 is included, 

specific for IWW

Applied for Port visits Fishing fleet Fishing fleet Port visits Energy used and air 

emissions

Inland Waterways

More information WPE Deliverable E3 [3] 

and current deliverable 

ESSnet I: WP 4 

Deliverable 4.3 [4]

ESSnet I: WP 4 

Deliverable 4.3 [4]

ESSnet I: WP 4 

Deliverable 4.3 [4]

WPE Deliverable E3 [3] 

and current deliverable 

WPE Deliverable E3 [3] 

and current deliverable 

RIS (IVS) Fleet register data

Lloyd's Register of 

Ships

General Business 

Register 

EU Monitoring, Reporting 

and Verification of CO2 from 

marine transport (EU-MRV) 

Type of information Lock information (not 

open source)

Fishing fleet (open) Ship information (not 

open source)

Business information of 

Dutch businesses

Energy use and air emissions 

of ships 

Source Rijkswaterstaat DG Mare ΙHS Markit Statistics Netherlands European commission / EMSA

Coverage obtained Dutch inland waterways European fleet Ships entering Greek 

ports, and Dutch ports

The Netherlands Only for large ships voyaging 

to and from EU ports, between 

EU ports and at berth

Time period available 2017 yearly yearly yearly yearly (from 2018)

Filtering n.a. n.a. n.a. n.a. n.a. 

Specifics Contains all ships Dutch 

inland waterways that 

pass information points

Missing/incorrect MMSI 

and IMO-numbers

n.a. n.a. n.a.

Applied for RWS (Dutch water 

infrastructure Authority)

Fishing fleet Greek and Dutch 

Maritime Statistics

Energy used and air 

emissions

Energy use and air emissions

More information WPE Deliverable E3 [3] 

and Current deliverable 

WPE Deliverable E3 [3] 

and Current deliverable 

Current Deliverable WPE Deliverable E3 [3] 

and Current deliverable 

Current Deliverable 

Complementary information
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Inland waterways 

Introduction 

In statistics on the transport of goods via Inland Waterways (IWW), the amount and type of goods 

transported via inland waterway are described for the national territory. In the Netherlands, these 

statistics are based on information that has to be provided when inland waterway ships pass by a lock. 

At the locks, so-called Information and Following system for Shipping (IVS-information) is gathered on 

the origin and destination of a ship, the goods the ship carries and some ship’s characteristics. This 

information is taken from River Information Services (RIS). However, this information is known to be 

incomplete as not all shipping routes pass by a lock, resulting in incomplete information for these 

journeys (see Figure 1, showing locations where journeys are missing, the darker the higher the 

number of missing journeys). Even when a ship passes by a lock, the information may still be 

incomplete, because some manual work is required. AIS provides information on all ships and 

therefore is useful in gaining a complete image of IWW shipping. This project focuses on 

supplementing the information missing from IVS using AIS data.  

 

Figure 1: Locations with structural undercoverage in IVS 

Process, concepts & methodology 

The implementation of AIS to complete missing information concerns different aspects: infrastructure, 

software, and methodological aspects. The methodological aspects concerns two main issues: 

optimizing matching journeys already in the statistical process to journeys derived from AIS and 

estimating type and quality of goods. 

There are two main sources used in this project: lock IVS data (from 2019 called IVSNext) and AIS data. 

Both sources are obtained from Rijkswaterstaat (RWS), part of the Dutch ministry of Infrastructure and 

Water Management, the organisation responsible for management and maintenance of the main 
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infrastructural facilities (not restricted to waterways) in the Netherlands. This national source of AIS is 

used because of the sensitive aspect of AIS of IWW ships. As the home address of inland skippers is 

usually their ship, AIS contains privacy sensitive information. EMSA data does not contain information 

on IWW ships. The other reason for implementing national AIS is the dependency on AIS in the future: 

the statistical production will need AIS data to be available. Therefore, Statistics Netherlands has made 

agreements with RWS concerning structural delivery of data. 

Infrastructure and software 

The original setup proved to be too slow to process a week of data. Mostly due to the processing step 

of deriving AIS journeys, the processing time was too slow, many times resulting in crashes. The 

resulting processing time would not be realistic in the process of producing statistics. Therefore, the 

project joined1 another project at Statistics Netherlands that was investigating the use of the big data 

infrastructure Greenplum. See chapter 4 for the results. 

Methodology 

The main structure of the process was described in the previous deliverable, see also Figure 2. For the 

overview, it is described here along with improvements made.  

 
Figure 2: New IWW process with AIS as an additional source 

Process AIS data: pre-processing 

In pre-processing, AIS messages 1, 2, 3, 5, and 8 are selected and decoded. Note that for IWW message 

number 8 should also be included, as these messages contain static information specifically for IWW 

ships. The messages are divided in dynamic and static messages per ship and tested to be valid records. 

Then both are filtered: redundant static messages are removed and for dynamic messages only 

latitudes and longitudes in Dutch territory, with a speed over 0.2 knots are selected. Static and dynamic 

messages are then merged. This results in one file per ship containing monthly static and dynamic 

information. These steps are using the libais python library in Greenplum (see chapter 4).  

 

                                                           
 

1  The scope of the ESSnet project was to create a prototype, proving the viability of the solution. At Statistics 
Netherlands another project, not in scope of this ESSnet project, was responsible to take this prototype into 
production and to test the possibilities of Greenplum as a new piece of big data infrastructure. Note that the 
solution described here, sometimes also describes results of the latter project. 
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Process AIS data: Deriving journeys from AIS  

After pre-processing, journeys are derived per ship. A journey is a movement between two locations 

where goods are loaded and/or unloaded or the point where a ship leaves Dutch waters. When the 

time interval between two successive data points is over an hour or the difference in location is larger 

than 200 meters, the first data point is considered to be the end of a journey and the succeeding data 

point the start of a new journey. Each location is linked to a register of terminal locations using a 

nearest node method. Using this method, the distance between the location of the ship and all 

terminal locations are calculated; the terminal location with the shortest distance is then selected.  

As the definition requires locations where ships (un)load, the location register also has to contain 

locations where ships stop for other reasons than (un)loading, such as waiting locations for locks or 

sleeping locations. These stopping locations will not be used to define the beginning or end of a 

journey. We have updated the already available registers for locks, loading and unloading locations 

and ports. 

Match AIS & IVS journeys 

To identify journeys that were not present in IVS, first, journeys from IVS and AIS have to be matched. 

Initially, a rather coarse method was used for this: an indicator signalling the degree of time overlap 

between the two journeys per ship was used to identify journeys present in both information sources 

and present in either only IVS or AIS. In case the IVS journey started before the AIS journey, many AIS 

journeys were erroneously not matched to IVS journeys. Therefore, the use of Probabilistic Record 

Linkage was investigated to match IVS voyages to AIS voyages. This technique attempts to link records 

from two data sources through multiple, possibly non-unique keys. The R package “reclin” developed 

by Jan van der Laan is used [5]. 

Both IVS and AIS voyages contain the same unique vessel identification: EU_nr in AIS and IVS_Vessel 

number in IVS. Therefore, matches can be made by ship. In other words, ship identification can be used 

as a linking key in the software. For the journeys of a ship, possible linking keys are: start date (day-

month-year, hour-min), end date, loading location, unloading location and distance. 

Study of test files has revealed that there are many differences between AIS journeys and associated 

IVS journeys in terms of loading location, unloading location and distance. The causes lie in differences 

in measuring moment and determination of distance. In addition, factors like distance, draft and 

(un)loading location did not improve matching much. Therefore, test matches have been made with 

only start and end dates. 

In the matching test, AIS journeys with the same loading and unloading location (intra-port journeys) 

and AIS journeys shorter than 10 km within the Netherlands were not included. By ship, each AIS 

journey is compared to all IVS journeys by calculating the sum of the absolute value of the difference 

of the start dates and the absolute value of the difference of the end dates in minutes for each pair. 

For example, if AIS journey 1 starts 45 minutes before IVS journey 1, and AIS journey 1 stops 10 minutes 

after IVS journey 1 stops, the sum difference is 55 minutes. The IVS record for which this sum is the 

smallest is linked to the relevant AIS journey, provided that the sum is less than 1440 minutes (equals 

24 hours). If all sums are greater than or equal to 1440, then no IVS journey is associated with the 

relevant AIS journeys. The choice of a permissible time difference of 1440 minutes, or 24 hours, is 
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arbitrary. The matching test using this threshold resulted in the least missed matches and mismatches, 

and the most correct matches and correct non-matches. 

Other steps that were made to improve matching: 

 Align the measurement moments of IVS journeys with those of AIS journeys. Especially for trips 
that start or end outside of the Netherlands, there are large differences in the start and end dates 
respectively. Because the national AIS does not have coverage in other countries, ships crossing 
the border cannot be followed anymore. Therefore, in AIS the date of a signal that is either start 
or end point is taken, but the location could be quite far to the actual border (due to the bounding 
box used for filtering in the processing of the data). In IVS the start and end date when crossing 
the border with other countries is more precise. Therefore, the location of borders in AIS have, 
that is start or end of the journey to be defined while crossing the border, has to be more precise. 

 Standardized the UNLO codes (United Nations Code for Trade and Transport Locations, five-
characters) for loading and unloading locations in AIS and IVS, so that these can be added to the 
coupling algorithm as a linking key.  

 Added an improved distance variable to AIS voyages as calculated by IVS, which can be used as a 
linking key. 

 Adding artificial empty journeys between two loaded journeys: one selective group known to be 
missing from IVS are journeys in which no goods are being transported. If we assume all extra 
journeys in AIS to be loaded, this would result in an overestimation of goods being transported. 
These journeys cannot be matched one-to-one based on the previously defined algorithm, but 
provides useful information in later stages of the process.  

After AIS journeys have been defined and matched with IVS journeys, AIS journeys not present in IVS 

are supplemented to the IVS journeys. As AIS does not contain information on type and quantity of 

goods transported, this has to be estimated.  

Estimating type and quantity of goods 

To estimate type and quantity of goods, different sources of information are used: type and transport 

history of the ship and type of terminal. The type of terminal is defined in terms of the dominant 

activity loading or unloading and the dominant type of goods that is being loaded (commodity codes 

HS4-digit and UN-code).  

For containerships it is assumed that only containers are being transported, thus only type of good 

“containers” will be estimated. The quantity (number of containers/weight/TEU) is estimated by taking 

the mean quantity of containers normally transported when the ship was loaded.  

For other (bulk-) ships the journey is first defined as being a loaded or unloaded journey. If the journey 

is loaded, type and quantity of goods is estimated. This is done on the basis of the terminal where the 

journey started and ended, following the rules: 

1. Define a journey to be loaded or unloaded: 

Unloaded journey if: 

(Start terminal = loading < unloading AND end terminal = unloading < loading) OR 

(Start terminal = unloading only) OR 

(End terminal = loading only) 
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Loaded journey if: 

(Start terminal = loading > unloading AND end terminal = unloading > loading) OR 

(Start terminal = loading only) OR 

(End terminal = unloading only)  

2. Unloaded journey  No type and quantity of goods assigned 

3. Loaded journey  Type of goods = most dominant at start location (HS- and UN-code) 

Quantity = mean quantity transported by ship  

Currently, the methodology department is investigating other methods to improve the method of 

estimating the type and quantity of goods. Four different methods have been investigated: the pseudo 

design-based approach, inverse sampling/importance sampling, doubly robust estimator and mass 

imputation.  

 The pseudo-design based method is the simplest method, in which the IVS data is weighted 
according to background characteristics from the AIS journey file. That is, the IVS data is assumed 
to be a probability sample from AIS. Then the generated regression (GREG) is applied to weigh the 
IVS voyage file to the AIS voyage file. Potential information is type of ship, type and location of (un) 
loading terminal, fairway.  

 Inverse sampling is a technique developed [6] to correct for selectivity in non-probability samples. 
The situation is as follows: there is a selective sample of target variables (IVS) from a target 
population (AIS). The target variables are only in the selective sample. Finally, both files contain 
auxiliary variables that can be used to determine and correct the degree of selectivity in IVS.  

 The idea behind the Doubly Robust Estimator method is to estimate data from the data in IVS using 
a linear model that describes the relationship between the target variables and the available 
auxiliary information [7].  

 Finally, in the Mass Imputation method [8], the values for the target variables of journeys that only 
occur in AIS are imputed with comparable IVS journeys. This can be done through various machine 
learning algorithms, e.g. with the k-Nearest Neighbour algorithm.  

Simulations will be performed to make an informed choice between the methodologies. The IVS data 

is taken as a starting point where part of the journeys is selectively removed, such that this 

approximates the selectivity of the IVS in relation to the AIS. Subsequently, the four estimation 

methods can be tested and compared with reality (i.e., the population values of the IVS before a 

selective part has been removed). This can be repeated a number of times. The estimation method 

that best approximates the actual value will be selected. 

Outcome 

The goal is to match all IVS journeys to AIS, while expecting approximately 5 percent extra journeys 
from AIS. At the moment, this is not yet the case, which mainly lies in the problem of defining 
load/unload stops. When a ship stops, this does not always constitute an (un-)loading action. This is 
defined on the basis of registers with stopping location, that are still being improved.  

In 2021, supplementary information from AIS will be included in the process of IWW statistics. There 
are a few aspects that will be performed after the end of the ESSnet : 
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1. The improvement of the terminal register: the information on type of goods processed at different 
terminals is not yet complete. In addition, it has to be kept up-to-date in terms of new terminals 
but also automatize the characterization of terminals.  

2. The effect of the method deviation on the statistics produced and published has to be 
investigated and backwards implemented to retain comparable time series. This will also be done 
in the light of the complete remodelling of the IWW statistics that will be performed.  

Implementation 

As the compilation of IWW statistics is different for each country, the general process developed here 

cannot be applied directly for other NSI’s. However, there are elements that can be used when AIS 

data has to be matched to other (existing) data. That is, infrastructural implementation and some 

methodological findings on matching data and estimating missing information data from AIS.  

1. The code for processing raw AIS data. This decodes AIS data, segregates dynamic and static 
messages, filters messages and merges data per ship. The code is written for Greenplum [9].  

2. The algorithm to match AIS journeys to IVS journeys. Due to differences in recording methods, the 
information in IVS and AIS does not directly map one on one. For example, the start and end time 
do not match perfectly. This fuzzy match is linked using Probabilistic Record Linkage. The code for 
Probabilistic Record Linkage is written in R using packages “dplyr” and “reclin” [10]. 

3. The current algorithm to estimate type and quantity of goods on the basis of type of ship and 
terminal. 

Future work 

Outside the scope of the ESSnet , Statistics Netherlands will perform more research on:  

 More methodological research will be performed on the estimation method of supplementing type 
and quantity of goods. 

 Related to this: the use of terminal information database. 

 A shipping register will be developed based on both IVS and AIS. This will also be useful for the 
statistic of passenger transport in IWW. 

 Estimating the effect of the method deviation on the statistics produced and published has to be 
investigated and backwards implemented to retain comparable time series. This will also be done 
in the light of complete remodelling of the IWW statistics that will be performed. 
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Fishing fleet 

Introduction 

Behaviour of fishing fleet (activity and traffic) has not been a widely researched topic yet, however it 

is becoming a topic of great interest to the central and local government administration in the coastal 

areas. For a large part, this is a result of the sustainable development policy (see Goal 14: Conserve 

and sustainably use the oceans, seas and marine resources). 

The analysis performed for this WP focuses on the behaviour of the fishing fleet and its activity within 

fishing areas, which shall be of novelty and allow production of experimental statistics on fishing fleet 

behaviour. The work concerning Polish fleet and selected Polish seaports should result in an easy-to-

implement software with universal methods supporting the process of collecting, processing and 

analysing AIS data for the purposes of statistics. The developed methods were also tested on a single 

fishing port in the Netherlands (Yerseke) and in Greece (Kavala). 

An important aspect of the work is the use of available sources, namely AIS and Fishing Fleet Register 

data, and the fact that the developed model shall be so universal that it can be replicated for the ESS 

and other international organizations. 

Process 

Our general approach to developing experimental statistics on the behaviour of fishing vessels with 

the use of AIS data and the fishing fleet register is presented in Figure 3. 

 
Figure 3: Schematic diagram – fishing fleet experimental statistics 
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AIS data contain messages from all types of ships (“AIS data” in Figure 3). In our case-study on Polish 

fishing fleet statistics, we also needed to select Polish fishing vessels only. To do that, we started with 

preparing a reference frame of Polish fishing fleets. 

As mentioned, every EU country is obliged to report, maintain and update its country’s fishing fleet 

register in a unified format. The EU fleet register stores this information and we downloaded the Polish 

dataset of fishing vessels. Unfortunately, as it turned out, there was a lot of information missing (for 

example incorrect/missing MMSI-number, IMO-number) which would make it difficult to connect our 

reference frame to AIS data (for example through MMSI or IMO). To update/complete information 

that was missing, we implemented Python web scraping methods to selected web pages (for example 

fleetmon.com or vesselfinder.com) containing ship data. Information from web scraping was 

compared to the Register data and fleet dataset was updated (see Figure 4). 

 
Figure 4: Schematic diagram – supplementing incorrect/missing information via web scraping methods 

After supplementing incorrect/missing information, we created a reference frame of Polish fishing 

fleets (“Register”) and were able to filter AIS data (“data filtering”), thus limiting our AIS dataset. We 

simply removed all information from other ships.  

In addition, when verifying the register of the fishing fleet for the purposes of preparing a reference 

frame, we can use static data by filtering the vessel type (the AIS ‘type of ship’ parameter equals to 

‘30’ indicates a fishing vessel) and selecting the country of origin based on the first three characters of 

the MMSI number. Details can be found in the code on GitHub [11]. 

