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Background
The Birds Directive established an EU-wide protection regime in 1979 for all bird species 
naturally occurring in the EU, including a classification by Member States of Special Protection 
Areas (SPA) for threatened and migratory birds. This approach was extended through the 
Habitats Directive in 1992. The Habitats Directive also provided for the establishment of a 
representative system of legally protected areas throughout the EU, known as Special Areas of 
Conservation (SAC). Together, SPAs and SACs form the Natura 2000 network. The aim of both 
Directives  is to ensure the long-term sustainability of the habitats and species they have been 
set up to protect. Together the Nature Directives provide a comprehensive protection regime for 
certain particularly rare and threatened species and for typical and valuable habitats in the EU. 

Between 2014 and 2016, the European Commission carried out a Fitness Check of both 
Directives. Based on this comprehensive evaluation it was concluded that the Nature Directives 
“remain highly relevant and are fit for purpose”, but also that achieving the objectives and 
realizing their full potential will depend upon substantially improving their implementation. The 
review proposed that improvements are needed both in their effectiveness and efficiency and in 
working in partnership with different stakeholder communities in the Member States and across 
the EU in order to deliver practical results on the ground.

The Fitness Check also recognised that the existence of remaining knowledge gaps may have 
led to inefficiencies. Specifically important is access to adequate, reliable knowledge, which is 
essential for many of the activities associated with the implementation of the directives. The EU 
Biodiversity Strategy for 2030 formulates 17 commitments (targets) under two main headings: 
Nature Protection and an EU Nature Restoration Plan. The targets and how to measure success 
are yet to be defined. Legally binding EU nature restoration targets will be proposed in 2021. 
By 2030, significant areas of degraded and carbon-rich ecosystems are restored; habitats 
and species show no deterioration in conservation trends and status; and at least 30% reach 
favourable conservation status or at least show a positive trend. 

The Biodiversity Strategy 2030 highlights nature-based solutions (NBS) as a means to help 
achieve a number of the restoration ambitions while linking to other policies (primarily climate 
change mitigation and adaptation and urban biodiversity).
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The E-BIND handbooks
The E-BIND handbook(s) are meant to assist decision makers, spatial planners, conservationists, 
NGOs and other organisations involved in the implementation of the Birds and Habitat 
Directives. The handbook(s) contains good practical examples, literature references and links to 
relevant websites.

The two handbooks cover the focus areas: 

A. Improving the availability of data and information on species, habitats and sites 
B. Scientific support for successful implementation of the Natura 2000 network

Focus Area A, availability of data and information on habitats and species and sites (this 
handbook) seeks to provide in the lack of data and access to data, including remotely sensed 
information and monitoring data. The handbook consists of the following three sections:

I. Monitoring of species and habitats 
II. Contribution of Remote Sensing Techniques for monitoring Natura 2000 sites
III. Access to data and information

Focus Area B focuses on the effectiveness of the Natura 2000 network and conservation 
successes, and therefore looks at habitat management and restoration, as well as the wider 
landscape with Green Infrastructure and Ecosystem services. That handbook consists of the 
following three sections:

I. Guidance and tools for effective restoration measures for species and habitats
II. Green infrastructure and network coherence
III. Co-benefits (ecosystem services) of measures to consolidate                                

the Natura 2000 network
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I.1 Introduction
This chapter of the handbook focuses on the monitoring of species and habitat types targeted 
by the Birds Directive and Habitats Directive both inside and outside the Natura 2000 network. 
It discusses both the current practices by e.g. the different Member States (as far as informa-
tion is available) and the opportunities for improvements in terms of approaches, methods and 
techniques offered by the scientific community.

The monitoring of species and habitat types is needed for policy purposes, e.g. reporting by the 
EU Member States (Birds Directive Article 12 and Habitats Directive Article 17) as well as site 
management and protection. Information is needed on the different aspects of the conservation 
status of species and habitat types in relation to environmental pressures (e.g. climate change), 
human activities and conservation and restoration measures (for more details see DG environ-
ment, 2015). 

I.1.1 Definition of monitoring 

There is not a common definition for monitoring, but most definitions (see for example side box) 
refer to the detection of changes in an object by means of systematic observations.

I.1.2 Different perspectives and common ground 

The context of the monitoring, the question that needs to be answered by e.g. a policy 
maker or site manager, is very important as it defines the way the data needs to 
be collected and analysed. While policy makers are interested in more general figures such 
as national trends in the population size of species, site managers are more interested in the 
specific characteristics of their site and in the effectiveness of conservation measures. Site 
managers often like to perform repeated surveys or surveillances with the purpose to keep track 
of changes as a consequence of management practices. Regularly repeated surveys can be 
considered as a form of monitoring.

The implementation of the Birds and Habitats Directives concerns different type of activities 
performed by different type of organisations. The information needed for these type of activities 
differs. For example the appropriate assessment (Habitats Directive Article 6.3) requires infor-
mation on the status of a species or habitat type on site level (high spatial resolution), whereas 
the conservation status assessment (Habitats Directive Article 17) requires trends on a national 
/ biogeographical level (high temporal resolution). There is a trade off in time and space. The 
challenge is to harmonise the monitoring (e.g. by means of protocols) as much as 
possible in order to be able to use the data and information for multiple purposes. The 
ideal solution would be to design a multipurpose monitoring system, but due to the different 
user requirements this is a challenging if not impossible task.

Definition of monitoring 
Gruijter et al. (2006) defines monitoring as “collect-
ing information on an object through repeated or 
continuous observation in order to determine possible 
changes in the object”. Juergens (2006) defines the 
monitoring of biodiversity as “the systematic and 
focused observation and measurement of present 
changes of biodiversity in its various forms (genes, 
taxa, structures, functions, ecosystems) usually within 
a defined context defined by e.g. a research question 
or a management goal”. 
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GEO-BON is developing the “Essential Biodiversity Variables” (EBVs) framework (Pereira et al., 
2013; Jetz et al., 2019) with the purpose of representing a minimal set of fundamental 
observations needed to support multi-purpose, long term biodiversity information 
needs at various scales (Walters and Scholes, 2017). The EBVs fall in six classes: genetic 
composition, species populations and ranges, species traits, community composition, ecosys-
tem structure and ecosystem function. These EBVs overlap to a large extent with the different 
aspects of the conservation status of species (species distribution/range and population, habitat 
for species) and habitat types (distribution/range, area, structure and function) of the Birds and 
Habitats Directive.

I.1.3 Smart sampling and data analysis methods

Both regularly repeated surveys and monitoring are based on sampling. Many sam-
pling-related methods and techniques are generally applicable: in space, in time and in time-
space (Gruijter et al., 2006).

Different monitoring objectives require different sampling designs. That makes it difficult to de-
sign a multipurpose monitoring system. Trend monitoring (e.g. the increase or decline in popula-
tion size of species) requires other sampling strategies than status monitoring (e.g. the estimate 
of the total number of individuals). If one wants to study causal relationships, e.g. the effects of 
conservation measures on the status of a species, a specific sampling scheme is required such 
as a Before-After-Control-Impact (BACI) design.

The conservation status is a legal concept from the Habitats Directive. It describes the status of 
a species or habitat type targeted by the Directive and is assessed based on several conserva-
tion status parameters, namely the distribution and range of the species/habitat type, the pop-
ulation size of the species/the habitat area and the area and quality of the habitat for species/
the structure and function of habitat type. In addition (mainly based on the trends) the future 
prospects of all these parameters are estimated. The conservation status in fact is based on the 
aggregation of the assessment of all these parameters.

In chapter I.2 existing sampling and data analysis methods are described to retrieve information 
on the conservation parameters of the species and habitat types.

I.1.4 Observation technologies

There are different ways to collect data on species and habitat types. The most classical way 
of data collection is a field survey (field observations and measurements). This is often labour 
intensive. Nowadays there are different techniques available for collecting data such as DNA 
sampling, camera traps, etc., that can be (partly) automated and might be less labour intensive. 

In chapter I.3 a selection of observation technologies is described that are or might be applied 
to collect data on species and habitat types.

Status being the state or condition in a certain 
moment at time (e.g. the total number of birds at a 
certain location at a certain moment in time). 

Trend being a change or direction (e.g. an increase 
in the number of birds at a certain location during a 
certain period).
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I.1.5 Modelling techniques

Nowadays there are data modelling techniques available by means of which relevant informa-
tion is retrieved from non-structured opportunistic data. These techniques and methodologies 
are very valuable to fill in the gaps in data and information needed for the implementation of 
the Birds and Habitats Directives, amongst others concerning the distribution of species and 
habitat types. These models can help as well to explain the occurrence and/or abundance of 
species and habitat types in relation to the environmental conditions including certain pressures 
and threats.

In chapter I.4 modelling techniques are described by means of information that can be retrieved 
on different conservation parameters of species and habitat types, specifically species and 
habitat type distribution.

I.1.6 Monitoring approaches, constraints and priorities

Different monitoring approaches are followed by the Member States depending on the 
availability of funding and the existence of volunteer networks.

There is a difference between the MS with regard to state funding and the involvement of 
skilled amateur volunteers. Where state agencies have small budgets, there are fewer skilled 
professionals or amateurs, and socioeconomic conditions prevent development of a culture of 
volunteerism (Danielsen et al., 2009). The resulting lack of knowledge about trends in species 
and habitats presents a serious challenge for detecting, understanding, and reversing declines in 
natural resource values (Danielsen et al., 2009).

Some MS build on existing monitoring programmes by adapting or extending monitoring 
schemes. Other MS start from scratch (based on best practices) and develop monitoring pro-
grams tailored to e.g. the reporting obligations.

Priorities need to be set depending on the resources that are available (in terms of budget 
as well experts and/or volunteers). In order to meet the objectives of the directives the most 
logic choice is to focus on those species and habitat types that are most threatened and where 
knowledge is lacking. 

Expert volunteers as an example of 
citizen science 
The best monitoring strategy depends on the avail-
ability of resources, tools and people: even for profes-
sional monitoring experts are needed and not always 
available. In biodiversity monitoring and conservation 
volunteers are becoming more and more important. 
In the EU there is a strong gradient in volunteer 
participation from Northwest to Southeast. E.g. 
in the UK, the Netherlands and the Nordic countries 
the number of volunteers as well as their knowledge 
is high. As a consequence reports on the state of bio-
diversity (e.g. the Article 17 reporting) in these coun-
tries rely heavily on such volunteer expert data. The 
most important driver for the expansion and sustain-
ability of volunteer participation is enthusiasm. Bell 
et al. (2008) conclude that “volunteer engagement 
should be geared towards enlivening and motivating 
participants, by providing an inspiring environment 
where trust, respect, recognition, value and enjoyment 
can flourish”.
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I.2 Smart sampling and data analysis
This chapter focuses on sampling strategies for the collection of data and how to process the 
resulting data to obtain reliable estimates (status and trends) on quantitative as well as qualita-
tive aspects of the conservation status of species and habitat types. 

I.2.1 Species

The latest Article 17 reporting (2019) still shows large gaps 
(Figure 1), especially for population trends. This paragraph will 
discuss how to obtain both range- and population trends.

With the exception of some large, striking and popular species, 
from whom we might know each individual, we have to rely 
on clever sampling combined with statistical techniques 
to obtain a reliable estimate of the status and trend of 
species’ distribution, range and population.

We distinguish population trends and distribution trends. 
Each needs a different sampling strategy, and the results don’t 
have to be correlated. Dennis et al. (2019) show e.g. that for 
moths in Scotland, negative population trends showed varied 
distribution trends, and an increasing distribution is likely to be 
driven by a warming summer climate facilitating range expan-
sion, whereas population declines may be driven by reductions 
in habitat quality, changes in land management practices and 
warmer and wetter winters. Furthermore population trends are 
more sensitive to changes, especially declines, where distribution 
tends to react later and is more sensitive to expansions.

Regardless of being used by either professionals or via 
citizen science, it is important that methods have been 
tested for observer variation. Actually most citizen science 
projects have been tested for this (it is a typical question coming 
up in reviews), where the relatively expensive monitoring by 
professionals is not always evaluated on this point.

Until recently trend monitoring data was almost always 
collected via strict protocols, thus ensuring high quality 
time-series. Recently “big unstructured data”, which com-
prises large amounts of data collected for loosely defined 

Trends 
One of the major aspects in establishing the conserva-
tion status of a species is the trend.

The Population trend gives an indication of changes 
in the number of individuals. This is a very sensitive 
measure, but for many species it requires strict proto-
cols and a large effort. It is feasible for popular species 
groups, as birds and butterflies. In some cases (e.g. in 
the Article 17 assessment) distribution on a 1x1km 
grid is considered a substitute for population if no 
other population unit such as individuals is available.  

Distribution trends can be  generated from oppor-
tunistic records, e.g. as coming from citizen science 
projects. Such trends tend to be less sensitive, and 
negative trends can remain hidden for some years, 
depending on the grid size used (e.g. 10x10km in 
Article 17 reporting, 2x2km in the Area of Occupancy 
(AOO) of the Red List assessment).

Figure I.1 
Percentage species range- or population trend marked as 
unknown for all combinations of species and biogeographic 
region in the Article 17 report of 2019.

Rangetrend
0 to 5
5 to 10
10 to 15
15 to 20
20 to 100
Missing 

Populationtrend
0 to 5
5 to 10
10 to 15
15 to 20
20 to 100
Missing 
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“observatory purposes”, have become an important source of biodiversity data. So 
far such opportunistic citizen science data can only be used for distribution trends if rigorous 
models correct for observation, reporting and detection biases (Bayraktarov et al., 2019). Big 
unstructured data, although abundant, typically have a high level of noise to signal ratio which 
obscures the signal on real trends (Cunningham & Lindenmayer, 2017). Moreover, data collec-
tion without specified (testable) objectives may not measure the “correct” variables to answer 
questions about biodiversity (Bayraktarov et al., 2019).

Population 

a. Population size

Establishing population size in exact numbers can be a challenge. Distance sampling 
and territory mapping are survey techniques for estimating bird abundance (Bibby et al., 
2000; Buckland et al., 2001). But for other, often smaller, animals and plants, it can be 
difficult or even impossible to measure the exact population size, even if they occur in 
small and closed populations without contact to other populations. As a consequence in the 
latest version of the Article 17 reporting for the Habitats Directive, the reporting 
unit for many species was changed to 1x1km (DG Environment, 2017). But even then this 
can rely heavily on sampling intensity. Where relevant and possible detection probability should 
be taken into account, e.g. by occupancy modelling (see for more details the next paragraph). 
For pelagic birds, cetaceans and marine reptiles line transect surveys in a regular pattern (e.g. 
Panigada et al., 2011) in combination with distance sampling make it possible to get population 
estimates of some of the more common species. Aerial surveys proved to be more efficient than 
ship surveys, allowing more robust estimates (Panigada et al., 2011). When applying such tech-
niques it is important to take detectability into account. For some cetacean species, mark-re-
capture methods can be applied using photo-identification of recognizable individuals (Evans 
& Hammond, 2004). Anyway the power to detect trends in cetaceans is low. Tyne et al. (2016) 
showed in a test case with a Spinner dolphin that it would take nine years to detect a 5% annual 
change in abundance (with a power of 80%), so if the trend was a decline, the population would 
have decreased by 37% prior to detection of a significant decline.

Most of the fish and lampreys listed in the Annexes of the Habitats Directive occurring in the sea 
are anadromous (or have anadromous populations), i.e. they migrate between rivers (where they 
spawn) and the sea. As there are many barriers in most rivers, migrant fish can be monitored at 
those sites.

b. Population trend

Although it can be a challenge to measure the exact population size, there are good 
techniques available to measure changes in population size: the population trend. For 
population trends regular counts (one way or the other) are the basis. Counts can be 

Distance sampling = During a transect walk the 
distance to the object is estimated. 

Territory mapping = Territories are distinguished 
after multiple visits. 
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performed by transects, plots, camera-traps etc. It is important that such methods are 
harmonised, with each country delivering the same parameters (e.g. the population trend and 
the confidence interval), not necessarily standardised: methods may differ in detail (the trend 
can e.g. be produced from transect counts in one country, and camera-traps in another country). 
The method should guarantee that the results (the trends and their statistical uncertainty) can 
be combined for use at a higher (e.g. European or EU) level. In the calculation of European bird 
trends (PECBMS: pecbms.info) and butterfly trends (eBMS via ABLE: butterfly-monitoring.net) this 
is already incorporated (see also the example in the side box).

This can be achieved by:

 » Ensuring that the protocols are well described and maintained, and can deliver the data 
needed.

 » Setting up a method to account for the differences in the results, and combining them at a 
larger scale or further back in time (when e.g. new techniques were not yet available).

In this way new techniques and methods can be combined with older, long time-series, thus 
enabling a view back into time but still use new innovative techniques. However calibration is 
needed when detection probabilities change. 

Although statistical techniques offer the possibility to combine many short time-series to 
produce a long-term trend (see e.g. Hallmann et al., 2017), the power of monitoring is in long 
time-series with regular counts. Such counts are made on sample points, transects or plots (fur-
ther referred to as sample points). Sample points can be arranged in different ways:

 » Random: locations are chosen at random, e.g. in the Wider Countryside Butterfly Survey.

 » Grid: locations are in a strict grid. A typical example is the Biodiversity Monitoring Swit-
zerland, where species, habitats and water is monitored in a regular grid. In some areas 
(Kantons) the density is higher than in others, because of additional funding. At sea these 
can also be a regular pattern of transects (see e.g. Panigada et al., 2011).

 » Free choice: participants can choose their own favoured location. As good as always these 
will be volunteers, professionals can be directed to random, grid or targeted monitoring 
locations.

 » Targeted: monitoring focuses on specific sites, species or habitats, e.g. species mentioned in 
the annexes of the Habitats Directive or other (policy) relevant species (e.g. in Flanders).

Random and grid based approaches have the advantage of delivering reliable trends, where no 
weighting of stratification is necessary. However rare species or habitats are easily missed and 
as a result are underrepresented in the network, and often no trends can be calculated for such 
rare species, which often are policy-relevant (e.g. because they are mentioned in the annexes of 
the Habitats Directive). Furthermore random and grid-based networks are expensive if counts by 

European bird monitoring data: 
harmonised, not standardised
For the PanEuropean Common Bird Monitoring Scheme 
(PECBMS) coordinators of national bird monitoring 
schemes deliver their national results to the PECBMS 
coordination unit annually. The data delivered are: 

 » the national yearly indices per species, 

 » the all-sites yearly totals (= the sum of birds 
counted across all sites per year) and their stan-
dard errors, 

 » the covariances between the yearly figures.

The method to come to the national data can differ 
from country to country (the field methods do not 
have to be standardised, some countries apply e.g. the 
labour-intensive territory mapping, while others may 
use transect counts), but as the national output is har-
monised (all countries deliver the same set of data) 
they can be used to calculate European trends. 

For more details see pecbms.info/methods/
pecbms-methods

http://pecbms.info
http://butterfly-monitoring.net
http://www.ukbms.org/wcbs
http://www.biodiversitymonitoring.ch/en/home.html
http://www.biodiversitymonitoring.ch/en/home.html
https://www.meetnetten.be
http://pecbms.info/methods/pecbms-methods
http://pecbms.info/methods/pecbms-methods
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people have to be made: volunteers tend to focus on attractive sites, as nature reserves, mean-
ing many points have to be counted by professionals. However for automated methods (e.g. 
camera-traps) this is not an issue, even if a large number of potential volunteers is available 
(e.g. in the United Kingdom). Automated methods can also be a good alternative for the lack of 
volunteers or (funding for) professional experts for less known species groups (e.g. bees), but 
these techniques are new and will need some time to further develop. However the first steps on 
using camera-traps with image recognition through artificial intelligence (AI) have been made, 
and in the coming years these will become more generally available.

Free-choice networks are mostly used in citizen-science based monitoring: volunteers 
can choose their own sites. This will lead to an overrepresentation of sites in nature reserves 
and urban areas. Such data can be corrected by stratified weighting for the more common and 
widespread species, as long as there is enough data from unattractive sites (usually large-scale 
agricultural areas). Advantage of this system is that rare and policy relevant species 
are favoured, and in general there will be enough sites for those species. 

Targeted monitoring, usually by professionals (but not always, see e.g. www.meetnetten.
be), can be an effective way to get population trends of a chosen set of species. It can 
be costly (certainly if there are many species and many locations), and strict quality control is 
needed, as detection probabilities for many species are so low, that multiple visits during a year 
are needed, which is not always done. For species for which the detection probability is known 
(e.g. butterflies and dragonflies; Van Strien et al., 2013) we can calculate the minimal number of 
visits (in the case of butterflies and dragonflies: at least three per season), and this will be even 
more for shy or night-active species (for whom the detection probability will be even lower), for 
which often experience and a lot of expert knowledge is needed to find them. Another disadvan-
tage is that only target-species are counted, and trends in other species will be missed. 
Also the results cannot be used for community indicators (e.g. Ellenberg indicators in plants).

For the calculation of population trends several techniques are available, usually based on a 
Generalized Linear Models (GLM) or Generalised linear mixed models (GLMM) with poisson dis-
tribution, such as TRIM (Pannekoek & Van Strien, 2001, now available as R-package rtrim) and 
the Generalized Abundance Index (Dennis et al., 2016). 

Joining efforts by creating a central data and information point can be an effective way 
to improve the consistency and harmonisation of monitoring methods across the EU. For birds 
this was created by the European Bird Census Council, who run the Pan-European Common Bird 
Monitoring Scheme (PECBMS) since 2002. Recently the ABLE-project (Assessing Butterflies in 
Europe) started, building on the European Butterfly Monitoring Scheme (eBMS) with the ambition 
to form a central database for all butterfly and moth monitoring counts in Europe. When this 
project is finished in December 2020, there should be butterfly-monitoring in most EU countries.

