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1. Preamble
1.1. Context, objectives, audience, relationship to other
deliverables
This deliverable focuses on the Nested Environmental status Assessment Tool (NEAT)
developed in the context of the DEVOTES project (DEVelopment Of innovative Tools for
understanding marine biodiversity and assessing good Environmental Status). The objective of
this deliverable is to provide the reader with an overview of how NEAT can be used for
management purposes, particularly for the implementation of the Marine Strategy Framework
Directive (MSFD; 2008/56/EC).
The audience that this deliverable is targeting is environmental managers and scientists who
are users and end-users of the NEAT tool, and who wish to assess the environmental status of a
system. Who exactly are the users/ end-users of the NEAT tool? In all likelihood this will depend
between member states/countries and RSCs. For example, in Norway, the end-users could be
considered to be the National Environmental Agency, which is responsible for implementing
the national integrated management plans for the waters under its jurisdiction, as well as the
associated monitoring programmes required by these. However, this end-user is a user only of
the information arising from the tool calculations, and will also store the underlying data on its
public web resource (www.miljodata.no). The users of the actual tool generally will be
consultants hired to conduct assessments of environmental status. Other states or RSCs may
operate differently. It is important therefore to be precise in our understanding of the terms
a) user, who enters data and indicators and generates the assessment results and b) enduser who are the managers who implement remedial measures based on the assessment
results.
Although NEAT was developed for the purpose of environmental assessment of regional seas,
the tool is sufficiently flexible to be used in other contexts, for example by environmental
consultancies that wish to carry out an Environmental Impact Assessment, and also by other
regional seas authorities worldwide, since the spatial assessment units and indicators can be
defined by the user.
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Relationship with other deliverables: NEAT uses a range of indicators as described in
Deliverable D3.1 Existing biodiversity, non-indigenous species, food-web and seafloor integrity
GES indicators. How to select these indicators is described in Deliverable D3.2. Report on the
criteria for good indicators selection and new indicators are described in Deliverable D 3.3
Report on the new indicators and methods for setting reference and target values. The NEAT
tool itself is fully described in Deliverable D6.3 Manual, guidelines and software for biodiversity
assessment.This deliverable is the basis for the regularly updated current manual which covers
new features of the software when they are released., and freely available in www.devotesproject.eu/neat.
NEAT was tested in 10 pilot areas, as described in Uusitalo et al. (2016). All regional seas in
Europe were represented in the selection of pilot areas. The aim was to assess the applicability
of the developed biodiversity assessment tool on a broader scale by evaluating if the pilot areas
are classified according to an expected gradient of human activity and pressure, given the
sensitivity of the pilot areas. The assessment output was compared across the 10 pilot areas to
evaluate if the biodiversity assessment is in accordance with the expected result for individual
and multiple pressure levels. This analysis assessed the general applicability of the developed
biodiversity assessment tool. Testing NEAT in the pilot areas, in parallel with its development,
was also to provide guidance to modifications and identify strengths and weaknesses, including
potential limitations. These are described in the present deliverable D6.5 Management
implications of the biodiversity assessment tool.

2

2. Introduction
The implementation of policy instruments such as the MSFD presents both opportunities and
challenges (Borja 2006; Newton et al 2015). The aim of the research in the DEVOTES project
was to provide scientific knowledge and tools that are useful for the implementation of the
MSFD. In this context, DEVOTES produced two deliverables D1.5 Report with recommendations
on the criteria required for defining GES and D 2.2 Report on the key barriers of achieving GES.

2.1. Key challenges in assessing biodiversity status under the MSFD
The DEVOTES project outputs have addressed a number of other issues in the implementation
of MSFD. These issues and the respective findings are listed below:
a) How can we define, monitor and assess Good Environmental Status? The aim of the MSFD

is to achieve Good Environmental Status (GES) in the Regional Seas. However, this needs to
be defined in a way that it can be monitored and assessed in a scientific manner. DEVOTES
produced D6.2, a report on the Potential definitions of Good Environmental Status, and a
scientific paper (Borja et al., 2013).
b) Member states already have many commitments to monitoring, sometimes by different

agencies. DEVOTES produced a catalogue of monitoring networks so that these may be
optimized, Deliverable D1.3 Report cataloguing the monitoring networks used in MS as well
as D2.1 Report on impacts on net socio-economic benefits of achieving GES and
consequences of monitoring. Recent papers have further investigated on the monitoring
networks (Patricio et al., 2016) and in the socioeconomic issues (Oinonen et al., 2016).
c) Monitoring vast areas of Regional Seas is expensive, so cost-effective, innovative methods

need to be developed. DEVOTES developed and tested a number of new methods for
monitoring that are described in D5.2 Report on the application of acoustic devices and
visual imaging to assess abundance and diversity; D5.3 Report on the application of noninvasive biosensors. Two more Deliverables complete the set:

