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Summary 46 
Monitoring and reporting on the state of nature gained increasing importance in 47 
the European Union with the implementation of the Habitats Directive and the 48 
Natura 2000 network. Reporting habitat conservation status requires detailed 49 
knowledge on many aspects of habitats at different spatial levels. Remote 50 
sensing is recognised as a powerful tool to acquire synoptic data on habitats, but 51 
to date, its use for Natura 2000 monitoring and reporting is still very limited. One 52 
reason for this appears to be the knowledge gap between the nature 53 
conservation agencies and the remote sensing community. We conducted a 54 
review of legal monitoring and reporting requirements on Natura 2000 habitats, 55 
looked into the current use of remote sensing in habitat reporting, and consulted 56 
monitoring experts in nature conservation administrations to find out about their 57 
attitude and expectations towards remote sensing. In this paper, we disclose and 58 
summarise the real data needs behind the legal requirements for Natura 2000 59 
habitat monitoring and reporting, analyse opportunities and constraints for 60 
remote sensing, and highlight bottlenecks and pathways to resolve them. 61 
Monitoring experts are not unwilling to use remote sensing data, but they are 62 
unsure of whether remote sensing can suit their needs in a cost-effective way. 63 
They look upon remote sensing as a one-way process of data deliverance and fail 64 
to see the importance of their active cooperation. Based on our findings, we 65 
argue that the integration of remote sensing into Natura 2000 habitat monitoring 66 
could benefit from (1) harmonising and standardising approaches, (2) focusing 67 
on data at hand to develop readily useful products, (3) a proper validation of 68 
both traditional and remote sensing methods, and (4) an enhanced sharing and 69 
exchange of ideas and results between the different research communities 70 
involved. 71 
 72 
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 76 
Introduction 77 
 78 
Over the past decades, preserving our remaining natural heritage has become an 79 
issue of global concern, and this has been reflected in numerous legislative 80 
initiatives at different administrative levels. In the European Union, the Habitats 81 
Directive was adopted in 1992, imposing on EU member states the conservation 82 
of rare and/or threatened habitats and species of ‘Community interest’ (i.e. those 83 
habitats and species listed in annexes to the directive). 84 
 85 
From the first steps implementing the Directive, it became clear that many 86 
member states faced a great lack of knowledge on habitat distribution (Evans, 87 
2006). Although most member states have tackled this problem through 88 
intensive mapping projects, often by manual field surveys and with varying levels 89 
of detail, this is just the first step. Future stages in the implementation of the 90 
Directive involve setting up a monitoring and surveillance scheme by 2013, and 91 
reporting on the ‘conservation status’ of the habitats on a six-yearly basis. These 92 
stages will require detailed, reliable and up-to-date habitat distribution maps, 93 
stretching further than merely attributing a given vegetation patch to a habitat 94 
type, but also giving indications on its quality. National and regional authorities 95 
liable for nature conservation are thus faced with a major and urgent need for 96 
data, but limited means to acquire it. 97 
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 98 
Remote sensing is the science and art of obtaining information about an object, 99 
area or phenomenon through the analysis of data acquired by a device that is 100 
not in contact with the object, area or phenomenon under investigation (Lillesand 101 
et al., 2008). This definition highlights the two basic steps of the process: image 102 
data acquisition, and subsequent information extraction. 103 
Image data acquisition is performed by sensors, operated from airborne or 104 
spaceborne platforms, that measure electromagnetic energy emitted and 105 
reflected by the Earth’s surface. Originally, images were recorded on film and 106 
subsequently developed into analogue photographs, but digital sensors have now 107 
gradually replaced these early cameras. Progress in sensor development has led 108 
to images with ever higher spatial and spectral resolution. Imaging spectroscopy, 109 
lidar, radar and multiangle remote sensing constitute new technologies of 110 
particular relevance to (vegetation) ecology (Aplin, 2005). Today, just over 100 111 
Earth observation satellites are in orbit round the Earth, mostly at altitudes of 112 
600-900 km, carrying a wide variety of sensors each with their spatial, temporal, 113 
spectral and radiometric resolutions, depending on the purpose (CEOS, 2009). 114 
Nagendra and Rocchini (2008) present a brief overview of satellite sensors useful 115 
for biodiversity research. 116 
The process of information extraction has evolved rapidly too. Visual 117 