The next step with the remaining data was to remove outliers (data cleaning, for example, coordinates 

showing positions on land), technically faulty messages (for example, due to data noise) and messages 

that were duplicated. The result of this was a clean AIS dataset only containing the Polish fishing fleet. 

It was necessary to validate the AIS data. Incorrect AIS data readings, especially in terms of location 

(longitude, latitude), have a negative impact on the generation of distances (calculate distance) for the 

fishing fleet. For this purpose, we validated the data in the developed algorithm implementing the 

Haversine method, so that the distance between consecutive location points for a single route of a 

fishing ship does not exceed half a degree, expressed in decimal notation (DD). 

What is specific for fishery is that usually each fishing boat is “assigned” to one fishing port. To be able 

to measure and analyse activity and traffic of fishing ships, we needed to set up a database of fishing 

ports with its geographical coordinates (rectangular shape of areas, so-called geo-bounding boxes). 

Combining ports’ coordinates and ships’ AIS messages together,  we developed code in Scala processed 

by Apache Spark, which helped us generate statistics as part of the processing process. 
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During the process, statistics are also generated based on the fishing fleet register, e.g. potential fishing 

ships. The algorithm flow for the processing process is presented in Figure 5. The generated 

experimental statistics are the result of the algorithm's operation. 

 
Figure 5: Schematic diagram – General flow of the algorithm for data processing 

The visualization process was developed in R and Python script (MovingPandas library), which enabled 

analysing the behaviour of fishing vessels (traffic intensity, heat maps, movement of trajectories 

vessels).  

Methodology 

As part of the Polish case, this analysis covers the largest fishing ports where the fishing fleet operates. 

In order to identify the phenomenon regarding sea ports and harbours, points (coordinates including 

longitude and latitude) shall be marked so that they become a base for drawing the squares. These 

coordinates were identified on the basis of external seaports’ borders and coordinates listed in the 
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Regulation of the Minister responsible for maritime economy. This represents the area of fishing fleet 

activity survey. 

The fleet register, available from http://ec.europa.eu/fisheries/fleet/index.cfm?lg=en, constitutes the 

basis to receive data on the Polish fishing fleet as of December 31st, in a reference year. This register 

shall be used for comparisons with regard to the following variables: 

 Country/state of registration 
 Port/place of registration 
 Fishing licence 
 Ship’s name 
 Call sign  
 Overall length 
 Engine power 

Defining and measuring the activity and (traffic) of Polish fishing fleet vessels within the Baltic sea 

The activity of the fishing fleet is always related to the port (this is the time when the fishing vessel is 

out of port and each fishing vessel is linked to the port of registration), while the behaviour of the fleet 

is understood as the movements (traffic) of fishing vessels within fishing areas for the defined fishing 

areas. 

The dynamical data is used to determine the traffic of the fishing fleet for selected ports in selected 

time intervals. In addition, when analysing the time when a ships leaves her port of registration and 

the time, velocity and draught when she returns to that port according to AIS, it is possible to define 

the fishing activity - understood either as mounting or removing the fishing gears –, fishing areas, and 

the total time when particular vessels being in motion. The intensity of fishing might be understood as 

the total amount of hours spent within the defined fishing areas (e.g. based on velocity data). When 

the dynamic and static data are linked to each other it is possible to illustrate the size of the fleet in 

that particular fishing area. 

The following indicators can be derived: 

 Activity – a total time when a ship is absent from her port of registration/ home port 

o Number of active fishing ships for a defined port in a defined unit of time; 
o Number of ships in a defined port;  
o Number of expected calls at a port by fishing ships; 

 Traffic by fishing ships – a total trajectory travelled by a ship within water areas defined as fishing 
areas  

o Average (maximum, minimum) time of activity of fishing fleets depending on the season 
and/ or weather conditions; 

o Average (maximum, minimum) distances travelled by a fishing ship depending on the 
season and/ or weather conditions ; 

o Average (maximum, minimum) speed / draught of the fishing fleet for defined fishing areas 
and a given period; 

o Intensity of traffic / concentration of fishing fleet in a given area;  

 Fishing potential – fleet’s ability to catch fish 

o Fishing effort – a product of power engine and the number of days 

 

http://ec.europa.eu/fisheries/fleet/index.cfm?lg=en
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Fishing effort – a fishing activity over a given period of time, expressed in kW-days or GT-days. This 

measure is a sum of products of kW (or GT) and the number of days during which the vessel navigated 

at sea to harvest particular species. The effort can also be calculated by summing the number of 

journeys. 

It is possible to differentiate between itineraries typical for fishing vessels on the basis of AIS. Routes 

involving fishing activity take the shape of zigzags, while the routes travelled to reach a fishery are 

generally straight lines. Firstly, an emphasis should be put on the discovery of particular fishing areas 

to identify fishing routes. Secondly, the cruise trajectories are partitioned into smaller pieces, i.e. stops 

and moves). A stop is a part of trajectory such that: 

 zigzag has been explicitly defined 

 has occurred in a defined time interval 

 all stops in a same trajectory are disjoint 

Moves are sections of a trajectory delimited by two consecutive stops.  

When fishing, a fishing vessel sails at a slow speed, but quite often changes the course. While in port, 

the vessel is slowing down as much as possible, but this condition may change quite quickly. When 

fishing, the speed changes unpredictably and quickly. The patterns of itineraries for different types of 

fishing vessels may differ from each other. For example, trawlers zigzag back and forth, moving at a 

constant speed, dragging nets behind them to collect their catch. In addition, it is very difficult to 

differentiate fishing ship searching for a school of fish from another vessel that is mounting its fishing 

gears. Moreover, a non-fishing vessel may also appear to be fishing, for example when it’s actually 

making supply runs to and from another ship or oil drilling rigs.  Similarly, a sailboat meandering along 

a coastline without an obvious purpose might resemble a small fishing boat or a fishing cutter. 

However, if a registry of fishing ships is used, this is not relevant, but it would be if the goal was to 

identify fishing vessels by movement patterns. 

The activity of an individual fishing vessel may be identified by analysing the histogram of the cruise 

speed (high speed means crossing the route and low speed means fishing activity). The distribution of 

the speed characteristics of individual vessels may be analysed by visualising the data.   

This analysis of the home ports of Polish fish-catching fleet leads to the following conclusions for the 

following Polish provinces (see Figure 6 for the locations): 

 Warmińsko-Mazurskie voivodship – small-scale fleet, often lacking IMO and/or MMSI numbers, 

using pots and set gillnets (anchored), low velocity navigation (a large share of rowing boats) 

 Pomorskie voivodship – fishing vessels widely diversified in terms of technology and construction 

(including deep-sea trawlers operating outside the Baltic Sea basin); – use all types of above-

mentioned main gears 

 Zachodniopomorskie voivodship – fishing vessels widely diversified in terms of technology and 

construction (excluding deep-sea trawlers); – use all types of above-mentioned main gears with 

the exception of bottom pair trawls and single boat bottom otter trawls 
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Figure 6: Location of fishing ports in Poland 

According to research by the Maritime Academy in Szczecin, also using AIS, the largest concentration 

of ship traffic (including fishing ones) occurs in the areas of the Gulf of Gdańsk and Hel Peninsula, due 

to the proximity of the Polish-Swedish shipping route, as well as the vicinity of the oil drilling rig, and 

Bornholm – due to the close proximity of fishing bases in ports such as Kołobrzeg, Darłowo or Ustka. 

The least frequented are the sea waters around Świnoujście [12].  

Outcome 

Results for Poland 

The analysis covered both register and AIS_PL national data. In order to test our approach to process 

data on fishing fleet (see Figure 7), a single week of May (1-7) for three years (2018, 2019 and 2020) in 

the port of Kołobrzeg was selected. According to the fishing fleet register, the Polish fleet consisted of 

837 vessels on December 31st, of which 50 were registered in the port of Kołobrzeg. 

For each day of the first week of May, the number of vessels for the home port of Kołobrzeg was 

checked. It was determined which vessels were active and which ones remained in the port. Next, the 

fishing activity of the complete fleet for a given day for a defined fishing area was checked. 

Analysing the data for each year, there were days that there was no fishing activity for the port of 

Kołobrzeg. This occurred on May 1st, 2018, May 2nd, 2019 and May, 4th thru 6th, 2020. However, it does 

not mean that there was no activity of the fishing fleet on the complete Polish coast these days. 

The analysis and visualization of the complete fishing fleet activity on the Polish coast on particular 

days is shown below (so, not just the fleet registered in the port of Kołobrzeg). For reasons of statistical 

confidentiality, the information is presented in an aggregated form for the full fleet, however data 

calculated on the basis of codes for each vessel separately. 
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May 1st – 7th (2018, 2019, 2020)– analysis 

Figure 7 shows the traffic intensity of the fishing fleet in Poland on May 1st 20-18, 2019 and 2020. See 

Annex 2 for all days from May 1st – May 7th, 2018, 2019 and 2020.  

 
 

 
 

 
 

Figure 7: Traffic intensity of fishing fleet in Poland on May 1st 2018, 2019 and 2020 

May 1st: For 2019 and 2020, the number of active vessels with home port Kołobrzeg was 16 and 5 

respectively, average activity time 10.5 hours and 12.5 hours. The distance covered was similar and 

slightly exceeded 90 kilometres. 

May 2nd: In 2018, three vessels were engaged in fishing, with a minimum activity time for those vessels 

of more than 10 hours and a maximum time of 19.8 hours. When analysing and visualizing geographical 

data, it appears that the activity of vessels in the vicinity of Bornholm is noticeable. The fishing vessels 

covered an average distance of 110.6 km with a maximum speed of 9.6 knots. In 2019, there were no 

active vessels for this period of activity, while in 2020, there were two active ships with an average 

activity time of 12 hours, an average maximum speed of 8.7 knots and a distance covered of 82 km. 

May 3rd: in 2018, 10 fishing vessels were recorded. The shortest fishing activity was below 30 minutes, 

while the longest was recorded for 17.59 hours. The average time of fishing activity on that day was 

4.8 hours, with an average maximum speed of almost 9 knots. The distance covered by fleet units on 

average was 47 km. As a comparison, in 2019, four vessels from the port of Kołobrzeg were recorded 

as active, their fishing activity was not long and lasted on average 4 hours, while the distance covered 

was 30 km. In 2020, activity was recorded for only one vessel of Kołobrzeg. 

May 4th: IN 2018 the fishing activity of the fleet by port of registration was performed by 14 vessels. 

The average distance they covered was 71 km, the fishing activity averaged 12 hours and the average 

draught 1.49 m. The activity of ships in 2019 is completely different. The number of active vessels was 

5 and the average activity duration was just over 8 hours. On average, the units covered a distance of 

63.8 km with a maximum average speed of 9 knots. No activity was recorded in 2020 for vessels with 

home port Kołobrzeg. 

May 5th:: in 2018 was a day of intensified fishing activity all over the coast. For the home port of 

Kołobrzeg, fishing activity was recorded for 13 vessels, whose average distance covered was 105.6 km, 

with a maximum speed of 8 knots. Fishing activity lasted on average 19 hours. In 2019, the number of 

active vessels on a certain day was slightly higher, amounting to 15, with the average distance and 

speed respectively: 92 and 7,6. The fleet of Kołobrzeg was inactive in 2020. 

May 6th: In 2018, the number of active vessels was similar to that of the previous day, while there were 

14 active ships. The average draught of the vessels was 1.3 m and the distance covered was 113 km. 

The average fishing activity lasted 13.7 hours. In 2019, a significant decrease in the number of the 

fishing vessels, which amounted to 5 vessels, is noticeable for the analysed day. On average, the fishing 
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activity lasted over 8 hours and the distance covered was almost 77 kilometres. The average draught 

of ships was 1.54 m. 

May 7th: In 2018, 12 ships registered in Kołobrzeg were engaged in fishing activities. The average 

activity time was 18 hours. The maximum average speed achieved by the fleet was 9 knots and the 

distance covered was 105 km. For the years 2019 and 2020, activity was recorded for 5 and 10 vessels. 

In 2019, the average activity time was 3 hours, while it was much longer in 2020 and amounted to 15 

hours. The distance covered was 45 and 105 km, respectively. 

Overall analysis 

The average activity for the analysed period is shown in Figure 8 and Figure 9. The average activity 

time was highest in 2018 and the lowest in 2019. The shortest activity time as recorded was less than 

an hour, while the longest was over 22 hours. 

 

Figure 8: Average activity time for the Polish fishing fleet (home port of Kołobrzeg) 

The chart below shows the average distance for the analysed period. The distance is between 40 km 

and 120 km. Analysing each fishing vessels separately, the longest distance was almost 177 km, the 

shortest 0,4 km. 

 

Figure 9: Average distance for the Polish fishing fleet (home port of Kołobrzeg) 

One of the challenges of this analysis was to check the weather conditions. In the case of the analysed 

period the weather conditions were good, the wind force did not exceed 23 km/h, classifiable as 

moderate wind. Figure 10 shows the archive conditions for the weather conditions in the first week of 

May for the years 2018-2020. 
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Figure 10: Weather conditions for Kołobrzeg- wind speed, source weather data: https://www.visualcrossing.com/weather/ 

In Figure 11 it is visible that the fleet is fishing not only in the vicinity of its home port. Vessels registered 

in Władysławowo or Górki Wschodnie for example, quite frequently navigate to the vicinity of the port 

of Kołobrzeg. 

 
Figure 11: Fishing occurs not only in the vicinity of the home port for fishing fleet in Poland - 2018-05-01 

Based on the following trajectories, see Figure 12, it can be concluded when the vessel is sailing to 

reach fishing areas or when this activity is carried out. According to the methodology, a straight line 

means navigating towards the fishing are, while zigzags mean performing fishing activities. 

 
Figure 12: Trajectories of fishing fleet  in Poland - 2018-05-01 
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Testing the prototype for The Netherlands and Greece 

The analysis comprised both the data from the fishing vessel register and the Dirkzwager (DZ) data, 

since this latter data source was available for the Dutch and Greek coast. No data by EMSA were used 

since they were filtered and did not contain any information on the fishing fleet for the Netherlands 

and Greece (we do not know why). Figure 13 shows a comparison of the data between DZ and EMSA 

of unique MMSI numbers for the first week of January 2016. 

 
Figure 13: Comparison of the data between DZ and EMSA 

This period has been chosen for testing for one port in Yerseke (YE) in the Netherlands and Kavala in 

Greece. Information received has been presented as aggregates for the full fleet, and calculated on the 

basis of codes separately for each unit.  

The procedure was similar to that for the analysis of the Polish fishing fleet. For each day of the first 

week of January, the number of vessels for selected home ports the Netherlands and Greece was 

checked. It was then determined which of vessels were active, or which of them stayed in a port, and 

then the fishing activity and traffic of the fleet for a given day was investigated for the defined fishing 

area. 

Results for The Netherlands  

Analysing the data on a daily basis for the period January 1st – 7th, 2016 for the port of Yerseke, it was 

observed that there was fishing activity every day. There were instances where fishing fleet vessels 

were active, out of port, but detailed analysis showed that they also stayed in another port (see Figure 

14). 
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Figure 14: Location of vessels according to the fishing ports of the Netherlands for January 7th, 2016 

Figure 15 shows the fishing fleet activity for January 1st – 7th, 2016 in the port Yerseke and the coast of 

the Netherlands per day. 

 
Figure 15: Fishing fleet activity in the port of Yerseke/ on the coast of the Netherlands for January 1st- January-7th 2016 

January 1st 2016: Fishing activity was performed by two vessels, 15 vessels which reported activity 

were stationed in another port. On that day the average activity time was 8.0 hours and the distance 

covered was almost 35.0 kilometres. 

January 2nd 2016: Five vessels were engaged in fishing activities, with a minimum activity time of less 

than one hour and a maximum time of 5.4 hours. The fishing fleet vessels covered an average distance 

of 24.7 km with a maximum speed of 7.9 knots. 

January 3th 2016: This is the day on which fishing activity has been recorded for 6 vessels of the fishing 

fleet in the Yerseke port. On that day, the fishing activity was relatively short 0.1 hours at the shortest 

and 3.42 hours at the longest. The average fishing activity on that day was 1.9 hours, with an average 

maximum speed of almost 10 knots. The distance covered by the fleet units on average was 30 km.   

January 4th 2016: The amount of fishing activity increased, compared to January 1st – 6th 2016. On that 

day, the fishing activity of 30 vessels of the Netherlands fishing fleet was recorded for the considered 

port of registration, which is clearly visible in the visualization presented. The average fishing activity 

duration was almost 10 hours (the longest 23.5 h). The average distance covered by the vessels was 
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108 km, the longest 275.5 km. Figure 16 shows a visualization of the covered route (275.5 km) with 

the speed scale marked. It is clearly visible that the fishing vessel travelled the route at over 8 knots. 

 
Figure 16: The route of a Dutch fishing fleet vessel 

January 5th 2016: Like the previous day, was a day of intensified fishing activity all over the coast. For 

the home port of Yerseke, fishing activity was recorded for 31 vessels with an average distance 

travelled of 72.4 km, with an average maximum speed of 9.0 knots. Fishing activity lasted on average 

8.5 hours. On that day, the highest speed of 2.5 knots was recorded for the 105.5 km long vessel. 

January 6th 2016: The number of vessels conducting activity was the same as on the previous day, was 

31. The average draught of the units was 0.7 and the distance covered was 86.1 km. The average fishing 

activity lasted 8.6 hours. 

