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1. Purpose of this Document 

The aim of this document is to discuss how the Copernicus programme can support Biodiversity Policy 
with a possible extension of the Copernicus Land Monitoring portfolio in the operation phase 2014-2020. 

This document presents the Copernicus habitat monitoring services demonstrated in the framework of 
FP7 Space projects (i.e. BIO_SOS and MS.MONINA) and not yet included in the Copernicus Land 
Monitoring Service portfolio. The demonstrated services are answering European policies needs mainly 
related to the European Habitats Directive (92/43/CEE) at site level with extension to both State level 
and Global level.  

1.1 Policy framework: Habitats Directive (92/43) and network of Natura 2000 sites  

Standardized long-term monitoring of habitats at local and Pan-European scale is an important issue 
especially after implementation of the Convention on Biological Diversity (CBD) which is an international 
legally-binding treaty pursuing three main goals: the conservation of biodiversity, the sustainable use of 
its components, and the fair and equitable sharing of benefits arising from genetic resources. The 
Convention was presented in 1992 at the United Nations Conference on Environment and Development 
in Rio de Janeiro, and entered into force in 1993, after being ratified by 30 parties, including the 
European Union.  

The two most important legal instruments of the European Union (EU) for the implementation of 
biodiversity conservation are the 1979 Birds Directive (79/409/EEC), as changed in 2009 (2009/147/EC) 
and the 1992 Directive on the conservation of natural habitats and of wild fauna and flora, usually known 
as the Habitats Directive (92/43/EEC, HabDir). The latter is the means by which the European Union 
meets its obligations under the Bern Convention and responds to the mandates of the Convention on 
Biological Diversity (CBD). 

The aim of the Habitat Directive is to contribute to ensuring biodiversity through the conservation of 
natural habitats and of wild fauna and flora within the European Community as reiterated by the target 1 
of the EU Biodiversity Strategy to 2020. It requires Member States (MS) to take measures to maintain or 
restore in a favourable conservation status, those natural habitat types and species of Community 
interest that are included in a reference list of habitats and species (Annexes I, II,). Even though the 
Member States have to report on the implementation f the Directive every six years, including the 
assessment of the conservation status of the species and habitats listed in the Annexes to the Directive, 
there is a lack of an explicit methodology as to how to estimate the (favourable) conservation status. At 
EU level general guidelines for the assessment, monitoring and reporting of conservation status are 
available but there is no commonly agreed nor binding methodology on how to quantify and measure 
conservation status, being it still a matter of scientific and political debate at European and Member 
State level. 

Under Article 17 of the Habitats Directive (92/43/CEE), Member States must submit information on how 
the Directive is being implemented every six years. The first reports were for the period 1994-2000 and 
primarily addressed the transposition of the Directive into national laws and the progress towards 
identifying and designating Special Areas of Conservation. For the reporting period 2001 to 2006, 
Member States, for the first time, provided detailed assessments on the conservation status of each of 
the habitat types (233) and species listed in the Directive and found within their territory. A second report 
has been provided for the period 2007-2012 (with submission deadline on June 2013. On the basis of 
the reports submitted by the Member States, the Commission is required to produce a composite report 
including an evaluation of the progress made and the contribution that the Natura 2000 network has 
made towards achieving the objectives set out in Article 3 of the Directive. Consequently, it is supposed 
that policy makers should consider such a composite report for their decisions. The so-called composite 
report is the main instrument for assessing progress towards the aims of the Habitats Directive. The data 
used is those reported by the MS, but despite guidelines, there is a clear lack of consistency in Member 
States’ approaches. This renders the integration of data at a European level difficult and in some cases 
even impossible. Member States have for example reported habitat distribution data in various ways 
(point locations, fine or coarse grids, polygons with varying minimum mapping units, etc.), making even 
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the simplest of integration actions, the compilation of a Europe-wide habitat distribution map, an 
extremely difficult task. As a consequence, there is a clear need for a more harmonized approach at this 
level. 
 
So far, only the first Composite Report from the Commission to the Council and the European Parliament 
(2001-2009) has been published, as the National 2007-2012 renewed reports should have been 
submitted by June 2013 (Introductory Note, 2011). The previous Composite Report is available at 
http://ec.europa.eu/environment/nature/knowledge/rep_habitats/docs/com_2009_358_de.pdf 
As evidenced in the Composite Report (2001-2009), Article 2 of the Habitats Directive states that 
‘measures taken pursuant to this Directive shall be designed to maintain or restore, at favourable 
conservation status, natural habitats and species of wild fauna and flora of Community interest’ (the 
habitat types listed in Annex I and species listed in Annexes II, IV or V to the Directive). Article 1(e) and 
1(i) of the Directive defines the term conservation status as applied to habitats and to species in a 
biogeographical region and is the main concern of Article 17 of the Habitats Directive within a Member 
State. These definitions take into account parameters related to:  

 the extent of the area (range) in which the habitat/species is found; 

 the surface area of the habitat area; 

 the structure and functions (read  habitat quality), the size of the population, its age structure, 
mortality and reproduction (of species);  

 future prospects and trends. 
The information listed above, is the basis for developing a common assessment method and reporting 
format, which was agreed by the Habitats Committee in March 2005. The Commission provided 
explanatory notes on the assessment process in 2006 and 2012. In 2011, an update to the notes was 
provided and the new Standard Data Form (SDF) for assessment of the conservation of a habitat type or 
species can be downloaded from: 
 (https://circabc.europa.eu/faces/jsp/extension/wai/navigation/container.jsp). The SDF is for the 
assessment of the conservation of a habitat type or species on a particular Natura 2000 site. In its 
revised version (dated 2011), the name conservation status is replaced by degree of conservation in 
order to reduce confusion of the term used also for the assessment for a whole biogeographical or 
marine region, which is the main concern of Article 17.  
 
When a report from a Member State was received, it was screened by the European Topic Centre for 
Biological Diversity (ETC-BD) of the EEA to assess the quality and completeness of the information. 
Requests for clarifications, additions and amendments were sent to the Member State with a short 
deadline for submitting any missing/updated data. It is worth noting that in the previous Composite report 
(2006), some 13 % of regional habitat assessments and 27 % of regional species assessments were 
reported by Member States as ‘unknown’. The number of ‘unknown’ classifications was particularly high 
for species found in the countries of southern Europe, with Cyprus, Greece, Spain and Portugal, all 
indicating ‘unknown’ for more than 50 % of the species reported in their territories. Many Member States 
lacked comprehensive and reliable information (Composite report from the Commission to the Council 
and the European Parliament, 2009). As the composite report (2001-2009) also states, even when 
information is available, problems often arise due to the different ways in which data is collected and 
presented. The Composite report (2009) concludes that: 
 

Protecting biodiversity is a priority for the European Union and for our policies to be successful 
we must have a comprehensive and reliable measure of the status of our biodiversity. Therefore, 
it is vital that sufficient resources are invested in monitoring and reporting under both the Habitats 
and the Birds Directives. This report demonstrates that many Member States need to invest 
considerably more in this work and that information is weak or lacking for marine habitats and 

species….The results of the 2001-2006 reports show that for many of the habitats and species 

listed under the Habitats Directive, favourable conservation status has not been achieved either at 

national or bio-geographic regional level”. 
 

http://ec.europa.eu/environment/nature/knowledge/rep_habitats/docs/com_2009_358_de.pdf
https://circabc.europa.eu/faces/jsp/extension/wai/navigation/container.jsp
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In this framework, one critical component of conservation status assessment that both national and 
regional authorities need to report on are the changes in the area occupied by each habitat type of 
conservation importance. To this end, there is a need for high-resolution, comprehensive, comparable, 
up to date and repeatable information on the land use/land cover and more importantly on the coverage 
of Annex I habitat types.  
 

1.2 Earth observation capacity – and limitations  

 
Copernicus can contribute to long-term monitoring of both Natura 2000 sites and areas covered by the 
Annex I habitats in the Member State’s territory on the basis of the availability of multi-scale, multi-source 
and multi-temporal Earth Observation data (EO). Multi-scale EO data are extensively used to update 
Land-Cover/LandUse (LCLU) maps from which anthropic induced changes  can be extracted. However, 
state and condition of biodiversity and ecosystems cannot be extracted directly from LCLU maps alone. 
Expert knowledge from botanist and ecologist must be integrated for translating LCLU categories into 
habitats. On the other hand, distribution and indicator maps of certain habitat types can be directly 
extracted from EO data, using services based on innovative tools and methodologies. These services 
may support local site manager and regional / national user in their monitoring and reporting obligation.  

 
Remote sensing has long been used as a tool for environmental monitoring, especially for vegetation. 
But while at the global and continental scales, applications using broad land cover / habitat categories 
have been quite successful, success has been harder to achieve at detailed local scales. Indeed, 
applications in detailed vegetation mapping and monitoring are often demanding in terms of data 
(requiring both high spectral and high spatial resolution), placing them at the forefront of technological 
development, with many new approaches still being in a research phase to tackle the widely divergent 
user needs. In contrast to global mapping initiatives, which have received wide attention and critical 
evaluations (e.g. Potere et al. 2009), local mapping exercises rarely receive any evaluation and 
validation other than by the user for which they were intended. Hence, it remains unknown whether the 
chosen method was most appropriate for the situation and problem at hand, and whether the method 
would yield comparable results in a different setting (i.e. the robustness of the method). This impairs the 
wider application of such methods and adoption by other users with similar problems, and their further 
development towards operationality. 
 
Four important criteria for such services to be suitable have been identified by Vanden Borre et al., 
20111: (1) multi-scale, i.e. addressing multiple scales on all levels of implementation and enabling up- 
and downscaling between scale levels; (2) versatile, with algorithms tailored to the habitat type of 
interest and designed to best exploit certain image types; (3) user-friendly, allowing seamless integration 
of resulting products into GIS-workflows already in place with users; (4) cost-efficient, providing reliable 
and reproducible products at an affordable cost, compared to traditional field methods and other EO 
based methods 

 
As an example of a very common situation in the Mediterranean region, which is one of the major 
reservoirs of land, marine and coastal biodiversity, the Kalamas delta protected area (site GR2120001) 
is considered. It includes coastal lagoons, which is a habitat type of conservation priority according to the 
Habitats Directive. Also the site is of considerable ecological significance due to the diversity of the 
riparian forests that are present. These habitat types are of conservation importance but also they are 
patchy and dynamic, especially the wetlands. As an additional example, the Murgia Alta National Park 
(site IT9120007) includes (semi) natural grasslands affected by  bush  encroachment processes 
resulting in the transformation of grass-dominated ecosystem to a tree-dominated ecosystem also 

                                                

1 Vanden Borre, J., Paelinckx, D., Mücher, C.A., Kooistra, L., Haest, B., De Blust, G. and A.M. Schmidt. 2011a. 

Integrating remote sensing in Natura 2000 habitat monitoring: prospects on the way forward, Journal for Nature 

Conservation, 19, 116-125, 2011. 
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induce grassland biodiversity disturbances. The managers of the protected area are interested in the 
quality of these habitats while at the same time they would like to know the effect of their management 
activities on the vegetation.  Given the patchiness of the habitats distribution, as well as the short period 
of time (every six years) over which monitoring is obligatory to take place,  the land cover changes 
expected to take place are fine scale and dispersed over the sites area. Thus, national and regional 
authorities  mainly require fine-scale accurate habitat maps in order to pinpoint measures and estimate 
these changes in  support to decision making and operational management of vegetation in these 
wetlands and grasslands ecosystems.  These fine scale maps can only be produced by the analysis and 
interpretation of very high resolution EO data (e.g. WorldBiew2, QuickBird, GeoEye, IKONOS). On the 
other hand, multi-scale spatial ecological processes related to ecosystem dynamics to be used in 
scenario analysis studies or large homogeneous habitats can be monitored by  high resolution data 
(e.g.,SPOT, LANDSAT, Sentinel data)  
 
 

1.3 Wider policy context 

1.3.1 EU Biodiversity Strategy 2020 

The EU responded to the recognition that the biodiversity target 2010 would not be met, despite some 
major successes (Natura 2000), and the adoption of a global Strategic Plan for Biodiversity 2011-2020 at 
the tenth Conference of the Parties (CoP10) to the Convention on Biological Diversity (CBD), with the 
“EU biodiversity strategy to 20202”. The EU Biodiversity Strategy also contributes the EU Strategy 2020, 
the EU’s growth strategy for the coming decade where six main targets are established: Employment, 
R&D and Innovation, Climate Change and Energy, Education and Poverty and social Exclusion. 

