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1 EXECUTIVE SUMMARY

ABL performed a nautical risk study in two designated areas as per the scope of work. The
first is the area of the North Sea under German jurisdiction, which adjoins the jurisdictions
of the Netherlands to the South, and Denmark to the North. The second area is the area of
the Baltic, at the boundary between the German, Danish, Swedish, and Polish jurisdictions.

The traffic study is performed with a particular interest in the current and future offshore
windfarm development areas, to inform the stakeholder nations as they undertake their
maritime spatial planning. This work is commissioned by the Federal Maritime and
Hydrographic Agency of Germany.
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2

2.1

2.2

INTRODUCTION

General

The European Union “2030 Climate and Energy Framework” requires the member states’
compliance with set EU-wide targets and policy objectives for the period from 2021 to 2030.
This framework requires that by the year 2030:

= Atleast 40% cuts are achieved in greenhouse gas emissions (from 1990 levels)
= Atleast 32% share of the energy comes from renewable sources
= Atleast a 32.5% improvement is achieved in energy efficiency

The achievement of these climate targets by the EU-member countries is expected to
involve heavy investment in renewable energy, most of which is anticipated to come in the
form of offshore wind. To achieve the required output, the new offshore wind developments
would have to cover a significant area in the maritime space off the coastline of European
Union Member States.

Areas of interest include the North Sea and the Baltic Sea. In the North Sea, the east coast
is already heavily trafficked by merchant and work vessels, and thus spatial demand is
expected to become an important issue in achieving the balance between attributing space
to offshore wind developments and maintaining safe and effective shipping traffic. The
spatial demand may also increase due to other developments with spatial requirements,
such as aquaculture. It is noted however that what is currently envisaged is that in most
cases there can be an efficient overlap between offshore wind and aquaculture. In the Baltic,
a similar picture is formed, as maritime space is expected to increasingly be claimed by
offshore wind developments. This is of particular interest in narrow areas on the West side
of the Baltic, including the North of Rugen area that is of interest to the study.

The Baltic Sea constitutes a major trade route for all countries on its coasts, through which
the vast majority of exported and imported goods to and from those countries are being
shipped. This traffic is then channelled to the North Sea or along the Norwegian coastline
as part of the Northern Sea Route. It is therefore imperative that navigational safety and
route efficiency is ensured in the aforementioned areas as new offshore windfarm and other
offshore developments are planned.

Scope of ABL study

The scope of work for the study is split into five work packages:
e WP 1: Traffic analysis

o WP 2: Analysis of SN10
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2.21

o WP 3: Analysis of EN13
o WP 4: Analysis of EO2
o WP 5: Ad-hoc analysis

The present report comprises Report 1 of Work Package 1, reporting the outcome of the
traffic study for the area of interest around the German North Sea and Baltic Sea.

Work Package 1

ABL performed a comprehensive traffic analysis of the German waters in the Baltic Sea,
with particular focus on the surrounding areas at the North and East of Rugen Island, and
the area where Swedish, Danish, Polish, and German Exclusive Economic Zones (EEZs)
meet.

Also, an analysis of route SN 10 in the North Sea, which covers the German waters within
the limits of the EEZ extended to the jurisdictions of Denmark and the Netherlands.

The traffic analysis is focused on the observed shipping traffic of vessels in the study area
excluding port, fluvial, and inland navigation areas. Also, due to the number of ships
captured in the area, the study is focused on vessels provided with IMO identification
numbers, with small special duty units, small fishing and pleasure craft only identified in the
static list for the working datasets if they appear in the study area more than 10 times in the
two-year dataset considered. The non-identified small crafts will appear without name or
size characteristics.
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3

3.1

3.2

3.3

METHODOLOGY
Assumptions and limitations

The analysis is based on the current maritime traffic situation based on Automatic
Identification System (AIS) data.

Maritime traffic information was sourced through the availability of historic AIS data for the
area of interest assessed in the study as defined in the following paragraphs of the present
report.

Safety of Life at Sea (SOLAS) Convention requires all vessels of 300 gross tonnage or more
employed in international voyages are equipped with an AIS transceiver since 2002. In
recent years, given the improvement of technology and reduced cost of transmitter and
receiver equipment, together with the introduction of an additional AIS class standard,
several units with a gross tonnage <300 voluntarily became AlS-compliant.

