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1. Objectives of the work
1.
The OSPAR intersessional correspondence group on cumulative effects (ICG-C) has the task to
suggest a method for estimation (and potential management) of the magnitude and spatial
distribution of anthropogenic pressures and impacts in the OSPAR region for use in the MSFD and
Quality Status Report. The task is being carried out in the OSPAR Case Study on Cumulative Effects,
which is led by Netherlands (Rijkswaterstaat) and U.K. (Cefas).
2.
This report compares three assessment methods which have been used to quantify
cumulative human pressures in the marine environment. The methods under the evaluation are: (1)
the CUMULEO method of IMARES (The Netherlands), (2) the method developed within the FP7 project
ODEMM (project co-ordinator University of Liverpool, UK), and (3) the method used in the HARMONY
project (project co-ordinator Aarhus University, Denmark).
3.
The project started in a kick-off meeting at the Schiphol airport, Netherlands, on 14 November
2013. The kick-off meeting drafted evaluation criteria and agreed that the criteria should be further
developed by the end of 2013.
4.
The first version of the evaluation report was submitted in January 2014 and it had two
objectives: (1) to develop criteria for evaluation of the three assessment methods and (2) to use the
criteria for the method comparison. In the first report, a set of criteria was suggested, built on the
basis of the draft list of criteria. The criteria were described and supported by references to scientific
work and elaborated with examples. A simple scoring was suggested in order to support the
evaluation. The second task of the project was to make an evaluation of the assessment methods by
the suggested criteria. The method descriptions were derived from technical reports, assessments and
scientific publications and supported by expert interviews. The report did not aim to rank or
recommend the methods.
5.
The project continued in 2014 as new information about the cumulative effect assessment
(CEA) methods and practices became available. The second phase of the project had four tasks:
Task 1: Analyze the new CEA material in the light of the predefined criteria.
Task 2: Revise and expand the descriptions of the CEA approaches to give a fuller overview of
the methods.
Task 3: Revise the assessment.
Task 4: Present the results in OSPAR ICG-C.
6.
As a result of the second phase of the project, the first report was revised. This is now the
second version of the report and it has addressed the four new tasks and in addition also two expert
interviews were taken to clarify the methods.
7.
This report uses CEA terminology that has not yet been established. Therefore, this report
defines the following terms:
- cumulative: can be additive, synergistic or antagonistic; all methods so far have been
able to assess additive effects; as such the ODEMM method prefers to use the term
‘combined effect’ which seems to be synonymous to an additive effect;
- effect assessment: synonymous to an impact assessment, however in terms of
developing and implementing management measures, “effect” is a better focus for
attention, as “effects” can be managed to reduce or prevent “impacts”; the ODEMM
method uses the term ‘threat assessment’;
- pressure assessment: a weighting of the interactions between pressures, ecological
sensitivity and persistence but does not usually include estimates of impacts on
ecosystem components;

-

ecosystem component: synonymous to an ecosystem characteristic; includes species,
biotopes (habitats), broad-scale habitats.

8.
The evaluation of this report does not necessarily reflect the views of the authors of the three
methods, but the evaluation aims to be objective and is always supported by argumentation.

2. Scientific background
9.
Assessments of the impacts of human activities and consequent pressures have been done in
the framework of environmental impact assessments for years and scientific studies of effects of single
pressures have already become a tradition, but attempts to integrate multiple pressures and their
impacts on multiple ecosystem components are fairly scarce and no method has become established
in a wider geographical scale. In Netherlands, the CUMULEO method has been used in different
versions in environmental impact assessments (EIA) by IMARES, but the visibility of the method has
not been high due to low amount scientific publications of the method. One of the best known
(although not as old as CUMULEO) assessment of integrated pressures and impacts was published by
Halpern et al. (2008). The paper coincided with the agreement on the EU Marine Strategy Framework
Directive and, thus, was carefully studied in the EU Member States. The Regional Sea Conventions,
particularly OSPAR and HELCOM, started expert work towards regional impact assessments to
facilitate the implementation of the MSFD (e.g. OSPAR 2009a, b). As a result, the OSPAR Quality Status
Report (OSPAR 2010) and the HELCOM Holistic Assessment (HELCOM 2010) included specific chapters
to anthropogenic pressures and the OSPAR expert workshop in Utrecht published a comprehensive
report of potential impacts of pressures on the marine environment (OSPAR 2009). The Halpern
method was applied in the Baltic Sea (Korpinen et al. 2012) and in the HARMONY project in North Sea
(Andersen et al. 2013). The FP7 project ODEMM was launched in 2010 with the key objective ‘to
produce scientifically-based operational procedures that allow for a step by step transition from the
current fragmented system to fully integrated management’. Within that project, several reports and
scientific publications of CEA methods have been produced (e.g. Koss et al. 2011, Goodsir & Judd 2013,
Knights et al. 2013, Robinson et al. 2013, White et al. 2013, Knights et al. accepted manuscript, Piet et
al. accepted manuscript and Goodsir et al. accepted manuscript).
10.
Whilst the progress has been fast in developing methods and making assessment reports,
proper testing of the methods and validation of the results has been limited (see however Andersen
et al., submitted manuscript). Moreover, no method comparison study had been organized until the
OSPAR ICG-C Case Study on Cumulative Effects Assessments. As the EU Member States are preparing
for the next assessment round under the MSFD, it is a good time to critically evaluate the existing
methods and learn from alternative approaches. The timely publication by Halpern and Fujita (2013)
discusses the short-comings and assumptions of many cumulative impact assessments and has also
been referred in this evaluation report.

3. Introduction to three methods to assess cumulative effects
11.
The descriptions of the three assessment methods are based on available documentation,
such as peer-reviewed journals, project reports, guidance documents and meeting presentations.
References to this material is given below.
3.1. The CUMULEO assessments
Background

12.
The CUMULEO assessment method is a family of methods which have evolved during years
and it has been used to assess specific environmental impacts (e.g. ferry traffic, demersal trawling,
wind farms) or combinations of them.
13.
Van der Wal & Tamis (2014) describe an application of method for two offshore sector
activities and the associated six pressures. In the method, effect of the pressures is considered either
as 100% loss of a habitat (e.g. wind farms) or a fraction of lost habitat which is based on scientific
impact studies.
14.
The CUMULEO assessment method has also been applied to population effects, where the
aim was to establish a relationship between the intensity of human based disturbances and their
resulting effects on survival and reproduction of species as a function of increased mortality or
reduced reproduction (de Vries et al. 2011). The method has also been called Risk Analysis instrument
for the Marine environment (RAM). In the work by Jak et al. (2000), seven types of disturbances were
related to over 30 species.
Methodology
15.
The core of the CUMULEO (RAM) method is in the sensitivity of species or habitats to
anthropogenic disturbances (Jak et al. 2000). The sensitivities are derived from scientific literature and
translated either to impacts on mortality and reproduction or loss of habitat area (%). If no speciesspecific (or habitat-specific) sensitivity was found in literature, the scores were extrapolated from data
on related species or biota for the regarded disturbance (de Vries et al. 2011). Schobben et al. (1996)
list the population parameters (number of juveniles per year, yearly survival in the juvenile stage,
yearly survival in the adult stage, average duration (in years) of the juvenile stage, maximum duration
(in years) of the adult stage) for 35 species, that have been applied to the determinations of sensitivity.
16.
The CUMULEO (RAM) methodology comprises the disturbance and effect chain from activity
to species and can be described in five steps (Karman et al. 2001):
1. quantifying the potential exposure,
2. combining each potential exposure with a specific disturbance-effect relationship,
3. integrating the effects of all potential exposures,
4. combining effects of mortality and reproduction to derive a single population measure, and
5. analysing the results: ranking of disturbances and human activities based on their ecological
risk.
17.
An exposure matrix is developed indicating the relevant exposure types of disturbances to
species. The disturbance-effect relationships are established and describe the relation between the
intensity of a potential exposure (e.g. the cadmium concentration in water) and the effect on the
survival or reproduction on a species. The effect is expressed as a fraction between 0 and 1.
18.
The effects of all potential exposures are integrated by combining mortality and reproduction
to derive a single population measure. The population measures under ‘natural’ and ‘disturbed’
conditions were compared to see the effect of human activities.
19.
In many cases the RAM-approach is not applicable (van der Wal, pers. comm.) and therefore
van der Wal and Tamis (2014) carried out a study of the impacts of wind farm development and
fisheries on various ecosystem components (benthic fauna, fish, birds, mammals) by using a simpler
CUMULEO method. They considered the severity of the pressures on the ecosystem components on
a scale from 0 to 1, where the severity was based on numerical response in scientific literature. The
ecosystem components (benthos, fish, birds, seals, harbour porpoise) were scored in each assessment