The Strategy’s main target is to halt biodiversity loss and the degradation of ecosystem services in the 
EU by 2020. To meet this target several sub-targets and actions. Particularly, the MS.MONINA and 
BIO_SOS projects will help to comply with the actions under Target 1 “to fully implement the Birds and 
Habitats Directives”. Additionally, the project may support action 5 (Mapping and Assessment of 
Ecosystems and their services), action 6a (set priorities for ecosystem restoration) and 6b (Development 
of a Green Infrastructure Strategy 2012). 

                                                

2 Our life insurance, our natural capital: an EU biodiversity strategy to 2020 - COM(2011) 244 final - 

http://ec.europa.eu/environment/nature/biodiversity/comm2006/pdf/2020/1_EN_ACT_part1_v7%5B1%5D.pdf 
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Figure 1: General and specific objectives of the EU Biodiversity Strategy 2020 as relevant to 
MS.MONINA and BIO_SOS (source: MS.MONINA Deliverable 2.1) 

1.3.2 Ecosystem services 

Another key action of the one EU Biodiversity Strategy is the Mapping and Assessment of Ecosystems 
and their Services in Europe (MAES). Action 5, which aims to improve knowledge on ecosystems and 
their services states that the European Commission is committed to assist EU Member States to map 
and assess the state of ecosystems and their services in their national territory by 2014, to assess the 
economic value of such services, and to promote the integration of these values into accounting and 
reporting systems at EU and national level by 2020. The first step of this ambitious and challenging 
commitment is to generate maps of the ecosystems which can serve as a basis for the evaluation of the 
services they provide. Because ecosystem service supply is based on functions and characteristics of 
the biodiversity (including genes, species, and habitats), recent mapping techniques are based on 
biological data such as functional traits of plants or ecosystem structure and mainly on habitat data. 
Ideally all ecosystem types that act as functional units in delivering the services should be mapped and 
evaluated separately3. The main challenges with mapping ES are the lack of coverage and resolution in 
the available habitat maps, lack of time and most importantly the need for coherence and 
standardisation. Hence, triggered by these challenges  and  because  of  the  strong  links  to  the  
emerging Copernicus  land monitoring services, the proposed method of ecosystem mapping is based  

                                                

3 Due to the complexity of the matter there is no common approach as yet to directly map the ‘total ecosystem service’ for a 

certain area as cumulative effect of the (sub-)services. Strategies from ‘vulnerability’ or ‘sensitivity’ mapping that likewise 
integrate a larger set of indicators using the geon approach (cf. Lang et al.) could be investigated to reach this aim.  
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on the EU Biodiversity 2010 Baseline approach. This implies that CORINE Land Cover (CLC)  classes  
as monitored in Copernicus are aggregated into ecosystem types, in the most meaningful way  possible  
to  represent  broad-scale ecosystems,  and  combined  with  ecosystem-relevant  information. This 
aggregation is based on detailed expert analysis of relationships between land cover classes and habitat 
classification systems (i.e. EUNIS) to ensure consistency between these approaches. Harmonisation of 
the assessment activities of the Member States is an important on-going activity of major European 
actors (including DG ENV, EEA, JRC and the Mapping and Assessment of Ecosystem Services (MAES) 
working group of the EU). However,  this  harmonisation  must  leave  some  degrees  of  freedom  to  
reflect  the specific ecological, social and historical context of each Member State. Accordingly, Member 
States are encouraged to use a more detailed habitat typology if available, with the only restriction that 
the more detailed classes should be linked to the EU-level typology. Thus national habitat maps can 
provide an ideal contribution to the ecosystem service assessments of the Member States. Habitat maps 
produced at the local and national scales include detailed data on the associated biodiversity, which 
makes their use reasonable in mapping relationships between biodiversity and ecosystem services. 
Several previous  mapping programmes have incorporated qualitative  descriptors  for  the quality of  the  
mapped  habitats  under  various  names  (ecosystem state,  ecosystem health, ecological integrity, 
naturalness, vegetation condition, degradation level, etc.). As degradation of natural and semi-natural 
habitats compromises the capacity of ecosystems to perform certain services, data about the 
conservation status of habitats can be of extreme policy relevance in several contexts (e.g. ecosystem 
service assessments, reporting and monitoring activities, or strategic planning). Even Action 5 of the 
Biodiversity strategy talks about the “need to map […] the state of ecosystems and not simply to map the 
ecosystems”. So in order for maps of habitats conservation status to become a useful input to European 
level policies, the classification schemes used to evaluate the degradation levels, the habitat categories 
and the methods used to assess them should be harmonised4 

 

1.3.3 The global perspective (examples Brazil and India) 

 
At global level, some biodiversity hotspots have been considered in Brazil and India in the BIO_SOS 
project, where the Natura 2000 system does not exist, but the availability of advanced monitoring 
systems is particularly important for Biodiversity conservation.  As far as we are aware, in both Countries 
there are no policies as compared to the Habitats Directive that require monitoring for habitats or land 
cover categories. There are some individual requirements for specific parks implemented at different 
points in time by administrators in India. In Brazil, there are different types of protected areas: National 
Forest, indigenous land, conservation unit, extractivism reserve, sustainable reserve, Environmental 
Protection Area (APA). Each one has its own specificities and their combination forms a mosaic of 
protected areas. With regards to monitoring, there are 3 main monitoring programs led by INPE: 
PRODES (for deforestation monitoring), DETER (near real-time deforestation monitoring) and 
TerraClass (land cover monitoring in the Amazon, led jointly with Embrapa). 

 
 
 
 
 
 
 
 
 
 

                                                

4 Ichter, J., Evans, D., and Richard, D. (in press). Habitat and vegetation mapping in Europe - an overview 

(Copenhagen: EEA-MNHN). 
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2. Proposed Copernicus Biodiversity Monitoring Services 

2.1 BIO_SOS Service Description: the EODHaM system 

The BIO_SOS service is based on the EODHaM System. The EODHaM system is defined as a 
complete automatic system of work-flow administration for EO-processing chains. The system serves in 
efficiency the aim of the project for a multi-annual monitoring of Natura 2000 site and their surrounding 
areas, as other ecologically sensitive sites.  

 

Figure 2: Overall workflow of EODHaM 

The EODHaM system is composed by different, distinct BIO_SOS processing modules. Each BIO_SOS 
processor module forms a distinct unit of the EODHaM system with potentially different technical 
specifications and is exposed to the system as web service. The strength of this system lies in its 
flexibility in order to integrate site specific configurations for processing steps (including the use of 
specific ancillary data). A monitoring service based on this system must consider these domain specific 
configurations to be part of its offering, integrating thus scientific expertise into an operational workflow. 

 

 

Figure 3: Actors of EODHaM System (from D3.8) 

The service is delivered in two steps: 

1) Site(s) specific customization of the service: 

2)  (Repeated) execution of the chain(s) with new sets of input data: 
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Based on the entity and nature of the changes to be adopted, the service provider decides, which 
external experts (preferable BIO_SOS partners) are needed (if any) in order to implement the needed 
changes to each single processor configuration. It is expected, that this leads to a continuous refinement 
of all processors, even those used in already existing processing chains and thus ensures a good level 
of maintenance of the whole system.  

 

  

Figure 4: The concept of domain specific processor configurations 

 

2.1.1 Product specifications 

In support to policy makers, the expert knowledge based EODHaM system, proposed in BIO_SOS, can 
provide HR and mainly VHR LCLU maps in FAO-LCCS taxonomy, and their translation into habitats 
maps (both Annex I and GHCs maps) through both the integration of LCLU maps and in-situ data or the 
exploitation of spatial relations between classes in the landscape.  

The list of products includes: 

 LCLU map, as core service  

 LCLU change map 

 GHC map,  as biodiversity downstream service 

 Annex I map, as biodiversity downstream service 

 Annex I and GHC change maps 

 Binary map for  specific thematic layers from LCLU maps, such as: 
o Permanent natural grasslands  
o Broadleaved evergreen forests  
o Broadleaved deciduous forest  
o Needleleaved evergreen forest  

 Spectral features to be used for landscape modeling, such as: NDVI; WBI; PSRI; texture features 
(e.g,. entropy) 

 Binary maps of target  habitats, such as: 
o  priority habitats from  Annex I map (e.g., 2250; 7210; 1150; 62A0) 
o  GHC category related to areal elements (e.g. CUL(WOC); CUL (CRO)) 

 Biodiversity indicators from habitat  maps (e.g., habitat extension, number of priority habitats) 

 Biodiversity indicator trends 

 Landscape Indicators useful for habitat status assessment e.g., PLAND, MESH, PD, SHAPE ) 

 A dedicated geoportal for metadata 

The description of products in terms of spatial and temporal resolution is provided in Table 1. Specific 
target services (thematic layers) can be obtained as binary maps from LCLU maps (S1) and from 
habitats maps (S2, S3, S4), as reported in Table 2 for some sites. 
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Table 1. BIO_SOS portfolio 

 
ID 

 
Products 
from EO 
data 
analysis 

Temporal 
coverage 
(depending 
on archive 
data 
availability 
for each 
site) 

Temporal 
resolution 

Spatial 
coverage 

Spatial 
resolution 

Sensor  Additional input data 
 

Remotely 
sensed 

 In-situ  

S1 LCLU map 
in 
FAO_LCCS 
format 

2010-
present  

Yearly Local; 
 
 
 
 
regional 

2m; 
 
 
 
 
30m. 

