
2 THE BALTIC SEA IMPACT INDEX AND 
 PRESSURE INDEX

Altogether 14 ecosystem components were chosen 
for the BSII. The ecosystem components include 
eight benthic biotopes/biotope complexes, two 
water column biotope complexes, and four species-
related data sets (Table 3.2). The chosen data 
layers represent some key elements in the Baltic Sea 

2.1 The Baltic Sea Impact Index

2.1.1 The concept of the impact index
The Baltic Sea Impact Index (BSII) is a tool for estimat-
ing the potential impacts of anthropogenic pressures 
on the Baltic marine environment. Its main aim is to 
provide a spatial overview of the sum of potential 
impacts of anthropogenic pressures by estimating 
their harmfulness for key ecosystem components. 
The procedure has three variables: (1) pressure data, 
(2) a weighting score to transform a pressure to a 
potential impact on a specifi c ecosystem component, 
and (3) information on the presence or absence 
of ecosystem components in an assessment unit. 
The index scores are given for 5 km x 5 km squares 
(assessment units) for the entire sea area, resulting 
in 19 276 assessment units. The index is calculated 
after the method by Halpern et al. (2008) using the 
 following formula (equation 1): 
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where Pi is the log-transformed and normalized 
value (scaled between 0 and 1) of an anthropogenic 
pressure in an assessment unit i, Ej is the presence 
or absence of an ecosystem component j (1 or 0, 
respectively), and µi,j is the weighting score for Pi in 
Ej (range 0–4). Thus, the index value per assessment 
unit is the sum of all pressure data, each of which is 
multiplied by its specifi c weighting score, and multi-
plied by 0 or 1 (the presence or absence of an ecosys-
tem component). By including the potential impacts 
of all anthropogenic pressures in all the ecosystem 
components in an assessment unit, the richness of 
ecosystem components strongly affects the index 
sum. That is particularly the case if the area contains 
several ecosystem components that are sensitive to 
existing pressures. A conceptual model of the BSII 
tool is presented in Figure 2.1.

2.1.2 Testing of the impact index: data 
layers of anthropogenic pressures and 
ecosystem components
The BSII contains 52 data layers of anthropogenic 
pressures. The pressures were grouped under pres-
sure categories according to the list in Annex III, 
Table 2 of the EU MSFD. The pressure categories 
and associated pressure data layers are presented in 
Table 3.1. In the BSII, it was required that all pres-
sure data layers cover the entire sea area and origi-
nate from the period 2003–2007. All pressure data 
layers are described in Section 3.1.
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Figure 2.1 Conceptual model of the Baltic Sea Impact 
Index (BSII). The index value is assessed for an area 
of 5 km x 5 km. The value is the sum of all potential 
impacts (I) on all ecosystem components (E) in an 
assessment unit. Potential impacts are transformed 
from anthropogenic pressures by weighting scores 
(μ), which are based on expert estimations. In this 
fi gure, there are four activities (A–D) in the assess-
ment unit, but only one of them (A) has been shown 
in further steps. For each of the three ecosystem 
components in the assessment unit (E1, E2 and E3), 
the activity A causes three pressures (A1, A2 and A3) 
which are weighted by specifi c scores (μA1,E1, μA1,E2, 
μA1,E3, μA2,E1, …, μA3,E3). Each of the weighted pres-
sures is multiplied by 0 or 1, depending on the pres-
ence of E, resulting in impacts (I). Finally, the poten-
tial impacts IA1–IA3 are summed up, resulting in a sum 
of nine impact values. 8



(Denmark, Estonia, Finland, Lithuania, Poland, and 
Sweden) provided expert estimations. Sweden pro-
vided three independent answers for the question-
naire and the experts in the HELCOM Secretariat 
provided one set of weighting scores. In order to 
exclude outlier values (i.e., possible misinterpreta-
tions of the questionnaire), the fi nal weighting 
scores used were medians of the original expert 
scores. The questionnaire and its guidelines are in 
Appendix A and the results of the questionnaire 
are in Appendix B.

In order to guide the experts through the question-
naire, the HELCOM HOLAS Project advised them 
to make use of three criteria while producing the 
weighting scores: functional impact of the pressure 
on an ecosystem component, resistance of that 
ecosystem component against the pressure, and 
recovery time of that ecosystem component after 
the pressure (Table 2.1). The criteria were based 
on the method by Halpern et al. (2007). The fi rst 
criterion describes the pressure and the latter two 
criteria describe the ecosystem component. In many 
cases, the latter two criteria (or components of the 

marine ecosystem. However, it was recognized that 
the limited availability of marine data hindered the 
inclusion of some other key species and biotope 
data layers in the index. Section 3.2 describes the 
ecosystem data layers.

