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Background 
In a project funded by the German Environment Agency (UBA) we developed a concept for assessing 
cumulative effects with regard to the Marine Strategy Framework Directive. In this context, an online tool 
was developed for the analysis of literature data and for the visualization of assessment results. The tool 
LiACAT has been presented to HOLAS II and the TAPAS project at previous meetings and can be used in the 
context of HOLAS II assessments. The tool facilitates the analysis of relationships between anthropogenic 
pressures and ecosystem components and visualises the complex network of interactions and relationships. 
The quantification of the strength of effects depends on the intensity and/ or exposure time of the pressures. 
The analysis is literature based and can be used in combination with expert knowledge for the calculation of 
impact scores for the assessment and the BSII. 
 
This document contains an overview of the Literature Analysis and Cumulative Assessment Tool (LiACAT and 
proposed options for application of the method for the BSII. 
 

 

Action required 

The workshop is invited to  

- discuss how sensitivity scores from the expert survey (document 5) and the modelling results can 
be merged 

- contribute to the literature analysis and use the LiACAT tool in Baltic Sea assessments 
- give feedback on the proposed filter and grouping structure for the Sankey diagram (Annex 1) 
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Overview – Literature Analysis and Cumulative Assessment Tool (LiACAT)  
 
The overall aim to improve the environmental status of the marine environment can be much easier achieved 
when we have a better understanding of how the anthropogenic pressures influence the ecosystem 
components. The impact one pressure has on the environment can be split up into different levels biological 
levels, which can be investigated (Figure 1). We will then also get a better idea of their effects on the 
ecosystem as a whole. LiACAT helps to summarise what we already know about the effects and relationships 
on those different levels and to reveal knowledge gaps. Furthermore, analyses will be made with the tool to 
estimate the strength of the impact on the ecosystem components. 
 
 
 

 
Figure 1: Assessment of the environmental impact of anthropogenic pressures. ESC = ecosystem component 
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Literature data input 
 
As a first step, literature needs to be collected and entered into the database. Apart from basic bibliographic 
data, literature data input comprises data about the relationships between pressures and ecosystem 
components as well as data about the intensities of the pressures, exposure times, the strengths of the 
observed effects (in % increase or decrease of a certain variable), and tolerance values. These type of data 
are entered in a module called ‘relationships editor’ and serve as a basis for graphical visualisations. Here, 
data about environmental as well as lab conditions and statistical data can also be entered. This data can 
help to evaluate the applicability of the literature for the Baltic Sea and will also be needed for later 
uncertainty analyses. Figure 2 shows the respective input module (‘assessment relationship editor’) of 
LiACAT: 
 
 

 

 
  
Figure 2: Assessment relationships editor of LiACAT 

In addition, raw data are extracted from graphs showing relationships between pressures and ecosystem 
components or for relevant pathways with a built-in freeware tool (WebPlotDigitizer, Figure 3) in order to 
retrieve quantitative data. These extracted raw data are saved as tables, and can be combined in a special 
application called ‘sheets’. If needed, additional information can be added here as well.  
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Figure 3: WebPlotDigitizer in LiACAT 

 
In combination with the data from the ‘relationships editor’, the extracted data from the graphs is used for 
the development of a mathematical network model representing the pathways and impact chains. This 
model is also used to calculate impact scores: Wherever data are available, a model for each of the 
relationships is selected (linear model, unimodal model etc.) and the corresponding parameters are defined. 
In case of very sparse data, available data from other similar organisms and biological expert knowledge will 
be needed to fill the gaps. The network offers predefined types of pressures driving the system as well as 
predefined end points for the different ecosystem components. As a consequence, the results of the analyses 
of the different ecosystem components become comparable. Results will then be normalised with the 
corresponding quantified values of environmental targets or reference values in order to provide a better 
comparison with other indices. The results are usually expressed as index values between zero and one but 
can also be transformed, so that they are comparable with the results of the expert questionnaires. With 
regard to the BSII, it is important to use the same structure (the same pressures and ecosystem components) 
for the model and the expert questionnaires so that the results are comparable.  In contrast to the expert 
questionnaires, where a mean value for the intensity of the pressure in the Baltic Sea is used as a basic 
assumption, the model result of the impact score depends on the stressor intensity in the environment and 
thus, provides information that is more detailed. Due to this flexibility, the model can not only be used to 
calculate impact scores but also for testing scenarios by manipulating the input value for the intensity or 
temporal exposure time of the pressure1. In this way, the development of management plans can be 
supported by testing pressure reductions and predicting the resulting effectiveness.  
 