The figures presented in the results of the traffic analysis include all the vessels for which
AIS signals were picked up in the study area, SOLAS, and non-SOLAS.

However, a certain number of the latter vessels, such as pleasure craft, military-operation-
involved units, fishing boats, etc.) will subsequently not be included in the dataset for the
risk study of subsequent work packages and will not be considered in the risk modelling.
Although this is a limitation on the overall number of vessels, the erratic transit of a variety
of smaller units would not be representative of the commercial marine traffic in the area of
analysis, and this is of no value to the aim of the assignment.

Analysis software

The traffic and risk analyses will be performed using the IWRAP (IALA Waterway Risk
Assessment Program) Mk2 Version 6.6.2.

IWRAP is a traffic analysis and collision/grounding frequency calculation tool recommended
by the International Association of Marine Aids to Navigation and Lighthouse Authorities
(IALA).

Baltic Sea Model development

This section intends to familiarise the reader with the modelling assumptions and
parameters used in developing the environment for the present assessment.
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3.3.1

Study area Boundaries Baltic Sea

The study area in the Baltic Sea covers the area of the German jurisdiction to the North and
East of Rugen and the area where the Swedish, Danish, Polish, and German EEZ meet.
The study area is presented in Figure 1.

Figure 1: Area of study in the Baltic Sea

The model area extends further to the east of Bornholm Island, to pick up the formation of
W-E bound traffic that enters the main area of interest for the study. The same applies to
the Kadet Rinne area to the west of Rugen. The study area excludes inland navigable
waters as well as port approaches, harbours, anchorages, and roads. These particular
areas are generally regulated by the pertinent port authorities. In addition, waters, where
pilotage is mandatory, are subject to a regulatory regime which might differ from coastal
and high sea waters, and as such, it might mislead the overall analysis of the marine traffic
in said specific areas.

The study area also excludes the Greifswalder Bodden, Kubitzer Bodden, and the passage
through Stralsund. These areas are primarily used by small vessels, that do not interfere
with the traffic in the study area.

As the assessment considers existing traffic, existing OWF developments in the study area
between 2019 and 2020 have been included in the model. They are incorporated into the
model as polygon areas representing the footprint of the developments. A full list of the
OWFs that were included in the model is presented in Table 1.
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3.3.2

Table 1: Existing OWFs in the Baltic study area

Germany Denmark

Arkona Kriegers Flak A
Wikinger Kriegers Flak B
Baltic 1
Baltic 2

The layout of traffic corridors

The traffic corridors for the study were derived based on the AIS data for 2019 and 2020,
and the algorithm used by the IWRAP Mk2. The latter composes individual AlS data points
into a time series for each vessel. Subsequently, using proximity and speed criteria it
extracts the pertinent trips for each vessel. Each trip is a complete and distinct track of the
vessel's movement across the area of interest and contributes to qualitative and quantitative
information for the assessment.

A density map was generated from the extracted trips, at a resolution of 200m x 200m and
is presented in Figure 2.
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Figure 2: Density map generated for the Baltic Sea study area (resolution: 200m x 200m)

A \ \ Swinoujécie

Based on the traffic distribution in Figure 2, a network of traffic corridors (“legs” in IWRAP
Mk2) was developed to reflect the current system in place in the area of interest to the study.
Each leg was attributed a specific width, reflecting the zone in which the software will look
for vessel trips to attribute to it. This was chosen based on what appeared to be the
requirement to cover the pertinent path as it is discernible on the density plot. A directional
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filter angle of 10 degrees was used as the alignment tolerance for each leg. This means
that any vessel trip that intersects the leg in its width and has a heading deviating up to +/-
10 degrees from the direction of the leg axis, is added to the distribution for the leg. The
network of legs comprising the analysis model is depicted in Figure 3.
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Figure 3: Network of traffic legs comprising the analysis model in the Baltic Sea

To aid with referencing the paths comprising the model developed, names were assigned
at each leg based on the routeing projection of the geographical locations these legs were
joining. This is merely a referencing convention and does not imply that vessels identified
by the software on the pertinent legs necessarily travel from/to these destinations. The
reference names of the modelled legs and the associated lane width assumed in the model
are presented in Appendix A.

