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Background
The BONUS SHEBA project has ended its 40 months of duration in July and is now finalising its final
reporting and scientific publications. The main goal of the BONUS SHEBA project (Sustainable Shipping and
Environment of the Baltic Sea Region) has been a holistic assessment of ecological, economic and societal
impacts of operational shipping on the environment of the Baltic Sea region. The project methodology was
to develop a Driver-Pressure-State-Impact-Response (DPSIR) assessment framework including the currently
most advanced tools and models for determination of environmental pressures from shipping which would,
in combination with evaluation of different future scenarios, also enable possibilities to test options for
regulations and other policy measures that aim at the reduction of pressures, improvements of the state
and minimized impacts on human health and ecosystems.
To achieve the main goal, BONUS SHEBA calculated the current and future emissions to water, to air, and of
underwater noise through analyses of the drivers for shipping and their impacts on future ship traffic
volumes and emission factors, using and extending the currently most advanced emission model which is
based on Automatic Identification System (AIS) ship movement data and state-of-the-art emission factors
as well as new emission factors developed within the project. Atmospheric, oceanic and noise propagation
models in combination with ecotoxicology studies have been employed to assess the spatio-temporal
distributions, fates and effects of these stressors in the Baltic Sea region and also to evaluate impacts of
different pollutants on the water quality indicators of the EU Marine Strategy Framework Directive (MSFD)
and Water Framework Directive (WFD) and on air quality indicators. Further, the project has provided an
integrated assessment of policy options to mitigate pressures linked to shipping by quantifying as far as
possible anticipated changes in ecosystem services, compared to an established baseline, including an
analysis of the efficiency of policy options to reduce environmental pressures from shipping based on the
cost-benefit principle.

Action requested
The HELCOM Maritime 18 Meeting is invited to take note of the information.
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Overview of completed BONUS SHEBA project
Jana Moldanová1, Erik Fridell1, Volker Matthias2, Ida-Maja Hassellöv3, Martin Eriksson3, Jukka-Pekka
Jalkanen4, Jeny Tröeltzsch5, Markus Quante2, Lasse Johansson4, Ilja Majutenko6, Matthias Karl2, Peter
Sigray7, Ilkka Karasalo7, Heikki Peltonen8, Lin Tang1, Kerstin Magnusson1, Sara Jutterström1, Filip Moldan1,
Martin Ramacher2, Armin Aulinger2, Erik Ytreberg3, Lena Granhag3, Andreas Uppstu4, Marius Hasenheit5,
Urmas Raudsepp6, Eva Roth9, Benjamin Demirdjian10, Jakub Piotrowicz11

Key messages:
1. The drivers of the shipping sector were analysed and reported in a comprehensive report ‘Drivers
for the shipping sector’ which can be downloaded on BONUS SHEBA webpage www.shebaproject.eu/deliverables/index.php.en. This analysis is used in the scenario work in BONUS SHEBA
and in the harmonized scenario work of the BONUS projects coordinated by BONUS BALTICAPP
project
2. The work on scenarios has produced predictions of emissions to air and water as well as
underwater noise for present times, 2030 and 2040 for shipping in the Baltic Sea. Secondly,
shipping activities in two additional cumulative scenarios used in climate research (Sustainability
and Fragmentation) were analysed. These were also used to identify the gaps between what is
expected from shipping in the future and what is needed for shipping to become sustainable.
3. A completely new model was developed to describe small boats, The Boat Emissions and Activity
siMulator (BEAM) and has been applied to the Baltic Sea. The contribution of boats to most air
pollutants is negligible, but hydrocarbon and carbon monoxide emissions are high. Also, the
combined wet surface area of boats is almost as large as the contribution of big ships. This makes
boats potentially a significant source of pollution considering the anti-fouling paint residues.
4. The work package on air pollution (WP2) performed extensive atmospheric chemistry modelling of
impact of the shipping in the Baltic Sea on air quality and on deposition of pollutants on the Baltic
Sea as well as on coastal areas employing several atmospheric chemistry-transport models (CTMs)
on both regional and urban scale. Three regional-scale CTMs were used in ensemble simulation of
impact of year 2012 shipping emissions in the Baltic Sea region and three different future scenarios
on Baltic Sea shipping in 2040 have been investigated with one of these models. Assessment of
health impacts and impacts on coastal land ecosystems has been performed based on the model
results. In addition, four port cities were studied employing 2 different urban-scale models. It could
be shown that reduced fuel consumption achieved by efficiency increases together with strict
regulations on sulphur and NOx emissions will lead to significant reductions of the impact of
shipping on air pollution in the Baltic Sea area.
5. Load factors of shipping-related water contaminants have been implemented into the Ship Traffic
Emission Assessment Model (STEAM) and a spatio-temporally resolved emission inventory of
pollutants for the entire Baltic Sea has been produced. This new model development will be applied
in annual ship emission reporting for the benefit of HELCOM member states.
1