2.1.3 Weighting scores of the pressures
The various anthropogenic pressures are not directly 
comparable to each other. For example, atmos-
pheric deposition of lead cannot be directly com-
pared to bottom trawling, because their impacts 
on the ecosystem have different spatial and tem-
poral scales and they affect different parts of the 
ecosystem and in very different ways. However, 
in many scientifi c studies, rankings of negatively 
impacting anthropogenic pressures always include 
the same activities/pressures: fi shing, habitat loss/
damage, waterborne pollution, invasive species, 
and changes in hydrology (Venter et al. 2006, Crain 
et al. 2009). Thus, there seems to be a general 
understanding among scientists that pressures can 
be ranked according to their ‘harmfulness’ to the 
environment. Halpern et al. (2007) estimated the 
differences among pressures by evaluating their 
potential impacts on different components of the 
ecosystem (e.g., species, biotopes or biotope com-
plexes). To do this for the Baltic Sea conditions, the 
HELCOM HOLAS Project carried out a questionnaire 
investigation with experts from the Contracting 
Parties in January–February 2010 to make an expert 
estimation of the ‘weights of the anthropogenic 
pressures’. The questionnaire asked for weighting 
scores on a scale from zero to four for the potential 
impacts of 52 different pressures on 14 biological 
ecosystem components. Six Contracting Parties 

Table 2.1. Criteria for the production of the weighting scores, after Halpern et al. (2007, 2008).

Component Value Remarks and examples

Functional impact 0 = no impact; 
1 = ≥1 species; 
2 = 1 trophic level; 
3= >1 trophic level; 
4 = whole community.

Example: Smothering and siltation may be assigned 
a value 4 for hard bottom biotopes where they block 
the attachment of species. In soft bottoms, the 
effect is weaker.

Resistance of the 
 component against 
the pressure

0 = no impact; 
1 = high; 
2 = moderate; 
3 = low; 
4 = vulnerable.

Remark: Sensitive biotopes can be emphasized by 
this criterion. If a biotope is supported by a few 
species only, the biotope is probably ‘sensitive’ and 
the value is 3 or 4.

Recovery after 
the pressure

0 = no impact; 
1 = <1 year; 
2 = 1–5 years; 
3 = 5–10 years; 
4 = 10–100 years.

Examples: Growth rate of a habitat-forming species 
after a catastrophe. Return of top-predators after 
disturbance. Restabilization of sediments. Clearing 
of water after a sediment plume. 
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are impacted are predatory species (for example 
cod) and that the bycatch of mammals is high and 
 therefore the fi nal score should be rounded up. 
Because the criteria are only guidelines to the evalua-
tion, the fi nal weighting score can be increased to 2.

The index formula (equation 1) also has certain con-
sequences for the interpretation of the weighting 
score. Firstly, the presence or absence of an eco-
system component is not only a technical issue, but 
also carries an important message: this is the phase 
where the potential impact is actually taken into 
account. When experts estimated a weighting score 
(µ) for a pressure, the score must be a theoretical 
score (i.e., ‘What is theoretically the impact of a 
pressure for a biotope?’). A potential impact will 
never take place unless the pressure and the ecosys-
tem component meet in the same square (i.e., E=0). 
In this method, the impact is always considered 
as ‘potential’, because it is not known whether a 
pressure causes the impact in a specifi c ecosystem 
component even in the case of spatial overlap. This 
is further described in the following example.

Example 2. What is the impact of sand extraction 
on photic sand bottoms? The imaginary extraction 
operation took place during the assessment period 
2003–2007 and it causes the pressure ‘smothering 
of the seabed’. The proxy value for the operation is 
the amount of extracted sand per cell (for example, 
a normalized value 0.5).The value 0.5 is multiplied by 
2.8 (the µ score). However, one could argue that the 
weighting score should be 0, because sand extraction 
cannot take place, as according to a certain policy it 
is not allowed in photic sand bottoms. However, that 
is not an issue, because in that case the sand extrac-
tion pressure and that biotope layer do not meet in 
that area X (i.e., E=0 and Impact = 0.5 x 2.8 x 0 = 0). 