WV2 
(mandatory 
for 
wetlands) 
QB 
LANDSAT 
(for Brazil) 

 none 

S2 General 
Habitat 
Categories 
(GHCs) 
map 

2010-
present 

Yearly Local 2m WV2 
(mandatory 
for 
wetlands) 
QB 

LIDAR if 
available 

none 

S3  Annex I 
map from 
GHC map 

2010-
present 

Yearly Local 2m WV2 
(mandatory 
for 
wetlands) 
QB 

LIDAR if 
available 

Environmental 
qualifiers 

S4 Annex I 
map from 
LCCS map 

2010-
present 
 

Yearly Local 2m WV2 
(mandatory 
for 
wetlands) 
QB 

LIDAR if 
available 

Environmental 
attributes 

S5 Spectral 
Indices: 
NDVI/GI/ 
WBI (in 
wetland) 
PSRI 

2009-
present 

Yearly 
 

Local 2m QB or WV2 
WV2 
WV2 

none none 

S6 Context 
features: 

Texture 
from green 
band 

2009-
present 

Yearly, 
Pre-Post 
Peak 
images 

Local 2m QB or WV2 none none 

S7 LCCS 
change 
map 
 

Difference 
between 
pairs of 
validated 
maps  

Yearly or 
at least 
every six 
years 

Local 2m  none none 

S8 GHC 
change 
map 

Difference 
between 
pairs of 
validated 
maps  

Yearly or 
at least 
every six 
years 

Local 2m  none none 

S9 Annex I 
change 
map 

Difference 
between 
pairs of 
validated 
maps  

Yearly or 
at least 
every six 
years 

Local 2m  none none 

S9 Landscape 
Indicators 
from LCCS 
or Habitat 
maps 
(e.g., CA; 
PLAND; 

2010-2013 Yearly Local 2m  none none 
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MESH 
PD;SHAPE) 

 

 

Table 2.  Specific target services from S1, S2, S3 and S4 products with reference to some sites 

Service ID S1 
(LCCS) 

 NAME OUTPUT 

S1_1 Natural grasslands (2m) 

 A12/A2.A6.E6 

Binary products from LC in LCCS: natural grassland and all-non grassland 

S1_2  (2m) 

 A12/A3.D1.E2 

 Binary products : broadleaved deciduous and all-non broadleaved deciduous 

S1_3 Broadleaved evergreen 

(2m) 

 A12/A3.D1.E1 

 Binary products from LC in LCCS mapping "broadleav. dec." and " all other 
classes" 

S1_4 Coniferous forest 

(plantation) (2m)  

A12/A1A3D2E1 

 

Binary products from LC in LCCS mapping "coniferous forest" and " all other 
classes".  

S1_5 Artificial extract. Sites 

(2m) 

 B15/A2.A6 

 Binary products from LC in LCCS mapping "artificial non- built- up extractions 
areas" and "all other classes" 

S1_6 Natural and artificial 
water bodies (2m) 

B27 and B28 

 Binary products from LC in LCCS mapping "natural and artificial inland water 
bodies" and "all other classes" 

S1_7 Cultivated herbaceous 

(2m) consisting of two 
grids 

 A11/A3 

 Binary products from LC in LCCS mapping "cultivated herbaceous areas 
including forbs and graminoids" and "all other classes" 

Support layer: A11/A3.A4 Maps “cultivated herbaceous graminoids”  

S1_8 Urban areas 

B15/A4_A13 

 Binary products from LC in LCCS mapping "urban areas" and "all other 
classes" 

S2_1 TRS Natural Trees (2m) Binary products from GHC map : "natural trees including all GHC sub-
categories" and "all other classes 

S2_2 CUL/CRO (2m) Binary products from GHC map : "cultivated herbaceous cropland" and "all 
other classes 

S2_3 HER/CHE (2m) 

 

 Binary products from GHC map : "natural herbaceous caespitose " and "all 
other classes 

S2_4 FPH/DEC Binary products from GHC map : "natural herbaceous caespitose " and "all 
other classes 

S2_5 CUL/WOC Binary products from GHC map : "cultivated trees " and "all other classes 

S2_N Additional  GHC 
categories, depending on 
sites 

 

S3 or  S4 Annex 
I maps 

NAME OUTPUTS 
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S4_1 1120*  Binary products from ANNEX I map: "1120" and "all other classes 

S4_2 1150* Binary products from ANNEX I map: "1150" and "all other classes 

S4_3 3170* Binary products from ANNEX I map: "3170" and "all other classes 

S4_4 2250* Binary products from ANNEX I map: "2250" and "all other classes 

S4_5 7210* Binary products from ANNEX I map: "7210" and "all other classes 

S4_6 3150 Binary products from ANNEX I map: "3150" and "all other classes 

S4_7 2330 Inland dunes Binary products from ANNEX I map: "2330" and "all other classes 

S4_8 6230* Binary products from ANNEX I map: "6230" and "all other classes 

S4_9 2310 Binary products from ANNEX I map: "2310" and "all other classes 

S4_10 62A0 Binary products from ANNEX I map: "62A0" and "all other classes 

S4_N Additional habitats 
depending on site 

 

2.1.2 Service requirements  

2.1.2.1 Earth observation data  

2.1.2.1.1 Optical Very High resolution images 

The proposed service requires multi-temporal very high resolution (VHR) Earth Observation data, such 
as WorldView2, QuickBird, Ikonos, GeoEye. WorlldView2 data, which are particularly recommended for 
the monitoring of wetlands. Two up to a maximum of four VHR images per year are required in order to 
discriminate many LC classes of interest characterized by similar spectral signatures and to subsequent 
LC to habitats translation. In this context, the concepts of “pre”, “peak” and “post” observation have been 
introduced. These correspond to 3 dates relative to the peak of the vegetation, flush and post peak for a 
given site. Sometime an image in the dry season is also requested. The specific month depends on site 
location in a specific bio-geographical area.  

The description of both natural vegetated class phenology and agricultural practices is useful not only for 
class discrimination, but also for an appropriate selection of EO data, which should be optimized for 
costs. However, this approach is only a trade-off between mapping quality and data availability (VHR 
images are expensive and the acquisition capacity of the existing satellites is limited). Furthermore, if the 
dates of these acquisitions change too much in consecutive years, the detection of changes for evolution 
monitoring may decrease in accuracy. 

To steer against human induced landscape changes, which can induce negative impact on biodiversity 
conservation,  yearly monitoring is recommended and not just every 6 years for the reporting towards 
EU, Table 3  reports the sensors and the set of images yearly required to regularly monitor the BIO_SOS 
study sites. 

Table 3 Images used for Natura 2000 sites. Peak of Biomass (PoB), Pre Peak of Biomass (PrePoB); 
Post Peak of Biomass (PostPoB); Dry Season (DS); Wet Season (WS); Greece (GR); Italy (IT);  

Dominant habitats 

 

Site  

 

Sensor(s) Month of acquisition Period 

Wetlands  

in the Mediterranean 

 

Lago Salso (IT9110038) 

Le Cesine (IT9150014) 

 

WorldView2 

Late June  

or early July 

DS 

October  PostPoB 
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2.1.2.1.2 Sentinel-2 images 

Other contributions from COPERNICUS will be also very helpful as explained hereafter. One of such 
contributions will be the availability of Sentinel-2 imagery, which during the operational phase with 2 
satellites will provide a global coverage of continental surfaces every 5 days.  These data may be 
usefully: 

 to monitor sites characterized by homogeneous landscapes were a coarser  spatial resolution is 
still useful for habitat monitoring  in Natura 2000 sites located in Northern Europe or tropical 
areas, where the collection of optical data in specific months is affected by cloud coverage: a 
shorter revisit cycle increases the probability of cloud-free acquisitions. 

 To automatically monitor plant phenology and identify best  “pre”, “peak” and “post” months of the 
year for VHR EO data acquisition, depending on the specific geographical zone and its climatic 
variations. 

 To provide atmospheric corrections, which are straightforward when using the multi-temporal 
information and no in-situ measuring devices are needed 

2.1.2.1.3 SAR images 

For sites where cloud cover is very frequent or even nearly permanent, radar imagery from Copernicus 
will have to be exploited. A similar schema as the one described above for optical data can be devised 
by using Sentinel-1 and Cosmo-Skymed or TerraSAR-X imagery. 

Ekvoles Kalama (GR2120001) 

Elos Kalodiki (GR2120002) 

February * PrePoB 

Grasslands; 

sclerophyllous 
vegetation; 

broadleaved trees 

in the Mediterranean 

 

Murgia Alta (IT9120007); 

Valloni e steppe pedegarganiche 

 (IT9110039); 

Stena Kalama (GR2120004). 

 

Rios Sabor e Maçãs (PTZPE0037 and 
PTCON0021) 

 

WorldView2 

and/or  

QuickBird 

(4 images 
better than 
three) 

 

 

 

April or May 

 

PoB 

 

Late June or July 

 

DS 

 

October 

 

PostPoB 

 

January 

 

PrePoB 

Wetlands in  North-
Western Europe. 

Estuarine mire complex  
containing the largest 
uncut area of lowland 
raised bog.  

 

 

Cors Fochno/Borth Bog  

( UK0014791); 

Cors Caron/Tregaron Bog  

( UK0014790). 

 

WorldView2 

Late March or Early 
April 

PrePoB 

Late June or July PoB 

Late October or Early 
November* 

PostPoB 

Heathlands in North-
Western Europe 

 

Veluwe (NL3009017). 

 

WorldView2 

March PrePoB 

July PoB 

  Late September-
October 

PostPoB 



Copernicus Biodiversity Monitoring – White Paper | Dec 2013 

 

FP7-SPACE-2010-1 BIO_SOS [263435] & MS.MONINA [263479]       page 15 of 40 

The most detailed discriminations of vegetation will be produced when SWIR bands are recorded and 
multiple dates within the same growing season are available at very high resolution (better than 10*10 m. 
as for future Sentinel 2 data). In these cases it may be possible to get down to species level for some of 
the vegetation types. 

2.1.2.1.4 Vegetation height and DEM accurate measurements  

The use of LiDAR data for characterisation of vegetated and also non-vegetated environments is 
considered to be of major benefit for habitat mapping and monitoring within the EODHAM system, 
particularly as these relate directly to the categories of woody vegetation classes both in the LCCS and 
GHC schemes. The derivation of the digital elevation surface is also useful for characterisation of, for 
example, aquatic systems (levees, peat cuttings etc.). However, LIDAR data are not readily available in 
many Mediterranean Countries and are certainly not regularly updated as is the case in northern 
European countries. 

Stereo optical image acquisition could be used as complementary measures when LIDAR data cannot 
be collected, because of their cost or resource availability. For instance, WorldView2 stereo images have 
been used for forest plant-height measurements in the literature. The Pléiades HR system is able to 
produce synchronous tri-stereo acquisitions allowing the production of DEMs, which are much more 
accurate than those generated with multi-pass stereo imagery. Moreover, VHR SAR data interferometry 
has been recently used for DEM extraction from very high resolution SAR data. 

2.1.2.2 In situ data  

The EODHaM system is based on the FAO-LCCS classification taxonomy. For validation purposes the 
collection of reference ground truth data to be explicitly labelled according to both CORINE and FAO-
LCCS taxonomies is requested. Such data will be very useful for CORINE to FAO-LCCS translation 
when pre-existing LCLU validated map in CORINE taxonomy are available  and would  be used for 
change detection in comparison with updated LCLU map in LCCS taxonomy from EODHaM. 