unit as a proportion (0-1) of the potential species richness. The intensities of pressures were estimated
on the basis of the activities (number of turbines or fishing days) and this was translated to the lost
habitat area (km2) per assessment unit (2.5 × 2.5 km grid cells). Impact severity was estimated as
either ‘complete loss’ (in case of wind farms) or a fraction of the lost habitat (in case of fishing effects
on different ecosystem components), where the maximum score was 1.0. In each assessment unit,
the cumulative impact was calculated as:
Cumulative impact c = Habitat loss (km2) a × Impact severity a × Biodiversity e ,
where c = each grid cell, a = each activity, e = number of species in an ecosystem group
(Benthos, Fish, Birds, Seals, Harbour porpoise). The formula is repeated for all grid cells
(x,y) and the total effect is the sum of activity - ecosystem group combinations.
Uses
20.
An assessment of impacts of visual disturbance and fishing on two species of birds and five
species of invertebrates in the Dutch coastal zone (de Vries et al. 2011). An assessment of wind farm
development and fishing on marine mammals, seabirds, fish and benthic fauna (van der Wal & Tamis
2014).
Publications
de Vries P, Tamis JE, Tjalling van der Wal JT, Jak RG, Slijkerman DME & Schobben JHM (2011) Scaling
human-induced pressures to population level impacts in the marine environment. Implementation of
the prototype CUMULEO-RAM model. Werkdocument 285 Wettelijke Onderzoekstaken Natuur &
Milieu Wageningen, December 2011. 80 pp.
Jak RG, Kaag NHBM, Schobben HPM, Scholten MCT, Karman CC, Schobben JHM (2000) Kwantitatieve
verstoring-effect relaties voor AMOEBE soorten, TNO-MEP Report R99/419.
Karman CC, Hartholt JG, Schobben JHM (2001) Modelleren van effecten van gebruik - een beschrijving
van de methodiek van het RAM-GIS model-, TNO Report R.
Karman CC, Jongbloed RH (2008) Assessment of the Cumulative Effect of Activities in the
Maritime Area: Overview of relevant legislation and proposal for a harmonised approach.
Report No. C018/08, IMARES, Den Helder
Karman CC., Slijkerman DME. & Tamis JE (2009) Disturbance-effect relationships applied in an integral
Ecological Risk Analysis for the human use of the North Sea. Summary in English of Jak et al. (2000).
Report numberC011/09. Institute for Marine Resources and Ecosystem Studies, Wageningen IMARES.
Schobben HPM, Karman CC, Schobben JHM, Jak RG & Kaag NHBM (1996) Ecologische informatie over
RAM-soorten. Schatting van populatiedynamische parameterwaarden. R 96/210.
van der Wal JT & Tamis JE (2014) Comparing methods to approach cumulative effects in the NorthEast Atlantic: CUMULEO case study. IMARES report, Report number C178/13.
3.2. The ODEMM approach
Background
21.
The ODEMM project (Options for Delivering Ecosystem-based Marine Management, 20102013) included a work package for an assessment tool for human activities, pressures and ecological
characteristics. The tool has been published as the ODEMM guidance documents (White et al. 2013,
Robinson et al. 2013, Goodsir et al (submitted), Goodsir & Judd (eds) 2013) and scientific publications
(Knights et al. 2013, Knights et al. accepted manuscript, Piet et al. accepted manuscript).

Methodology
22.
The assessment is divided between assessments of threat and of recovery. The former
consists of three categorical criteria: the extent of sector-pressures, frequency of overlap of sectorpressures and ecosystem components and degree of impact of sector-pressures on Ecosystem
components, based on expert judgment. The latter consists of two categorical criteria: persistence (of
a pressure after cessation of the activity) and resilience (of the ecosystem component after the
pressure has ended) and it is meant mainly for management use to help choosing management
options while being informed of the recovery lag of the system.
23.
In the first phase each pressure is assessed separately in a Pressure Assessment approach,
which is a framework for evaluating the exposure of the ecosystem to detrimental sector activities
and sensitivity of the ecosystem to them (Robinson et al. 2013 and Robinson et al. in prep). The
approach uses expert judgment to assess the threat from each sector-pressure-ecosystem
combination that is relevant to a regional sea. The sector-pressure-ecosystem combinations are
derived from the Linkage Framework, which has been created in the ODEMM project.
24.

More specifically,
i.
The total extent of pressure (x) from sector (j) where there is overlap with
ecological characteristic (y) [categories: none, site, local, or widespread];
ii.
The frequency of occurrence of the pressure (x) from sector (j) where there is
overlap with ecological characteristic (y) in an average year [categories: rare,
occasional, common or persistent];
iii. The generic degree of impact of pressure (x) from sector (j) on ecological
characteristic (y) [categories: low, chronic or acute];
iv. The generic resilience of ecological characteristic (y) within the region being
assessed based on its current status [categories: none, low, medium and high];
v.
The persistence of the pressure (x) i.e., the length of time that the pressure
continues to occur after cessation of the activity causing it in ecological
characteristic (y) [categories: low, medium, high or continuous].

25.
The first three criteria are assessed together as a threat assessment and the latter two are
assessed as a recovery assessment. However, if there are GIS layers for pressures and ecosystem
components available from the assessment area, the Extent and Frequency criteria can be omitted
and replaced by spatial data. For this review, it is assumed that GIS data exists (as it does for the OSPAR
region).
26.
In the second phase, pressure GIS layers and ecosystem GIS layers are overlaid, and the
magnitude of combined pressures is determined semi-quantitatively by the amount of spatial overlap.
The unit of impact is ‘the number of acute sector-pressures in a grid cell. An independent pressure
assessment counts only the number of ‘acute’ impacts while in a combined assessment if there are
two or more ‘chronic’ impacts of a same pressure from different sectors, all these are considered as
‘acute’ and, hence, the combined assessment gives more realistic overview of the impacts in the
system (Goodsir et al. Accepted subject to revision). ‘Low’ impacts are disregarded in both the
independent and combined assessments (see Knights et al. Accepted for ‘degree of impact’
definitions).
27.
In the third phase, the same run is made for the recovery assessment, but instead of using
degree of impact, a combined recovery criterion is used and the number of severe sector-pressures is
counted per grid cell. The persistence and resilience criteria are combined according to a rule where
the recovery is considered ’severe’ if persistence is ‘continuous’ or if resilience is ‘none’.

28.
There is also an additional approach, complementary to the pressure assessment that is
proposed for CEA within the ODEMM approach, where the categorical scores of the criteria are
interpreted in numerical terms (Knights et al., Accepted). For example, categories of the extent
criterion (site, local, widespread) were interpreted as 2.5, 22.5 and 75% overlap, respectively, and the
reason to define the numerical categories as very wide was to include high amount of uncertainty into
the assessment. With the numerical scores, the ‘impact risk’ and ‘recovery lag’ were estimated for
different sector activities, sector pressures or ecosystem components. The setting of the numerical
scores was based on best scientific knowledge (Knights, pers. comm).
29.
In the wider ODEMM approach, linkages between sectors, activities, pressures and
ecosystems have been established, which will help in linking the sectors, activities, pressures and
ecosystems in the cumulative effect assessment (White et al. 2013). These linkages lead to ‘impact
chains’ which help to identify which sector activities and sector pressures are affecting the ecosystem
components (Knights et al. 2013).
Uses
30.
The ODEMM method has been tested in all European marine regions, but the CEA is only
available for a limited number of pressures in the Southern North Sea (Goodsir et al. submitted,
Goodsir & Judd (eds) 2013). The paper by Knights et al. (2013) has shown how the impact chains can
be mapped from sector activities to sector pressures and, finally, to ecosystem characteristics. The
report by Goodsir and Judd (eds) (2013) discusses how the method could be further developed and
simplified to better suit to operational CEAs.
Publications
Goodsir, F., Bloomfield, H.J., Judd, A.D., Kral, F., Robinson, L.A. and Knights, A.M. (submitted) A
spatially-resolved pressure-based approach for the identification and management of combined
effects arising from multiple human activities. ICES Journal of Marine Science.
Goodsir F & Judd A (eds) Nicholson R, Jenkins C, Koch A, Lonsdale J (2013) Further developments of
the combined effects methodology. Draft ODEMM report (WP 5).
Knights A, Koss RS & Robinson L (2013) Identifying common pressure pathways from a complex
network of human activities to support ecosystem-based management. Ecological Applications 23:
755-765.
Knights AM, Piet GJ, Jongbloed R, Tamis JE, Churilova T, Fleming-Lehtinen V, Galil BS, et al. Accepted
subject to revision. An exposure-effect approach for evaluating ecosystem-wide risks from human
activities. ICES Journal of Marine Science, accepted manuscript.
Piet GJ, Jongbloed RH, Knights AM, Tamis JE, Paijmans A, van der Sluis M, de Vries P, et al. In press.
Integrated management strategy evaluation based on risk assessment. Biological Conservation,
accepted manuscript.
White, L. J., R. S. Koss, A. M. Knights, A. Eriksson, and L. A. Robinson. 2013. ODEMM
Linkage Framework Userguide (Version 2). University of Liverpool, Liverpool.
Robinson, L. A., L. White, F. Culhane, and A. M. Knights. 2013. ODEMM Pressure Assessment Userguide
V.2. ODEMM Guidance Document Series No. 4., University of Liverpool, Liverpool.Robinson LA, White
LJ, Piet GJ, Jongbloed RH, Tamis JE, Akoglu E, Boicenco L, Churilova T, Culhane FE, Fleming-Lehtinen V,
Frid CLJ, Galil BS, Goodsir F, Goren M, Kryvenko O, Leppänen J-M, Margonski P, Moncheva S, Oguz T,
Papadopoulou KN, Rogers SI, Setälä O, Smith CJ, Timofte F & Knights AM. In prep. Identifying the good,