interpretation has long been the most obvious way to extract information from 118 
images, and it is still widely used. However, it is time- and labour-intensive and 119 
relies on subjective judgements (Lillesand et al., 2008). Throughout the last 120 
decades, numerous computer-assisted analytical tools have been developed to 121 
enhance information extraction. These mainly exploit the spectral information in 122 
the image, and incorporate reference data (e.g. from field-checks) to assign 123 
pixels to a certain class. More recently, there is a growing field of object-based 124 
analysis methods that incorporate spatial information in the image for 125 
classification, thus mimicking the way the human eye evaluates spatial patterns 126 
for object recognition (Blaschke et al., 2008). 127 
 128 
Using remote sensing for habitat mapping and monitoring offers multiple 129 
advantages over traditional field mapping, such as faster map production, insight 130 
into inaccessible terrain (e.g. large wetlands, remote mountain areas, restricted 131 
military areas), and increased repeatability of the mapping process (Buiten & 132 
Clevers, 1990). Nature conservation agencies have long recognised the potential 133 
of remote sensing, and have integrated visual interpretation of aerial 134 
photographs as an important tool in their operational workflow. In contrast, the 135 
adoption of more advanced, computer-assisted analysis techniques is lagging 136 
behind (Gross et al., 2009; Mehner et al., 2004), a finding which is also seen in 137 
the related discipline of landscape ecology (Newton et al., 2009; but see Groom 138 
et al., 2006). Ecologists, in general, seem to be reluctant to adopt new 139 
approaches (Aplin, 2005). In the application field of Natura 2000 habitat 140 
mapping and monitoring, the operational use of computer-assisted remote 141 
sensing analysis is seemingly limited to pilot projects and exemplary cases (e.g. 142 
Bock et al., 2005a; Diaz Varela et al., 2008; Förster et al., 2008; Frick et al., 143 
2005). In the past, advanced remote sensing techniques indeed fell short in 144 
mapping very detailed and specific biotopes like Natura 2000 habitats (Bock et 145 
al., 2005b), but technology is evolving rapidly, and newly emerging 146 
methodologies are opening up opportunities for novel applications of remote 147 
sensing data in monitoring (Aplin, 2005; Gross et al., 2009; Turner et al., 2003). 148 
 149 
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The main reason for the gap between the remote sensing community and the 150 
potential user community of monitoring experts seems to result from 151 
unfamiliarity and continued misperceptions of each other’s fields of work 152 
(Kennedy et al., 2009; Turner et al., 2003): Nature conservation organisations 153 
are generally unacquainted with remote sensing, and may not know what to 154 
expect from it or how to interpret and use it. Remote sensing scientists on the 155 
other hand may be focusing on technological development in their own field of 156 
specialism in the first place, without knowing exactly what nature 157 
conservationists need and how they intend to use it. This may lead to 158 
unreasonable expectations of end-users, the application of remote sensing 159 
methods that are not fully suited for the given purpose, disappointment of the 160 
end-users when the final products are delivered, and eventually a general 161 
disbelief in the added value of remote sensing. 162 
 163 
This paper focuses on defining the opportunities and bottlenecks for future 164 
application of advanced remote sensing methods in the mapping and monitoring 165 
of Natura 2000 habitats. By specifically concentrating on the existent gap 166 
between producer and stakeholder expectations, we identify some of the most 167 
important issues that need to be tackled to pave the way for a closer integration 168 
of both areas. The paper consists of four sections. Firstly, we analyse the legal 169 
context of Natura 2000 and the Habitats Directive, and identify the data needs 170 
that follow from it at different spatial levels. Secondly, we take stock of the 171 
current use of remote sensing in Natura 2000 habitat reporting, as disclosed by a 172 
recent EU-wide reporting event. Thirdly, we explore the attitude of the 173 
monitoring community towards the use of remote sensing, and define 174 
opportunities and constraints for remote sensing in the process of Natura 2000 175 
habitat mapping and monitoring. Finally, we formulate recommendations to 176 
facilitate the adoption of remote sensing in this application field. 177 
 178 
Methods 179 
 180 
In order to reach our objectives, we carried out a careful screening of relevant 181 
literature and existing data, and conferred with key parties involved in the 182 
Natura 2000 process. 183 
The Habitats Directive lays down the general outline of the monitoring and 184 
reporting obligations on Natura 2000 habitats. Detailed reporting requirements 185 
are elaborated, not in the Directive itself, but in several accompanying notes, 186 