 

2.1.3 Advancements 

The Copernicus programme can contribute to long-term monitoring of Natura 2000 sites and their 
surroundings areas on the basis of the availability of multi-scale, multi-source and multi-temporal Earth 
Observation data (EO).  

EO data are extensively used to update Land Cover-Use (LCLU) maps from which anthropic induced 
changes  can be extracted, however, LCLU maps alone cannot be related to biodiversity. Expert 
knowledge from botanists and ecologists must be used for translating LCLU categories into habitats by 
integrating in-situ data related to environmental variables (e.g. water salinity, lithology, soil aspect)  or 
spatial relations to discriminate habitats corresponding to the same LCLU category. 

 

In this framework, the BIO_SOS project is offering a methodology to support Member States in their 
obligations. The Earth Observation Data for Habitat Monitoring (EODHaM) system developed by 
BIO_SOS has the following peculiarities: 

 The same methodology is adopted for the monitoring of  the different Natura 2000 study sites. 

 EODHaM is based on a knowledge driven (rule based) classification scheme which is particularly 
useful to monitor large or not accessible protected areas as no ground truth is required to train 
the system  The knowledge base approach, adopted in EODHaM, focuses mainly on three 
components:  

a) prior spectral knowledge for automatic preliminary EO data analysis;  
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b) temporal (phenological) relations for the selection of the EO acquisition  months  most useful 
for class discrimination ; 

c) spatial relations to be used for context-sensitive feature selection and subsequent  class  
discrimination. As an example, spatial reasoning on clouds and their associated shadows can 
also permit to disambiguate clouds and bare soil in one hand; prior knowledge on agricultural 
practices can be used to discriminate natural forest from permanent crops (characterized by 
oriented texture) and, within permanent crops, olive trees from orchard and vineyards in VHR 
images.  

 The Food and Agricultural Organisation (FAO) Land Cover Classification System (LCCS) is used 
for LCLU classes taxonomy. Compared to other LC taxonomies, LCCS turns out to be the best 
candidate to cope with the complexity of habitat description as it allows for a more precise land 
cover class definition of natural and semi-natural types.  LCCS provides also a  framework for EO 
and in situ data integration for LCLU to  habitat translation  and for long-term monitoring of  
habitat conservation status, as whitin class changes can be easily detected. FAO-LCCS is based 
on the concept of Life-Forms.   

 The BIO_SOS habitat mapping procedure is based on the automatic identification of LCCS 
classes, with these translated in  General Habitat  Categories (GHCs) and then in Annex I   or 
directly in Annex I habitats depending on the availability of ancillary in-situ data (see Deliverable 
D6.10). Both LCCS and GHCs classes are defined by plant life forms. These life forms reflect the 
structure of vegetation and enable the main series of European habitats to be defined 
consistently and then to be translated in Annex I through the rules reported in the EBONE 
handbook and adapted to BIO_SOS sites (within D6.10). In addition, GHCs map can be used as 
basis for identifying habitats outside Europe, such as in India and Brazil, where Annex I list is not 
adopted and habitats are described in terms of life-forms terminology.  

 

However, regular collection of mainly VHR EO data on Natura 2000 network  is mandatory to detect 
changes and trends over time. As well-known, HR data (e.g. new LANDSAT 8, future Sentinel 2  
data) cover all the globe, but ecological processes need to be monitored at a different spatial 
resolution (grain), including VHR (<4m.). At the same time it must be mentioned that VHR EO data 
cannot always help in mapping and monitoring of specific habitats, since some of them can only be 
detected in the field (including their quality). Nevertheless terrain managers and surveyors are very 
happy with support on the monitoring of larger habitats and species that are very dominant, so that 
field work can be more targeted on specific phenomena. This will lead to efficiency in resources in 
the end. 

2.1.4 EODHaM Estimated Costs 

EODHaM offers the opportunity to map the whole site extent automatically from EO data without the 
need of in-field campaigns. EODHaM procedure can provide both VHR maps for regional/local services  
and  HR maps. 

 

EODHaM system is knowledge driven, so no ground truth is required for training the system in LCLU 
mapping. Ground truth reference data should be collected only for validation purposes of LCLU maps. 

The translation of LCLU maps to Habitas maps requires the integration of LCLC maps with in-situ 
environmental data (e.g., water salinity in wetland sites, lithology, soils aspects, etc.). Such data have to 
be provided by Member States ( e.g., Management Authorities).  

 

Areas Estimated costs  

(including costs for work, computer, storage, backup, execution and 



Copernicus Biodiversity Monitoring – White Paper | Dec 2013 

 

FP7-SPACE-2010-1 BIO_SOS [263435] & MS.MONINA [263479]       page 17 of 40 

quality control) 

 

Mediterranean sites ( Italy, 
Portugal, Greece) 

Northern Europe sites  ( Wales, 
The Netherlans) 

Tropical sites (India and Brazil) 

One map at 2m resolution 

 from two to 4 images per year 

10-15 EUR /sqkm for a 
minimum of 200 sqkm 

 

Tropical sites (Brazil) One map at 30m resolution 

 from two  images per year 

1-1,5 EUR /sqkm for a 
minimum of 2000 sqkm 

 

 

Such cost does not include EO data acquisition and pre-processing or the cost for reference ground truth 
acquisition to be used only for products validation. 
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2.2 MS.MONINA habitat mapping and assessment service 

2.2.1 Service description 

MS.MONINA offers a multi-scale mapping service which exploits the potential of Copernicus for the 
monitoring of European protected habitats and species at the local, regional and continental scales. The 
MS.MONINA design applies integrated mapping approaches from the local to regional to European 
levels and addresses the reporting, monitoring and management needs of stakeholders at three scales: 
the individual local site, the Member State, and the EU (Figure 5).  

 

Figure 5. General concept of the MS. MONINA service 

 

The MS.MONINA service follows a standard operating procedure which establishes a uniform scheme 
pertaining to the activation of the service and the request of the products proposed within the different 
service components. The SOP supports the end-users during the whole lifecycle of the service activation 
from the submission of the request, through its processing until the customized generation of the map 
products and their delivery to the end-users. The following figure 6 shows a comprehensive still 
simplified representation of the general service architecture with the main communication channels 
between the actors and the service components. 
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Figure 6. Map of operational procedures of MS.MONINA Service including the communication channels 
between the main actors. Relevant documents are highlighted by dashed lines. 

The service workflow can be summarized as follows :   

1) The Mandated Authority (MA) starts the process by contacting the Focal Point (FP ) and submitting a 
Service Request (SR). The FP examines the SR with respect to a set of defined feasibility criteria. If the 
SR is accepted, the FP triggers the Service Providers (SP) and puts them in contact with MA.  

2) MA and SP together examine the SR to assess the activation feasibility, i.e. the actual possibility to 
meet user needs and to finalize the SR with all the details on the product best fitting the user 
requirements.  

If the activation is feasible, the SP tasks the Data Access Coordinator who will reply to the SP with a 
product delivery time plan based on consultations with satellite data providers. Based on the 
acquired/available imagery and on the availability of ancillary data, the SP might need to redefine the 
product’s specifications and the schedule for the delivery time. The revised specifications and delivery 
time plan are once again reviewed by the MA to see if the proposal is still relevant. Upon reception of the 
satellite data and the ancillary information, the SP proceeds to the analysis of the data.  

3) The delivered products undergo a formal quality check by the FP and the activation advisory board 
before being delivered to the MA.  

4) The MA is requested to give his feedback on the product and the service by filling in a User Feedback 
Form (UFF). 
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2.2.1.1 MS.MONINA site level habitat assessment component 

The MS.MONINA Site level service provides on-demand geo-spatial information on protected nature 
sites to various users, such as site managers, local and regional authorities. The service delivers a broad 
range of information outputs to fulfill various HabDir related requirements (e.g. Art. 17 reporting, 
Standard Data Form reporting, site management, etc.) in all biogeographical regions of Europe. 
Advanced, semi-automated image processing and analysis techniques are used, including object-based 
image analysis (OBIA), kernel-based structural classification, partial least square and sparse partial least 
squares discriminant analysis (SPLSDA), scene component analysis.  

The suite of information products comprises:  

(i) wider landscape context maps, indicating e.g. overall landscape configuration or, fragmentation;  

(ii) maps of habitat patches and vegetation types (ranging from broad habitat groups to Annex I 
habitats and even subtypes to detailed species composition);  

(iii) maps of conservation status of habitats and areas, based on meaningful indicators that can be 
derived from remote sensing of (e.g. tree encroachment in open habitats, invasive species, 
soil moisture, land use intensity);  

(iv) change detection maps of land cover, land use or conservation status indicators. 

 

Figure 7. Habitat mapping using sparse partial least squares discriminant analysis (SPLSDA) 

2.2.1.2 MS.MONINA state level habitat distribution component 

The MS.MONINA State service consists of an on-demand provision of geo-spatial information to support 
regional and national stakeholder activities related to the monitoring of habitats over the entire reporting 
territory (inside and outside of designated Natura 2000 sites). Thereby, the State service establishes 
links to the Site level and the European level. To support the reporting obligations imposed by HabDir on 
MS level, the service combines mapping and image analysis capabilities to provide critical information. 
The service is built around the concept of information layers acting as ‘containers’ for relevant features 
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such as vegetation stress that can be integrated into different systems with a common exchange format. 
The class features can be mono- or multi-temporal/multi-seasonal reflecting spectral, textural and 
structural information. The advantage is to tackle habitat specific problems (e.g. shrub encroachment, 
temporal habitat variation, etc.) and adjust core image analysis models and components can be adjusted 
to service cases. In addition to the image analysis capabilities, expert models are used to supply habitat 
potential maps. Using a statistical modelling approach (maximum entropy model) the ecological niche of 
species and habitats is modelled based on abiotic factors (such as soil information, digital elevation 
models etc.). The resulting habitat potential maps can be included into image classification methods 
either by weighting the class probability or excluding classes due to a restricted natural potential of 
occurrence. 

 

Figure 8. Grassland map federal state Schleswig-Holstein, Germany. 

2.2.1.3 MS.MONINA EU biodiversity hotspot / magnifier component 

This MS.MONINA service component supports agencies at the European Union (EU) level (i.e. 
European Topic Centre on Biological Diversity, the European Environment Agency and the European 
Commission Directorate General Environment), in their reporting requirements in the framework of the 
United Nations Convention on Biological Diversity and in keeping track of the efficiency of the Habitats 
Directive. To address those needs, a specific EU level biodiversity hotspot / magnifier component was 
developed. It aims at providing habitat distribution and quality indicator maps for biodiversity hotspot 
sites (e.g. riparian protected areas, coastal areas). The magnifier component is based on MS.MONINA 
site-level service providing on-demand geo-spatial information including landscape context maps, maps 
of habitat patches and vegetation types, maps of conservation status and change assessment maps 
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Figure 9. Forest and bush encroachment and changes/dynamics in Quercus pyrenaica forests 

 

2.2.1.4 MS.MONINA EU policy monitoring component 

MS.MONINA services can also support EU stakeholders in checking the consistency and the 
contingency of reports in transboundary protected sites through the EU policy monitoring component. 
The latter provides a reactive cartographic service as a mean for external/independent validation of 
national biodiversity reports. It is triggered upon request from mandated users. Depending on the 
biogeographical region, the extent of the area of interest, the priority habitats existing in that area and the 
experience of the project partners in dealing with these types of habitats a dedicated subservice will be 
activated. The subservices are based on a range of methodological developments for processing and 
analysis of Earth observation satellite data that are part of the MS.MONINA portfolio. The policy-
monitoring component is based on MS.MONINA state-level service providing on-demand information 
layers to support regional and national stakeholder activities related to monitoring protected sites over 
the entire reporting territory (inside and outside designated Natura 2000 sites). Given the wide 
complexity of habitat types to manage, the heterogeneity of the sites and their geographical locations, 
the products will be tailored to the specific user needs, expressed while requesting the service. 
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Figure 10. Transboundary riparian forest site ‘Salzachauen’ (Germany/Austria): Screenshots taken from 
MS.MONINA map viewer. 

