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Background 
Theme 1 of the HELCOM TAPAS project develops further the Baltic Sea Pressure Index (BSPI) and the Baltic 
Sea Impact Index (BSII)1,2 for application in HOLAS II. The development concerns improving the spatial and 
temporal relevance of the assessment of cumulative pressures and impacts, as well as improving the 
estimates of ecosystem sensitivity to the pressures.  

The first HELCOM TAPAS Workshop on the HOLAS II Pressure and Impact Index (HELCOM TAPAS Pressure 
Index WS 1-2016) evaluated the planned approach to assess human activities, pressures and impacts in 
HOLAS II. The WS recommended that the spatial extent of pressures should be based on literature evidence 
and supported by information from an expert survey (see documents 5 and 6). The WS also recommended 
that seasonal or intermittent pressures should be reflected in the pressure intensities. This document 
presents the development of the spatial and temporal issues and presents also results of two case studies 
with the new methods. 

 

The workshop is invited to: 

- consider the proposed improvements to the method and recommend as appropriate, 
- take note of the case study results, and  
- advise the project to finalize the BSPI/BSII assessment methodology. 

 

 

  

                                                            
1 HELCOM (2010) Ecosystem Health of the Baltic Sea: HELCOM Initial Holistic Assessment. Baltic Sea Environment Proceedings 122. 
Available at: http://www.helcom.fi/stc/files/Publications/Proceedings/bsep122.pdf 
2Korpinen, S., Meski, L., Andersen, J.H. and Laamanen, M. (2012). Human pressures and their potential impact on the Baltic Sea 
ecosystem. Ecological Indicators 15:105-114.  

https://portal.helcom.fi/meetings/HELCOM%20TAPAS%20Pressure%20Index%20WS%201-2016-329/Related%20Information/Outcome%20of%20HELCOM%20TAPAS%20Pressure%20Index%20WS%201-2016.pdf
https://portal.helcom.fi/meetings/HELCOM%20TAPAS%20Pressure%20Index%20WS%201-2016-329/Related%20Information/Outcome%20of%20HELCOM%20TAPAS%20Pressure%20Index%20WS%201-2016.pdf
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Introduction 
The Baltic Sea Pressure index (BSPI) and the Baltic Sea Impact index (BSII) were first applied in the initial 
HELCOM holistic assessment of ecosystem health (HELCOM 2010a)1, building on concepts described by 
Halpern et al. (2008)3. The methods that were applied are described in HELCOM (2010b)4 and Korpinen et al. 
(2012)1. The concepts were subsequently developed further for the eastern parts of the North Sea by the 
HARMONY project5, which has developed a HARMONY Pressure & Impact Mapper software6. The same 
methodology has also been used in the Mediterranean and the Black Sea7. 

The Baltic Sea Impact Index (BSII) is based on georeferenced data sets of human activities, pressures and 
ecosystem components, and on sensitivity estimates of ecosystem components (so-called sensitivity scores) 
that combine the pressure and ecosystem component layers. The scores estimate the potential impact of 
each assessed pressure on specific ecosystem components.  

The Baltic Sea Pressure Index (BSPI) assesses the anthropogenic pressures/human activities in the defined 
assessment units without including ecosystem components. It however includes a weighting component in 
order to grade the effect of the pressures on the ecosystem in a generalized perspective.  

HOLAS II 3-2015 agreed that the indices and key concepts used by HELCOM (2010a) should be used for 
assessing cumulative pressures and impacts from multiple human activities in HOLAS II, but that they should 
be developed further.  

Basic structure of the indices 
The method applied for global assessment in 20083 relied on spatial data layers of various ecosystem 
components (habitats, species) and anthropogenic pressures and linked these together by so-called 
sensitivity scores, which transform the pressures to potential impacts on specific ecosystem components. 
The BSII method follows the same approach. In the initial HOLAS (HELCOM 2010a) the sensitivity scores were 
estimated by expert judgment. In the HOLAS II assessment, increased emphasis will be given to evidence 
from scientific literature (see document 5).  
 
For the BSII, each pressure – ecosystem component pair within an assessment unit is multiplied by their 
specific sensitivity score and the total results for all pairs are summed together. If a certain ecosystem 
component does not exist in the assessed grid cell, the result will be zero and will not affect the index score. 
A grid cell may include several ecosystem components. Hence, the assessment will result in an increase of 
the index score in areas of high biodiversity.  

The BSPI of the initial HOLAS II (HELCOM 2010) is relatively more simplified. By this method, only cumulative 
pressures are assessed, whereas ecosystem components are not included in the calculation. The pressures 
are, however, weighted by average scores from the BSII in order to get a more balanced view of their 
significance to the marine environment.   