It would be good to build on these examples and experiences and start up similar 
initiatives for other species groups.

https://www.meetnetten.be
https://www.meetnetten.be
https://cran.r-project.org/web/packages/rtrim/rtrim.pdf
http://www.ebcc.info/
http://www.butterfly-monitoring.net
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Species distribution
In general distribution maps (giving the distribution, often in units as 1x1km squares 
or 10x10km squares) and distribution trends are not based on systematic counts, but 
on opportunistic data. Long-term monitoring schemes provide high-quality data, often on 
an annual basis, but are taxonomically and geographically restricted. By contrast, opportunistic 
biological records are relatively unstructured but vast in quantity (Isaac et al., 2014). With the 
growth of online portals, such as ebird.org, observation.org and iNaturalist.org, usually with as-
sociated smartphone apps, next to local and national biodiversity databases (e.g. artportalen.se 
or ndff.nl), the number of records has grown almost exponentially in recent years. Some of these 
online portals lend their data to gbif.org, the Global Biodiversity Information Facility, which held 
1.3 billion records in June 2019. GBIF data is freely available for download for research and 
conservation. One of the main flaws is that validation and quality control depends on the da-
ta-source, and as such part of the data can be unreliable. In some countries sharing of distribu-
tion data is not encouraged by the member states, and as a result the data which is available is 
limited and divided over several data sources. In other countries holiday records from natural-
ists from other countries could make a considerable difference. Without the uploading of such 
records to GBIF, or downloading them from GBIF, a lot of valuable distribution data might not be 
used. The EU could play a role in encouraging all member states to make distribution 
data available via GBIF. 

Distribution data tends to be presence/absence (or better: detection/not detection). Although 
part of the data can be real counts, without a protocol or clear method description, such counts 
cannot be used easily for (range) trends. Isaac et al. (2014) compared a set of methods that 
employ data filtering criteria and/or correction factors to deal with variation in recorder activity. 
They found that simple methods produce biased trend estimates, and/or had low power, and 
should be avoided. No method was wholly unaffected by all forms of variation in recorder activ-
ity, although some performed well enough to be useful. Sophisticated methods that model the 
data collection process offer the greatest potential to estimate timely trends, notably Frescalo 
and occupancy–detection models (see Isaac et al., 2014 for more details). 

It should be noted that especially the most sophisticated models for distribution trends 
are also ‘data-hungry’ and require a lot of input. Next to that there is a minimum quality of 
visits required. Ideally participants record all species of a species group. This works well in some 
species groups (e.g. butterflies), but fails in other species groups, most notably birds, where re-
corders usually don’t have the habit of producing complete species lists. Future sampling therefore 
should concentrate on ways of enhancing the quality of species lists per visit. 

In some countries bird atlases have been produced following strict protocols (e.g. Schekkerman 
et al., 2012), which allow estimates of the population size as well as for comparison between 
periods and thus establishing species distribution trends. However such atlases are very la-
bour-intense and only possible in a limited number of counties and species-groups.

From observations to distribution map to 
trends in distribution: the Netherlands as 
an example
Distribution data is collected in different ways. To 
illustrate the magnitude, we will give an example using 
the information available on the Grayling (Hipparchia 
semele) in the Netherlands in 2017. Here this is a char-
acteristic butterfly of dry heathland and coastal dunes.

Targeted data collection, following a protocol:

Repeated surveys: every six years almost all nature 
reserves (including all Natura 2000 areas) are investi-
gated by professionals on the distribution (at least on a 
100m scale) of a group of species (birds, plants, and a 
selection of butterflies, dragonflies and grasshoppers). 
1490 records of the Grayling were recorded in 2017 
under the SNL-protocol.

Population monitoring: following a strict protocol for 
population monitoring by volunteers, this also gener-
ates distribution data. 407 counts of the Grayling were 
recorded in 2017 for population monitoring. Targeted 
distribution research, especially for rare and/or hard to 
detect species, often on the Habitats Directive. As the 
Grayling is not on the Habitats Directive, no records 
were collected in the Netherlands under this project.

Opportunistic records: almost all occasional observa-
tions in the Netherlands are entered via one of the on-
line portals (waarneming.nl, telmee.nl), most of them via 
a smartphone-app. In 2017 the Grayling was recorded 
on 2425 occasions as single opportunistic record.

After validation all observations are included in the 
National Database Flora and Fauna (NDFF). Validation 
is based on the following principles:

Automatic validation: all records run through a script 
which checks for distribution (is the observation at or 
near a known location), time of year (does this species 
occur in this stage in this time of the year) and ... 

http://ebird.org
http://observation.org
http://iNaturalist.org
http://artportalen.se
http://ndff.nl
http://gbif.org
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For anadromous fish and lampreys, often recorded only in a few localities in the river systems, 
e.g. the spawning grounds or at fish passes, the complete migration route in the rivers from 
the mouths in the sea to the highest know stretches should be included in the distribution (DG 
Environment, 2017).

Range and range trend are special cases of distribution and distribution trend, as they are 
based on 10x10km grid cells. Range is defined as ‘the outer limits of the overall area in which 
a habitat type or species is found at present’ and it can be considered as an envelope within 
which areas actually occupied occur. The range should be calculated based on the map of the 
actual distribution using a standardised algorithm. A standardised process is needed to ensure 
repeatability of the range calculation in different reporting rounds (DG Environment, 2017). The 
method for compiling range and range trend is described in detail in DG Environment (2017). 
Advantages and disadvantages are comparable to other measures of distribution and distribu-
tion trend.

Figure I.2 
Grayling (Hipparchia semele). © Chris van Swaay, De 
Vlinderstichting/Dutch Butterfly Conservation.

... numbers (are the numbers within the normal range 
for the species). If one of the features has declined, 
the observations go to an expert validator. All very rare 
species are also validated by an expert.

If there is proof entered with the observation (e.g. a 
photo or sound recording), part of them go through 
AI-based image-recognition. This does not work for 
all groups yet, but the quality is improving. If there is 
no match between the identification entered by the 
observer and the outcome of the image-recognition, 
the observation goes to the expert validator. In case 
of any other doubt, the observation also goes to the 
expert validator.

The expert validator checks the observations which 
were declined by the automatic validation or with pho-
tos which were declined. 

The expert validator contacts the observer in case of 
disagreement or doubt. In most cases of wrong iden-
tification the observer follows the advice of the expert 
validator and changes the identification.



14
M O N I T O R I N G  O F  S P E C I E S  A N D  H A B I T A T S

Habitat for species
A species needs a sufficiently large area of habitat of suitable quality and spatial 
distribution to survive and flourish. To measure it we should take into account (DG Environ-
ment, 2017):

 » physical and biological requirements of the species; this includes prey, pollinators, etc.;

 » all stages of its life cycle are covered and seasonal variation in the species’ requirements is 
reflected.

Monitoring the size, quality and spatial arrangement of the 
habitat of a species is not only difficult, but also subject 
to changes in the species’ preferences: as a result of 
climate change some species have changed their habitat 
preferences and widened or narrowed down their range of 
preferred habitats. Although in some cases vegetation can 
be used as a proxy for habitat quality, this often neglects 
other requirements of species, i.e. food, shelter, interac-
tions with other species, etc. 

As a consequence of the difficulty in measuring habitat 
quality and -area for a species, in the previous reporting 
for Article 17 (European Environmental Agency, 2015) only 
15% of the combinations of species, member state (MS) 
and Biogeographical Region (BGR) is reported as coming 
from a complete survey or statistically robust estimate 
(Figure I.3). 

A Species Distribution Model (SDM) can be a way to combine requirements. Such explanatory 
modelling assess the availability of habitat for a species. This is discussed in more detail in 
chapter 4 (Modelling approaches).

I.2.2 Habitat types

This subchapter gives an overview of sampling strategies and data analysis methods that are/
can be used for the monitoring of the habitat types of Annex I of the Habitats Directive. 

Habitat typologies
There is an interpretation manual of the European Union Habitats (EU, 2013). This manual forms 
the basis for all habitat classification and is regularly updated, e.g. with the expansion of the EU 
Member States. Although there is this common habitat typology, the interpretation of 
the habitat types of Annex I of the Habitats Directive differs per Member States and 
even within a MS (Evans, 2010).

Figure I.3 
Assessment of habitat quality and area for non-bird 
species in the article 17 reporting of 2013–2018                
(European Environmental Agency, 2020).
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For the Habitat Directive Article 17 reporting information is needed on the area (status and 
trends), the distribution (status and trends) and the structure and function or ‘quality’ of the 
habitat types on national and biogeographical level. For site management and protection similar 
but more detailed information is needed on these parameters.

Lengyel et al. (2008b) compared the different approaches and methods applied by MS to moni-
tor habitat types, based on the descriptions (meta data) of habitat monitoring schemes collected 
within the EUMON-project and stored and maintained in the EUMON database. Lengyel (2008a) 
sees promising developments in habitat monitoring, amongst others that most schemes monitor 
distribution and species composition of habitats as well environmental parameters. The main 
weakness is that in more than half of the schemes it is not clear how the collected data are 
analysed as this is not described in the monitoring schemes. Advanced statistics may be used 
infrequently because in most schemes sampling sites are selected based on expert/person-
al knowledge rather than predefined criteria derived from a sampling theory. Lengyel (2018) 
pleads for benchmarking of monitoring of species and habitat types. By means of sharing and 
comparing different data and sampling analysis techniques e.g. between the Mem-
ber States or site managers one can learn from each other and step by step improve 
these methods and possibly qualify or certify methods. As explained in the former chapter 
on species, it is not necessary to use the same methodologies as long as the protocols are well 
described and lead to a similar outcome that can be compared.

Since 2008 developments have been made by the MS in habitat monitoring, but an extensive 
review of the current state of the art is missing. Ellwanger (2018) made a more recent com-
parison between the monitoring approaches of a selection of MS and concludes that there are 
considerable differences in terms of data sampling (e.g. sampling size) and data analysis (e.g. 
statistical robustness).

Habitat area
Habitat area is often monitored based on repeated/ sequential habitat mapping. 
Different approaches for habitat mapping are used, varying from field mapping to the 
interpretation of aerial photographs and automated classification of remote sensing 
imagery. Often a combination of different methods is applied depending on the habitat type 
or group of habitat types. The Czech Republic for example have interpreted Habitats Directive 
Annex I habitats by the national system of biotopes and carried out an extensive field mapping 
of the entire Czech Republic in the fine-scale 1:10.000 (Guth & KuČera, 2005). A large amount 
of field data was collected of all biotopes, mainly about their distribution, spatial dimensions, 
and qualities.

Due to differences in the interpretations e.g. in the field or of the aerial photographs, trends 
in habitat area are often difficult to assess or uncertain and inaccurate. As Lengyel (2008a) 
concludes the information on how the data is analysed (meta data) to derive trends in 
area of habitat types is often missing in the national report of the MS. Therefore the 

http://eumon.ckff.si/summary.php
http://eumon.ckff.si/monitoring/search.php
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uncertainty of the trends is unclear. A system with qualifiers as is being used by IPBES might 
be applied, but it requires transparency in the methods being applied by the different member 
states. It is up to the Member State to indicate the quality class without further information.

Remote sensing techniques might offer means to harmonise the data collection on the area and 
as well the distribution of habitat types  as these methods are (partly) automated and can be 
standardised to a certain extent. Not all habitat types can be that easily detected by means of 
remote sensing so field work is often necessary.

Habitat distribution
Habitat distribution is estimated based on mapping as well as modelling. The problem 
is that habitat maps are often only available of a selection of sites and not on a national or bio-
geographical scale. Habitat distribution modelling can give a more complete estimate of habitat 
distribution (see chapter I.4).

Habitat structure and function
Structure and function is the key aspect for the assessment of the conservation 
status of habitat types as it provides information on the ‘quality’ of the habitats 
(Ellwanger et al., 2018).

The assessment of habitat quality according to the requirements of the EC is based 
on the criteria habitat structures, habitat functions and typical species. Structures 
are considered to be the physical components of a habitat type. These will often be formed by 
assemblages of species (both living and dead), but can also include abiotic features, such as 
gravel used for spawning. Functions are the ecological processes occurring at a number of tem-
poral and spatial scales and they vary greatly between habitat types. Typical species are those 
which mainly occur in a habitat type or at least in a subtype of a variant of a habitat type (DG 
Environment, 2017). The species composition of a given habitat type may vary geographically.

Individual attributes or sub-criteria have to be selected for each habitat type to as-
sess habitat structure and function (habitat quality). The data collected on the different 
criteria and/or subcriteria of the aspect structure and function needs to be aggregated and 
weighted (similar to the final assessment of the conservation status of a habitat type).

Ellwanger (2018) concludes that most of the monitoring approaches (of the MS included in his 
study) for assessing the structure and function of habitat types are based at least partially on 
sampling. The number of sampling areas depends on the occurrence of the habitat type (rare vs 
widespread) and other ecological and methodological factors, as well as efforts and costs. Each 
MS selects the sample plots differently. Overall, most MS conduct at least a partly systematic 
selection based on the distribution, the size (area) and characteristics of habitat types and/or 
other factors. Most MS used permanent plots, include area within and outside the Natura 2000 
network and have standard assessment schemes.
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None of the MS included in the study of Ellwanger (2018) made a statement on theoretical 
statistical strength of the samples for monitoring. This corresponds to what Lengyel (2008) 
concluded ten years before. There is a lack of a proper description of the data collection and 
analysis protocols that are used and on the certainty the information derived from these data. 

a. Typical species

Concerning the typical species most MS investigate plant species only (Ellwanger, 
2018), most probably because plants are quite easily linked to habitat types (the 
habitat typology is heavily based on plant communities), whereas for fauna species 
it is much more difficult. Some fauna species depend on more than one habitat type (e.g. for 
breeding, foraging, resting etc.) which is much more difficult. In case animals species are in-
vestigated the most frequently, used animal groups are birds, butterflies and beetles. 
This is probably due to the fact that these species groups are relatively easy to de-
tect and recognize and often observed by large volunteers networks. In The Netherlands 
a method has been developed to assess structure and function of habitat types based on trends 
in the distribution of typical plant species (Janssen et al., 2020).

b. Aggregation methods

There are different approaches for the aggregation of the data (assessment criteria) 
for the purpose of structure and function assessments. For each habitat type an assess-
ment needs to be performed of the area (km2) in good condition. As the condition is defined by 
different sub-parameters there should be a weighing between these sub-parameters as well 
a threshold for good condition. Measurements are being made at single plot and at site level. 
These measurements need to be aggregated on the level of a bio-geographical region. Different 
approaches are being followed by the Member States.

I.3 Observation technologies
This chapter focuses on innovative techniques for the observation of species and 
habitat types. It is not meant to be complete. A selection of techniques has been made 
and examples are given for certain species and habitat types. There is no description on data 
collection and analysis techniques in this chapter as this has been described in chapter 2, but 
different type of observations might require different sampling and data analysis methods. The 
costs of the different techniques are missing in this chapter. A lot of these techniques are still 
being developed (e.g. the automated detection of species on images) and therefore more experi-
mental, which makes it difficult to estimate the costs of an operational system.
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I.3.1 Species

DNA sampling
DNA barcoding is a method of species identification using a short section of DNA from a specific 
gene or genes. A distinction can be made between destructive DNA sampling, where the 
species are sampled and identified in a destructive way (Yu et al., 2012; Ji et al., 2013) 
and non-destructive sampling where samples are collected from the environment of 
the species called environmental DNA (eDNA). eDNA – defined here as: genetic material 
obtained directly from environmental samples (soil, sediment, water, etc.) without any obvious 
signs of biological source material – is an efficient, non-invasive and easy-to-standardize sam-
pling approach (Thomsen & Willerslev, 2015; Baird et al., 2012). Environmental DNA has been 
obtained from ancient as well as modern samples and encompasses single species detection 
to analyses of ecosystems. In the future, we expect the eDNA-based approaches to move from 
single-marker analyses of species or communities to meta-genomic surveys of entire ecosys-
tems to predict spatial and temporal biodiversity patterns (Thomsen & Willversev, 2015). This 
technique is being used for different species groups (Bohman et al., 2014; Rees et al., 2014). 
In case the monitoring is focused on a single species e.g. rare withdrawn or nocturnal species, 
information can be collected from faeces, feathers, eggs, hairs etc. An example of this is the 
Eurasian otter (see side box).

Camera Trapping 
A camera trap is a remotely activated camera that is equipped with a motion sensor or an 
infrared sensor, or uses a light beam as a trigger. Originally camera traps were mainly used to 
study relatively large animals (e.g. birds and mammals) for studies of nest ecology, detection 
of rare species, and estimation of population size and species richness. Rovero & Zimmermann 
(2016) provide a guide to the use of camera trapping for the most common ecological applica-
tions and research. At present cameras are being developed to 
monitor small mammals and other species  groups (Hobbs et 
al., 2017).

Acoustic monitoring
Passive acoustic monitoring, or just ‘acoustic monitoring’, 
involves surveying and monitoring wildlife and environments 
using sound recorders (acoustic sensors). These are deployed 
in the field, often for hours, days or weeks, recording acoustic 
data on a specified schedule. After collection, these record-
ings are processed to extract useful ecological data – such 
as detecting the calls of animal species of interest – which 
is then analysed similarly to other types of survey data 
(Browning et al., 2017). Acoustic sensors are small, increas-
ingly affordable and non-invasive, and can be deployed in the 

Monitoring the Eurasian otter by means of 
DNA analysis of faeces (spraints) 
Population size of European otters (Lutra lutra) was 
estimated in Pollino National Park (southern Italy) by 
genetic typing of fresh feces collected in the field. 
Of 187 fecal samples gathered, 185 (98.9%) yielded 
otter DNA, 77 (41.2%) were successfully typed, and 
23 different genotypes were identified. A nonlinear 
regression between the number of typed spraints and 
the cumulative number of identified genotypes was 
repeated after randomization of the sample until it 
gave an estimated otter population of 34–37 animals 
(0.18–0.20 otters/km of watercourse). The applied 
method represents a valuable conservation tool, com-
bining the advantages of an indirect survey with the 
accuracy of an exhaustive census (Prignioni, 2006).

The last recorded presence of the Eurasian otter 
(Lutra lutra) in the Netherlands dates from 1989 and 
concerned a dead individual. In 2002 a reintroduction 
programme was started, and between June 2002 and 
April 2008 a total of 30 individuals (10 males and 
20 females) were released into a lowland peat marsh 
in the north of the Netherlands. Noninvasive genetic 
monitoring based on the genetic profiles obtained 
from DNA extracted from otter faeces (spraints) 
was chosen for the post-release monitoring of the 
population. To this end, the founding individuals were 
genotyped before release and spraints were collected 
in the release area each winter from 2002 to 2008. 
During winter 2007/08 47 individuals were identified, 
41 of which originated from mating within the release 
area. This study demonstrates that noninvasive 
molecular methods can be used efficiently in post-re-
lease monitoring studies of elusive species to reveal a 
comprehensive picture of the state of the population 
(Koelewijn et al., 2010).

Figure I.4 
Otter (Lutra Lutra) © Hugh Jansman from Wageningen 
Environmental Research (WENR)
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field for extended times to monitor wildlife and their acoustic 
surroundings. The data can then be used for estimation of 
species occupancy, abundance, population density and com-
munity composition, monitoring spatial and temporal trends in 
animal behaviour, and calculating acoustic proxies for metrics 
of biodiversity. Provided the challenges of data analysis are 
addressed carefully, this can make acoustic sensors valuable 
tools for cost-effective monitoring of species and ecosystems 
and their responses to human activities (Browning et al., 
2017). Examples of acoustic monitoring are the monitoring of 
bats and the monitoring of sea mammals.

I.3.2 Habitat types

Remote sensing
There are several scientific studies available that propose 
habitat monitoring methods based on remote sensing (see 
chapter A.II on Remote Sensing Techniques) (Van den Borre et 
al., 2011; Corbane et al., 2014; Nagendra, 2013; Lucas et al., 2015). 

I.4 Modelling approaches
This chapter focuses on modelling approaches by means of which relevant information can be 
extracted on several aspects of the conservation status of species and habitat types. This chap-
ter specifically focuses on species and habitat distribution modelling. 

I.4.1 Definition of modelling

Models are a more and more popular way to describe the relationships between a species' 
distribution and/or trend, and the underlying drivers. Practically a model is a set of mathemat-
ical equations or logical rules that link a biodiversity variable of interest to one or more other 
variables e.g. environmental drivers (Ferrier et al., 2017). 

Explanatory modelling
Explanatory modelling is conducted across space alone, at a single point in time (usually the 
present). Explanatory modelling of correlations, or associations, between a biodiversity-response 
variable observed at a sample of geographical locations, and a set of predictor variables mea-
sured, or estimated, at these same locations, can help to shed light on the relative importance 
of different drivers in determining spatial patterns in biodiversity, and on the form (shape) of 
these relationships. The fitting of correlative species distribution models (SDMs) relating obser-

Monitoring invertebrate with camera 
traps and automatic image  
Recent developments also include the use of camera 
traps to detect and count insects after identifying 
them via automatic image recognition. Although still 
in a testing phase, this new development could make 
it possible in future to monitor flying insects outside 
the relatively well-studied groups as butterflies and 
dragonflies, for which sound methods and many 
volunteers are available. In the Netherlands Naturalis 
Biodiversity Centre, EIS and the Radboud University 
are developing together with COSMONiO Imaging 
BV and with advise of Waarneming.nl (see www.
waarnemingen.nl) such a system. One of the goals is 
to monitor the biomass of insects based on the counts 
of certain species.

Figure I.5 
Example of a camera trapping set-up. (From www.marine-
terrein.nl/insecten-tellen-met-een-slimme-camera).

http://www.waarnemingen.nl
http://www.waarnemingen.nl
https://www.marineterrein.nl/insecten-tellen-met-een-slimme-camera/
https://www.marineterrein.nl/insecten-tellen-met-een-slimme-camera/
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vations of presence, presence-absence, or abundance of a given species to multiple environ-
mental variables (e.g., climate, terrain, soil, land-use variables) is probably the best known, and 
most widely applied, manifestation of such data analysis (Ferrier et al., 2017).

