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Abstract. ​The Habitats Directive (HD) and the associated        
Natura 2000 Network represent the major commitment of the         
European Union to biodiversity conservation. They are aimed at         
maintaining natural habitats in a favourable conservation status,        
which is assessed every 6 years by the member states under the            
legal obligation derived from HD Articles 11 and 17. Such          
assessment relies on habitats compositional and structural       
attributes, but should also consider ecosystem functions.       
Monitoring such functions represents an opportunity to       
incorporate Remote Sensing (RS) into the real-world biodiversity        
monitoring efforts. Here, we introduce a set of prospects and          
issues connected with RS aided monitoring of ecosystem        
functions and services within the framework of the reporting         
obligations of HD.  

Keywords​: Biodiversity, Conservation status, Habitats,     
Natura 2000, Management, Remote Sensing. 

I.  INTRODUCTION 

The Habitats Directive (HD) (Directive 92/43/EEC) and       
the associated Natura 2000 Network represent the major        
response of the European Union to the Convention on         
Biological Diversity. Its goal is the maintenance of natural         
habitats in a favourable conservation status (FCS), which is         
assessed every six years by the member states, under the legal           
obligation derived from Articles 11 and 17. According to the          
HD, conservation status is a concept used to emphasize both          
the habitat extent and the specific structure and functions         
necessary for long-term maintenance of habitats (Art. 1e).        
Therefore, its assessment has relied mainly on habitat spatial         
variation and on habitat compositional and structural attributes        
such as taxonomic, and structural diversity, occurrence of        
typical species, as well as on specific environmental        
parameters such as solar radiation, precipitation, pH or        
salinity[1], [2], [3], [4], [5]. However, ecosystem functions are         
also specifically considered as basic parameters by the HD to          

evaluate the current conservation status and foreseeable future        
of habitats (Art. 1e). This is due to their links to biodiversity            
[6], ecosystem integrity and ecosystem services [7], [8].        
Remote Sensing (RS) products and technologies provide       
indicators on ecosystem functions that could be used to meet          
reporting obligations of the HD. 

II. OBJECTIVES 

In this paper, we describe the prospects and issues         
connected with the RS aided monitoring of ecosystem        
functions and services within the framework of the HD. The          
analysis comes from an international workshop on the topic,         
organised by the University of Almería (October 2017) and         
supported by the Spanish Ministry of the Environment. The         
Outcome is a set of considerations about the opportunities and          
challenges associated with the RS of ecosystem functions to         
support monitoring and reporting obligations of habitats       
conservation status arising from the Directive (Article 17 and         
SCI Data Standard Forms). These considerations are       
summarised below. 

III. TOWARDS A FUNCTIONAL PERSPECTIVE OF RS TOOLS IN THE 
CONTEXT OF THE HABITATS DIRECTIVE  

A. Opportunities 
Despite the legal obligations for monitoring established by        

the HD, the incorporation of ecosystem functions indicators to         
report the conservation status of habitats is hardly being put in           
practice [9]. This is mainly due to the static view of habitats in             
the HD, deriving from the definition of the habitats in Annex I            
of the HD, mainly to fit categories of a phytosociological          
classification, which was dictated by mapping priorities urged        
by the need to swiftly implement the Natura 2000 Network. In           
addition, managers and decision makers lack the most        
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up-to-date scientific and technical skills to effectively       
characterize habitat conservation status.  

By providing synoptic information across the Earth and        
long time series of imagery, RS data and derived products can           
strongly contribute to reveal and characterize habitat patches        
close to reference conditions for FCS (at national and regional          
scales) and to identify evidences and magnitude of spatial and          
temporal habitats dynamics (threshold conditions). Moreover,      
RS of ecosystem function has the potential to clarify the          
concepts around the biodiversity-ecosystem    
functioning-ecosystem services paradigm [10], and to provide       
new relevant technologies, proxies and methodologies to meet        
with the reporting obligations in the Essential Biological        
Variables (EBVs) framework [11]. First, the terminology       
jungle that involves the concepts of ecological process,        
ecosystem process, ecosystem functions and ecosystem      
services has been clarified [8]. Second, new sensors and data          
are continuously being developed [12], and the current off-the         
shelf RS data product are suitable for assessing diverse         
ecological and ecosystem processes [13]. Third, a       
well-established knowledge on proxies to main ecosystem       
processes driving ecosystem functions is available (e.g. NPP,        
evapotranspiration, soil respiration, decomposition), currently     
providing simple but very informative metrics to monitor        
ecosystem functions e.g. [14], distribution of species and        
communities [15], and ecosystem services, and protected areas        
[16]. Finally, methodologies to characterize habitats      
conservation status [17], [18] and stability [19] are being         
developed. This information is key to face important        
challenges posed by the HD, such as preserving habitats in the           
long term, understanding the likely consequences of climate        
change scenarios, or focusing management efforts to increase        
resilience. 