bad and ugly in human use of marine ecosystems: A pressure-based approach. Biological
Conservation.
3.3. The HARMONY North Sea Impact Index
Background:
31.
The HARMONY North Sea Impact Index (NSII, Andersen et al. 2013) was developed in the
HARMONY project, which was participated by Denmark, Germany, Norway and Sweden. The method
is based on the Halpern et al. (2008) paper and the experience from the Baltic Sea (HELCOM 2010,
Korpinen et al. 2012). The method was, however, further developed and particularly made more userfriendly, including a simple piece of software (HARMONY Pressure & Impact Mapper) and alignment
with INSPIRE requirements.
Methodology:
32.
B. Halpern and his team published in 2008 a method and a global assessment of human
impacts on the marine environment. The method relies on maps of various ecosystem components
(habitats, species) and anthropogenic pressures and links these together by so-called sensitivity
scores, which transform the pressures to impacts on specific ecosystem components (Halpern et al.
2007, 2008). As in the Halpern method, the NSII method estimates the sensitivity scores by expert
judgment and these are formed from a set of criteria (Andersen et al. 2013):
 impact extent (no impact, impact on individuals, impact on whole population,
impact on the community);
 impact level (from no impact to lethal/devastating impact);
 recovery time (from immediate to 10 years);
 confidence on the scoring (low, moderate, high).
33.
The sensitivity scores were formed by transforming the above-mentioned criteria to numbers
(usually 0-4) and then averaging them to a scale between 0 and 4. The scores were, however, weighted
towards high ‘impact extent’, i.e. community impacts couldn’t get lower overall sensitivity score than
population impacts and the population impacts couldn’t get lower score than the individual impacts.
34.
In the NSII formula, the index is calculated per assessment unit (i.e. a grid cell) where each
pressure – ecosystem component pair is multiplied by the respective sensitivity score and then
summed up. If the ecosystem component does not exist in the cell, the pair will get zero and it does
not affect the index score. The same method is used in the CUMULEO method and the ODEMM
method is partly the same (but the index sum is based on number of chronic pressures).
35.
It is good to note that in the NSII approach (as also in the two other methods) a grid cell can
include several ecosystem components which will result in an increase of the index score in areas of
high biodiversity.
Uses:
36.
The NSII report (Andersen et al. 2013) includes three index calculations to address the
following questions:
 Where do many human activities coincide at high intensities?
 Where do many pressures coincide at high intensities?
 Where are high cumulative impacts to be expected?
37.
The 3-level approach (activity-pressure-ecosystem) acknowledges that there are multiple
linkages between activities and pressures (a pressure may originate from several activities, an activity

may cause several pressures) and pressures and ecosystem components (a pressure may affect several
ecosystem components, an ecosystem component can be impacted by several pressures).
38.
The same method (in minor variations) has been used in the Baltic Sea (HELCOM 2010,
Korpinen et al. 2012), parts of the North Sea (Andersen et al. 2013), the Spanish coast (Morano et al.
2012), the Portuguese coast (Batista et al. 2014), the Mediterranean (Coll et al. 2012), the Black Sea
(Micheli et al. 2013), west coast of Canada (Ban et al. 2010), Hawaii (Selkoe et al. 2009) and California
current (Halpern et al. 2009).
Publications:
Andersen JH & Stock A (eds.), Mannerla M, Heinänen S & Vinther M (2013) Human uses, pressures
and impacts in the eastern North Sea. Aarhus University, DCE – Danish Centre for Environment and
Energy. 136 pp. Technical Report from DCE – Danish Centre for Environment and Energy No. 18.
http://www.dmu.dk/Pub/TR18.pd
Andersen JH, Halpern BS, Korpinen S, Murray C & Reker J (submitted): Cumulative impacts predict
biodiversity status in space and time in the Baltic Sea: implications for ecosystem-based management.
Ban NC, Alidina HM & Ardron JA (2010) Cumulative impact mapping: Advances, relevance and
limitations to marine management and conservation, using Canada’s Pacific waters as a case study.
Marine Policy 34(5): 876-886.
Batista MI, Henriques S, Pais MP & Cabral HP (2014) Assessment of cumulative human pressures on a
coastal area: Integrating information for MPA planning and management. Ocean & Coastal
Management 102: 248-257.
Coll M, Piroddi C, Albouy C, Lasram FBR, et al. (2012) The Mediterranean Sea under siege: spatial
overlap between marine biodiversity, cumulative threats and marine reserves. Global Ecology and
Biogeography 21: 465-480.
Halpern BS, Selkoe KA, Micheli F & Kappel CV (2007) Evaluating and Ranking the Vulnerability of Global
Marine Ecosystems to Anthropogenic Threats. Conservation Biology 21: 1301-1315.
Halpern BS, Walbridge S, Selkoe KA, Kappel CV, Micheli F (2008) A Global Map of Human Impact on
Marine Ecosystems. Science 319: 948-952.
Halpern, B.S., Kappel, C.V., Selkoe, K.A., Micheli, F., Ebert, C.M., Kontgis, C., Crain, C.M., Martone, R.G.,
Shearer, C., Teck, S.J., 2009. Mapping cumulative human
impacts to California current marine ecosystems. Conserv. Lett. 2, 138–148.
HELCOM (2010) Ecosystem Health of the Baltic Sea 2003–2007: HELCOM Initial Holistic Assessment. Balt. Sea Environ. Proc. No. 122.
Korpinen S, Meski L, Andersen JH & Laamanen M (2012) Human pressures and their potential impact
on the Baltic Sea ecosystem. Ecological Indicators 15: 105-114
Micheli F, Halpern BS, Walbridge S, Ciriaco S, Ferretti F, et al. (2013) Cumulative Human Impacts on
Mediterranean and Black Sea Marine Ecosystems: Assessing Current Pressures and Opportunities.
PLoS ONE 8(12): e79889. doi:10.1371/journal.pone.0079889

Morano I, del Barrio I, Lloret A & Perez-Puyol A (2012) A method for the spatial analysis of
anthropogenic pressures in Spanish marine waters. Coastal Engineering Proceedings 33.
Selkoe KA, Halpern BS, Ebert CM, Franklin EC, Selig ER, Casey KS, Bruno J & Toonen RJ (2009) A map
of human impacts to a “pristine” coral reef ecosystem, the Papahānaumokuākea Marine National
Monument. Coral Reefs 28: 635-650.

4. Setting evaluation criteria for the method comparison
4.1. Principles for the setting of evaluation criteria
39.
Cumulative effect assessments (CEA) aim at describing geographical distribution and
magnitude of anthropogenic pressures and their impacts on the marine ecosystem. To this end, the
CEAs have the purpose to support setting of management measures and, hence, have high value for
regional sea conventions and marine strategies (including MSFD and MSPD) of the EU Member States.
40.
In this chapter, a set of criteria is suggested for the evaluation of the three above-mentioned
methods. The criteria to evaluate the assessment methods need to reflect the purpose of the
assessment. Therefore the criteria cannot only address scientific qualification or technical
configuration but also transparency, accessibility and clarity from the end user point of view as well
as flexibility to deal with different management scenarios.
4.2. Criterion 1: Scientific credibility
41.
Cumulative effect assessments are based on multiple assumptions, many of which are
simplifications of real world or even known to be erroneous. Halpern and Fujita (2013) discuss nine
common assumptions which all pose challenges to further develop the methodology of cumulative
impact assessments. These are:
1. Equal importance of pressure layers in order to have a balanced assessment of
pressures (which pressures to select, how much to split/combine them);
2. Uniform distribution of pressures within an assessment unit (e.g. depends on unit size
and resolution of pressure data);
3. Existence of habitats in an assessment unit (errors may originate from poor data or
model resolution or fine-scale distribution patterns);
4. Transforming and normalizing pressures (e.g. how to set the maximal value in a
normalized scale);
5. Linear response of habitats to pressures (non-linear responses are sometimes
suspected);
6. Consistent ecosystem response (in all assessment units the response of habitats to
pressures is similar);
7. Sufficiently accurate vulnerability weights (empirical data vs. expert judgement);
8. Additive model (synergistic impacts not included);
9. Linear response of habitats to cumulative impacts (assuming a linear relationship
between cumulative impacts and state assessments).
42.
From the long list of assumptions, it is obvious that the scientific accuracy of the cumulative
impact assessment methodologies is low. Although this has been known and acknowledged in the
recent assessments widely (e.g. Ban et al. 2010, Morano et al 2010, Coll et al. 2012, Korpinen et al.
2012), it has not hindered production of assessments and the assessments have given valuable insight
to the spatial distribution of human impacts. The low scientific accuracy has been considered an
important but not a limiting factor. This evaluation follows the same principle; it identifies the
simplifications and other assumptions but aims to focus on the potential of the methods and find out
whether best parts of the three methods could be combined.