IVL, Swedish Environmental Research Institute, Sweden 2Helmholtz Zentrum Geesthacht, Centre for Materials and
Coastal Research, Germany, 3Chalmers University of Technology, Sweden, 4Finnish Meteorological Institute, 5Ecologic
Institute, Germany, 6Marine Systems Institute, Tallinn University of Technology, Estonia, 7Swedish Defence Research
Agency, FOI, Sweden, 8SYKE, Finnish Environment Institute, Finland, 9University of Southern Denmark, Department of
Environmental and Business Economics, Denmark, 10Centre National de la Recherche Scientifique, Marseille
Interdisciplinary Centre for Nanoscience, joint research unit UMR 7325, France, 11Maritime Institute in Gdansk, Poland
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6. Simulations with the coupled 3-d hydrodynamic-biogeochemical marine model GETM-ERGOM
utilizing the spatial resolved emissions and deposition has been used to investigate 1) fate and
effect of nutrient inputs (D3.4), 2) surface water pH change (D3.6), 3) distribution and viability of
invasive species (D3.8) and PEC/PNEC ratios or the Sum of Toxic Units (STU) from shipping related
top ranked contaminant input (D.3.5). Shipping related nano- and micro-particles are of emerging
interest, but the yet too scarce data to allow for reliable modelling, led to a report on the topic.
Results from BONUS SHEBA served as input to the ‘Chemical risk assessment of contaminants in
grey water from ships’ of Swedish transport administration.
7. The impact of shipping on the marine environment along five potential future scenarios were
analysed in relation to the two European Commission Directives, Marine Strategy Framework
Directive (MSFD) and Water Framework Directive (WFD), showing that some of the descriptors and
quality elements in these directives are negatively affected by future shipping in the Baltic Sea.
8. Project has finalized a field sampling campaign in the Baltic Sea shipping lanes, where both
atmospheric and water pollutants were measured.
9. The Wittekind model was implemented into the STEAM model which is now able to produce point
sources of underwater noise emissions. The BONUS SHEBA approach calculates the noise energy
(Joules) emitted from ships at specific frequency bands. This additive quantity can be used not only
as a noise map visualisations, but also as an indication of annual changes of shipping noise
emissions in various parts of the Baltic Sea, which will be applied in annual ship emission reporting
for the benefit of HELCOM member states. Based on the project results, containerships were
identified as the largest contributor to shipping noise. However, considering the travelled
distances, the noisiest vessels may be found in the RoPax class of ships.
10. The experimental campaign concerning tracking of fish behaviour as a function of underwater noise
level was completed during the summer 2016. Preliminary analysis revealed that upon exposure to
loud shipping noise, a cautious defensive reaction was observed. However, clear panic reaction or
physical injury were not observed.
11. Significantly more work is needed to gain a comprehensive view on noise impacts, for example
monitoring network for noise needs to be established, before complete soundscape for the Balti
Sea area can be obtained.
12. The work package on assessments and policies (WP 5) adapted existing DPSIR (Driver-PressureState-Impact-Response) frameworks to the Baltic Sea and shipping. The framework was developed
to assess the linkages from the pressures of shipping in the Baltic Sea to its effects on ecosystem
services and human wellbeing.
13. 20 selected policy options reducing environmental pressures from shipping in the Baltic have been
assessed. The evaluation of the 20 policy options is based on a developed multidimensional
assessment framework using stakeholder consultation, expert judgement and literature review.
The stakeholder consultation included sessions on two stakeholder workshops and a web-survey.
14. BONUS SHEBA has established interaction with stakeholders on different levels. Stakeholders were
consulted for dedicated topics in order to support especially the scenario building process of
BONUS SHEBA in two stakeholder elicitation events and in a web questioner. The project organised
a number of outreach activities oriented to different stakeholders, among these: 1. Exhibition and
seminar of cluster of 5 BONUS shipping projects on Swedish politicians’ week in Almedalen in 2016,
2. Several contributions to the “Forschung vor Anker” events of HZG at the Baltic coast, 3. A
conference on “Shipping and the Environment”, jointly organized with the project SOLAS
(International Surface Ocean - Lower Atmosphere Study), brought together about 120 scientists
and stakeholders of the shipping sector from all over the world
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15. BONUS SHEBA has become a flagship project of the European Union Strategy for the Baltic Sea
Region (EUSBSR) and throughout the duration of the project informed the international steering
board of the EUSBSR Policy Area Ship on work progress of the project on their annual meetings.
The project became a partner of starting-up the INTERREG Clean Shipping Project Platform CSHIPP.
BONUS SHEBA has also become a part of the Baltic Earth (www.baltic-earth.eu).
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About the project
The BONUS SHEBA project (Sustainable Shipping and Environment of the Baltic Sea region) started in April
2015 addressing the BONUS call theme ’Assessing the effects of air and water pollution and introduction of
energy (including noise) by shipping activities on the marine environment and integrated water
management in harbours’. The project ended its 40 months duration the 31 July and the consortium is now
completing the final reporting.
The project brought together lead experts from 11 institutes from 7 different countries from the fields of
ship emissions, atmospheric, acoustic and oceanic modelling, atmospheric and marine chemistry, marine
ecology, environmental economics, social sciences, logistics and environmental law:
IVL, Swedish Environmental Research Institute (IVL, SE); Helmholtz Zentrum Geesthacht, Centre for
Materials and Coastal Research (HZG, D); Finnish Meteorological Institute (FMI, FI); Chalmers University of
Technology (Chalmers, SE); Swedish Defence Research Agency, FOI (FOI, SE); Ecologic Institute (EI, D);
Marine Systems Institute, Tallinn University of Technology (TUT, EST); SYKE, Finnish Environment Institute
(SYKE, FI); Maritime Institute in Gdansk (MIG, PL); University of Southern Denmark, Department of
Environmental and Business Economics, (SDU, DK); Centre National de la Recherche Scientifique, Marseille
Interdisciplinary Centre for Nanoscience, joint research unit UMR 7325 (CNRS/CINAM, F)
Work in BONUS SHEBA has been organised in closely cooperating scientific work packages of which three
focused on specific pollutants (WP2: air pollution, WP3: water pollution and WP4: underwater noise) while
other two had a more overarching and integrating role (WP1: scenarios and shipping activity data, WP5:
assessment). A separate work package (WP6) has been devoted to outreach and dissemination of BONUS
SHEBA results to scientific community, stakeholders and wide public (Figure 1).