January 7th 2016: On that day, 31 vessels, whose home port was Yerseke, were fishing. The average 

activity time was 5.86 h, with a maximum of 19.4 h and a minimum of less than 30 minutes. The 

maximum average speed achieved by the fleet was 8 knots and the distance covered was 58 km. Figure 

17 shows the speed of the Netherlands fishing fleet on January7th, 2016. 

 
Figure 17: Speed distribution of the Netherlands fishing fleet for  January 7th, 2016 
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As mentioned already, each vessel of the fishing fleet has its home port, but when analysing the data, 

it has emerged that these vessels very often stayed in another port or participated in fishing activities 

in another port. This situation is shown in Figure 18 and Figure 19. 

 
Figure 18: Fishing fleet activity by the code of home port for the Netherlands, zoom -1 

 

 
Figure 19: Fishing fleet activity by the code of home port for the Netherlands, zoom -2 
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A similar situation is in the port of Lauwersoog, a coastal town in the province of Groningen, located 

in the northern part of the Netherlands, see Figure 20. 

 
Figure 20: The period spent in the port of  Lauwersoog, the Netherlands 

 
Figure 21: Fishing fleet traffic in the port of Lauwersoog, the Netherlands 

Figure 21 clearly shows the trajectory of movement by individual fishing fleet vessels. The 

corresponding colours indicate various home ports of them, for example: violet – Ouddorp, blue -

Harderwijk, pink - Arnemuiden. For the full colour code list, see the legend of Figure 18, and for the 

description of the fishing port codes for the Netherlands, see Annex 4.  
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In the analysed period the weather conditions were good, the wind force did not exceed 30 km/h, 

which means moderate wind. The graph below presents archival data for weather conditions in the 

first week of January 2016 (see Figure 22). 

 
Figure 22: Weather conditions - wind speed for Yerseke, source weather data: https://www.visualcrossing.com/weather/ 

On the basis of the following trajectories, it can be indicated when the vessel is sailing to reach fishing 

areas and when this activity is carried out. According to the methodological description, a straight line 

indicates that the ship navigates toward the fishery (see Figure 23), while zigzag shapes indicate that 

she carries out her fishing activities (see Figure 24). 

 
Figure 23: Trajectories of fishing vessels in the port of Yerseke - zoom 1 

 
Figure 24: Trajectories of fishing vessels in the port of Yerseke -, zoom 2 

https://www.visualcrossing.com/weather/
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The following indicators were obtained for the movement of the fishing fleets: average distances 

travelled, maximum and minimum speed and draught.  

For each day average distances travelled were different, the shortest was on the 2nd January (24,7 km) 

and the longest on the 4th January (108 km), see Figure 25. The longest distance was more than 280 

km, the shortest less than 1 km. In the first week of the January 2016 average maximum speed of the 

Dutch fishing fleets were 7 or 9 knots. The highest average speed was on the 3rd January (almost 10 

knots), see Figure 26. 

 
Figure 25: Average distance for the Dutch fishing fleet (home port of Yerseke) 

 
Figure 26: Average maximum speed for the Dutch fishing fleet (home port of Yerseke) 

Results for Greece 

Analysing the data for Greece was not easy, because there were no fishing vessels included in the 

dataset by EMSA. Although there is a large number of fishing vessels registered in Greece, the 

Dirkzwager data that was used here only contained data on a small number of them. See Figure 27 for 

an overview day by day. 
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Figure 27: Fishing fleet activity on the coast of the Greece January 1st- 7th 2016 

January 1st, 2016:  there was no activity for fishing fleet vessels in the port of Kavala. Two vessels were 

in another port. 

January 2nd, 2016: Three vessels were operating, with a minimum activity time of 2,5 hour for those 

vessels and a maximum time of more than 18 hours. The fishing fleet ships covered a distance of 24.5 

km on average with a maximum speed of 8.5 knots. 

January 3th, 2016: The number of ships conducting activity was one more to the previous day and was 

equal to 4. The average distance covered was 20.3 km. The average activity lasted 2hours, while the 

average maximum speed was 9 knots. 

January 4th, 2016: for the home port of Kavala, fishing activity was recorded for 2 vessels whose 

average distance travelled was 8.8 km, with an average maximum speed of 9 knots. Fishing activity 

lasted on average 1.1 hours.  

January 5th, 2016:That was a day on which fishing activity was recorded only for the same fishing fleet 

ship in Kavala port. Fishing activity lasted less than one hour. The distance covered was 14 km.   

January 6th, 2016: Fishing activities were carried out by one vessel, whose home port was Kavala. The 

average activity time was almost 2 hours, the maximum average speed reached by the fleet was 8.9 

knots and the distance covered was 27 km. 

January 7th , 2016: There was no activity for fishing fleet vessels, whose home port was Kavala.  

In the analysed period the weather conditions were good, the wind force did not exceed 17 km/h, 

which means moderate wind. Figure 28 shows the archive conditions for the weather conditions in the 

first week of January 2016. 
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Figure 28: Weather conditions - wind speed for Kavala, source weather data: https://www.visualcrossing.com/weather/ 

As mentioned before, fleet activity is the total time the vessel stays outside her home port. The 

shortest average activity time as recorded was less than an hour, while the longest was over 6 hours, 

the longest activity time was longer than 18 hours, the shortest less than 1 hour. See Figure 29. 

 
Figure 29: Average activity time for the Greek fishing fleet (home port of Kavala) 

The following indicators were obtained for the movement of the fishing fleet units: average distances 

travelled, maximum and minimum speed and draught. 

 
Figure 30: Average distance for the Greek f fishing fleet (home port of Kavala) 

For each day average distance were different, the shortest was on the 4th January (8,8 km) and the 

longest on the 6th January (27,2 km), see Figure 30. The distance were shorter compared to Polish or 

Dutch vessels. 
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Figure 31: Average maximum speed for the Greek fishing fleet (home port of Kavala) 

For the analysed period, the average maximum speed was 8 or 9 knots, the highest was on the 3rd 

January (9 knots), see Figure 31. 

Conclusions 

The analysis of the data for subsequent years has shown a picture of Polish fleet activity, which 

dramatically decreased in 2020, as a result of a prohibition to fish. The lack of activity is not always 

related to weather conditions, and there are often other reasons for this lack of activity, such as the 

prohibition mentioned above. Furthermore, it should be considered that input manually AIS static data 

by crew are often burdened with errors, e.g. a false vessel draught. Nevertheless, the AIS data are a 

very good material for analyses of fleet activity. 

Analysis of the data for the Netherlands has proven to be  a good quality and rich material. The Dutch 

fishing fleet was very active and showed intensive traffic in 2016. As can be seen in Figure 15, the 

activity is not only run in Dutch territorial waters, but there are also some in Belgian fishing areas. 

The data from Greece were difficult to analyse, and the reason was, as described in the introduction, 

the small size of the fleet present in the AIS data used, despite the large number of vessels registered 

for the port of Kavala. It might be justified by the fact that AIS equipment was off, or the large number 

of fleets did not exceed 15 m, and therefore they were not required to have such equipment. 

The most important aspect of this investigation was to test codes for process of traffic and activity for 

fishing fleet based on AIS data and checking them in the three countries described. The investigation 

showed that the codes and software for all three countries worked correctly. An indicator that has not 

been investigated explicitly, is how well the ships present in the register are present in AIS. Also the 

reverse, a selection of ships of the type fishing vessel could be identified from AIS and investigated if 

the shipping register is complete. Of course, this can only be performed for ships obliged to carry AIS.  

To conclude, according to the methodological assumptions, it has been possible to generate statistics 

on the activity and movement of the fishing fleet and, on the basis of registers, information on fleet 

size and capacity (Annex 4: Results of fishing potential by fishing ports based on registers). 

Implementation 

The prototype developed by Statistics Poland is universal, it can be implemented for other countries 

interested in the subject of activity and traffic of the fishing fleet based on AIS data. One of the 

motivations in the implementation of use-case for fishing fleets was the full use of Big Data methods 
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and technologies, therefore optimal solutions were selected for individual sub-processes 

(programming languages, libraries, tools). See Figure 32. 

For the sub-processes of filtering, cleaning and processing (responsible for generating statistics and 

preparing data structures for analyses), we implemented the Hadoop environment using Apache 

Spark. For this purpose, we have developed algorithms in Scala programming languages. 

For the sub-processes of data visualization and analysis (including traffic intensity), we have developed 

R language codes.  Additionally, we have used MovingPandas libraries, a Python library for handling 

movement data based on Pandas and GeoPandas  (https://anitagraser.GitHub.io/movingpandas). The 

implementation of this library allowed us to generate the traffic trajectory of the analysed fishing fleet. 

All developed source codes and the developer's guide necessary to implement the prototype are 

available on GitHub [13].  

 
Figure 32: Overview of technology for implementation process for fishing fleets based on AIS data 

https://anitagraser.github.io/movingpandas
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Future work 

For future work we recommend checking if the AIS data source used does contain fishery ships. Outside 

the scope of the ESSnet , Statistics Poland will perform more research on:  

 Obtaining and testing a new data source - Vessel Monitoring System (VMS) in order to generate 

experimental statistics using the developed process of traffic and activity related for the maritime 

fishing fleet. 

 Further develop a methodology and model to detect fishing behaviours.   

In the current ESSnet  project, we have done a lot of work in this direction, e.g. the current research 

provides good foundations for further work. Our approach to model development will focus on 

use of Conditional Random Fields (CRFs) applied in pattern recognition, machine learning and used 

for structured prediction. 

We will also investigate the feasibility of implementation process of traffic and activity for fishing fleet 

based on AIS data in an alternative environment - Elastic Stack: Elasticsearch, Kibana. Due to technical 

breaks in the availability of the Big Data environment (BDTI, Data Lab, EC Dataplatform) and time 

constraints, it was not possible in the current project.  
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Port Visits Geo-Solution  

Introduction 

The initial aim of this prototype was to use AIS data for the compilation and verification of existing 

Maritime Transport Statistics (MTS) under the Directive 2009/42/EC.  

The Port Visits Geo-Solution prototype, which has been developed under WPE, provides a general tool 

for monitoring ships movements using AIS data in selected area(s) defined by a polygon(s). It is a data 

driven prototype, not tailor-made for a specific Port, adaptable to the specificities of any Port. The 

solution has been implemented in a powerful, open source object-relational database system, 

PostgreSQL with PostGIS.  

In this way, an AIS spatiotemporal database (DB) of ships movements was built. The added value of 

this solution is that it can be adapted to any area(s), defined by polygon(s), giving the opportunity to 

the user to compile interactively spatiotemporal queries. The results will be visualized in the map, using 

the geometry viewer, without using any extra visualization tool. However, there are many visualization 

tools that a user can use. Our choice was the use of QGIS, which is an open source and it is connected 

interactively to PostgreSQL database. 

The AIS spatiotemporal developed database goes beyond the calculation of F2-table and it can be used 

in many other cases, for example for the calculation of intra port distances, as well as for the port-to-

port distance matrix. The main advantages of developing a spatiotemporal database of ship 

movements are that it supports the connection between two events with different timestamps (for 

example previous and next position of a ship) in the same record field, as well as the creation of tables 

with geometric shapes as records. In Figure 33, we present a snapshot of the visualization of one record 

of the main Table of Ships movements of DB.  

 
Figure 33: Snapshot of the visualization of one record of the main Table of Ships movements of BD 
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Process, concepts & methodology 

Developing the AIS spatiotemporal database of ships movements 

PostgreSQL was used for developing the AIS spatiotemporal database of ships movements. It has 

spatial capabilities by means of the  PostGIS extension. This extension allows to use spatial data types, 

spatial indexing and offers spatial predicates (for example to determine whether a point is inside a 

polygon). 

For the development of this DB, we used one month (March 2017) of AIS messages 1,2,3 and 5, of 

European Maritime Safety Agency (EMSA) available at the Dataplatform of the European Commission.  

For the benchmarking of this prototype to official statistics at vessel level, Piraeus Port was selected, 

since it is one of the busiest ports in Mediterranean with many terminals and suitable infrastructure 

to serve international trade. 

This database is general, data-driven and can be used in more cases than the compilation of F2-table. 

One of the main tables created, contains among other things the previous and next position of a ship, 

time (in seconds) and distance covered by the ship’s movement to the next position, the velocity and 

the differences of latitude and longitude between the two positions. It also contains the exact position 

of each ship per timestamp, which can be viewed interactively on the map. 

In this way, the user can specify a query for ships in certain areas (defined by polygons) for a given 

period of time, and the relevant data will be extracted from the database per ship/ships and will be 

presented interactively on the map.  

Of course, the user should have some basic skills on SQL databases, understand and run SQL scripts, 

be familiar with AIS ships position reports (decoded AIS messages 1, 2, 3), AIS static and voyage data 

(decoded AIS message 5) and work with coordinates on maps. 

Compilation of F2-table  

Under the Maritime Directive 2009/42/EC, each Member State collects data on loading/unloading of 

goods and passengers by ships docking in their Ports. The so-called F2-table consists of a data set on 

ships, visiting ports to load or unload cargo in the main European ports. For each of the vessels’ types 

of interest (see Figure 34) and size class, the number of arrivals and the total weight (in GT) is 

calculated.  
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Figure 34: The vessels’ types of interest for the calculation of F2 table 

Filter port area 

Since we are only interested in ships arriving at a port, we only need the AIS messages that are close 

and inside the port (in our case Piraeus in Greece) and the terminals within that port. The port location 

is specified by a rough rectangular area. This area is used to filter the AIS messages, in order to reduce 

the volume of AIS data. 

By selecting appropriate latitude and longitude the user can create vessels’ positions tables for port 

area rectangle. It is enough to know the latitude and longitude of two points, for example of Point A 

(lat1, lon1) and Point B (lat2, lon2), in order to define the Port area.  

If the ship’s position X (lon, lat) fulfil the following two conditions: i) lon1<lon<lon2 and ii)   

lat1<lat<lat2, then the ship is inside the rectangle, as it is presented in Figure 35.  

 
Figure 35: Ship’s position x inside a rectangle area 

TYPE OF SHIP CLASSIFICATION (ICST-COM) 

Code Type Ship categories included 

10 Liquid bulk 

Oil tanker 

Chemical tanker 

LG tanker 

Tanker barge 

Other tanker 

20 Dry bulk  
Bulk/oil carrier 

Bulk carrier 

31 Container  Full container 

32 Specialised  

Chemical carrier 

Irradiated fuel 

Livestock carrier 

Vehicle carrier 

Other specialised 

33 General cargo, non-specialised  

Reefer 

Ro-ro passenger 

Ro-ro container 

Other ro-ro cargo 

Combination carrier general 
cargo/passenger 

Combination carrier general 
cargo/container 

Single-decker 

Multi-decker 

34 Dry cargo barge  

Deck barge 

Hopper barge 

Lash-seabee barge 

Open dry cargo barge 

Covered dry cargo barge 

Other dry cargo barge nes 

35 Passenger  Passenger (excluding cruise passengers) 

36 Cruise Passenger  Cruise ships only 

 

B1 (lat2, lon1)   Β (lat2, lon2) 
      

      

 
     

      

      
      A (lat1,lon1)       A1 (lat1,lon2) 

 
 

 

 

X (lat,lon) 
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Deduplication of AIS vessel characteristics information 

Since the same information (vessels MMSI number, IMO number, type, name, callsign, etc.) is 

transmitted by each vessel’s antenna every 6 minutes, there is a need for deduplicating the AIS vessel 

characteristics (message type 5) files. After having deduplicated the rows based on all variables, we 

continued the process as each MMSI number should be referred only once, being the key variable for 

the data linkage. If multiple MMSI – IMO couples occurred, we kept only MMSI with highest number 

of IMO counts.  

Filter ship types based on terminals  

Different types of ships arrive into different terminals inside the port, in order to load or unload goods 

or embark or disembark passengers. For example, the passenger, Ro/Ro2 passenger and cruise vessels 

arrive at and depart from the Central Port of Piraeus. T Containers (type 31), specialised cargo (type 

32) and general cargo  (type 33) vessels load or unload their cargo, in Cargo Terminals of Piraeus (see 

Figure 36). 

Since, for the compilation of the F2-table we need to count only the arrivals of ships that visit ports in 

order to load or unload cargo and to embark or disembark passengers, all other ships in Port for other 

reasons must be excluded. In order to achieve this, we define the locations (polygon areas) of terminals 

inside the Port. In this way, we keep only the vessels that are expected to dock into this specific 

terminal, filtering out all other vessel types, thereby increasing the accuracy of the results.  

 

Figure 36: Snapshot of Piraeus’ Central Port and Cargo Terminals 

                                                           
 

2  Roll-on/roll-off (RORO or Ro/Ro) ships are cargo ships designed to carry wheeled cargo, such as cars, trucks, semi-trailer 

trucks, trailers, and railroad cars. 

Cargo Terminals, 

Ship types 31,32,33 

3131,32,33 

Central Port Terminals, 

Ship types 33,35,36 

PIRAEUS  PORT 

https://en.wikipedia.org/wiki/Ship
https://en.wikipedia.org/wiki/Cargo_ship
https://en.wikipedia.org/wiki/Cargo
https://en.wikipedia.org/wiki/Car
https://en.wikipedia.org/wiki/Truck
https://en.wikipedia.org/wiki/Semi-trailer_truck
https://en.wikipedia.org/wiki/Semi-trailer_truck
https://en.wikipedia.org/wiki/Trailer_(vehicle)
https://en.wikipedia.org/wiki/Railroad_car
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The F2-table is only about arrivals, so it needs to be determined, per terminal visit, whether it is an 

arrival or departure. This can be derived using the ship direction (changes in latitude and/or longitude 

approaching to the terminal) and speed (reduction of velocity). This method has been described in 

detail in the previous deliverable E3 [3], paragraph “Part 1: Calculation of ships entering Piraeus Central 

Port”. 