43.
Description: Scientific credibility means that the method is based on correct underlying
assumptions and mathematical formulation. The method takes into account known environmental
features and relevant pressures. The method estimates impacts of those pressures in scientifically
justified way. The criterion is divided to three sub-criteria: (1) Representativeness of pressure types;
(2) Representativeness of ecosystem components; (3) Transformation of pressures to impacts.
Scoring: High, Moderate, Low (for each sub-criteria)
Examples: (1) Can the method be applied to any pressure types?
(2) Is there any framework for selecting pressures and ecosystem components to the analysis and
balancing them?
(3) Pressure impacts are difficult to quantify and the quantifications need to be specific for each
combination of pressure and ecosystem component. How has this has been addressed in the method?
4.3. Criterion 2: Spatial resolution and flexibility
44.
Cumulative assessments have been carried out in different geographical scales: e.g. subregion scales, 5 km × 5 km grid cells, 1 nm × 1 nm grid cells, 1 km × 1 km grid cells and 3’ × 3’ grid cells.
The spatial resolution of the assessment is not only a question of availability of spatially detailed
georeferenced data but also a question of the purpose of the assessment. The basic assumption in
cumulative assessments is that detailed and coarse spatial data can be combined in a small scale
(usually a compromise), whereas it has not been much considered how accurate the resulting finescale map products are. For instance, fisheries have been acknowledged as one of the main sources
of pressures, but catch data may originate from the ICES rectangle scale (2 500 km2)! Capability of
merging different pressure scales is an advantage, but the resolution of the assessment should be
adjusted for the data resolution.
45.
Another aspect of the spatial resolution is the consideration of impact distances. Does the
method account for gradients (or impact ranges) away from a pressure source? For example, riverine
pollution gradients affect larger areas than the river mouth and the gradients are often site-specific.
Moreover, dredging causes habitat changes for the dredged area but also wider siltation effects.
46.
Description: Spatial resolution and flexibility means that the method produces a spatial
distribution map of pressures and impacts in a feasible resolution and is flexible to different spatial
scales of activities/pressures.
Scoring: High, Moderate, Low
Examples: (1) There is no rule how small scales a pressure/impact assessment should work with (a grid
of 1km2 cells, ICES rectangles or marine regions), but the purpose of the assessment should be in line
with the scale. For example, if data is in the scale of 100 km2, there is no meaning to have 1 km2 grid
cells and claim to produce maps of that resolution.
(2) The activities and pressures have very different impact distances (e.g. sealing by a wind turbine vs.
species extraction by demersal trawling). Does the method account for such scale differences?
4.4. Criterion 3: Flexibility in data formats
47.
Cumulative effect assessments combine pressure data from different sources and this poses
a challenge to describe the magnitude of the pressure, translate it to an impact and finally combine it
to a common metric.
48.
Description: The method allows the use of various metrics (e.g. different units, different
scales) and different quality and, hence, can cover wider range of pressures/impacts.
Scoring: High, Moderate, Low
Examples: (1) Does the method allow standardizing pressure data from several activities (e.g. siltation
from riverine inputs, dredging and shallow-water shipping)?

(2) Can the method use different quality of data, e.g. combinations of direct pressure measurements
and indirect proxies? For example, numbers of by-caught mammals can be derived from trawlers
(amount of by-catch known per trawled distance) and coastal gillnets (data is estimated from number
of licences and correlated by-catch data).
4.5. Criterion 4: Transparency
49.
The results need to satisfy readers from various sectors (maritime, industrial, watershed
management), decision-makers, journalists, public and scientific community. Transparency of the
method, impacts of single pressures and human activities as well as data sources are important in the
assessment method. In practise this means that the assessment method and its limitations must be
accessible and understood from the documentation.
50.
Description: The method allows tracking of impacts down to single pressures and underlying
human activities.
Scoring: High, Moderate, Low
Examples: Can a reader interpret what has caused a strong impact result in a given area? Can a
scientist interpret how an impact of a pressure has been estimated? Are all the steps of the method
documented and available? Are assumptions and limitations openly discussed?
4.6. Criterion 5: Clarity
51.
Results of cumulative effect assessments are communicated to the general public. Therefore
it is important that the purpose and main message of the assessment are clear.
52.
Description: The method gives a result that is easy to interpret and conveys a clear message
to readers. The results can directly be used to various assessment purposes (e.g. OSPAR, EU MSFD).
Scoring: High, Moderate, Low
Examples: Are results communicated clearly? Are the results communicated in metrics that are
understandable?
4.7. Criterion 6: Temporal aspect
53.
Marine environment faces many pressures which are continuous but some occur only
seasonally or randomly. Similarly, species and habitats have different seasons (or even daily periods)
for sensitivity, distribution and abundance. How does the assessment method deals with temporally
varying pressures, ecosystem components and impacts?
54.
Description: The method recognizes continuous, frequent, seasonal and infrequent pressures,
ecosystem components and impacts. This criterion does not address other temporal aspects such as
recovery time after an impact or persistence of an impact after cessation of a pressure, which are
more related to the impact than the pressures or ecosystem components.
Scoring: High, Moderate, Low
Examples: If summer-time water sports affect the environment seriously, how can it be taken into
account in an annual assessment? If sea birds occupy the assessment area only during the breeding
time, is the winter-time absence taken into account in the assessment?
4.8. Criterion 7: Flexibility for different purposes
55.
Pressure or impact assessments serve many purposes and they could be used to assess
different scenarios. Also the frameworks of pressures or ecosystem components may change over
years. Hence, the assessment method should be flexible enough to allow such changes.

56.
Description: The method is flexible regarding its purpose. It can be used for different
management scenarios or climate regimes. The method allows improvement in data availability (e.g.
habitat maps, pressure maps, new impact estimates, etc.).
Scoring: High, Moderate, Low
Examples: (1) The method can be relatively easily modified to include new types of pressures or
ecosystem components. (2) The method can be used to predict various scenarios under different
pressure regimes. (3) The method can produce different outputs depending on target audience.
4.9. Criterion 8: Efficacy of the method
57.
Description: The method gives results sufficiently easily (e.g. working time), can be repeated
by other users and is not too costly (e.g. can be automated)
Scoring: High, Moderate, Low
Examples: (1) The method can be automated. (2) The method allows repeated assessment by other
persons. (3) The method is faster to run once established than in the first run.

5. Evaluation of the assessment methods
58.
In this chapter the three methods are evaluated under each of the criteria and they are scored
on the basis of the available information.
5.1. Scientific credibility
59.
The CUMULEO approach
Pressures. The CUMULEO approach can in theory include all pressure types. In the RAM-module this
may be limited by the availability of empirical data on the impacts on mortality and reproduction of
various species, but the main method allows more pressures to be included. The published examples
show how pressures are included in the method.
60.

There are no principles how to balance the number of pressures from different activities.

61.
Ecosystem components. The CUMULEO approach can be used for both species and habitats.
The RAM-module focuses on species populations and does not include habitats (de Vries et al. 2011),
while the main method treats species and habitats more generally (van der Wal & Tamis 2014). There
is no general framework for the selection of the species or balancing between functional groups or
trophic levels, but the different number of species in benthic, bird and fish groups was handled by
weighting the ecosystem components.
62.
Impacts. The CUMULEO approach aims at interpreting the anthropogenic impacts in terms of
population mortality and reproduction by using ‘dose – effect’ relationship curves, species-specific
values for juvenile and adult mortality, etc. In practice this has been used only in the RAM-module,
while the main method has a broader approach, where impacts on the loss of habitat area or species
populations are derived from scientific studies and translated into a standardized scale [0-1]. The
approach relates pressures to a common metrics which has an empirical basis.
63.
The ODEMM approach
Pressures. Selection of pressures in the ODEMM methodology is based on the ODEMM Linkage
Framework, where human activities and consequent pressures are described. The Linkage Framework
has been built on the MSFD Annex III table on pressures and hence includes a wide set of pressure
types and a hierarchy how they link to activities. This allows for the calculation of various impact chains
from activities to ecosystem characteristics.
64.

There are no principles how to balance the number of pressures from different activities.

65.
Ecosystem components. The ODEMM approach calls these ecosystem characteristics. There
are no theoretical limits how many ecosystem components are included in the ODEMM assessment.
The Linkage Framework has, however, used a certain set of species groups and habitats. The
components chosen are broadly those outlined in the EU Marine Strategy Framework Directive, but
there are no specific principles for balancing between functional groups or trophic levels.
66.
Impacts. The ODEMM approach uses expert judgment to estimate impacts of each pressure
type to different ecosystem components. The impacts are originally categorical (e.g. ‘low’, ‘chronic’,
‘acute’), but numerical translations of the categories have been applied in one of the method versions.
These were based on expert knowledge as the authors argue the absence of pressure-state
relationships preclude the use of a quantitative assessment. Integration rules for the categories have
been created, which allows a combination of impacts (=> ‘combined effects’). Although the ODEMM
approach uses several assessment criteria, the impacts are actually included in one (‘Degree of
Impact’). This has been described in Robinson et al. (2013).
67.
The HARMONY approach
Pressures. The HARMONY approach selects pressures according to the MSFD Annex III table. The
pressures are linked to the activities where they originate from and this allows using several proxies
for intensity scales. There are no principles how to balance the number of pressures from different
activities.
68.
Ecosystem components. The ecosystem components of the analysis were selected among
predominant broad-scale habitats and key species. The habitats represented the habitat types
modelled in the EU Sea Map project, whereas key species were selected on the basis of expert opinion.
While the habitat selection followed a systematic approach, the selection of representative species
was not systematic or followed no predefined principles.
69.
Impacts. The impacts of pressures on ecosystem components are based on expert judgment
by using four sub-criteria. The sub-criteria are described in Section 3.3. Although the scoring process
has been made transparent and guided, the impact scores are not based on scientific results which
slightly decreases scientific credibility of the approach. Sensitivity analyses by Monte Carlo simulations
have been conducted showing that expert judgement was a reasonable way forward when doseresponse relations were not well-documented.
Criterion 1: Scientific credibility
Pressures
Ecosystem
Impacts
1
2
CUMULEO
moderate
moderate
moderate-high 3
1
2
ODEMM
moderate-high
moderate
moderate 3
HARMONY
moderate-high 1
moderate 2
moderate 3
1) all the approaches have fairly similar selection of pressures and there are no limitations in that;
ODEMM and HARMONY have defined linkages to activities; all approaches lack principles how to
balance between the number of pressures (in order to not over-emphasize a particular pressure
type).
2) all the approaches have fairly similar selection of ecosystem components; none of them has a
systematic approach for that.
3) all the approaches use expert knowledge to estimate impacts; CUMULEO can use the RAMmodule to relate the impacts to population mortality and in the main method one relates the
impacts to scientifically documented impacts; ODEMM has a scientifically more credible approach
to set up the impacts but the translation to a numerical format seems to be based on expert