Work performed over the course of the project
The work in the project strived to achieve the overall objectives set for BONUS SHEBA in the work plan:
1. Update shipping activity data using AIS data from HELCOM and data on activity for pleasure boats.
2. Determine todays and scenario shipping emissions of air pollutants, different categories of water
pollutants, noise and of production of liquid and solid waste as a function of vessel activity.
3. Assess the current situation of air and water pollution from shipping and the effects of scenario
emission changes in the Baltic Sea region and in selected harbours by means of modelling systems.
4. Conduct an impact assessment of ship generated noise in the Baltic Sea area using a proxy for the
shipping induced noise.
5. Develop an analytical framework for the integrated assessment of effects of shipping and harbours in
the Baltic Sea.
7. Assess changes in ecosystem services compared to the Baseline based on different scenarios.
8. Evaluate various technology and policy options to reduce pressures and impacts from shipping and
harbours in the Baltic Sea and identify and analyse trade-offs between these options as well as marginal
changes in costs and benefits (CBA).
9. Make inverted scenarios to be able to propose required levels of actions to ensure that the impact from
shipping will not escalate due to forecasted growth.
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Figure 1. Organisation structure of BONUS SHEBA project

Work package on Policies, activity data and scenarios (WP1)
The objectives of WP1 were:




Assess economic, environmental and societal drivers of change on the shipping activities taking into
account relevant policy developments
Update shipping activity data using AIS data from HELCOM and data on activity for pleasure boats.
Develop scenarios for future shipping activities in the Baltic Sea for the years 2030 and 2040.