Linkage of AIS data to Ship Register  

Maritime vessels can be uniquely identified by IMO (International Maritime Organization) number or 

MMSI (Maritime Mobile Service Identity) number. IMO number is assigned to a vessel on its birth and 

is permanent until its death. MMSI is also a unique identifier, but may be changed, for example when 

there is a change in ownership.  

AIS vessel position reports contain the MMSI as identifier, while AIS vessel static information contains 

both MMSI and IMO numbers. Since the ship register (in our case the Lloyd’s Register of Ships, which 

is provided by ΙHS Markit) also contains IMO number, we use it as identifier to link the two data 

sources, as it is presented in Figure 37.  

 
Figure 37: Data sources linkage 

Visualization 

AIS, as a rich spatiotemporal dataset, provides the opportunity to be visualized using appropriate tools 

(ESRI ArcGIS, QGIS, Python, R, etc.) to analyse the movements and to validate the calculations (whether 

ships are properly located spatially, whether ship density is as expected, etc.). In Table 3, a snapshot 

of the visualization of one record of the main Table of Ships movements of BD is presented.  

Outcome 

A first output (Output 1) is the number of arrivals per ship (MMSI) derived from the vessel position 

reports by message types 1, 2 and 3 (Table 3).  

 
Table 3: Snapshot of Output 1 

a/a MMSI ARRIVALS 

1 237021400 6 

2 237023700 6 

3 237024500 6 

4 237032000 1 

5 237240400 1 

... .... ... 
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Then, Output1 was enriched with the following information (AIS message type 5): IMO, name, type 

and dimensions per ship. A snapshot of Output 2 is presented in Table 4. 

 
Table 4: Snapshot of Output 2 

However, the Output 2 does not contain type and size of vessel detailed as required to compile the F2-

table. So, a linkage was performed to the Ships Register (using the IMO as a primary key) to enrich the 

output and result in more detailed data about the ship’s characteristics. Apart from the usefulness for 

the compilation of F2-table, this linkage can be useful for other statistics: for example to calculate the 

emissions, since the Ships Register also contains information about ships engines. 

In order to align to vessel’s type under the Maritime Directive, a reclassification of vessel’s type was 

performed, and the gross tonnage size classes were added. The results (Output 3) are presented in 

Table 5. 

 
Table 5: Snapshot of Output 3 

a/a 
mmsi arrivals shiptype_2d shiptype_2d_per gross_ton gross_ton_klim 

1 237021400 6 33 Passenger/Ro-Ro Cargo Ship 1.091  03 (from 1 000 to 1 999 GT) 

2 237023700 6 35 Passenger  162  01 (from 100 to 499 GT)  

3 237024500 6 35 Passenger  162  01 (from 100 to 499 GT)  

4 237032000 1 33 Passenger/Ro-Ro Cargo Ship 27.239 
 13 (from 20 000 to 29 999 
GT) 

5 237611000 1 33 Passenger/Ro-Ro Cargo Ship 37.482 
 14 (from 30 000 to 39 999 
GT) 

6 237641000 1 33 Passenger/Ro-Ro Cargo Ship 37.482 
 14 (from 30 000 to 39 999 
GT) 

... ... ... ... … ... ... 
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Finally, the arrivals of each vessel are calculated, per day for the whole month, in order to compile the 

F2-Table. In Table 6, the results of the prototype (AIS data) for vessel types 31 – 36 are compared to 

the official ones. The results show an overall good performance of the prototype.  

 
Table 6: Comparison of the F2-Table results 

Evaluation of the Prototype’s results  

The results in Table 6 show an overall good performance of the Prototype to the classification of Port 

calls3 and filter out arrivals of vessels for other reasons.  

 Quality of the results of the Prototype can be checked by reviewing total number of vessels (arrivals) 

and total weight (in GT) of official results and deriving the number of correctly and incorrectly matched 

and not-matched cases. Results of matching can be summarized in the form of a matrix (Table 7) called 

confusion matrix, which is often used when evaluating the performance of a classification model.   

The results from the AIS prototype contains following subsets:  

1. Port calls, which occurred in both official and prototype results, are called True Positives (TP)  

2. Port calls, which occurred only in prototype’s results, are called False Positives (FP)  

3. Port calls, which didn’t occur either  in official or prototype results called True Negatives (TN). In 

our case TN equals zero, because we are not able to detect these kind of port calls. 

4. Port calls, which occurred only in the official results, are called False Negatives (FN) 

According to the description, the false positives (FP) correspond to Type I error, while false negatives 

(FN) correspond to Type II error. 

                                                           
 

3  As per the shipping Monitoring, Reporting and Verification (MRV) regulation (EU) 2015/757 a “port of call” can be defined 
as the port of a country where cargo or a passenger (cruise) ship halts to discharge or load the cargo or to embark or 
disembark passengers. So, stops for the sole purposes of refueling, obtaining supplies, relieving the crew, going into dry-
dock or making repairs to the ship and/or its equipment, stops in port because the ship is in need of assistance or in 
distress, ship-to-ship transfers carried out outside ports, and stops for the sole purpose of taking shelter from adverse 
weather or rendered necessary by search and rescue activities are excluded. 

 

  Results of the Prototype Official results 

  Total number of 
vessels (arrivals) 

Total weight 
 (in GT) 

Total number of 
vessels (arrivals) 

Total weight  
(in GT) 

31 Container 235 11.907.706 224 9.932.898 

32 Specialized cargo - 34 
Dry cargo barge 

91 2.851.734 70 2.855.804 

33 General cargo, non-
specialized  

545 5.600.880 544 5.773.410 

35 Passenger  295 65.182 300 65.464 

 36 Cruise Passenger 14 482.219 14 482.219 
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Table 7: Confusion Matrix 

Quality Indicators  

The quality indicators, presented in Table 8, show that the prototype has a very good performance.  

 Accuracy, which is the proportion of correct predictions (both true positives (TP) and true 

negatives (TN)) among the total number of cases, measures how well the prototype correctly 

identifies or excludes the port calls. The overall accuracy is 88.8%.  

 Sensitivity, which is the proportion of true positives (TP) among the total number of official results, 

measures the proportion of positives that are correctly identified by the prototype. The overall 

sensitivity is 93%.  

 Precision, which corresponds to the proportion of cases that both the prototype and the official 

identify as true positives (TP) among the total Prototype’s results, measures how close the 

prototype’s and official results are to each other. The overall precision is 93%.  

 
Table 8: Quality Indicators 

Implementation 

Two manuals have been developed providing analytical guidelines, technical instructions for this 

prototype for full-fledged implementation in the ESS. They are named “Developer’s and User’s Guide 

for AIS-data and Spatio-temporal Database - Port visits geo-solution” and “Technical instructions about 

port visits using AIS_v20200501” respectively. Moreover, the relevant software has been uploaded at 

GitHub. 

Types of Ships

True 

Positive 

(TP)

False 

Positive (FP)

True 

Negative 

(TN)

False 

Negative 

(FN)

Total

Official 

Results 

(TP+FN)

Prototype's  

Results  (TP 

+ FP)

31 -  Container 216 19 0 8 243 224 235

32- Specialised cargo / 

34-Dry cargo barge
67 24 0 3 94 70 91

33 -  General cargo, non-specialised 510 35 0 34 579 544 545

35 -  Passenger 290 5 0 10 305 300 295

36 -  Cruise Passenger 14 0 0 0 14 14 14

Total 1.097 83 0 55 1.235 1.152 1.180

Accuracy Sensitivity Precision 

(TP+TN)/(TP+TN+FP+FN) TP/(TP+FN) TP/(TP+FP) 

31 -  Container 88,9% 96,4% 91,9%

32- Specialised cargo / 

34-Dry cargo barge
71,3% 95,7% 73,6%

33 -  General cargo, non-specialised 88,1% 93,8% 93,6%

35 -  Passenger 95,1% 96,7% 98,3%

36 -  Cruise Passenger 100,0% 100,0% 100,0%

Total 88,8% 93,0% 93,0%

Quality Indicators

Types of Ships

https://en.wikipedia.org/wiki/True_positive
https://en.wikipedia.org/wiki/True_negative
https://en.wikipedia.org/wiki/True_negative
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Testing the prototype at the EC Dataplatform 

To start testing the prototype at the EC Dataplatform, first the spatiotemporal database was created 

using European AIS data from EMSA. In order to Two days, March 6th and 7th, 2017, were chosen for 

testing the prototype for both Poland (port of Świnoujście) and the Netherlands (port of Amsterdam). 

Port of Świnoujście – Poland 

Following the steps of the prototype process flow, first a rough rectangle for the port of Świnoujście 

was defined (Figure 38).  

 
Figure 38: Vessels positions , Port of Świnoujście, 6/3/2017 to 7/3/2017 

Using this rough rectangle, the vessels arriving on these two days can be selected. The result is shown 

in Figure 39. 

 
Figure 39: Vessels arriving at Port of Świnoujście  from 6/3/2017 to 7/3/2017 
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The  number of arrivals per ship (MMSI) for the  port of Świnoujście was calculated, enriched with 

vessels’ characteristics, and aggregated as defined by the Maritime Directive, keeping only the ship 

types of interest. The resulting F2 table is presented in Table 9.   

Type Size class 
Total number of 
vessels (arrivals) 

Total weight 
(in GT) 

10-Chemical/Oil Products Tanker  5  (from 3 000 to 3 999 GT) 1 3.478 

20-Bulk Carrier  13 (from 20 000 to 29 999 GT) 2 46.523 

20-Cement Carrier  5  (from 3 000 to 3 999 GT) 1 3.087 

31-Container Ship  5  (from 3 000 to 3 999 GT) 1 3.999 

32-Refrigerated Cargo Ship  4  (from 2 000 to 2 999 GT) 1 2.999 

33-Passenger/Ro-Ro Cargo Ship  12 (from 10 000 to 19 999 GT) 8 129.641 

33-Passenger/Ro-Ro Cargo Ship  13 (from 20 000 to 29 999 GT) 9 233.882 

33-General Cargo Ship  3  (from 1 000 to 1 999 GT) 2 3.567 

33-General Cargo Ship  4  (from 2 000 to 2 999 GT) 6 13.896 

33-General Cargo Ship  7  (from 5 000 to 5 999 GT) 2 11.047 

35-Passenger  1  (from 100 to 499 GT)  1 173 
Table 9: F2 table for the port of Świnoujście (6-7/3/2017) 

Port of Amsterdam – The Netherlands 

The port of Amsterdam is the 4th busiest port in Europe by metric tonnes of cargo4. It is a seaport 

located on the bank of a former bay named ‘t IJ and the North Sea Canal, with which it is connected to 

the North Sea.  

For the port of Amsterdam we decided to use the prototype to find all oil tankers that arrive at port of 

Amsterdam on March 7th, 2017.  Since this port is one of the busiest in Europe, it has many terminals 

per type of ship. In our case, there are 6 terminals where the tanker ships can dock. For each terminal 

we defined the exact location using polygon areas, as presented in Figure 40.   

 
Figure 40: Terminals for Tanker ships at Port of Amsterdam 

                                                           
 

4  https://www.portofamsterdam.com/en/about-port-amsterdam, extracted November 18th, 2020 

https://en.wikipedia.org/wiki/IJ_(Amsterdam)
https://en.wikipedia.org/wiki/North_Sea_Canal
https://en.wikipedia.org/wiki/North_Sea
https://www.portofamsterdam.com/en/about-port-amsterdam
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Next step was to find the oil tankers entering the tanker’s terminals, using as key value the MMSI. 

Because we do not want to create a full F2 table and are only interested in oil tankers, we customized 

the query by defining the following conditions:  AIS ship type 80 (= tankers), velocity > 0.2 knots, day 

of entrance in the tanker’s terminal is March 7th, 2017, and exclude vessels observed the previous day 

(March 6th, 2017) and filter out inland water vessels (they don’t have an imo number). 

In Table 10, the nine oil tankers are presented that arrived at the Port of Amsterdam on March 7th, 

2017. This outcome is a perfect match, compared to the official maritime statistics on port visits by 

ship type of the Netherland’s Maritime Statistics Department. 

a/a mmsi imo vessel_name 

1 215178000 9527635  MURRAY STAR 
2 245573000 9229051 THUN GLOBE 

3 248221000 9479802 KEY SOUTH 

4 249329000 9732694 HAFNIA LOTTE 

5 249512000 9388704 SICHEM EAGLE 

6 256210000 9301897 MARVEA 

7 259737000 9254977 VADERO HIGHLANDER 

8 538002776 9323364 USMA 

9 255806147 9396660 CLIO 

Table 10: Oil Tanker’s arrived at the Port of Amsterdam on 7/3/2017 

Future work 

We hope that this prototype to be the first step for using the same data source (AIS) and the same 

methodology at European level for providing these statistics. In order to achieve this, the prototype 

should be presented to other Member States and relevant European Maritime Statistics Groups to be 

tested to more Ports and get their feedback. After that, the prototype could be expanded to produce 

more datasets requested by the Maritime Directive (directive 2009/42/EC)5 by combining AIS data with 

custom and other data sources. In this way, timeliness of the maritime statistics will be increased and 

in combination to the use of visualizations, we can get a very clear view of the maritime statistics real-

time. This is very important since the maritime transport has been greatly affected by the pandemic 

crisis, bringing many challenges at national, European and international level. 

Moreover, the implementation of the prototype at European level would not only lower the 

administrative burden but also the burden on the Member States to make these statistics. The use of 

the same AIS data source and the same prototype could contribute to the improvement of statistics 

quality. In order to avoid duplicate efforts, we would suggest to expand cooperation with EMSA. 

                                                           
 

5  The current maritime statistics are described in directive 2009/42/EC of the European Parliament and the 
Council. It consists of ten tables, and seven of them are about carriage of goods. One table is about the 
transportation of passengers and two are about vessel traffic. More details about the directive can be found 
at the Eurostat website for Maritime statistics legislation and methodology. 
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Energy used and air emissions of shipping vessels for the environmental 
accounts  

Introduction 

In order to reduce climate change, increase green growth and resource productivity many national and 

international agreements and regulations have been formulated. To help governments to achieve their 

objectives, measurements on the origin and amount of the emitted greenhouse gasses and energy 

used are important. In the statistical system Environmental Accounts this information is available and 

the data on the emitted greenhouse gasses are reported in the Air Emission Accounts (AEA) and the 

energy use in the Physical Energy Flow Accounts (PEFA). In the AEA and PEFA, the air emissions and 

energy used for international shipping are compiled according to the residents6 principle of the 

National Accounts. In the Netherlands currently no high quality data is available for these processes 

with regard to energy use and air emissions in the area outside of the Dutch territory. This data is 

needed to complete and improve the compilation of the total air emissions and total energy used by 

the Dutch economy. By using AIS data the distance travelled by international shipping outside of Dutch 

territory becomes available.  

The aim of this feasibility study was to investigate whether AIS data can be used for compiling energy 

use (for the PEFA) and air emissions (for the AEA) by shipping vessels for the environmental accounts. 

The research was divided in three parts:  

1. Developing a method to identify shipping vessels related to the Dutch economy.  

2. Investigating whether it is possible to retrieve and implement worldwide AIS data for Dutch 
shipping vessels to calculate travel distances.  

3. Analysing how to compile energy use (for the PEFA) and air emissions (for the AEA) based on the 
results part 2.  

The study not only focused on Dutch residents’ ships, but also on ships sailing under the Dutch flag. 

This latter selection is the reference group for some Dutch marine policies. Also, for some EU countries 

this selection is the reference group for compiling air emissions. Thus, this extension in the research 

might be useful for those countries as well. Special attention was paid to emissions from a specific 

group of ships: fishery boats and vessels for the fishery sector (see also prototype on the behaviour of 

fishing ships). This group differs from transport ships in that not all fishing vessels carry AIS, 

complicating observation methods and shipping behaviour is also different. Therefore a short study 

was conducted on this subject as well.  

                                                           
 

6  “The National Accounts concept of residence is based on the following principle: an economic unit is said to 
be a resident unit of a country when it has a centre of economic interest in the economic territory of that 
country, that is, when it engages for an extended period (1 year or more) in economic activities in that 
territory” (Source: Section 5, Eurostat Manual for air emissions accounts, 2015 edition) 
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Process, concepts & methodology 

Part 1. Identifying shipping vessels related to the Dutch economy 

The Dutch National Accounts are mainly compiled with monetary data at business unit’s level. For the 

sector Water transport (NACE H.50) only monetary data of the business units (the shipping companies) 

is available. There is no information on the shipping vessels that have generated the monetary values, 

through shipping activities, for these shipping companies. Therefore, first a method had to be 

developed to link shipping vessels to the Dutch shipping companies from the National Accounts. 

Different information sources were investigated. A primary source of information was the annual 

inventory list of ships, provided by the Dutch department of Information and Transport. This list of 

ships was combined with the General Business Register and the Production Statistics. For more 

information on the lists and the relevant concepts and methodology, see the previous deliverable.  