The coverage achieved by the assigned leg width is presented in Figure 4 overleaf.
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Figure 4: Coverage of tracks achieved by modelled legs in the Balti Sea study

Lateral distribution of leq traffic

The software used utilizes trips that are calculated as part of the traffic density analysis,
along with the leg width and true heading of the vessels to assign vessels’ trips to the
pertinent legs. To compute the lateral distribution of vessels in the lane, it also uses the
distance of the path of the trip from the axis of each leg they are attributed to it. This is
numerically expressed as a composition (summation) of different distributions, which in turn
is used to perform risk calculations. Traffic volumes and composition (vessels’ sizes and
types) will be reported for each leg in the study area relevant to the assessment. Summary
traffic volumes for each leg are provided in Appendix B.

AlS dataset used

ABL was provided with AIS terrestrial data for the years 2019 and 2020, from The Baltic
Marine Environment Protection Commission (Helsinki Commission - HELCOM) database,
maintaining records of the traffic in the Baltic Sea. Data was converted from the raw AIS
NMEA sentence and provided in comma-separated values (csv) files (stored separated for
each month) with position reports at an interval of approximately 5 minutes (see Figure 5).
Vessel size data was derived from the four coordinates present in the AIS message
pertaining to the location of the transducer antenna. Vessels’ type was therein included in
text form. Because the latter form of reporting does not provide enough granularity in terms
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of the categories of cargo vessels, the values in the dataset were refined from databases
and added to the model at a later stage, using a static list.

timestamp_pretty  [timestamp msgid ftargetType mmsi lat long posacc [sog [cog [shipTypedimBow draught dimPort dimstarboard dimstern imonth weeKimo country name callsign
08/01/2019 01:06:21 /1546909581000 3 A 111219504 55.696743 12.56694 © ®  345.5 sar 1 NA 2 3 19 1 2 M SAR NA .
©3/01/2019 00:31:40 /1546907500000 1 A 111219504 $5.674335 12.466971 0 102.2 75.9 'SAR 1 NA 2 3 19 1 2 NA SAR  NA o
©8/01/2019 ©0:25:37 1546907137000 1 A 111219584 55.59104 12.121021 @ 11.1 207.4 NA NA O NA NA NA A 1 2 mA SRR NA Nav
©8/01/2019 00:31:35 1545907495000 1 A 111219504 55.6738  12.463233 @ 102.2 75.8 'SAR 1 NA 2 3 19 12 ma SRR NA o
03/01/2019 00:37:45 (1546907865000 1 A 111219504 55.69413 12.578887 50.3 296.8 SAR 1 NA 2 3 19 1 2 M SAR NA o
©8/01/2019 00:37:35 1546907855000 1 A 111219504 55.69327 12.581877 9 52.1 297.2 SAR 1 NA 2 3 19 1 2 ma SAR NA o
e8/e1/2019 ee:26: 1546907199020 3 A 111219504 '55.593395 12.151878 @ 102.2 54.1 SAR 1 NA 2 3 19 1 2 NA SAR NA e
08/01/2019 00:25:34 1546907134000 1 A 111219504 55.59104 12.121021 11.1 207.4 NA NA NA A A A 1 2 M SAR  MA nAv
©3/01/2019 00:38:28 1546907908000 3 A 111219504 55.696693 12.567627 @ 8.3 283.6 SAR 1 A 2 3 19 1 2 M SR A o
88/01/2019 ©2:25:44 1546907144000 2 A 111219584 S5.592e76 12.120392 @ 33.6 184.6 NA NA NA NA NA NA 1 2 NA SAR NA Nas
©8/01/2019 00:44:53 1545908293000 3 A 205093000 55.474583 10.537996 [1 ®  45.8 UNKNOWN 7@ 4.4 6 5 10 1 2 7508958 Belgium NIJPTANGH  ORWES
©3/01/2019 00:12:00 1546906380000 3 A 205465000 53.734184 14.43882 @ 10.5 321.3 CARGO 81 4.2 10 3 7 1 2 9136101 Belgium FAST JEF  ONEES
©3/01/2019 00:07:32 /1546906053000 1 A 205093600 55.487034 10.549659 1 6.8 136 UNKNOWN 7@ 4.4 6 s 10 1 2 7508958 Belgium NIJPTANGH  ORWES

Figure 5: Sample of HELCOM AIS data.