D5.4 Report on the

optimization of protocols and results of the molecular analyses of biodiversity; and D5.5
Report on the validation of the application of remote sensing devices and metagenomic
approaches.
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2.1.1. Monitoring
We make a distinction between the terms assessment and monitoring, as applied to marine
environments. Assessment implies an evaluation of state, and encompasses both the first
application of the relevant set of indicators (spatial assessment) as well as a repeated
application to assess direction of change over time (temporal assessment). Monitoring is the
actual process of observing and checking the progress or quality of the environment over a
period of time (modified from the Oxford English Dictionary; online). A more extensive
definition of monitoring is the systematic process of observing, tracking, and recording
activities or data for the purpose of a measuring program or project implementation and its
progress towards achieving objectives (www.investorwords.com). Information gathered
through monitoring is used to analyze, evaluate and assess all of the components of the
monitoring programme in order to measure change and implement remedial measures where
necessary (adapted from www.investorwords.com).
One of the challenges with implementation of the MSFD is the variation in the extent and
frequency of existing monitoring and assessment programmes which pre-existed at the time of
the adoption of the directive. Both factors are highly influenced with economic status of the
member states (MSs) and thus governmental commitment to assigning budgets for
environmental governance. As a result, in tackling Article 11, where the elements of the state
monitoring programmes were defined, some MSs started out with an environmental
perspective, covering the range of components and assessment areas/habitats within their
jurisdiction, matched these with available data and indicators from existing assessment and
monitoring programmes, outlined the gaps and proposed new initiatives to fill those data gaps.
Other states started out by listing ongoing programmes, and basing the planned assessment on
those elements (Cochrane and Hummel pers. com.).
An assessment was made of the degree of ecological relevance as well as in the degree of
implementation and operability of the set of indicators chosen to measure the status of marine
biodiversity, for the MSFD and/or national programmes (Hummel et al., 2015). They found
marked differences between the MSs, with France, Germany, Greece and Spain, together with
the non-EU countries Norway and Turkey, scoring highest and Italy and Slovenia scoring lowest.
Worryingly, however, although the parameters chosen were deemed to be representative of
biological diversity, less than half of them were operational at that point in time. Hummel et al.
4

(2015) concluded that there at that time did not exist any consistent and harmonized approach
for the description and assessment of biological diversity and this being the case, that the
implementation of the MSFD at the pan-European scale could at best be considered only
moderately successful.
Thus, to assist in the further progress of the MSFD, an integrated assessment tool needs to be
able to encourage harmonization in approaches across all the European spatial assessment
areas.

2.1.2. Descriptors, Criteria, Habitats, Indicators and DEVOTool
According to MSFD, the status of the marine environment is evaluated using 11 descriptors,
including both biodiversity related descriptors (D1 – biological diversity, D4 – food-webs and
D6 – seafloor integrity) and pressure descriptors (D2 – non-indigenous species, D3 – fisheries,
D5 – eutrophication, D7 – hydrological conditions, D8 and D9 – contaminants in the
environment and in seafood, D10 – litter, D11 – energy and noise). These descriptors are
further detailed in the EU Commission Decision 2010/477/EU providing 29 criteria and 56
associated ‘indicators’ that should be monitored for the assessment of the environmental
status. Cochrane et al. (2010) presents the background and definitions, the key attributes
(biological components, predominant habitat type, and ecotypes for mobile species), the
criteria of the attributes, as well as the suggested indicator classes for the descriptor (D1biological diversity). While D1 directly targets biodiversity, there are several other descriptors
that are also closely related to the assessment of biodiversity (Borja et al., 2010). They are D4
(Marine food-webs), which calls for maintenance of the normal functioning of marine foodwebs, and some aspects of MSFD D6 (Seafloor integrity)
DEVOTES carried out a comprehensive overview of existing biodiversity-related indicators used
in previous marine assessments carried out under different policy frameworks, in the MSFD
initial assessment, and elsewhere (Teixeira et al., 2014; 2016). The DEVOTES inventory of the
existing biodiversity indicators was compiled in the form of a catalogue, which is available via a
database software (DEVOTool), which allows navigating the metadata (http://www.devotesproject.eu/devotool) and to make specific queries to find existing indicators depending on the
needs of the user. The catalogue currently includes over 600 indicators of marine biodiversity,
food web status, sea floor integrity, and alien species, used and proposed to be used in marine
assessments (Figure 1).
5
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Figure 1: Number of indicators in the DEVOTool (as in 2014, and prior to new developments)
available for each of the Marine Strategy Framework Directive Criteria and biodiversity
component. Note that some indicators are applicable for several criteria or include several
biodiversity components in the calculations. Therefore the total number of indicators is larger
than 600 (data from Heiskanen et al., 2016).

An overview of the number of indicators included in the DEVOTool Indicator Catalogue and
representing the different biodiversity components that these indicators cover (i.e. Microbes,
Phytoplankton, Zooplankton, etc.), and their applicability to the MSFD Descriptors and criteria
is presented in Teixeira et al. (2014; 2016) and by Heiskanen et al. (2016).
The gap analysis was carried out comparing how well the indicators in the catalogue cover the
requirement of the MSFD Commission Decision (2010/477/EU) criteria and indicators for the
biodiversity related descriptors D1, D2, D4 and D6, as well as for the different biodiversity
components, and habitats (Teixeira et al., 2014; 2016). Currently a relatively concise set of
indicators for the second phase of the MSFD implementation is available and included in the
DEVOTool database. However, some important areas like the deep sea habitats, and trophic
levels of marine food webs (e.g. microbes) or taxonomic groups (i.e. reptiles) have fewer
indicators operational. Moreover, an assessment of ecosystem processes and functions, i.e. the
overall status of ecosystem functioning is an area that requires attention in order to understand
6

interrelations between various ecosystem components and how those impact each other under
changing anthropogenic manageable and non-manageable external pressures.
Based on this analysis, 16 new indicators were developed and 13 indicators were refined to
better fulfil the MSFD requirements (Berg et al., 2016; Heiskanen et al., 2016). The new refined
and developed indicators were scored according to the eight indicator quality criteria listed by
Queirós et al. (2016) in order to evaluate their fitness as potential indicators for the MSFD
assessments.
The quality criteria are:


Scientific basis,



Ecosystem relevance,



Responsiveness to pressure,



Possibility to set targets,



Precautionary capacity,



Quality of sampling method,



Cost-effectiveness and



Existing and ongoing monitoring data.