As a basis for the further work in all WPs models of the ship traffic in the Baltic Sea were produced. These
were based on AIS data and data on all individual ships present in the area regarding ship type, size, fuel
type, engine type etc. This model was then used in the other WPs, together with emission factors, to
produce maps of emissions to air and water and of underwater noise.
An important part of WP1 was to produce a number of scenarios of shipping activities in the future, aiming
at the years 2030 and 2040. In order to produce these scenarios a complete mapping of the drivers
governing future shipping was undertaken. This includes drivers regarding shipping volumes and
developments of ship design as well as the legislations that will come into action during the period, with
Page 6 of 18
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emphasis on environmental policy measures. With this information in place a business as usual scenario
was constructed. Further, in order to investigate different other possible developments a number of
alternative scenarios have been constructed. These include a set of scenarios to answer specific questions,
i.e. what was the impact of the NOX regulations?; what will be the consequence of a strong modal transfer
from land to sea?; what would a large introduction of LNG as a marine fuel mean?, among others. Secondly,
shipping activities in two additional cumulative scenarios used in climate research (Sustainability and
Fragmentation) were analysed. These were also used to identify the gaps between what is expected from
shipping in the future and what is needed for shipping to become sustainable. The scenarios investigated
by BONUS SHEBA are summarised in Table 1. Figure 2 is an example with the emissions to air, water and of
underwater noise in the business-as-usual (BAU) scenario.

Table 1. Summary of scenarios produced in SHEBA.

Scenario type
Cumulative
Single
Single

Name
Business as usual
(SSP2)
NoNECA
No emissions to water

Single
Single
Single
Single
Cumulative

LNG
Slow steaming
EEDI
Scrubber
SSP1 - Sustainability

Cumulative

SSP3 - Fragmentation

Description
Includes current trends in the development of shipping
and already decided regulations
If a NECA in the Baltic Sea would not come in place
Most stringent possible regulations for emissions to
water
Significantly larger use of LNG
Further speed reductions
Energy efficiency follows the EEDI regulation
Large use of scrubbers (open or closed loop)
A development with high concern for the environment
and good technology development
Development in some regions and poverty in others.
Continued fossil fuel dependency and failure to meet
environmental goals.

a)

Figure 2. Emissions to air from all ships in the Baltic Sea in the BAU scenario, a – emissions to air.
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b)

c)

Figure 2 (cont.) Emissions to air from all ships in the Baltic Sea in the BAU scenario, b – emissions to water, c – emissions of
underwater noise.

A model for emissions from leisure boats in the Baltic Sea has been developed further and a paper
manuscript has been written. Figure shows the calculated distribution of fuel consumption in leisure boats.
The results show significant emissions to air, especially of carbon monoxide and hydrocarbons. This is
mainly associated with poor performance of many old Otto engines and is concerning, especially since the
emissions are close to the coast lines. Also leakage of Cu and Zn from boat paint is a concern.
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Figure 3. Estimated total fuel consumption of the Baltic Sea leisure boats.