2.2.2 Product specifications 

The following table contains the information products that were developed for the site-level habitat 
assessment component on prototype level. More detailed product specifications are given below.  

 

Table 4. MS.MONINA information products delivered during the project lifetime on prototype level 

Subservice (site-
level) 

ID Product Reference pilot site SP 

Habitat mapping 
(focus: riparian 
forest integrity and 
structural 
assessment) 

1-1 
Delineation of Annex 1 habitats 91E0*, 91F0 & 
forest management areas 

Salzachauen (Austria) PLUS 

1-2 Change detection of tree canopy  

1-3 
Structural landscape metrics for habitat quality 
assessment 

1-4 
EUNIS classification and shape metrics for the 
distinction of habitat types 

[Forest disturbance] 1-5 Forest disturbance assessment on patch level 
Kalkalpen National Park 
(Austria) 

PLUS 

Habitat mapping 
(focus: 
Mediterranean 
habitats) 

2-1 

Natura 2000 Habitat distribution map 

Larzac Foothills 

IRSTEA 2-2 Lagoons of Palavas- 

2-3 Lower Aude Valley 

Habitat mapping 
(focus: grassland 
structure monitoring 

3-1 Indicator (habitat component) map 
Grenspark De Zoom-
Kalmthoutse Heide 

EFTAS 

3-2 Tree/shrub structures 
Eider-Treene-Sorge 
Niederung 

Habitat mapping 
(focus: heathland 
mapping) 

4-1 
Natura 2000 Habitat map and Local 
Conservation Status 

Grenspark De Zoom-
Kalmthoutse Heide 

VITO / INBO 

4-2 Hyperspectral-based time series 
Grenspark De Zoom-
Kalmthoutse Heide 

4-3 Heathland monitoring indicator map 
Grenspark De Zoom-
Kalmthoutse Heide 

LUP 
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4-4 Heathland monitoring indicator map Döberitzer Heide 

4-5 Habitat quality assessment Döberitzer Heide 

4-6 Heathland monitoring Kleine Schorfheide 

4-7 Habitat distribution map Döberitzer Heide 
LUP 

4-8 Forest and bush encroachment Sierra Nevada 

Habitat mapping  
(focus: river delta 
habitats) 

5-1 Annex 1 habitat delineation Axios Delta 
NOA 

5-2 Annex 1 habitat delineation Aliakmonas Delta 

Habitat mapping 
(focus: Alpine 
habitats)  

6-1 Habitat type and conservation status map 
Rieserferner-Ahrn Nature 
Park 

EURAC 

Vegetation species 
composition 
(ordination-based 
habitat monitoring) 

7-1 Species Composition 2011 Wahner Heide 

UBO 7-2 Species Composition 2007 
Grenspark De Zoom-
Kalmthoutse Heide 

7-3 Species Composition 2008 Döberitzer Heide 

Habitat mapping 
(focus: wetland 
habitats) 

8-1 

 

Wetland habitats with changes in vegetation 
structure 

Biebrza National Park IGIK 

Land cover mapping 9-1 Scene component map  Wicken Fen SN 

2.2.2.1 Habitat mapping (focus: riparian forest integrity and structural assessment) 

The riparian forest mapping and quality assessment service provides Natura 2000 patch maps as well as 
some key structural characteristics. The service focuses on providing vector data for riparian forest 
habitats (Alluvial forests 91E0*, Riparian mixed forest 91F0), which were visually delineated, as well as 
semi-automatically derived from very high resolution satellite imagery using object based image analysis. 
Visual delineation uses EUNIS-3 classification scheme, whereas semi-automated object based image 
analysis uses the Natura 2000 habitat categories as well as EUNIS-3 classification scheme. In a second 
stage, the service delivers information on habitat conditions, which are calculated using landscape 
metrics. Quantitative measures on habitat form, structural richness, fragmentation, diversity and the 
configuration of undisturbed core areas are provided. The derived habitat quality indicators in 
combination with classification results can be used for informed decisions on the location and type of 
management activities on the site level.  

Information layers: 

- Core area of riparian forests 
- Edge density - a structure parameter 
- Loss of woody habitat 
- Fractal dimension - a form parameter 
- Proportion of riparian forest 
- Shape index - a form parameter 
- Semiautomatic EUNIS-3 Classification 
- Semiautomatic Natura 2000 habitat mapping (91E0*, 91F0) 
- Forest stands 
- Tree stands 
- Tree species dominance 
-  

2.2.2.2 Habitat mapping (focus: Mediterranean habitats) 

This subservice produces maps on spatial distribution of complex natural habitats at the site level. Very 
high resolution satellite imagery and aerial photos (and when available a digital elevation model) are 
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recommended for implementing the service. A limited number of reference data (e.g. field data tailored to 
the classification of remote-sensing imagery or photointerpretation of homogeneous image objects using 
aerial photos) is required for training the classifier. Due to both limited data input requirements and the 
computational efficiency of the developed automatic classification method, the service can be easily 
transferred to different protected sites independently of the biogeographical region. 

The following habitats (CORINE biotopes) are under special consideration:  

- 15.1133 Upper shore Mediterranean glasswort swards 
- 15.51 Mediterranean tall rush saltmarshes 
- 44.62 Mediterranean riparian elm forests 
- 53.12 Common reed beds 
- 81.1 Dry improved grasslands 

 

2.2.2.3 Habitat mapping (focus: grassland structure monitoring) 

This subservice monitors extent and quality aspects of lowland habitats in the Western-European plains. 
The subservice was developed for a large study area in Schleswig-Holstein, Germany. Indicators for 
grassland, wetland and heath site developments were developed. They addressed the following habitats 
and their conservation status:  

- 6410 Molinia meadows on calcareous, peaty or clayey-silt-laden soils  
- 6510 Lowland hay meadows  
- 7120 Degraded raised bogs still capable of natural regeneration  
- 7140 Transition mires and quaking bogs 

 

The following habitats were only addressed in the transfer exercise Kalmthoutse Heide, Belgium: 

- 2310 Dry sand heaths with Calluna and Genista 
- 2330 Inland dunes with open Corynephorus and Agrostis grasslands  
- 4010 Northern Atlantic wet heaths with Erica tetralix  
- 4030 European dry heaths 
-  

Measured indicators of conservation status are:  

- Vegetation cover and land use intensity changes: 6410, 6510, 7120  
- Bush/shrub encroachment: 7120, 7140 

 

Only addressed in transfer exercise Kalmthoutse Heide, Belgium: 

- Bush/shrub encroachment: 2310, 2330, 4010, 4030 
- Horizontal structural diversity (cover and distribution of open soil, lichens/moss, typical species): 

2310, 4010, 4030 
- Cover of species indicative of recent (abiotic) changes or invasive species (e.g. Molinia caerulea 

or Campylopus introflexus): 2310, 2330, 4010, 4030 
-  

2.2.2.4 Habitat mapping (focus: heathland mapping) 

2.2.2.4.1 Conservation status evaluation 

The habitat mapping and status evaluation subservice provides maps of single patches of Natura 2000 
habitats and to evaluate their local conservation status. The subservice is applicable to:  

- Heathland and inland dunes (4010, 4030, 2310, 2330)  
- Coastal dune habitats (2110, 2120, 2130, 2150, 2160, 2170, 2180, 2190) 
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Measured indicators of habitat quality (‘structures & functions’) are:  

- Grass encroachment (2310, 2330, 4010, 4030),  
- Bush / tree encroachment (2310, 2330, 4010, 4030),  
- Vertical structure (2310, 4030) through differentiation of heathland age classes (young – aged – 

mixed),  
- Horizontal structure (2310, 2330) through presence of bare sand, mosses, lichens and 

Corynephorus grasses, 
- Sand dune fixation (2310, 2330) by grasses and mosses, 
- Encroachment by invasive alien species, i.e. Campylopus introflexus (2310, 2330, 4030) 

2.2.2.4.2 Knowledge-based heathland monitoring 

This subservice evaluates heathland habitat types and to assess indicators of their conservation status 
as well as to derive change maps (habitat type change, conservation status change). The service works 
with a knowledge-based classification. 

Studied habitats are:  

- Dry sand heaths with Calluna and Genista (2310) 
- Inland dunes with open Corynephorus and Agrostis grasslands (2330)  
- European dry heaths (4030) 

Used indicators for deriving habitat quality are:  

- Bush / tree encroachment  
- Grass encroachment  
- Percentage of open soil  
- Area dominated by cryptogams  
- Area covered by Calluna-heath  
- Area covered by Cytisus-heath  
- Area covered by dry grassland 

2.2.2.4.3 Heathland habitat monitoring with multi-temporal data 

This subservice maps Natura 2000 habitats and plant associations with multi-temporal satellite data 
(medium spatial resolution) on the basis of phenological signatures.  

Studied habitats are:  

- Dry sand heaths with Calluna and Genista (2310) 
- Inland dunes with open Corynephorus and Agrostis grasslands (2330)  
- European dry heaths (4030) 
- Molinia meadows on calcareous, peaty or clayey-silt-laden soils (6410) 
- Lowland hay meadows (6510) 
- Hydrophilous tall herbfringe communities (6430) 

Used indicators for deriving habitat quality are:  

- Bush/tree encroachment  
- Grass encroachment  
- Plant associations (indicating species composition) 

2.2.2.4.4 Heathland habitat mapping using hyperspectral data 

This subservice maps Natura 2000 habitats and plant associations. In the Döberitzer Heide pilot, the 
focus is on the following habitat types: 

- Dry sand heaths with Calluna and Genista (2310) 
- Inland dunes with open Corynephorus and Agrostis grasslands (2330) 
- European dry heaths (4030) 
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- Molinia meadows on calcareous, peaty or clayey-silt-laden soils (6410) 
- Lowland hay meadows (6510) 
- Hydrophilous tall herbfringe communities (6430) 

Measured indicators of conservation status are:  

- Bush/tree encroachment  
- Change of land cover / land use  
- Grass encroachment  
- Plant associations (indicating species composition) 

2.2.2.5 Habitat mapping (focus: river delta habitats) 

The habitat mapping subservice was originally designed to map habitats of a wetland area according to 
a nomenclature required by the user. In particular for the following habitats that are of user’s interest. 