Predictive modelling
The use of modelling to predict potential changes in biodiversity into the future as a function of 
ongoing impacts of environmental drivers (e.g. climate and land-use change), is called predictive 
modelling. Such modelling poses special challenges, as there is usually considerable uncertain-
ty associated with the future trajectories of relevant environmental drivers, which themselves 
will be affected by socio-economic events and decisions that are yet to occur, and are therefore 
highly unpredictable. These uncertainties are often addressed through the use of scenarios, i.e. 
multiple plausible trajectories from environmental drivers, that account for the reality that not 
just one, but many, futures are possible (van Vuuren et al., 2012). Model-based biodiversity pro-
jections under plausible scenarios of change in key drivers can contribute significantly to policy 
agenda setting, by helping to characterise and communicate the potential magnitude of ongoing 
change in biodiversity, and therefore the need for action. By extending scenarios to further 
consider the effects of alternative policy or management interventions, such projections can also 
play an important role in decision support, i.e. helping policy-makers, planners and managers to 
choose between possible actions for addressing the problem at hand, by modelling the differ-
ence that each of these alternatives is expected to make to projected outcomes for biodiversity 
(Cook et al. 2014; Ferrier et al., 2017).

I.4.2 Species distribution modelling

Species distribution modelling (SDM) uses computer algorithms to predict the distribution of a 
species across geographic space and time using environmental data (wikipedia.org). Further-
more it generates functions or graphs to describe the relationship between the occurrence of 
the species and the environmental variable. Environmental data almost always includes climatic 
variables (e.g. temperature, precipitation) as well as other variables such as soil, land cover and 
pressure variables (e.g. Nitrogen deposition). These models can help to understand how 
environmental conditions influence the occurrence or abundance of a species, as well 
as for predictive purposes. 

After building an SDM they can be used as predictive models, e.g. for species’ future distribu-
tions under climate change scenarios (for birds: Huntley et al., 2007; for butterflies: Settele et al., 
2008; for bumblebees: Rasmont et al., 2015). The Bioscore program is another example (Hen-
driks et al., 2016). BioScore 2.0 is a model which supports the analysis of potential impacts of 
future changes in human-induced pressures on European terrestrial biodiversity (e.g. mammals, 
vascular plants, breeding birds and butterflies).

Models  
In general models are developed using data available 
from the (recent) past. Such models describe the 
relationship between variables (e.g. environmental 
pressures) and population size, distribution or trend 
of a species. Such models are called explanatory 
models (Shmueli, 2010).

Once such explanatory models have been developed, 
and the relationship of interest is known, as are 
observed or estimated values of the relevant predictor 
variables, these can be combined to predict previously 
unknown values of the biodiversity-response vari-
able. Such models are called predictive models 
(Shmueli, 2010). A typical example of such predictive 
models are those describing the expected future tem-
peratures under several climate scenarios.

http://wikipedia.org
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Building SDMs relies on data. The type of data determines the outcomes and risks. Jetz et al. 
(2019) give an overview of the effects of different types of raw data to build SDMs for Essen-
tial Biodiversity Variables (EBVs). They distinguish three major data types (incidental records, 
inventories over small or large areas and expert synthesis maps) which differ in spatiotemporal 
scope, in taxonomic scope, in the quality of the presence (+) and absence information (–) that 
they provide and in spatiotemporal specificity, which in turn determine the key characteristics 
that they can inform.

 Although monitoring data has the advantage of generating spatiotemporally very reliable data 
as well as useful absences, they often represent small localities (e.g. plots, transects) and are 
heavily based towards relatively small parts of the world. As a consequence SDMs are usually 
based on either opportunistic incidental records or on atlas distribution data (e.g. Hagemeijer & 
Blair, 1997 for birds; Kudrna et al., 2011 for butterflies).

Several methods have been developed for building SDMs. Most of them are available as R-pack-
age (e.g. dismo, TRIMmaps and Biomod2). Maxent is a standalone program especially useful for 
incidental records.

SDMs are especially useful to establish the area and quality of habitat for a species 
(as required in the Article 17 reporting).

I.4.3 Habitat distribution modelling

Habitat distribution models are similar to species distribution models, namely predictive models 
based on hypotheses as to how environmental factors control the distribution of habitats. 
Guisan & Zimmermann (2000) present a review of predictive habitat distribution modelling. A 
variety of statistical models is currently in use such as Generalized Linear Models to Classifi-
cation Tree and Regression Tree. The spatial distribution is simulated of respectively terrestrial 
plants species, aquatic plants, terrestrial animal species, plant communities, vegetation types, 
plant functional types, biomes and vegetation units of similar complexity.

Guisan & Zimmerman (2000) consider the following four main sources of environmental data 
(to predict habitat distribution):

 » field surveys or observational studies

 » printed or digitized maps

 » remote sensing data

 » maps obtained from GIS based modelling procedures

https://biodiversityinformatics.amnh.org/open_source/maxent/
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An example of habitat distribution modelling are the distri-
bution maps of the EUNIS grassland types developed by the 
European Topic Centre Biodiversity (2018). Based on in situ 
vegetation relevés in combination with environmental data 
layers habitat suitability maps are modelled with MAXTENT 
(see figure I.6). These habitat suitability maps are refined with 
the help of Copernicus land cover data and remote sensing 
enabled Essential Environmental Variables (see figure I.6). 

Some key topics that determine the limitation of distribution 
models according to Guisan and Zimmermann (2000) are the 
accuracy and resolution of input maps, biotic interactions, 
causality, evaluation data, historical factors, response curves, 
sampling design, spatially explicit uncertainty assessment and 
spatial autocorrelation.

Habitat modelling is rapidly developing with very detailed spatial data such as COPERNICUS 
becoming available for modelling purposes (www.copernicus.eu/en/services).

I.5 Key findings
In this chapter the key findings in terms of monitoring and possible improvements of 
monitoring for the purpose of the implementation of the Birds Directive and Habitats 
Directive are described. These are based on a desktop survey and stakeholder consultation. 
First the limitations for species and habitat type monitoring are explained. Second a selection is 
made of best practices (not exhaustive) as an example on how the monitoring can be improved. 
Third a future outlook is given on the next steps to be taken to improve current monitoring and 
how the scientific community can contribute to this improvement.

I.5.1 Best practices / examples

Smart sampling and data analysis
Good data and statistically robust trends require a serious investment of time and money. 
Depending on the culture in a country (in some countries the view on the use of volunteer data 
is very different than in others, see Bell et al. (2008)) and the availability of resources (either 
time or money) each country has to make its own decisions. Methods don’t necessarily have 
to be standardised, as long as they are scientifically sound and published in a peer-reviewed 
journal. New recent developments (e.g. occupancy modelling and Species Distribution models) 
offer new possibilities, but methods tend to be centred either around volunteer-based and 
professional-based solutions. 

Classification of in-situ vegetation relevés to
EUNIS habitat types 

In-SITU habitat
type 

environmental
data layers 

Modelling
with

MAXENT

Habitat
Suitability

Maps (1km)

Refinements
with EO data

to actual
situation

Copernicus
Land Cover 

(RS-enabled
EBV́ s, e.g.
phenology)

 

Habitat
Probability

Maps (20m)

Figure I.6 
Flowchart of the methodology implemented to obtain hab-
itat probability maps (European Topic Centre Biodiversity, 
2018).

https://www.copernicus.eu/en/services
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Volunteer-based
For collecting species distribution-data (so also range-data, which is a special case of 
distribution-data) with volunteers, a user-friendly database, website and smartphone-app has 
to be setup, either nationally or by joining one of the major international ones (as iNaturalist.
org, eBird.org or observation.org). The latter have the advantage that no extra investments are 
needed, as they are often already multilingual. However not all countries want their national 
distribution data to be shared on an international open platform.

Once such volunteer-based system has been set up with enough participants, opportunistic 
distribution data is fairly simple to collect via these online portals and/or GBIF. Such data will 
provide distribution maps of species. If enough data is available, occupancy modelling is the 
best approach to produce trends on the distribution (or range) of species (Isaac et al., 
2014).

For population size and trends protocols have to be described and implemented into a 
sampling scheme. Most efficient are targeted designs, in which only target species are moni-
tored following a protocol which can be different for each species. A power-analysis will make 
clear how many sampling points are minimally needed to be able to detect trends. If there 
are enough volunteers, the step to the monitoring of whole species-groups will provide more 
information on the nature of trends in the target species. This however requires a long term 
investment in volunteer participation. As volunteers are often organised around organisations for 
their species-group, a monitoring scheme built around species-groups can be an efficient way 
to monitor also non-target species, allowing a better overview of changes in biodiversity and 
offering analysis data to study underlying causes.

For birds and butterflies central European information points are available, which can be a 
great help in starting up population monitoring, both volunteer- and professional-based. Such in-
formation points can act as catalysts, and could be of great value for other species groups as well.  

Habitat parameters are hardly ever monitored in volunteer based systems, although data on 
typical or characteristic species collected by volunteers, can be the basis of models which can 
provide robust data on changes in habitat quality.

Professional based
Collecting distribution and range data for relatively rare species and habitats is fairly 
straightforward by visiting each relevant site at regular intervals. However detection probability 
can be an issue, as an absence of a species is in fact a non-detection. Van Swaay & Van Strien 
(2015) show that in Dutch butterflies detection can vary between 40 and 80%. This means that 
for most butterfly species at least three visits are needed in a year to establish a significant 
absence (with p<0.05). This will apply even more for species (e.g. other insects, mammals, but 
also marine animals) with an even lower detection probability. Furthermore such a method 
will probably miss new established species or sites, as it tends to focus on known 
sites. For widespread species a random of regular grid can be applied to measure changes in 

Current limitations  
 » First of all funding of long term – national 

– monitoring systems are required in order 
to develop a robust monitoring system for the 
purpose of better implementation of the Birds 
Directive and the Habitats Directive. In addi-
tion trained staff is needed. Another important 
aspect is the capacity and possibility to involve of 
expert-volunteers (citizen science). These aspects 
should influence the decision to be made on the 
general approach and priorities.

 » Monitoring guidelines from the EC providing 
e.g. sampling designs, sampling sizes and 
data analysis methods are lacking at the 
moment (Ellwanger, 2018). Therefore the MS 
are interpreting the current guidelines differently. 
Simple minimum requirements regarding sampling 
sizes and assessments methods for biogeograph-
ical region between MS should be agreed upon 
(Ellwanger, 2018). 

 » Infrastructure both in terms of organisational and 
technical aspects can be a limiting factor as well 
(see chapter A.III Access to data and Information). 
The access to data, tools, scientific publica-
tions for certain stakeholders is limited and 
might be improved.

 » Recent observation techniques e.g. remote sensing 
(cross link with theme data and information ac-
cess of this handbook) might offer opportunities to 
improve the current monitoring, but the stake-
holders such as site managers often have no 
access or lack the necessary data, computing 
capacity, standardising analysing tools and 
specific knowledge. 

 » Although in many cases there are good descrip-
tions and experiences of decent methods to ...      

http://PECBMS.org
http://butterfly-monitoring.net
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their distribution. Based on those results Species Distribution Modelling (SDMs) can be used to 
calculate the distribution.

Applying occupancy modelling on data collected by professionals to establish the distribution 
trend will often be impossible, as these models require a lot of repeated visits. The results of 
sampling in targeted locations (relatively rare species) or sampling points in a regular or random 
grid (widespread species) can deliver information to establish the distribution trend. If enough 
(historic) parameter data is available, then SDMs for different periods can fill the gaps and can 
provide the data needed for the calculation of the distribution trend.

For rare species population size can be established by species-specific methods, e.g. mark-re-
capture, territory methods, or from distance sampling. For more widespread species this will be 
as good as impossible. If the population size is reported by 1x1km gridcells, it is also needed to 
visit all (potential) sites for each species. If enough data is available, as well as parameter data 
for SDMs, then those can be used to estimate the distribution in 1x1km cells.

For population trend the same applies as with volunteer based methods: a strict monitoring 
protocol has to be applied, which can be different for each species. For enough statistical power, a 
minimum number of sampling points is needed, depending on the variation of counted numbers.

For the habitat types a combination of sequential mapping (time consuming) supported by 
remote sensing techniques (cross link theme remote sensing in this handbook) and smart sam-
pling strategies is recommended. Trend analysis for calculating trends in area and distribution 
ideally should be based on a statistical analysis in order to get figures on the uncertainty of cal-
culated trends. The assessments of structure and functions might be harmonised by developing 
common indicators based on e.g. species composition (e.g. trends in the distribution of ‘typical 
species’ per habitat type per biogeographical region).  

Observation technologies
The development of observation technologies offers opportunities for more efficient and non 
invasive monitoring. It might also give more insight on the connection between different levels 
of biodiversity such as the species level (e.g. species traits), community level or landscape level 
(e.g. ecosystem functions) e.g. by means of eDNA sampling.

Depending on the species and/or habitat group different types of observation techniques are 
suitable. Monitoring guidelines might include an overview of these techniques.

Observation techniques need to be operational before applied by practitioners. This requires a good 
cooperation between technicians, scientists and practitioners. By means of a platform (see chapter 
A.III Access to data and Information) experiences, best practices and new tools can be exchanged. 

Modelling approaches
Species distribution modelling (SDM) can be an approach to get quantitative information on 
habitat quality and trends (and distribution, see above). However such models rely on input data, 

... measure size and trend of species and habitats, 
a major limitation can be the will of mem-
ber states to implement such methods. They 
require either enough funding to let profession-
als do the counts or measurements, and/or the 
investment of time and money in a long term 
volunteer network in co-operation with NGO’s and 
other organisations and institutes. Without either 
of those, that is the major limitation in delivering 
reliable figures on numbers and trends. 
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which can differ from country to country. That makes it difficult to harmonise such models. Al-
though methods for computing SDMs are available, they still require a large computational input 
and knowledge as well as regularly updated parameter information.

Parallel to the SDMs, habitat distribution modelling (HDM) can be a good approach to improve 
information on the status and trends in habitat distribution and quality (e.g. trends in species 
composition). This requires a further harmonisation of the interpretation of habitat types be-
tween MS including the indicators used to assess structure and function (quality). Idem dito as 
with the species distribution modelling the success relies heavily on input data.

I.5.2 Future outlook

It is clear that there are many new developments in terms of approaches, methods and tech-
nologies that might lead to an improvement of the current monitoring practices for the purpose 
of the implementation of the BD and HD, but that the uptake of these new tools seems limited. 
The underlying information on current monitoring activities of the MS for the purpose of e.g. 
reporting (article 12 BD and Article 17 HD) is only partly accessible (no documentation or in 
different languages and in grey literature).

 » More insight in the different approaches and methods of the MS is required in order 
to give a good overview of the state of the art in terms of methods that are actually applied. 
See Annex 1 for a comparison of different methods for the monitoring of habitat types ap-
plied by the MS’s. Currently this information is only partly accessible. The EUMON database is 
a starting point, but it isn’t complete, not fully updated and the information is limited.

 » Bench marking of current monitoring activities of the MS as suggested by Legyel 
(2018) might give a better insight and improve the monitoring of species and habitat types. 
This would require a proper description of the current monitoring schemes, including sam-
pling design, sampling size and the data analysis.

 » Harmonization of biodiversity indicators and a common framework of Essential 
Biodiversity Variables (EBVs) for the data to be collected, as being developed within 
GEOBON might improve the efficiency and effectiveness of monitoring activities on different 
scale levels.

 » Further developments in observation techniques might provide more efficient 
methods for data collection on these EBVs. In combination with the developments in 
modelling techniques (Big Data) this might offer more opportunities as well to harmonise 
the data analysis on different scale levels (e.g. national level and EU level).

This handbook is focused on the improvement of data and information for the implementation 
of the BD and HD, but a broader focus might be required as there are many related biodiversity 
conventions e.g. the Convention of Biological Diversity (CBD), Ramsar, Bonn, Bern etc that ask for 
similar information. The reporting formats of these conventions might be harmonised as well.
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Annex I. Monitoring of natural habitats
Comparison of national monitoring schemes to assess the conservation status 
of natural habitats in accordance with Article 11 of the Habitats Directive in EU 
Member States
This analysis was intended to compare different approaches to the implementation of Art. 11 
of the Habitats Directive regarding the national schemes of natural habitats monitoring. It is 
planned to publish this assessment in Eurosite Management Toolkit (mpg.eurosite.org) and 
maintain it as an interactive on-line survey, updated by conservationists and site managers 
depending on the development of monitoring schemes in their countries.

The presented assessment was conducted basing on the analysis of publicly available sources, 
collected from available national monitoring services, public reports and scientific articles. It 
was enriched with data from surveys completed by Anne Schmidt and John Janssen (for the 
Netherlands) and Wojciech Mróz (for Poland) on the basis of their personal experience in the 
development of monitoring methodology in these countries. Additionally, a general overview 
by Ellwanger et al. (2018) was a valuable source of information on Germany and the other             
13 Member States.

The attached table contains data for 9 countries where independent natural habitats Art. 11 
monitoring scheme are carried out, and for which the publicly available data allow such com-
parison. Note that in the case of the Netherlands there’s no exact independent scheme but it 
is based on other programmes (vegetation mapping and a permanent plot grid). It should be 
also emphasized that presented data can be outdated (e.g. referring to the previous monitor-
ing period) and present only the general shape of these monitoring programmes which can be 
differentiated for particular habitat groups. Therefore, it should be seen as a first glance at the 
situation in the various Member States. It could also rule out other valuable data sources that 
are not presented on the national monitoring websites and available reports. All the collected 
data concern only the monitoring and assessment of natural habitats listed in Annex 1 of the 
Habitats Directive. Data on populations of species listed in Annex 2 HD and their habitats are 
not included.

Anyway, taking into account the mentioned limitations of this analysis, we tried to formulate 
some general remarks in order to get an overview of the current state of HD Art. 11 monitoring 
and also to suggest possible actions that could improve the harmonization of these pro-
grammes on a European scale.

Main results of the analysis:

 » only 8 out of 27 Member States have successfully implemented the independent Art. 11 
natural habitat monitoring scheme;

http://mpg.eurosite.org
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 » the existing schemes vary greatly in the number of plots, sampling pattern and approach to 
assessing the conservation status of habitats, e.g. Favourable Conservations Status (FCS) 
thresholds, analysis of habitat structure and functions. Moreover, the approaches to analys-
ing habitat changes are quite different in all countries;

 » there are different approaches to syntaxonomy and various abundancy scales are used 
(Braun-Blanquet, Tansley, percentage);

 » differences in sample size and sampling pattern, different phytosociological approaches, 
make it difficult or even impossible to compare and analyse raw vegetation data between 
any of these countries. 

 » existing monitoring schemes are not directly linked to and integrated with the data from 
other project and initiatives (e.g. Life projects, management plans, EIAs, scientific research, 
Horizon 2020 projects etc.). We were also unable to recognize any significant data flow 
between citizen science projects and initiatives and Art. 11 monitoring schemes.

Conclusions
Given that the current state of Art. 11 natural habitat monitoring is so inconsistent, it is not 
possible to directly derive common detailed data from existing monitoring schemes even in 
countries where such independent systems have been established. The only standardized source 
of information on the conservation status of natural habitats is the 6-yearly reports prepared 
by each Member State pursuant to Article 17 of the Habitats Directive. These reports have 
very different levels of accuracy and in most cases, the assessment is made on the basis of a 
combination of scattered detailed studies and extrapolations based on the best expert assess-
ment. Considering that the criteria for determining the favourable conservation status and the 
thresholds applied to vary significantly from one MS to another it can be assumed that the final 
result of assessment along entire Biogeographical Regions, especially those covering a bigger 
number of countries (such as Continental, Alpine, Mediterranean) could not fully reflect the 
variation of CS and can result in misleading conclusions about priorities for Natura 2000 conser-
vation measures.

Perhaps the result of this short analysis could be also a good starting point for a discussion on 
the possibilities of harmonization of approaches to the monitoring obligations described in Art. 
11 of the Habitats Directive?

Considering the level of advancement and the amount of effort Member States have put into 
developing their monitoring schemes, it is not possible to implement a separate, uniform tool for 
Art. 11 monitoring, as was the case with Art. 17 reporting. However, there’s a great need for a 
clear link between detailed ground-based data collected by members states and Art. 17 assess-
ment. One realistic and reliable source of information is data collected using remote sensing 
techniques, mainly satellite imagery, such as Copernicus. Despite several attempts to use it for 
the monitoring of natural habitats, this potential for standardized large-scale assessment of 
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changes in natural habitats still seems to be not fully used. EO data can be used to collect data 
on such indicators as scrub cover, NVDI, farming activity, humidity and distribution of selected 
alien plant species. However, for a group of indicators related to the quality of habitats, species 
diversity, the presence of rare and threatened species, it is still necessary to use ground-based 
methods to supplement even the most advanced RS technologies. 

Possible improvement of the use of Art. 11 detailed monitoring data in the assessment at a 
level of biogeographical regions can be considered in three directions:

 » improving the use of existing detailed data, e.g. by the development of a common European 
simplified assessment protocol for a habitat assessment at a locality level. It can only con-
tain very basic information about the structure of habitat and main threats to their conser-
vation status; 

 » testing the implementation of such European protocols in new natural habitat monitoring 
surveys. Such protocols could be completed together with more detailed, national forms as 
an additional task for local experts;

 » incorporating such forms into newly developed monitoring schemes, especially in countries 
that have recently joined the EU.

Additional explicit link of such simplified records based on common European protocols and the 
indicators estimated from Copernicus images with the GIS grid used in Art. 17 reporting would 
allow easy mapping of habitat conservation status variation and analysis of trends at the level 
of biogeographical regions.