In addition, new method Signal Detection theory (SDT) was tested for setting the threshold
values for indicators (Chuševė et al., 2016). SDT was found to be a robust and scientifically
sound approach to set boundaries for indicator values, and to be helpful for planning
environmental monitoring. A conceptually new approach was developed to set the indicator
targets in relation to ecosystem resilience (i.e. setting the target depending on the ability
indicators to recover rapidly and predictably from pressures; Rossberg et al., 2017).
DEVOTool software helps to navigate the database, contains instructions for its use, and a
description of the database contents (http://www.devotes-project.eu/devotool). The database
provides a comprehensive state-of-the-art compilation of biodiversity related indicators
developed for assessment of coastal and marine ecosystems in Europe and elsewhere. The
DEVOTool database is linked to NEAT, and allows for searching indicators to be selected for
marine assessments. These tools are publicly available for marine managers, experts, and NGOs

7
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to rank, evaluate, and choose biodiversity related indicators and to find those that fit best to
the needs of the regional and local environmental assessments in Europe and worldwide.
Note: The content of this section is extracted from Heiskanen et al., 2016.

2.1.3. Assessment units, small ecologically important areas, and
weightings
The NEAT tool aggregates indicator values in user-defined hierarchies of spatial assessment
units (SAU) and habitats. By default the tool gives weight to each spatial assessment unit in
proportion to its area (km2) of spatial extent. The weighting principles are such that the
indicators representing the ecosystem components of a larger water body will be weighted
greater than the indicators which represent a smaller sub-basin of this water body.
The addition of a “priority factor” allows the user of the NEAT tool to give an expert judgement
regarding the relative importance of different SAUs and/or habitats. For example, a small reef
may be much smaller in areal extent than another region of sand or mud and would therefore
contribute very little to the overall biodiversity assessment. We might consider the reef habitat
to be of greater importance than is reflected by considering its area alone. By giving the reef
habitat a higher relative priority, then each unit area of reef will be weighted more greatly than
other lower priority habitats/SAUs when aggregating indicator values to give the assessment
result.
A principle of the aggregation of indicator values in the NEAT tool is that the relative
contribution of two SAUs to the overall result remains unchanged, irrespective of how much
information we have regarding each SAU i.e. how many indicators we have to describe their
habitats and ecosystems, and/or the number of sub-assessment units into which each of them
can be divided. Consider, for example, basin A and basin B that each contribute with a
weighting of 50% to the overall assessment result for a waterbody, either (i) as a result of
having equal areas, or (ii) as a result of the combination of their area and priority weightings.
This equal weighting holds true whether we have 1 indicator representing basin A or 100
indicators. If we were not to abide to this principle, then SAUs with more indicators available
would carry greater weight in the overall assessment. This would be problematic, since a lack of
information regarding a habitat or SAU does not make it less important.

8

This principle can lead to some unintended results. Consider again an assessment with two
equally weighted SAUs contributing to the overall assessment result (Figure 2). Here, the
overall assessment of “Regional Sea” is based on equal contributions of indicators from
“Northern Part” and from “Western Part”. The indicators from “Northern Part” will be assigned
different weights according to which sub-unit they belong to and which habitat they represent.
Their combined contribution will account for 50% of the overall assessment result. Similarly, for
“Western Part”, the contribution of it’s indicators to the overall assessment will be 50%. In this
extreme example, there is only one indicator, representing a small sub-unit of a sub-unit of
“Western Part”. Since this is the only indicator for “Western Part” and since the principle
outlined holds that the weight of “Western Part” towards the overall assessment result does
not change depending on the number of associated indicators, then this single indicator value
will give 50% of the overall assessment. This may be considered unreasonable. It is not a failure
of the NEAT method as such but a result of the “unrepresentativeness” of information
regarding a SAU.

Figure 2. A (fictive) example of spatial assessment unit (SAU) structure, demonstrating that a
single indicator in a small sub-unit of “Western Part” can be given a unreasonably high
weighting in the overall assessment if it is the only available indicator for this SAU and its subunits

9
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2.1.4. Uncertainty
An environmental status assessment is no better than the uncertainty associated with it. It can
be evaluated for the use. Henceforth, it is paramount to quantify uncertainties with the
indicators used for the assessment and determine how these sources of uncertainty propagate
through the NEAT aggregations to derive an uncertainty estimate of the overall assessment,
allowing decision makers to make inferences about environmental status with different degrees
of confidence.
Indicators calculated from monitoring data are typically affected by errors associated with
temporal and spatial sampling as well as methodological uncertainties (Carstensen &
Lindegarth, 2016). An indicator is supposed to characterize a larger area over a given time
period, but the indicator has to be estimated from a number of samples typically taken at
discrete points in time and space. Inevitably, indicator uncertainty results from this incomplete
information. Carstensen & Lindegarth (2016) have developed a generic framework for
quantifying uncertainties associated with ecosystem indicators, and this framework can be
applied to the broad range of indicators proposed in D3.1 Existing biodiversity, non-indigenous
species, food-web and seafloor integrity GEnS indicators and D3.3 Report on the new indicators and
methods for setting reference and target values.