 

                                                            
3 Halpern, B. S., S. Walbridge, K. A. Selkoe, C. V. Kappel, F. Micheli, C. D'Agrosa, J. F. Bruno, K. S. Casey, C. Ebert, H. E. Fox, R. 
Fujita, D. Heinemann, H. S. Lenihan, E. M. P. Madin, M. T. Perry, E. R. Selig, M. Spalding, R. Steneck, and R. Watson. 2008. A Global 
Map of Human Impact on Marine Ecosystems. Science 319:948-952. 
4 HELCOM, 2010. Towards a tool for quantifying anthropogenic pressures and potential impacts on the Baltic Sea marine environment: 
A background document on the method, data and testing of the Baltic Sea Pressure and Impact Indices. Balt. Sea Environ. Proc. No. 12 
5 Andersen, J.H. and Stock, A. (eds.), Heinänen, S., Mannerla, M. and Vinther, M. (2013). Human uses, pressures and impacts in the 
eastern North Sea. Aarhus University, DCE – Danish Centre for Environment and Energy. Technical Report from DCE – Danish Centre 
for Environment and Energy No. 18. 134 pp. 
6 Stock, A. (2016). Open Source Software for Mapping Human Impacts on Marine Ecosystems with an Additive Model. Journal of Open 
Research Software, 4: e21, DOI: http://dx.doi.org/10.5334/jors.88 
7 Micheli, F., B. S. Halpern, S. Walbridge, S. Ciriaco, F. Ferretti, S. Fraschetti, R. Lewison, L. Nykjaer, and A. A. Rosenberg. 2013. 
Cumulative Human Impacts on Mediterranean and Black Sea Marine Ecosystems: Assessing Current Pressures and Opportunities. 
PLoS ONE 8:e79889 

https://portal.helcom.fi/meetings/HOLAS%20II%203-2015-258/MeetingDocuments/Outcome%20of%20HOLAS%20II%203-2015.pdf
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New development to the BSPI and BSII method since HOLAS I 
1 Impact chains from activities to pressures and impacts 
Already in the first HELCOM TAPAS pressure index workshop, the data sets were presented based on the 
ongoing review and tentative revision of MSFD Annex III. Based on the lists of human activities and pressures, 
HOLAS II has identified data sets of special relevance to include in the Baltic Sea regional assessment (See 
Annex 1 in Document 3 of this workshop. In addition, the BalticBOOST WP3.3 made a compilation of the links 
between human activities, pressures and impacts, based on the outcomes of several research projects. The 
linkages are referred to as impact chains8. In the HOLAS II assessment of activities, pressures and impacts, 
these chains allow a flexibility to perform assessments for different purposes (e.g. an assessment of pressures 
stemming from a selected activity, or activities that could potentially be related to a certain pressure). This 
functionality was not present in the initial HOLAS assessment (HELCOM 2010), but can now be included 
through the impact chains. 

2 Development of the spatial extent of pressures 
Many of the data layers used show the location of human activities but they do not by that give the spatial 
distribution of pressures stemming from that activity. To represent the resulting pressures in a more realistic 
way, the TAPAS project, supported by the BalticBOOST project (WP3.1) has made a literature study of the 
spatial extents of pressures from different sources. This will be further supported by the TAPAS expert survey 
(document 7). In addition, for pressures that diminish at increasing distances from their source, the spatial 
representation of the pressures needs to incorporate the correct form of this decline. Information on the 
form is primarily taken from scientific literature but is also included in the TAPAS expert survey. The survey 
will ask this for each of the pressures, as a multiple choice between four forms of decline (see document 7).  

For the spread of waterborne inputs (nutrients and contaminants) to the sea, there is ongoing work to 
evaluate the usability of satellite based information on spring-time estuarine plumes (data available from the 
Finnish Environment Institute). Test results will hopefully be available by the workshop. 

Proposals on how to take into account spatial extent of specific pressures is provided in Annex 1 (Table 1, 
column D).  

3 Adding the effects of seabed exposure and water depth 
The effects of water depth or seabed exposure on pressure intensity have not been included in previous 
assessments of cumulative impacts, even though they influence the pressure intensity in many cases. This 
does not apply to all pressure types, but may have significant consequences on the extent on some pressures. 
The approach was recently tested for the Finnish Archipelago Sea9. Accounting for depth and seabed 
exposure in the index formula is not difficult: one can for example add a simple attenuation curve (unless of 
course, better information is available) to the relevant pressures. In practice, the effects of these variables 
can be included in each pressure data layer based on the assumed form of decline (see above) of the pressure 
with depth or with seabed exposure. This has not yet been implemented for the HOLAS II pressure data 
layers, but the TAPAS project recommends that some precautionary ‘weighing’ of pressures should be carried 
out in order to make the pressure data layers more realistic. A proposal for this is presented in Annex 1, Table 
2. 