judgment; the HARMONY approach uses a comparable approach to all the impacts, but the
relation of impact scores to science is not as transparent as in CUMULEO.
5.2. Spatial resolution and flexibility
70.
The CUMULEO approach
The spatial resolution is flexible in the CUMULEO assessment. In the assessment by de Vries et al.
(2011), the grid of 1 nm squares was used as the basis of the assessment, the van der Wal & Tamis
(2014) paper used 2.5 × 2.5 km grid cells. The assessment can use data layers of different scales and
the intensity of the pressure per assessment unit is sometimes estimated on the basis of the areal
fraction of the assessment unit under disturbance. Impact distances of pressures were added to the
pressure layers as buffers or gradients and references to scientific results were provided in each case.
71.
The ODEMM approach
The ODEMM approach can be made on a scale of a regional sea (i.e. giving a single output for a region),
but Goodsir & Judd (ed) (2013) have used 3’ × 3’ grid cells. In the former case, the assessment includes
spatial aspects as categories (‘widely spread’, ‘local’, ‘sites’, etc), but in the latter case only the degree
of impact criterion is being used (as in the other two CEA approaches). Impact distances of pressures
were added to the pressure layers as buffers or gradients.
72.
The HARMONY approach
The spatial resolution of the HARMONY impact assessment is flexible. Andersen et al. (2013) used a
grid of 2.5 km × 2.5 km grid cells in the assessment in order to include fine-scale data although some
pressures acted on a larger scale (e.g. fishing). The method includes an estimate of the impact distance
for each pressure.
Criterion 2: Spatial resolution and flexibility
CUMULEO
ODEMM
HARMONY

high
high
high

5.3. Flexibility in data formats
73.
The CUMULEO approach
The CUMULEO approach is a set of methods, where one can choose a suitable method as regards the
task in hand. In the main method (van der Wal & Tamis 2014), the pressure data can be included in
many formats, but the example has so far included only a couple of example pressures. In the
CUMULEO RAM, one transforms pressures into effects on mortality and reproduction of a species
population and therefore the data requirement is stricter than in the other two methods. The use of
published impact scores in the method is an advantageous factor compared to the other two methods,
but is also a limiting factor as it may be difficult to find quantitative estimates for each pressure and,
moreover, it will certainly be difficult to estimate impacts from pressure gradients, e.g. discharges and
siltation. As regards the ecosystem data, the CUMULEO method described by van der Wal & Tamis
(2014) can use all ecosystem data which is an improvement as compared with the CUMULEO-RAM
method (de Vries et al. 2011).
74.
The ODEMM approach
The ODEMM Linkage Framework links pressures to underlying human activities. Each pressure from a
sector is considered separately and a categorical (and numerical) impact estimate is given. The impact
categories are described qualitatively to ensure comparability. The categories of the impact estimates
are the same for all sectors and pressures and this allows flexibility in including very different pressures
from several sources.

75.
The HARMONY approach
As the impacts are estimated by a comparable scoring system in a matrix for each pressure –
ecosystem component combination, the method can include all types of pressures and ecosystem
components. Normalization of pressure data allows the use of different types of source data to
describe the intensity of pressures.
Criterion 3: Flexibility in data formats
CUMULEO
moderate 1
ODEMM
high
HARMONY
high
1) the score is lower because the use of quantitative impact scores from scientific studies limits
the inclusion of pressures and ecosystem components.
5.4. Transparency
76.
The CUMULEO approach
The method has been used in several impact studies and a series of documentations are available
(though mainly in Dutch). The main method descriptions are written by de Vries et al. (2011) and van
der Wal and Tamis (2014). The general CUMULEO method has been described and applied for the
southern North Sea and the method was fairly transparent. The transparency would likely increase
after a peer-review process after which feedback to unclear sections could be given. For this report,
the author had contact with Mr. van der Wal for clarifications in order to understand the integration
procedure. As it turned out, the procedure is fairly similar to the method described in Halpern et al.
(2008). The report has good discussion parts of the limitations and future development needs of the
method.
77.
The CUMULEO-RAM method (de Vries et al. 2011) integrates the impacts by a formula, and
there are associated tables and human activity maps which show the underlying data. By breaking the
formula into separate steps, one can distinguish specific impacts of single pressures. This report gives
a good documentation of the method but do not much discuss limitations of the method.
78.
The ODEMM approach
79.
The ODEMM Linkage Framework gives a good basis for a transparent approach to understand
links between human activities, associated pressures and consequent impacts on the ecosystem. An
evolution of the ODEMM approach has been proposed (e.g. Goodsir & Judd (eds) 2013). Until the
project results have become peer-reviewed and published, the general overview of the method(s) has
been difficult. Direct communication with Dr. Antony Knights clarified the methodology considerably.
Transparency will certainly increase after peer-review processes, which are on-going for a number of
ODEMM products. There is a R script which allows production of different presentations of the
assessment products.
80.
The HARMONY approach
The HARMONY method has been described in several peer-reviewed papers, which ensures that the
method is well described. The limitations of the method are discussed by Halpern & Fujita (2013). In
the HARMONY project the assessments were, additionally, carried out by an impact mapper software.
That is a tool which can produce different sets of maps from the data set: e.g. human activity maps,
pressure maps and impact maps. This variety of different (automated) maps enables a reader to
consider the results from different perspectives and increases transparency of the method.
Criterion 4: Transparency

CUMULEO
moderate
ODEMM
moderate
HARMONY
moderate-high 1
1) the HARMONY approach has rather high transparency due to several peer-reviewed
papers and a software which can be used to produce different outcomes from the
method. It should be noted that there are several ODEMM papers being reviewed for
scientific journals, which may increase transparency of this method later on.
5.5. Clarity
81.
The CUMULEO approach
The CUMULEO method gives a series of cartographic presentations which show distribution and
magnitude of the pressures, distribution of the species and population impacts of the single and
combined pressures. The clarity of the CUMULEO approach is twofold: linking the index results to an
understandable metrics like mortality, reproduction and habitat loss increases clarity. The method
however has, so far, focused on narrow assessments of specific activities like wind farms, oil drilling
or fishing and more holistic assessments have not yet been made. (Though the method described by
van der Wal & Tamis [2014] has the capacity to do so). The cumulative effects can be shown as the
total effect (impact), but also as impacts from activities (sectors), pressures or as impacts to different
ecosystem components.
82.
The ODEMM approach
The ODEMM way of structuring the CEA from single sector-pressure maps to maps of a pressure from
multiple sources and finally to a combined assessment increases clarity. The method produces two
outputs: a map of combined effects (based on the degree-of-impact criterion) and a map of recovery
(based on a combination of the persistence and resilience criteria). The former shows the combined
effects as the number of ‘acute effects’ per grid cell. The latter shows the number of ‘severe effects’
per grid cell. The separation of impact and recovery is scientifically justified but may cause confusion
by readers if not carefully communicated. This remains to be seen.
83.
No CEA has been yet made and, hence, clarity is not yet clear. However, the method has been
based on solid thinking of the linkage framework (Koss et al. 2011), the consequent impact chains
(Robinson & Knights 2011) and a good discussion paper has been produced to describe the
development needs of the method (Goodsir & Judd (eds) 2013).
84.
The method is based on a well-structured framework and hence the clarity may even improve,
once good documentation is in place and the scientific community has had the chance to give feedback
to the authors through the peer-review process.
85.
The HARMONY approach
The HARMONY method is fairly easy to understand, because it uses simple categories (0-4 for impacts,
0-1 for pressures and 0-1 for ecosystem components) for all pressures, all ecosystem components and
all impacts. This may be one of the reasons for the method’s wide use globally. The index results are,
however, communicated in relative scale, which should be separately ground-truthed to real state of
the environment; this has been partly made in the original paper by Halpern et al. (2008).
Criterion 5: Clarity
CUMULEO
ODEMM
HARMONY