- 1310: Salicornia and other annuals colonizing mud and sand 
- 1410: Mediterranean salt meadows 
- 1420: Mediterranean and thermo-Atlantic halophilous scrubs 
- 6420: Mediterranean tall humid grasslands of the Molinio-Holoschoenion 
- 92D0: Southern riparian galleries and thickets 
- 92A0: Salix alba and Populus alba galleries 

2.2.2.6 Habitat mapping (focus Alpine habitats) 

This subservice maps alpine habitats. The following habitat types were considered:  

- Temperate heath and scrub (4060) 
- Natural and semi-natural grassland formations (6150, 6230, 6520) 
- Raised bogs and mires and fens (7140) 
- Rocky habitats and caves (8110, 8120) 
- Forests (9410, 9420) 

For assessing the conservation status, a remote sensing-based disturbance indicator of shrub and tree 
encroachment is calculated. Specifically, the percentage of shrub and tree coverage in grassland 
habitats (6150, 6230, and 6520) is calculated based on the land-cover and habitat maps that are 
produced during the mapping procedure of the alpine habitats. 

2.2.2.7 Habitat mapping (focus: wetlands) 

This subservice identifies and classifies Natura 2000 habitats within lowland alluvial plains of the 
Continental biogeographical region. In the initial study site, the Biebrza National Park in Poland, the 
focus was on the following habitat types: 

- Xeric sand calcareous grasslands (6120*) 
- Molinia meadows on calcareous, peaty or clayey-silt-laden soils (Molinion caeruleae) (6410) 
- Lowland hay meadows (Alopecurus pratensis, Sanguisorba officinalis) (6510) 
- Transition mires and quaking bogs (7140) 
- Alkaline fens (7230) 
- Central European lichen Scots pine forests (91T0) 

Measured indicators of habitat quality (‘structures & functions’) are:  

- Bush / tree encroachment  
- Change of land cover / land use  
- Characteristics of vegetation through vegetation and backscattering indices 
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2.2.2.8 Vegetation species composition (ordination-based habitat monitoring) 

This subservice analyses hyperspectral imagery for mapping the compositional variation in (semi-
)natural plant assemblages being characteristic for a number of Natura 2000 habitat types. In contrast to 
techniques aiming at categorization by means of thematic classification, the implemented scheme makes 
use of ordination methods to extract major floristic gradients describing the prevailing composition of the 
considered observation area as metric variables. After linkage to the geometrically corrected 
hyperspectral imagery by partial least-squares regression, this results in a raster data map of the 
observation area representing model-based predictions of the vegetation’s species composition.  

The presented method was applied to areas in the Atlantic and Continental biogeographical regions and 
both homogeneous and heterogeneous landscapes comprising Natura 2000 habitat types of a number of 
categories, including: 

- Inland dunes (2xxx) 
- Heath and scrub (4xxx) 
- Grassland formations (6xxx) 
- Raised bogs (7xxx) 

The retrieved information can be utilized to evaluate the local conservation status of the considered area, 
including assessment of habitat quality and – by means of repeated observation – its trend of 
development. 

2.2.2.9 Land cover mapping based on scene-components 

This service extracts information from aerial photography and very high spatial resolution (VHR) satellite 
data in support of mapping and characterization across a broad range of habitats. The approach was an 
extension on other work using VHR data in combination with object-based data structures and has been 
used for wetland restoration monitoring as its test case.  

Due to the limited spectral information content and the high level of spatial detail within VHR datasets 
this approach employs a simple scene component analysis to extract the maximum amount of spectral 
information from the data and an object-based contextual spatial framework to extract the spectral 
information within a realistic landscape structure. Examples of relevant scene components are: 

- Scene component map using SPOT-5 and AP from 2012 
- Scene component map using AP from 2007 
- Scene component map using AP from 2012 
- Phenological indicator map using multi-date DMC from 2010 
- Rich attributed objects summarising raster data 

 

2.2.3 Service requirements  

2.2.3.1 Site-level habitat assessments 

The subservices offered on site level have specific requirements in terms of conditions to apply and 
methods to be used as well data to be used (see Table). 

Table 5. Detailed service requirements (site level) 

Subservice (site-level) Boundary conditions and requirements 

Habitat mapping (focus: 
riparian forest integrity 
and structural 
assessment) 

 VHR1 satellite imagery (minimum 4 bands, 8 bands or more advantageous)  

 Time series analysis: Time step 5 – 10 years, minimum one summer scene (June – July) per 
time step, two scenes (summer, autumn: End October / November) advantageous. Optional 
additional windows begin of April – mid of May and end October / November (for enhancing 
tree species extraction, neophytes / undergrowth detection, phenology studies). 

 Reference data: georeferenced point data with high spatial accuracy (0.5 to 1 m), ground 
validated habitat field map for verification. Coregistrated reference data to tree crowns 
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(optional). 

 Optional data: cadastre data, LiDAR DEM and DSM (> 10 pt/m2) 

 Habitat types: 91E0, 91F0, (9170), (9180), (other forest habitat types) 

 Biogeographical zone: Continental tested; Mediterranean, Alpine, Atlantic possible 

 Structural assessment requires software such as V-LATE (extension for ArcGIS) or similar 
tools for the analysis of polygonal data. 

Habitat mapping (focus: 
Mediterranean habitats) 

 VHR satellite imagery (desirable WorldView 2 type data; in case not available RapidEye data 
can be used) 

 Colour infrared aerial photos for image segmentation 

 Timing: At least two images acquired during early spring before leaf flush and an image in the 
post-spring period  

 Access to digital elevation model (at least 25 m grid cells) and if available to LIDAR DEM. 

 Habitat types: no constraints on habitat types. However the habitats must be contrasted (in 
terms of radiometry and structural characteristics) and not subject to frequent environmental 
changes (e.g. variability in the temporality of flooding levels, sensitivity to soil moisture, etc.). 

 The wider application of the method requires : (1) access to suitable reference data on 
existing habitats, ideally based on photointerpretation and ground-truthing by an experienced 
ecologist; (2) the availability of very high-resolution imagery with the NIR band as a primary 
source for segmenting the landscape into homogenous image objects that reflect the habitat 
patterns; and (3) the availability of ancillary data (e.g. DEM) that would lead to further 
enhancement of the classification of the habitats. 

Habitat mapping (focus: 
grassland structure 
monitoring 

 Availability of very high spatial resolution images during vegetation period (0.5-2m) 

 Field knowledge and reference samples to calibrate indicator classification, ideally from 
identical vegetation period 

Habitat mapping (focus: 
heathland mapping) 

 [hyperspectral] Image requirements: hyperspectral, taken in vegetation growing season (May-

Oct), spatial resolution approx 2-5 m 

 Reference data requirements: fair amount of field reference data needed, representing all 
classes to be mapped, coinciding as much as possible with image acquisition date 

 Habitats: heathland habitats in Atlantic (and probably also Continental) biogeographical 
region 

 [fine-scale] Image requirements: multispectral, very high spatial resolution satellite images 
(e.g. QuickBird, GeoEye, WorldView 2, Pleiades), at least 0.8 m spatial resolution of the 
panchromatic sensor needed 

 Reference data requirements: at least 20 sites for every class needed for accuracy 
assessment and/or knowledge base adaptations 

 Habitats: heathland habitats in Continental and Atlantic biogeographical region 

 [multi-temporal] Image requirements: multispectral and multitemporal data with medium 
spatial resolution (e.g. RapidEye), at least 5 images throughout the phenological cycle 
needed 

 Reference data requirements: a spectral field library with at least 5 measurements throughout 
the phenological cycle for every plant association 

 Habitats: useful for all habitats with low human interaction and strong phenological aspects 

Habitat mapping  (focus: 
river delta habitats) 

 WorldView-2 multispectral images of two dates: one before and one after the summer 

 Field observations 

 Existing reference data 

 Results suggest that the KRC algorithm applied to dual date WV-2 satellite imagery covering 
seasonal flooding, can support monitoring of Mediterranean wetlands to an extend depending 
on the environment complexity. This doubles the cost of EO data necessary for this kind of 
mapping. 

Habitat mapping (focus:  Image requirements: multi-temporal RapidEye images (level 1B) acquired from May to 
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Alpine habitats)  October 

 Reference data: For each habitat to be mapped, approximately 150 samples are required. 
Samples should ideally be collected during the time window in which the images are 
acquired. 

 Habitats: habitats in Alpine biogeographical regions 

Vegetation species 
composition (ordination-
based habitat 
monitoring) 

 Image requirements: hyperspectral imagery, spatial resolution approx. 2-5 m, acquired during 
vegetation growing season between May and September 

 Reference data: field reference data collected during image acquisition period necessary 

 Habitat constraints: only applicable to open land habitat types, especially heathland and 
grassland types as well as bogs in Atlantic and Continental biogeographical regions 

Habitat mapping (focus: 
wetland habitats) 

 Image requirements: multispectral, very high-resolution data (1 – 4 meter ground resolution), 
collected within vegetation growing season (May – September) 

 Reference data requirements: suitable amount of reference field data representing vegetation 
classes is needed, collected close to image acquisition date 

 Method dedicated to wetland habitats located in the geographical zone with temperate 
climate 

Land cover mapping 

 Preferably multi-date (winter or spring and summer) VHR (< 5 m). 

 Management objects to provide a context for the analysis. 

 Close engagement with the end users prior to and during the production. 

 

The diversity of information products to be offered on site level implies different EO data sources 
(product-IDs please refer to Table 4 above). The majority of satellite data were provided through the 
GMES/Copernicus DataWarehouse mechanism (WV-2, SPOT, QuickBird, SPOT). 

Table 6. EO data used for information products 

Product-
ID 

EO Satellite data used Auxiliary data used 

1-1, 1-2, 
1-3, 1-4 

WV-2 , 10/09/2011, GSD: 0.5 m pan-sharpened 
Field reference data 
(tree species level) 

1-5 RapidEye ; 19/09/2009, 23/08/2010 & 11/09/2011; GSD: 5 to 6 m 

Silvicultural- and other 
geo-data on  
topographic features, 
management zones, 
infrastructure 

2-1, 2-2. 
2-3 

WV-2  Digital Terrain Model 

3-1, 3-2 WV-2 , 27/05/2012, GSD: 2 m multispectral, 0.5 m pan-sharpened 
Field data (user 
provided) 

4-1 AHS-160 airborne hyperspectral data, 2/06/2007, GSD: 2.4 m  

4-2 
AHS-160 airborne hyperspectral data, 2/06/2007, GSD: 2.4 m; APEX airborne 
hyperspectral data, 27/06/2011 & 2/07/2012, resampled to GSD 2.4 m 

 

4-3 WV-2 , 27/05/2012, GSD: 0.5 m pan-sharpened  

4-4, 4-5 
QuickBird satellite image, 29/07/2004, GSD: 0.6 m pan; WV-2 satellite image, 
24/09/2011, GSD: 0.5 m pan 

 

4-6 WV-2 , 24/09/2011, GSD: 0.5 m pan  

4-7 Multi-temporal RapidEye , 2011-2012, GSD: 6.5 m 
Topographic map of 
Brandenburg, 1:10 000 

4-8 
SPOT-5 image, 07/08/2011, GSD: 2.5 m PAN, 10 m MS; WV-2 image, 26/08/2011, 
GSD: 0.5 m PAN, 2.0 m MS 

Digital Terrain Model, 
resolution: 25 m; 
Orthofotos, 2010, GSD: 
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0.5 m  

5-1, 5-2 WV-2  (level 2A), 11/07/2011 (MS 4 bands) and 9/09/2011 ( MS 8 bands)  

6-1 
Multi-temporal RapidEye (Level 1B) imagery, acquired at four dates: 22-07-2009, 29-07-
2009, 03-10-2009, 31-07-2010 

Orthophotos & DEM 

7-1 Airborne Prism Experiment (APEX), 14/11/2011  

7-2 AHS hyperspectral imagery, 2/06/2007  

7-3 HyMap hyperspectral imagery, 7/08/2008  

8-1 

 

WV-2 , 11 Aug 2011, 8 bands; Terra SAR-X images (SCANSAR mode, VV and HH 
polarization; 22 Jun, 3 Jul, 17 Jul, 9 Sep & 13 Oct 2012 

 

9-1 
SPOT-5 2.5 m pan-sharpened multispectral (28 Mar 2012); 20 cm (resampled to 2.5 m) 
FCIR aerial photography (19 Aug 2012 

 

2.2.3.2 MS.MONINA state level habitat distribution component 

2.2.3.2.1 State modelling component 

Datasets have to be provided in two categories: 

1) Environmental data: Geographically referenced raster data with full spatial coverage of the 

observation area describing environmental variables relevant to the modeling (e.g. soil 

type, elevation, exposure). 