                                                            
8 Knights, A., Koss, R.S. and Robinson, L. (2013). Identifying common pressure pathways from a complex network of human activities to 
support ecosystem-based management. Ecological Applications 23: 755-765. 
9 Sahla, M. 2015, Sensitivity and the gaps of knowledge for cumulative human pressure modelling in the Archipelago Sea. MSc Thesis, 
95 p., 3 app. University of Turku, Faculty of Mathematics and Natural Sciences, Department of Geography and Geology. [Summary in 
English]. 
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4 Proposal for temporal aspects in pressure data 
Temporal detail may be added in the data processing, by designing the spatial data sets so that they more 
accurately represent seasonally relevant or intermittent pressures. The simplest approach is to consider of 
there is additivity of the pressures over time; for pressures that last long (e.g. loss of a habitat) assessment 
values will be the accumulated value for all years during the entire assessment period (2011-2016), whereas 
for more temporary pressures assessment values are annual averages over the assessment period. The 
proposals are being considered by the Secretariat in the production of spatial pressure data sets on which to 
build the BSII. The proposed solutions will be presented in the technical fact sheets which are gradually 
uploaded as they are finalized and subjected to review and approval by the countries. Proposals on how to 
take into account this temporal aspect is provided in Annex 1 (Table 1, column B). 

Also the ecosystem components – species or habitats – can cause temporal issues to the index. For instance, 
seasons can affect the sensitivity of species and habitats: 

− during the breeding time a species may be highly affected by pressures occurring near the breeding 
area, whereas the impact may be smaller during other times of year; 

− annual vegetation in shallow areas may be more sensitive to pressures during the growth season 
than during the resting stage. 

The TAPAS project proposes that the sensitivity scores should take into account whether a pressure takes 
place outside the critical season, e.g. the breeding season. An analysis of such cases can be performed case 
by case and it is anticipated that the HELCOM HOLAS II pressure data (being on annual level) does not always 
allow data-driven analysis of this.  

Furthermore, the HOLAS II assessment should also differentiate those pressures that occur over the year but 
are not continuous (e.g. seabed disturbance by shipping) from those which occur continuously around the 
year (nutrient inputs). The recommendation from the TAPAS project is to include this information into the 
pressure data layers and not to the index. The TAPAS recommendation is given in Section 5 (‘Solutions for 
estimating pressure magnitudes’).  

 

5 Solutions for estimating pressure magnitudes  
The HELCOM BalticBOOST Workshop on Physical loss and damage to the seafloor (June 2016, Copenhagen) 
discussed the potential problem of unbalance in the magnitude of the different pressures, and the biases this 
may cause to a cumulative impacts assessment. For example, shipping causes a certain amount of 
resuspension of sediment (causing physical disturbance). According to the 2010 BSII method this activity is 
quantified on the basis of the ship traffic and the resulting pressure scale is normalized to 0-1 scale. The same 
pressure (physical disturbance) is also caused by dredging and the pressure scale is based on the amount of 
dredged material and then normalized to the 0-1 scale. As a result, both activities result in a pressure which 
is expressed on the same scale although in reality the magnitudes of the pressures are different (i.e. dredging 
causes much higher turbidity). In the British and French benthic impact indicators 10,11, this bias has been 
widely discussed and they have suggested so-called benchmarking of pressures when estimating habitat 
sensitivity. In this approach, the pressure is divided to different ‘sub-pressures’ which are quantified by the 
same metrics in each case (e.g. for surface abrasion: disturbance of the sediment to <2 cm depth). The 
approach is, however at the moment, limited to the benthic impacts. For the HOLAS II BSII, an interim solution 

                                                            
10 Tillin, H.M., Hull, S.C. and Tyler-Walters, H. (2010). Development of a Sensitivity Matrix (pressures-MCZ/MPA features). Report to the 
Department of Environment, Food and Rural Affairs from ABPMer, Southampton and the Marine Life Information Network (MarLIN) 
Plymouth: Marine Biological Association of the UK. .Defra Contract No. MB0102 Task 3A, Report No. 22. 
11La Rivière, M., Aish, A., Gauthier, O., Grall, J., Guérin, L., Janson, A.-L., et al. (2016). Assessing benthic habitats’ sensitivity to human 
pressures: a methodological framework – Summary report. Rapport SPN 2016-87. MNHN. Paris, 42 pp.  