NEAT requires the indicator estimate and its uncertainty as input for the overall status
assessment as well as for determining the confidence in this assessment. Elaborate analyses of
the various sources of uncertainty have been carried out for a smaller subset of the proposed
indicators, but it is anticipated that additional analyses of uncertainty will be conducted in the
future to produce more correct uncertainty estimates. For the indicators that have not yet
undergone detailed uncertainty analyses, indicator uncertainties for the testing of NEAT have
been assessed using heuristic approaches or qualified guesses.
Indicator values and their associated uncertainties are assumed approximately normally
distributed and NEAT aggregates indicator information using distributions, instead of the
indicator values only, by means of Monte Carlo simulation. This means that all derived
calculations in NEAT are described as distributions, e.g. the aggregation of macrophyte
indicators at habitat level or the aggregation of habitats. Importantly, the probability of
achieving GES is calculated at all levels of aggregation from the base of indicators to the overall
integrated assessment. NEAT is the first integrated assessment tool to implement an
10

uncertainty assessment based on statistical principles. An advantage of NEAT is that it allows to
back-track the most important sources of uncertainty from the overall assessments to specific
indicators. Such calculations can be used to improve current monitoring programmes with the
aim of reducing uncertainty and increasing confidence in the overall assessment.

2.1.5. Aggregation
As explained in 2.1.2, the European Commission (2010) listed 56 indicators of status for 11
descriptors to assess the good environmental status of marine waters. In addition, the number
of indicators that can be selected for the assessment can be very variable, from very few to
hundreds (Uusitalo et al., 2016). Two main questions arise from this:
(i)

How is this information to be aggregated?

(ii)

How can the results be communicated clearly?

Aggregation: Guidance on aggregating and integrating information is needed at different
geographical and temporal scales, as well as different ecosystem components, for an adequate
holistic environmental status assessment (Borja et al., 2014). In the context of the DEVOTES
project, these authors reviewed the approaches for aggregating and integrating this
information that are currently available for marine status assessment in Europe and other
regions of the world, from both ecological and management perspectives. The methods are
multiple, including the ‘one-out, all-out’ principle, averaging approach, conditional rules,
scoring or rating, multi-metric approaches, multidimensional methods, decision tree,
probabilistic and high-level integration, among others.
The advantages and shortcomings of the different alternatives are very variable (Borja et al.,
2014). Hence, the integrated assessment results depend on the aggregation method selected
and the framework structure (Langhans et al., 2014; Probst and Lynam, 2016). Thus, some
guidance is needed on the steps toward defining rules for aggregation and integration of
information at multiple levels of ecosystem organization, providing recommendations on when
using specific rules in the assessment, as Borja et al. (2014) did. However, the integration
principle used should be ecologically-relevant, transparent and well documented, in order to
make it comparable across different geographic regions.
Communication: When communicating key messages on the environmental status of marine
ecosystems to policy-makers, managers or society, it is important to synthesize the complex
11
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information obtained by scientists from monitoring networks (Mea et al., 2016). This
information includes multiple ecosystem components (e.g. water column, seafloor) and
biodiversity elements (from microbes, to plankton, fish or mammals, among others), which
show an important spatial (i.e. from coastal to offshore waters, from shallow to abyssal
habitats) and temporal (e.g. the monitoring networks can vary from continuous recording to
periods ranging from days to quarters, or years) variability, which needs to be transformed into
manageable units to assess the status.
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3. NEAT and its application
3.1. NEAT, the Nested Environmental status Assessment Tool
The NEAT software is a flexible and user-friendly desktop application implementing the
biodiversity assessment tool developed in work package 6 (Integrative assessment of
biodiversity) of the DEVOTES project (http://www.devotes-project.eu/neat). The name of the
tool “NEAT: Nested Environmental status Assessment Tool” is also a reflection on the adjective
“neat” which can have meanings such as “clean”, “bright” or “shining”.
NEAT

and

its

use

guidelines

are

freely

available

from

the

DEVOTES

website

(http://www.devotes-project.eu/neat). The NEAT software is continuously enhanced with even
more features and possibilities to perform a tailor-made biodiversity assessment. Since the
initial version 1.0 which was released in the beginning of February 2016, two updates have
already been published (current version 1.2) greatly improving the capacities of the software.
Further updates will be released on a regular basis.

3.2. Main features of the tool
NEAT is designed to support the assessment of marine areas by the environmental authorities
of EU Member States, but also by the Regional Seas Conventions, focusing on the MSFD.
NEAT allows users to assess the environmental status of European seas in an integrative way.
However, this focus does not mean that NEAT cannot be used in different context. On the
contrary, NEAT can be used in its current form to perform various kinds of environmental
assessments. Details on the assessment method used by NEAT can be found in Andersen et al.
(2016).
Marine health assessments are complex, but this tool makes the task much easier. The
interface is designed to be user-friendly. Using NEAT is simple. If no custom assessment is done,
the process contains of three individual steps:
1. Select the regional sea to be assessed
2. Select the appropriate indicators, enter the indicator values and their uncertainty and
assign the indicators to their habitats and ecosystem components.

