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ODEMM Guidance Document 4 – Pressure Assessment V.2

Background
Given the multiple (national and international) policy needs for effective monitoring and
management of the marine environment, there is a clear requirement for a tool that could
be used to prioritise resources. Identifying the key pressures on marine ecosystems will
allow management action to be focused on the most damaging activities and the ecological
components that are most vulnerable to these. There are a wide variety of different sectors
that utilise the marine environment, each of which exerts varying degrees of pressure on the
ecological components of an ecosystem via their activities. Here we describe the pressure
assessment approach devised by the project ODEMM and its application in European
regional seas to highlight those sector/pressure combinations currently having the greatest
threat on the full range of ecological components.

Pressures

We define pressures as “the mechanism through which an activity has an effect on any part
of the ecosystem”. Pressures can be physical (e.g. abrasion), chemical (e.g. introduction of
synthetic components) or biological (e.g. introduction of microbial pathogens) and the same
pressure can be caused by a number of different activities. For example, both aggregate
extraction and navigational dredging cause abrasion, a physical damage pressure that can
affect a number of different ecological components. In some fora, pressure is used
interchangeably with the terms human activity and/or impact. However, we feel this is
misleading, as impacts are the consequence of pressures, and different pressures can result
in the same impact. For example, the physical pressure ‘abrasion’ can result in impacts that
include mortality to benthic invertebrates and change in habitat properties (such as particle
size distribution, stability etc.), as can the ‘smothering’ pressure.
Ecological Components

The ecological components are ecologically coherent elements of an ecosystem that group
together more disparate taxonomic groups into the minimum number of elements, based
on the view that the lower the number of elements, the easier it is to gain a coherent and
integrated assessment across the ecosystem. In this grouping, the free-living mobile fauna
are grouped into seabirds, marine mammals and reptiles, demersal fish, pelagic fish and
deep sea fish, whilst the less mobile groups are dealt with alongside their relevant physical
habitat. As such phyto- and zooplankton are grouped with the water column habitat, whilst
benthic invertebrates and flora are grouped with the relevant seafloor habitat (e.g.
sublittoral sediments or littoral rock). Broad habitat groups were used for the assessment
described here, but the PA can be applied at any scale both taxonomically and
geographically.
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Linkages between pressures and ecological components

The ODEMM linkage tables map the sectors operating in European regional seas against the
pressures they can exert, and those pressures against the components of the ecosystem that
they can affect (see Interactions 1 and 2 described in White et al. (2013), with Tabs 1 and 2
in the accompanying excel linkage tables, both available to download from March 2013 at
www.odemm.com/content/linkage-framework). Using the linkage tables it is possible, for
example, to extract all sector/pressure combinations that can interact with any one
ecological component (e.g. a particular habitat type), or all ecological components affected
by a sector or a pressure type. Linkage tables can be set up for any application at any spatial
scale and the methodology described below then applied to these.

Weighting of interactions – the Pressure Assessment
The combinations shown by the linkage tables only describe a potential interaction. In order
to assess the actual threat associated with any particular sector/pressure on any ecological
component a weighting of the interaction is required. The ODEMM Pressure Assessment
(PA) approach weights these interactions in terms of:
(i) the footprint of the sector/pressure combination in the sea area being assessed
where it overlaps with the ecological component (spatial extent and frequency
of occurrence);
(ii) the generic severity (in terms of likely degree of impact) of the sector/pressure
combination on the component where there is overlap identified in (i)
(iii) the recovery lag in terms of persistence of the pressure acting on the ecological
component affected should the activity cease, and the generic resilience of the
component given its’ status at the time of the assessment.
When considered either solely or in combination, these three aspects can each provide
useful information to help prioritise management and monitoring of marine ecosystems.
Those sector/pressure combinations of greatest threat in any one regional sea ecosystem
will be those that affect ecological components with a high degree of impact (acute or
chronic severity), over wide areas relative to the total area being assessed and frequently
enough to maintain the pressure where there are only chronic effects. Where the ecological
component also has low resilience (e.g. recovery potential) and/or the pressure can persist
in the environment for a very long time, threat can be even higher and management
potential lower.
In order to complete the assessment, expert judgement is used to categorize the following
criteria 1 using the best available information on the spatial and temporal distribution of the
sectors and ecological components within a region, expert knowledge of the nature of