The second possibility for misinterpretation of the 
BSII formula arises from the intensity of a pressure. 
It would lead to an underestimation of the index 
value if one included intensity in the weighting 
score, even though that is taken care by the pres-
sure variable (P). For example, there is a temptation 
to reason that wind farms are mostly so small (i.e., 
a few windmills only) that the impact is minor and 
this should be refl ected in the weighting score. 
However, the intensity of the pressure is included 
by the variable P. Thus, the weighting score should 
refl ect a ‘theoretical impact’ or the impact at the 
higher end of the scale.

weighting score) are more useful in determining the 
fi nal weighting score. Moreover, there may arise 
several questions when transforming pressures to 
impacts. Therefore, the criteria should not be seen 
as obligatory components of the score but more as 
‘guidelines for consideration’ when determining the 
fi nal weighting score. The boundaries of the criteria 
are given in Table 2.1. Example 1 presents a case 
for the production of a weighting score.

Example 1: Producing a weighting score for seabed 
abrasion caused by bottom trawling on photic sand. 
Bottom trawling has been considered one of the 
most disturbing human activities to marine life on 
the seabed. This could mean that the fi nal weight-
ing score should be 4. When building the score from 
its components, the functional impact is certainly 4 
(whole community), resistance against the pressure 
is 4 (vulnerable), and recovery after the pressure is 
probably 3 (5–10 years) or 4 (10–100 years). The 
average of the three values is 4 (or less). On  contrary, 
stationary fi shery (traps, pots and gillnets) has less 
obvious impacts on the photic sand: functional 
impact is 2 (1 trophic level), resistance is 1 (high) and 
recovery is 1 (less than one year). The average is 1.33. 
However, one can also think that those species which 
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ing scores were explained in the previous section 
(Section 2.1). A conceptual model of the procedure 
is given in Figure 2.2.

The results of the expert-judgment questionnaire 
were generally in line with previous scientifi c studies 
(Kappel 2005, Venter et al. 2006, Halpern et al. 
2007, Crain et al. 2009). The impacts of fi sheries, 
excess nutrients, hazardous substances, and physi-
cal disturbance were ranked high in the results 
of the HELCOM questionnaire, but the ranking 
naturally varied among ecosystem components. 
The weighting scores for species-related ecosystem 
components (seals, harbour porpoise, wintering 
areas of seabirds, and nursery and spawning areas 
of cod) received high scores for various kinds of 
fi shery, hunting, underwater noise, and hazardous 
substances. The benthic biotopes and biotope com-
plexes received high scores for various physical dis-
turbance pressures (abrasion, sealing, and smother-
ing), enrichment by nutrients and organic matter, as 
well as bottom trawling. The water-column biotope 
complexes had high weighting scores for nutrient 
enrichment, changes in salinity and temperature, as 
well as surface and mid-water trawling. 

The top 20 expert scores for the 14 ecosystem com-
ponents are presented in Table 2.3. This combina-
tion explains the majority of the index results in most 
assessment units. All the expert scores and the fi nal 
weighting scores are presented in  Appendix B.

2.2 The Baltic Sea 
Pressure Index

The Baltic Sea Pressure Index (BSPI) is a straightforward 
measure of the geographical distribution and intensity 
of anthropogenic pressures on the Baltic Sea marine 
environment. Its main aim is to provide a spatial over-
view of the sum of pressures without considering their 
impacts on specifi c ecosystem components. 

The BSPI methodology differs from the BSII in only 
one variable. While BSII includes the variable E for 
the presence of ecosystem components, the BSPI 
has only variables P (pressure) and µ (weighting 
score). However, the lack of E means that µ is insen-
sitive to specifi c ecosystem components. Therefore, 
a median value was taken of all 14 ecosystem 
components to obtain the weighting score for BSPI 
pressures (Table 2.3 and Appendix B). The median 
scores were considered to refl ect the general harm-
fulness of the pressures on the ecosystem. In order 
to further balance them in the index, these scores 
were ’stretched‘ to a 0 to 10 scale. The weight-
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Figure 2.2 Conceptual model of the Baltic Sea Pres-
sure Index (BSPI). The index sums up all anthropo-
genic pressures in an assessment unit of 5 km x 5 km. 
Weighting of the pressures by their general harmful-
ness (weighting score) is required to make the pres-
sures comparable. In this fi gure the system consists 
of four activities, but only one of them (A) has been 
shown in further steps. The activity A causes three 
pressures which are weighed and fi nally summed 
within the 5 km x 5 km assessment unit. 11