In order to assess the costs and needs for the capacity for such a common approach, a basic 
feasibility study can be carried out in the countries with the most advanced Art. 11 monitoring 
scheme. It can be assumed that if field observers and experts included in standard monitoring 
programs were involved, such an approach could be realistic at least for a group of representa-
tive localities, which would create a valuable, standardized dataset improving the credibility of 
Art. 17 overall assessment of the habitats.
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Table I.1 
Sampling pattern

Number of test areas / sample plots / releves (per 6 years)

AT: Austria 3198 test areas / 12792 sample plots

CZ: Czechia permanent monitoring plots, number n/a

DE: Germany 63 sample plots per habitat type in each biogeographical region are selected. If less than 63 occurrences are 
known, the total occurrences are processed in monitoring (total census) (Ellwanger et. al, 2018).

DK: Denmark 2807 test areas / 28070 plots

LT: Lithuania 67 test squares / 1816 plots

LV: Latvia n/a

NL: The Netherlands There is a vegetation monitoring scheme with permanent plots (‘Landelijk Meetnet Flora’) . The set of per-
manent plots contain 10,000 sites which are resampled every four year. Moreover, all Natura 2000 sites are 
mapped. Vegetation relevés are made in all sites. From the last 10 years about 75,000 relevés were brought 
together, indicating that more than 7500 relevés are made each year. These plots relate to all vegetation 
types, not only to habitat types.     

PL: Poland ca. 6000 test areas /18000 releves

SK: Slovakia 6668 test areas

Test areas/plots size and pattern

AT: Austria Test areas of 1x1 km size with 4 sample plots each

CZ: Czechia Permanent monitoring plots (TMP), 5x5 m for non-forest habitats, 20x20 m for forest habitats, standing 
waters – whole reservoir, running waters – 1 km transect

DE: Germany n/a

DK: Denmark Each locality includes 8–12 small plots (5 m circles)

LT: Lithuania Test squares – 17 km2, transect – 200 x 10 m

LV: Latvia Transects with 3–10 sample plots. Different plot sizes depending on the habitat group (5–2500 m2)

NL: The Netherlands There is no common monitoring scheme for habitats. There is however a scheme for vegetation mapping 
which is related to receiving subsidies for management (so called ‘Subsidie Natuur en Landschapsbe-
heer’-scheme). These maps are also used as a basis for habitat maps. There is a field protocol for vegetation 
mapping and there is a protocol to translate vegetation units into habitat types for the terrestrial habitat 
types.

The marine and aquatic habitat types are monitored within the Marine Strategy Framework Directive MSFD 
and Water Framework Directive (WFD). This is carried out through a set of point sampling.

PL: Poland Transects, size: 200x10 m; 3 releves in each transect (size 5x5 m or 10x10 m)

SK: Slovakia Permanent monitoring localities (PML). Size: 0,5–70 ha

Frequency of field surveys (years)

AT: Austria 6 years

CZ: Czechia Forests – 12 years, non-forest habitats and waters – 6 years

DE: Germany 6 years

DK: Denmark 3–6 years

LT: Lithuania 6 years

LV: Latvia 6 years

NL: The Netherlands 6–12 years

PL: Poland 6 years

SK: Slovakia 6 years
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Syntaxonomical approach / Abundancy scale

AT: Austria List of species

CZ: Czechia Phytosociological relevés, species abundance as a percentage

DE: Germany List of species

DK: Denmark List of species. Additionally, plant species measured by pinpoint (16 grid points in 0.5 m x 0.5 m frame).

LT: Lithuania Phytosociological relevés according to Braun-Blanquet scale (7-grade)

LV: Latvia List of typical species in small plots, 3-grade abundancy assessement (little/average/abundant)

NL: The Netherlands Phytosociological relevés according to Braun-Blanquet scale

PL: Poland Phytosociological relevés according to Braun-Blanquet scale (7-grade)

SK: Slovakia Species abundance according to modified Tansley scale

Table I.2 
Conservation status assessment

Assessment of conservation status (biogeographical region, Natura 2000 site, test area)

AT: Austria Assessment is done at biogeographical region level.

CZ: Czechia The assessment is done during the habitat mapping, referring to the patches of habitats but not to the 
permanent plots. Specific structure and functions are scored on a 3-point scale – favourable, less favourable, 
unfavourable.

DE: Germany The degree of conservation of each habitat plot is included in the parameter. The degree of conservation of 
each habitat plot is based on specific assessment schemes of the components ‘habitat structures’, ‘typical 
species’, and ‘pressures and threats’ (Ellwanger et. al, 2018).

DK: Denmark Assessment is done at biogeographical region level.

LT: Lithuania Assessment of conservation degree at Natura 2000 site level.

LV: Latvia Each locality is assessed referring to a number of indicators describing structure, typical species and impacts. 
Every indicator is rated on a 3-point scale. The maximal number of points depends on number of indicators 
and typical species assesed, e.g. maximal grade for grasslands is 54.

NL: The Netherlands The main level is national/biogeographical. On site level assessments are made for the purpose of the Natu-
ra 2000 Standard DataForm.

PL: Poland The conservation status of natural habitat is assessed both on a level of field plot and Natura 2000 site. The 
same scale as on BG level is used: FV-U1-U2.

SK: Slovakia Yes. Evaluation of the conservation status of habitats at locality level is based on the evaluation of partial 
parameters: a) Quality of the habitat at the locality. b) Perspectives of the habitat at the locality. These 
parameters are evaluated during a field visit, according to a defined methodology for each habitat separately 
or by an expert estimate of the mapper. The method usually sets limits for individual conservation status 
categories (favourable, unfavourable-inadequate, unfavourable-bad).

Typical species of plants taken into account in the assessment

AT: Austria Yes – plant species.

CZ: Czechia Yes. The conservation status of typical plant species is assessed while habitat mapping. Typical species of 
animals are not assessed.

DE: Germany Yes. Typical plant species are recorded. typical animal species are recorded only for a few habitat types. In 
habitat type 3160 dragonfly species and in habitat type 8310 cavernicol species (especially bats) are record-
ed. In running waters, data of fishes and macrozoobenthos from the ecological status assessment according 
to the Water Framework Directive are used (Ellwanger et. al, 2018).

DK: Denmark Yes – plant species.
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LT: Lithuania Yes – plant species.

LV: Latvia Yes – plant species.

NL: The Netherlands Yes – plant species.

PL: Poland Yes. Typical plants species are recorded. In case of animal species – just bats in 8310.

SK: Slovakia Yes. Typical plant species are recorded in PML. The abundancy of selected characteristic species is one of 
main parts of CS assessement.

Thresholds of favourable conservation status, assessment of habitat structure and functions

AT: Austria Assessment of conservation degrees of single plots. 
FV = A-proportion ≥ 50% and C-proportion < 33.3% 

CZ: Czechia FSC of habitats is described in the catalogue of biotopes.
Assessment of conservation degrees of single plots. FV = < 1-% of partial areas assessed as “less favour-
able” and “unfavourable”.

DE: Germany The evaluation is carried out according to an assessment scheme specific to the recorded species or habitat 
type. The aggregation of the partial assessments is based on the so-called Pinneberg Scheme (Ellwanger et. 
al, 2018).
Assessment of conservation degrees of single plots. 
FV =  C-proportion ≤ 20%

DK: Denmark Assessment of conservation degrees of single plots.
FV = > 50% A-proportion and > 75% A+B-proportion (= C-proportion < 25% and A-proportion > 50%) 

LT: Lithuania The final assesement is conducted in the result of statistical and numerical analysis of values of indicators, 
gathered at monitoring localities.

LV: Latvia Structure of habitat is assessed at each locality, e.g. a set of indicators for 6510 includes: coverage of bare 
ground (%), coverage of herbaceous plants (%), coverage of shrubs and trees (%), height of herbaceous layer 
(cm), number of herbaceous species in the plot (25m2), condition. Every indicator is assessed in 0–3 scale, 
referring to given theresholds.

NL: The Netherlands The assessment of habitat structure and function is based on a set of indicators (Janssen & Bijlsma eds., 
2020). It differs per habitat type. It is based on species composition (characteristic species) and in some 
cases vegetation structure. Also in some cases on landscape structure. We have gone through a process of 
making them more and more quantitative. They are now, at the national level (for the EU reporting), for most 
habitat types (not for all). At the site level we are working on more quantitative assessments.
In all cases “functioning” is considered as more importance than structure. We consider the trend of char-
acteristic species as an indicator for “function”. As an example: a heathland may have a poor, monotone 
structure, but as long as the characteristic plants and animals live there and are showing stable or positive 
trends the habitat is considered as rather good. 
Assessment of subparameter ‘structure and functions (without typical species)’ at Natura 2000 site level.
FV =  If A-proportion ≥ 75% and C-proportion ≤ 15% 

PL: Poland The assessment of habitat structure and function is assessed basing on the set of indicators (specific for ev-
ery habitats type). They are either quantitative – e.g. coverage of expansive shrub species, number of charac-
teristic species, amount of dead wood, or qualitative/descriptive – spatial structure of forest stand, invasion 
of alien species, water conditions, eolic processes in inland dunes. The assessment of “specific structure and 
functions” is based by the expert using the results of indictor values. Some of indicators are taken as cardinal 
ones – decreasing the overall assessment despite other indicators’ values. Each indicator and parameter are 
assessed on scale FV-U1-U2 both at a level of locality and Natura 2000 site.

SK: Slovakia Assesement at a locality level. Set of standard criteria with different thresholds for each of habitat types. 
Criteria: number of characteristic taxa, number of indicative taxa, vertical structure, threat with expansive 
taxa, threat with invasive neophytes. No distinction between structure and functions. Both are considered in 
the CS assessement.
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Table I.3 
Public assess, data flow and integration with other sources

Assessment of conservation status (biogeographical region, Natura 2000 site, test area)

AT: Austria No, only the report and general results

CZ: Czechia Partly, the general statistics are available but not the complete database

DE: Germany The results and reports are available, but not the whole database

DK: Denmark Yes, full access. Open database.

LT: Lithuania No, only the report and general results

LV: Latvia No, only the report and general results

NL: The Netherlands The vegetation relevés are accessible through a national vegetation database (LVD), which can be viewed 
online. The vegetation and habitat type maps will be made available through a database as well (this is 
under construction; NDVH)

PL: Poland The access to data is limited to selected central, regional and local authorities. It can be also made available 
to other organizations after obtaining authorization from the central administration. There’s no public access 
to detailed data, only general/overview reports are published.

SK: Slovakia General reports and quantitative tables available online, no open database. 

Results of citizen science projects are integrated with national monitoring scheme

AT: Austria n/a

CZ: Czechia n/a

DE: Germany n/a

DK: Denmark n/a

LT: Lithuania n/a

LV: Latvia n/a

NL: The Netherlands Yes for the characteristic species (NDFF database)

PL: Poland No

SK: Slovakia n/a

Results of other surveys/projects (Life projects, management plans, EIAs) 
are integrated with national monitoring schemes

AT: Austria n/a

CZ: Czechia n/a

DE: Germany n/a

DK: Denmark probably (there’s one central database)

LT: Lithuania n/a

LV: Latvia n/a

NL: The Netherlands Yes, partly. Most EIA’s are based on existing data. The same habitat maps are used, and the same data on 
species (NDFF), but often an EIA does not include making new maps or gathering new data. If it includes this, 
the data may go to the NDFF, NDVH or LVD.

PL: Poland No. But in most cases EIA’s reports and other assessments are usually done according to the “central” meth-
odology.

SK: Slovakia n/a
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Results of citizen science projects are integrated with national monitoring scheme

AT: Austria No

CZ: Czechia No

DE: Germany No

DK: Denmark No

LT: Lithuania No

LV: Latvia No

NL: The Netherlands No

PL: Poland Partly. There’s joint database for habitats and species and some parts of the survey protocols are the same. 
But the field surveys are done in different localities by different teams.

SK: Slovakia No

Table I.4 
Data sources, links

Natura 2000 site

AT: Austria www.umweltbundesamt.at/umweltthemen/naturschutz/schutzgebiete/natura2000

CZ: Czechia www.nature.cz/natura2000-design-en/hp.php

DE: Germany www.bfn.de/themen/natura-2000.html

DK: Denmark eng.mst.dk/nature-water/nature/natura-2000

LT: Lithuania vstt.lrv.lt/lt/saugomu-teritoriju-sistema/natura-2000

LV: Latvia www.daba.gov.lv/lv/natura-2000

NL: The Netherlands www.government.nl/topics/nature-and-biodiversity/natura-2000

PL: Poland natura2000.gdos.gov.pl/natura-2000-w-polsce

SK: Slovakia www.sopsr.sk/natura/index.php?p=62&lang=en

General monitoring website

AT: Austria www.verwaltung.steiermark.at/cms/beitrag/11680234/74838463

CZ: Czechia portal.nature.cz/publik_syst/ctihtmlpage.php?what=6165&X=X

DE: Germany www.bfn.de/themen/monitoring

DK: Denmark mst.dk/natur-vand/overvaagning-af-vand-og-natur/terrestriske-naturtyper-og-arter

LT: Lithuania am.lrv.lt/lt/veiklos-sritys-1/saugomos-teritorijos-irkrastovaizdis/igyvendinti-projektai

LV: Latvia www.daba.gov.lv/lv/natura-2000-vietu-monitoringa-metodikas

NL: The Netherlands

PL: Poland siedliska.gios.gov.pl

SK: Slovakia www.sopsr.sk/natura/index.php?p=7&lang=en

Natural habitats monitoring methodology/handbook/protocols

AT: Austria www.verwaltung.steiermark.at/cms/dokumente/12812743_123331268/74b35f03/REP0735_Band%201_
Monitoring.pdf

CZ: Czechia portal.nature.cz/publik_syst/files/met_mon_2014_a.pdf
portal.nature.cz/publik_syst/ctihtmlpage.php?what=1665&nabidka=rozbalitOdkaz&idOdkazu=1241&X=X

https://www.umweltbundesamt.at/umweltthemen/naturschutz/schutzgebiete/natura2000
http://www.nature.cz/natura2000-design-en/hp.php
https://www.bfn.de/themen/natura-2000.html
https://eng.mst.dk/nature-water/nature/natura-2000/
https://vstt.lrv.lt/lt/saugomu-teritoriju-sistema/natura-2000
https://www.daba.gov.lv/lv/natura-2000
https://www.government.nl/topics/nature-and-biodiversity/natura-2000
https://natura2000.gdos.gov.pl/natura-2000-w-polsce
http://www.sopsr.sk/natura/index.php?p=62&lang=en
https://www.verwaltung.steiermark.at/cms/beitrag/11680234/74838463/
https://portal.nature.cz/publik_syst/ctihtmlpage.php?what=6165&X=X
https://www.bfn.de/themen/monitoring/
https://mst.dk/natur-vand/overvaagning-af-vand-og-natur/terrestriske-naturtyper-og-arter/
https://am.lrv.lt/lt/veiklos-sritys-1/saugomos-teritorijos-irkrastovaizdis/igyvendinti-projektai
https://www.daba.gov.lv/lv/natura-2000-vietu-monitoringa-metodikas
http://siedliska.gios.gov.pl
http://www.sopsr.sk/natura/index.php?p=7&lang=en
https://www.verwaltung.steiermark.at/cms/dokumente/12812743_123331268/74b35f03/REP0735_Band%201_Moni
https://www.verwaltung.steiermark.at/cms/dokumente/12812743_123331268/74b35f03/REP0735_Band%201_Moni
https://portal.nature.cz/publik_syst/files/met_mon_2014_a.pdf 
https://portal.nature.cz/publik_syst/ctihtmlpage.php?what=1665&nabidka=rozbalitOdkaz&idOdkazu=1241&X=X
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DE: Germany www.bfn.de/themen/monitoring/monitoring-ffh-richtlinie.html

DK: Denmark novana.au.dk/naturtyper

LT: Lithuania am.lrv.lt/uploads/am/documents/files/saugom_teritorijos_kra%C5%A1tov/natura_2000/EB_buveiniu_monitor-
ingo_metodiniu_pagrindu_parengimas_ataskaita_II%20dalis_final.pdf

LV: Latvia www.daba.gov.lv/lv/natura-2000-vietu-monitoringa-metodikas

NL: The Netherlands Report ‘Werkwijze monitoring en beoordeling Natuurnetwerk Nederland en Natura 2000’ and a ‘Vegetation 
Protocol’. Additional manuals exist for salt marsh-mapping, aquatic monitoring and geomorphological maps.

PL: Poland siedliska.gios.gov.pl/pl/publikacje

SK: Slovakia www.sopsr.sk/natura/index.php?p=7&lang=en

Natural habitats monitoring results online

AT: Austria

CZ: Czechia portal.nature.cz/nd/x_nd_statistiky.php?X=X

DE: Germany

DK: Denmark naturdata.miljoeportal.dk

LT: Lithuania

LV: Latvia

NL: The Netherlands

PL: Poland http://siedliska.gios.gov.pl/pl/wyniki-monitoringu

SK: Slovakia www.sopsr.sk/natura/index.php?p=7&lang=en 

https://www.bfn.de/themen/monitoring/monitoring-ffh-richtlinie.html
https://novana.au.dk/naturtyper/
https://am.lrv.lt/uploads/am/documents/files/saugom_teritorijos_kra%C5%A1tov/natura_2000/EB_buveiniu_monitoringo_metodiniu_pagrindu_parengimas_ataskaita_II%20dalis_final.pdf
https://am.lrv.lt/uploads/am/documents/files/saugom_teritorijos_kra%C5%A1tov/natura_2000/EB_buveiniu_monitoringo_metodiniu_pagrindu_parengimas_ataskaita_II%20dalis_final.pdf
https://www.daba.gov.lv/lv/natura-2000-vietu-monitoringa-metodikas
http://siedliska.gios.gov.pl/pl/publikacje
http://www.sopsr.sk/natura/index.php?p=7&lang=en
https://portal.nature.cz/nd/x_nd_statistiky.php?X=X
https://naturdata.miljoeportal.dk/
http://siedliska.gios.gov.pl/pl/wyniki-monitoringu
http://www.sopsr.sk/natura/index.php?p=7&lang=en 
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II.1 Introduction
Remote sensing is becoming increasingly important in habitat mapping and monitoring due to 
the strong synoptic overview of its images in the temporal and spatial domain. Early applica-
tions pertained to the visual interpretation of aerial photography, but more recently 
satellite imagery with a huge range of spatial and temporal resolutions is in use that 
increases the applicability from entire ecosystems to specific vegetation types. The 
newest developments are the use of UAVs (Unmanned Aerial Vehicles) at the most detailed 
spatial scale (up to centimeter pixel detail) to support vegetation surveyors. Besides this, more 
and more satellite imagery is becoming available as open data, such as the imagery from the 
European SENTINELS, next to a much longer tradition in open data policy for American satellite 
sensors such as MODIS and Landsat, to widen the opportunities for their applications. Some 
vegetation mapping projects apply aerial photographs or remotely sensed imagery only to divide 
the area of interest into homogenous vegetation mapping units that are further labelled in veg-
etation types by field surveyors, while other classification methods produce vegetation or habitat 
maps directly from imagery by combining imagery with ground truth data. The latter approach is 
gaining momentum in light of major technological improvements, but also because it can speed 
up the mapping process compared to traditional methods. 

Traditional vegetation and habitat mapping methods using visual interpretation of aerial 
photography in combination with field surveys work very well, but are often labor intensive and 
updating frequencies are normally low, while policies are demanding currently higher monitor-
ing frequencies. Therefore terrain managers are looking for alternatives that can support the 
mapping and monitoring of vegetation in more efficient ways. New developments in remote 
sensing such as very high resolution (VHR) satellite imagery, LiDAR techniques that support the 
measuring of the vegetation structure and the application of UAVs that can fly at any request-
ed time and spatial resolution and are not affected by cloud cover, can help to speed up the 
process of vegetation mapping and monitoring. Nevertheless, these methods are all quite new 
and are not yet that robust that they immediately convince vegetation surveyors and/or terrain 
managers who often lack the skills to apply these new methods. Using a mixture of remote 
sensing and field methods seems to deliver the best results. This requires ecologists and re-
mote sensing experts to collaborate closely and review the newest methods and technologies. 
Some of these technologies and methods are demonstrated below, but first a short introduc-
tion to remote sensing.

Early applications pertained to the visual 
interpretation of aerial photography, but more 
recently satellite imagery with a huge range of 
spatial and temporal resolutions is in use that 
increases the applicability from entire ecosystems 
to specific vegetation types.
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II.1.3 Theory and definition 

Remote sensing is the science of obtaining information about an object, an area, or phenomenon 
through the analysis of data acquired by a sensor that is not in contact with the object, area or 
phenomenon under investigation (Lillesand et al., 2015). The human eye only detects the reflec-
tive solar radiance, the part of the electromagnetic range in the band length range 0.4–0.7μm. 
But remote sensing technology allows for the detection of other reflective and radiant (including 
thermal) energy band-length ranges. Sensors can be divided into two broad groups—
passive and active. The earliest example of this is photography. With airborne cameras we 
have long been able to measure and record the reflection of light off of earth features. While 
aerial photography is still a major form of remote sensing, newer solid state technologies have 
extended capabilities for viewing in the visible and near-infrared wavelengths to include longer 
wavelength solar radiation as well.

II.1.4 Sensor characteristics and important platforms of remotely 
sensed imagery (spaceborne, airborne [manned & unmanned]) 

The relevance of remote sensing as a source of information for e.g. grassland monitoring is 
conditioned by the following sensor characteristics:  

 » spatial resolution – determines the amount of information in a remotely sensed image of 
a given area;

 » temporal resolution – revisit frequency (how often a satellite takes a picture of the same 
area) helps to distinguish abrupt and gradual changes, but also allows an improvement in 
the identification of grassland associations 

 » spectral resolution – helps to distinguish between plants of different species and their traits; 

Next to the sensor characteristics that determine the application domain, it is very important 
to have a good pre-processing line, which includes radiometric calibration including atmospher-
ic correction, and cloud masking. Furthermore you need a good post-processing line, which 
includes for example time compositing of products derived from the calibrated satellite imagery: 
images can be combined, for example to remove clouds (accumulating images of the same area 
to increase chances of cloud free observations) and to create 8-day, monthly and annual com-
posite (of variables such as spectral indices, like NDVI, or variables like fAPAR, SST). 