Work package on air pollution (WP2)
In the work package on air pollution (WP2) updated high resolution shipping emission data for the Baltic
Sea in the year 2012 was calculated with the STEAM model. This data was produced on a 2 x 2 km² grid for
emissions of SO2, NOx, CO, CO2 and PM (including SO4, EC, OC, and ash) for the entire Baltic Sea. In the port
areas of Gothenburg, Rostock, Gdansk and Riga, the data was provided on a resolution of 250 x 250 m².
Subsequently, regional and city scale atmospheric chemistry models were applied for calculating the impact
of shipping emissions on the Baltic Sea on air quality and on the deposition of eutrophying and acidifying
substances. Three regional-scale CTMs were used in an ensemble simulation of the impact of year 2012
shipping emissions in the Baltic Sea region. Four port cities were studied employing two urban-scale
models. On the regional scale, shipping in 2012 was responsible for more than 20% of the NO2
concentrations in coastal areas in summer, over the Baltic Sea more than 80% of the NO2 stems from
shipping. These emissions lead to increased ozone concentrations by approximately 10% and about 20-30%
increased particulate nitrate over land in summer. The impact of shipping on air quality is much smaller in
winter. In harbour cities, mainly NO2 concentrations are increased due to shipping emissions. Whether this
has large effects on the exposure of the population depends strongly on the location of the port area with
respect to the main wind direction. The study performed for the city of Gothenburg showed that
contributions from the Baltic Sea and North Sea shipping outside the city model domain to air pollution
concentrations and exposures in the city exceeded contributions of the shipping within the city. The
regional contribution was the most significant for fine particulate matter where it exceeded more than 4
times the local shipping contribution to the annual PM2.5 exposure.
Three different future scenarios on Baltic Sea shipping in 2040 have been investigated in detail. It could be
shown that reduced fuel consumption achieved by efficiency increases together with strict regulations on
sulphur and NOx emissions will lead to significant reductions of the impact of shipping on air pollution in
the Baltic Sea area, Figure 4 shows impact on summer NO2 concentrations. Until 2040, the contribution of
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shipping to air pollution in harbour cities will be significantly reduced, too. The provision of on shore power
supply will contribute to this.
a)

b)

c)

d)

e)

f)

g)

h)

Figure4: Air concentration of NO2 as mean of summer months, JJA (unit: ppbV): future changes in the Baltic Sea region compared to
present-day (2012) for three future scenarios. (a) Present-day ship contribution, (b) BAU scenario (2040) future ship contribution, (c)
BAU scenario (2040) future situation, (d) relative change (%) of BAU scenario (2040) compared to present-day, (e) EEDI scenario
(2040) future situation, (f) relative change (%) of EEDI scenario (2040) compared to present-day, (g) NoNECA scenario (2040) future
situation, (h) relative change (%) of NoNECA scenario (2040) compared to present-day.
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The modelled concentrations of air pollutants served as input for the calculation of exposures and the
related health effects caused by the shipping emissions. For the health impact assessment the Swedish
version of the ALPHA-Riskpoll tool (ARP) (Holland et al., 2013; Holland, 2014), providing a detailed
quantification of effects on health, including various morbidity impacts (on chronic bronchitis, hospital
admissions, etc.), mortality and monetary valuation of these impacts, was used. The results combining the
STEAM emissions, CMAQ model simulations, exposure calculation and the ARP tool show that in year 2012
the shipping emission caused some 16 000 life years lost or 1600 deaths due to chronical exposure of
population of the Baltic Sea region to fine PM, 100 deaths due to acute exposure to ozone and almost
500 000 working days lost due to the morbidity associated to exposure to fine PM. Results of the scenario
simulations show significant improvement from 2012 to 2040, with decrease of the health impacts related
to the fine PM by ~75% and to the ozone by ~60% in the BAU scenario. For EEDI and NoNECA the decrease
is ~70% and ~50% for fine PM and ~70% and ~75% for ozone.
The extent of environmental damage on the land ecosystems surrounding the Baltic Sea due to ship
emissions of S and N was assessed by calculating the exceedance of critical loads for eutrophication and
acidification. The exceedances maps were created for year 2012 and for three different scenarios in year
2040 (BAU, BAU-NoNECA and EEDI). The results show a significant improvement from 2012 to 2040 (Figure
5). For the acidification the three scenarios show similar decrease in exceedances from 2012 to 2040, with
very little remaining impact on acidification in 2040 due to shipping emissions. This illustrates effectiveness
and the benefits of the implementation of SECA in 2015. For eutrophication there are also improvements
and introducing the NECA will lead to further reduction in exceeded area. Without NECA the exceeded area
in 2040 due to ship emissions of N will be more than twice as large (14% BAU-NoNECA2040 and 5%
BAU2040).

Figure4: Exceedances of the critical loads for eutrophication in the Baltic Sea region(in eq/ha/year) in (from left to right): 1. year
2912, all emissions, 2. 2012 excluding the shipping emissions, 3. 2040 BAU scenario, all emissions, 4. 2040 BAU scenario excluding
the shipping emissions.