B. Limitations and challenges 
Specific ecosystem functions linked to FCS and to be         

preserved for its maintenance for the long-term, are likely to          
be habitat-type specific and need to be identified on a          
case-by-case basis, along with the relevant RS derived        
proxies. Consequently, while RS derived metrics and products        
should relate to EBVs, see [8], their application to habitats          
sensu HD need to be specific for allowing interpretation of          
their distinctive biodiversity and quantifying the main risks of         
drifting away from a FCS due to specificities in, e.g.          
disturbances regimes, climate change vulnerability, land use       
change, human pressures, and the abandonment of traditional        
management practices. Inherent case specificity, however does       
not prevent the definition of transferable (mainly across        
habitat types and time) of sound remote sensing based         
approaches [20]. 

Different sources of variability should be considered to        
inform on habitats conservation status. Variability in the        
nature of habitats include the heterogeneity of the criteria         
adopted for their definition, while most of them are defined          

according to vegetation composition and physiognomy, others       
are based on physiographic attributes. In addition, they occur         
at a wide variety of scales (from small patches to wide           
landscapes). This requires reconciling ecology ​vs remote       
sensing idiosyncratic notions of spatial scales, cf. [21], in         
order to adopt observation “grains” corresponding to those at         
which functions occur, at any extent of investigation (from         
local to regional) [22]. Variability in the assessment goals         
includes reference conditions (historical records of patches in        
FCS, historical range of variation), future prospects (trends,        
stability and thresholds in key processes for the long-term         
maintenance of habitat). Developing of fit-to-purpose products       
requires processing/investment of resources. 

IV. FROM DATA TO DECISION-MAKING 

Epistemological and technical issues affect the effectiveness       
and usefulness of the use of RS for managers and          
decision-makers, here we propose some steps to overcome        
these issues: 

● Strengthen the dialogue between the scientific      
communities involved in RS and biodiversity      
conservation, and between them and managers and       
decision-makers. For this, objects or models to       
facilitate the integration of needs and constraints of        
the different parties involved (e.g. data quality,       
scientific development, legal requirements, concrete     
problem-solving) ​[23][24] should probably be     
designed, and adopting a use-inspired perspective      
[25]. 

● Highlight conceptual impacts derived from the      
science of ecosystem functions on management.      
These impacts should basically coincide with      
well-documented scientific messages (i.e. links     
between ecological processes and ecosystem     
services) and advances that help to drive a paradigm         
shift. Sometimes these messages are very well       
established and obvious to scientists, but their       
dissemination is very important to connect with       
managers, decision-makers and society [10] [26].  

● Identify instrumental impacts useful to conservation      
practice and decision-making, through dissemination     
of successful examples of conservation status and       
ecosystem services assessment through RS (i.e. an       
evidence-based approach), and tools to facilitate      
satellite image processing (e.g. REMOTE [27],      
Google Earth Engine). 

● Explore the synergies and interoperability between      
products from different sensors, including fusion of       
optical multispectral and radar data [28]. 

● Produce indicators to couple with very clear final        
products for managers. In the case of HD, the         
evaluation of conservation status should involve a       
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system of traffic light signals with three categories        
(Favourable, Unfavourable-inadequate, and   
Unfavourable-bad) [18] and encompass several     
hierarchically nested levels: patch, site, ​NUTS 2,       
Member State, and biogeographic region. To each       
level should correspond a set of indicators according        
to the ecosystem functions to be monitored, and both         
the spatial scale and thematic resolution at which the         
habitat is considered. 

● Fostering RS purpose-headed capacity of managers      
and conservation practitioners [29].  
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