ABL pre-processed the dataset in an attempt to filter out irregularities in the form of Maritime
Mobile Service Identity (MMSI)" duplication leading to the vessel’s false location and AIS
signal jumps.

Additional filtering was applied to MMSiIs starting with 0 and 1 (denoting coast stations and
search and rescue aircraft). Similarly, MMSIs starting with 8 (handheld devices) and 9
(freeform identity) were also purged from the dataset. A summary of the filtration process is
presented in Table 2.

Table 2: Data filtering Summary for the Baltic Sea.

Total number of MMSI in identifiers in the set

Total number of MMSI in identifiers between 2xx and 7xx 15,643
Remaining vessels in model 15,643

The final AlS data timeline loaded in the model is presented in Figure 6 below.

Entire Period: 2019-Jan-01 00:00Z (2019-Jan-01 00:00) to 2020-Dec-31 23:59Z (2020-Dec-31 23:59) (reports/day)

f\ e

Figure 6: Baltic Sea, HELCOM AIS data time distribution.

The sample consistency is of moderate uniformity, with roughly 135,000 reports/day, and a
standard deviation of 33,350. Small gaps include the ones marked in red, where the number
of samples appears to be missing for intervals of approximately 1-hour on three occasions.
There is also a single occasion in April 2020, where data are missing between 22:00 hours
on the 29 April and 16:00 hours on the 30 April (18 hours). The influence of those gaps is
considered in the factor that converts traffic to an annuity.

MMSI is a 9-digit number assigned by Administrations to each ship station as per Article 19 of ITU
Regulations.
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3.4

3.41

North Sea Model development

This section presents the modelling assumptions and parameters used in developing the
environment for the traffic assessment of SN 10 in the North Sea.

Study area Boundaries in the North Sea

The study area in the North Sea focuses on route SN 10 which carries traffic between the
Dutch ports and the Atlantic, and Skagerrak and the Baltic Sea. It is presented in Figure 7.
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Figure 7: Area of study in the North Sea

The study looks at the maritime space between the TSS Off Friesland and Nordsgen, with
a focus on the traffic to/from the Netherlands and the English Channel towards the Baltic
Sea, or the Northern Sea Route.

The model area extends to the westernmost part of the German EEZ and the traffic corridor
off the coasts of Germany and Denmark to the east. The study area excludes inland
navigable waters as well as port approaches, harbours, anchorages, and roads. These
particular areas are generally regulated by the pertinent port authorities and local
regulations. In addition, waters, where pilotage is mandatory, are subject to a regulatory
regime which might differ from coastal and high sea waters, and as such, it might mislead
the overall analysis of the marine traffic in said specific areas.

For the assessment of current traffic, existing OWF developments in the study area for the
period between 2019 and 2020 are included in the model. These are incorporated in the
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3.4.2

model as polygon areas representing the footprint of the developments. A full list of the
OWFs that were included in the model is presented in Table 3.

Table 3: Existing OWFs in the North Sea study area

Denmark German The Netherlands
Horns Rev 1 Albatros Buitengaats / Gemini |
Horns Rev 2 Alpha Ventus ZeeEnergie / Gemini
Horns Rev 3 Amrumbank West

BARD Offshore 1

Borkum Riffgrund 1
Borkum Riffgrund 2
Butendiek

DanTysk

Deutsche Bucht

Global Tech |

Gode Wind 01

Gode Wind 02

Hohe See

Meerwind Sud/Ost

Merkur Offshore
Nordergrunde

Nordsee One

Nordsee Ost

Riffgat

Sandbank

Trianel Windpark Borkum 1
Trianel Windpark Borkum 2
Veja Mate

The layout of traffic corridors

The traffic corridors for the study were derived based on the AlS data for 2019 and 2020,
and the algorithm used by the IWRAP Mk2. The algorithm composes individual AlS data
points into a time series for each vessel. Subsequently, using proximity and speed criteria
it extracts the pertinent trips for each vessel. Each trip is a complete and distinct track of the
vessel’'s movement across the area of interest and contributes to qualitative and quantitative
information for the assessment.