Spatial and temporal resolution
The spatial resolution of spaceborne sensors today ranges from one kilometre to about 40 
centimetres (Figure II.1). In general, a distinction is made between:

 » Low Resolution Optical Satellite Data: >= 1km spatial resolution by multi-spectral sensors 
like GOES, Meteosat, NOAA, SPOT-Vegetation. 

Definition of remote sensing 
Remote sensing is the science of obtaining informa-
tion about an object, an area, or phenomenon through 
the analysis of data acquired by a sensor that is not 
in contact with the object, area or phenomenon under 
investigation (Lillesand et al., 2015).
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 » Medium Resolution Optical Satellite Data: 80–500m spatial resolution by multi-spectral sen-
sors like MODIS, Landsat MSS, RESURS-01 (MSU-SK) and IRS-1C (Wide Field Sensor – WiFS). 

 » High Resolution Optical Satellite Data: 5–30m spatial resolution by panchromatic or 
multi-spectral sensors or analogue camera systems such as Sentinel-2, Landsat TM, SPOT 
PAN and MS, IRS-1C/D (PAN and LISS), KFA 1000, MK4, etc. 

 » Very High Resolution (VHR) Optical Satellite Data: 1–4m spatial resolution by panchromat-
ic or multi-spectral sensors, e.g. Worldview-2 and Quickbird with half a meter resolution for 
panchromatic band and 2m for the multi-spectral bands. 

See also Annex I for a long list of satellite sensors and their characteristics.

Airborne sensors can be distinguished in manned and unmanned sensors (better known as 
drones) and commonly have spatial resolutions between 40cm and 1cm. 

There is a clear trade-off between spatial and temporal resolution. The higher the temporal 
resolution the lower the spatial resolution. The European Space Agency (ESA) is developing 
five new missions called Sentinels specifically for the operational needs of the European GMES 
programme. The Sentinel missions are based on a constellation of two satellites to fulfil revisit 
and coverage requirements, providing robust datasets for GMES Services. The Sentinels were 
launched from 2013 onwards. The mission orbits at a mean altitude of approximately 800 km 
and, with the pair of satellites in operation, has a revisit time of five days at the equator (under 
cloud-free conditions) and 2–3 days at mid-latitudes (source: www.esa.int/Our_Activities/Observ-
ing_the_Earth/GMES/Overview4).

Figure II.1 
Spatial and temporal resolution of satellite sensors.
Source: dib.joanneum.ac.at/edtr/satsys.html
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Spectral resolution
An example of a typical spectrum for photosynthetic (green) vegetation is given in Figure II.2, 
but characteristic spectra relevant to land cover and habitat mapping are also available for 
non-photosynthetic (brown) vegetation, soils, water (in liquid and frozen form), bare areas and 
urban surfaces. 

Within the vegetation (photosynthetic) spectra, characteristic features include the green peak, 
red edge and near infrared (NIR) plateau with absorption features (relating to moisture content) 
evident in the latter and also in the short-wave infrared (SWIR) wavelength regions. Reflectance 
in the visible regions is primarily a function of pigment concentrations in foliage whilst in the 
NIR and SWIR, the internal leaf structure and moisture content of the leaves respectively influ-
ence reflectance (Swain & Davis, 1978).  In all cases, it should be noted that the reflectance of 
vegetation canopies is different from of individual components (e.g. leaves, branches), because 
of the different contributions to the reflectance from plant materials and also the underlying 
surface and shadowing as a function of canopy heterogeneity, which particularly influences the 
NIR and SWIR wavelength regions. The loss of pigments, cell structure and moisture content 
during senescence of leaves leads to the loss of most of the characteristic features of green 
leaves (with the exception of the water absorption features) and the transition to the spectral 
curve typical of non-photosynthetic vegetation.

Figure II.2 
Typical spectra for vegetation highlighting the main 
contributors to reflectance.
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A large number of studies have used spectral reflectance data to differentiate plant species and 
communities on the basis of differences in spectral reflectance, with this being attributed largely 
to differences in foliar chemistry, the internal structure of leaves, moisture content and the 
overall canopy structure (e.g. in terms of shadowing and relative amounts of plant components 
(e.g. leaves, branches).  As examples, Lucas et al., (2008) extracted reflectance spectra (based 
on CASI data) from the sunlit portions of delineated tree crowns in Australia savannas, discrim-
inating species of Callitris, Eucalyptus, Acacia and Angophora through discriminant analysis. Lu 
et. al., (2009) used hyper-spectral data to map the distribution of two spectrally similar grasses 
(Miscanthus sacchariflorus and Phragmites australis) in Japan on the basis of subtle differences 
in canopy density, leaf and canopy structure as well as biochemical properties. The benefits of 
using hyper-spectral data for mapping aquatic vegetation (e.g., different species of Spartina in 
San Francisco Bay, USA; Rosso et al., 2005), identifying and mapping invasive species (e.g. Ustin 
et al., 2004; Hestir et al., 2008; Walsh et al., 2008; He et al., 2011); and differentiating between 
trees of the same species that are of different ages and sizes have also been conveyed (Chris-
tian & Krishnayya, 2009).

II.1.5 Remote sensing for Natura 2000 surveying (status) & 
monitoring (changes)

The Habitats Directive requires EU Member States to maintain and restore all habitats and spe-
cies of “community interest” listed in annexes to the Directive.

A study of Lengyel et al. (2008) of 148 habitat monitoring schemes across Europe found that 
the majority of the programs were launched to comply with EU Directives, thus underlining 
their importance in European assessments of habitat change. At that time, the member states 
were only able to produce robust trend figures on the range of about 1.7% of habitat types 
and for no more than 4% of the populations of species listed. Most countries did not pro-
duce trend figures at all (European Topic Centre Biodiversity, 2008). Due to the lack of such 
information, remotely sensed observations are increasingly being considered by EU Member 
States to satisfy their reporting obligations under the Habitats Directive (Lengyel et al., 2008; 
Vanden Borre et al., 2011b). For instance, an approach proposed by Jongman et al. (2006) is 
based on environmental stratification along with detailed field surveys in selected sites, with 
this utilising remote sensing data in conjunction with GIS databases and modelling. Remote 
sensing data is also being used by other countries across the world to satisfy their conserva-
tion reporting requirements.

Vanden Borre et al. (2011a) discussed the opportunities for remote sensing with over 30 mon-
itoring experts from administrations in 13 EU Member States. They see clear opportunities for 
its application in their work processes, see box Remote sensing can help to measure habitat 
conservation status.

Aspects of habitat conservation status to 
be measured  
Articles 11 and 17 of the Directive also require 
member states to report on five parameters of habitat 
conservation status every six years: 

 » habitat area and geographic range, 

 » habitat structure and function (quality), 

 » and future prospects for habitat survival in the 
member state (European Commission, 2005; 
Vanden Borre et al., 2011a). 
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Remote sensing can also provide methods to monitor specific biophysical and biochemical 
indicators of ecosystem functioning (e.g. leaf area index, normalised difference vegetation index; 
Kerr & Ostrovsky, 2003; Mücher, 2009). The strength of remote sensing is its ability to deliver 
quantitative measures of such parameters in a standardised manner with full coverage over 
larger areas, whereas field surveys can only deliver this through point sample measurements 
and subsequent interpolation. The provision of such data by remote sensing may open new 
ways of looking at the quality of Natura 2000 habitats (Vanden Borre, 2011b).

When we take grasslands as an example, remote sensing can contribute to:

 » Identify spatially the land cover class grassland and in some cases specific habitat 
type. There are many different local and regional grassland classification schemes (floristic, 
habitat, climatic, management, use etc.). In most cases floristic composition plays an import-
ant role and this is not that easy to distinguish from satellite imagery. 

 » Identify grassland quality parameters.  These parameters include amongst others LAI, 
fraction cover, canopy shade, gap fraction soil, biomass content, soil moisture (indirectly), 
canopy coverage etc. The biophysical parameters that can be retrieved from GMES data 
sources (e.g. GEOLAND-2) are amongst others: 

 → LAI and FAPAR are also classical parameters to quantify green vegetation (so we 
refer in fact to green LAI or GLAI). They are strongly correlated with fCover (but the 
relation between LAI and fCover is far from linear). It is a direct input into grass 
vegetation density product.

 → fCover: fractional green vegetation cover (FVC) is a useful parameter for many en-
vironmental and climate-related applications. Comparing to previously used NDVI, it 
has several strong advantages: absolute parameter (sensor-independent), robust-
ness to thin clouds, fully scalable at different spatial resolutions

 → Canopy Shade Factor (CSF): this parameter allows to characterize the amount level 
of shadows self-cast on the canopies, and so in many conditions to discriminate 
rough canopies (forests, shrub) from flat, homogeneous canopies (crops and grass-
lands)

 → fSoil: quantifies the gap fraction of soil in the image, and relies on the capacity to 
discriminate a third contributor that is brown or non-photosynthetic (NPV) vegetation. 
It can be most useful to identify intensive agriculture practices with bare soil event.

 » Changes in extent and quality of the habitat type.

Literature review shows that remote sensing can play further a role in: grassland transpiration, 
grassland emissions and fluxes, grassland dynamics and phenology, grassland albedo, grassland 
productivity, chlorophyll and water content and vegetation condition and structure.

Remote sensing can help to measure 
habitat conservation status (Vanden Borre et 
al., 2011a)
Habitat area
The production of habitat distribution maps, at various 
scale levels, constitutes an obvious area of high 
potential for remote sensing, as experts indicated. The 
advent of hyperspatial and hyperspectral sensors has 
indeed greatly enhanced the possibilities of distinguish-
ing related habitat types at very fine scales (Turner et 
al., 2003). The end-users need such maps in the first 
place for estimating and update the sampling frame 
(the statistical ‘population’) of habitats for which field 
sample surveys are in place. The use of remote sensing 
also provides a major opportunity for harmonising 
Natura 2000 habitat mapping throughout Europe.

Habitat structure and function (quality)
As stated already by Vanden Borre et al. (2011b) 
the usefulness of remote sensing for habitat quality 
assessment is less straightforward for many mon-
itoring experts. However, airborne LiDAR data can 
provide much information about habitat structure and 
changes in the habitat structure, while hyperspectral 
and multispectral data can in most cases provide 
information about dominant species and changes in 
the coverage of those dominant species.  

Change detection
Remote sensing is frequently identified as a powerful 
tool for detecting change (Kennedy et al., 2009; Müch-
er et al., 2000). Remote sensing driven change maps 
not only provide excellent instruments for estimating 
trends in range and area, but they also localise the 
areas where change has occurred. Monitoring experts 
highly value this asset, because it allows subsequent 
field work to concentrate on these areas, possibly 
yielding a significant increase in cost-efficiency. In the 
Netherlands we will probably see that habitat maps 
remain likely to be derived from conventional vege-
tation maps updated once in the 12 years, but that 
more frequent updates will be based on remote sens-
ing products such as LiDAR data, very high resolution 
satellite imagery and aerial photographs. 
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II.2 Current use of Remote Sensing for Natura 
2000 monitoring

II.2.1 State of the art of Remote Sensing for Natura 2000 
monitoring  

The state of the art of remote sensing for Natura 2000 monitoring is told based on examples 
from European and national projects that clearly explain how remote sensing is being exploited in 
Natura 2000 monitoring. 

Below is an overview of techniques and tools for different purposes in relation to Natura 2000 
monitoring. It provides a link to the paragraph which further describes or gives examples of the 
method. 

Tool Scale Purpose Aspects of habitat conservation 
status that can be measured

MODIS 250m 
pixel 
size

Global monitoring and monitoring large areas.

Typical MODIS products are: surface reflectance, surface tempera-
ture and emissivity, land cover, vegetation indices, e.g.  NDVI, thermal 
anomalies /active fraction of photosynthetically active radiation (FPAR) 
/ leaf area index (LAI), evapotranspiration, gross primary productivity 
(GPP) / net primary productivity (NPP), water, burned area, snow cover, 
sea ice, sea surface temperature. 

 » habitat area 
 » habitat structure and function 

(quality),
 » changes in area and quality (struc-

ture and function) 

Landsat TM 30m 
pixel 
size

Regional studies and recently also global studies, such as Global Forest 
Watch and Global Water Surface Explorer.

Typical Landsat products are: surface reflectance, spectral indices such 
as NDVI, vegetation and moisture measurements, surface temperature, 
dynamic surface water extent, fractional snow covered area, burned 
area. 

 » habitat area 
 » habitat structure and function (qual-

ity),
 » changes in area and quality (struc-

ture and function) 

Sentinel 10m 
pixel 
size

Regional and global studies. 

Typical Sentinel products are: surface reflectance, land cover, vegeta-
tion indices, e.g.  NDVI, leaf area index (LAI), water. 

 » habitat area 
 » habitat structure and function (qual-

ity),
 » changes in area and quality (struc-

ture and function) 

Aerial photos 20cm 
pixel 
size

Local and national studies, typically used for topographical surveying.  » habitat area 
 » habitat structure and function 

(quality),
 » changes in area and quality (struc-

ture and function) 

Airborne 
LiDAR and 
hyperspectral 
imagery & 
UAVs

Local studies such as specific Natura 2000 sites.

Typical UAV (drone) products are: canapy. 

 » habitat area 
 » habitat structure and function 

(quality)
 » changes in area and quality (struc-

ture and function)

Table II.1 
Remote sensing tools and methods.
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Mapping and monitoring habitat area
In the following sections examples are given on the use of remote sensing data for the mapping 
and monitoring of habitat area. The first example is based on the interpretation of historical ae-
rial photographs to detect land cover changes in and around Natura 2000 sites since the early 
fifties. The second example concerns the Copernicus European land cover monitoring activities. 
The third example concerns the mapping of ecosystems (MAES), the fourth example mapping 
and monitoring of habitats using very high resolution data.    

a. Interpretation of land cover changes in 
and around Natura 2000 sites based on time 
series of historical aerial photographs

 The EU project BIOPRESS funded within the EU 
Fifth Framework is taken as an example for the 
interpretation of land cover changes from his-
torical aerial photographs in and around Natura 
2000 sites. Historical aerial photographs from the 
1950s provide useful information about the orig-
inal state of natural areas before the process of 
land consolidation and the associated amount of 
land use changes. Moreover the land cover flows 
(transition from one land cover type in another 
land cover type) within and around protected sites 
also provide information about the effectiveness 
of protection. The BIOPRESS method was de-
signed to produce land cover change information 
collected in an operational and consistent manner 
from samples (including transects) across Natura 
2000 within the different biogeographical regions 
of Europe. Land cover was classified according 
to the CORINE Land Cover nomenclature with 
44 classes at the highest level 3 (Heymann et 
al., 1993). Change was captured by means of 
‘backdating’ where the older data set is compared 
against the most recent. Change was recorded 
at a scale of 1:100.000 within 73 samples of 30 
by 30km, and 59 transects of 2 by 15km at a 
scale of 1:20.000 for aerial photographs of the 
reference years: 1950, 1990 and 2000. Figure II.3 
shows an example for the Nitra site in Slovakia.

Figure II.3 
Detected land cover changes in Slovakia in and around 
Natura 2000 site ''Nitra'' since the early fifties, based on 
historical aerial photographs (Gerard et al., 2006).
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The degree of thematic detail and level of spatial detail of the land cover measured determines 
the type, amount and rate of change detected. Moreover the land cover flows can be associated 
with specific pressures such as urbanization, drainage, afforestation, deforestation, abandon-
ment and intensification. 

b. European Land monitoring in the framework of Copernicus

European Land monitoring in the framework of Copernicus consists of two components, the 
pan-European land monitoring and the local or hotspot land monitoring. The pan-European 
component includes as main products the CORINE Land Cover (CLC), High Resolution Layers and 
image mosaics. The CORINE Land Cover is provided for 1990, 2000, 2006, 2012, and 2018. This 
vector-based dataset includes 44 land cover and land use classes with 25ha as minimum map-
ping unit (MMU). The time-series also includes a land-change layer, highlighting changes in land 
cover and land-use (5ha MMU). The use of CLC for ecosystem mapping and assessment and the 
mapping of High Nature Value Farmland is described in Feranec et al., 2016. The high-resolution 
layers (HRL) are raster-based datasets which provides information about different land cover 
characteristics and is complementary to land-cover mapping (e.g. CORINE) datasets (100*100m 
aggregated products).

Five HRLs describe some of the main land cover characteristics: impervious (sealed) surfaces 
(e.g. roads and built up areas), forest areas, grasslands, water & wetlands, and small woody fea-
tures (land.copernicus.eu/pan-european). Figure II.4 presents an example of the HRL Grassland 
for Czech Republic. The local component focuses on different hotspots, i.e. areas that are prone 

Figure II.4 
Example for Czech Republic of the Copernicus High 
Resolution Layer grassland 2015, from: land.copernicus.
eu/pan-european/high-resolution-layers/grassland/status-
maps/2015

https://land.copernicus.eu/pan-european
https://land.copernicus.eu/pan-european/high-resolution-layers/grassland/status-maps/2015
https://land.copernicus.eu/pan-european/high-resolution-layers/grassland/status-maps/2015
https://land.copernicus.eu/pan-european/high-resolution-layers/grassland/status-maps/2015
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to specific environmental challenges and problems. It is based on very high resolution imagery 
(2,5x2,5m pixels) in combination with other available datasets (high and medium resolution 
images) over the pan-European area. The three local components are: Urban Atlas, Riparian 
Zones and Natura 2000. The rationale for the last two local components is provided by the need 
to monitor biodiversity at European level and to assess if the N2000 sites are being effectively 
preserved (land.copernicus.eu/local).

c. Ecosystem Types of Europe

The dataset combines the Copernicus land service portfolio and marine bathymetry and seabed 
information with the non-spatial EUNIS habitat classification for a better biological characteriza-
tion of ecosystems across Europe. As such it represents probabilities of EUNIS habitat presence 
for each MAES ecosystem type. The Ecosystem 
Type Map (ETM) is produced by applying different 
mapping rules on input datasets. 

The newest version, v3.1, is based on the following 
input datasets:

 » Corine Land Cover 2012 accounting layer 
(instead of CLC 2012 status layer)

 » HRL Forests 2012 (Forest Type, Tree Cover 
Density)

 » HRL Imperviousness 2012

 » OpenStreetMap (OSM) data 2015 (main roads, 
land use information)

And further integration of new available Coperni-
cus data

 » Urban Atlas 2012

 » Riparian Zones 2012

 » Natura 2000 2012

 » HRL Grassland 2012

 » HRL Permanent Water Bodies 2012

The resulting Ecosystem Type Map (v3.1) is dis-
played in the Figure II.5.

Figure II.5 
Ecosystem Map (aggregated, v3.1) (Weis & Banko, 2018).

https://land.copernicus.eu/local
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d. Earth Observation data for Habitat 
Mapping and Monitoring

To support decisions related to the use and 
conservation of protected areas and surrounds, 
the EU-funded BIO SOS project has developed the 
Earth Observation Data for HAbitat Monitoring 
(EODHaM) system for consistent mapping and 
monitoring of biodiversity. The EODHaM approach 
has adopted the Food and Agriculture Organization 
Land Cover Classification System (LCCS) taxonomy 
and translates mapped classes to General Habitat 
Categories (GHCs) from which Annex I habitats (EU 
Habitats Directive) can be defined (Lucas et al., 
2015).

Although LCCS focusses on land cover and GHC 
on habitats, both LCCS and GHC categories have 
height information of the canopy as essential 
information. Input data sources for EODHaM are 
very high resolution (VHR) images, height infor-
mation from LiDAR data, and ancillary information 
such as topographical maps (Mücher et al, 2015). 
The EODHaM system uses decision rules to derive 
GHC classes on the basis of spectral and height 
information (Mücher et al, 2015),  see also Figure 
II.5 as an example.

Mapping and monitoring habitat quality

a. Remote sensing-enabled Essential Biodiversity Variables (RS-EBVs)

Essential Biodiversity Variables (EBVs) were proposed in 2013 by the biodiversity community to 
improve harmonization of biodiversity data into meaningful metrics  (see chapter A.III Access to 
data and Information). The proposed EBVs have been grouped into six classes: genetic compo-
sition (not able yet with remote sensing data), species populations, species traits, community 
composition, ecosystem structure, and ecosystem function (see Figure II.6). This concept has taken 
root within wide segments of the theoretical and applied ecology communities. Furthermore, the 
idea behind the original EBV concept was that at least one EBV per class should be monitored, 
while keeping the set of EBVs limited is necessary to assure the usefulness of the EBV concept. 
Possible EBV’s that capture biodiversity change on the ground and can be monitored from space 
range from leaf nitrogen and chlorophyll content to seasonal changes in floods and fires (Skidmore 
et al., 2015).

Figure II.6 
Results of EODHam for a part of the Veluwe in the Nether-
lands. On the left the land cover classification at level 4 of 
FAO LCCS. In the right the habitat classification in terms of 
General Habitat Categories (Mücher et al, 2015).
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The RS-enabled EBVs can play a role in the monitoring of the quality of the habitats, next to the 
mapping and monitoring of habitat types. Nevertheless, much effort still has to be put in place 
to translate these remote sensing variables into useful information for ecologists in terms of 
habitat quality.  