1

moderate – high
moderate – high 1
high

1) The clarity was judged slightly lower as no holistic effect assessment has yet been made
and it is not clear whether that would be possible to make.
5.6. Temporal aspect
86.
The CUMULEO approach
The CUMULEO method assumes that all the pressures affect the species at the same time. To avoid
this de Vries (2011) made the assessment for two seasons separately, which can be done with the
most recent CUMULEO method as well.
87.
The ODEMM approach
The method has a criterion ‘Frequency of overlap between a sector-pressure and an ecological
characteristic’. The method doesn’t deal with intensity of interaction, but can deal with temporal
variability of impacts, assuming an access to underlying data of suitable resolution. Goodsir & Judd
(eds) (2013) explain that the frequency criterion has not yet been included in the CEA and how that
could be done is not yet clear.
88.
The HARMONY approach
The HARMONY method assumes that all the pressures affect the species at the same time. In the
original Halpern methodology (Halpern et al. 2007, 2008) the sensitivity scores were constructed on
the basis of five criteria and one of those was temporal frequency of the pressure. This was however
left out of the HARMONY approach, because the assessment method wanted to emphasize the
ecosystem sensitivity (e.g. resilience, recovery, degree of impact). The output has been produced only
for an annual average.
Criterion 6: Temporal aspects
CUMULEO
low – moderate 1
ODEMM
low
HARMONY
low
1) CUMULEO was the only approach where the output was made for two seasons
separately.
5.7. Flexibility for different purposes
89.
The CUMULEO approach
The CUMULEO approach has its origins in EIAs for different human activities. The method has
evolved during years but the most recent version (van der Wal & Tamis 2014) is fairly broad, i.e.
estimating the effects of habitat loss on the ecosystem components. It is possible to feed different
scenarios to the assessment by manipulating the pressure data.
90.
The ODEMM approach
Different scenarios are possible in the ODEMM method, because the source data for pressures can
be manipulated. The ODEMM approach also separates ‘recovery’ of the ecosystem. The data also
feeds into our framework for evaluating management action selectivity (e.g. Piet et al. Accepted)
and more broadly, into decision-making for implementing environmental policy (see Knights et al.
2014).
91.
The HARMONY approach
The framework of the HARMONY method is quite loose and, hence, very flexible for different uses of
the method. It is possible to feed different kinds of pressure and ecosystem data and test various
scenarios (e.g. climate change, activities, marine spatial planning).

Criterion 7: Flexibility for different purposes
CUMULEO
ODEMM
HARMONY

high
high
high

5.8. Efficacy of the method
92.
The CUMULEO approach
The CUMULEO method is a well-documented method which uses clear formula and scientifically
justified selection of species-specific factors. The assessments can be repeated. No automated tool or
script has been described for the method.
93.
The ODEMM approach
The ODEMM method is too young to estimate properly its efficacy. The method has potential to be
efficient as it is based on the Linkage Framework. Goodsir et al (submitted) and Goodsir & Judd (eds)
(2013) mention that the ODEMM Excel file has been transferred to a R script.
94.
The HARMONY approach
The HARMONY method is a widely used and well documented method with several regionally adapted
versions. The assessments can be repeated. The preparation and update of GIS layers is timeconsuming. An automatized tool ‘HARMONY Impact mapper’ is freely available.
Criterion 8: Efficacy of the method
CUMULEO
moderate (-high) 1 2
ODEMM
moderate-high 1 2
HARMONY
High 2
1) if a script or software exists, the efficacy can be considered as high.
2) all approaches will be equally affected by the availability and resolution of GIS data
layers

6. Summary of the scoring
95.
The method evaluation is summarized in the table, where all the scores can compared. No
final scoring is given, as the aim of this report is not to rank the methods but to identify weaknesses,
strengths, knowledge gaps and learn from the methods.
96.
In summary, all the methods received scores from low to high and many of the criteria faced
the same high variability. In case of the ODEMM method, some of the scores may change when better
documentation becomes available or when more experience accumulates from its use in practise.
Summary table of the method evaluation.
1. Scientific credibility: pressures,
ecosystem components,
impacts
2. Spatial resolution and flexibility
3. Flexibility in data formats
4. Transparency
5. Clarity

CUMULEO
moderate
moderate
moderate - high
high
moderate
moderate
moderate-high

ODEMM
moderate - high
moderate
moderate
high
high
moderate
moderate-high

HARMONY
moderate - high
moderate
moderate
high
high
moderate-high
high

6. Temporal aspect
7. Flexibility for different purposes
8. Efficacy of the method

low - moderate
high
moderate (-high)

low
high
moderate - high

low
high
high

7. Discussion on the methodological similarities and differences
97.
At the first glance, the three methods to estimate cumulative effects of human activities on
the marine environment have approached the challenge from very different angles. However,
deeper familiarization with the methods (through reports and direct communication with the
authors) and particularly the most recent reports showed that the basic approach is very similar in
all the methods. Figure 1 aims to capture the basic features of the three approaches.

Fig. 1. Simplified presentations of the three CEA methods. The colours show the same steps in the
process.
98.
As shown in Figure 1, all the three methods rely on (1) GIS data on pressures and the
ecosystem components 1 and (2) a factor to estimate impacts of a pressure on an ecosystem
component 2, and they all use a (more or less) similar approach to sum the impacts within a grid cell.
99.
In all the three methods, the use of ecosystem components in the model is similar: the
species or habitats either are in the grid cell or are not. The HARMONY and CUMULEO methods also
use (or could use) probabilities of occurrence.
100. The differences are in details but can have major effects on the outcome. Below the main
differences between the methods are described.
1

The ODEMM approach could be run without GIS data to an entire sea region, but that would be an approach
only for regional measures and not for a spatial CEA with an objective for spatially more specific measures.
2
The ODEMM approach also estimates a recovery time for the combined effect.

7.1. Differences in selecting the pressures
101. Although all the three approaches have used the MSFD Annex III (Table 2) as the source of
pressure categories, none of them has set any systematic approach how many pressures a category
can contain and how these are selected. As a result, the pressure lists will differ significantly and this
will have strong influence on the outcome (stronger than the use of different impact scores). As an
example, the pressure category ‘selective extraction of species’ usually includes various kinds of
fishing (incl. mussels and crustaceans), hunting and seaweed harvesting. As fishing has been
recognized as a wide-spread and intensive pressure on marine environment and there is plenty of
detailed data on that, one will likely include several GIS data layers of fishing effort by various gears,
but a single layer of seabird hunting and another of seaweed harvesting. As all the three methods
sum up the pressure impacts in the integration phase, the number of fishery layers will have major
effects on the index value. Another difficulty for this issue is that certainly all the various fishery
types have a greater impact than hunting, but it is not simple to find a realistic balance.

Pressures
Activities

HARMONY
MSFD Annex III table 2
+ amendments
A list of activities was
created based on QSR
2010 and HOLAS

CUMULEO
MSFD Annex III table 2
+ regional amendments
A list based on the EU
EIA directive

ODEMM
MSFD Annex III table 2
+ amendments
A list of activities was
created based on
MEECE and QSR 2010

7.2. Differences in quantifying pressure intensities
102. All the three methods have different approaches to quantify how intensively a pressure
occurs in a grid cell. The HARMONY method uses primarily the intensity of an activity to estimate the
pressure intensity. However, in some cases direct pressures have also been measured (e.g.
phosphorus inputs from aquaculture, waste water treatment, rivers, etc). The entire range of the
intensities over all the grid cells was log-transformed and normalized to the 0-1 scale. In the
CUMULEO methodology, also intensities of activities are used to estimate the pressure intensity but
the pressures are not log-transformed or normalized, but used to estimate the extent of the
pressure in the grid cell (e.g. % loss of a habitat). Thus, the pressure intensity is an impacted area
(km2). The ODEMM approach does not quantify pressures but considers all pressure occurrences to
be of the same intensity. In this method, however, a key development focus is in the role of
frequency of an activity in a context that could be developed into pressure intensity (described in
Goodsir & Judd (eds) 2013). At the moment the ODEMM frequency criterion is not used in the CEA,
but temporal variation of an impact can be included in the method.
103. All the approaches estimated the spatial extent of pressures on the basis of static buffer
zones, which were based on scientific studies. The HARMONY also used simple spatial models which
model the attenuation of pressures while moving away from the pressure source. The HARMONY
software has this functionality built in.
7.3. Differences in estimating impacts
104. The estimation of impacts is basically similar in all the methods: a factor is used to weight
the pressures. The factor (or an impact score) is, however, derived in different ways. The HARMONY
approach was introduced in Halpern et al. (2007) and modified in HARMONY (Andersen et al. 2013),
where a pool of experts considered three criteria: (1) impact extent [no impact, individuals,
population, community], (2) impact level [no impact, minor disturbance, medium disturbance, major
disturbance, devastating/lethal] and (3) recovery time [no impact, <1 year, 1-5 y, 5-10 y, >10 y].
These criteria had numerical scores which were given for each combination of pressures and