A density map was generated from the extracted trips, at a resolution of 250m x 250m and
is presented in Figure 8.
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Figure 8: Density map generated for the North Sea study area (resolution: 250m x 250m)

Based on the traffic distribution of Figure 8, a network of traffic corridors (“legs” in IWRAP
Mk2) was developed to reflect the current system in place in the area of interest to the study.
Each leg was attributed a specific width, reflecting the zone in which the software will look
for vessel trips to attribute to it. Same as for the Baltic, this was chosen based on what
appeared to be the requirement to cover the pertinent path as it is discernible on the density
plot. A directional filter angle of 10 degrees was used as the alignment tolerance for each
leg to identify route-bound vessels. This means that any vessel’s trip that intersects the leg
in its width and has a heading deviating up to +/- 10 degrees from the direction of the leg
axis, is added to the distribution for the leg.

Smaller angles of alignment tolerance were used in cases where corridors bifurcate to form
two or more proxy corridors of similar alignment. The angles in such cases were assumed
as the dichotomy of the angle formed between proxy legs.

The processing of the dataset identified Route SN 10 as being quite tidily separated into
two main corridors, these corridors, as well as the SW-NE spur between the two, were
modelled as a single leg, covering the full width of the route. The reason is that whilst most
traffic follows the two main branches, there is a notable proportion of traffic that switches
more than once between the two or navigates SN 10 with tracks non-compatible to the main
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route orientation. As a result, these vessels are not picked up by any of the relevant legs.
To improve the capture of such traffic, the tolerance angle for SN 10 has been increased to
1+20°.

The network of legs comprising the analysis model in the North Sea is depicted in Figure 9.

O)

Esbjerg

otw o OUMOm=
Figure 9: Network of traffic legs comprising the analysis model in the North Sea

To aid with referencing the paths comprising the model developed, names at each leg were
assigned to the extent possible based on the naming system of the German MSP, or the
routeing projection of the geographical locations these legs were joining. This is merely a
referencing convention and does not imply that vessels identified by the software on the
pertinent legs necessarily travel from/to these destinations. The reference names of the
modelled legs and the associated lane width assumed in the model are presented in
Appendix C.

The coverage achieved by the assigned leg width is presented in Figure 10 overleaf.
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Figure 10: Coverage of tracks achieved by modelled legs in the North Sea

Lateral distribution of leg traffic

The software used utilizes trips that are calculated as part of the traffic density analysis,
along with the leg width and true heading of the vessels to assign vessels’ trips to the
pertinent legs. To compute the lateral distribution of vessels in the lane, it also uses the
distance of the path of the trip from the axis of each leg they are attributed to it. This is
numerically expressed as a composition (summation) of different distributions, which in turn
is used to perform risk calculations. Traffic volumes and composition (vessels’ sizes and
types) will be reported for each leg in the study area relevant to the assessment. Summary
traffic volumes for each leg are provided in Appendix D.

AlS dataset used

ABL was provided with AIS terrestrial data for the years 2019 and 2020, from the European
Maritime Safety Agency (EMSA), provided by the BSH. Data had been converted from the
raw AIS NMEA sentences and provided in comma-separated values (csv) files (stored
separated for each day) with position reports at irregular intervals, of approximately 10-15
minutes (see Figure 11 overleaf).

Separate data was provided by the Kystverket,?2 however, upon examination, it was found
that the data had significant gaps in the area of study, reporting only at and around two

Kystverket is the Norwegian Costal Administration colleting and storing AIS data of the North Sea Coastal
States.
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hotspot locations. Whilst observation intervals were shorter compared to the EMSA dataset,
the low coverage did not warrant their use in the study.

Vessel size data was derived from the AIS dataset and supplemented as required from a
static vessels list provided by the Kystverket to complement the 2019 dataset. Additional
information on IMO vessels was obtained from Seaweb (maritime.ihs.com). The combined
information was compiled into a static list.