For example, Vaz et al. (2015) collected field data on five habitat quality indicators in vegeta-
tion plots from woodland habitats of a landscape undergoing agricultural abandonment. Their 
findings strongly suggest that some features of habitat quality, such as structure and habitat 
composition, can be effectively monitored from EO data combined with field campaigns as part 
of an integrative monitoring framework for habitat status assessment.

b. Mapping quality of heathland areas in terms of grass encroachment

Mücher et al. (2013) focused on the use of continuous 
fraction images for habitat quality assessment in a heath-
land site in the Netherlands (see Figure II.7). This com-
bined application of techniques on hyperspectral imagery 
demonstrates the usefulness for mapping grass abun-
dance (Molinia caerulea) in heathlands. It provides a better 
basis to monitor large areas for processes such as grass 
encroachment that largely determine the conservation 
status of Natura 2000 heathland areas. Timely, accurate 
and up-to-date spatial information on the encroachment 
of mosses, grasses, shrubs or trees (dominant species) can 
help conservation managers to take better decisions and 
to better evaluate the effect of taken measures.

c. Monitoring shrub encroachment

Regular mapping of vegetation structure is of importance for biodiversity monitoring (Mücher 
et al., 2017a). In the Netherlands, vegetation structure mapping is in most cases still done in a 
traditional way based on field surveys in combination with visual interpretation of aerial photo-
graphs. This procedure is time consuming and often limited in its consistency and efficiency to 
cover large areas. Meanwhile space and airborne imagery are increasingly becoming available at 
affordable costs and with a high spatial resolution of approximately 50cm (Mücher et al., 2017a). 
Therefore, commonly shared Dutch open LiDAR-data such as AHN (LiDAR derived terrain models) 
in combination with commercially available very high resolution satellite data were used to 
develop methodologies that can help to increase the updating frequency of vegetation structure 
maps, based on respectively vegetation height and vegetation cover. LiDAR-data from AHN2 
(2008) and AHN3 (2014) was combined with very high resolution satellite imagery from the sim-
ilar time period in order to detect changes in vegetation structure at 1 metre spatial resolution 

Figure II.7 
A selection of proposed RS-Enabled Essential Biodiversity 
Variables (RS-EBVs) – Modified by E.Neinavaz from 
Skidmore et al. (2015).
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(see Figure II.8). The existing habitat map was used to develop a 
protocol to find Grey Dunes (H2130) that showed significant changes in 
vegetation structure between 2008 and 2014 (see Figure II.9 as exam-
ple). The Remote Sensing method can also be used for other vegetation 
structure – or habitat types but requires other specific decision rules 
in relation to vegetation height and/or vegetation cover which have to 
be agreed upon by the nature conservation community. Therefore, the 
developed Remote Sensing monitoring method for vegetation structure 
is only a start to enable national wide operational monitoring of the 
vegetation structure of all habitat types (Mücher et al., 2017a).

II.2.2 Recent developments

New high resolution satellite sensors and drones
A lot of remote sensing data sources with much higher spatial and temporal resolu-
tion have become available that can support Natura 2000 monitoring. 

The observations from the different platforms are often integrated for upscaling and downscaling 
of the measurements and derived information (Figure II.10). In particular, the use of UAVs, better 
known as drones, is increasing rapidly for biodiversity monitoring, with spectral, spatial and tem-
poral resolution often adjustable flexibly, but with limited coverage compared to other platforms.

The spatial resolution of most current multispectral spaceborne sensors is insufficient (~2–
250m) to detect the presence of individual plants. However, most airborne sensors have a 
sufficiently high spatial resolution (pixels of 0.5–5m) to register small-scale variation in the 
vegetation. Spaceborne systems have the advantage of coming over at fixed intervals (ranging 
from a few days to a few weeks). This means that a new recording can be made regularly, so 
that the phenology can be visualized. 

Figure II.8 (right)
Thematic fraction image for grass encroachment of 
heathlands concerning the Molinia dominated heathland 
(Hgmd), obtained by spectral mixture analysis (SMA) on 
an AHS hyperspectral image of October 2007. Red means 
almost 100% coverage with Molinia or other grasses, and 
blue means almost 0% coverage with Molinia, so it’s good 
quality Heathland.

Figure II.9 (left)
An example of the monitoring of changes in vegetation 
structure for the Grey Dunes in the Netherlands, based on 
changes in vegetation cover and vegetation height (Mücher 
et al., 2017a).

Three types of sensor platforms
Remote sensing is the science of obtaining informa-
tion about an object, an area, or phenomenon 

1 spaceborne platforms, read satellites. 

2 airborne platforms (including aircraft, helicopter, 
balloon or Unmanned Airborne Vehicles (UAV), and 

3 Ground-based platforms, where the sensor is 
mounted on a mast or is held manually above the 
ground
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An even higher spatial and temporal resolution than with airborne or spaceborne systems can be 
achieved with the use of UAVs. However, this also depends on the type of camera used. Different 
types of UAVs exist like multicopters and fixed wing airplanes having different capacities (camera 
load, flight time, easiness to maneuver) (Figure II.14). They can be equipped with different sen-
sors (passive and active). The use of unmanned airborne vehicles (UAVs) or so-called drones that 
can carry a LiDAR camera is a recent development. Recently, the use and adoption of UAVs as a 
flexible sensor platform for monitoring has evolved rapidly. Potential application domains are e.g. 
agriculture (phenotyping of individual plants), coastal monitoring,  archaeology, corridor mapping 
(power lines, railway tracks, pipeline inspection), topography, geomorphology, and construction 
site monitoring (surveying urban environments), next to forestry and vegetation monitoring. Until 
recently it was not possible to have a LiDAR camera on a UAV since the cameras were too heavy 
to be carried by a UAV.

Figure II.10 (left)
Overview of the vegetation structure monitoring system 
based on the exploitation of LiDAR data and very high 
resolution satellite imagery (VHRS) (Mücher et al., 2017a).

Figure II.11 (right)
Multi-scale sensing approach with different remote sensing 
platforms: spaceborne, airborne and ground-based (Source: 
presentation Mucher).
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Figure II.12
Multicopter with hyperspectral camera and a fixed wing 
drone with RGB camera (source presentation Mucher).
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The detail of the recorded images also depends on the height that is flown. Table II.2 gives an 
overview of the possible pixel size and width of the recording at different heights. Another ad-
vantage of UAVs is that it can be flown completely autonomously. 

Mapping and monitoring vegetation structure
Mapping and monitoring vegetation height can not only help to distinguish the different plant 
lifeforms but can also help to identify processes such as shrub and tree encroachment (Mücher 
et al., 2017b). Vegetation height is as such an important component of the structural aspect 
of ecological complexity. Bunce et al. (2013) emphasises the importance of habitat/vegetation 
structure in the development of biodiversity policies in their own right and also demonstrates 
that there are strong links between vegetation structure and occurrence of species. Only a very 
small part of all species can be monitored. Vegetation height is an important indicator as well in 
the definition of an ecosystem or habitat type. To enable the measurement of vegetation height, 
remote sensing can play a crucial role and can become an important information source. 

New developments in remote sensing such as the use of very high resolution (VHR) satellite 
imagery  and LiDAR (Light Detection And Ranging) techniques, next to the use of UAV platforms, 
can help to speed up the process of vegetation mapping and monitoring. Nevertheless, some of 
these methods are relatively new and require ecologists and remote sensing experts to collabo-
rate closely and review the newest methods and technologies. Therefore this section discusses 
the potential use of passive optical sensors, RADAR and LiDAR technology for measuring vegeta-
tion height to support the monitoring of vegetation structure or in other words the EBV ‘ecosys-
tem structure’ (Mücher et al., 2017b). 

a. Passive sensor technology

Several studies have employed passive satellite sensor data to estimate vegetation height. A 
wide variety of features have been extracted from passive sensors of spatial resolutions ranging 
from several centimetres to some tens of metres. Donoghue and Watt (2006) approximated 
mean vegetation height for plots of 0.02ha using directly the mean reflectance values from 
spectral bands of Landsat Enhanced Thematic Mapper Plus (ETM+) and IKONOS images (Mücher 
et al., 2017b).

Height (m) Pixel size hyperspectral camera (cm) Pixel size RGB camera (cm)

20 5.3 0.52

40 11 1.0

60 16 1.6

80 21 2.1

100 27 2.6

120 32 3.1

Table II.2 
Examples of varying pixel resolution and image width with 
flight height for a hyperspectral and RGB camera.

Sensor technologies for mapping and 
monitoring vegetation structure
 » Passive sensor technologies

 » Radar technology

 » LiDAR technology

 → UAV LiDAR (drones)

 → Airborne LiDAR

 → Spaceborne LiDAR
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b. RADAR technology 

RADAR (Radio Detection And Ranging) is an important tool for detecting the structure and height 
of vegetation because of its ability to penetrate clouds, to provide a signal from the geometric 
properties of the vegetation and to generate images over large areas. The RADAR signal, back-
scatter and interferometric phase, depends on the physical structure and dielectric properties 
allowing an indirect measurement of vegetation structure. Since the early 1990s several studies 
have demonstrated the relationship between RADAR backscatter and vegetation structure and 
height (e.g. Dobson et al., 1995, Joshi et al., 2015). Interferometric SAR (InSAR) allows a more 
direct estimation of height and the vertical distribution of vegetation (Florian et al., 2006, Papa-
thanassiou et al., 2008, Treuhaft and Sinqueira, 2004). 

c. LiDAR technology 

The following subsections deal with LiDAR technology from different platforms that all have their 
own merits for surveying, they concern respectively airborne and spaceborne LiDAR scanning.

Airborne LiDAR
From the perspective of ecological research, LiDAR can be considered as a relatively new tech-
nology (Carson et al., 2004). LiDAR was originally introduced to generate more accurate digital 
elevation models (DEMs) (Evans et al., 2006) but has recently become an effective tool for 
natural resources applications (Akay et al., 2008). Scopus presents very well the steep increase 
in publications per year between 2000 and 2015, respectively from around 10 in 2000 to 400 
publications in 2015 (search “LiDAR AND vegetation”). 

Airborne LiDAR offers the possibility to collect structural information over larger spatial extents 
than could be obtained by field surveys (Bradbury et al., 2005). LiDAR, in contrast to optical re-
mote sensing techniques, can be expected to bridge the gap in 3D structural information, includ-
ing canopy shape, number of vegetation layers and individual tree identification at the landscape 
scale (Graf et al., 2009). 

UAV LiDAR (drones)
Before, LiDAR measurements were made only from manned helicopters or airplanes. Attaching a 
LiDAR sensor to a moving UAV platform allows 3D mapping of larger surface areas (Mücher et al., 
2017b). The big advantage of the use of a UAV is its flexibility to be used in space and time. The 
major limitation compared to manned airborne laser scanning is still limited in its areal coverage, 
not only due to the technological capabilities but also due to aviation regulations which does not 
allow in most cases to fly beyond line of sight. The use of unmanned LiDAR Scanning (ULS) cer-
tainly has advantages compared to the more static terrestrial laser scanning (TLS) or large-scale 
systems using manned platforms (Mücher et al., 2017b): UAV is more flexible in its use, but LIDAR 
allows a larger area to be covered, and better timing of (repeated) data acquisition.

http://www.scopus.com
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However only a limited number of manufacturers can provide at the moment such integrated 
UAV-LiDAR systems (Mücher et al., 2017b). See Figure II.13 as an example of ULS.

Spaceborne LiDAR
NASA’s GLAS instrument (Geoscience Laser Altimeter System) on the spaceborn ICESat platform 
(Ice, Cloud, and land Elevation satellite), launched on 12 January 2003, is a good example of a 
promising technique from space. Although the main objective of the GLAS instrument was to 

Figure II.13 
Example of a line transect through a LiDAR point cloud, 
visualized in 3D, as taken by an UAV LiDAR camera 
(Acquired with VUX-SYS camera mounted on RiCopter).
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measure ice sheet elevations and changes in elevation through time, it was also very successful 
in measuring forest height. Amongst others Hayashia et al. (2013) showed that ICESat/GLAS 
data provides useful information on forest canopy height with an accuracy RMSE of 2.8m. New 
advanced sensors to be launched in the next couple of years will provide increasingly accurate 
information on traits such as vegetation height and plant-species characteristics. These include 
the NASA Global Ecosystem Dynamics Investigation Lidar (GEDI), successfully launched in 2018 
from Cape Canaveral. 

Use of machine learning to map individual species 
The exploitation of machine learning or artificial intelligence has improved with the increase in 
computational power, and provides the basis for more complicated image classifications that 
enables the recognition of objects such as human individuals but provides also opportunities to 
map individual plant species (in case of larger plants with distinct features). In general, machine 
learning explores patterns and regularities within the data in order to make predictions on new 
data based on what is learnt by analysing available known data. Since the accuracy can be 
improved with experience, machine learning performs the best when it can incorporate large 
training datasets. 

Below is an example of a deep learning approach to identifying marsh marigold (Caltha palustris) 
from RGB drone imagery over the wetland forest Biesbosch National Park in the Netherlands 
(Figure II.14). The study (Alkema, 2019) attempts for species recognition from UAV images, to 
potentially assist or replace field inventories. The bright yellow flowers of marsh marigold and 
reflective leaves allow for relatively easy recognition in the field, and as an indicator species its 
presence or absence gives insight in the status of the surrounding swampy habitat.

Figure II.14 
Examples of correct and false predictions of the grid 
(3rd column) and single prediction models (4th column). 
True positive (TP), true negative (TN), false positive (FP) 
and false negative (FN) outputs are depicted next to the 
corresponding UAV images and ground-truth masks, given a 
threshold of 0.5 (Alkema, 2019).
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II.3 Key findings and recommendations   
The purpose of this report is the provision of services to advise the Commission, Member 
State authorities and other stakeholders on the better use of scientific knowledge and scien-
tific networks in support of the implementation of the nature directives with a specific focus 
on evidence-based improvements in the Birds and Habitats Directives (BHD) implementation. 
Evidence-based improvements can be supported to a large extent by remotely sensed observa-
tions, and concerns this chapter. Remote Sensing holds promise as a supporting technique 
for Natura 2000 habitat monitoring (Mücher et al. 2013; Vanden Borre et al. 2011b), in many 
cases in terms of changes in habitat area and in some cases in terms of changes in habitat 
quality. But at the same time, the accuracy of remote sensing products vary a lot depending on 
the habitat type and its size, making the RS products not always useful. RS definitely provides a 
powerful tool for detecting land use changes (Feranec et al. 2016; Hazeu et al. 2014; Hazeu et al. 
2002; Van der Zanden et al. 2013).

Remote sensing has a strong, yet underexploited potential to assist in the monitoring 
of protected areas. However, the data generated need to be utilized more effectively to enable 
better management of the condition of protected areas and their surroundings, prepare for 
climate change, and assist planning for future landscape management (Nagendra et al. 2013). 
More interaction between the remote sensing and conservation community is needed to fine-tune 
the site managers needs in terms of remote sensing products. This interaction is also needed 
because most RS products are not perfect and need to be exploited in the appropriate manner 
by ecologists and terrain managers. The RS community needs to simplify access to the original 
imagery and derived products to make the full potential of RS available for the TM community 
(Geller et al. in Walters and Scholes, 2017).

Remote sensing is generally most useful when combined with in situ observations and 
ecological knowledge. The in-situ observations are needed as ground-truth to enable training 
of the classifications and for assessing RS accuracy. RS can provide excellent synoptic spatial and 
temporal coverage, for example, though its usefulness may be limited by pixel size which may be 
too coarse for some applications. On the other hand, in-situ measurements are made at very fine 
spatial scales but tend to be sparse and infrequent, as well as difficult and relatively expensive to 
collect. Combining RS and in-situ observations takes advantage of their complementary features 
(Geller et al. in Walters and Scholes, 2017). Finally, remote sensing data can also be collected 
from terrains where in-situ measurements are difficult.

Remote sensing plays a major role in mapping and understanding (terrestrial) biodi-
versity. It is the basis of most land cover/land use maps, provides much of the environmental 
data used in species distribution modelling, can characterise ecosystem functioning, assists in 
ecosystem service assessment, and is beginning to be used in genetic analyses. RS data are usu-
ally combined with physical data such as elevation or climate (which in fact may be derived from 
RS data) and, increasingly, with socio-economic data (Geller et al. in Walters and Scholes, 2017).

Key findings
 » Remote Sensing holds promise as a supporting 

technique for Natura 2000 habitat monitoring

 » Remote sensing has a strong, yet underexploited 
potential to assist in the monitoring of protected 
areas.

 » Remote sensing is generally most useful when 
combined with in situ observations and ecological 
knowledge

 » Remote sensing plays a major role in mapping and 
understanding (terrestrial) biodiversity
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Early applications pertained to the stereoscopic visual interpretation of aerial photography and 
were a great step forward in vegetation monitoring. More recently, satellite imagery with a 
large range of spatial and temporal resolutions is available and enables applications for entire 
ecosystems. Traditional vegetation mapping methods that use visual interpretation of aerial 
photography in combination with field surveys are, and have always been, working very well. But 
they are often also labour intensive and temporal frequencies are low, while policies are current-
ly demanding higher temporal monitoring frequencies. Therefore, terrain and nature managers 
are looking for alternatives that can support the mapping and monitoring of vegetation in more 
efficient ways.

II.3.1 Current limitations  

Mutual understanding and technical skills
An important barrier for site or terrain managers (TM) to use RS products is dealing with the 
“unknown” of RS  products. A lot of people are still reluctant to use these tools (scepticism 
about technological innovation) which is slowing down their take-up for nature conservation 
management. For them RS techniques are mainly related to scientific purposes. For others, there 
is just an over-expectation of their results. So overall, there is a lack of understanding on the 
utility of these RS products/tools. Therefore it is needed to engage terrain managers in using RS 
products so they understand the possibilities and limitations of the RS products and tools. Why 
change your daily work routine if it works as you do now? It is often not (directly) clear what 
it could mean in their daily work. A huge difference exists between what can be done versus 
what is needed/expected by terrain managers (TM). Communication and mutual understanding 
between TM and RS community is of utmost importance. In order to resolve misunderstand-
ings and perceived mismatches, increased cooperation and communication between producers 
and final users is needed. On the one hand, this can be achieved by setting up facilities for an 
enhanced sharing of ideas and results. On the other hand, end-users need to get involved in the 
development of remote sensing products as early as possible (Vanden Borre et al., 2011b).

Next to these barriers of mutual understanding there are limitations of more technical na-
ture. The products are sometimes too complex and not easy to understand as the huge amount 
of data make it not easy to analyse the data and recognize the patterns. Remote sensing, as 
a science, is a very diverse field. For site managers mostly unfamiliar with the large variety of 
imagery and methodologies that are available, it will be impossible for them to find the most 
suitable method for their needs. Next to that, the specific requirements and applications in the 
field of habitat monitoring are equally diverse. Standardised RS products will therefore rarely 
suit the specific requirements (Vanden Borre et al., 2011b). Furthermore, the RS products need 
to be interpreted for which specific skills (or training) are needed. Also the liability of image 
availability is often questioned, and the necessity to work with and to buy new (complex) soft-
ware and hardware is also often seen as an obstacle.

Current limitations
 » Mutual understanding and technical skills

 » Costs of remote sensing products

 » Products mismatching expectations
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Costs
RS needs to be combined with field visit to train your classification and/or verify your products. 
This is one of the reasons why it is difficult to say if RS products are cheaper than field visits. 
Detailed cost-effectiveness studies in this area were not found. RS cannot completely replace 
field visits. Also RS products can be used to fill the data gaps between specific moments in 
which field visits took place.

The cost of RS products is nowadays mainly related to setting-up the IT infrastructure for stor-
age and processing, the interpretation and calibration of the products.

Next to the costs discussion, RS products sometimes cannot be replaced by field visits. RS prod-
ucts can look back into time, i.e. show the historical situation if RS imagery is available, while 
field visits show only the current situation.

Products mismatching expectations
Operational RS products at the regional/national scale are often focused on land cover/land 
use. The mapping and monitoring of the extent and quality of habitats in N2000 sites is limited 
compared to land cover and land use classifications. Moreover, legal regulations can hamper the 
use of remote sensing. For example, in the Netherlands habitat maps have to be derived from 
conventional vegetation maps, meaning that remote sensing is not allowed to replace traditional 
field surveys. On the other hand, remote sensing is still able to make more frequent updates in 
between the traditional updates implemented approximately once in 12 years. At the site level 
more examples are available regarding the added value of RS in habitat mapping. However, at 
e.g. plant species level (rare species) RS products are insufficient. In general it can be stated that 
large scale (and dynamic) habitats are more suitable for mapping by RS. The spatial resolution 
of the RS product must meet a certain ‘intrinsic scale’ that characterizes a specific habitat. This 
‘intrinsic scale’ is habitat dependent (Vanden Borre et al., 2011b). As there are no standards de-
fining spatial reference sizes for habitat mapping this knowledge gap makes standardisation of 
monitoring methodologies difficult. Matching appropriate RS observations to ecological process-
es or species distributions often requires a multi-scale approach where one spatial and temporal 
scale provides information on a portion of an ecological process or species’ life-history while 
other scales are required to observe another portion (Geller et al. in Walters and Scholes, 2017). 
Another source for a mismatch of expectations mentioned by Vanden Borre et al. (2011b) is 
that habitat typologies are not harmonised making data compatibility and integration difficult. 
A standard habitat typology with a biotic and abiotic description could be of help to interchange 
remote sensing methods and products.
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In Corbane et al. (2015) it is stated that the immense versatility of remote sensing technique 
and products has led to numerous potential approaches, but all of them are to a great extent 
affected by a series of potential flaws (Grillo and Venora, 2011): 

 » the large variability in the quality of input variables in terms of their semantic, thematic and 
geometrical accuracy;

 » the possible variability of the spectral, spatial and temporal resolutions of the input datasets 
used across different studies; 

 »  the (non-) availability of remote sensing data and ancillary data, with standardized metada-
ta formats and pre-processing protocols, which are a prerequisite for the transferability of 
the methods between the sites;

 »  the (non-)availability of ground truth data in a suitable format for remote sensing applica-
tions (which differs from purely vegetation-based field mapping).

The difficulty of habitats mapping, in addition to the issues described above, is related to the 
following (see Corbane et al., 2015):

 » the mismatch between the tremendous progress in RS applications to habitat mapping and 
the capabilities of Thematic Mapper, 

 »  the difficulty to standardise monitoring methodologies due to the lack of typical surface 
area range in which most patches of a given habitat occur (see ‘intrinsic scale’), 

 »  the broad definition of habitats or lack of a standardised typology (co-occurrence in mosaic 
patterns, based on descriptive information, heterogeneity (number of species involved)), and 

 »  the missing link between land cover and habitats.  