The assumption was made that operator resident in the country is the most probable characteristic 

relevant for the ships and vessels link with a national economy. This assumption of operator being the 

main characteristic was tested with data from the Production Statistics (PS), selecting all companies 

that have reported on the annual statistics on sea shipping companies. The ships of these companies 

were traced in the inventory list of ships. As these companies have reported production and value 

added as part of the National Gross Domestic Product, their ships have most likely generated the value 

added for these companies. This was verified by analysing the turnover and monetary value of fuel 

usage in the reported variables of the company in the PS. It was found that ships sailing under the 

Dutch flag are not representative of companies linked to the Dutch economy. Also, tracing companies 

with highest value added in the ships inventory list, showed that the companies have no owner link 

with the Netherlands, neither as registered owner or as beneficial owner. However the companies do 

have a commercial operator link, with the Netherlands as country of residence. This operator 

characteristic was applied to look up the shipping vessels connected to the Dutch economy, with the 

sources combined as follows (see Figure 41):  

 
Figure 41: Identifying shipping vessels related to the Dutch economy using the general business register 

At first, we used R with the text mining package StringDist for matching strings: the name of the 

operator from the Ships list with the name of the shipping companies in the ABR [14]. This resulted in 

a matching percentage of about 40%. Compared to the previous deliverable, matching improved, 

because we used more detailed information on business units from the General Business Register 

system (ABR). In total, 2 million legal names and 3 million trade names were matched to the operator 

names from the Ships list, resulting in 3 billion match-operations. This matching was performed directly 

on the ABR output-database in SQL using the trigram method, which is the de N-gram method with N 

equals 3 (see https://en.wikipedia.org/wiki/N-gram). In addition, businesses were also identified that 

had sea and coastal water transport as a secondary activity. The results are: 

https://en.wikipedia.org/wiki/N-gram
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Year 
Total number of companies in 

General Business Register (ABR) Total number of ships 
Number of ships 

matched 

2014 888 1629 1421 

2015 899 1746 1546 

2016 890 1734 1476 

2017 820 1747 1500 

Table 11: Results of matching ships to shipping companies 

With an average matching percentage of 87 percent (see Table 11) for the period 2014 to 2017, this 

supports the assumption that the operator characteristic of the ship represents the connection of a 

ship with the national economy, as the operators are related to the residents’ shipping companies. 

EU Monitoring, Reporting and Verification of CO2 from marine transport (EU-MRV)  

During the project, we learned about the EU Monitoring, Reporting and Verification of CO2 from 

marine transport (EU-MRV). The European Commission has started collecting fuel consumption and 

CO2 emissions from ships larger than 5,000 gross tonnage (GT) calling at any EU and EFTA (Norway and 

Iceland) port, starting from 1 January 2018, under regulation (EU) 2015/757. The total fuel 

consumption and CO2 emitted is reported of voyages to and from EU ports, between EU ports and at 

berth. This data will be reported annually by ships to the European Maritime Safety Agency (EMSA) 

database (“THETIS MRV”) and publicly available on this website: 

https://mrv.emsa.europa.eu/#public/emission-report. Data is now available for 2018 and 2019.  

Although this data source covers only large ships and EU area related, this data can be used as 

benchmark for our results from the three compilation methods. On the total level, our results must 

exceed the level from the THETIS MRV source. For the large residents ships this is applicable as well. 

Here, we have tried to find emissions for the Dutch residents’ ships in the list. From the 1500 ships on 

the list, 634 ships are larger than 5,000 GT and therefore legally bound to submit emission reports to 

the European Commission when calling at any EU and EFTA port. Of these ships potentially in the EU 

EMSA THETIS –MRV database, only 374 ships have statistics on fuel usage and emissions for 2018 and 

2019. Furthermore, some ships only had reports for one year, for 64 data for 2018 were only 

presented, while for 34 Dutch residents ships was only reported for 2019. The remaining 162 ships that 

were not represented in the database might have been active outside EU ports or might not have been 

active. 

Part 2. Investigating whether it is possible to retrieve and implement worldwide AIS data for Dutch 

shipping vessels to calculate travel distances.  

The EMSA data obtained for ESSnet  WPE unfortunately did not have worldwide coverage (and was 

available only for part of the project), thus it could not be used to calculate travelled distance. 

However, the UNGP does provide worldwide AIS data and it provides an infrastructure that was 

available to us from 2019 (see previous deliverable E3 [3]). The UNGP hosts data from exactEarth and 

Orbcomm. The data from exactEarth covers April 2019 – present, while the data from Orbcomm covers 

October 2018 - present. Ideally, two years would have to be compared to use as a proxy to the 

development of fuel usage and emissions. Unfortunately, this was not available, thus it was decided to 

compare 2 months in 2 consecutive years (November-December 2018, and November-December 

https://mrv.emsa.europa.eu/#public/emission-report
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2019) on AIS data from Orbcomm. In addition, distance travelled was calculated for the full 2019 year. 

As the scope, two full years, would not be possible, we did not want to put too much processing burden 

on the infrastructure and only computed this for ten ships that belonged to different categories (3 wet 

bulk, 3 dry bulk, 2 container ships and 2 passenger ships). These ships were ships that had data on fuel 

usage and CO2-emissions in the EU-MRV as a benchmark. 

The Scala code from the previous WP4 could not be used on the UNGP. Therefore, new code had to 

be developed in PySpark. The following algorithm was developed.  

Defining ship frame with MMSI-number 

The identification number defining ships provided from the first step was the IMO-number, not the 

MMSI-number (the main identifier in AIS). The data at the UNGP do contain IMO-number, however, 

there were two reasons not to use this directly in the code. First, executing queries using the IMO-

number greatly reduced processing speed, many times even resulting in crashes. That could be related 

to the second point: if data feeds containing older data had disappeared from the server, the missing 

data would be returned by the company providing the data and platform. However, this back-filled 

dataset did not contain IMO-number anymore. Therefore, our first step to calculate distance travelled 

for the ten ships selected was to match the IMO-numbers from the Dutch residents’ list to ships in the 

exactEarth AIS data for one week in March 2020. This was to ensure the presence of IMO-number, 

going back further in time might reduce the chance to find the IMO-numbers [15].  

Calculating distances 

To be able to check for realistic travel distances, the first choice was to calculate distances on a daily 

basis per ship. The code in PySpark uses a lot of “views” as processing steps, this minimizes processing 

time, as the actual calculation is performed at the end [16]. For each ship, consecutive data points in 

time with the same course over ground (COG) are filtered, and then the distance between two 

consecutive points is calculated using the st_distanceSphere function. This function returns the 

minimum distance in meters between two lon/lat points, using a spherical earth and radius. if the 

speed between a point and the previous and next point would be over 22 knots, it is excluded. Then 

all distances between points are calculated again and can be summed over one day, or over a longer 

time period.  

Outcome 

Table 12 shows the distance travelled based on AIS data (2019, November plus December for 2018 and 

for 2019) and the total fuel consumption and total CO2-emissions from THETIS MRV for 10 Dutch 

residents’ ships for 2018 and 2019.  

 

Table 12: Distance travelled, fuel consumption and CO2-emissions, calculated for 10 Dutch residents’ ships 

AIS_distance [km] AIS_distance [km] november_december Total fuel consumption [m tonnes], EU-MRV Total CO₂ emissions [m tonnes], EU-MRV

2019 2018 2019 % change, 2018-2019 2018 2019 % change, 2018-2019 2018 2019 % change, 2018-2019 

Containership 1 129.338 20.251 21.389 6 3827 4035 5 12072,24 12729,34 5

Container ship 2 108.138 12.281 17.177 40 3574,4 3609,29 1 11289,5 11474,79 2

Dry bulkship 1 91.462 23.431 19.198 -18 6291,34 1189,48 -81 19814,28 3741,59 -81

Dry bulk ship 2 103.651 24.329 22.766 -6 1963 1511,7 -23 6158,78 4733,29 -23

Dry bulk ship 3 138.533 26.015 26.016 0 6577,43 7144 9 20540,9 22362,7 9

Passenger ship 1 51.334 1.264 1.745 38 2060,69 3235,43 57 6479,57 10169,2 57

Passenger ship 2 144.691 25.259 19.212 -24 18347 17766 -3 57335,51 55607,6 -3

Wet bulk ship 1 95.165 21.077 25.285 20 7326,37 4400,28 -40 22953,51 13772,99 -40

Wet bulk ship 2 96.813 22.492 18.510 -18 2466,69 4195,13 70 7838,98 13362,52 70

Wet bulk ship 3 121.299 23.423 25.234 8 870,22 710,32 -18 2713,11 2230,87 -18
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Of course, it is impossible to conclude much from such a small sample of ships. However, for single 

ships within each category, it can be seen that the developments can be quite different in terms of an 

increase or decrease in the number of kilometres. It is harder to compare the development in terms 

of distance travelled with fuel consumption and CO2-emissions as the first refers to only two months 

of a full year. In addition, December might be a more ‘atypical month’ compared to other months, as 

there are different holidays in this period have a halting influence on shipping activities (at least on 

loading/unloading). However for each category, in this very limited comparison there seems to be no 

relation between distance travelled and fuel usage/emissions, both in absolute and percentage 

change. Of course, more information on the ship would have been needed to make more of a 

distinction within the categories.  

All in all, we did not have sufficient data to calculate direct development in fuel consumption and 

emissions. Therefore, the third part focused on defining possible methodologies for future statistics 

compilation.  

Implementation 

Part 3. Analysing how to compile energy use (for the PEFA) and air emissions (for the AEA) 

The main challenge in this project was the insufficient availability of data sources. Not only could we 

not obtain longer times series of worldwide AIS data, but we also did not get access to a ship (e.g., his) 

database to retrieve technical information from ships. As a result of the research on the definition and 

identification of Dutch residents’ ships, three theoretical methods were developed to implement AIS 

data for the purpose of estimating energy used and emissions of the ships. Also keeping in mind the 

limited access to data sources in the future, the different methods require different amounts of data 

and elaborate methodologies. With the first method being on the most aggregated level and easiest 

to perform, to the third method being a bottom-up approach and most difficult to execute.  

All three methods can be applied to either a nationalities residents’ ships or ships sailing under 

nationalities flag. The execution of these methods in this project will depend on availability of the 

necessary data sources and infrastructural context. For the first step, defining the companies and ships, 

we refer to the previous deliverable and process, concepts and methodology. We also investigated the 

availability of benchmark information. See Figure 42 for an overview of the methods, the full details 

are available in Annex 5. 
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Figure 42: Methods to compile energy use (for the PEFA) and air emissions (for the AEA) 

  

Fishery 

Although in this project emissions from fishery ships was not explicitly investigated (the prototype 

fishery focused on behaviour of fishing fleet), ideas were developed to render statistics on fuel usage 

and emissions by fishery ships. As fishing behaviour is quite different from transport behaviour, special 

attention had to be turned to this. The Dutch fishery vessels can be found in the EU Community Fishing 

Fleet Register, more information on this can be found in the description of the prototype of the fishing 

fleet 

The register contains information on the nationality of the fleet, where the assumption is that this is 

identical to the nationality of the economical owner. This could however not always be true. Not much 

is known on this aspect, this would have to be further investigated. 
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Activity based model 

When looking at local models, we look at the fishery methodology from the Actual Emissions. In this 

model two methodologies based on AIS-data are applied:  

1. For deep-sea trawlers, only sailing toward and from remote fishing grounds are estimated with the 

same methodology as used for maritime navigation is applied, as the assumption is that there are 

nearly no fishing activities on Dutch national territory, including the NCP [19].  

2. For the other fishing vessels categories the method is based on energy used, differentiated to 

activities and fishery segments [24]. 

The method for the other fishing vessels can most likely be applied to areas outside of the Dutch 

territory when necessary. Deep-sea trawlers however need an additional approach to this model, as 

the fishing and steaming outside of Dutch territory is not taken into account here. The methodology 

from Coello, Williams, Dominic and Kemp [26], can be considered. Their methodology includes trawlers 

and addresses the issue of how to use AIS data for fleets where not all vessels use AIS technology. Also 

how to assign engine load when vessels are towing trawling or dredging gear is addressed in this 

method. 

Fishery in the Dutch Actual Emissions has been compiled using AIS data from 2016 onwards. For the 

UK fishing industry AIS bottom-up activity-based modelling was trialled successfully [26]. However 

there are issues with AIS data which has to be taken into account, such as fishery AIS being carried by 

only a small fraction of the world’s roughly 2.8 million fishing vessels and poor AIS reception in some 

regions (FAO, 2018). 

Future work 

Summarizing, this project developed a working definition of shipping vessels related to the Dutch 

economy. The main challenge in this project was the insufficient availability of data sources on AIS and 

ships’ characteristics. Therefore, we have investigated the use of distance travelled as a proxy for fuel 

usage and emissions only for a small number of ships and compared this to potential benchmark data. 

Furthermore, three methods were investigated to produce statistics on fuel usage and emissions for 

the emission accounts based on AIS.  

Here, we will describe how parts of this project could be applied and where future research is needed.  

First, the operator-based method was developed to relate shipping vessels to the Dutch economy. This 

part of the process could be done by each NSI. However, when we apply the operator-based method, 

we encounter the issue that for some ship types, for example container ships, one ship often has 

multiple operators in more than one country. The air emissions from that ship then have to be 

proportionally allocated to several countries on the basis of some type of allocation-key. More 

research is needed on this matter in the future. But this aspect requires NSI’s collaborate for good 

characterization of enterprises and prevent redundant work. Furthermore comparability of statistics 

between countries is an important quality dimension in the Code of practice. Working together and 

implementing the same definitions, concepts and methods will enhance the comparability dimension. 

A challenge here was obtaining an up to date shipping list with information on ownership. This problem 

was also described in the project on Passenger transport in Inland waterways for Eurostat [27]. For the 

shipping list we have received data from 2011 to 2017, from our department of transport. Updates 
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from this source were not yet available. This could be different countries, but it is something that 

countries have to research well. The R code for matching text: operator’s names of ships to business 

units could be useful for other statistics offices [14]. 

The main challenge in this project however, was the insufficient availability of data sources on AIS and 

a register containing ships’ characteristics. Not only could we not obtain longer times series of 

worldwide AIS data, but we also did not have access to ship database to retrieve technical information 

of ships. In the future, these are prerequisites to produce statistics on fuel usage and emissions by 

maritime ships under the air emission accounts. We have described 3 methods to use AIS to produce 

fuel usage and emission statistics, where method 1 is most simple to perform, yielding lowest quality 

of data and on the other side of the spectrum method 3 that is most complex to perform yielding 

highest quality of data. Still, for method 1, AIS data from two consecutive years with worldwide 

coverage is needed. Most of the methodology/codes for this are ready, but for methods 2 and 3 these 

would have to be further developed.  

As the two important sources, AIS and the up-to-date IHS ship register would be similar for all 

countries. This would ask for a global approach in obtaining and calculating fuel usage and emissions.  

It is good to point out other initiatives that could play a role in deciding further steps. At the moment, 

EMSA calculates fuel usage and emissions for different countries on a territorial basis using STEAM3. 

With that, they have developed algorithms to perform calculations. Although they do not have 

worldwide AIS data to share, they could buy worldwide satellite data and perform calculations on 

worldwide fuel usage and emissions. The other global initiative is taken by the OECD that is also 

interested on calculating worldwide fuel usage and emissions. There are also commercial initiatives, 

like MarineTraffic, but providing parties data on national ownership might run into privacy issues. 

Finally, concerning fishery, there are a few open questions: does nationality of the fishing fleet match 

the economical ownership nationality? In addition, more research would have to performed on how 

to deal with deep sea trawlers and missing information from fishing ships not carrying AIS.  

In conclusion, despite the setbacks on availability of data sources such as worldwide AIS-data and IHS 

database, with this project a good start has been made on developing methodology for producing 

statistics from AIS-data for fuel and emissions on the basis of environmental accounts. This has been 

done largely by investigating the link of operators from ships with a national economy, testing 

algorithm on calculations with AIS data and analysing benchmarks. However more steps would have 

to be taken before annual statistics could be produced. And this project has investigated different steps 

and methods needed to decide on further development.  
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3. Preliminary results of additional research 

Besides the statistical products to be delivered, additional experimental work was performed by Frank 

Pijpers and Sigrid van Hoek from Statistics Netherlands. They investigated whether AIS data can be 

used to derive indicators of economic trend changes. Even though both are officially not part of the 

ESSnet , their results are incorporated and shared in this deliverable. 

Seaport connectivity changes as an early economic indicator 
By Frank Pijpers and Sigrid van Hoek, Statistics Netherlands 

The open Dutch economy has a large contribution from logistics and transport, in which in particular 

freight coming through its seaports plays an important role. This means that it is reasonable to 

investigate whether changes in the shipping of goods are early indicators of changes in the economic 

climate.  

A relatively straightforward measure is to simply track the volumes or value of freight that is shipped 

to or from ports in the Netherlands. While this may well be representative of, or part of, the economy 

as it occurs there is a need for leading indicators for economic changes, for which this simple indicator 

is less appropriate. For this reason a research project has been started which takes ideas from 

complexity science and the financial markets. In a complexity view of markets, the trade between 

banks or companies is modelled as a network in which the companies are the nodes, and the links 

represent trade volumes or value. Rather than looking directly at time series of these volumes, more 

generally the shape properties of that network are tracked. Some examples of shape properties are 

the number of triangle directed connections in the network, or the number of closed loops. It has been 

shown ( [32], [31]) that preceding the financial crisis of 2008, such indicators reflected that the network 

of interbank relationships was signalling significant changes in topological properties, such as the 

number of directed triangles, that were unknown before. Had those indicators already been available 

and had the signals been recognised, there might have been early indicators of the financial crisis. 