Timestamp OrigID AISType  MMSI Lat Lon S0G IMo ShipName Callsign ShipType Draught Length Width DestinatioNavStatus*
2019-01-01SWE 1 265617170 59.305002 17.439923 HARRY SGUL 15V
2019-01-01SWE 3 230987870 60.1118 19.924733 8634754 BARO 0OI 6069 5V
2019-01-01DNK 1 219798000 56.370412 8.119995 8813013 TOENNE OUIH 15¥
2019-01-01DNK 18 219004054 55.060668 10.617477 15¥
2019-01-01SWE 3 235065925 57.685752 11.886498 .1 SEABEAM  2BGN2 SV
2019-01-01DNK 1 357773000 57.74058 10.217822 11.2 8201624 MSC IRIS H3IN 5%
2019-01-01DNK 1 245639000 55.01447 14.09798 11.7 9419319 FRASERBORGPCJIS 5%
2019-01-01SWE 1 244519000 54.633223 14.457233 16 9307372 GENCA PHKD 5%
2019-01-01DNK 3 304010688 57.055043 9.927607 8919221 ANDRINA F V2CQ ISV
2019-01-01GBR 1 235074296 50.382528 -4.18663 9533763 SD DEBORAH2CNO2 15¥

Figure 11: Sample of EMSA AIS data for the North Sea.

ABL pre-processed the dataset in an attempt to filter out irregularities in the form of Maritime
Mobile Service Identity (MMSI)? duplication leading to vessels’ false location and AlS signal
jumps.

Additional filtering was applied to MMSis starting with 0 and 1 (denoting coast stations and
search and rescue aircraft). Similarly, MMSIs starting with 8 (handheld devices) and 9
(freeform identity) were also purged from the dataset. A summary of the filtration process is
presented in Table 4.

Table 4: Data filtering Summary for the North Sea

Total number of MMSI in identifiers in the set 25025
Total number of MMSI in identifiers between 2xx and 7xx 21781
Remaining vessels in model 21781

The final AIS data timeline loaded in the North Sea model is presented in Figure 12 below.

Entire Period: 2019-Jan-01 00:00Z (2019-Jan-01 00:00) to 2020-Dec-31 23:59Z (2020-Dec-31 23:59) (reports/day)

Figure 12: AIS data time distribution.

The sample consistency is of moderate uniformity, with roughly 86,900 reports/day, and a
standard deviation of 31,781.

MMSI is a 9-digit number assigned by Administrations to each ship station as per Article 19 of ITU
Regulations.
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Notable gaps were found within the 2020 dataset, with the largest being the period between
13-08-2020 and 21-08-2020, a gap of 7.5 days. Also, notable gaps observed in the dataset
are the following:

e 31lh-long gap starting on 24-11-2020
e 20h-long gap starting on 21-11-2020
18h-long gap starting on 15-11-2020
16h-long gap starting on 19-11-2020
15h-long gap starting on 26-11-2020
8h-long gap starting on 17-12-2020
6h-long gap starting on 13-08-2020
4h-long gap starting on 13-11-2020
4h-long gap starting on 22-11-2020
3h-long gap starting on 21-11-2020
3h-long gap starting on 20-11-2020
e  2h-long gap starting on 11-05-2020
. 2h-long gap starting on 17-12-2020
. 2h-long gap starting on 27-08-2020

19 More gaps of smaller duration have also been noted in the 2-year dataset. The influence
of all the aforementioned gaps is considered in the factor that converts traffic to an annuity.

A further challenge associated with the AIS dataset stems from the poor coverage that is
noted in the central section of SN 10, which affects the footprint of the route within the
German Economic Exclusive Zone (EEZ). This, as identified in previous studies (both by
ABL and others), leads to underestimated traffic counts, as vessel tracks are interrupted in
the area, and thus not picked up by the counting lines or traffic model legs. This was also
noted at ABL’s earlier “Shipping Analysis of the North Sea™ report.

To address this issue, an additional localised dataset was received from the Danish
Maritime Authority (DMA), covering the area around the Danish offshore installations for the
years 2019 — 2021. The area covered in this dataset is presented in Figure 13 overleaf.

The data for 2019 and 2020 from the DMA dataset was added to the traffic analysis model.
The dataset is significantly denser compared to the BSH dataset, with reporting frequency
in the order of 2 mins.

A gap of 16 days was noted for September 2019, and a gap of 14 days for October 2019,
however, the rest of the dataset appeared complete, with minimal other gaps noted.

4 Shipping Analysis of The North Sea, undertaken on behalf of the Deutsches Bundesministerium des Innern,
fir Bau und Heimat, ABL 2021 (Web link).
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3.4.5

Figure 13: Coverage of additional AIS data provided by DMA

Following the introduction of the additional data, the sample consistency remained of
moderate uniformity, also because the additional dataset was localised. Due to the high
reporting frequency in the DMA dataset, the number of observations per day substantially
increased.