Furthermore, it is recognised that small scale sites can be better mapped by field observations. 
Increasing the level of detail in which habitats are described/defined the more difficult they can 
be mapped by RS. Also RS products cannot fulfill the needs for habitat modelling.

A risk exists that excitement over the RS technologies, encouraged by donors keen to show their 
support for innovation, may lead to practitioners deciding on which tools to use before they have 
decided on what they want to measure. Remote sensing therefore needs to be applied 
only when appropriate to the local situation and when it can be used to answer spe-
cific monitoring questions (Stephenson, 2019). The decision to use technology should also 
be based on project objectives and the availability of appropriate budgets and technical skills 
(Schmeller et al., 2017).

Summary of potential future develop-
ments for new other products
 » Increase of update frequency of products due to 

developments in processing and availability of 
imagery

 »  Complete integration of remote sensing products 
with in-situ data (e.g. vegetation relevés, species 
presence)

 »  Integrated camera systems (e.g. LiDAR and hyper-
spectral)

 »  Pocket drones with integrated camera systems 
that can do instantaneous habitat mapping 

 »  Non-disturbing drones

 »  ‘Everybody’ has their own drone 

 »  Good & light batteries for drones

 »  Toolboxes & apps with free available high reso-
lution RS products (e.g. temperature, flooding, soil 
moisture, vegetation structure, land cover, etc.) 
accessible, and all in one projection

 »  All RS products downloadable for own (further) 
processing
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II.3.2 Future outlook

At the moment RS products and/or tools are mostly used by site managers for comparing sites, 
transferring knowledge across sites, early warning of effects of change in/outside the N2000 
sites etc. For this they most commonly use aerial photos. To enhance the integration of remote 
sensing and habitat monitoring Vanden Borre et al. (2011) mentioned harmonisation and 
standardisation of approaches, development of readily useful products, and a fair validation of 
traditional and remote sensing products. Most importantly though, there is a need for a more 
active involvement from both parties, especially the monitoring community, in order to develop 
products that really suit the needs of their future users.

In the realisation of these potential products cloud processing/storage, better viewing tools and 
the application of machine learning (ML) will play a significant role.
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Annex I: Examples of useful satellite imagery

Satellite sensor Launch Number of bands Spatial 
resolution [m]

Revisit 
time (days) Biophysical parameters

WorldView-2 2009 8 (B,G,R,coastal, 
yellow,NIR,Red-
Edge, NIR2)

0.46 (pan)
1.8 (ms)

1.1 Reflection, NDVI, LAI, leaf chlorophyll 
(and nitrogen) concentration 
Classification

WorldView-3 2014 8 (B,G,R,coastal, 
yellow,NIR, 
RedEdge,NIR2)
8 SWIR
12 CAVIS

0.31 (pan)
1.24 (ms)
3.7 (short wave 
IR)

<1 Reflection, NDVI, LAI, leaf chlorophyll 
(and nitrogen) concentration 
Classification

QuickBird 2001 4 (B,G,R,NIR) 0.65 (pan)
2.6 (ms)

1–3.5 Reflection, NDVI, LAI
Classification

GeoEye-1 2008 4 (B,G,R,NIR) 0.4 (pan) ~3 Reflection, NDVI, LAI

GeoEye-2 
(WorldView-4)

2016 0.3 (pan)
1.2 (ms)

<3 Reflection, NDVI, LAI, leaf chlorophyll 
(and nitrogen) concentration 
Classification

Ikonos 1999 4 (B,G,R,NIR) 1 (pan)
4 (ms)

Reflection, NDVI, LAI
Classification

RapidEye (5 satellite 
constellation)

2008 5 (B,G,R,NIR, 
RedEdge)

5 (ms) 1 Reflection, NDVI, LAI, leaf chlorophyll 
(and nitrogen) concentration 
Classification

Pleiades-1A & B (2 
satellite constellation)

2011/2012 4 (B,G,R,NIR) 0.5 (pan)
2 (ms)

1 Reflection, NDVI, LAI
Classification

SkySat-1 & 2 2013/2014 4 (B,G,R,NIR) 0.9 (pan)
2 (ms)

SPOT-6 & 7 
constellation

2012/2014 4 (B,G,R,NIR) 1.5 (pan)
8 (ms)

1

Landsat-8 2013 11 (VNIR,SWIR,TIR) 15 (pan)
30m (ms)
100m (TIR)

16 Reflection, NDVI, LAI, temperature
Classification 

Aster 1999 3, 6, 5 
(VNIR,SWIR,TIR)

15 (VNIR)
30 (SWIR)
90 (TIR)

Sentinel-2A & B (2 
satellite constellation)

2015/2016 13 (VNIR, NIR, 
SWIR)

10, 20, 60 < 5 Reflection, NDVI, LAI, leaf chlorophyll 
(and nitrogen) concentration 
Classification

B: blue, G: green; R: red; NIR: near infrared; pan: panchromatic; ms: multi-spectral; VNIR: visible and near infrared; SWIR: shortwave 
infrared; TIR: thermal-infrared

Different satellite sensors are acquiring information with different spectral, temporal an spatial 
resolution making them suitable for monitoring specific biophysical parameters.



A C C E S S  T O  D A T A  A N D  I N F O R M A T I O N 

68

Access to data 
and information 

CHAPTER A . I I I .

Anne Schmidt, Chris van Swaay, Rene Henkens and Peter Verweij



69
A C C E S S  T O  D A T A  A N D  I N F O R M A T I O N 

III.1 Introduction

Biodiversity information is based on data that is gathered by a mixed, large group of people. 
Professionals and nature enthusiasts observe and record nature, either using protocols in field 
studies, remote sensing and monitoring schemes, or via opportunistic sightings. Despite this 
seeming abundance in data availability, decision- and policy-makers are constrained by the lack 
of targeted data and indicators, mostly as a result of barriers preventing existing data from 
being found and accessed, or by missing forms of presentation that answer questions of policy 
makers and practitioners (Verweij et al., 2019; Geijzendorffer et al., 2016; Addison, 2015; Wetzel 
et al., 2015; Proença et al., 2017). 

III.1.3 Different types of data and information sources 

There is a wide range of data and information sources available, including citizen-science data col-
lections, monitoring data collections and networks, GIS-data repositories, research infrastructures 
for open data, synthesis of scientific knowledge and community interfacing platforms aspiring to 
bring the science and policy-making communities closer together. The variety of sources can be 
categorized in three main categories (see Box "Types of data and information sources").

III.1.4 Barriers to sharing of biodiversity data and information 

The World Conservation Monitoring Centre (WCMC) of the United Nations Environmental Pro-
gram (UNEP) conducted a review on the barriers to sharing of biodiversity data and information 
and made recommendations for eliminating them (UNEP, 2012). Although progress has been 
made since 2012, most of the barriers identified by the WCMC of UNEP still exist, namely:

 » Psychological and behavioural barriers, which range from unwillingness to share for 
commercial reasons to barriers resulting from concerns over how data, information and 
knowledge might be used, as well as legal barriers.

 » Barriers related to describing information and data, which range from a lack of widely 
agreed classification systems for some types of biodiversity, to insufficient use of contextual 
and explanatory information linked to datasets.

 » Practical barriers, which range from knowing how to make data, information and knowl-
edge you hold available in meaningful ways, to locating the information that you need from 
amongst plethora of data, information and knowledge available.

Definition of data, information and 
indicators 
Biodiversity data are pieces of information collected 
through observations or generated via modelling. 
More technically, data is a set of numerical or qualita-
tive values to describe variables about an individual, 
or object, including space and time. Data become 
information when the values get a meaning in some 
context for the receiver.

Indicators summarize or simplify relevant informa-
tion and play an important role in communicating on 
the status and trends of nature in such a way that 
these are useful for decision making, e.g. by relating 
them to specific management goals and policy targets 
(Gallopin, 1996).

Types of data and information sources 
There is a wide range of data and information sources 
available which can largely be grouped in (1) data 
lakes (contains raw, non-harmonised data), (2) data 
platforms (a system that enables integration of 
harmonised data in other similar datasets and uses a 
quality checked, sometimes open-access, data repos-
itory, to which, preferably, peer-reviewed articles are 
attached for proof of data quality) and (3) indicator 
catalogues. Data lakes and data platforms target 
data analysts. Indicators catalogues aim to provide 
condensed information in the form of indicators with 
accompanying narratives and references.



70
A C C E S S  T O  D A T A  A N D  I N F O R M A T I O N 

 » Inadequate strategies and resources that result in data, information and knowledge 
often being made available in an opportunistic manner rather than being focused on need, 
often without sufficient resources being made available.

There are different types of solutions to remove these barriers and actions need to be taken 
by different stakeholders. Governments need to provide funding for information resources and 
maintenance of infrastructures and develop open data and research policies. Publishers should 
increase open access to publications and encourage the publication of data papers. Knowledge 
brokers should develop information infrastructures or repositories for ensuring long term access 
to data, information and knowledge and further promote the use of common vocabularies, 
classification systems and standards. The academic world should promote and create incentives 
to increase access to data and information. Donors and others providing support should ensure 
that each funded project provides appropriate access to the data and information and promote 
longer-term investment in the maintenance of data and information resources and funding of 
knowledge management and dissemination.

In some cases the access to data and information is not the problem, but the willing-
ness to use the available data and information. There might be different reasons for 
this amongst others the scepticism towards using data collected by volunteers.

III.1.5 Data and information needed for the implementation of the 
Birds and Habitats Directive

For the implementation of the Birds and Habitats Directive data and information are needed on 
the species and the habitat types targeted by these directives. This concerns data and infor-
mation on the distribution and population size of species, the area and quality of the habitat 
for species and, the distribution, area and structure and function (quality) of habitat types. In 
addition, data and information are needed on the impact of pressures and threats and the 
effects of mitigation and restoration measures [see chapter B.I. Guidance and tools for effective 
restoration measures for species and habitats].

The data and information serve different purposes, amongst others the selection and designa-
tion of Natura 2000 sites, the management of Natura 2000 sites, appropriate assessments for 
permitting procedures and conservation status assessments for reporting. This means data 
and information is needed on different spatial scale levels ranging from local level to 
Natura site level, Natura 2000 network, biogeographical, national and European level. 
The user requirements e.g. in terms of the spatial-temporal coverage and resolution of the 
data differ depending on the purpose. Where management plans need information in detailed 
maps almost at the square meter, the species and habitat distribution maps for the Article 17 
reporting only needs to be done in squares of 10x10km. The idea to collect data on multi-
ple scale levels for multiple purposes seems logical, but in practice this is not always 
feasible as each monitoring objective requires a specific sampling strategy [see chapter 
A.I. Monitoring]. Due to budget constraints priorities need to be set.
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Opportunistic data collected by volunteers seem very attractive as the costs of 
collecting this type of data are low. Nevertheless, a lot of time and effort is spent 
on validating and harmonizing these data (Dobson et al., 2016). Even in successful online 
web portals, as iNaturalist.org and observation.org, recorders tend to go to the same places and 
sometimes it even gets crowded with volunteers at a well-known spot, where similar spots in 
the surroundings are missed. It requires active participation from experts to try and di-
rect ('lure') recorders into visiting unvisited places. At the end this also requires time and 
money, which should not be ignored when setting up such systems or using existing ones.

III.2 Strategies, approaches and practical 
examples to improve data and 
information access

III.2.1 Frameworks, common vocabularies and classification systems 

In order to facilitate the exchange of biodiversity data and information there should 
be a common understanding on the type of data and information that are needed by 
the different users (policy makers, practitioners and scientists). The Birds and Habitats 
Directives are important instruments to preserve and restore European biodiversity, but there 
is more to it than that. The Convention on Biological Diversity and the European Biodiversity 
Strategy have a broader perspective on biodiversity including for example ecosystem services. In 
the following paragraphs some examples are given of frameworks and classification systems to 
define and describe the data and information with this broader perspective in mind. 

DPSIR framework: drivers, pressures, states, impacts and responses
The DPSIR model (see Figure III.1) adopted by the European Environmental Agency is a causal 
framework for describing the interactions between society and the environment. The DPSIR 
framework serves as a starting point for the development of indicators to evaluate 
environmental policies such as the Birds and Habitats Directives.

The way the conservation status of species and habitats is assessed fits into the 
DPSIR framework. Conservation status is being assessed based on several state variables (e.g. 
the distribution and population size of species), that are influenced by pressures resulting from 
different drivers (e.g. pollution from agriculture) and by policy and management responses act-
ing upon them (e.g. measures to reduce pollution from agriculture). State indicators ideally are 
derived from observational data, whereas the impact of pressures and the effects of conserva-
tion measures – in most cases – are assessed based on directed research or expert judgement.
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The concept of biodiversity
In order to collect, exchange and/or integrate data from multiple sources it is im-
portant as well to develop a common vocabulary and unified classification systems, 
starting with the concept of biodiversity. Noss (1990) distinguishes different compo-
nents (composition, structure and function) and different levels of biodiversity (genes, species 
populations, communities, ecosystems and landscapes), see Figure III.2. The components and 
levels of biodiversity to be addressed depend on the research, policy or management 
questions that need to be answered. 

The Birds Directive and Habitats Directive are targeted on the level of ecosystems 
and communities (habitat types) and species populations (species). Different compo-
nents are being addressed on these levels for example the population structure of species 
and the structure and function of habitat types. Nevertheless for the implementation of the 
directives the other levels of biodiversity are relevant as well, for example genetic diversity is 
important for setting favourable reference values on population size of species. 

Essential Biodiversity Variables (EBVs)
The GEOBON network (https://geobon.org/) are developing the so called Essential Biodiversity 
Variables (EBVs), that to a large extent are based on the hierarchical approach of monitor-
ing biodiversity proposed by Noss (1990). The EBVs provide the first level of abstraction 
between low-level primary observations and high-level indicators of biodiversity (see 
Figure III.3). There are 6 EBV classes with 21 EBV candidates (see Figure III.4).

Figure III.1 
DPSIR framework of the European Environmental Agency. 
Source: www.eea.europa.eu/publications/92-9167-059-6-
sum/page002.html

https://www.eea.europa.eu/publications/92-9167-059-6-sum/page002.html
https://www.eea.europa.eu/publications/92-9167-059-6-sum/page002.html
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The EBVs serve different purposes. They are applied 
to integrate data coming from different sources e.g. 
in-situ (field surveys and monitoring schemes) and 
ex-situ (remote sensing) measurements and to trans-
form these data into biodiversity indicators relevant 
for biodiversity assessments and reporting. They 
might become the window into the biodiversity observation 
systems upon which researchers, managers and decision 
makers at different levels can better interact while they do 
their jobs. As illustrated in Figure III.3 EBVs concern state 
variables sensitive to change depending on drives, 
pressures and policy and management responses, 
that act upon them. 

The EBV classes that are relevant for the Birds and 
Habitat Directives are species populations (e.g. spe-
cies distribution and population abundance), ecosys-
tem function (e.g. disturbance regime) and ecosystem 
structure (habitat structure, ecosystem extent and 
fragmentation). Whereas the monitoring of trends in 
distribution and population size of species seems quite 
well developed, the monitoring of the distribution and area 
of habitat types is quite challenging and even more the 
monitoring and assessment of the ‘quality of the habitat 
for species’ and the ‘structure and function of habitat types’  
[see chapter A.I. Monitoring]. The further development 
of EBVs might be of help to harmonize the monitor-
ing and assessment methods applied by different EU 
member states for the purpose of the implementa-
tion of the BD and HD.

Identification and classification systems (code 
lists)

a. Taxonomy: species identification and classification

Taxonomy is a scientific discipline that has provided 
the universal naming and classification system of 
biodiversity for centuries and continues effectively to 
accommodate new knowledge (Thomson et al., 2018). 
The assumption that species are fixed entities underpins 
every international agreement on biodiversity conservation, 

Figure III.2 
Schematic visualisation of major biodiversity components 
(structure, composition, function) with hierarchical nested 
levels in each case (adapted after Noss, 1990). The co-
loured areas highlight the most feasible level, the level of 
diversity in species (species richness), within ecosystems 
and in population interactions.
Source: www.researchgate.net/figure/Schematic-visualisa-
tion-of-major-biodiversity-components-structure-composi-
tion_fig1_281586657

Figure III.3 
Essential Biodiversity Variables. 
Source: geobon.org/ebvs/what-are-ebvs

https://www.researchgate.net/figure/Schematic-visualisation-of-major-biodiversity-components-structure-composition_fig1_281586657
https://www.researchgate.net/figure/Schematic-visualisation-of-major-biodiversity-components-structure-composition_fig1_281586657
https://www.researchgate.net/figure/Schematic-visualisation-of-major-biodiversity-components-structure-composition_fig1_281586657
https://geobon.org/ebvs/what-are-ebvs
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all national environmental legislation and the efforts of many 
individuals and organizations to safeguard plants and animals 
(Garnett and Christidis, 2017). New knowledge, sometimes 
caused by new techniques, can lead to a change in taxono-
my. Because of this species get split, lumped with other species, 
or are moved to another genus. This also applies to the species 
in the Annexes of the Habitats Directive, where e.g. Hypodryas 
maturna (see Figure III.5) from the original list was moved to the 
genus Euphypdryas, and Polyommatus eroides is now considered 
a subspecies of the Alpine Polyommatus eros.

To keep legislation in line with new knowledge in taxono-
my, a decent backbone is needed describing the most up-
to-date taxonomy. Users need standardised and continu-
ously harmonised taxonomic reference systems, as well as 
high-quality and complete taxonomic data sets (De Jong et 
al. 2015). Several initiatives have been launched to provide this:

 » The Pan-European Species-directories Infrastructure 
(PESI) provides a mechanism to deliver an integrated, anno-
tated checklist of the species occurring in 'geographic Europe', 
aiming to cover the Western Paleartic biogeographic region. At 
the core of EU-nomen are five community networks, with com-
mon nomenclatures or systems designations: Zoology, Botany, 
Marine Biota, Mycology and Phycology (De Jong et al., 2015). The present status of PESI 
is unclear, as recent searches on the website (www.eu-nomen.eu/pesi) did not give decent 
results to all queries, also not for Habitat Directive species.

 » EUNIS (eunis.eea.europa.eu/species.jsp) provides a website with information targeted at 
accessing information about species in Europe, particularly species mentioned in legal texts. 
However many species names appear not to be updated to the latest taxonomy.

 » Fauna Europaea (fauna-eu.org) was supposed to become Europe's main zoological tax-
onomic index, also feeding into PESI (see above). However, due to financial constraints the 
information is not up-to-date anymore.

 » Euromed Plantbase (www.emplantbase.org/home.html): The Euro+Med PlantBase provides 
an on-line database and information system for the vascular plants of Europe and the 
Mediterranean region, against an up-to-date and critically evaluated consensus taxonomic 
core of the species concerned. The Euro+Med PlantBase is part of the Pan-European Species 
directories Infrastructure (PESI), funded by the European Union under the Framework 7 
Capacities Work Programme.

Figure III.4 
EBV’s classes and candidates. 
Source: www.earthobservations.org/uploads/438_2_essen-
tial_biodiversity_variable_strategy_v1.pdf

http://www.eu-nomen.eu/pesi
http://eunis.eea.europa.eu/species.jsp
http://fauna-eu.org
https://www.emplantbase.org/home.html
https://www.earthobservations.org/uploads/438_2_essential_biodiversity_variable_strategy_v1.pdf
https://www.earthobservations.org/uploads/438_2_essential_biodiversity_variable_strategy_v1.pdf
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 » WORMS (World Register of Marine Species: the main taxonomic reference system for marine 
environment (www.marinespecies.org)

 » Catalogue of Life (www.catalogueoflife.org): The Catalogue of Life is the most com-
prehensive and authoritative global index of species currently available. It consists of a 
single integrated species checklist and taxonomic hierarchy. The Catalogue holds essential 
information on the names, relationships and distributions of over 1.8 million species. This 
figure continues to rise as information is compiled from diverse sources around the world. 
For Catalogue of Life a new infrastructure is currently being developed in the CoL+ project 
(www.dissco.eu/catalogue-of-life).

It is obvious from the above mentioned initiatives, that users will find it difficult to find their 
way in all these websites.

The Darwin Core Standard (DwC) offers a stable, straightforward and flexible frame-
work for compiling biodiversity data from varied and variable sources. Originally 
developed by the Biodiversity Information Standards (TDWG) community, Darwin Core is 'an 
evolving community-developed biodiversity data standard. It plays fundamental role in the 
sharing, use and reuse of open-access biodiversity data (www.gbif.org/darwin-core). One of 
the cores is a Taxon core, which lists a set of species, typically coming from the 
same region or sharing common characteristics. This is an open-source way of stan-
dardizing taxa, used e.g. in GBIF (gbif.org). 

Figure III.5 
Euphydryas maturna. Photo: Chris van Swaay from the 
Dutch Butterfly Foundation.

http://www.marinespecies.org
https://www.catalogueoflife.org
https://www.dissco.eu/catalogue-of-life
https://dwc.tdwg.org/
http://www.gbif.org/darwin-core
http://gbif.org
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b. Ecosystem typologies: habitat identification and classification 

Many ecosystem and habitat typologies exist ranging from local to global level. In the follow-
ing paragraph some of the main typologies used on EU level are shortly described to start 
with the EU Habitat Directive Annex 1 habitat types. Translations are being made between 
these different typologies.

EU Habitats Directive Annex I habitat types 
The Habitat Directive Annex I lists today 233 European 
natural habitat types, including 71 priority (i.e. habitat 
types in danger of disappearance and whose natural 
range mainly falls within the territory of the European 
Union). Annex I was initially based on the hierarchical 
classification of European habitats developed by the 
CORINE Biotopes project since that was the only existing 
classification at European level. An Interpretation Manual 
describes the habitats but there is often variation between 
Member States in how they interpret the habitat types, 
sometimes there is variation between regions in the same 
country. There is a specific code list for identification of 
the habitat types, described as well for the Habitats Direc-
tive Article 17 reporting.