2) Habitat presence data: Geographically referenced occurrence data containing information 

about the desired Habitat types with according dominant species and vegetation mixture, 

i.e. target classes. 

Environmental data have to be provided in either ESRI ASCII GRID or BIL format. They need to have a 
spatial resolution of equal or smaller than the required output cell size resolution (i.e.20m for the regional 
occurrence layers). Habitat type presence data have to be provided as point geometries in either shape 
file or csv format 

2.2.3.2.2 State image analysis components 

EO data 

The image data requirements vary depending on the habitat under study and the region to be covered. 
To reduce it to a common denominator the following requirements can be set: 

 Multitemporal High Resolution data (≤5m ground sampling pixel size) with regional to national 
coverage and at least 5 images per growing season. 

 Very high resolution data (digital orthophotos or satellite data with ≤1m ground sampling pixel 
size and at least one infrared bad) of same vegetation period then high resolution data 

Both data sources shall be available as standard ortho-rectified images and raw data, the later to allow 
accustomed pre-processing (terrain and atmospheric corrections).  

 

Ancillary data 

For calibration and adaption of the image classification steps accurate and timely ground reference data 
is needed on the presence of the investigated indicator, habitat or land cover. For selected state services 
additional data reflecting important environmental variables (see modelling component) is needed (soil 
distribution maps and digital terrain models).  

 



Copernicus Biodiversity Monitoring – White Paper | Dec 2013 

 

FP7-SPACE-2010-1 BIO_SOS [263435] & MS.MONINA [263479]       page 32 of 40 

All data have to be provided in the same geographical reference system, preferably the European 
Terrestrial Reference System 1989 (ETRS89). 

 

2.2.4 Advancements 

The following advancements were achieved and challenges faced during the service development and 
evolution cycle(s) within MS.MONINA. 

2.2.4.1 Site-level habitat assessments 

On site-level the variety of (sub-)services lead to a series of methodological and technological 
advancements.  

Table 7. Methodological advancements of the MS.MONINA (sub-)services on site level 

Subservice (site-level) Methodological core elements and advancements (including challenges) 

Habitat mapping (focus: 
riparian forest integrity 
and structural 
assessment) 

 Improvement of tree species classification, as a critical baseline layer for the 
semiautomatic mapping of habitats. 

 Post-processing of habitat maps for generalized, scale-specific boundaries. 

 Providing cadastre-constraint boundaries for habitat maps. 

 Testing additional remote sensing derived habitat quality indicators to arrive at a more 
complete picture on habitat quality. 

 Rule set and thresholds adaption needed due to differences in tree species coverage 
and composition. 

 Spatial and time consistent reference data is essential. Reference data acquisition period 
needs to be coincident with satellite image acquisition. 

 Object-specific change assessment to integrate and compare semi-automated product 
with current manual mapping activities. 

Habitat mapping (focus: 
Mediterranean habitats) 

 Segmentation of the aerial imagery into homogeneous objects  

 Computation of radiometric and textural variables (e.g. NDVI, textural features, etc.) from 
the satellite and aerial data and topographic variables from the LIDAR DEM (e.g. 
Topographic Position Index) 

 Selection and statistical analysis of the training set (e.g. outlier analysis) 

 Grouping or separation of habitat classes based on a stepwise model selection and 
analysis of the error rate 

 Dimension reduction and selection of the final model and the final number of classes of 
habitats to be classified using sparse partial least square discriminant analysis  

 Classification of all the image objects using the selected explanatory variables 

 Cross validation 

 Final validation using in-situ data 
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Habitat mapping (focus: 
grassland structure 
monitoring 

 Adaptation from multi-temporal (combining Worldview-2 and RapidEye satellite images) 
to monotemporal approach (Worldview-2 only) 

 Adaptation of classification rules and thresholds from heath/grassland site to wetland site 

 Adaptation from multi-temporal (combining Worldview-2 and RapidEye satellite images) 
to monotemporal approach (Worldview-2 only) 

 The application and transfer of site services requires a close interaction with site 
managers to ensure the uptake and integration of site-specific environmental conditions. 

 A limiting factor for an operational application is still the existence of adequate sensor 
data and timely field and ancillary data 

 The developed services could not address the very specific criteria needed to distinguish 
single habitat types and conditions. They are mostly based on floristic components and 
changes, which cannot be addressed operationally, yet. The example products provide 
(only) additional information to site managers. This is still a limiting factor from the user 
point of view. 

Habitat mapping (focus: 
heathland mapping) 

 Adaptations to cope with different types (esp. polygons instead of points) and lower 
numbers of field reference data 

 Adapt remote sensing oriented classification scheme to site context 

 Extension of BIOHAB-based segmentation rules from heathland specific to habitat 
generic rules 

 Adapt habitat reclassification rules to site context 

 Design of a site-proper classification scheme is crucial and requires substantial input 
from user 

 Dependency on high amount of very recent field data needs to be brought down 

 More extensive testing for reliability needed (esp. in light of change detection) 

 Applications in coastal dunes still in R&D-phase, not ready for operationalization yet 

 Adaptations to integrate new indicator classes (e.g. wet heath) 

 Adaptations were also necessary transferring the landuse-code of the a-priori data to our 
coding system 

 Implementation of phenological signatures into classification procedures 

 Extensive library with spectral field measurements of every plant association and its 
phenology is necessary 

 Habitats with strong human use (e.g. repeated mowing) cannot be classified with 
phenological signatures at the moment, more R&D needed 

Habitat mapping  (focus: 
river delta habitats using 
ANAX Kernel-
reclassifier) 

 ANAX Kernel Re-classification (KRC) runs in a user friendly environment (compared to 
command line).  

 The training sets can be any polygon shape (not necessarily rectangles). 

 Validation polygons can also be selected for automatic evaluation of the result. 

 Wetland habitat types are mixed and each one may appear with various spectral 
signatures. 

 To address these specificities the user had to be trained to photo-interpret the image and 
had to collect additional ground truth data and decide, together with the image analyst, 
on the appropriate subclasses that each habitat type should be further analyzed.  

 KRC algorithm incorporates spectral and textural information analysis and is a robust 
classifier when applied to very high spatial resolution imagery for complex problems as in 
this wetland.  

 Key information for wetland mapping is provided by the seasonal changes of the 
habitats, which can be identified from images acquired at the low and high water levels. 

 ANAX is user-friendly software platform able to perform training, classification and 
accuracy assessment in the form of an error matrix. 



Copernicus Biodiversity Monitoring – White Paper | Dec 2013 

 

FP7-SPACE-2010-1 BIO_SOS [263435] & MS.MONINA [263479]       page 34 of 40 

Habitat mapping (focus: 
Alpine habitats)  

 The classification scheme was modified to include different types of habitats.  

 The Support Vector Machine classifier was included in the method. In the original method 
two classification approaches were used, namely maximum likelihood and decision tree. 

 The post-processing procedure was modified according to site characteristics. 

 Reliable information is needed to modify the classification scheme according to site 
characteristics. 

 Very good reference data as well as field surveys are necessary for collecting samples. 

 Cloud free images are difficult to acquire in the alpine regions of South Tyrol. 
Topographic shadows are also prominent. 

Vegetation species 
composition (ordination-
based habitat 
monitoring) 

 Improved operability of map production 

 Enhanced visualization of algorithm results 

 processing overhead for expected amount of data (high resolution hyperspectral 
imagery) not to be underestimated 

 no operational identification of unwanted image features, i.e. residual cloud cover or 
image artifacts, visual quality control necessary 

 streamlining of vegetation reference data challenging due to different sampling 
conditions, data collection criteria and varying quality standards 

 operational identification of areas not applicable to service approach (i.e. forests) under 
research, yet not fully developed resulting in additional manual work. 

Habitat mapping (focus: 
wetland habitats) 

 Adaptation of remote sensing based classification scheme to species composition 
existing within wetland area 

 Refinement of classification algorithm due to changeable environmental conditions within 
wetlands 

 Incorporation of information derived from radar satellite data for studying changes in 
vegetation structure 

 Application of site-proper classification scheme matched with user needs is essential for 
operational use 

 Highly reliable classification method based on satellite images requires large amount of 
recent field data for validation purposes 

 More extensive verification of the prepared method, due to vegetation seasonality, is 
needed 

Land cover mapping 

 Adaptations to cope with different sensor types, moving from aerial photograph to 
satellite VHR data. 

 Adaptations to new habitat types, moving from wetlands to wet forest to dry scrub. 

 The outputs were expanded from simple proportions of scene components to indicators 
that summarise habitat characteristics (wetness, heterogeneity and shade fraction). 

 Incorporating change detection, dealing seasonality and data quality. 

 The key challenge is to make sure that the end users are fully integrated in the process. 
The time and effort involved is well rewarded by the outcomes of the final product. 

 As always the acquisition of suitable EO data remains a challenge. 

 As the approach is used for monitoring purposes the issues of change detection continue 
to be challenging particularly when dealing with seasonality and interannual variations. 

 The approach relies on management objects to summarise the results, but when dealing 
with dynamic habitat patches it is necessary to also include image segmentation into the 
overall object structure. 

2.2.4.2 MS.MONINA state level habitat distribution component 

For the MS.MONINA state level habitat distribution component, an information layer (IL) concept was 
introduced. The IL concept represents an expert-knowledge method to describe and extract 
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characteristic image information to represent features with relevance for the assessment of Natura 2000 
habitat existence or condition. Image classification models can be fed with information layers containing 
temporal, structural, spectral, spatial or additional information. Its most remarkable characteristic is that 
IL is a flexible and adaptable method, which can be applied for all habitat types. It can include input data 
of different nature, such as optical images, radar, aerial photos, hyperspectral data, LIDAR, images of 
different resolutions and ancillary data. Moreover, ILs can be calculated with commercial software or by 
custom-made algorithms created by the partners (pixel-based, object-based, decision trees, multivariate, 
etc.). It can also integrate existing habitat classification methods, by the inclusion of ILs in the 
classification model. Furthermore, it is a dynamic tool, in terms that ILs can be inserted or removed 
depending on the particularities of the habitats under consideration, allowing the inclusion of new 
deliverables of upcoming sensors.  