AIS data gap mitigation

Whilst there are methods to enhance and complete gaps in vessel tracks (such as simple
or kinematic interpolation), these become less effective and accurate as the length of the
data gap increases. With data gaps noted in tracks of up to 10 hours (and in limited cases
even longer), kinematic interpolation was not found to be a good means of mitigation. The
process often would result in tracks with abstract paths within the footprint of route SN 10.
This, in turn, is a likely indication that vessels leave the area of SN 10 before they re-join
the main flows at the far ends of the route, with likely diversions, stops, or erratic route
patterns.

Any attempt to bridge data gaps is a conscious compromise between traffic count and
positional accuracy. As both parameters are important in quantifying collision/allision risk,
achieving a point of compromise is a challenging process.

ABL has undertaken an iterative exercise to quantify potential improvements in the vessel
count picked up by the traffic model along route SN 10, based on increasing the tolerance
the algorithm assumes to split consecutive time-series observations for a vessel into
separate tracks (leaving a gap in between).

Based on noting vessel tracks that follow erratic, and not linear tracks as they navigate in
the footprint of route SN 10, ABL also used a similar iterative approach, to examine the
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effect of altering the angle of tolerance for the identification of route-bound vessels from the
default £10° divergence from the route axis.

In terms of the compromise between traffic volume and positional accuracy, ABL’s approach
in the present study was weighted towards the former. This is because the secondary
corridors, within the current version of the German MSP, do not fully align with the tracks
currently used in the study. This, combined with the blocking of route SN 06 as part of the
Dutch MSP, that represents the traffic from the southern end of SN 10 to/from Esbjerg, will
entail a full re-arrangement of the traffic corridors and distribution as the MSPs begin to
materialise. l.e., routes will change and integrate, and with that, current lateral distributions
of traffic will also change. It is thus more sensible for the current assessment to weigh in on
observed traffic volume, rather than its positional accuracy.

The assumptions used in the traffic analysis to mitigate the effect of AIS data sparsity in
parts of the model are presented in Table 5 overleaf.
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Table 5: Traffic analysis assumptions for route SN 10

Mitigative analysis assumption Purpose

Reverse on model refinement. Representation of the  Allow the algorithm to register

East, West (deep-water), and spur routes of SN 10 asa more of the vessels that navigate

single leg of traffic in the model, covering the full the area of route SN 10 without
footprint of the area. following strictly the E, W, or spur
Limiting the length of legs that represent the corridors as route-bound vessels,
segments along route SN 10. on as many segments possible

Increase of the angle tolerance for the identification along the route.
of route-bound vessels to £20° from the axis of SN 10.

Bridging of gaps in tracks up to 12h in duration or 300  Track segments with very low

nm in distance through linear interpolation. speeds that could denote
Setting a lower bound calculated speed limit of 7 kts interpolation is missing a
for a vessel’s trip segments considered in the count. significant part of the track, are

not considered in the volume

count.

The above measures are intended to achieve as much loss of traffic volume as reasonably
practicable, whilst at the same time limiting the bias in terms of assuming linear tracks where
vessels have followed a different route.
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41

BALTIC SEA TRAFFIC STUDY - BROADER AREA

This first work package aims to report the traffic patterns, identify the traffic corridors and
their distribution, and provide an understanding of the current use of maritime space.

General (Baltic Sea)

The traffic density plot reflecting the existing patterns in the South Baltic Sea based on 2019
and 2020 AIS data is presented in Figure 14 below:
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Figure 14: South Baltic Sea Traffic, all vessel types — Density Plot 200m x 200m.

Swinuiscie”

The main traffic corridor in the Baltic is the SW-NE corridor that carries traffic from the Bay
of Mecklenburg to the NE part of the Baltic (Note 01). Two other main corridors connect to
the former. The first is the spur route to/from the SE Baltic, towards the ports of Poland and
Kaliningrad (Note 02) and the second, which spurs off to/from Kattegat and into The Sound
(Note 03).