EUNIS habitat classification
The EUNIS habitat classification is a comprehensive pan-European system for habitat identi-
fication. The EUNIS habitat classification covers both natural and artificial pan-Euro-
pean habitats and groups them into 11 broad categories:

1 Marine habitats
2 Coastal habitats
3 Inland surface waters
4 Mires, bogs and fens
5 Grasslands and lands dominated by forbs, mosses or lichens
6 Heathland, shrub and tundra
7 Woodland, forest and other wooded land
8  Inland unvegetated or sparsely vegetated habitats
9  Regularly or recently cultivated agricultural, horticultural and domestic habitats
10  Constructed, industrial and other artificial habitats
11  Habitat complexes

The habitat types are identified by specific codes, names and descriptions.

Figure III.6 
Slovenia, Osrednjeslovenska, Brezovica 5, Saxifraga-Hans 
Dekker. Source: www.freenatureimages.eu

http://www.freenatureimages.eu
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The MAES ecosystem typology
The MAES project (MAES: Mapping and Assessment of Ecosystem and their Services) has 
proposed a typology that distinguishes 12 main ecosystem types based on the higher levels 
of the EUNIS Habitat Classification.

The interpretation of ecosystem typologies is often complicated and even more 
so the mapping and monitoring of habitats [see chapter A.I Monitoring of species and 
habitats]. Member States may use the same codes, but the interpretation and the 
mapping / monitoring and assessment methods differ leading to inconsistencies in 
the data and information being reported.

c. Classification systems for drivers, pressures, impact and responses 

For the purpose of reporting the EC proposes classification systems and code lists are pre-
scribed for the identification of pressures and threats and conservation measures. These clas-
sification systems are based on former classification systems such as proposed by Salafsky 
et al. (2007). Differences exist between the classification systems and code lists of different 
directives, such as the Birds and Habitats Directives, the Water Framework Directive and Ma-
rine Strategy Framework Directive.

Although unified classification systems for drivers, pressures, impact and responses 
(e.g. mitigation and conservation measures) exist, data and information are often 
lacking or inaccessible. The reporting formats of the Birds and Habitats Directives 
don’t request evidence on pressures and threats in terms of quantitative data (e.g. 
trends).

III.2.2 Data portals and services

A data portal on the internet acts as a ‘gateway’ to a series of other websites that 
deal with the same subject. In some countries, national level web portals exist, which provide 
the ability to customise local projects to suit the needs and interests of key stakeholders at the 
same time as feeding into larger databases using standardised data collection and curation pro-
tocols. Examples include Artportalen in Sweden, the Norwegian Biodiversity Information Centre, 
waarneming.nl and telmee.nl in the Netherlands and the National Biodiversity Network in the UK. 
These portals create a bridge between the needs of large Biodiversity Observation Networks and 
the needs of local stakeholders by reducing many of the barriers that hinder data flows. These 
portals provide many of the tools, systems access to expertise, feedback and other resources 
that otherwise make connecting local projects to global programs challenging (Chandler et al., 
2017). 

Next to these national gateways, iNaturalist.org and observation.org provide international data 
portals, making it possible for everyone in the world to enter any living organism in the world. 
Part of this data is uploaded to GBIF. 

https://artportalen.se/
https://www.biodiversity.no/
https://waarneming.nl/
https://www.telmee.nl/
https://nbn.org.uk/
https://www.inaturalist.org/
https://observation.org/


78
A C C E S S  T O  D A T A  A N D  I N F O R M A T I O N 

In the following paragraphs some examples are presented of global and European data portals 
and services, that are or might become of importance for the implementation of the Birds and 
Habitats Directives. 

GBIF – Global Biodiversity Information Facility 
GBIF (www.gbif.org) is an international network and research infrastructure funded by the 
world’s governments and aimed at providing anyone, anywhere, open access to data about all 
types of life on Earth.

The GBIF network of participating countries and organizations, provides data-holding institutions 
around the world with common standards and open-source tools that enable them to share 
information about where and when species have been recorded. This knowledge derives from 
many sources, including everything from museum specimens collected in the 18th and 19th cen-
tury to geotagged smartphone photos shared by amateur naturalists in recent days and weeks.

The GBIF network draws all these sources together through the use of data standards, such as 
Darwin Core (DwC is meant to provide a stable standard reference for sharing information on 
biological diversity, Wieczorek et al., 2012), which forms the basis for the bulk of GBIF.org’s index 
of 1,5 billion of species occurrence records. GBIF covers for instance over 500 million species 
occurrences for the participating countries in Europe. Publishers provide open access to their 
datasets using machine-readable Creative Commons licence designations, allowing scientists, 
researchers and others to apply the data in hundreds of peer-reviewed publications and policy 
papers each year. Many of these analyses—which cover topics from the impacts of climate 
change and the spread of invasive and alien pests to priorities for conservation and protected 
areas, food security and human health—would not be possible without this. Currently, more than 
two peer-reviewed articles that use data discovered and accessed through GBIF are published 
every day of the year (www.gbif.org/literature-tracking).

The National Biodiversity Network UK 
The National Biodiversity Network NBN (nbn.org.uk) is a collaborative partnership created to 
exchange biodiversity information (see Figure III.7).  The NBN Trust, the charity which oversees 
and facilitates the development of the Network, has a membership including many UK wild-
life conservation organisations, government, country agencies, environmental agencies, local 
environmental records centres and many voluntary groups. Different tools are made available to 
record, share and explore data.

Figure III.7 
NBN Data Flow Pathway. Source: nbn.org.uk/wp-content/
uploads/2015/10/Data-flow-pathway-headings-only.jpg.

http://www.gbif.org
https://creativecommons.org/licenses/
https://www.gbif.org/literature-tracking
https://nbn.org.uk/
https://nbn.org.uk/wp-content/uploads/2015/10/Data-flow-pathway-headings-only.jpg
https://nbn.org.uk/wp-content/uploads/2015/10/Data-flow-pathway-headings-only.jpg
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EVA – European Vegetation Archive
The European Vegetation Archive (EVA – euroveg.org/eva-database) is an initiative of Euro-
pean Vegetation Survey aimed at establishing and maintaining a single data reposi-
tory of vegetation-plot observations (i.e. records of plant taxon co-occurrence at particular 
sites, also called phytosociological relevés) from Europe and adjacent areas and to facilitate 
the use of these data for non-commercial purposes, mainly academic research and applications 
in nature conservation and ecological restoration. The initiative follows the EVA Data Property 
and Governance Rules. It closely cooperates with the Global Index of Vegetation-Plot Databases 
(GIVD), the Global Vegetation Database (sPlot) and the Plant Trait Database (TRY).

EVA stores copies of national and regional vegetation-plot databases on a single software plat-
form. By 30 June 2015, 61 databases from all European regions have joined EVA, contributing in 
total 1.027.376 vegetation plots, 82% of them with geographic coordinates, from 57 countries. 
EVA provides a unique data source for large-scale analyses of European vegetation diversity 
both for fundamental research and nature conservation applications (Chytrý et al., 2016).

Copernicus 
Copernicus (www.copernicus.eu/en/services) is the largest space data provider in the world, current-
ly producing 12 terabytes per day. Copernicus is a European Union Programme aimed at de-
veloping European information services based on satellite Earth Observation and in situ 
(non-space) data. The Programme is coordinated and managed by the European Commission 
and implemented in partnership with the Member States, the European Space Agency (ESA), the 
European Organisation for the Exploitation of Meteorological Satellites (EUMETSAT), the European 
Centre for Medium Range Weather Forecasts (ECMWF), EU Agencies and Mercator Océan. 

Vast amounts of global data from satellites and from ground based, airborne and seaborne 
measurement systems are being used to provide information to help service providers, public 
authorities and international organisations. The vast majority of data and information delivered 
by Copernicus are made available and accessible to any citizen and any organisation around the 
world on a free, full and open access basis.

Copernicus analyses the data in a way that generates indicators useful for policy 
makers and end users, providing information on past, present and future trends. They 
can analyse, for example, the air quality in our cities and detect visible and noticeable increases 
in air pollution (smoke, dust, smog) or analyse the rise in global sea levels.

Monitoring portals
With the monitoring of more and more taxa spreading over Europe, there are now portals 
bringing together data and results for use at a higher level. So far the main portals are for birds 
(Pan-European Common Bird Monitoring Scheme: pecbms.info) and butterflies (European But-
terfly Monitoring Scheme: butterfly-monitoring.net). They summarize pan-European as well as 
EU-trends and indicators, providing a background for trends in Member States. In most cases the 
underlying data is also used by the member states for biodiversity reporting. 

http://euroveg.org/eva-database
https://www.copernicus.eu/en/services
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III.2.3 Open data principles, policies and practices

As described by the WCMC some people and organisations are unwilling to share biodiversity 
data for various reasons, but there is a rising awareness that sharing data helps to improve the 
knowledge on the environment and may increase as well the effectiveness of human interven-
tions to protect and preserve the environment. From the academic world there are different ini-
tiatives – often community driven – to improve access to data. Governments are developing and 
implementing policies for open data and research whereas the funding organisations demand 
the appropriate access to the data being collected in research projects. These initiatives and pol-
icies are contributing as well to improve the access to data and information (and knowledge) for 
the implementation of the Birds and Habitats Directives. In the next paragraphs some of these 
initiatives are presented.

GO FAIR
GO FAIR is a bottom-up, stakeholder-driven and self-governed initiative that aims 
to implement the FAIR data principles (www.go-fair.org/fair-principles), making data 
Findable, Accessible, Interoperable and Reusable (FAIR). It offers an open and inclusive 
ecosystem for individuals, institutions and organisations working together through Imple-
mentation Networks (INs). The INs are active in three activity pillars: GO CHANGE, GO TRAIN 
and GO BUILD. The principles emphasise machine-actionability (i.e., the capacity of 
computational systems to find, access, interoperate, and reuse data with none or 
minimal human intervention) because humans increasingly rely on computational support 
to deal with data as a result of the increase in volume, complexity, and creation speed of data 
(Wilkinson et al., 2016).

Research Data Alliance (RDA)
The Research Data Alliance (www.rd-alliance.org) was launched as a community-driven 
initiative in 2013 by the European Commission, the US Government's National Science 
Foundation and National Institute of Standards and Technology, and the Australian 
Government’s Department of Innovation with the goal of building the social and tech-
nical infrastructure to enable open sharing and re-use of data.

RDA wants researchers and innovators to openly share data across technologies, disciplines, and 
countries to address the grand challenges of society. RDA’s mission is to build the social and 
technical bridges that enable open sharing and re-use of data.

Open Data Directive
The Directive on open data and the re-use of public sector information, also known as the ‘Open 
Data Directive’ (Directive (EU) 2019/1024) entered into force on 16 July 2019. Once fully trans-
posed on the national level, the new rules will:

 » Stimulate the publishing of dynamic data and the uptake of Application Programme 
Interfaces (APIs).

Network coherence is often addressed on the basis of: 

 » assessment of landscape fragmentation, through 
indices 

 » assessment of functionality of the landscape for 
particular species or ecosystems 

 » assessment of corridors 

https://www.go-fair.org/fair-principles
https://www.rd-alliance.org
https://eur-lex.europa.eu/legal-content/EN/TXT/?qid=1561563110433&uri=CELEX:32019L1024
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 » Limit the exceptions which currently allow public bodies to charge more than the marginal 
costs of dissemination for the re-use of their data.

 » Enlarge the scope of the Directive to: 

 → data held by public undertakings, under a specific set of rules. In principle, the 
Directive will only apply to data which the undertakings make available for re-use. 
Charges for the re-use of such data can be above marginal costs for dissemination;

 → research data resulting from public funding – Member States will be asked to 
develop policies for open access to publicly funded research data. New rules will also 
facilitate the re-usability of research data that is already contained in open repositories.

 » Strengthen the transparency requirements for public–private agreements involving public 
sector information, avoiding exclusive arrangements.

In addition, the Open Data Directive requires the adoption by the Commission (via a future 
implementing act) of a list of high-value datasets to be provided free of charge. These 
datasets, to be identified within a thematic range described in the Annex to the Directive, have 
a high commercial potential and can speed up the emergence of value-added EU-wide informa-
tion products. They will also serve as key data sources for the development of Artificial Intelli-
gence. Member States have to transpose Directive (EU) 2019/1024 by 16 July 2021.

III.2.4 Information systems

Information systems bring together data and information from different sources and dissem-
inate this information in a structured way for different types of users. They are oriented to a 
specific domain such as biodiversity and organised around certain user communities (govermen-
tal officials and/or scientists). In the next paragraphs some examples on global and European 
level are described.

EUNIS – European Nature Information System
The European Nature information System, EUNIS (eunis.eea.europa.eu/index.jsp), brings togeth-
er European data from several databases and organisations into three interlinked 
modules on sites, species and habitat types. The EUNIS information system is part of the 
European Biodiversity Centre and it is a contribution to the knowledge base for implementing 
the EU and global biodiversity strategies and the 7th Action Programme. The EUNIS informa-
tion system provides access to the publicly available data in the EUNIS database.

BISE – Biodiversity Information System of Europe
Biodiversity Information System of Europe, BISE (biodiversity.europa.eu) is a single entry point 
for data and information on biodiversity supporting the implementation of the EU 
strategy and the Aichi targets in Europe. Bringing together facts and figures on biodiversity 

A number of examples based on LIFE or Interreg 
projects are presented on how measures were 
prepared for improvement of the coherence of 
habitats, as well as for specific species: 

 » Boreal Baltic coastal meadows (1630*) 
 » Alpine rivers and their ligneous vegetation with 

Myricaria germanica (3230) 
 » Temporary Mediterranean ponds (3170*) 
 » European sturgeon/Beluga (Huso Huso) (HD App. 

V) 
 » Large copper (Lycaena dispar) (HD App. II, IV) 
 » Eurasian lynx (Lynx lynx) (HD App. II, IV) 
 » Stag beetle (Lucanus cervus) (HD App. II) 

The flora of Baltic coastal meadows is very rich, e.g. in 
Estonia a total of 390 plants species have been found, 
which is 26% of all Estonian species. More than 20 
protected species grow on coastal meadows, including 
many orchids: Dactylorhiza ruthei, Frog orchid (Coelo-
glossum viride), Fen orchid (Liparis loeselii), Baltic 
orchid (Dactylorhiza baltica), Blood-red dactylorhiza 
(Dactylorhiza incarnata ssp. cruenta), Early marsh 
orchid (Dactylorhiza incarnata), Musk orchid (Hermini-
um monorchis), Marsh helleborine (Epipactis palustris), 
Early-purple orchid (Orchis mascula), Common spotted 
orchid (Dactylorhiza fuchsii), Military orchid (Orchis 
militaris), Fly orchid (Ophrys insectifera) and Fragrant 
orchid (Gymnadenia conopsea). 

Other decorative species in coastal meadows are: 
Gladiolus imbricatus, Armeria maritima, Tetragonol-
obus maritimus, large pink Dianthus superbus and 
Red kidney vetch Anthyllis vulneraria var. coccinea 
(Anonymous, 2011).

https://eunis.eea.europa.eu/index.jsp
https://biodiversity.europa.eu
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and ecosystem services, it links to related policies, environmental data centres, assessments 
and research findings from various sources. It is being developed to strengthen the knowl-
edge base in support of the implementation of the EU biodiversity strategy e.g. Birds 
and Habitats Directives and the assessment of progress in achieving the 2020 targets.

OBIS – Ocean Biographic Information System
OBIS (www.obis.org) is a global alliance that collaborates with scientific communities to 
facilitate free and open access to, and application of, biodiversity and biogeographic 
data and information on marine life. To date more than 20 OBIS nodes around the world 
have been established, which facilitate the connection of data sources in their region to the 
master OBIS data network and also increasingly provide specialised services or views of OBIS 
data to users in their particular region. The OBIS nodes connect over 500 institutions from 56 
countries. Collectively, they have provided over 45 million observations of nearly 120.000 ma-
rine species, from Bacteria to Whales, from the surface to 10.900 meters depth, and from the 
Tropics to the Poles. The datasets are integrated so you can search and map them all seam-
lessly by species name, higher taxonomic level, geographic area, depth, time and environmental 
parameters.

III.2.5 Knowledge networks

Knowledge networks are collections of individuals and teams who come together across or-
ganizational, spatial and disciplinary boundaries to invent and share a body of knowledge. The 
focus of such networks is usually on developing, distributing and applying knowledge. Just 
as information systems knowledge networks are often focussed on certain domains. In the next 
paragraphs some good examples are presented.

The Natura 2000 Biogeographical Process
The EU Biodiversity Strategy calls for significant improvements in the conservation status of 
species and habitats protected under the EU Birds and Habitats Directives by 2020. To help 
meeting this target, the European Commission launched in 2012 the Natura 2000 Biogeograph-
ical Process, a multi-stakeholders' co-operation process at the biogeographical level, 
including seminars, workshops and cooperation activities to enhance effective implementa-
tion, management, monitoring, financing and reporting of the Natura 2000 network.

OBN network
In The Netherlands there is a knowledge network called ‘OBN’ with researchers, conservation 
site managers, universities, consultancies, NGO’s and governmental bodies, such as provinces 
and water boards, closely cooperating to restore ecosystems and nature reserves. In this net-
work, knowledge and practice intermingle, and science and nature management jointly look for 
the most effective approaches to enhance sustainable conservation of important ecosystems in 
the Dutch landscapes [see chapter B.I. Guidance and tools for effective restoration measures for 
species and habitats].

http://www.obis.org
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III.3 Key findings and recommendations 
There are many initiatives to improve access to data and information on different scale levels 
(from local to global level), but often with a much broader scope than the implementation of the 
Bird and Habitat Directives. The challenge is to explore/exploit these initiatives for the purpose 
of a better implementation of the Birds and Habitats Directives. Obviously a combination of 
different approaches is needed to remove the barriers as identified by the WCMC. 

III.3.1 Frameworks, common vocabulary and classification systems 

A broader perspective than the Birds and Habitats Directives is needed to 
improve access to biodiversity data and information
When defining the data and information needs and developing classification systems for the pur-
pose of streamlining data flows, it is important to look from a broader perspective than just the 
Birds and Habitats Directives, as there is a strong relation and overlap with other EU directives 
(e.g. the Water Framework Directive, the Marine Strategy Framework Directive), biodiversity con-
ventions and agreements (e.g. the Convention on Biological Diversity). Harmonisation of classifi-
cation systems used by these directives is recommendable.

The DPSIR framework is a good starting point for defining common 
indicators
The DPSIR framework is useful as a starting point to define the data and information needs and 
develop indicators. The assessments for the purpose of the implementation of the Birds and 
Habitats Directives (e.g. conservation status assessment and proper assessments) fit into this 
framework. State indicators such as (trends in) population size of species form the basis of these 
assessments, but indicators for drivers, pressures, impacts and responses are important as well, 
specifically when addressing the impact of transitions of economic sectors on biodiversity. 

The Essential Biodiversity Variables are a useful concept for harmonising 
monitoring and assessments
The EBVs offer opportunities to harmonise (not necessarily standardise) the monitoring and 
assessment methods of different Member States as they can serve as a window for observation 
networks and facilitate the integration of data coming from different sources. The challenge will 
be to define common state indicators – useful for the implementation of the Birds and Habitats 
Directives – based on the EBVs, and to operationalise these indicators with the help of observa-
tion data coming from different sources. In addition to state indicators other type of indicators of 
the DPSIR framework (drivers, pressures, impacts and responses etc.) should be defined.

Identification and classification systems need to be maintained
There is obviously a need for unified identification and classification systems, that are maintained 
on the long term. Many initiatives such as PESI are no longer maintained and therefore not useful 
anymore.
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III.3.2 Data portals and services 

Linking data portals on different scale levels
There are several good examples of data portals and 
services making data accessible for different stakehold-
ers and for multiple purposes operating on different 
scales (from local to global). The challenge is to have 
more and more organisations and networks contributing 
to these portals and to streamline the data flows from 
local to global and vice versa. Available funding on a long 
term basis and the contribution of certain communities 
(often out of idealistic motives) determines the success 
of these portals. In Figure III.8 the number records of the 
observations on macro moths from GBIF are presented 
to illustrate that there is quite some difference between 
the Member States in terms of data availability.

Better use of the potential of opportunistic 
data
The efficient use of the widely collected opportunistic 
data requires active participation of leading scientists 
and conservationists. They can bind volunteer recorders 
and steer them to active investigation of ‘empty’ areas.

Better use of the potential of remote sensing data
The use of remote sensing has not yet been fully assimilated into standard biodiversity conser-
vation practices. The remote sensing community needs to continue to reach out to the broader 
conservation community and to simplify access to images and the derived products that the 
broader community need (link with remote sensing chapter). These actions will facilitate greater 
use and integration and increase the return on the huge investment in remote sensing infra-
structure. As more and different types of sensors become available and as coordination with 
that broader community continues to increase, remote sensing will play an ever-increasing role, 
providing global, periodic data that can improve our understanding of change as well as how 
society responds (Geller et al., 2017).

III.3.3 Open data and research principles, policies and practices

The FAIR principles are important to improve data and information access. By means of open 
data policies these principles can be put in practice. Data portals play an important role, making 
it easier for data custodians to register their data. 

Figure III.8
Number of records of observations on macro moths from 
GBIF data, 10th of March 2020, doi.org10.15468dl.w1aafk

http://doi.org10.15468dl.w1aafk
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III.3.4 Information systems

Many information systems are being developed that serve different purposes. The maintenance 
of these systems can be problematic due to lack of long-term funding and governance.

III.3.5 Knowledge networks

Knowledge networks of e.g. scientists and practitioners are very valuable as long as they stay in 
place for a long period of time.
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