 

The concept of information layers provides the following advantages:  

- It allows partners to use their in-house expert knowledge and build upon previous methodologies 
to produce and use information layers 

- New developments can focus on specific habitat or feature problems (e.g. shrub encroachment, 
temporal habitat variation…) 

- It is a flexible approach: with advancing methods and sensor availability new layers can be 
created or deleted 

- It is a modular and extendable approach: Information layers form the input to interpretation 
schemes using advanced class models (semantic network models, expert classifiers, etc.) 

- Knowledge and data transfer between the service case development is feasible: information 
layers could for example be created for different service cases as input information 

2.2.4.3 EU level service components 

 

The main benefits of the EU service components are: 

- Update the habitat mapping approaches with novel, semi-automated and cost-efficient 
methodology, 

- Use the information layers to indicate favourable habitat conditions, 

- Check the consistency and contingency of reports in transboundary sites, 

- Receive independent, seamless information on sites of interest, 

- Obtain early warnings of potential threats or potential impact on biodiversity hotspots. 

2.2.5 Estimated costs 

2.2.5.1 Overview 

The following approximated prize has been estimated based on an overall assessment of data 
availability and economic feasibility. See details below for further information on (sub-)service level. 

Site service component State service component 

approx. 150 EUR / km² (min. size: 50 km²) approx. 5-10 EUR / km² (min. size: 1000 km²) 

 

Product prize depends on  

• Linear cost factors influenced mainly by site area (satellite data per km², minimum size), visual 
habitat mapping (if applied), ground validation 
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• Coefficients (site accessibility, complexity, number of habitats) 

• Non-linear cost factors (degree of automation, transferability)   

2.2.5.2 Detailed cost estimates  

Details about service costs have been provided by Service Providers involved in the project. 

Table 8. Detailed cost estimates (site-level) 

Subservice (site-level) Estimated costs 

Habitat mapping (focus: 
riparian forest integrity 
and structural 
assessment) 

 Image = 2800 EUR 

 Reference data / field work = 5,000 EUR 

 Software = 2000 EUR (investment: 15,000 EUR) 

 Product processing = 6000 EUR 

 V-LATE (free, extension for ArcGIS) 

Habitat mapping (focus: 
Mediterranean habitats) 

 Experienced ecologists: 300 EUR field surveys 

 Operator : 320 EUR/day 

 Software eCognition: 15,000 EUR (investment 

 alternative: ORFEO (free) 

 R (free) 

Habitat mapping (focus: 
grassland structure 
monitoring 

 n/a 

Habitat mapping (focus: 
heathland mapping) 

 Rough estimate of costs of application for a site of 100 km² (10 by 10 km): 50,000 EUR 

 Airborne (manned) flight operations (stand by not included): 15 ,000 EUR 

 Level 2 processing: 5,000 EUR 

 Field work (approximately 200 plots visited and processed): 20,000 EUR 

 Level 3 processing (based on existing development, new requirements not included): 
10,000 EUR 

Habitat mapping  (focus: 
river delta habitats using 
ANAX) 

 n/a 

Habitat mapping (focus: 
Alpine habitats)  

 n/a 

Vegetation species 
composition (ordination-
based habitat 
monitoring) 

 Field data collection: 3000 EUR 

 Hyperspectral data: (high, on project basis), n/a  

Habitat mapping (focus: 
wetland habitats) 

 All inclusive ca 6,500 EUR (100km²) 

Land cover mapping 

 Costs calculated per year and for 100 km² (no linear scaling with area, as staff cost 
increases slower) 

 GMES context: approx. € 3,300 (no VHR data cost; DEM cost: € 300; field trip for ground 
truth, distance to office 200 km: € 180; personnel, 5 person days: € 2,800) 

 Normal business case: approx. € 12,600 (as above, plus tasking for 2 WV-2 scenes: € 
7,600) 
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3. Appendix 1. Project Factsheets 

3.1 BIO_SOS Factsheet 

 

 

Project: BIO_SOS 

 

BIOdiversity multi-SOurce monitoring 
System: from Space TO Species 

FP7-SPACE-2010-1  

GA 263435 

 

 

 

 

 

Description The main objective of BIO-SOS has developed a knowledge-based pre-
operational ecological modelling system suitable for effective and timely multi-
annual monitoring of Natura 2000 sites and their surrounding areas 
particularly exposed to different and combined type of pressures. Its input data 
sources are satellite-based measurements and on-site data. Main 
achievements: 

 The development of  pre-operational automatic high spatial resolution (HR), 
and mainly very high spatial resolution (VHR) EO data understanding 
techniques for land cover/use (LC/LU) map and LC/LU change map 
generation 

 The development of an ecological  modelling framework at both habitat 
and landscape level to combine  EO and in-situ data for habitat mapping, 
biodiversity indicators extraction, for assessing relationships between both 
spectral feature/landscape structure indices and biodiversity surrogates, 
and community structure indicators relevant to the Biodiversity Process. 

Status Pre-operational ready for application 

Project Closing (30/11/2013) 

Spatial Coverage The products will be provided on a regional/local scale by producing results for 
Natura 2000 sites (pilot areas) in Wales, Portugal, Italy, Greece, The 
Netherlands, India, Brazil. Potential applicability: European and global. 

Temporal Coverage 2009-2013 

Products (mainly 
VHR) 

 LCLU maps; LCLU change maps; 

 Habitat  maps as both Annex I and General Habitat Category (GHC); 

 Spectral Indices (e.g. NDVI, WBI) to be used as input to modelling 

 Binary mask images of specific LCLU thematic layers (target classes) from 
previous maps (e.g. permanent natural grasslands, broadleaved deciduous 
and evergreen forest as well as endangered habitats);  

 Binary mask images of specific priority habitats (e.g.,  2250; 7210; 1150) 

 Biodiversity indicators (e.g., habitat  area extension, number of priority 
habitats) and indicator change; 

 Landscape indicators as basis for habitat  status assessment 

Producers BIO_SOS Consortium 

Data Source (s) EO data (WorldView2, QuickBird, SPOT, Landsat) 

Data policy Open source software. Concerning products: TBD 

Source www.biosos.eu 

http://www.biosos.eu/
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3.2 MS.MONINA Factsheet 

 

 

Project: MS.MONINA 

 

  

FP7-SPACE-2010-1  

GA 263479   

 

Description MS.MONINA operates on three interrelated user and scale levels for the 
successful implementation of the EU Habitats Directive (HabDir) and the linked 
Natura 2000 concept. Several service components are offered, reflecting 
these three levels of operation, i.e. MS.MONINA EU, MS.MONINA State, and 
MS.MONINA Site. Each of the service developments follows the same overall 
logic in three steps, but tailored to the (user-) and technical requirements that 
are specific for each service level. User requirements collect all details on 
existing work flows, data usages, and the responsibilities imposed by the 
directive. Based on these requirement specifications testing, comparison and 
integration of state-of-the-art methodologies is performed, resulting in the 
actual development of the services. Demonstrators, accompanied by a user 
validation exercise, complete the service evolution plan and the final 
scoping towards market. In order to facilitate the uptake by the users, an 
operational service is expected to fully integrate the recent potential of EO 
techniques and image analysis routines, but at the same time deliver 
conditioned information products in a familiar and ready-to-use format. 
MS.MONINA thereby addresses: (1) agencies on EU level, i.e. ETC 
Biodiversity, the EEA and DG Environment, in their reporting requirements to 
CBD related environmental policies by providing added value information 
products on biodiversity status and following the wider Shared Environmental 
Information System (SEIS) developments; (2) national and federal agencies 
in reporting on sensitive sites and habitats within biogeographical regions on 
the entire territory by utilizing advanced image analysis, modelling and 
information integration techniques; (3) local management authorities by 
advanced mapping methods for status assessment and change maps of 
sensitive sites and their surroundings in a spatial explicit manner; (4) all three 
groups by providing transferable and interoperable monitoring results for an 
improved information flow between all levels.  

Status Pre-operational, service evolution phases, overall status: ready for application 

Project closing (30/11/2013) 

Spatial Coverage European territory 

Pilot sites (countries): Italy, United Kingdom, Spain, France, Germany, Austria, 
Poland, Greece, Belgium, Netherlands. 

Pilot sites (biogeographical regions): Mediterranean, Atlantic, Continental, 
Alpine  

Temporal Coverage 2009-2013 

Products (mainly  Wider landscape context maps, indicating e.g. overall landscape 
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VHR) configuration or, fragmentation;  

 Maps of habitat patches and vegetation types (ranging from broad 
habitat groups to Annex I habitats and even subtypes to detailed 
species composition);  

 Maps of conservation status of habitats and areas, based on 
meaningful indicators that can be derived from remote sensing  

 Change detection maps of land cover, land use or conservation status 
indicators. 

 Information layers for habitat distribution and probability assessment 

 All maps can be provided seamlessly and irrespectively of 
administrative boundaries, if required. 

Producers Service providers within MS.MONINA consortium 

Data Source (s) EO satellite VHR and HR data (WorldView2, QuickBird, SPOT, RapidEye) 

Data policy All products, tools and methods are displayed through the MS.MONINA web 
portal and body of knowledge (BoK) 

Source www.ms-monina.eu  

http://www.ms-monina.eu/
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4. Acronym list 

BIO_SOS Biodiversity Multisource Monitoring System: from Space TO Species 

CLC CORINE Land Cover 

CORINE COoRdination of INformation on the Environment 

DEM Digital Elevation Model 

EAGLE EIONET Action Group on Land monitoring in Europe 

EBONE Project European Biodiversity Observation Network Project 

EIONET Environmental Information and Observation Network   

EO Earth Observation 

EODHaM EO Data for Habitat Monitoring 

ES Ecosystem service(s) 

ESA European Space Agency 

EU_BON Project Building the European Biodiversity Observation Network 

FAO Food and Agriculture Organization 

FAO-LCCS FAO - Land Cover Classification System 

FCIR False-colour infrared 

GHC General Habitat Category 

GSD Ground sample distance 

HabDir Habitats Directive 

HR High Resolution 

IL Information layer(s) 

KRC Kernel reclassification  

LCC Land Cover Change 

LCCS Land Cover Classification System 

LCLU Land Cover/Land Use 

MS Multispectral, multi-scale, member state 

MS.MONINA Mulit-scale service for Monitoring NATURA 2000 Habitats of European Community Interest 

NRC National Reference Centre 

OBIA Object-based image analysis 

SEIS Shared Environmental Information System (SEIS) 

SP Service Provider 

SPLSDA Sparse partial least squares discriminant analysis 

VHR Very high resolution 

V-LATE Vector-based landscape analysis tools extension 

WV-2 WorldView-2 

 