13
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Select the way in which the assessment results should be presented and get the assessment
results per spatial assessment unit and ecosystem component/habitat
Spatial assessment unit (SAU): The SAU is a spatial area for which a given indicator will produce
indicator values. An assessment can define an arbitrary number of SAUs within an assessment
which form a nested hierarchy. Four different setups are preconfigured for the use in the four
European Regional Seas, showing only the indicators which have been assigned to the
respective sea according to Teixeira et al. (2014). A custom configuration is also possible, see
Customization below.
Indicators: NEAT integrates the assessment values of a set of indicators and comes with a large
catalogue of indicators (Teixeira et al., 2014) built-in as a source for choosing predefined
indicators for the biodiversity assessment. The predefined 600 indicators are being used or
being developed by European Member States. They are the same indicators as those present in
the upcoming version 7 of the DEVOTool software (http://www.devotes-project.eu/devotool)
as explained in 2.1.2.
For the purpose of integration/aggregation, individual indicators must have their measured
values on the same numerical scale. NEAT ensures this by employing a common scale for all
entered indicator values. This is achieved by using the entered class boundaries of the
indicators and transforming them piecewise (linearly) onto a normalized common scale.
Currently, NEAT only allows the use of a 5-class scale (bad, poor, moderate, good, high). The
common assessment scale goes from 0–1 and the class boundaries are defined as follows: "0 <=
bad < 0.2 <= poor < 0.4 <= moderate < 0.6 <= good < 0.8 <= high <= 1" On the common
assessment scale, all five classes are equally wide (0.2 assessment units) and e.g. the moderate
class contains all values equal or above 0.4 and all values less than 0.6. This compact notation is
also used internally in the NEAT software.
Aggregation: NEAT is a step forward compared to other holistic assessment systems in that it
goes a long way to ensure a clean implementation of aggregating various different indicators in
a comparable and systematic way. As an example, NEAT avoids the dominance of certain
indicators or habitats or spatial units by a proper weighting procedure. Thus, no bias is
introduced into the assessment by the choice of the indicators.
On the common assessment scale, the threshold to the GES is the class boundary between the
moderate and the good status. By default, aggregation is done across all indicators belonging to
14

a SAU. However, NEAT is designed to do aggregation to any other entity. For example, the
method can be used to aggregate all indicators of a SAU and show the status divided among the
different ecosystem components of the SAU. Also, the order of aggregation is in principle not a
fixed one. While currently the weighting, and thus the aggregation, is done from the SAU, to
the habitat and finally to the ecosystem component, other orders are in principle possible and
may be considered for future updates of the method.
User-friendly: Users can assess the environmental status of a SAU by choosing the marine
region using the predefined settings, entering the assessment values for the indicators chosen
(along with an uncertainty measure and the classification scale) and starting the calculations to
show the resulting status assessment. The mechanics (algorithms and intermediate
calculations) behind this are hidden from the user, although future versions will allow viewing
and saving these data.
Customization: The assessment principles used in NEAT are universal and can easily be applied
to other assessment types such as pressure assessments. Although NEAT is implemented with
biodiversity status assessment in mind, it is not restricted to status assessment. NEAT is so
versatile that it can also be used for other types of environmental assessment, not just
marine biodiversity. So, it could also be used by firms and consultancies that carry out all types
of environmental assessment.
NEAT is very flexible so users can customize each step of the assessment. Thus, it is possible to
perform a tailor-made assessment reflecting special user needs, reflecting the reality of the
assessment type or area, while still being able to benefit from a methodological uniform and
consistent approach. Such a customization, however, requires some additional knowledge and
understanding of the inner workings of the tool and assessment method beyond the simple
three-step assessment described above.
Future versions of NEAT will also allow for other classification schemes and numbers of classes.
This will allow even more flexibility with respect to the choice of assessment class boundaries.
Each indicator can have its own set of class boundaries and its own specific indicator scale. It is
potentially possible to have individual indicator scales for every SAU and every habitat. This is
often needed when the area to be assessed is large and comprises many biogeographically
different parts. Then, typically the indicator scale and class boundaries are individually adapted
to the local situation. We are investigating ways to allow this level of flexibility within NEAT.
15
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3.3. Testing the tool in case study areas: Management questions
The NEAT tool was tested at ten study sites covering all the European Regional Seas (Uusitalo et
al., 2016). The ten case studies had a large variation in both their physical and ecological
characteristics, and in the structure of the case study: They ranged from subtropical waters to
temperate and Arctic, covering the four European regional seas (i.e. Mediterranean, Atlantic,
Black and Baltic Seas), and their surface areas varied from <3000 km2 in Saronikos Gulf (Greece)
to >820,000 km2 in the Barents Sea (Norway). The number of hierarchical, nested habitat levels
varied between 2 and 4, SAUs between 1 and 61, the number of ecosystem components
between 5 and 9, and the number of indicator values included into the assessment between 29
and 466. For each study area, all available and suitable indicators regarding MSFD Descriptors
1-6 were included, and each study area was organized according to the best available data and
expert knowledge in terms of habitats and SAUs.
Evaluation of the case studies highlighted several issues that need attention in order to improve
the coherent and comparable ‘biodiversity status’ assessments of the European regional seas.
These issues are related to the data and indicator availability and spatial resolution, and
assessment structure. It was found that two major problems in achieving the objectives of the
MSFD assessments are the multiple gaps in the availability and coverage of indicators in the
various areas, and a lack of a unified framework of assessments to enhance the comparability
across areas. NEAT provides a general framework that could be accompanied with guidelines
for the selection of SAUs, habitats, and indicators.
The 10 case study assessments were mostly in line with previous regional/local assessments,
understanding, or known pressure gradients. Sensitivity analysis of the results implied that
there is no universally sufficient number of indicator values needed to make a reliable
assessment, but that the number varies among case studies. No clear patterns could be found
among the 10 cases evaluated in this study that would indicate a number of indicator values of
biodiversity components that can be considered universally sufficient: the variation in the
assessment result depends on the indicator values that are used for the assessment. If they are
close to each other, i.e. all indicating similar status, the variation in the results is naturally
smaller, and if the different indicators indicate very different status, e.g. some areas or
biodiversity components are in good status while others are in bad, the sensitivity to individual
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indicator values is naturally larger. This is not a problem or an error of the assessment, but
valuable information on the evaluated area.
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4. Feedback on the application of the biodiversity
assessment tool
4.1. Survey on the experience of users applying NEAT
After the scientific outcomes of the application of NEAT were analysed, the participants were
asked to respond a questionnaire survey on their experience applying NEAT to their case study
areas and the potential implications for management. The questionnaire was structured around
seven key issues identified in the implementation of the MSFD, which NEAT attempts to deal
with: indicators, data, innovative techniques, modelling, uncertainty, outcomes of NEAT,
management measures, and NEAT itself. In addition, some questions were added to
characterize the case study. Although the initial questionnaire accounted for the following 25
questions, some of them led to sub-questions, resulting on a total of up to 41 questions.
These

