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Background 

Sufficiency of measures (SOM) analysis is one of the activities agreed through the Strategic Plan for the BSAP 
update (cf. activity 2.5). It is carried out by the HELCOM ACTION project and the HELCOM SOM Platform. The 
SOM analysis supports the update of the BSAP by assessing what kind of improvements in environmental 
state and pressures can be achieved with existing measures by 2030-2035, and whether these are sufficient 
to achieve good environmental status (GES) in the Baltic Sea. The methodology for the SOM analysis has been 
developed by the ACTION project with guidance from the SOM Platform, and it has been endorsed by GEAR 
22-2020 (Outcome, para 4.21). 

This document presents the results of the SOM analysis for non-indigenous species (NIS). The results provide 
a basis for evaluating proposed actions in the HELCOM BSAP UP workshop on maritime activities (BSAP UP 
WS-SEA 2020) by identifying gaps in existing measures to achieve good environmental status. In addition to 
the main result, i.e. the probability of achieving GES with existing measures, the document presents findings 
on which pressures contribute to state components, what are the pressure reductions from existing 
measures, how effective are measure types in reducing pressures, and which activities contribute to 
pressures. The results provide supporting information for evaluating where new measures are likely needed 
(geographically and by pressure/state) and what types of measures are likely effective in reducing certain 
pressures and improving state.  

The SOM analysis presents the first attempt to quantify the effects of existing measures and policies on the 
environment and achieving objectives. It presents a Baltic Sea level assessment on the overall sufficiency of 
existing measures for a variety of environmental topics. The results of the analyses are based mainly on 
expert elicitation, and thus they should be interpreted appropriately. The findings do not provide complete 
and final answers on the reductions in pressures or improvements in state and should thus also be considered 
in relation to other relevant results and assessments. 

This document presents the first results of the SOM analysis for non-indigenous species, which may be 
amended and revised in the autumn 2020. 

Action 

The workshop is invited to take note of the information and use it to support discussion and the evaluation 
of proposed new actions in the workshop. 

  

https://helcom.fi/media/documents/Strategic-plan-for-the-BSAP-update-as-agreed-by-HOD-54-2018_clean-version.pdf
https://helcom.fi/media/documents/Strategic-plan-for-the-BSAP-update-as-agreed-by-HOD-54-2018_clean-version.pdf
https://portal.helcom.fi/meetings/GEAR%2022-2020-728/MeetingDocuments/Outcome%20of%20GEAR%2022-2020.pdf
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Results of the SOM analysis for non-indigenous species 

Background information for understanding and interpreting the results 
The sufficiency of measures (SOM) analysis involves estimating the status of the marine environment at a 
specific future point in time, given measures in existing policies, their implementation status and projected 
development of human activities over time (Figure 1).  

The main components of the analysis are assessing: the contribution of activities to pressures (Step 3), the 
effect of existing measures on pressures (Step 4), the effect of development of human activities on pressures 
(Step 5), and the effect of changes in pressures to environmental state (Step 6). The result is the state (in 
terms of pressure reductions or improvements in environmental components) in 2030-2035, which can then 
be compared to the threshold for good environmental status (GES), where currently available (Step 7). This 
allows assessing the probability to achieve GES with existing measures. 

Note the distinction between pressure inputs and pressures (Figure 1). For a variety of reasons, the input of 
a pressure is often measured rather than the pressure itself, for example:  ease of measurement, generation 
of data relevant to regulation, and/or the presence of significant time lags. In the SOM analysis, pressure 
inputs and pressures have been distinguished from each other, and their relationship is one of the following: 
1) pressure input and pressure are equivalent or assumed to be equivalent, 2) pressure input and 
corresponding pressure are present in the analysis but no connection is made between them, or 3) only the 
pressure is present in the model. 

A detailed description of the SOM methodology and data collection is presented in this document. 

The methodology for the SOM analysis is designed to accommodate the broad array of topics relevant in the 
HELCOM region, and to enable a regional-level analysis. It balances between state-of-the-art knowledge, 
availability of data, and advice taken onboard from various HELCOM meetings and bodies. 