guideline documents and appendices issued by the European Commission and 187 
other European institutions (e.g. European Commission, 2005a; ETC/BD, 2006a). 188 
Additionally, member state representatives have produced numerous reports, 189 
short notes and discussion papers that explore the consequences of the reporting 190 
for their particular cases. In the first part of this study, we reviewed and 191 
analysed many of these documents and deduced which kind of data member 192 
states need at what spatial level, to fulfil their reporting obligations. In the 193 
second part, we took advantage of data on habitat conservation status recently 194 
(2007) reported by 25 member states to the EU, to get a view on the actual use 195 
of remote sensing in Natura 2000 habitat status reporting. In the third and 196 
fourth part, we took a more direct approach by consulting members from the 197 
Natura 2000 monitoring community, to analyse their attitude and expectations 198 
towards the use of remote sensing in their specific application field. We paid 199 
special attention to the opportunities for remote sensing as perceived by these 200 
potential users, the preconditions to its use, and apparent bottlenecks that 201 
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hinder its application. Two workshops that brought together the remote sensing 202 
and the monitoring communities, one in Brussels, Belgium (24 October 2008; 203 
see http://habistat.vgt.vito.be), and one in Bonn, Germany (22-23 January 204 
2009; see Graef et al., 2009), laid out the major foundations of this part of the 205 
study. 206 
 207 
In this paper the terms ‘habitat’ and ‘habitat type’ refer to the habitats of 208 
Community interest, listed in the Annex 1 of the Habitats Directive and further 209 
defined in European Commission (2007). The term ‘remote sensing’ is used here 210 
to indicate the more advanced, computer-assisted analytical tools for information 211 
extraction from imagery, in particular from advanced sensors (e.g. multi- and 212 
hyperspectral, LiDAR, radar). Thus we specifically exclude the purely visual 213 
interpretation of aerial photographs or other (analogue or digital) images. 214 
 215 
Natura 2000 reporting obligations 216 
 217 
The European Union Council Directive on the conservation of natural habitats and 218 
of wild fauna and flora (92/43/EEC), also known as the ‘Habitats Directive’ or the 219 
‘Fauna-Flora-Habitats (FFH) Directive’, was adopted in 1992 as an 220 
implementation instrument of the 1979 Bern Convention on the Conservation of 221 
European Wildlife and Natural Habitats. Together with the Birds Directive 222 
(79/409/EEC), it constitutes the main legal framework for nature conservation in 223 
the European Union. Its aim is to contribute to the conservation of natural 224 
habitats and species of wild fauna and flora in the European territory of the 225 
Member States (European Commission, 2003). 226 
 227 
The habitats protected by the Habitats Directive are listed in its Annex 1. 228 
Originally, this annex listed 168 habitats. It was amended at various occasions, 229 
especially upon accession of new member states, and currently lists 231 habitat 230 
types in nine major habitat formations. Each habitat is coded with a unique four-231 
digit number. The list of habitats is very heterogeneous: the majority are defined 232 
by vegetation, but some are defined by physiographic features that may contain 233 
vegetated and unvegetated parts of different kinds (e.g. 1130 Estuaries). They 234 
may occur at a high variety of scales (from point locations up to complete 235 
landscapes), and differ also greatly in their inherent variability. The term 236 
‘biotopes’ or ‘biotope complexes’ would therefore be scientifically more correct 237 
(Evans, 2006). Guidance on the definition of the habitats is given in the 238 
European Interpretation Manual (European Commission, 2007 and earlier 239 
editions), which was subsequently used as the basis  for national interpretation 240 
guides by several Member States (e.g. Bensettiti, 2001-2005; Ellmauer and 241 
Traxler, 2000; Gathoye and Terneus, 2006; Janssen and Schaminee, 2003; 242 
Sterckx et al., 2007). 243 
 244 
In order to achieve the aims of the Habitats Directive, member states have to 245 
bring or maintain the habitats on their territory in a favourable conservation 246 
status. The latter concept refers to a situation where the habitat is prospering (in 247 
both quality and extent) and has good prospects to do so in the future as well 248 
(ETC/BD, 2006a). More specifically, member states have a number of liabilities to 249 
achieve the general aim of the Directive: (1) designate Natura 2000 sites where 250 
habitats occur (Art. 3 and 4 of the Directive); (2) set up monitoring schemes to 251 
follow the status of these habitats (Art. 11); and (3) report the findings of this 252 
monitoring to the European Commission on a six-yearly basis (Art. 17). 253 
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 254 
Designation of Natura 2000 sites 255 