questions

were

developed

using

Survey

Monkey,

https://es.surveymonkey.com/r/NEATapplication and are listed below.
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What is the case study that you have covered?
What descriptors have you addressed?
Why did you select these descriptors?
Why did you leave out other descriptors?
How many indicators did you use?
Was using NEAT difficult?
Did you find NEAT sufficiently flexible (e.g. possibility to set up targets, provide weighting, etc…)?
What do you suggest to make NEAT more fit for purpose?
How can NEAT be made more user friendly?
Did the indicators you selected provide information on the main pressures acting on your area?
Did you have sufficient data for applying NEAT?
Was the data that you used specifically collected for the purposes of MSFD?
Will innovative techniques help you to cover some of the existing data gaps?
Can innovative techniques be easily implemented?
Can modelling techniques help to overcome some of the existing data gaps?
How can modelling be used to link pressures with biodiversity indicators?
When implementing NEAT, which main problems have you identified?
Does the result that NEAT provides reflect what you were expecting (on the basis of the data that you
entered)?
Does the calculated uncertainty of your result reflect what you were expecting?
Does the way NEAT present the results help you to identify where the main pressures in your area?
Does the way NEAT present the results help you to identify the main data gaps
Does the way NEAT present the results help you to identify the main issues and pressures
Does the way NEAT present the results help you to identify where the main issues and pressures are
located in your study area
Does NEAT help you to identify management measures to overcome the kind of issues identified?
What obstacles do you envisage you will find to implement the measures you propose?

4.2. Results of the test of NEAT
The detailed results are in Annex II to this report. In the next section, these results are
summarized. The question numbering used in this summary section matches that used in the
analysis (Annex II), i.e. there are up to 41 questions and sub-questions rather than the initial
25.
The responses to the questionnaire on the application of NEAT were for the following 11 study
sites (Q1), thus n= 11.
North East Atlantic
 Barents-Lofoten
 Dutch EEZ of North Sea
 Basque EEZ
 Portuguese EEZ
Intermediate (NE Atlantic-Baltic Sea)
 Kattegat DK
Baltic Sea
 Lithuanian coast
 Gulf of Finland
Mediterranean Sea
 Adriatic Sea
 Saronikos Gulf
Intermediate (Mediterranean-Black Sea)
1
 Sea of Marmara
Black Sea
 Coastal Black Sea

The indicators used in NEAT by the different case studies referred to the following descriptors
(Q2): D1, D2, D3, D4, D5 and D6. All study sites used D1, most also used D5 and D6. The main
reason for this, according to the respondents was data availability (Q8) and the focus of both
the DEVOTES project (since the main focus of this project are D1, D4 and D6) and the
respondents research. Most of the existing data was not collected especially for the MSFD
(Q11) and available from other monitoring programmes (Q12). Respondents identified many
data gaps (Q27), including lack of data on birds, mammals and top predators. Two third of the
respondents found that NEAT allowed them to identify these data gaps (Q26), and more than
two thirds of the respondents felt that innovative techniques would cover some of the existing
data gaps (Q13), especially remote sensing. Respondents felt that these techniques could be
implemented (Q14), especially remote sensing (Q16), despite the current main obstacles of
1

The Sea of Marmara was not included in the Uusitalo et al. 2016, since they attempted to apply NEAT
and did not succed. It is considered important their inclusion in this survey since the users´ experience on
its application (and failure) may provide additional insights to management.
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cost, equipment and time to set up the techniques (Q17). Two thirds of the respondents also
felt that modelling would cover some of the existing data gaps (Q20), was useful to predict
change (Q21) and also to link pressures with biodiversity indicators (Q23).
Respondents used a minimum of 13 and a maximum of 180 indicators (Q5). These values are
different and lower than in section 3.3, because some indicators had been counted more than
once if they had been used for several descriptors. Two thirds of the respondents felt that the
indicators selected provided information with respect to the main pressures in the area (Q6).
Most respondents found NEAT to be easy to use (Q34) and flexible (Q36), with the main
difficulties being related to data availability, accessibility, and quality, as well as finding some
indicators to be inadequate (Q35) or lacking targets (Q37). The most important pressures (Q7)
were identified as fishing (8 responses), and eutrophication (7 responses), with climate change
(5 responses) as well as seabed destruction from trawling and dredging also important (4
responses). The assessment result (Q25) and the uncertainty calculated for the results (Q18)
reflected the result expected. More than half of the respondents did not find that NEAT helped
them to identify the pressures (Q29) or what management measures would be useful (Q31). All
identified the two main obstacles (Q33) as economic pressures (limitations) and ineffective
governance, while stakeholder conflict was also an important obstacle.
Responses to Q19, Q38, Q40 and Q41 were very varied and provide some useful insights as to
how to improve both NEAT and assessments, see 4.1 and 4.2 below.
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5. Discussion and conclusions
Based on the experiences previously gained through the 10 case studies, some
recommendations were made with respect to assessment (Uusitalo et al., 2016). These were:


Large geographical areas: Indicators that cover large geographical distribution (such as
mobile birds and mammals), tend to carry a lot of weight in the final assessment. Careful
attention needs to be paid particularly to the current status and class boundaries of these
indicators.