 

Figure 1. General schematic of the main components of the SOM analysis 

https://portal.helcom.fi/workspaces/ACTION-164/Public%20documents/Methodology_for_SOM_analysis_July2020.pdf
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The SOM results are presented in the format of percent shares or probabilities. The main finding of the 
analysis is the probability to achieve GES or specific state improvements/pressure reductions, taking into 
consideration the effects of existing measures and changes in the activities on pressures. The contribution of 
activities to pressures, the effect of measures on pressures, and the significance of pressures to state 
components are presented as percent values (e.g. how many percent would the measure reduce the 
pressure). Results are presented mainly in tables, which show the most likely (expected) values and standard 
deviations. Standard deviation is a way of showing the variation in the values. When it is high, values are 
spread over a wider range, and when it is low, values are closer to the most likely value. Figures and graphs 
presenting distributions are mainly included in the annexes. They show the same results as the tables but 
allow either more detailed information or alternative visualization of the results. Additional figures and 
graphs will be included later in the autumn 2020. 

For the data that are based on expert surveys, the confidence rating gives the most common answer to 
experts’ assessment of the confidence in their own survey responses on a low-moderate-high scale. More 
detailed information on how each result has been calculated is presented in a separate document. 

This document presents the results based on the expert-based data (survey responses). Literature data on 
the effectiveness of measures has been collected but are not included at this point because of time 
constraints. The projected development of human activities is based on the most likely future development 
until 2030 (for details, see the methodology document). 

Application of the SOM approach to non-indigenous species 
The SOM analysis for non-indigenous species evaluates the pressure reductions achievable by 2030-2035, 
considering the effects of existing measures and future development of human activities. The spatial 
resolution (level of detail) differs across the data components of the SOM analysis. All assessment areas are 
based on the 17 HELCOM scale 2 sub-basins and the assessment area ranges from the single Baltic Sea to 
individual sub-basins. However, for non-indigenous species (NIS), all the data is reported at the Baltic Sea 
scale (Table 1). When the topic of NIS interacts with other topics, e.g. birds, mammals, benthic habitats, 
smaller spatial scales may be used to reflect spatial variation in those topics. Table 1 shows the origin and 
spatial resolution for the data components in the SOM analysis for non-indigenous species. 

Table 1. Data for NIS (more information on data collection is available in the methodology document) 

Data component Source of data Spatial resolution 
Activity-pressure contributions AquaNIS database Whole Baltic Sea 
Existing measures Literature review, Contracting Parties 17 sub-basins 
Effectiveness of measures Expert survey Whole Baltic Sea 
Development of human activities Literature review, existing data and 

projections 
Whole Baltic Sea 

Pressure-state links NA NA 
 

Step 1. Existing measures and measure types, including activity-measure links 
Step 2. Time-lags for measure effects on pressures 
Step 3. Contribution of activities to pressures 
Step 4. The effects of measure types 
Step 5. Projected development of human activities 
Step 6. Effect of changes in pressures on state components 
Step 7. Comparison of business-as-usual and good status and gap assessment 
Step 8. Effect of time lags in the recovery of state components 

https://portal.helcom.fi/workspaces/ACTION-164/Public%20documents/Background_document_for_SOM_results.pdf
https://portal.helcom.fi/workspaces/ACTION-164/Public%20documents/Methodology_for_SOM_analysis_July2020.pdf
https://portal.helcom.fi/workspaces/ACTION-164/Public%20documents/Methodology_for_SOM_analysis_July2020.pdf
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NIS are considered in two distinct ways in the SOM analysis. The first is as the pressure input Anthropogenic 
introductions of non-indigenous species, which reflects the structure of the HELCOM indicator “Trends in 
arrival of new non-indigenous species” and MSFD criteria D2C11 (Figure 2). This pressure input has an 
established HELCOM GES threshold, set at no new introductions of non-indigenous species (NIS) or 
cryptogenic species (CS) to the Baltic Sea through human activities during a six-year assessment period. As 
the assessment is conducted for the Baltic Sea as one unit, only introductions of species previously absent 
from the Baltic Sea, i.e. primary introductions, are considered. Additionally, the GES definition excludes NIS 
that enter the Baltic Sea via natural spread. For the latest HOLAS assessment period (2011-2016), 12 new 
primary introductions of NIS/CS were identified from the AquaNIS database (AquaNIS, 2015), indicating a not 
good status (HELCOM, 2018). The pressure input covered in the SOM analysis (Anthropogenic introductions 
of non-indigenous species) assesses the flow of NIS into the Baltic Sea but does not consider the effects of 
NIS once they are established. 