For shipping of goods a weighted directed network can be constructed, consisting of ports between 

which goods are shipped. The volume or value of such goods provide the weight (importance) of a link, 

and the direction of the transport translates directly to the direction in the network. Once such a 

network can be constructed, using AIS data, the shape of that network, i.e. which ports are connected 

and with what weight, can be tracked in time. This provides the necessary data to attempt to look for 

significant changes in appropriate network shape parameters. By looking back, such indicators could 

be calibrated to provide early indicators for significant changes in the real economy. By monitoring real 

time as much as possible, the calibrated indicators would provide valuable input that feeds into for 

instance flash estimates of the Dutch gross domestic product (GDP). 

However, before the network data is available for this research, a number of analyses and modelling 

steps are to be applied to the AIS data, which can be used to trace the movements of individual ships 

and provide some information on the volume and direction of the goods that they transport. In what 

follows, the first steps towards constructing networked shipping data are described. Firstly, a definition 

of a port call is given and the ports of interest are specified. Secondly, a three-step method to obtain 

an adjacency matrix of shipping data is described. 
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The following three constraints will be used to determine which raw AIS data are associated with port 
calls7: 

- The ship should be in the port area for 5 to 60 hours. 

- The ship should have navigational status ‘At Anchor’ or ‘Moored’ while in the port area. 

- The speed of the ship should not exceed 0.5 knots for at least one hour. 

These three restrictions are similar to the important features in Random Forest model of port calls 

(Cerdeiro, Komaromi, Liu, & Saeed, 2020 [29]). Instead of their feature average speed, we look at the 

minimum average speed in one hour as our definition of port might not be very accurate. See  

(Arslanalp, Marini, & Tumbarello, 2019 [30]) for more information on the empirical distribution of 

number of hours at a port and the specific thresholds of 5 and 60.  

It turns out that often at least one of the three constraints is violated, for example because the ship 

does not have a status. This might be due to missing or incorrect data, but also because the port area 

is not accurate enough, the ship visits the port area for another reason such as repair or sails along the 

port. We relax the constraints by requiring that at least two of the constraints should be met for a true 

port call. Note that our goal is not to determine all port calls, as a substantial part of the port calls could 

already contain useful economic information. 

The National Geospatial Intelligence Agency’s World Port Index (WPI) contains the coordinates of 

3,630 ports, including characteristics like name, country and harbour size8, but excluding the exact 

shape (polygon) of the port. 18 of those ports are located in The Netherlands. Processing data of all 

ports is computationally intensive, therefore we focus on ports that are directly, strongly related to 

Dutch ports. By computing the next port(s) of ships that visited Rotterdam (Europoort) and Amsterdam 

in a given time period, we get an impression of the most important ports. Note that it might take over 

two months to sail from the Netherlands to Asia, so determining important ports is computationally 

intensive. 

The shape of the port is defined as a simple bounding box of fixed width around the port coordinates. 

Rectangular shaped ports have the advantage that it is easy to determine if a ship is positioned inside 

a port. Since ports vary in size and shape and we prefer a too large port area over a too small port area, 

we have chosen for a large bounding box with 10 km half-side distance. Sometimes, like the port of 

Rotterdam and the port of Maassluis, the bounding boxes overlap. We separate the shapes for ports 

inside Europe, by using the port size. For ports outside Europe, we simply merge the shapes into one 

port as we are mainly interested to trade with the region and not specifically a port. 

Using the above mentioned definition of port calls and ports, we use the following steps to compute 

the adjacency matrix: 

1. Query all data of MMSI’s of vessel type cargo or tanker in the selected ports during a specific 

time period. We refer to the outcome as possible port calls. 

                                                           
 

7 Note that the definition of a port call is different than the used in the Port call prototype, in which the 
navigational status is not used.  
8  The categorical variable harbor size is based on amongst others area, wharf space the presence of facilities. 
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2. For each day the ship is positioned in the port area, determine if the possible port call is a 

true port call by evaluating the three constraints. While a MMSI can have multiple port visits 

in one day (if there is a gap of at least six hours between port data), it can only have one true 

port call per day. 

3. For a given period of time, compute the adjacency matrix of ports. The adjacency matrix 

contains the number of ships (weight of the edges in the graph) on all paths of length 1 

between ports. The weight of paths containing multiple ports can easily be derived from the 

adjacency matrix. 

The adjacency matrix enables us to count the weight in paths and triangles in the graph and hence 

determine the port structure. These statistics will be compared with economic trends. For this 

comparison we need to find an appropriate periodicity and a method to handle for example seasonal 

effects. One of the risks is that the AIS time series is too short to conclude whether AIS data is valuable 

as economic indicator.  

The weight of edges in a graph is currently simply the number of ships that sail between ports. We are 

planning to use the draught of the ship, together with its size and capacity as proxy for the economic 

value of the load of the ship. In this approach we will likely differentiate between tankers and container 

ships. 

The methodology is based on some assumptions. We assume that a the MMSI number is a unique 

identifier for a ship. However, MMSI number can change when, e.g., a ship changes owner or 

management company. Using the WPI we also assume that ports do not change over time and the list 

of ports is complete. Especially when we process multiple years of AIS data, this assumption might not 

be met. Moreover general quality issues apply to our research, such as ships that turn off their system 

during a certain period resulting in time gaps in the dataset. 
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4. Infrastructure platforms 

In the previous deliverable E3 [3], the Big Data Test Infrastructure (BDTI) and the UN Global Platform 

were described. Between then and now, the BDTI has been replaced by the Dataplatform. Of course, 

this change had a big impact on the project. Setting up the new Dataplatform, learning the tools and 

loading the AIS data required a lot of valuable project resources. The environment and possibilities of 

the new Dataplatform are described here in more detail. 

As part of taking the Inland Waterways prototype (see chapter 2) into production at Statistics 

Netherlands, the possibilities of Greenplum as a high-performance computing (HPC) platform for 

processing the AIS data, were tested. These experiences, even though not part of this ESSnet  project, 

are considered important to share and therefore included in this chapter. 

EC Dataplatform 

Introduction 

The EC Dataplatform is a Platform-as-a-Service, hosted in the cloud (AWS or Azure), that offers the 

necessary managed infrastructure and software frameworks for statistical analysis to data engineers, 

data scientist, and data analysts for a variety of use cases. The platform enables users to combine 

building blocks for a custom data science solution. Users can also add different (serverless) services 

like S3 storage and Athena. 

The Dataplatform environment for AIS data , possible after setting up an SSL connection, consists of 

following instances: 

 Data Science Studio which includes RStudio and JupyterHub with Python and Scala 
implementation. 

 Amazon EMR, Amazon Elastic MapReduce is a computing cluster providing Hadoop, Spark, Scala. 
Access is via Hue. 

 Amazon RDS (Postgre SQL) Amazon Relational Database Service is a web service that makes it 
easier to set up, operate, and scale a relational database in the AWS Cloud. 

In the EC Dataplatform, Amazon EMR comes in two setups: Amazon EMR Vanilla and Amazon EMR 

Kerberos.  Amazon EMR Vanilla is a setup that allows one to connect from remote nodes (such as Data 

Science Studio) and execute Hive or Spark jobs.  

Amazon EMR Kerberos is a highly secured EMR cluster that is only accessible through Apache Hue, a 

management application for Hive and Spark clusters. Amazon EMR can access S3 files directly as if it 

would access local HDFS.  In our case we have Amazon EMR Kerberos which allows users to use the 

Spark Notebook UI and submit Spark jobs from Hue. 

All user accounts in the DP environment are managed in Azure Active Directory (for both AWS and 

Azure) and are integrated with access to AWS resources. For this reason, the management of all user 

accounts is done through Microsoft services. 
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Figure 43: EC Dataplatform overview, source: EC Dataplatform v1.3.0, DG Digit 

Experiences so far 

For our work, we uploaded decoded AIS data from EMSA (2016-2017) to the Hadoop File System 

(HDFS) and made them available to all project members. We also had an additional data storage space, 

that is the S3 bucket, which is specific for AWS solutions. In our case, S3 played the role of a data 

storage for Data Science Studio. 

One of the advantages of the Dataplatform environment and a valuable experience was the 

opportunity to use various tools for processing and analysing AIS data. The most important of them 

include: 

Hue  

Hadoop Hue is an open source user interface for Hadoop components. Users can access Hue directly 

from the browser enhancing the productivity of Hadoop developers. Through Hue, users can interact 

with HDFS and MapReduce applications. Users do not have to use a command line interface. Users can 

interact with the HDFS files through a browser. As in the environment used in the first part of this 

Workpackage(BDTI), we have two type of data:  

 Static messages (ships’ specifics)  

 Dynamic messages (e.g. location and speed) 

Path: /user/hadoop/AIS/ 

Azure Data 
Lake Gen2 
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Figure 44: EC Dataplatform - HUE 

Apache Spark  

Apache Spark is an open-source distributed general-purpose cluster-computing framework. Spark 

provides an interface for programming entire clusters with implicit data parallelism and fault tolerance.  

Access to AIS data is possible from Spark in three ways:  

 spark-submit jar (scala) / python- which is used to launch applications on a cluster.  

 
Figure 45: EC Dataplatform – spark-submit 
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 PySpark interpreter: 

 
Figure 46: EC Dataplatform - PysSpark 

 Scala interpreter: 

 
Figure 47: EC Dataplatform – Scala 

Jupyter Notebook 

The Jupyter Notebook is an open-source web application that allows one to create and share 

documents that contain live code, equations, visualizations and narrative text. In our environment it is 

part of Data Science Studio. The Jupyter Notebook and RStudio are accessible through any web 

browser when the tunnel  (Putty session) is open. 

 
 Figure 48: EC Dataplatform – Jupyter Notebook 
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Lessons learned 

This is our second big data environment based on Amazon Web Services (AWS) Cloud in this project. 

It was a great opportunity to learn about the new architecture of the AWS solution integrated with 

Azure Active Directory. It was a valuable experience for us. A large selection of Big Data tools and 

relational databases such as PostgreSQL enabled all project members to work efficiently, regardless of 

programming skills and preferences. 

Limitations 

We can indicate several limits that affect the current work in the EC Dataplatform environment: 

 There was no communication between the Data Science Studio and Amazon EMR, which makes it 
impossible to read data directly from the Hadoop Distributed File System (HDFS) by Data Science 
Studio (only from s3 bucket). This makes it problematic to analyse and visualize data directly from 
HDFS as a result of data processing, e.g. by Apache Spark. It requires additional export of results 
to the S3 bucket. In the previous BDTI environment, such functionality was possible. 

 Allocated memory for processes launched by Apache Spark. For a code of which processing 
requires a lot of computing power, the task would automatically be stopped after a few minutes. 
It seems that the environment should be scalable and dynamically adjust computing power 
depending on the requirements. 

 The lack of administrator rights in the field of content, user and service management makes it 
difficult to work and quickly configure the environment. 

Recommendations for future use 

The solution to  the problems indicated in the previous section (limits) is necessary in the context of 

further use of the environment. It would be helpful to implement Oozie Spark Action for automating 

Spark Jobs, which facilitated the design and implementation of statistics production process, based on 

the AIS data. 
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Greenplum as High-Performance Computing environment 

Introduction 

At Statistics Netherlands a proof-of-concept (PoC) has been performed with Greenplum as a high 

performance computing environment for different projects. One of these PoCs concerns AIS in inland 

waterway transport (IWW) that is part of the current WPE. In using AIS for the process of statistics on 

IWW, the use of an HPC environment is necessary to parallelize the processing of AIS data to decrypt 

and process AIS, otherwise processing would be to too slow to be part of an implemented production 

system.  

Greenplum is a software package that enables setting up a so-called massive parallel processing (MPP) 

database. The data is stored in a Greenplum database that is spread over multiple servers or server 

segments, which function as a PostgreSQL database. The Greenplum software makes it possible to 

address these server segments as if there is one PostgreSQL database. This is done through the master 

server, which is the user controlled by SQL commands. Provided the data is favourably distributed 

across the server segments, one can assume that through this parallel data distribution, search speed 

scales (almost) linearly with the number of segments constituting the server. In other words, the larger 

the number of servers in the cluster, the faster the database. An additional advantage of the 

Greenplum architecture is that data is also processed in parallel automatically. After all data has been 

distributed across the servers, calculations are performed on the data constructed on the individual 

server segments. Thus, database performance in data processing also scales (almost) linear with the 

number of server segments. 

Setting up and managing the Greenplum database can be compared to managing an ordinary 

PostgreSQL database. The only difference is that one has to define beforehand how the data is 

distributed, with the type of question the database should answer in mind. If the data is unfavourably 

distributed, only a small part of the system's capacity could be used. For example, if one year of AIS 

messages are distributed over the servers in chronological order, January data may all be in the first 

server. If only January data would be processed, this is effectively done with only one of the many 

available servers. In short, the setup and management of the Greenplum database mainly requires 

good knowledge of (Postgre)SQL and pre-defined ideas on how the data would be distributed optimally 

over the different server segments. 

In processing AIS data to complete information on IWW transport, AIS data has to be decrypted and 

processed. That is, static and dynamic data from one ship has to be collected and journeys per ship 

have to be segmented. These steps were initially performed in a serial process using Python. However, 

processing took days and would sometimes crash in unexplainable ways, rendering an uncontrolled 

situation and large downtime of servers. Therefore, a PoC was performed to investigate the speed and 

use of Greenplum database to perform these operations. In the PoC there was 1 master node available 

with 2 segment nodes and 10 segments (instances) per each segment node. For each table, the data is 

divided among the segments based on the distribution column keys specified by the user. In this case, 

during decoding records were distributed over the segments at random. After that, MMSI’s are 

distributed over the segments in equally large groups.  
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Results from the task force 

The experience with the platform is very good. It has resulted in increasingly faster runtimes while 

keeping the flexibility of adapting the code. Transfer this type of problem into a large database 

definitely helps in downsizing the effort needed to work with big data. With some help, we were able 

to convert most of the steps in the process of transferring AIS data to AIS journeys, such that they were 

usable in the environment. 

Lessons learned 

Using parallelization techniques requires an adapted way of thinking. The data has to be spread evenly 

and correctly over the separate machines. This was a problem for decoding the AIS messages that do 

not fit in one line. For this problem, it was decided to process them separately and sequentially, while 

the single line messages were processed in parallel.  

Using Greenplum gives an extra performance boost, inherent in the use of database, by preventing it 

of unnecessary reading and writing files (in a comparable Python multiprocessing model this could also 

be bypassed). Protection against downtime due to crashes of individual servers can be obtained by 

means of mirroring (provided the mirror host remains running). 

Limitations 

The team did not have sufficient knowledge of PostgreSQL and parallel processing to translate the 

scripts that were already developed earlier on in the project. Therefore there was dependency on the 

consultancy of Pivotal/VMWare Tanzu and other colleagues, who have these skills. In general, SQL 

code is less transparent compared to Python code, resulting in a harder way of debugging problems or 

changing/adding functionalities. Furthermore, there were some storage problems during the PoC, so 

not all the intermediate datasets could be saved. This problem will be solved in two ways when a 

production environment is set up. Firstly, not all intermediate datasets have to be stored and secondly, 

there will be sufficient memory available.  

Recommendations for future use 

Benchmarks are necessary to compare performance in Greenplum to compare to Python 

multiprocessing options. When using this type of heavy machinery for processing data, you need to 

make sure that your problem at hand is suitable for this type of computation. It can most likely to be 

made to work in these type of environments, but a certain level of computational skills and support is 

necessary. Ultimately, a choice would have to be made on the basis of a trade-off between 

performance, manageability and preferences of the team ultimately responsible for the use and 

management of the chosen solution. 
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5. Future work  

During this work package, we have developed several functional production prototypes, showing the 

possibilities of AIS data in statistical production. The product on inland waterways will be implemented 

in production at Statistics Netherlands as part of the solution to generate improved statistics on IWW. 

The Port Visits Geo-Solution prototype shows that we are able to generate the official so-called F2-

table. The Fishing Fleet prototype shows the possibility of generating statistics on fishing fleet 

behaviour and activities. The investigation on air emissions and energy used for the environmental 

accounts shows the potential of using AIS data to improve statistics. And finally, we were able to derive 

experimental indicators of economic trend changes.  

These prototypes prove that AIS data is a valuable source to generate statistics in a production 

environment. By implementing some of these prototypes in the Dataplatform environment and 

executing these prototypes to create partial results for several countries (Greece, Poland and The 

Netherlands), we have shown that these solutions are generic and can be used to generate these 

statistics from one central environment. 

In order to use AIS as source for statistics and fully benefit from it, some prerequisites need to be met:  

 AIS maritime data with worldwide coverage is crucial 

For certain statistics, like air emissions and economic indicators, AIS data with worldwide coverage 

is crucial, but very costly. EMSA collects AIS data with European coverage, and if agreed by the 

member states, it could share this data. EMSA also buys additional satellite and global data from 

commercial parties. EMSA cannot share this data under the current contracts. At the UN Global 

Platform however, AIS data with a worldwide coverage is currently available and shared. 

 AIS inland waterways data needs is desired 

Different member states could benefit from using AIS to improve statistics on inland waterways. If 

that is the case, AIS data with coverage of European IWW could be desirable to provide to the  

statistical offices. Note that, under current legislation, AIS data related to inland waterways ships 

is sensitive information, as the ship is also the home location of the skipper, and therefore 

considered confidential data. This confidentiality issue would first have to be investigated. 