The design of the assessment should be harmonized: In order to make the assessment
comparable between the different sub-regions and areas in the regional seas and provide a
harmonized assessment among the regional seas, the design of the assessment needs to be
harmonized. Attention must be paid to the selection of ecosystem components, and
definition of size and hierarchy of the spatial assessment units as well as the definition of
habitats.



Weighting of indicators or areas: Consider the possibility of using different weighting for
the individual indicator values, if that is ecologically more justified than using the weight
based on the spatial area and habitat weighting.



Contextualize the outputs on the basis of existing data: Different ecosystem components
may present quite different data coverage, frequency, and data quality for the evaluation,
and that may be reflected in the results. Consider carefully the standard deviation assigned
to the indicators, but also consider how well the available indicators represent the
ecosystem component and/or area as a whole.



The value of partial assessments: Consider not only the overall assessment, but the partial
assessments (e.g. biological components or MSFD descriptors), as partial assessments can
contribute to increased understanding of results and defining management measures for
specific issues or areas.

The questionnaire was then distributed to gain further insights. The two main objectives where
to:
(i)

identify the management implications of the use of NEAT, and

(ii)

identify possible improvements of NEAT, from the point of view of the user.
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The results are discussed in the following sections 5.1 and 5.2.

5.1. Implications of the results for management measures
Some of the questions were designed to explore and identify the issues and implications for
management. The issues and implications for management are summarized below. The
implications for management are stressed in bold italics.


Data availability: the availability of data is an issue, particularly with respect to types of
habitat (e.g. hard bottom benthic habitat), certain ecosystem components (e.g. mammals),
and some descriptors (e.g. noise and litter). Mismatches in temporal and spatial resolution
of the data were also reported. Thus, more and better focused monitoring effort is needed
for the appropriate data to be available. Users stressed the importance of comprehensive
long-term monitoring and assessment strategy and effort to reduce uncertainty.



Data accessibility: Accessibility continues to be problematic, even when abundant data is
available, it may not be accessible. One partner was unable to access existing data despite
trying during the whole 4 years of the project. Data obtained with public funds should be
easily available for research purposes.



Data quality: Users reported problems with data heterogeneity. Data that is both
available and accessible still needs to be cleaned and checked. A trivial example is the use
of commas (0,5) versus full-stop (0.5) for decimals. Outliers should be checked carefully in
case they are a typographic error in the entry (e.g. salinity in a dataset 37.1, 36.9, 37.0, 372)



Data suitability: data that has been collected for one purpose is not always suitable for
another, e.g. while chlorophyll a concentration may be a useful phytoplankton indicator for
D5 Eutrophication, it is not informative for D1, Biodiversity of phytoplankton. Several of the
respondents made the point that the data that was used was only partially suitable, as it
had not been collected for the purpose of the MSFD. Thus, there was a lot of variability in
the Match or Discrepancy between the resolution of biological data collection and human
pressures. These issues mean that existing data may not be fit for purpose for new
assessments, e.g. MSFD.



Descriptors needing more indicators: the DEVOTES project focused on D1 – biological
diversity, D2 – non-indigenous species, D4 – food-webs, and D6 – seafloor integrity. Nearly
all the indicators in NEAT relate to these four descriptors. Many additional indicators were
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added in relation to D3 – fisheries and D5 – eutrophication and in contrast, very few
indicators for D7, D8, D9, D10, D11.. More indicators corresponding to D7, D8, D9, D10
and D11 are needed.


Well established, validated indicators and the development of new indicators: users
emphasized both of these. Well established indicators, validated indicators increased the
confidence in the results, but there is also a need to develop and include new indicators.
Users stressed the importance of targets and reference conditions for the indicators.



Experience: the users stressed the importance of experience in assessments, which allows
the identification of discrepancies and reduces uncertainty. Assessments should be made
by experienced researchers familiar with the area to be assessed and the associated
pressures.



Innovative techniques: users responded that innovative methods, such as remote sensing,
would improve assessments. Innovative techniques for the monitoring of GES descriptors
such as Remote Sensing should be further developed and tested.



Modelling: users responded that modelling could not replace monitoring but was useful for
filling temporal and spatial gaps, as well as for forecasting and analyzing trends. Application
of models is useful in assessments but does not replace monitoring.

5.2. Recommendations to improve NEAT
Some of the questions were designed to explore and identify issues with the application of
NEAT by end-users and show NEAT could be improved. The results are summarized below.


Default values and targets: Users also wanted more targets for the indicators. Users
suggested accumulating information (e.g., targets) from different regional seas/areas
and display this as default values, (with comments and indication of data used as a
basis). This would be type specific for Regional Seas or areas.



Additional indicators: more indicators corresponding to D7, D8, D9, D10, D11 are
needed. Binary indicators (i.e. GES/sub-GES), trend indicators, multi-dimensional
indicators (e.g. "all three parameters must be above”) currently do not fit into NEAT.
Therefore, allowing for this capacity would improve NEAT.
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Input and output: Users would like improvements to import data from various existing
platforms (spreadsheets, data bases.) Since NEAT uses areas, users would welcome a
mapping output in a GIS format.