The results from WP2 were further used for the judgement of certain policy options to reduce exhaust gas
emissions from shipping.
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Work package on water pollution (WP3)
The overall objective of WP3 was to determine the fate and effect of different types of water pollution
from shipping; from present situation and predicted according to the scenarios developed in WP1. Specific
aims were to:





Create an inventory of contribution of shipping and recreational boating to different categories of
stressors in the marine aquatic environment according to the MSFD and WFD
Use a combination of physical-biogeochemical and ecotoxicological modelling to assess the spatiotemporal distribution, fate and effect of different pollutants in Baltic Sea and on small scale in ship
lanes and harbours on the marine environment.
Quantify impact of different pollutants in relation to water quality indicators in MSFD and WFD.

The BONUS SHEBA project has advanced the understanding of shipping related impact on the environment
in the Baltic Sea Region. Regarding the impact on the marine environment however, the achievements
within WP3 can be claimed to also significantly have improved the general understanding of shipping
related impact, based on efficient transfer of knowledge and concepts previously applied on assessments of
air pollution to assessments of marine pollution. Prior to BONUS SHEBA the use of AIS data to assess
marine pollution from shipping had only been applied to model the indirect contribution by shipping
emissions of sulphur and nitrogen oxides to ocean acidification. The achievements in WP3, D3.3, is
pioneering and the very first complete inventory and calculation of load factors of waste streams and the
sum of pollutants from all waste streams, available for shipping (Figure 5). The direct waste streams to the
marine environment modelled in SHEBA are ballast- black-, bilge-, grey- and scrubber water, stern tube oil,
anti-fouling substances and food waste, as well as atmospheric deposition.

Figure 5. Different subsystems on-board ships, e.g. Antifouling, Ballast water or Bilge water give rise to waste streams from ships,
regulated on individual ship’s basis. The different waste streams may contain several pollutants, here categorized according to the
descriptors in the MSFD, e.g. D2 Invasive species.

The summarized pressure on the marine environment were calculated as 1) fate and effect of nutrient
inputs (D3.4), 2) surface water pH change (D3.6), 3) distribution and viability of invasive species (D3.8) and
PEC/PNEC ratios or the Sum of Toxic Units (STU) from shipping related top ranked contaminant input
(D.3.5). Shipping related nano- and micro-particles are of emerging interest, but the yet too scarce data to
allow for reliable modelling, led to a report on the topic (D3.7). The change in state in the marine
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environment was modelled linking the output from the STEAM model to an oceanographic circulation
model (GETM) and a biogeochemical model (ERGOM) (Figure 6), producing maps visualizing the impact of
shipping on the marine environment (Figure 7). To assess the environmental impact of shipping in the Baltic
Sea Area, the shipping generated concentrations of contaminants were compared to Environmental Quality
standards according to the Water Framework Directive.

Figure 18. Approach to assess fate and effect of shipping related pollution. Output from the STEAM model is used as input in the 3D
circulation model GETM and the effect from added nutrients are calculated in the coupled biogeochemical model ERGOM.
Contaminants and invasive species are modelled as passive tracers.

Further, in situ observations in D3.9, confirm that shipping related emissions can be observed in shipping
lanes and calls for further investigations. Another important, yet underutilized concept in assessments of
marine pollution is the use of scenarios linking pollution to the societal development. In this light, the work
in SHEBA WP3 has been truly ground breaking and a very good example of successful inter- and
transdisciplinary work. The impact of shipping on the marine environment along five potential future
scenarios (Business As Usual (BAU), Nitrogen Emission Control Area (NECA), Zero emission to water and
two scrubbers scenarios (All open loop and All closed loop)) were analysed for the years 2030 and 2040,
and in relation to the two European Commission Directives; Marine Strategy Framework Directive (MSFD)
and Water Framework Directive (WFD). The results showed that some of the descriptors and quality
elements in these directives are negatively affected by shipping in the Baltic Sea. The most pronounced
example is areas where emissions of copper and zinc from shipping leads to water concentrations above
the corresponding EQS, affecting the MSFD Descriptor 8 regarding contaminants (Table 2). It should be
stressed though that the cumulative assessment of contaminants from shipping used in the oceanographic
model only included a subset of contaminants, hence the effect on D8, is likely an underestimate.
Table2. Size of areas for which the copper and zinc emissions from shipping leads to water concentrations above the EQS values, for
the reference year 2012 and the different scenarios for 2040.