Assessment toolkit 
 
After collecting sufficient data, the user can start to get a better overview of the data. Within the ‘assessment 
tool’ module it is possible to define topics and a scene of interest and then select a subset of the entered 
data. Filter options include the selection of species as well as topics from a predefined tag list. This tag list 
consists of a tree-structure with topics related to the project. In our case, the tag-list consists of the pressures 
listed in the MSFD and eventually an underlying structure, different main topics for possible effects, habitat 
classifications, species groups and main methods. During the literature-input procedure, a tagging of the 
references has to be carried out in order to get the filter option in the ‘assessment toolkit’ functional. 

                                                           
1 The model will first run on a local computer with a specialised program. However, at a later stage of the 
project, it will be implemented and be directly online available with LiACAT. 
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Based on the selection the user gets a list with ‘environs’ (an environ is one part of a relationship, which was 
entered in the relationships editor) and select the ones of interest. In the next step, the corresponding 
relationships, which should be considered in the analysis, are chosen. With this data, a Sankey diagram will 
be generated and display all relevant relationships, interactions and pathways related to the topic (Figure 4). 
A new function, which is currently under development, will also make it possible to zoom into and out of the 
Sankey diagram, so that the user can see as many details as needed (Figure 5).  
 
 

 
 
Figure 4: Sankey diagram of environmental relationships in LiACAT 

 

 
 
Figure 5: Zoomed-in Sankey diagram with environs 

 
Matrix 
 
In a further step, the data of the effects and relationships can be summarized in a matrix, where an index for 
the cumulative effects can be calculated. If an ecosystem component is exposed to different kinds of 
pressures, enhanced effects can occur, which means that the overall effect could be more severe as it would 
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be predicted by simply summing up the effects of the single pressures assuming no interactions. In short, 
interaction factors between two stressors are extracted from the literature and weighted by the intensity of 
occurrence in the environment. Within this procedure, it is assumed that the higher the concentration of a 
stressor in the environment is, the stronger will it influence the effect of another stressor. An effect can be 
increased or mitigated by the occurrence of another stressor. Such kind of information is so far not integrated 
in the BSII, although exactly these cumulative effects can have a high ecological relevance. The index can 
serve as additional information and indicate if the specific composition of occurring pressures in a given area 
is particularly detrimental for the species of interest. Figure 6 visualises the respective workflow: 
 
 

 
 
Figure 6: Scheme of the workflow for the first steps of the cumulative analysis 

 
Geographical toolkit 
 
Besides the analyses describe before, it is also possible to upload geographical data as shown here for the 
blue mussel (Figure 7 and Figure 8). Furthermore, interpolation methods can be used to get soft borders 
between the monitoring stations, which was tested here with monitoring data for cadmium (Cd) as an 
example for stressor data. Later on, it will also be possible to perform analyses on a spatial level. However, 
the geographical module is still under development. 
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Figure 7: Locations of blue mussel banks along the North Sea coast of Lower Saxony, Germany 

 

 
 
Figure 8: Contour plot of monitoring data of cadmium in blue mussels south of the island Norderney 

 

 
Options for the application of the method for the BSII  
 
The analytical processes carried out within LiACAT can be used for the BSII in different ways: 

 
- The results of the analyses can be transformed and used complementary to the results of the expert 

questionnaires for selected ecosystem components and thus, can provide more detailed maps 
considering also the intensity of the relevant pressures and/ or the exposure time.  

- Results from literature analyses and modelling can also be combined for the BSII. This could be seen 
as a fine-tuning of the BSII because it would make the BSII more sensitive to pressure intensities.  

- If a sufficient number of analyses for pressures and ecosystem components is carried out, a ranking 
of pressures can be defined based on the model results for the given environmental condition and 
statistical tests. This would give a scientifically sound basis for a weighting of the most relevant 
pressures in the Baltic Sea. 
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- This ranking can also be compared with the ranking of the pressures with the expert judgments from 
the questionnaires by comparing the indices. This would allow a check for inconsistencies to be 
discussed. 

- The visualisation of the literature being available for the relevant relationships with regard to the 
MSFD gives a good overview. In particular, the Sankey diagram allowing to zoom into details of the 
analysis without losing information is very helpful for the understanding of the complex 
relationships. In addition, the system provides traceability of the origin of all information used for 
the assessments, which enhances the reliability of the analyses. 

- LiACAT can also be used to detect knowledge gaps and highlight pathways and relationships, which 
have not yet been fully understood. 

- If a lot of data is available, it will be possible to conduct meta-analyses in order to evaluate the 
statistical relevance of a certain pressure on an organism.  

- Management options can be tested by manipulating the intensities of the pressures and be used to 
calculate hypothetical scores or different scenarios. 