The second aspect of NIS in the SOM model is the pressure Effects of non-indigenous species, which considers 
NIS effects after establishment (Figure 2). This component does not directly correspond to a HELCOM 
indicator or MSFD criteria, but instead holistically assesses NIS effects in the Baltic Sea. There are very limited 
options for reducing the impact of established populations of NIS and eradication of established NIS 
populations in a marine setting is rare (Williams and Grosholz, 2008). This makes prevention of the 
introduction and spread of NIS the primary management target for this pressure. As such, measures targeting 
the effects of NIS are not evaluated in the SOM analysis. However, the pressure affects a broad range of 
topics included in the SOM analysis. In the expert surveys on pressure-state linkages, this pressure could be 
selected as being significant to any of the state components and is thus included in the pressure-state 
assessment of the SOM analysis. No connection has been estimated between the pressure input of 
anthropogenic introductions and the effects of NIS in the SOM analysis due to the high uncertainty of the 
effects of a hypothetical NIS, i.e. it is difficult to know the average impact of a new NIS in the Baltic Sea as 
the effects vary considerably depending on the species. However, reducing the number of new NIS 
introductions is almost certain to reduce the future cumulative effects of NIS. 

 

 
1 Marine Strategy Framework Directive criteria D2C1 – Primary: The number of non-indigenous species 
which are newly introduced via human activity into the wild, per assessment period (6 years), measured from 
the reference year as reported for the initial assessment under Article 8(1) of Directive 2008/56/EC, is 
minimised and where possible reduced to zero. Member States shall establish the threshold value for the 
number of new introductions of non-indigenous species, through regional or subregional cooperation. 
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Figure 2. Schematic of the SOM analysis for non-indigenous species. The impacts of the pressure input 
(anthropogenic introductions of non-indigenous species) on the pressure (effects of non-indigenous 
species) have not been estimated within the SOM analysis. 

 

What are the reductions in pressure inputs from existing measures? Are measures sufficient 
in achieving GES? 
Table 2 shows the effects of existing measures in reducing anthropogenic introduction of NIS in the Baltic 
Sea. They are based on the activity-pressure contributions, effectiveness of measure types, links between 
existing measures and measure types, and projected development of activities. Both the activity-pressure 
data and the effectiveness of measures data are at the Baltic Sea scale, and thus the total pressure input 
reductions are presented at the Baltic Sea level. They account for the joint impacts across measure types and 
spatial multipliers which reflect the actual sea area where the pressure inputs can be reduced to avoid 
overestimating the reductions. 

The expected reduction in the anthropogenic introduction of NIS from existing measures is 17%, and based 
on the standard deviation, the certainty of this estimate is considered to be rather high. 

As the HELCOM GES threshold is set at no new introductions of NIS/CS to the Baltic Sea through human 
activities during a six-year assessment period, this would require that introductions are eliminated (reduced 
by 100%). This is not the case, as based on the results, 100% reductions in pressure inputs are not likely. 
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Table 2. Projected total pressure input reductions (%) of NIS from existing measures. The table depicts the 
most likely/expected total pressure input reduction, and standard deviation is given in parenthesis. 

Colour scale for the pressure reductions in percent (based on the expected value): 
0-10%, 10-20%, 20-40%, 40-60%, 60-100% 
Categories for the certainty of the pressure input reductions (based on the relative size of the standard 
deviation to the expected value):  
low: ○○●, moderate: ○●●, high: ●●● 

Pressure input 
 
Area 

Anthropogenic introduction of NIS 

Baltic Sea 17.1 
(4.2) ●●● 

 

 

How effective are measure types in reducing pressure inputs? 
This section presents the percent effectiveness of measure types in reducing anthropogenic introduction of 
NIS from a specific activity. Data on the effectiveness of measure types originate from expert surveys. 

In the following, percent effectiveness is presented per activity, pressure and measure type, and pooled over 
experts. The effectiveness estimates can be compared across measure types to assess, on average, how 
effective they are in relation to each other in reducing the pressure from the specific activities, or across 
activities to assess which measure type could be the most effective for each activity. 

Table 3 presents the most likely percent effectiveness and its standard deviation. Confidence in Table 5 
depicts the most common rating of expert’s confidence in their own responses to the effectiveness of 
measure types question. Annex 1 presents the distributions of the effectiveness of measure types in 
controlling the introduction of NIS for additional information. 

Table 3 shows that measure types for the pressure input anthropogenic introduction of NIS target four 
different activities, and each measure type can only reduce the pressure from a single activity. Most of the 
measure types are considered highly effective in reducing the introduction of NIS, with an effectiveness of 
over 45%. All the measure types to reduce introductions from activity transport – shipping ballast water have 
the effectiveness of over 60%. Full implementation of the Ballast Water Management Convention is the most 
effective one. Only four of the measure types have effectiveness between 20-40%, which all are for reducing 
introductions pressure from the activity transport – shipping infrastructure (canals). 
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Table 3. Effectiveness of measure types (%) in reducing the potential anthropogenic introduction of NIS. 
The effectiveness of a measure type is the percent reduction in the pressure resulting from a specific activity. 
The table depicts the most likely/expected effectiveness, and standard deviation is given in parenthesis. 