There are also two main N-S cargo and passenger routes running on the East of Rugen.
The first is the route that connects Swinoujscie to Ystad (Note 04), and the second is
between Swinoujscie and Trelleborg (Note 05). The former includes the deep-water channel
approach of Swinoujscie used by traffic heading both from/towards Ystad and Trelleborg.
This route is the actual continuation of the recommended route starting from the eastern
end of the Kadet Rinne deep water route passing north and east of Rugen Island up to the
Swinoujscie pilot boarding ground for vessels between 11 and 13.5 metres of draught (Note
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4.2

06). Vessels requiring lower depths (< 11m) either head to the recommended route or use
the area between the two main N-S bound corridors to head north (junction to the route
marked with note 05).

A secondary corridor detaches from the main SW-NE traffic corridor (Note 01) just after the
end of the South of Gedser Traffic Separation Scheme (TSS), heading south of Bornholm
Island towards Klaipeda and the oriental section of the Baltic Sea (Note 07). This route is
used primarily by Ro-Ro/Pax and General Cargo vessels.

Merchant traffic

Merchant vessel traffic typically uses the primary routes described in the general section,
however, there are also secondary corridors that are of significance to this traffic. These are
presented in Figure 15.

The route annotated as 08 on the figure, presents how shipping traffic uses the deep-water
channel out of Swinoujscie before heading west to the deep-water route, following the
recommended route marked with safe water buoys, along the coastline of Rugen to sail
towards Kattegat or to adjoin the South of Gedser TSS.
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Figure 15: South Baltic Traffic, merchant vessels — Density Plot 200m x 200m.

Notes 09 display the way cargo traffic that uses the secondary route to the east described
earlier under note 07, with the difference that a significant portion of this traffic re-joins the
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main corridor towards the Polish ports. Most likely, this traffic tends to avoid the transit within
the boundary of the TSS lanes.

Traffic between Kattegat and the eastern Baltic follows the route denoted as 03 up to the
point where it meets the main SW-NE corridor (Note 01) and then spurs to the east to join
the main traffic to the ports of Poland and Kaliningrad. A corridor carrying traffic to and from
Klaipeda also spurs off from the main SW-NE corridor, North of Bornholm Island (Note 11).

Note 12 denotes the corridor along the Pomeranian coast used by cargo traffic between
Swinoujscie and the ports in the Gulf of Gdansk.

A corridor taking traffic from the main SW-NE route towards Kattegat between the South of
Gedser and Off Falsterborev along the Danish coastline is marked by Note 13. Whilst
predominantly used by Ro-Ro/Pax services, general cargo traffic is the secondary user of
this passage.

4.3 Passenger traffic

Passenger vessels constitute the second most important contributor to vessel traffic in the
area of the study. This includes ferry (Ro-Ro/Pax) traffic as well as cruise ships, and other
smaller passenger-carrying craft.

The two most important routes in the model, as they both run in the area of interest for
Germany’s MSP and thus the present study, are the Swinoujscie to Ystad (Note 04) and
Swinoujscie to Trelleborg (Note 05) as presented in Figure 16 overleaf.
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Figure 16: South Baltic Traffic, passenger vessels — Density Plot 200m x 200m.

Of significance is also the ferry traffic that leaves the Swinoujscie to Ystad corridor at the
end of the deep-water route that leads to Swinoujscie and uses the intermediate space until
it joins the Swinoujscie to Trelleborg route just south of the main SSE-NNW route (Note 14).
Another route of high passenger vessel traffic is the Sassnitz to Bornholm line, which
crosses to the immediate south of the area of interest (Note 15). Ferry services to Klaipeda,
despite the lower volume, interest the area of the study Notable passenger vessel traffic is
also noted between Bornholm and Ystad, but this route is of lower significance to the area.
It is noted that Ro-Ro/Pax vessels are generally more manoeuvrable than cargo vessels if
compared to a laden bulk carrier and tankers for example, and the crew is more acquainted
with navigating through high traffic areas, as such, their effect on navigational risk would
not have the same impact of other traffic.

It is worth pointing out how traffic adjusts its course in practice with the introduction of an
OWEF, as can be seen from the area where the Kriegers Flak OWF. The latter has been
constructed within the period covered in the AIS dataset for the study (Note 13).

OWF support vessel traffic

Existing offshore windfarms have introduced additional regular traffic to the area (Figure
17), as they are frequently visited for maintenance activities. This can be daily, or more
frequently when the weather permits. This tr