1

A detailed description of the categories used for each criterion, and how they are applied, is given in the
example on the application of the ODEMM PA to Europe’s regional seas below.
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pressures and how they interact with said components, and an understanding of the life
histories and current status of the ecological components within the region being assessed:

Footprint of overlaps
(i) The total extent of pressure (x) from sector (j) where there is overlap with ecological
component (y);
(ii) The frequency of interaction of the pressure (x) from sector (j) with the ecological
component (y) over the spatial extent of overlap in an average year;
Generic severity of interactions
(iii) The generic degree of impact of pressure (x) from sector (j) on ecological
component (y) where they interact;
Recovery lag
(iv) The generic resilience of ecological component (y) within the region being assessed
based on its current status;
(v) The persistence of the pressure (x) i.e., the length of time that the pressure
continues to interact with ecological component (y) after cessation of the
activity causing it.
It is important to note that the three main elements assessed (footprint, severity and
recovery lag) are treated independently. For example, generic degree of impact (DoI) does
not change based on the actual extent and/or frequency of the pressure. Simply, the
assessment describes the likely sensitivity of an ecological component to a pressure where
they interact in terms of severity. The same rationale applies for categorisation of resilience
and pressure persistence. Thus, there is no inference of actual pressure intensity when
scoring criteria (iii)-(iv).
The two footprint criteria are not independent of each other, since the frequency with which
a sector/pressure and ecological component interact can reflect density of activity. For
example, both bottom trawling and telecommunications may introduce the pressure
abrasion with a widespread overlap with sublittoral sediment habitats in a regional sea, but
the frequency of interaction of abrasion from bottom trawling with the habitat at that
spatial scale may be much higher than that of abrasion from laying new cables for
telecommunications.
This approach can be applied at a wide-range of spatial and temporal scales and means that
it is possible to either hindcast or forecast. In the application described below the
assessment was applied to assess the threat of the pressures currently found in the system
(2010-2012) at the scale of whole European regional seas. It could easily be compared with
scenarios that explore future threat levels by altering the footprint of a pressure based on a
management scenario (e.g. adding in a network of MPAs that would prohibit certain sectors
and their activities in particular areas), or applied at a smaller spatial scale (e.g. sub-region
or country’s EEZ).

3
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ODEMM’s Pressure Assessment (PA) applied to Europe’s regional seas
ODEMM have applied the PA to the full range of ecological components found in Europe’s
regional seas to assess the actual threat levels of the different sectors currently exerting
pressures on any one component. It is important to note that this includes sectors that may
no longer be prevalent or even active in a regional sea, if one or more of the pressures they
exerted historically are still having effects on the current state of any one of the components
being assessed.
Using the ODEMM linkage tables (Tab 1, ODEMM linkage tables) the sectors and activities in
each regional sea area were first extracted with the pressures they exert, and the
interactions between components and individual pressures (Tab 2, ODEMM linkage tables)
then used to generate a list of possible interactions between any one component and a
sector/pressure (e.g. Sublittoral sediment (including benthos) with Fishing/Abrasion) 2. All
potential sector-pressure-ecological component combinations within a regional sea were
listed in an EXCEL workbook and assessed in turn following the categorisation approach
described below.
The pressure assessment involves a number of steps that are reached via expert-judgement;
as such experts work as a group to review and agree the individual assessments made. In
order to be able to complete these steps the expert groups needed information on the
spatial and temporal distribution of the sectors and ecological components within a region,
the nature of pressures and how they interact with said components, and the life histories
and current status of the ecological components within the region being assessed

Footprint of Overlaps
Overlap of the sector/pressures and ecological components was evaluated by comparison of
the spatial and temporal extent (distribution) of human activities and ecological
components, and knowledge of the nature of pressures (see further description below).
Where possible, the extent of both the sectors AND ecological components should be
mapped for the assessment region. These can be in the form of GIS maps, electronic maps or
hand-drawn maps describing where the sectors and ecological components occur.
Spatial Extent
The following categories were used to describe the spatial extent of overlap between each
sector/pressure combination with each ecological component (Figure 1a):
2

It is important to note that it was not just those activities/sectors that we have good information on
(e.g. data/maps) that were included; it is any activity/sector that could be causing pressure in the
regional sea at this time. For those activities/sectors for which we do not have good information,
expert judgement is required to assess the overlap of the pressures related to them with different
ecological components.
4
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•
•
•
•

Site (S);
Local (L);
Widespread (W); or
No Overlap in space and/or time (NO).