Colour scale for the effectiveness of a measure type in percent (based on the expected value):  
0-10%, 10-20%, 20-40%, 40-60%, 60-100% 
Categories for the certainty of the effectiveness estimate (based on the relative size of the standard 
deviation to the expected value):  
low: ○○●, moderate: ○●●, high: ●●● 

Activity 
 
 
Measure type 

Aquaculture – 
marine, 
including 
infrastructure 

Transport – 
shipping 
ballast 
water 

Transport 
– shipping 
biofouling 

Transport – 
shipping 
infrastructure 
(canals) 

Full implementation of the Ballast Water 
Management Convention  

NA 67.6 
(23.3) ○●● 

NA NA 

Strict enforcement of compliance with the Ballast 
Water Management Convention through increased 
frequency of sampling and analysis of ballast water 
as part of port State control inspections 

NA 63.8 
(26.6) ○●● 

NA NA 

More stringent technical requirements and 
standards for ballast water and sediment 
management on ships 

NA 65.1 
(24.1) ○●● 

NA NA 

Enforce installation and maintenance of anti-
fouling systems 

NA NA 60.8 
(20.7) ○●● 

NA 

Regionally harmonized in-water cleaning 
regulations 

NA NA 61.2 
(22.7) ○●● 

NA 

Adoption and implementation of a HELCOM 
Roadmap on Biofouling Management 

NA NA 51.3 
(24.2) ○●● 

NA 

Perform in-water inspections of ships' hulls for 
ships arriving from high risk areas prior to entering 
the Baltic. Take necessary action if NIS are 
identified (denying port access, requiring in-water 
cleaning of hull, dry-docking etc.) 

NA NA 52.2 
(16.7) ○●● 

NA 

Require hull niche areas to be free of biofouling NA NA 51.9 
(18.2) ○●● 

NA 

Implementation of biofouling management plan 
and biofouling management record book for ships 

NA NA 50.8 
(14.5) ●●● 

NA 

Risk assessment based in-water cleaning 
procedures 

NA NA 61.2 
(17.9) ●●● 

NA 

Mandatory hull cleaning en route NA NA NA 55.0 
(15.2) ●●● 

Mandatory ballast water treatment en route 
(canals) 

NA NA NA 49.8 
(18.0) ○●● 

Acoustic deterrents NA NA NA 26.9 
(16.4) ○○● 

Salinity barriers NA NA NA 35.3 
(19.9) ○●● 

Electrified barriers NA NA NA 28.8 
(18.5) ○○● 

Lock and dam operation optimized to minimize 
upstream-downstream mixing  

NA NA NA 32.7 
(16.6) ○●● 

Tighten restrictions for aquaculture management 
(transportation between facilities/prevent escapes 
etc) 

47.1 
(17.9) ○●● 

NA NA NA 
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Activity 
 
 
Measure type 

Aquaculture – 
marine, 
including 
infrastructure 

Transport – 
shipping 
ballast 
water 

Transport 
– shipping 
biofouling 

Transport – 
shipping 
infrastructure 
(canals) 

Mandatory and rigorous NIS risk assessments prior 
to introduction of new fish stock (e.g. stock escape, 
parasites, etc) 

52.2 
(17.2) ○●● 

NA NA NA 

Require rigorous invasion risk assessment before 
any potential NIS is allowed for importation 

57.6 
(15.4) ●●● 

NA NA NA 

Confidence Moderate Moderate Moderate Moderate 
Number of experts 15 15 14 15 

 

Which activities contribute to pressure inputs? 
Table 4 shows the contribution of activities to the anthropogenic introduction of non-indigenous species. A 
data-based approach was used to estimate the activity-pressure linkages, and data have been gathered from 
the AquaNIS database on reported vectors of introduction for all primary introductions into the Baltic Sea in 
2005-2016. Where multiple potential pathways were indicated in the database, the introduction was divided 
equally between each activity. 

Altogether five different activities are identified to contribute to the anthropogenic introduction of NIS. 
Majority of the contribution originates from transport – shipping ballast water (35%), activities and sources 
outside the Baltic Sea Region (29%) and transport – shipping biofouling (21%). The other two activities, 
namely aquaculture – marine, including infrastructure, and transport – shipping infrastructure (canals), each 
contribute less than 8% to the pressure.  

Table 4. Activity-pressure contributions (%). The activity-pressure contributions show the percentage share 
the activity contributes to the pressure input (anthropogenic input of NIS). The table depicts the most 
likely/expected contribution (%), and standard deviations are given in parenthesis.  