ecosystem components and then averaged for these combinations according to a formula which
emphasized the role of community-level impacts. The final impact score ranges between 0 and 4.
Andersen et al. (2013) presents this in more detail.
105. In the ODEMM approach, the criterion ‘Degree of Impact’ (DoI) determines the impact from
a pressure to an ecosystem component. DoI can get categorical values of ‘Low’, ‘Chronic’ and
‘Acute’. In the methodology (Goodsir & Judd (eds) 2013), the impacts can be combined according to
a rule, where low scores do not add to the CEA (regardless how many there are), but if two or more
chronic impacts of a same pressure from different sectors overlap, they all become acute impacts. In
the methodology, the key point is the rule how to combine these categories, because only acute
impacts are counted in the final assessment. The ODEMM methodology is still under development,
as discussed in Goodsir & Judd (eds) (2013). In Knights et al. (accepted manuscript), the DoI
categories are given numerical scores, which would allow easier integration of the pressure impacts.
106. The CUMULEO approach deviates from the other two methods in the determination of the
impact scores. Instead of setting categorical scores, the method relies on published impact studies;
for instance, the loss of fauna in an area as a result of a certain amount of pressure. Van der Wal &
Tamis (2014) report of the impacts of wind farm development and fisheries and note, for instance,
that fisheries impact on benthic fauna is 60% reduction of biomass, which gives an impact score 0.6.
The maximum value is 1.0 (i.e. 100% loss of a habitat due to a wind farm development). As the
report is limited to two activities only, it is difficult to estimate whether the approach could be
extended to all kinds of combinations of pressures and ecosystem components. In the CUMULEORAM methodology, the impacts were related to population status through mortality and
reproduction, which is an easy result to communicate.
7.4. Differences in summing up impacts
107. The CUMULEO and HARMONY methods have the similar output when summing up the
impacts in the grid cells, whereas the ODEMM approach has a different approach. The two former
rely on multiplying the pressure intensity, the ecosystem presence and the impact score for each
combination of pressures and ecosystem components and then summing up these results. If a
pressure and an ecosystem component do not overlap in the grid cell, they will result in a zero
impact and that will not be included in the sum.
108. The ODEMM method multiplies the number of acute pressures with the presence of
ecosystem components and hence determines grid cells where the pressures and ecosystem
components overlap. The impact score is not a weighting factor for this formula, but a logistic
function (on/off) where the formula sums only those pressures which have acute impacts (either
originally or after a combination rule). In Goodsir & Judd (eds) (2013), the CEA is shown separately
for those pressures which were acute before the combination (called independent assessment) and
after the combination (called a combined effect assessment).
109. The CUMULEO and HARMONY methods however differ in their approach in treating the
input data. The CUMULEO uses polygon data, which stores more attribute information while the
HARMONY uses raster data which is faster to work with but where the attribute information cannot
be stored. This has implications to the back-tracing of information in HARMONY, unless handled
otherwise by the HARMONY software.

8. Discussion on the potential to merge the approaches to a common
OSPAR CEA methodology

110. One of the possibilities in the OSPAR CEA project is to come up with a hybrid method, where
best parts from the three approaches can be combined. The comparison of the methods in this
report has shown that the basic structure of the three approaches seems to be similar and
deviations are more on the practical side of the methods. In this section, some possibilities for a
hybrid method are explored.
8.1. Selection of pressures
111. No need to prioritize any of the approaches: differences are likely small and a common set
of activities and linked pressures can be elaborated in OSPAR ICG-C. The ODEMM Linkage
Framework has likely received more attention than the other lists and could be used as a basis for
the work. See however the discussion in Section 7.1 and 9.1 about the balance between data layers.
8.2. Quantifying pressures
112. The HARMONY and CUMULEO approaches have assumed (correctly) that pressure
intensities vary between grid cells and therefore a separate factor for this should be included in the
CEA. In the ODEMM approach pressures do not have intensities (they are either present or absent).
The HARMONY and CUMULEO approaches have included also temporal aspects into this pressure
quantification (e.g. number of fishing days per grid cell can be interpreted as intensity). In ODEMM
the frequency criterion has not been (so far) utilized in the CEA. The ODEMM frequency aspect could
be included into the formula to give an intensity value for the pressures.
113.

It is suggested to include pressure intensity to the formula.

114. The HARMONY and CUMULEO approaches used activities (in most cases) as the basis for the
pressure intensity. In the method paper by van der Wal & Tamis (2014) the intensity was further
transformed into an estimate of the lost seabed habitat. That could be a possible approach for
habitats (see also Foden et al. 2010), but not likely feasible for mobile species (the HARMONY
approach could be used for them).
8.3. Ecosystem components in the assessment
115. All the three approaches use GIS data layers for occurrences of ecosystem components in
the grid cells. It seems also likely that all the methods allow several of these layers to occur within a
same grid cell. This approach will lead to higher cumulative impacts in areas of higher biodiversity.
That is not wrong, but needs to be remembered when interpreting the results. Ban et al. (2010) used
a smaller grid and allowed only one ecosystem component to occur in a grid cell, but their CEA was
limited to seabed habitats only.
116. In the HARMONY and CUMULEO approaches species can also have a probability for the
occurrence (because of mobility and areas of more infrequent occurrence). If species or species
groups are included in the CEA, this is an ecologically relevant approach (and relatively simple to
carry out). It could be also relevant to include probability to the habitat occurrence, because of
uncertainty in mapping.
It is suggested that an element introducing probability of occurrence is included in the CEA.
8.4. Estimation of impacts
117. This comparison of methods assumes that GIS data of pressures and ecosystem components
is available and therefore the ODEMM criterion ‘Extent’ can be disregarded and the focus is in the
‘Degree of Impact’ (DoI; as in Goodsir & Judd (eds) 2013). Also the CUMULEO approach focuses on a

single estimate of impact, while the HARMONY impact score consists of three sub-elements (impact
extent, impact level and recovery time). The ODEMM definitions for the DoI categories Low, Chronic
and Acute are described below in the table. A closer look at the ODEMM categories shows that they
reflect to a large extent the sub-elements of the HARMONY impact score (HARMONY impact extent:
impacts from species to community level; HARMONY impact level: impacts from minor to
devastating/lethal). Note however that the recovery element is not included in the DoI categories
but assessed separately in the ODEMM approach.
The ODEMM definitions for the categories of the Degree of Impact criterion (Robinson & Knights
2011).
A Severe - Acute (A) interaction is described as a severe impact over a short duration e.g. for
species, a high proportion of individuals are killed by the interaction of the pressure and the
characteristic. 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). Thus a Severe – Acute (A)
interaction can occur after just one event.
A Severe – Chronic (C) interaction is described as an impact that will eventually have severe
consequences if it occurs often enough and/or at high enough levels (e.g. where disease levels
might build up over time leading to levels eventually where high mortality in a population would
be recorded). 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
characteristic.
A Low severity (L) interaction is an interaction that, irrespective of the frequency and magnitude
of the event(s), never causes high levels of mortality within a given population, or results in loss of
habitat or change in its typical species or functioning i.e. proximate ecological responses (sensu
Harley et al. 2006).
118. As there seems to be development also in the ODEMM approach to use numerical DoI
scores (Knights et al.,accepted manuscript) and also the CUMULEO method is based on the impact
scores (though derived from scientific literature), there seems to be common ground for OSPAR
impact scores.
119. It is suggested that OSPAR ICG-C will compare the HARMONY, ODEMM and CUMULEO
impact scores and will come up with a common set of impact scores. Experience in the Baltic Sea has
shown that the role of impact scores in the final CEA is lower the more data layers of pressures and
ecosystem components are included in the CEA (S. Korpinen, unpublished results). Therefore, finetuning of the scores is not a critical step in the CEA process but interim scores could also be used.
8.5. Recovery assessment
120. The aspects of recovery time in the CEA methodology have been considered by the ODEMM
and the HARMONY approaches, but only the ODEMM methodology has included it as a separate
assessment. In CUMULEO, the recovery is implicitly considered as part of the sensitivity of
ecosystem components and is not defined separately (van der Wal, pers. comm.). In ODEMM, the
recovery is considered as a process starting from cessation of an activity, when a pressure may still
persist (=> persistence criterion), after which the resilience of the ecosystem characteristic affects
the recovery time (Goodsir & Judd (eds) 2013). The reasoning for a separate recovery assessment is
to have a clear message at the managerial level of the time scales of ecosystem recovery.
121. In the HARMONY approach, recovery of an ecosystem component is considered as one of
the three sub-elements when determining an impact score. The reasoning is to include a temporal
aspect to the severity of a pressure on a species population or a habitat.

122. Recovery is an important aspect of CEA and both the approaches have good arguments for
their choices. It is suggested that OSPAR ICG-C would follow both the approaches, i.e. include
recovery to the impact scoring and then make a separate recovery assessment, where this aspect
would be emphasized. In practice that would mean that the comparison of impacts scores (see the
suggestion in Section 8.4) could include the ODEMM recovery criterion as part of the impact score.
8.6. Integrating the single impacts to a CEA
123. The CUMULEO and HARMONY approaches use a similar methodology for the calculation of
the final index score for a grid cell. However, because of different scoring of the elements in the
formula, the index scores are not one to one (although they are likely strongly correlated).
124. The evolution of the ODEMM method, as described in Goodsir & Judd (eds) (2013), counts
the number of ‘acute’ impacts in a grid cell. The integration is done for ‘chronic’ impacts and ‘acute’
impacts following a rule that if two or more chronic pressures of the same type (but from different
sectors) overlapped, all contributing impacts in that area would become acute in severity. Low
impacts are omitted from the integration. However, the development of the method by Knights et
al. (accepted manuscript) is considering ‘Impact Risks’ which have given numerical values for all the
categorical criteria (i.e. also the ‘Low’ category is included) and, thus, enable a calculation that is
almost identical with the CUMULEO and HARMONY formula. The only difference is that the Impact
Risk result is calculated for an entire sea region. However, there is no reason why that could not be
calculated for a grid cell and instead of using fixed ‘Extent’ and ‘Frequency’ scores, one could use
GIS-based extent and real-data frequency. With this modification, the ODEMM method is
comparable with HARMONY and CUMULEO.
125. It is suggested that the integration would follow the approach where all impacts are
included in the CEA. That would require that the ODEMM method will follow the development
started in the paper by Knights et al. (accepted manuscript).