Figure 1. Footprint: (a) Categories of spatial extent, representing the overlap between a sectorpressure and an ecological component. It is important to note that the category ‘Site’ is used to
describe very limited numbers of small areas of overlap between a sector/pressure and an ecological
component at the scale of the assessment (e.g. the whole regional sea here). (b) Categories of
frequency of occurrence of overlap of a sector-pressure and ecological component. The timeline is
broken into monthly increments, thus a rare overlap occurs ~once in an 18 month period, whilst an
occasional overlap occurs 2-3 times a year. Dots (or line for ‘persistent’) illustrate the times at which
both the ecological component and pressure overlap in space over time. (Nb - No overlap is not
shown in either case).

The extent is described specifically in terms of the overlap of the pressure from a sector with
an ecological component, because the spatial distribution of a sector will not necessarily
map directly to the footprint of the pressure. For example, the abrasion caused by the
fishing sector will have an extent driven by the distribution of any activities with fishing
gears that abrade the seafloor (e.g. trawling), but the extent of selective extraction of living
resources by fishing could be greater because this will include all types of fishing operating
in the regional sea where there is overlap with the ecological component being assessed. In
a different example, abrasion from the shipping sector will occur in local areas where ships
aggregate to anchor (e.g. ports), whilst the pressure marine litter associated with the
shipping sector could be much more widely distributed in extent and its actual distribution
might depend on major current patterns. It is also important to note that it is the entire
5
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pressure footprint from all relevant activities within a sector that is assessed in terms of
extent.
Variation in Extent
Extent of overlap can vary for any one combination of sector/pressure and ecological
component, although there is likely to be some clumping within a sector. It can also vary
between regional seas due to the activity levels and patterns of sectors differing between
regional seas. It can definitely vary between ecological components for the same
sector/pressures and between regional seas for the same ecological components.
Where a sector/pressure interaction is described to have ‘No overlap’ with a particular
ecological component, either because they do not overlap in space at all or they do not
overlap in the same space at the same time, it is not necessary to continue any further with
the assessment.
Frequency of occurrence
Frequency of occurrence does not take into account the persistence of the pressure (see
persistence categorisation later); simply it describes the most likely number of times the
pressure interacts with the ecological component in an average year, where they overlap in
space. For example, the construction of a pipeline may only occur once over a widespread
area in an average year, and thus the pressure ‘sealing’ is classified as a rare occurrence
where pipelines are laid, although the persistence of the pressure would be ‘continuous’
unless the pipeline is removed. Frequency of occurrence was classified as either (Figure 1b):
•
•
•
•

Rare (R);
Occasional (O);
Common (C); or
Persistent (P)

Variation in Frequency of Occurrence
Frequency of Occurrence can vary for any one combination of sector/pressure and
ecological component, although there is likely to be some clumping within a sector. It can
also vary between regional seas due to the activity levels and patterns of sectors differing
between regional seas. It can definitely vary between ecological components for the same
sector/pressures and between regional seas for the same ecological components.
Interactions of Spatial Extent and Frequency of Occurrence
As noted earlier in this document, the two footprint criteria are not independent of each
other, since the frequency with which a sector/pressure and ecological component interact
can reflect density of activity. For example, both bottom trawling and telecommunications
may introduce the pressure abrasion with a widespread overlap with sublittoral sediment
habitats in a regional sea, but the frequency of interaction of abrasion from bottom trawling
6
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with the habitat at that spatial scale may be much higher than that of abrasion from laying
new cables for telecommunications (Figure 2).