Colour scale for the activity-pressure contribution in percent (based on the expected value):  
0-10%, 10-20%, 20-40%, 40-60%, 60-100% 
Categories for the certainty of the activity-pressure contribution (based on the relative size of the standard 
deviation to the expected value):  
low: ○○●, moderate: ○●●, high: ●●● 

Anthropogenic 
introduction of 
NIS 

Aquaculture – 
marine, including 
infrastructure 

Activities and 
sources outside 
the Baltic Sea 
Region 

Transport – 
shipping ballast 
water 

Transport – 
shipping 
biofouling 

Transport – 
shipping 
infrastructure 
(canals) 

Whole Baltic 
Sea 

7.4 
(2.0) ●●● 

28.9 
(4.4) ●●● 

35.4 
(4.3) ●●● 

21.2 
(4.1) ●●● 

7.2 
(3.4) ○●● 

 

 

Background of respondents 
For non-indigenous species, an expert survey was conducted to assess the effectiveness of measure types. 
Altogether 13 survey responses with 15 contributing experts were received. One of the answers was a group 
response, with three contributing experts. The number of experts contributing to the NIS effectiveness of 
measures survey by country is shown in Table 5. 
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Table 5. Number of experts contributing to the NIS survey 

Survey  DE DK EE FI LT LV PL RU SE Total 
Effectiveness of measures 4 2 1 2 - 2 1 - 3 15 

 

The experts participating in the effectiveness of measures survey had very diverse backgrounds, covering 
fields such as marine biology, monitoring, law, NIS, pollution prevention, and aquatic science. One third of 
the experts had either 5-10 years or 10-20 years of experience (each), while 13% had over 20 years or 3-5 
years of experience (each) (Table 6). Experts represented research institutions, state agencies, ministries, 
and environmental institutions.  

Table 6. Years of experience in the field for the NIS surveys 

 Effectiveness of measures 
Years Number of experts Share of experts 
0-2 years 1 7 % 
3-5 years 2 13 % 
5-10 years 5 33 % 
10-20 years 5 33 % 
over 20 years 2 13 % 
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Annex 1. Supplementary results for effectiveness of measures 
 

Table A1. Distribution of the effectiveness of measure types in controlling the potential anthropogenic 
introduction of NIS. The effectiveness of a measure type is the percent reduction in a pressure resulting from 
a specific activity. Effectiveness values are presented as a probability distribution of effectiveness from 0% to 
100% effective. The dashed line represents the expected value. 

 

Pressure:   Anthropogenic introduction of NIS 

Activity:   Transport – shipping ballast water 

Measure type:   82: Full implementation of the Ballast Water Management Convention  

84: More stringent technical requirements and standards for ballast water and 

sediment management on ships 

83: Strict enforcement of compliance with the Ballast Water Management 

Convention through increased frequency of sampling and analysis of ballast water 

as part of port State control inspections 

 

 

Pressure:   Anthropogenic introduction of NIS 

Activity:   Transport – shipping biofouling 
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Measure type:  86: Regionally harmonized in-water cleaning regulations 

   91: Risk assessment based in-water cleaning procedures 

85: Enforce installation and maintenance of anti-fouling systems 

88: Perform in-water inspections of ships' hulls for ships arriving from high risk 

areas prior to entering the Baltic. Take necessary action if NIS are identified 

(denying port access, requiring in-water cleaning of hull, dry-docking etc.) 

   89: Require hull niche areas to be free of biofouling 

87: Adoption and implementation of a HELCOM Roadmap on Biofouling 

Management 

90: Implementation of biofouling management plan and biofouling management 

record book for ships 

 

 

Pressure:   Anthropogenic introduction of NIS 

Activity:   Transport – shipping infrastructure (canals) 

Measure type:  92: Mandatory hull cleaning en route 

   93: Mandatory ballast water treatment en route 
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   95: Salinity barriers 

97: Lock and dam operation optimized to minimize upstream-downstream mixing  

   96: Electrified barriers 

   94: Acoustic deterrents 

 

 

Pressure:   Anthropogenic introduction of NIS 

Activity:   Aquaculture – marine, including infrastructure 

Measure type:  100: Require rigorous invasion risk assessment before any potential NIS is allowed 

for importation 

99: Mandatory and rigorous NIS risk assessments prior to introduction of new fish 

stock (e.g. stock escape, parasites, etc.) 

98: Tighten restrictions for aquaculture management (transportation between 

facilities/prevent escapes etc.) 
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