Un-expected results: most of the results of NEAT were as expected. However,
unexpected results helped to identify issues with specific indicators, areas and
components, e.g. birds. Therefore a public forum for users and continued dialogue with
NEAT developers is important.



Guidelines: users expressed the need for more guidance about uncertainty and
standardization of data.



Identification of Pressures: users could not easily identify pressures for the assessment,
hence it is difficult to suggest measures. More work is needed to link PressuresAssessment-Measures.



Source code: Users suggested that NEAT should be coded in R and published to initiate
a user-driven development.

5.3. Conclusions
To assist in the further progress of the MSFD, an integrated assessment tool needs to be able to
encourage harmonization in approaches across all the European spatial assessment areas, yet
flexible enough to deal with inconsistencies in data availability. It needs to be able to be applied
to almost any kind of marine environment, from the brackish and species-poor Baltic Sea to
fully marine areas, including the Mediterranean and the Black Seas, to the North Sea and
potentially also extending along the Norwegian coastline to the European Arctic. Thus, the data
entries and indicator applications need to be customized to the individual assessment area, but
yet the overall assessment results need to be compatible, independent of location or
environment type. Further, the assessments need to be able to operate at a range of spatial
scales, allowing evaluation of environmental status to be upscaled from local bays and to entire
regional or sub regional areas, and encompassing both coastal and offshore environments.
Finally the assessment tool must be able to operate at temporal scales, by repeating
assessments in particular areas over a period of time, to assess direction and extent of change.
This aspect is essential to the MSFD process of implementation of measures. The NEAT tool has
attempted to address all of these challenges.
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This report provides an overview of how NEAT can be used for management purposes,
particularly for the implementation of the Marine Strategy Framework Directive (MSFD;
2008/56/EC). The report summarizes the main aspects of NEAT, gives an overview of the
challenges to assessing good environmental status (Section 2), the main features of NEAT that
address these challenges and how NEAT was tested (Section 3).
The scientific results of the test have already been reported in a publication, Uusitalo et al.,
(2016). Therefore, the report focuses on the main implications for management of the
application of NEAT and possible future improvements as well as developments of NEAT.
NEAT has been rigorously tested and demonstrated at 10 different sites covering different
Regional Seas, spatial areas and numbers of indicators. Users found NEAT easy to use and made
some constructive suggestions about future improvements as well as developments of NEAT,
such as a mapping output. Using NEAT, it is already possible to assess good environmental
status and attribute certainty to the assessment. Further versions of NEAT will give better
coverage of all the descriptors and appropriate indicators. The users also gave feedback that
provided valuable insight into the main implications for management of the application of
NEAT. These included problems with data availability, accessibility, quality and suitability.
Modelling and innovative methods such as remote sensing and should provide some
solutions to issues with data as well as spatial and temporal coverage. However, experienced
researchers and monitoring data that is fit for the purpose of the assessment of good
environmental status are paramount.
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DEVOTES: Deliverable 6.5. NEAT

Dear colleague,
This survey aims at evaluating NEAT in the context of Deliverable 6.5. on "Report on management implications of biodiversity
assessment tool".
As case study leader, we would like you to provide insights regarding your experience applying or attempting to apply NEAT to your
case study area, in order to derive management implications of this tool..
We kindly ask you to complete the survey as soon as posible (and preferebly before you go on holidays, if you have not done so yet).
Thank you in advance for your participation in this survey, as it is crutial for the completion of DEVOTES 6.5. Deliverable.
Best regards

* 1. Please, indicate the case study in which you have applied or tried to apply NEAT
Basque EEZ

AdriaticSea

Portuguese EEZ

Gulf of Finland

Coastal Black Sea

Saronikos Gulf

Kattegat DK

Barents-Lofoten

Dutch EEZ of North Sea

Lithuanian coast

Sea of Marmara

* 2. What descriptors have you addressed?
D1. Biodiversity

D7. Hydrographical conditions

D2. Non indigenous species

D8. Contaminants-pollution

D3. Commercially exploited species

D9. Contaminants - human consumption

D4. Trophic webs

D10. Marine litter

D5. Euthrophication

D11. Energy and noise

D6. Sea-floor integrity

3. Why did you select these descriptors?

4. Why did you leave other Descriptors out?
No data availability
Not in the scope of DEVOTES
Other (Please, specify)

5. How many indicators did you use?

6. Did the indicators you selected provide information on the main pressures acting on your area?
Yes
No

DEVOTES: Deliverable 6.5. NEAT
Indicators

7. Which pressures do they reflect?

DEVOTES: Deliverable 6.5. NEAT
Indicators

8. Which pressures do they act on your area?

DEVOTES: Deliverable 6.5. NEAT
Data

9. Did you have sufficient data for applying NEAT?
Yes
No

DEVOTES: Deliverable 6.5. NEAT
Data 1b

10. What was missing?
Lack of info for descriptors
Lack of info for biological components
Irregular data
Insufficient data
Other (specify)

DEVOTES: Deliverable 6.5. NEAT
Data 2.

11. Were the data that you used specifically collected for the purposes of MSFD?
Yes
No
Both

DEVOTES: Deliverable 6.5. NEAT
Data 2b.

12. From what other monitoring programs have you collected information?
Own data
Local monitoring programmes
National monitoring programmes
Regional Sea Conventions (OSPAR, Mediterranean, Black Sea or Baltic Sea)
Monitoring performed under other legislation/EU directives
Other (specify)

DEVOTES: Deliverable 6.5. NEAT
Innovative techniques

13. Will innovative techniques help you to cover some of the existing data gaps?
Yes
No

DEVOTES: Deliverable 6.5. NEAT
Innovative techniques 2