(a)

(a)
Figure 2. Example of combinations of spatial extent and frequency of occurrence categories

Generic Severity of Interactions
In order to complete this Step, knowledge of the generic resistance of ecological
components to the range of pressures was required. Experts were required to utilize best
available information, for example by transferring knowledge from studies that have
recorded the effect of a particular pressure on a particular ecological component (e.g. how
intertidal benthos are affected by water flow rate changes around new sea defences).
Further to this, it was important to have knowledge of the current state of components in
the regional seas being assessed, in order to consider whether resistance might be different
to what has been recorded in any relevant studies. This step was completed without any
knowledge of the overlap of sector/pressures with ecological components and thus this step
could be completed at a different time if required.
Degree of Impact (DoI)
The degree of impact (DoI) of a sector-pressure on an ecological component describes the
generic severity of the interaction in terms of its effects on the ecological component. Thus
to score degree of impact assessors score the type of response of the ecological component
to the pressure type as either (Figure 3):
•
•
•

Acute (A);
Chronic (C); or
Low severity (L).
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Figure 3. Categories of degree of impact (DoI). The low severity interaction shows no noticeable
impact and is therefore represented as a flat line along the x axis.

An Acute (A) interaction is described as a severe impact over a short duration e.g. for
species, a high proportion of individuals are killed immediately where there is an interaction
of the pressure and the component. In the case of habitats, such interactions cause an
immediate change in habitat type (i.e. change or loss of characteristic features and/or
species) in the area of interaction. Thus an Acute (A) interaction can occur after just one
event.
A Chronic (C) interaction is described as an impact that will eventually have severe
consequences at the spatial scale of the interaction, if it occurs often enough and/or at high
enough levels (e.g. where disease levels might build up over time, eventually leading to
levels where a high number of individuals would be killed 3 or habitat features would
change). No inference is made as to when the pressure impact becomes severe; simply that
at some frequency and intensity, a pressure can lead to severe impacts on that ecological
component.
A Low severity (L) interaction is an interaction that, irrespective of the frequency and
magnitude of the event(s), never causes a noticeable effect for the ecological component of
interest in the area of interaction. There are never high levels of mortality, sustained and
noticeable reductions in breeding/recruitment success, or loss of habitat or change in its
typical species or functioning, at the spatial scale of the interaction, i.e. proximate ecological
responses (sensu Harley et al. 2006).

3

It is also possible that Chronic effects could be recorded where over time the pressure has led to
very low breeding/recruitment success in the area of interaction such that the local population is
noticeably affected
8
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Variation in DoI
DoI does not change based on the actual extent and/or frequency of the pressure in the area
being assessed. Simply, the assessment describes the likely sensitivity of an ecological
component to a pressure where there is an interaction. This means that:
1. DoI does not often, but can vary between sectors exerting the same pressure on an
ecological component, if the nature of their activities means that the pressure exerts
a different DoI. An example here would be that the DoI from the pressure
Underwater Noise acting on Marine Mammals, can vary between sectors based on
the type (frequency and magnitude) of noise recorded by their activities.
2. DoI can vary between ecological components (e.g. between habitat types and
mobile components) for the same sector/pressure combination due to differences in
the inherent resistance of the characteristic species and features of the ecological
components. For example, the Sealing pressure causes Acute effects on habitats
because areas of the habitat are lost as they are sealed with manmade structures,
but only Chronic effects on Mobile Species groups like Fish because it is only if
enough habitat is lost due to this pressure that there may be any noticeable effect
on fish species due to loss of nursery grounds etc.
3. DoI can also vary within the same ecological component (e.g. habitat type) between
regional seas for the same sector/pressure combination if there are (a) regional
differences in the characteristic species and features such that those differences
affect the inherent resistance of the broad ecological component, or (b) due to
differences in current status of the ecological component (e.g. a degraded habitat
may have a different sensitivity to a comparatively unimpacted habitat of the same
broad type).
4. DoI can also vary between regional seas for the same sector/pressure combination
with the same ecological component, if the nature of the activities within the
sectors differs between regions to the extent that it would affect generic DoI.