 Ship register with worldwide coverage is required 

A worldwide ship register, both maritime and inland waterways, including ship characteristics and 

ownership/flag is required. The latter is required for air emissions from the environmental 

accounts. A ship register with worldwide coverage is Lloyd’s register from ΙHS Markit’s. A good 

example of an initiative to create such a register by the European Commission, is the European 

fishing ship register (see https://webgate.ec.europa.eu/fleet-europa/search_en). Unfortunately, 

this does not include the MMSI number, which makes it difficult to connect it directly to AIS data.  

 Port register with European coverage is needed 

A port register with at least European coverage is needed. This register should at least contain all 

European ports with their geographical boundaries, preferably including more detailed 

information on the terminals, the type of cargo supported (containers, bulks or even people) and 

their geographical boundaries. 

https://webgate.ec.europa.eu/fleet-europa/search_en
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 Global IT platform and infrastructure is required 

In order to develop, test and implement solutions based on AIS data, a well-suited IT platform and 

infrastructure, including access to the AIS data, is mandatory. Setting up this environment requires 

special skills that are currently not always available. Note that the UN Global Platform provides 

such a platform. Eurostat is in the process of developing such a platform, but extra attention should 

be geared towards sustainability, user-friendly access and use. 

In the first ESSnet  on AIS, we have described a number of other possible new statistical products [28]. 

Unfortunately, due to time restraints on the availability of the platform and the situation surrounding 

COVID19, we did not have extra time to work on these extra products. We still think it is worth pursuing 

some of the following topics (see also [1]): 

- Intra-port distances 

Port authorities do not always have a complete insight in the activities within their port. For 

example, they do not always know whether ships visit one or multiple terminals during one visit, 

rendering a higher intra port journey distance ). 

- Fluvio-maritime transport 

Transport is partly performed on inland waterways (IWW) and partly on sea, it is classified as fluvio-

maritime transport. For Eurostat, this has created discussion about whether fluvio-maritime 

transport should be reported as maritime transport, IWW transport, or both. Countries have non-

harmonized approaches to report fluvio-maritime data in the maritime and IWW statistics. AIS 

data could help getting insight in the relationship between maritime and IWW transport. 

- Port-to-port distance matrix based on model estimating shipping routes 

Dynamics between different factors can influence the route a ship travels. If one does not want to 

calculate the distance for every single journey, this requires a flexible way of calculating the 

distance a ship travels. AIS provides the opportunity to follow ships’ routes and thus calculate the 

distance travelled. In addition, it can also provide more insight into patterns and factors 

determining these travel patterns. 

- Insight in effects of disruptions or regulations 

Multiple parties, such as experts in the questionnaire and port authorities, have shown interest in 

gaining insight into the effects of disruptions or (changed) regulations by means of AIS. For 

example a shift in traffic patterns caused by port closure could be found by using AIS. Another 

example are speed regulations in for example emissions zones. 

- Visualisations 

Although this is already an important aspect of our prototype for fishery, visualisation can provide 

many more options of gaining insight in maritime transport. 
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Annex 1: Scope of WPE in more detail 

Work package number  WPE Start Month:  

End Month:  

M1 

M24 

Title Tracking Ships 

Partner (leader in bold) 

Person-days 

NL 

298 

EL 

225 

PL 

170 
  

Objectives 

Taking into account the developments of the successfully concluded work in the ESSnet  big data programme 

during 2016-2018, the aim of this WP is to develop functional production prototypes including setting up 

procedures and developing technical solutions, to promote and support the collection, processing and 

analysis of (big) data from AIS (Automatic Identification System) for statistical production in the participating 

NSIs related to statistics on maritime, inland waterways and environmental statistics.  

The output of the work should become available to the ESS and adequately enable other NSIs, in the next 

implementation phase, to put in place the necessary system(s) and deploy or adapt the proposed solution(s) 

in order to produce statistical output. From the practical point of view, the output should in addition develop 

key artefact like target architecture definition and requirements and guidance for the next implementation 

and deployment phase, hence producing specifications for full-fledged implementation at the ESS level. 

Therefore, the active involvement of subject matter experts, statisticians, enterprise architects and other 

stakeholders (for example Working Groups of Inland waterways and maritime statistics, Transport and 

Environment Reporting Mechanism (TERM) and Task Forces) is important. Subject matter experts for the 

NSIs working in the relevant national statistical production units will be involved in all phases of work. 

Participation to relevant Eurostat Working groups and Task Forces will be part of the work of this WP. This 

includes presentation of findings and work to the relevant working groups at an early stage. 

Along the production of the relevant methodologies, recommendations, specifications and statistical 

software, the production of experimental statistics demonstrating the capabilities to produce statistics is a 

prominent objective.  

Methodological, quality and technical results of this WP, including intermediate findings, will be used as 

inputs for WPF and WPK. When carrying out the tasks listed below, care will be taken that these results will 

be stored for later use, by using the facilities described at WPA. 

Description of work 

With respect to the development and implementation of functional production prototypes according to the 

work carried out during 2016-2018 by the preceding ESSnet , this WP aims at completing the following 

activities that would lead to the implementation and integration of AIS data within the national statistical 

production process(es) in the NSIs: 

Task 1 - Interaction with WPF (NL) 

Aim of this task is coordinating the interaction with WPF. The aim of WPF is the definition of reference 

architectures necessary to carry out big data production both at national and European levels. This task 
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includes (i) designing and adopting application and information architectures (WPF Task 1) and (ii) providing 

input to WPF Task 2.1 on solution architectures. 

Task 2 - Data access (NL) 

AIS are internationally standardized encoded data available for national territories and the entire European 

territory, as well as at global level. The used European data source in ESSnet  big data programme 2016-

2018 isn’t recent enough to use for implementation.  

This WP aims to implement AIS in maritime statistics as well as in inland waterway statistics. That is why it 

is important to have European AIS data on maritime ships available as well as national data on Inland 

waterway ships. The European Maritime Safety Agency (EMSA) was requested for European AIS data from 

2017 and 2018 on Maritime ships. Dutch AIS data on inland ships will be provided by Rijkswaterstaat for 

implementing AIS in the statistical process of inland waterways.  

This task aims to: 

 Collect the data on maritime ships at a European level and collect the national data on Inland 

waterway ships for the Netherlands 

 Set a sustainable long term collaboration frame with EMSA for future use at European level. This 

will require clear roles related to data, pre-processing, processing and production of statistics. 

Preparation of this future use of European AIS data from EMSA is also part of this task.  

For this project it is essential to get at least access to European AIS data (from EMSA). At this point it seems 

that EMSA could provide the data needed for this project, but there is no final agreement yet. Costs for 

buying European AIS data from a commercial organisation, in the case EMSA cannot provide the data, are 

not budgeted yet. 

Task 3 - Definition (EL, NL, PL) 

Aim of this task is to define the specific outcome of this WP. What would be the delivered statistical product 

(both new statistics and enhanced existing statistics) at the end of this ESSnet ? In what statistical processes 

AIS would be implemented? How would subject matter experts, statisticians, enterprise architects and other 

stakeholders (Working Groups of inland waterways and maritime statistics and Task Forces) be involved?  

Key elements of this task are: 

 Definition of statistical products/prototypes. Including a plan for possibilities for testing these 

prototypes in other countries. 

 Identification of statistical production processes and capabilities that may be affected at national 

level 

 Guideline for involving subject matter experts, statisticians, enterprise architects and other 

stakeholders. This includes involving subject matter experts for the NSIs working in the relevant 

national statistical production units in all phases of work as well as participation to relevant 

Eurostat Working groups and Task Forces. EMSA will follow the progress during this project. EMSA 

is also available for (methodological) advice.  

 Description of an adequate Reference Methodological Framework for processing AIS data in 

statistical processes. Setting a sustainable long term collaboration frame with EMSA for future use 
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of AIS data at European level will be included in building the necessary reference architecture using 

European data. 

 Development of data models (output in XML or other standard), data verification and data 

exchange protocols for all the selected statistical processes for implementation  

Task 4 - Prototypes (EL, NL, PL) 

The aim of this task is the development of fully functional prototypes of the identified statistical production 

processes in task 3. Including a description on the adaptation and consolidation of the methodology, the 

procedures and the tools for collecting. Output would include software as well. This task also includes a 

definition of: 

 the implementation requirements (report) of prototypes in the relevant statistical production 

processes at European and national level (all) 

 a quality management framework (report) to ensure quality of outputs and process, leading to 

complementary statistics (indicators) (EL, NL) 

 required metadata throughout the process (report, metadata schema) (all) 

 a risk plan with mitigation scenarios (all) 

Testing of the prototypes (software, architecture, technical requirements, etc.) will take place (if possible) 

in (at least) the participating countries of this WP. This testing phase would then allow corrections or 

development of alternatives to be adapted to national specificities of (at least) the partners in this WP. 

Besides this, there will be taken into account a couple of recommendations resulting from the previous 

ESSnet  on big data. These two topics will be further investigated in this ESSnet : 

 Combining AIS with online information and/or information on IHS Maritime to provide more 

reliable information on the type and capacity of ships (NL, EL).  

 Developing an algorithm for signalling anomalies in the movements of ships (e.g. different traffic 

intensities or travelling speeds) to get information on disruptions or (changed) regulations in ports 

and fairways (NL, PL).  

The outcomes of the two above mentioned investigations will be really helpful for further implementation 

of AIS in official statistics in this ESSnet . 

The three topics beneath will be further investigated in this WP as well:  

 Developing an algorithm that can construct a reference frame of ports. The next step would be to 

construct a reference frame of terminals. Combining this with type of visiting ship could assist with 

ship visits where type of ships or goods is missing. Now ports and terminals have to be defined 

manually, this is not feasible for countries with many ports (NL). 

 Improving the port to port distance matrix by Investigating more journeys and factors. Optimizing 

algorithms could also result in using actual AIS journey data instead of the average distance 

matrix. Optimizing algorithms could also result in using actual AIS journey data instead of the 

average distance matrix (NL). 
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 Using AIS as a fast indicator of international trade, where international comparisons can be made 

quickly. National offices are really interested in fast indicators of economic development (NL) 

On some of these topics there are already some first findings available, resulting from the ESSnet  big data 

programme 2016-2018. It is not foreseen that the outcomes of these investigations will directly be 

implemented in one of the statistical offices during this ESSnet , but they will provide very valuable insights 

for the ESSnet  as a whole.  

The results of all investigations mentioned will be produced as experimental statistics on Eurostat’s 

dedicated section (task 4). 

Task 5 - Experimental statistics (EL, NL, PL) 

The aim of this task is to produce experimental statistics by visualising the first results of the outcomes on 

the prototypes in task 4. The experimental statistics will be published most likely in the form of visualisations 

and they will be hosted by Eurostat's dedicated section and on a national level.  

Task 6 - Implementation (EL, NL, PL) 

This task involves (the preparation of) implementing AIS in statistical processes. After finishing this task 

there will be at least: 

 A description (process model) on the future process of all selected processes in task 2, describing 

the processes including tools, infrastructure and conditions (for example skills needed, hardware 

requirements).  

 A report describing the activities needed for coming from the experimental statistic to the future 

process, for all selected processes in task 2. What needs to be done before the future process is 

ready for use and regular output can be published? 

 One statistical process where AIS is fully implemented, including: 

1. Production of tools and software (source code) that can be applied by other NSI’s 

2. Description of used methodologies 

3. A developer's and user's handbook 

4. A procedure for testing and maintenance. 

Besides the above mentioned deliverables, the following more general actions will be performed in this 

task: 

 Address issues related to sustainability of data sources, data use by NSIs, as well as data sharing 

between NSIs (apply risk management principles).  

 Develop and evaluate scenarios for data governance and data management in the wider aspect of 

data sharing and collaboration processes management.  

Task 7 - Future perspectives (EL, NL, PL) 

Aim of this task is to summarise the project results in a final detailed report with the outcomes of this WP. 

Guidelines and documented material for full-fledged implementation in the ESS including relevant software. 

Setting a sustainable long term collaboration frame with EMSA for future use at European level will require 
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clear roles related to data, pre-processing, processing and production of statistics. Preparation of this future 

use of European AIS data from EMSA will be will be part of this final report. The results will also include an 

assessment of sustainability over time. 

Deliverables  

E1 (M7) 

 Report on the results of the definition process, concerning the Reference Methodological 

Framework and data models (results of task 3). 

E2 (M12) 

 Report on implementation requirements of relevant statistical production processes at European 

and national level, quality framework, required metadata and a risk plan (results of task 4). 

E3 (M16) 

 Interim technical report concerning the conditions for using the data, the methodology and the 

procedures to be used for producing statistics (development of functional prototypes, 

development toolkit and software), recommendations and guidelines for full-fledged 

implementation in the ESS 

E4 (M24) 

 Final detailed report with the outcomes of this WP. Guidelines and documented material for full-

fledged implementation in the ESS including relevant software, description of used 

methodologies, developer's and user's handbook, procedure for testing and maintenance and 

description of skills needed. The results should also include an assessment of sustainability over 

time. 

Milestones 

EM1 (M9) 

 Report on the WP meeting mid 2019 

EM2 (M20) 

 Report on the WP meeting mid 2020 
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Annex 2: Fishing fleet intensity May 1st – 7th for 2018, 2019 and 2020 
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Annex 3: Description of the fishing port codes for the Netherlands 

ARM Arnemuiden  
BR Breskens  
BRU Bruinisse  
BZ Bergen op Zoom  
EH Enkhuizen  
GO Goedereede  
GOE Goes  
HA Harlingen  
HD Den Helder  
HK Harderwijk  
HN Hoorn  
HON Hontenisse 
IJM Ijmuiden 
KL Klundert  
KW Katwijk  
LE Lemsterland  
LO Loppersum  
OD Ouddrop  
OL Oostdongeradel  
SCH Scheveningen  
SL Stellendam  
ST Stavoren  
TH Tholen  
TM Termunten  
TX Texel  
UK Urk  
UQ Usquert  
VD Volendam  
VL Vlaardingen  
VLI Vlissingen  
WL Westdongeradeel  
WR Wieringen  
WSW Westerschouwen  
YE Yerseke  
ZK Zoutkamp  
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Annex 4: Results of fishing potential by fishing ports based on registers 

Poland 

Port name Number of ship Gross tonnage (GT) in thousands Power in thousand kW 

CHALUPY 10 14.68 81.94 

CHLAPOWO 4 2.54 9.20 

CHLOPY 13 128.45 1018.20 

DABKI 8 17.60 117.50 

DARLOWO 46 267.03 1494.80 

DEBKI 5 11.85 66.60 

DZIWNOW 22 727.46 2440.20 

DZWIRZYNO 3 21.40 176.50 

FROMBORK 16 34.95 554.10 

GDANSK 2 178.00 608.00 

GDYNIA 3 11580.56 13716.00 

GORKI WSCHODNIE 3 49.28 316.80 

GORKI ZACHODNIE 2 71.00 560.00 

HEL 21 1368.83 3801.40 

JANTAR 6 11.29 185.70 

JAROSLAWIEC 19 99.79 736.50 

JASTARNIA 44 644.04 3426.20 

JELITKOWO 1 3.86 21.30 

KAMIEN POMORSKI 6 17.36 135.70 

KAMIENICA ELBLASKA 2 3.27 86.80 

KATY RYBACKIE I 12 25.87 417.80 

KATY RYBACKIE II 9 24.42 225.70 

KOLOBRZEG 50 2987.57 9013.12 

KRYNICA MORSKA I 7 18.58 261.50 

KRYNICA MORSKA II 9 38.88 276.38 

KUZNICA 40 139.00 705.80 

LEBA 30 499.34 2525.60 

LUBIN 8 26.55 205.90 

MECHELINKI 8 35.34 273.90 

MIEDZYWODZIE 4 2.73 28.60 

MIEDZYZDROJE 4 37.46 280.00 

MIKOSZEWO 3 8.73 39.10 

MRZEZYNO 4 61.37 379.50 

NIECHORZE 5 51.21 264.70 

NOWA PASLEKA 30 56.67 920.10 

NOWE WARPNO 2 4.82 24.20 

OBLUZE 6 18.51 145.50 

OKSYWIE 5 13.77 138.20 

ORLOWO 3 7.83 45.60 

PIASKI I 12 31.17 777.63 

PIASKI II 13 42.61 481.20 

PUCK 5 10.05 47.80 

REWA 4 12.72 97.50 

REWAL 7 37.04 265.40 

ROWY 6 30.88 221.10 

SOPOT 6 15.37 148.90 
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Port name Number of ship Gross tonnage (GT) in thousands Power in thousand kW 

STEGNA 3 6.88 35.00 

STEPNICA 10 23.31 198.50 

SUCHACZ 9 25.86 514.70 

SWARZEWO 12 27.12 156.10 

SWIBNO 9 46.27 474.50 

SWINOUJSCIE 24 582.36 2672.40 

SWINOUJSCIE-KARSIBOR 10 33.95 287.78 

SWINOUJSCIE-PRZYTOR 4 16.20 169.80 

SZCZECIN-DABIE 10 26.32 187.80 

SZCZECIN-STOLCZYN 7 9.29 137.80 

SZTUTOWO 1 4.43 44.00 

TOLKMICKO 9 18.43 307.30 

TRZEBIEZ 35 113.42 857.60 

UNIESCIE 13 111.82 635.60 

USTKA 61 2158.30 7544.90 

USTRONIE MORSKIE 7 54.33 323.40 

WLADYSLAWOWO 67 4782.27 13759.29 

WOLIN 15 27.01 215.94 

 