https://portal.helcom.fi/meetings/BalticBOOST%20Theme%203%20WS%201-2016-362/MeetingDocuments/Outcome%20of%20BalticBOOST%20Theme%203%20WS%201-2016.pdf
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is needed before the more detailed benchmarking can be applied to a wider set of pressures. The TAPAS 
project proposed a three-step procedure: 

- When aggregating spatial data sets, human activities causing the same pressure are ranked according 
to the magnitude of the pressure they are causing. This ranking can be made on the basis of the 
literature review by BalticBOOST WP3.1 (results to be presented at the BalticBOOST Theme 3 WS in 
October 2016); 

- The ranked activities (per pressure) are classified to 3-5 categories expressing the magnitude of the 
pressure. The categories are defined as percentages of the highest category (=maximal occurring 
pressure) based on the literature; 

- The percentages are used as weights for each of the activities when shaping the pressure layers. 
 

The proposed approach increases the reliability of the BSII method, even though it is not as precise as an 
approach where identical metrics are used. The BalticBOOST literature review gives, however, a good basis 
for understanding the relative scales of pressures and their impacts from different activities taking place at 
the sea. The review is not yet ready but will be presented in the HELCOM BalticBOOST Theme 3 workshop in 
October 2016. At the moment, it is recognized that this approach would be useful for the pressures ‘physical 
disturbance’ and ‘disturbance of species due to human presence’, and it may be needed also for the ‘inputs 
of hazardous substances’. The workshop is invited to consider the three steps above and advise the TAPAS 
project how to finalize the method.  

Figure 1 presents how five human activities causing physical disturbance to sea bed have been ranked 
according to their magnitude of the pressure. Figure 2 shows how these five human activities are placed to 
five categories and each of the categories represent the maximum magnitude a pressure can get from that 
activity. The highest category (>80-100%) means that the pressures from these activities are considered in 
their full intensity (i.e. not weighted down). The second highest category (>60-80%) means that the pressure 
intensities are down-weighted by multiplying the intensities by 0.8. The lower categories are treated 
respectively. 

 

 

 

                      

 

Figure 1. Schematic presentation of the ranking 
of human activities for the pressure ‘Physical 
disturbance of the sea bed’ (not yet based on real 
analyses) 

 

Category Human activity 
>80-100% Bottom-trawling 

fishery 
Capital dredging 

>60-80% Disposal of 
dredged matter 
Sand extraction 

>40-60%  
>20-40% Shipping 
>0-20%  

 

Figure 2. Categorizing the ranked human 
activities in Fig 1. The maximum %-score of each 
category is used as a weighting factor when 
integrating the data layers.
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Test results from the TAPAS BSII case studies 
In the TAPAS project, case studies with the proposed methodological changes (1-5, described above) were 
carried out. The first case study was made for a small area outside the city of Helsinki, Finland, by using two 
different data sets: a local data set with more detailed information on pressures and ecosystem components, 
and using subsections of regional data compiled for the HELCOM HOLAS II. In addition to evaluating the 
proposed methodological changes, the purpose of this case study was to compare the assessment results for 
the two different data sets. The local scale of the case study also makes it more convenient to assess the 
effects of the methodological improvements to the layers (spatial and temporal aspects, evaluations of the 
pressure magnitudes). The case study will be presented at the next meeting of State and Conservation. 

The second case study covers the entire Baltic Sea and was made with the HELCOM data set. The case study 
is described in more detail in Annex 2. 

 

Recommendations from the TAPAS project for the HOLAS II assessment 
The recommendations are numbered similarly as the development points in the document text. 

1. Impact chains between human activities, pressures and impacts are produced based on a linkage 
framework. 

2. Spatial extents of pressures from their sources are based on literature review and the expert survey, 
see documents 5 and 6 and Annex 1 (Table 1, column D). 

3. Water depth and seabed exposure are taken into account when estimating pressure intensities. 
Pressures affected by these factors are listed and reduction thresholds will be developed (Annex 1, 
Table 2). 

4. Temporal aspects: 
a. An analysis of seasonal overlap is made; if a pressure and a given ecosystem component do 

not occur during the same time of year, the impact cannot be expected.  
b. Accumulation of pressures is taken account of by summing the pressure occurrences over 

the assessment period. 
5. The contribution of different human activities to a pressure should be weighted based on their 

magnitude (section 5). This takes also account of the unbalance in frequency of the human activities. 

 

Annexes 
- Annex 1: Development of the Baltic Sea Impact Index methodology 
- Annex 2 Case study 1: Baltic Sea Impact Index in the Baltic Sea 
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