Recovery Lag
Resilience (recovery time)
The generic resilience of the ecological component is assessed based on its current status in
the regional sea and categorised based on recovery times as follows (Figure 4):
1.
2.
3.
4.

None (no recovery or >100yr) (N);
Low (10 to <100 yr) (L);
Medium (2 to <10 yr) (M); or
High (0 to <2 yr) (H).
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Figure 4. Categories of Resilience. The different categories indicate the time taken for the ecological
component to reach the point of recovery following an impact given its current status.

Recovery times for species assessments should be based on their turnover times (e.g.
generation times) but also taking account of the current status of the populations in
question at the time 4. For habitat assessments, recovery time is the time taken for a habitat
to recover its characteristic species or features given prevailing conditions. The resilience
assessment is only undertaken once for each ecological component in each regional sea
being assessed as it is independent of the other PA criteria, and merely an indication of the
potential for that type of component to recover from any kind of impact.
Variation in Resilience
As with DoI, Resilience does not change based on the actual extent and/or frequency of the
pressure in the area being assessed. Simply, the assessment describes the likely resilience of
an ecological component in terms of its inherent recovery potential. This means that:
1. Resilience of an ecological component will not vary between sector/pressures
2. Resilience of an ecological component will not vary between regional seas unless (a)
there are regional differences in the characteristic species and features such that
those differences affect the inherent resilience of that ecological component, or (b)
there are regional differences in the current status of the same ecological
component such that the inherent resilience is affected.
3. Resilience can vary between ecological components due to inherent differences in
recovery potential due to their characteristic features and species (e.g. deep sea
habitats longer to recover than intertidal sediment habitats).

4

As the resilience score is based on current status it is important to note that if an ecological
component is currently depleted to the extent that it has consequences on reproductive success, the
recovery time should reflect this.
10

ODEMM Pressure Assessment Guidance Document V.2

Pressure Persistence
It is important to add a score that picks up the length of time it would actually take for the
pressure associated with a particular activity to disappear after cessation of any further
activities causing the particular pressure (i.e. its’ persistence). For example, cessation of
heavy metal release may be instantaneous; however, the contamination pressure associated
with the practice may persist for several decades. There is no consideration for the duration
of the impact i.e. recovery (which is dealt with in resilience). For example, abrasion from
trawling (fishing) occurs during fishing operations and so if trawling was restricted in a
particular area the pressure would immediately stop and this would thus be defined as 'Low'
persistence, but recovery of the habitat may then take more than two years and this would
be picked up under resilience. In contrast, heavy metal contamination in soft sediments can
persist for many years due to low turn-over and poor biodegradation and thus the
persistence of the pressure would be classified as High (see Jaglal 2010 for review), whereas
recovery potential of the habitat may actually be quite high if the contamination eventually
leaves the system.
Persistence of the pressure is categorised as either (Figure 5):
1.
2.
3.
4.

Continuous (the pressure never leaves the system or >100 yr) (C);
High (10 to <100 yr) (H);
Medium (2 to <10 yr) (M); or
Low (0 to <2 yr) (L).

Figure 5. Categories of Persistence. X symbols illustrate the impact level in the ecological component;
as these disappear over time, impact is reducing.

11

ODEMM Pressure Assessment Guidance Document V.2

In the assessment applied by the ODEMM team on European regional seas, we categorised
the persistence of pressures assuming that only those management options that are
possible and likely would count in terms of determining whether or not a pressure would be
likely to stop. For example, in the case of the ‘sealing’ pressure, this was assessed as
‘continuous’ for many sectors where it is very unlikely that the structures that led to the loss
of natural habitat would ever be removed (e.g. coastal defences). Again, it would be possible
to apply the PA again to forecast scenarios where different management options might be
assumed.
Variation in Persistence
As with DoI and Resilience, Persistence does not change based on the actual extent and/or
frequency of the pressure in the area being assessed. Simply, the assessment describes the
likely Persistence of a pressure on an ecological component. This means that:
1. Persistence of a pressure does not often, but can vary between sectors exerting the
same pressure on an ecological component, if the nature of their activities means
that the pressure persists for a different length of time. For example, persistence of
the pressure Changes in Siltation is Continuous from Coastal Defences, but Low from
Agricultural runoff.
2. Persistence of a pressure can vary between ecological components within a regional
sea based on the characteristic features and species.
3. Persistence of a pressure should not vary within the same ecological component
between regional seas unless there is a fundamental difference in the conditions of
the area (e.g. very long residence times of water) that would affect Persistence.