9. Discussion on the current caveats and the future development needs
126. The development of CEA methods has been fast and new thinking has improved the
methodology during the previous ten years of active research. However, there are severe gaps in the
methods, which still affect the outcomes and introduce bias to the results. Especially the critical
study by Halpern & Fujita (2013) raised several caveats which should be addressed by the future
method development (see Section 4.2 for the list). In this section, some of those issues will be
discussed, while also some other caveats are addressed.
9.1. Balancing the number of pressure data sources
127. As discussed in Section 4 (evaluation of the approaches against the eight criteria), none of
the three approaches had taken into account how to balance pressures in the methodology. As the
current CEA methods sum impacts within an area, the evident outcome is that the number of
pressures in the assessment will increase the index result (i.e. increase cumulative impacts). In an
extreme case, one would include data layers from a field which is widely known and where data is
easily available (e.g. fishing) and the obvious outcome is that fishing is the major source of high
ecosystem impacts. The other extreme would be to consider each of the pressure categories (e.g.
according to MSFD Annex III) as a single input data layer in the assessment, but that would lead to an
unnatural situation where each category is of similar importance. Therefore the compromise
between these extremes would require careful consideration. The key question is: how many
pressure layers are allowed for each pressure category?
9.2. Systematic selection of ecosystem components

128. A similar selection problem, as in the previous section, concerns also the selection of
ecosystem components in CEAs. The assessments have so far focused on (1) seabed only (Ban et al.
2010), (2) key species and seabed (Korpinen et al. 2012), (3) trophic groups (van der Wal & Tamis
2014), (4) coastal ecosystems, seabed and trophic groups (Andersen et al. 2013).
129. Focusing on seabed is an easy way of avoiding too difficult choices between ecosystem
components (though that would disregard mobile species being dependent on benthic prey). In
many cases CEAs should, however, include a wider view on the ecosystem and therefore at least
trophic groups should be included in the assessment. That would mean plankton communities,
benthic communities (or seabed habitats), pelagic fish, demersal fish, seabirds and marine
mammals.
130. There are limitations how many ecosystem components one should include in CEAs. The
obvious one is the number impact scores one is obliged to develop for each combination of those
and the pressures. However, there are wide differences between species in sensitivities to pressures
and one should also consider the species’ life cycles (a fish may spawn and grow in sublittoral
vegetation but live in pelagic as an adult). A possible way forward is to select a list of key species
(e.g. those included in the MSFD assessments) which would be used both in the CEAs as well as in
the status assessments. The initial focus for this further development is consideration of the
Common Indicators that OSPAR is developing to determine which combinations of indicators might
best form the basis of the cumulative effects assessment.
9.3. Including temporal aspects to the CEA methodology
131. Temporal aspects were already discussed in Section 5.6. Therefore this section aims to take
the next steps and suggest a way forward.
132. It is clear that temporal occurrence of pressures and ecosystem components vary with time.
Some activities occur only seasonally (e.g. recreational boating, autumn hunting of seabirds), some
are regular but infrequent (e.g. shipping), some are irregular (e.g. pile driving), some are frequent for
a certain period (e.g. dredging or sand extraction) and some are continuous (e.g. inputs of nutrients
from municipalities).
133. Also species have different spatial distribution at different times: migratory birds come and
go seasonally, seals have haul-out sites while changing for new fur and other times they migrate
widely and fish have migrations according to their life cycles.
134. A practical solution was taken in one of CUMULEO assessments (de Vries et al. 2011), where
the assessment was divided between seasons. This may be a smart solution, if activities (and
associated pressures) and the species have clear seasonality in their occurrence. In that case also
different life cycle stages of species could be assessed separately.
135. A more sophisticated possibility would be to model temporal occurrences of pressures and
ecosystem components to the index formula. Some considerations would be:
- pressures and ecosystem components would be ‘present’ only in certain seasons and they
could overlap only if both are ‘present’;
- persistent, common, occasional or rare pressure occurrences would be given different
weight in the formula; that could also be included in the pressure intensity as suggested in
Section 8.2.
In addition, temporal aspects include also recovery from a pressure. Pressures affect even after the
cessation of the activity and the recovery time depends not only on the pressure but also on the

ecosystem component. As the inclusion of that into the index formula can be a challenging step at
the moment, one could make a separate recovery assessment as has been done in ODEMM.
9.4. Addressing synergistic and antagonistic effects
136. As stated in Section 1, cumulative effects comprise additive, synergistic and antagonistic
effects. So far, all CEA methods available have addressed additive effects only. With the three
methods evaluated in this report, it is theoretically possible to include synergistic or antagonistic
effects in the model structure. It is, however, suggested that this step can wait until more experience
has accumulated on the use of an OSPAR-wide method.
9.5. Remembering the 3D marine environment
137. It is surprising that water depth has not been, so far, included in the CEA assessment
methodology, even though it is a natural buffer zone to many pressures (but not all). Inclusion of
depth to an index formula is not difficult: one can add a simple attenuation curve (if better
information is not available) to every pressure.

10.

Conclusions of the evaluation

138. This evaluation report had the objective to compare three cumulative effect assessment (CEA)
methods. The evaluation was based on a set of eight criteria and the results were discussed in Section
5 and summarized in Section 6. All the three methods had fairly similar evaluation results and none of
them scored clearly lower than others. There are, however, differences which need to be solved by
OSPAR ICG-C before a CEA method can be chosen. The conclusions of this evaluation report were
made by the author and do not necessarily meet the method authors’ opinions.
139. The evaluation result and the deeper analysis in Sections 7 and 8 revealed a few overall
conclusions:
1. The three methods have been described adequately (though interviews were needed to
understand details).
2. The three methods have a similar structure and therefore their combining their best
elements into a hybrid OSPAR method is suggested.
3. Of the three methods, the ODEMM approach had the most structured approach to link
sector activities, sector-pressures and ecosystem characteristics.
4. The HARMONY and CUMULEO approaches had included pressure intensities to the index
and these often were based on frequency of an activity; the ODEMM frequency criterion
was suggested to serve the same function.
5. The CUMULEO approach to base impact scores on scientific studies was considered
scientifically transparent; the HARMONY approach to base the impact scores on three subelements using a weighted average (to emphasize community impacts) was considered very
useful in cases when scientific studies can only support the scoring.
6. The ODEMM Recovery assessment is a useful support for management decisions and it
could be considered by OSPAR ICG-C as a separate assessment product.
140. All the methods recognise the need for transparency and clarity, which is seen in the
cartographic presentation of assessment steps, e.g. activity maps, pressure maps, etc. The
transparency requires also good method documentation, including discussion on limitations and
assumptions. Also publication in peer-reviewed journals and assessments in several marine areas are
a sign of increased transparency and accessibility.
141. Cumulative effect assessments have been made for different purposes which is also visible in
the three methods evaluated in this report. The CUMULEO method was originally developed for
environmental impact assessments and, thus, the majority of reports focus on a few sectors only. The

ODEMM method was developed as a management tool for an entire sea region and the spatial (GISbased) analyses were developed for the method only at a later stage as the method was originally
intended to be used also in data-poor marine regions; this development seems to be partly on-going.
The HARMONY method was originally developed for a very wide global assessment where coarse data
was integrated over very different ecosystems and regional specifications of lists of activities,
pressures and ecosystem components are required (as done in HARMONY).
142. The analysis showed also some common limitations in the three methods (Section 9). The
most significant of them was the lack of systematic process for selecting data layers of pressures and
ecosystem components. Such a process is essential for balanced selection between different kinds of
pressures in the assessment and the selection of relevant ecosystem components. Considering how
much these affect the assessment outcome, there could be more discussion of this in the assessment
process. Our view of the world may be totally biased by the adverse impacts of a specific sector and
pressures from this sector may get too high weight in the analysis. For instance, eutrophication is a
ruling discussion theme in the Baltic Sea and over-fishing in the North Sea; do these shadow our
objectivity when considering other pressures? Moreover, data availability may steer our selection of
pressures; for instance, there is plenty of fishery data available, whereas data of underwater noise is
difficult to get. Thirdly, even if we had a systematic approach for pressure selection, what would be ‘a
natural balance’ in the input data? Depending on the level of detail, one can include very different
number of input layers to the index. The same applies to the ecosystem data; how to select a realistic
set of species, community or habitat data to the assessment? If we select three GIS layers of benthic
species, should we have three GIS layers of pelagic species? This is a challenge that requires still
thinking.
143. The method development has taken giant steps in the recent years, while groundtruthing of
the results has lagged behind. Unless the CEA results can be linked with the state of the environment,
the impact assessments can only show relativistic results of a magnitude of pressures where ‘strong
impact’ or ‘low impact’ apply only in the context of pressures but not the environment. Given the long
time series of monitoring data in European waters and the requirement to define GES according to EU
MSFD, this should not be an impossible task with the methods described in this report.

11.
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