 
 

Summary of the status of the practical tests of the method 
 
Example Seagrass meadows 
 
For seagrass meadows, more than 30 papers have been used so far to extract relevant information and data 
about relationships. This data will serve as a basis for the model development. The following most relevant 
pressures and environmental variables driving the health of seagrasses have been identified on the basis of 
the literature analysis:  
 

- Fishing, including also dredging for blue mussels 
- Hydrological changes including changes of salinity and temperature but also changes of velocity and 

water exchange 
- Eutrophication-related pressures such as nutrient enrichment, increased hydrogen sulfide 

concentrations and other 
- Pressures related to disturbances of the seabed, such as turbidity, mechanical damage, siltation, 

resuspension, dredging and filling, burial, and erosion 
- Oil spills 
- Hazardous substances 
- Biological disturbances and changes in species composition 
- Leisure boat harbours with uncontrolled anchoring 
- Shipping 
- Acidification 
- Desiccation 
- Biogeochemical alterations  

 
A Sankey diagram has been generated based on a subset of data and will be refined before the meeting. In 
many cases the effects of the pressures can be quantified for different pressure intensities. However, for a 
model construction some assumptions have to be made and there are still some knowledge gaps. Figure 9 
shows an extraction of the network of relationships, this gives an example of the pathways influencing the 
health of seagrass meadows: 
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Figure 9: Network of relationships having an influence on the seagrass meadows 

 
Blue mussels 
 
For blue mussels, data availability was comparably good as well, not only for data derived from laboratory 
experiments but also for monitoring data. In particular, many interaction effects between heavy metals, 
temperature changes and acidification could be analysed. Therefore, the blue mussel proved as a suitable 
species to test the matrix method and to evaluate interaction effects. Furthermore, the influence of exposure 
time had been considered in many publications. Using this information, it was possible to build a dynamic 
model with a temporal component that can be used to test the influence of different pressures on the 
population dynamics of blue mussels. 
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Annex 1 

Proposed structure for grouping of the Sankey diagram and the filter structure 

Effects 

- development 

- physiological effects 

o cardiorespiratory system 

o circulatory system 

o digestion 

o energy budget 

o excretory system 

o homeostasis (others) 

o immune system 

o nervous system 

o osmoregulation 

o pH regulation 

o photosynthesis 

o respiratory system 

o skeleto-muscular system 

o skin and integumentary system 

o thermoregulation 

o transport system (in general) 

o uptake or accumulation 

o other physiological effects 

- growth 

- reproduction 

o endocrine system 

o reproductive system 

- mortality 

- biodiversity/ community effects 

o signaling 

o species interactions 

o temporal shifts of events and processes 

- other effects 

o effects on behaviour 

o gene expression 

o genetics 

o morphology 

o perception 

o spatial distribution or transport 

o stability of the physical structure of the organism 

o stoichiometry 

Habitats  

- gravel bottoms with Ophelia species 

- Mytilus edulis beds 

- Sabellaria spinulosa reefs 

https://kladia.info/klados/klados.php?viewid=2&run=tip40
https://kladia.info/klados/klados.php?viewid=2&run=tip40
https://kladia.info/klados/klados.php?viewid=2&run=tip40
https://kladia.info/klados/klados.php?viewid=2&run=tip40
https://kladia.info/klados/klados.php?viewid=2&run=tip40
https://kladia.info/klados/klados.php?viewid=2&run=tip40
https://kladia.info/klados/klados.php?viewid=2&run=tip40
https://kladia.info/klados/klados.php?viewid=2&run=tip40
https://kladia.info/klados/klados.php?viewid=2&run=tip40
https://kladia.info/klados/klados.php?viewid=2&run=tip40
https://kladia.info/klados/klados.php?viewid=2&run=tip40
https://kladia.info/klados/klados.php?viewid=2&run=tip40
https://kladia.info/klados/klados.php?viewid=2&run=tip40
https://kladia.info/klados/klados.php?viewid=2&run=tip40
https://kladia.info/klados/klados.php?viewid=2&run=tip40
https://kladia.info/klados/klados.php?viewid=2&run=tip40
https://kladia.info/klados/klados.php?viewid=2&run=tip40
https://kladia.info/klados/klados.php?viewid=2&run=tip40
https://kladia.info/klados/klados.php?viewid=2&run=tip40
https://kladia.info/klados/klados.php?viewid=2&run=tip40
https://kladia.info/klados/klados.php?viewid=2&run=tip40
https://kladia.info/klados/klados.php?viewid=2&run=tip40
https://kladia.info/klados/klados.php?viewid=2&run=tip40
https://kladia.info/klados/klados.php?viewid=2&run=tip40
https://kladia.info/klados/klados.php?viewid=2&run=tip40
https://kladia.info/klados/klados.php?viewid=2&run=tip40
https://kladia.info/klados/klados.php?viewid=2&run=tip40
https://kladia.info/klados/klados.php?viewid=2&run=tip40
https://kladia.info/klados/klados.php?viewid=2&run=tip40
https://kladia.info/klados/klados.php?viewid=2&run=tip40
https://kladia.info/klados/klados.php?viewid=2&run=tip40
https://kladia.info/klados/klados.php?viewid=2&run=tip40
https://kladia.info/klados/klados.php?viewid=2&run=tip40