The Netherlands 

Port name Number of ship Gross tonnage (GT) in thousands Power in thousand kW 

ARM 18 3837.00 9760.00 

BR 29 666.00 8677.00 

BRU 45 4453.00 16111.00 

BZ 7 265.00 1416.00 

EH 1 35.00 150.00 

GO 25 4969.00 16861.00 

GOE 1 1.00 31.00 

HA 21 1436.00 5218.00 

HD 24 2246.00 6710.00 

HK 7 228.00 1223.00 

HN 1 16.00 134.00 

HON 3 195.00 697.00 

IJM 46 307.00 2712.25 

KG 12 417.00 2431.00 

KL 2 3.00 126.00 

KW 19 5841.00 11717.00 

LE 2 2.00 19.00 

LO 11 553.00 1854.00 

MDV 1 335.00 400.00 

MS 2 5.00 206.00 

OD 11 1327.00 4966.00 

OL 4 171.00 783.00 

SCH 32 41248.00 44991.00 

SL 16 1187.00 3986.00 

ST 7 295.00 1314.00 

TH 30 1211.00 4413.00 

TM 1 34.00 221.00 



77 
 
 

Port name Number of ship Gross tonnage (GT) in thousands Power in thousand kW 

TS 6 417.00 1054.00 

TX 47 5668.00 16876.00 

UK 95 20540.00 60674.00 

UQ 7 261.00 1076.00 

VD 3 84.00 341.00 

VL 14 49.00 914.00 

VLI 11 875.00 3544.00 

VLL 1 3.00 24.00 

WK 1 24.00 134.00 

WL 14 669.00 2583.00 

WON 8 240.00 1157.00 

WR 88 4458.00 14769.00 

WSW 5 10.00 946.00 

YE 113 13161.00 43180.00 

ZK 28 1476.00 5118.00 

ZZ 14 1291.00 4636.00 

For a description of the fishing port codes for the Netherlands, see Annex 3 

 

Greece 

Port name Number of ship Gross tonnage (GT) in thousands Power in thousand kW 

1 464 1499.43 11423.30 

2 161 85.20 3053.98 

3 166 202.95 2634.50 

4 687 7569.74 39134.27 

5 168 3216.20 14541.72 

6 517 690.62 8197.93 

7 469 1060.79 7317.78 

8 173 1156.07 8418.67 

9 399 6505.03 23791.46 

10 271 364.35 4848.79 

11 284 1002.20 6263.09 

12 328 1218.24 5242.45 

13 110 505.96 2510.16 

14 218 175.75 2650.62 

15 161 1138.85 5395.08 

16 43 82.14 1173.18 

17 165 175.86 2887.41 

18 49 68.93 668.93 

19 267 1854.74 10659.06 

20 63 76.41 1059.17 

21 118 287.65 2836.59 

22 373 1500.87 10617.38 

23 96 150.89 1810.95 

24 96 94.53 1390.37 

25 79 32.56 1192.90 

26 232 198.73 6792.93 

27 164 82.93 2969.53 
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Port name Number of ship Gross tonnage (GT) in thousands Power in thousand kW 

28 219 329.09 3096.97 

29 232 49.37 2414.96 

30 329 142.87 2086.51 

31 81 58.72 888.64 

32 73 448.56 2638.28 

33 164 586.80 4541.56 

34 77 40.81 1555.13 

35 96 283.89 3113.10 

36 289 2769.71 13511.41 

37 61 13.81 627.39 

38 180 1306.49 8402.94 

39 67 270.32 2384.99 

40 80 40.10 1114.85 

41 152 142.40 1323.26 

42 128 137.99 2137.85 

43 63 16.67 386.99 

44 63 115.53 1247.19 

45 70 192.44 1216.98 

46 64 24.25 1036.39 

47 59 32.76 1241.82 

48 75 102.90 1629.01 

49 143 295.75 4243.94 

50 334 415.13 4798.47 

51 235 198.95 2921.71 

52 68 109.92 1138.25 

53 61 9.82 766.24 

54 115 989.57 6086.53 

55 181 257.37 2091.74 

56 171 495.86 3509.22 

57 76 61.63 1237.86 

58 91 110.46 1314.58 

59 104 527.91 3543.69 

60 71 67.54 628.17 

61 36 145.82 917.57 

62 53 27.56 635.93 

63 80 283.51 1977.13 

64 180 117.07 3673.46 

65 31 9.82 269.51 

66 51 66.52 890.21 

67 20 6.41 132.50 

69 40 17.77 128.50 

70 58 19.63 529.52 

71 38 11.22 119.14 

72 17 5.21 195.10 

73 59 26.08 343.12 

74 45 10.07 522.87 

75 38 11.71 609.98 

76 93 45.69 220.94 

77 36 12.08 146.28 
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Port name Number of ship Gross tonnage (GT) in thousands Power in thousand kW 

79 20 13.13 154.02 

80 39 10.01 219.63 

81 50 22.10 111.40 

82 11 3.47 108.12 

83 9 3.21 89.33 

84 30 8.92 66.94 

86 1   

87 24 9.21 294.00 

88 11 5.97 96.47 

89 65 118.23 1183.20 

90 52 20.76 181.52 

92 11 4.68 306.53 

93 56 47.50 705.23 

94 19 6.18 47.78 

95 6 4.09 0.00 

96 42 15.38 112.40 

97 80 108.14 2069.51 

98 9 2.10 61.01 

99 21 5.37 94.54 

100 42 13.46 167.94 

101 25 6.64 189.91 

102 5 2.21  

103 26 8.15 332.29 

104 31 13.74 170.54 

105 18 8.53 13.23 

106 56 18.72 200.68 

107 15 2.82 50.69 

108 16 3.67 58.07 

109 12 3.13 64.69 

110 32 10.84 192.61 

111 43 11.62 190.09 

112 67 23.94 312.24 

113 13 5.48 62.18 

115 20 7.11 54.39 

116 26 8.99 179.59 

117 18 4.34 106.27 

118 10 1.68 80.08 

119 33 13.00 229.75 

120 118 43.07 1311.41 

121 11 3.94 43.37 

122 38 13.76 151.29 

123 55 17.05 341.40 

124 39 14.00 245.89 

125 34 8.34 158.02 

126 14 4.19 194.81 

127 7 0.61 36.76 

128 37 7.96 369.54 

129 19 9.86 35.00 

130 11 1.57 115.42 
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Port name Number of ship Gross tonnage (GT) in thousands Power in thousand kW 

131 11 6.22 0.00 

132 29 8.04 141.13 

134 17 4.62 189.61 

135 21 2.12 187.17 

136 25 12.86 64.32 

137 86 40.27 186.59 

138 17 8.83 457.34 

139 62 21.73 1419.25 

140 33 13.02 133.99 

141 39 9.45 321.22 

142 21 5.62 69.33 

143 7 5.12 58.75 

144 98 32.32 1124.20 

145 34 8.11 491.01 

146 50 14.30 245.57 

147 23 6.49 88.01 

148 15 143.38 929.77 

149 10 3.28 107.33 

150 1 0.76  

151 42 11.99 466.50 

152 37 8.15 122.87 

153 55 21.60 309.14 

154 13 2.72 110.23 

155 40 18.47 212.44 

157 41 14.52 276.44 

158 11 8.10 36.76 

159 9 2.28  

160 79 33.37 168.75 

163 3 4.09  

164 8 2.33 30.00 

165 30 9.64 350.48 

166 28 8.16 336.78 

168 3   

169 222 189.44 5873.70 

170 32 11.98 176.38 

171 72 33.24 942.35 

172 226 318.31 4164.45 

173 20 8.92 158.21 

175 1 0.31 0.00 

181 2 1.54 6.00 

189 42 29.59 178.14 

190 28 10.70 155.13 

191 12 3.64 116.12 

192 20 8.99 62.38 

193 25 11.03 159.83 

203 5 1.43  

205 29 12.40 780.07 

207 1 0.84  

217 7 3.32  
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Port name Number of ship Gross tonnage (GT) in thousands Power in thousand kW 

218 14 7.22 64.83 

219 16 4.95 68.36 

221 19 2.58 68.46 

222 18 3.53 137.21 

223 13 5.47 13.23 

224 4 0.57 30.14 

225 1 0.73 7.00 

226 53 19.29 365.93 

230 19 12.31 385.93 

234 4 0.46 16.17 

235 1  30.00 

236 5 1.34  

237 1  33.08 

238 1  31.00 

240 4 2.37 22.00 

241 1   

244 6 2.32 55.08 

245 7 2.57 80.80 

246 11 4.83 59.54 

247 4 1.94  

248 21 5.94 507.28 

249 11 2.57 375.44 

250 3 0.58 25.73 

257 3 0.35 135.99 

259 3 1.43  

260 1  52.93 

262 1  66.16 

263 1 0.98  

264 5 1.00 13.23 

265 1   

266 4 0.97 42.64 

267 1  58.81 

268 1 0.45  

269 3 0.86 45.58 

270 4 2.21  

271 2 0.36 18.38 

272 1 0.89  

273 3 1.42  

274 4 2.53  

275 5 1.53 39.70 

277 2 0.53  

279 6 2.40 16.17 

280 1 0.36  

281 2 0.84 37.30 

282 3   

283 25 2.95 682.03 

284 1   
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Annex 5: Methods to compile energy use (for the PEFA) and air 
emissions (for the AEA)  

Method 1 

The year-to-year development of the total worldwide travel distances from all Dutch residents’ ships 

or Dutch flag ships is compiled with AIS data and used as proxy for the development of energy used 

and air emissions. With the assumption that emissions levels of prior year(s) are available, distracted 

from ancillary sources like National Accounts, Production Statistics or other sources. In areas with 

missing AIS data, the route algorithm approach as described in the STEAM3 model [16] can be used, 

as recommended in the preceding ESSnet  Big Data project: Determining emissions using AIS [18]. 

Strength and weaknesses 

This method is the easiest and quickest method to apply, but the quality of the estimation is of the 

lowest level of the three methods. This approach does not compile actual statistics on amount of fuel 

used and emissions and thereby does not take into account variables like technical characteristics of 

the ships, weather, location, or regulations. This method only compiles the travel distances of two 

consecutive years and the year-to-year development, which is then used as proxy for the emissions. 

However, currently for the compilation of the Dutch shipping emission for the Air Emissions Accounts 

only monetary information is available from the National Accounts. Having a more direct proxy for the 

emissions based on travel distances will most likely be an improvement.  

This method can be implemented when no technical information on the ship itself, specifically needed 

to calculate fuel usage and emissions (e.g., main engine stroke type and rpm) is available. Less detailed 

technical information can be retrieved from a combination of IHS Fairplay data, an internal ship 

database and other online sources [18]. 

Method 2 

The second method can be divided in two parts. In the first part, the emissions on the Dutch territory 

are estimated using the data source ‘National Actual Emissions’. This is an estimation based on the 

territorial principle and published annually. Different organizations (including Statistics Netherlands) 

collaborate for the calculation of this statistic. For shipping, the Maritime research Institute 

Netherlands (MARIN) performs the emission calculations and uses AIS data from the Dutch coast guard 

[19]. In the Netherlands, the Actual Emissions for maritime shipping consists of the emissions on Dutch 

territory, including the Dutch part of the continental shelf (NCS). The compilation of the emissions is 

divided into different stages of the ships in these areas: berthed and sailing within the port areas, and 

in the NCS and the 12 mile zone of moving and non-moving. When destination ports in other countries 

have National Actual Emissions, these sources can also be incorporated. In the second part of this 

method, the emissions emitted by the ships in the rest of the world are compiled from using AIS data. 

The emissions of the two parts are the added together to sum up to the total emissions emitted 

worldwide.  

In the first part, ideally the categorization of emissions from residents, non-residents and Dutch flag 

ships are to be included in the National Actual Emissions reports. When the actual emissions are 

compiled from AIS data, this adding of categories will be relatively easy to incorporate. However, if this 

is not possible, the following method can be applied: the travel distances of residents and non-resident 
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ships on Dutch territory are used as proxies for allocation keys to distribute the actual emissions to 

residents and non-residents ships. This will require the following three variables compiled from AIS 

data: 1) the travel distances of resident ships on Dutch territory, 2) the travel distances of non-resident 

ships on Dutch territory and 3) the travel distances of resident ships outside of Dutch territory.  

In the second part, the emissions of resident ships outside of Dutch territory are estimated with the 

travel distances compiled from AIS data. Depending on the availability of the following sources: 

technical information from the ships, fuel used and emissions factors, one of the following three 

options can be implemented:  

i) When all sources are available: The travel distances outside of Dutch territory, are compiled to fuel 

used and emissions with an activity based emission approach method like the STEAM3 model 

(Johansson, Jalkanen, Kukkonen, 2017). This model has been recommended in the preceding ESSnet  

Big Data project: Determining emissions using AIS (Consten et al. 2018). 

ii) When only these sources are available: AIS data, National Actual Emissions and fuel used and 

emissions factors. Not available: technical information from ships. The travel distances outside of 

Dutch territory would be compiled with average fuel used and emission factors into fuel used and 

emissions.  

ii) When only available sources are AIS data and national actual emissions are available, but no sources 

are available on fuel used, emission factors and technical information from ships: Average emission 

factors could be derived from the National Actual Emissions and the AIS travel distances in the Dutch 

territory. Using these emission factors, the travel distances from outside-Dutch territory could be 

compiled into fuel used and emissions.  

Strength and weaknesses 

The strength of this method is that by using National Actual Emissions the complexity of compiling 

emissions in Dutch territory waters (including continental shelf), an area that entails different emission 

factors for the different stages of a ships near a port, is already incorporated. And also regulations, like 

on fuel type in Dutch territory waters are taken into account. Next to this the output variables: fuel 

used emissions of non-residents on Dutch territory and residents elsewhere are the results from this 

method. Having these variables is a plus as they are required in the Eurostat questionnaire of the PEFA 

and AEA.  

A weakness of this method is that categorization of the ships to residents and non-residents are not 

yet available in the Actual Emissions. Also the availability of Actual Emissions is relatively scarce 

compare to other emissions sources like IPCC. So, most likely the first part of the method will be 

compiled by using distribution keys from travel distances, and to be implemented mainly in the 

national port area. 

Method 3 

The third method is a bottom-up approach. The fuel used and emissions are compiled per ship, with 

AIS data and an activity based compilation model. The research on different models has been perform 

in the preceding ESSnet  Big Data project: Determining emissions using AIS, and the conclusion was 

(Consten et al., 2018, page 12):  
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“... STEAM3 model would best serve the purpose of analysing emissions of maritime shipping 

in large geographical areas or even worldwide shipping. However it also shows that local 

models do quite well for their own area and are much simpler. Start off with the local models 

might thus be a good first step, before turning to the more complex global model (of course 

also depending on the needs).” 

As a local model, for the Netherlands the compilation model of the Actual Emissions (see also method 

2) can be considered. This model is described in: Marin, Sea Shipping Emissions 2017: Netherlands 

Continental Shelf, 12 Mile Zone and Port Areas by ter Brake, Kauffman and Hulskotte, 2019. This model 

is developed by TNO/MARIN and takes into account different stages of the ships in the Dutch waters. 

For deep sea sailing the approach for sailing on the NCP and 12 mile zone can be considered, with 

adjustments on fuel used and emission factors. Also technical information is needed, which can be 

retrieved from a combination of IHS Fairplay data, an internal ship database and other online sources 

(Consten et al., 2018). 

Strengths and weaknesses 

This third method is the most detailed and most likely the most accurate method of the three methods. 

The latter method requires comprehensive worldwide AIS data and technical information from IHS 

database and other sources. Fuel used factors and emissions factors are needed for the different stages 

the ship can be in near the port, deep sea and other areas. Moreover, compiling data using this method 

requires a huge amount of processing and storage resources. The need for data worldwide data and 

data on ship’ characteristics demands a more international as opposed to national approach.  

Potential Benchmarks 

EU Monitoring, Reporting and Verification of CO2 from marine transport (EU-MRV)  

As mentioned, The European Commission has started collecting fuel consumption and CO2-emissions 

from ships lager than 5,000 gross tonnage (GT) calling at any calling at any EU and EFTA (Norway and 

Iceland) port, starting from 1 January 2018. The companies of these ships have to submit for each ship 

an Emissions Report to the European Commission using the EMSA THESIS-MRV database. And with the 

information submitted, the European Commission publishes annual aggregated data per ship on CO2 

emissions and fuel consumption. Information on measurement errors are not yet available. However 

the Emissions reports submitted by the shipping companies are first verified by accredited verifiers. 

And although this data source is only of large ships and EU area related, this data can be used as 

benchmark for our results from the three compilation methods. On the total level, our results must 

exceed the level from the THETIS MRV source. For the large residents’ ships this is applicable as well. 

IMO Data Collection System on fuel consumption (IMO-DCS) 

The IMO under resolution MEPC.278(70), has started collecting fuel used data from ships from January 

2019 on. Similar to the EU-MRV this is compulsory for ships lager then 5,000 GT. The location scope 

however is different, where the EU-MRV is focus on European waters, the IMO collects from ships 

trading globally. And next to the amount of each fuel type consumed also the distance travelled is 

collected. The data is reported to the flag state of the ships, which submits to the IMO GISIS database. 

The first submission deadline was by the end of June 2020 (IMO, 2020).  
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Contrary to EU-MRV the individual ship data will be kept confidential and the data is not publicly 

available, only the governments that have ratified MARPOL Annex VI will have access to anonymized 

data of all ships (IMO, 2020). As the data is not yet available, at this moment of writing, no information 

can be provided on measurement errors. 

If we can gain access to this source and be able to filter out the relevant ships, this source will be very 
useful. Not only as a benchmark, but as a qualitative good input source for the fuel used and emissions 
from the large ships. These large ships (> 5,000 GT) make up more than 40 percent of the residents’ 
ships in 2017. 