Scenario

Area where copper concentration
exceeds EQS (km2)

Area where zinc concentration
exceeds EQS (km2)

Reference year 2012
BAU 2040
Zero emissions to water 2040
Scrubber scenario 2040
All open loop [l]
Scrubber scenario 2040
All closed loop [l]

431
526
379
526

0
3.47
0
3.47

526

3.47
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Figure 7. Maps of the Baltic Sea showing the concentrations of copper (Cu), zinc (Zn), pyrene (Pyr), naphthalene (Nap) and
dibromochloromethane (DBCM), resulting from the emissions in the reference year 2012 (2012), and the scenarios Business as usual
2040 (2040 BAU), Zero emissions to water 2040 (2040 NoEmis) and Scrubber 2040 all closed (2040 all ScrubClosed). The colour bars
represents concentration in µg/L, and the lines with numbers in the sea areas depicts areas with the concentration given by the
corresponding number. The missing maps for pyrene and naphthalene indicate that these compounds would have no emissions
under these scenarios.
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Work package on underwater noise (WP4)
The aim of WP4 was to:
• Establish an improved noise source model optimized for the Baltic Sea and to use it to make a source
map. The map can further be used to establish source density per block area. •
Develop an efficient
proxy for the shipping induced noise in the Baltic Sea area
• Conduct an impact assessment of ship generated noise. The source density will be compared year by
year and trends can be recognized and dealt with accordingly.
• Collect experimental data on underwater noise exposure of fish in controlled environment
The work package on underwater noise (WP 4) started with the development of new tools for noise
modelling. A review of existing noise models was done and a recent German model (Wittekind, 2014) for
shipping noise emissions was selected for implementation. The model was adapted to fit the existing
STEAM emission model. New approach was developed for noise emission reporting, which visualizes noise
as a map of noise energy (Figure 8). This facilitates annual updates of noise source maps for HELCOM
reporting.

Figure 8. Noise from Baltic Sea ship at 63 Hz frequency band during 2017. The unit is total noise energy emitted in Joules emitted
during one calendar year.

Noise source maps could not be directly used in noise propagation modelling which was required to
understand the noise dispersion in the Baltic Sea. Two pilot locations were chosen for noise propagation
studies where measured and modelled data were available to assess the performance of the modelling
work.
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In addition to the modelling work, also experimental work was carried out at the Tvärminne zoological
station. Collection of local fish was exposed to various noise signatures and behavioural changes were
observed with sonar equipment (Figure 9). Tones at specific frequencies and pre-recorded shipping noise
were played back to fish using underwater loudspeakers. These triggered clear reactions in fish schools, but
understanding the harmfulness of noise to fish needs more research work. Detailed impact assessment of
underwater noise could not be completed as planned, because of limitations of existing noise exposure of
fish and mammals and lack of knowledge of other noise sources. Basic analysis of overlaps in species
habitats and shipping was made.

Figure 9. Experiment on fish exposure to the underwater noise at Tvärminne zoological station. From left to the right: 1.
Experimental setup, 2. Sonar image of the fish school (yellow line) from the experiment (Peltonen et al., 2018)

Work package on assessments and policy (WP5)
The aim of WP5 was to




Develop an analytical framework for the integrated assessment of shipping in the Baltic Sea.
Assess changes to ecosystem services compared to Business As Usual based on different scenarios.
Evaluate technology and policy options to reduce pressures and impacts from shipping and harbours in
the Baltic Sea and identify and analyse synergies and trade-offs between these options as well as
marginal changes in costs and benefits (CBA).

The work package on assessments and policies (WP 5) researched existing DPSIR (Driver-Pressure-StateImpact-Response) frameworks based on the review a DPSIR framework has been developed for the
assessment of environmental pressures of shipping in the Baltic Sea (Figure 10). The framework was
developed to assess the linkages from the pressures of shipping in the Baltic Sea to its effects on ecosystem
services and human wellbeing. The costs of degradation from environmental and health related impacts of
shipping in the Baltic has been analysed. Based on the developed DPSIR framework effects on a variety of
ecosystem services and human health has been evaluated qualitatively. The consortium developed within
one case study a quantification of effects on ecosystem services – for commercial fishing of cod and one
case study calculated human health effects by air pollution of shipping.
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Figure 10. The DPSIR framework for shipping in the Baltic Sea region.