HOLAS II TAPAS Pressure Index WS 1-2016, Document 6 

 

  
 

  Page 11 of 14 
 

 

- Sea-pen and burrowing megafauna communities 

- seagrass beds 

- shell gravel bottoms 

- species rich habitats on coarse sand, gravel or shell gravel 

Species 

- species group filter 

Pressures 

- fisheries 

o dredge fishery 

o longlining 

- hydrographical conditions 

o changes in salinity 

o changes in temperature 

o changes in wave exposure 

- marine litter 

o cloth 

o glass 

o medicals 

o metal 

o paper 

o plastic 

o pottery 

o rubber 

o sanitary 

o wood 

o macrolitter 

o mesolitter 

o microliter 

- noise 

o loud, low and mid frequency impulsive noise 

o continuous low frequency sound 

- eutrophication 

o N 

o P 

o algal blooms 

o hypoxia 

- non-indigenous species 

o species group filter 

- pollutants 

o biocides 

o chloralkanes 

o dioxins (PCDD), furans (PCDF) and dioxin-like polychlorinated biphenyls (dl PCB) 

o heavy metals 

o heavy metals - organotins 

https://kladia.info/klados/klados.php?viewid=2&run=tip40
https://kladia.info/klados/klados.php?viewid=2&run=tip40
https://kladia.info/klados/klados.php?viewid=2&run=tip40
https://kladia.info/klados/klados.php?viewid=2&run=tip40
https://kladia.info/klados/klados.php?viewid=2&run=tip40
https://kladia.info/klados/klados.php?viewid=2&run=tip40
https://kladia.info/klados/klados.php?viewid=2&run=tip40
https://kladia.info/klados/klados.php?viewid=2&run=tip40


HELCOM TAPAS Pressure Index WS 2-2016, Document 6 

 

 

 Page 12 of 14  
 

o others (musk xylene, cyanids) 

o PAHs 

o per-or polyfluorated chemicals and household products 

o pesticides 

o pharmaceuticals 

o phenols (NPE) and octylphenolethoxylates (OPE) 

o plasticizer 

o polybrominated flame retardants 

o process chemicals (herbicides, pigments, dyes) 

o radioactive substances 

 

- seafloor integrity 

o physical damage 

 abrasion 

 changes in siltation 

 selective extraction 

o physical loss 

 sealing 

 smothering 

- climate change 

o acidification 

o long term changes in temperature (here double entries are possible) 

Environment 

- environmental parameters 

o light 

o storms 

- biological influences 

o herbivory 

o predation 

Additional categories for the filter structure for setting tags only 

General effects 

- development 

- general health of the organism 

- growth 

- mortality 

- reproduction 

geography 

- Baltic Sea 

- Black Sea 

- In the Atlantic ocean, the waters surrounding the Azores, Madeira and the canary islands 

- Mediterranean Sea 

- North Sea 

- North-east Atlantic Ocean 

https://kladia.info/klados/klados.php?viewid=2&run=tip40
https://kladia.info/klados/klados.php?viewid=2&run=tip40
https://kladia.info/klados/klados.php?viewid=2&run=tip40
https://kladia.info/klados/klados.php?viewid=2&run=tip40
https://kladia.info/klados/klados.php?viewid=2&run=tip40
https://kladia.info/klados/klados.php?viewid=2&run=tip40
https://kladia.info/klados/klados.php?viewid=2&run=tip40
https://kladia.info/klados/klados.php?viewid=2&run=tip40
https://kladia.info/klados/klados.php?viewid=2&run=tip40
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- The Adriatic Sea 

- The Aegean-Levantine Sea 

- The Bay of Biscay and the Iberian Coast 

- The Celtic Sea 

- The greater North Sea, including Kattegat and the English Channel 

- The Ionian Sea and the Central Mediterranean Sea 

- The Western Mediterranean Sea 

- Other marine areas 

Habitats  

- general 

o benthic 

o freshwater 

o intertidal 

o marine 

o sediment 

o water column 

 

- Predominant habitats 

o coastal 

o oceanic 

o shelf 

- Substrate 

o hard 

o mud 

o Sand 

Method  

- field study 

- GIS  

- lab experiment 

- landscape analysis 

- mesocosm experiment 

- modelling 

- outdoor experiment 

- review 

Species groups 

- benthic macrofauna 

- benthic meiofauna 

- birds 

- cephalopods 

- cnidarian 

- fishes 

- macroalgae 

- tracheophyta 
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- microbial pathogens 

- other micro-organisms 

- phytoplankton 

- zooplankton 

- reptiles 

- other species/ not specified 

 

 

 