Confidence assessment and consistency checking
This is an expert-judgment based approach, relying on a qualitative assessment of a number
of aspects. For most sector/pressure/component combinations the information base on
which to make such assessments is limited and as such, the assessment will need to reflect
best available knowledge and will probably involve some degree of extrapolation from other
systems or other cases. Confidence was assessed separately for the different PA criteria.
Regional experts completed a confidence assessment for the following:
1. Spatial extent and frequency of activities of each sector in their regional sea
2. Distribution (spatial and temporal) of the ecological components within their
regional sea
3. Understanding of the nature of each pressure in terms of how it would be
distributed in relation to sectoral activities
4. Understanding of the interaction of each pressure/ecological component in terms of
degree of impact and persistence of pressures
5. Understanding of the current state of the ecological components in their regional
seas and their inherent resilience
12
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For each of the above the experts scored their confidence as either:
• High confidence when relevant data or information were available for their regional
sea, and/or the group of experts agreed that they had high confidence in the
assessment based on there being good information that underpinned the judgments
made by the group even if some transfer of knowledge from different systems/cases
had been required.
• Moderate confidence where there was some relevant information or data, but it did
not necessarily come from their regional sea and required some
interpretation/extrapolation, and/or where there was some disagreement on how
the information should be interpreted.
• Low confidence where relevant information was not available at all, and/or there
was no agreement among the group of experts irrespective of the information
available.
On completion of the regional assessments, checks were made for consistency across all
results (within and between regions). This involved checking, for example, whether there
were differences in categorisation for a particular criterion that did not fit in the
explanations given in their definition. This was an important part of the assessment, which
led to revisions in final results at several stages, as well as further clarification of the
definitions used for application of the different criteria (which are now reflected in this final
version of the guidance document). In any expert-judgment based approach it is essential to
carry out rigorous consistency checking and to allow sufficient time and resource for this.

Other important issues to consider in the application
1. Majority versus worst-case assessments
The PA of Europe’s regional seas (Robinson et al., in prep) was applied at a very coarse level
ecologically (e.g. very broad habitat types (EUNIS level 2, e.g. all deep sea habitats were
grouped together and very broad mobile species groups, e.g. all demersal fish). Obviously,
within a broad ecological component grouping there can be a lot of variation in sensitivity
(DoI and resilience) and overlap with the sector/pressure being considered. The ODEMM
assessment applied a majority approach whereby the category that was suitable for most of
the sub-types of a habitat or species/functional groups of a mobile taxon component was
chosen. This was not a worst-case appraisal therefore, but the assessment could be applied
differently (i.e. in a very precautionary manner) if it were clearly stated that the worst-case
for each ecological component had been used.
2. Standard practice versus disaster management
It is also important to note that the application described above (Robinson et al., in prep)
was based on standard practice of sectors and their activities. It did not account for extreme
(and unlikely) events such as oil spills. Again, it would be possible to include extreme events
(or planning for disaster management) if this was stated when undertaking a new
assessment.
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Outcomes
The complete pressure assessment applied to Europe’s regional seas is described in
Robinson et al. (in prep). A summary of some preliminary results is presented in Knights et
al., 2011, with further interpretation in Robinson et al., 2013, both of which are available to
download from the ODEMM website (www.liv.ac.uk/odemm/outputs/). All references to
this approach should cite:
Robinson, L.A., White, L., Culhane, F. and Knights, A.M. 2013. ODEMM Pressure Assessment
Userguide V.2. ODEMM Guidance Document Series No.4. EC FP7 project (244273) ‘Options
for Delivering Ecosystem-based Marine Management’. University of Liverpool. ISBN: 978-0906370-86-5: 14 pp.
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