In the SHEBA project, 20 out of 85 policy options were assessed that focus on different environmental
pressures from shipping. They have been evaluated based on a developed multidimensional assessment
framework which includes eight assessment criteria: political implementability, acceptance & feasibility,
scientific knowledge & uncertainty, technological & innovation potential, environmental and health
outcomes, efficiency, distributional effects, synergies & trade-offs. The result is a semi-quantitative and
participatory multi-criteria assessment. The assessment includes different steps of stakeholder
engagement, such as stakeholder workshops and a web-survey, in which two of the eight assessment
criteria were evaluated directly by stakeholders. The highest ranked policy option is an option targeted very
specifically on the reduction of two related pressures (copper release in the water and non-indigenous
species). Four of five options ranked two to six are related to a fuel switch to electricity, LNG or renewables
(in ports or at sea). On the lower end of the ranking, the noise related and the ‘promoting of vessel
scrapping’ are evaluated.

Work package on dissemination, education and data products (WP6)
The interaction of BONUS SHEBA with external groups on different levels of complexity was organised in
work package 6. External knowledge by e.g. stakeholders of the shipping and environment sectors was to
be accessed to support the project on the one hand, and progress and results of BONUS SHEBA were to be
reported to the scientific community, authorities, politicians and the public by different means on the other
hand. As general products a flyer on the project has been designed (D6.1), regular appearing newsletters
have been compiled (D6.2) and a project home page was set up.
The interaction with and involvement of relevant stakeholders has been established. Stakeholders were
assigned to the advisory board and were contacted as consultants for dedicated topics in order to support
especially the scenario building process of BONUS SHEBA. I.e. a quantitative expert elicitation applying the
Sheffield Elicitation Framework (SHELF) was conducted addressing the future use of LNG as fuel, the
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fraction of scrubbers for sulphur emission reduction and the treatment of sewage either on board or in port
reception facilities. Two stakeholder events were organised. Stakeholder views elicited at the SHEBA
workshop in Hamburg, conducted in 2015, highlighted future expectations for the shipping sector,
particularly in the Baltic Sea. A conference on “Shipping and the Environment”, jointly organized with the
project SOLAS (International Surface Ocean - Lower Atmosphere Study), brought together about 120
scientists and stakeholders of the shipping sector from all over the world to exchange the scientific status
regarding the impact of shipping on the environment. Both stakeholder events were summarized in a policy
brief. The conference organising committee has organised a special issue which was opened in February
2018 as a joined special issue of Copernicus open access journals ‘Atmospheric Chemistry and Physics’ and
‘Oceanic Science’ (https://www.atmos-chem-phys.net/special_issue948.html), inviting both publications
stemming from the conference contribution and from the wide scientific community to provide forum for
scientific discussion on the topic of environmental impacts of shipping.
Via several outreach activities the interested people from the science, politics and the public were informed
on the project and it progress. Among them were an exhibition and a panel discussion during the Swedish
politicians’ week in Almedalen, Gotland, in 2016, and several contributions to the “Forschung vor Anker”
events of HZG at the Baltic coast. As BONUS SHEBA was a flagship project of the EUSBSR policy area ship, a
regular exchange was established with the PA Ship steering board. For the exchange of data between
BONUS SHEBA consortium members and with the public an interactive data portal has been set up. To
further inform the scientific community, stakeholders and the public on the results of SHEBA an
information portal was designed and implemented.
A set of educational and easy perceptible material for teachers, pupils, students and public presentations
was compiled, which comprised of a reader addressing all of the SHEBA topics by short essays, an
interactive power point presentation (PICO) for self-learning purposes and a short movie with interview
statements of BONUS SHEBA scientists on their research fields.
BONUS SHEBA has become a flagship project of the European Union Strategy for the Baltic Sea Region
(EUSBSR) and throughout the duration of the project informed the international steering board of the
EUSBSR Policy Area Ship on work progress of the project on their annual meetings. The project became a
partner of starting-up INTERREG Clean Shipping Project Platform CSHIPP which brings together
transnational projects and their key actors in order to ensure effective use, better durability and
transferability of the projects’ results. BONUS SHEBA has main focus in Research-to-Policy Clean Shipping
Activities of the cluster.
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