In the past two decades, member states have identified the most valuable sites 256 
where habitats and species targeted by the Directive occur, and have granted 257 
these sites protection through inclusion in the Natura 2000 network. Upon site 258 
proposal, member states provided relevant data to the European Commission 259 
through the Standard Data Forms (European Commission, 1997), including site 260 
name and location, list of all habitats present with their surface area and 261 
conservation status in the site, management activities applied in the site, etc. 262 
The Commission expects this database to be kept accurate and valid, with at 263 
least six-yearly updates (European Commission, 2005b). The Natura 2000 264 
network is now nearing completion and includes at present about 17% of the 265 
terrestrial area of the EU (European Commission, 2009a). 266 
Formal protection as a Natura 2000 site means a.o. that the integrity of the site 267 
must be preserved. Any plan or project, both on or near a site,  with potential 268 
significant impacts on the site must therefore be subject to an ‘appropriate 269 
assessment’ prior to its execution, and any negative effects must be mitigated or 270 
compensated. A proper implementation of this obligation requires detailed, 271 
spatially explicit baseline data of the location, extent and quality of the habitats 272 
within each site and its surroundings. Unfortunately, in the present-day practice 273 
such data is often missing (European Commission, 2008). 274 
 275 
Monitoring and surveillance 276 
Setting up monitoring systems to keep track of the conservation status of 277 
habitats is a legal obligation under Article 11 of the Habitats Directive. These 278 
monitoring systems should not be limited to the Natura 2000 sites only, but 279 
should allow assessments of the conservation status of the habitats in the whole 280 
administrative territory of the member state. The European Commission does not 281 
provide guidelines as to how this monitoring should be done. Member states are 282 
free to choose their means and methods of gathering data, as long as the 283 
resulting data proves useful for the reporting under Article 17 (Cantarello and 284 
Newton, 2008). Unfortunately, this makes it more difficult to provide consistent 285 
figures on habitat conservation status across Europe, since monitoring methods 286 
differ significantly between countries and/or regions (Bunce et al., 2008; Mücher, 287 
2009). 288 
 289 
Reporting the conservation status of habitats 290 
Article 17 of the Directive obliges member states every six years to report on the 291 
conservation status of the habitats within their territory, drawing on the results 292 
of the monitoring under Article 11. The assessment of conservation status is 293 
based on four parameters (European Commission, 2005a; ETC/BD, 2006a): (1) 294 
area, being the sum of the patches that are actually occupied by the habitat; (2) 295 
range, being the region in which the habitat is likely to occur provided local 296 
conditions are suitable; (3) specific structures and functions, encompassing 297 
typical species and various indicators of habitat quality; and (4) future prospects 298 
for the survival of the habitat in the member state. The assessment involves 299 
application of a traffic-light scheme, where each parameter can be in a 300 
‘favourable’ (green), ‘unfavourable-inadequate’ (amber) or ‘unfavourable-bad’ 301 
(red) state. Criteria and thresholds for identifying the state of each parameter 302 
are provided in the general evaluation matrix (Table 1; European Commission, 303 
2005a). These include trend magnitudes for area and range (maximum 1% 304 
decline per year), the difference between area/range and a given reference value 305 



7/22 

(maximum 10% below the reference), and the amount of habitat area with 306 
specific structures and functions in bad condition (maximum 25% of area in bad 307 
condition). 308 
 309 
<Insert Table 1 approximately here> 310 
 311 
Interpretation of the parameters area and range is rather straightforward, if the 312 
necessary data is available, i.e. knowledge on the nationwide distribution of 313 
habitats. Interpreting the parameter specific structures and functions is more 314 
difficult, since it covers all aspects of habitat quality. Several member states 315 
have elaborated a framework to assess the local quality of habitat locations, 316 
using indicators and threshold values that are adapted to the country-specific 317 
variability of the habitats (e.g. Ellmauer, 2005; Søgaard et al., 2007; T’jollyn et 318 
al., 2009; Verbücheln et al., 2002). The assessment is first carried out on 319 
individual habitat locations. Weighted integration of these outcomes to the 320 
country- or biogeographical level then reveals whether more or less than 25% of 321 
the habitat area is in bad condition. Table 2 presents an example of such an 322 
assessment matrix for the habitat 2310 (‘Dry sand heaths on inland dunes’) in 323 
Flanders (Belgium). Figure 1 shows an extract from a habitat map of a heathland 324 
site, indicating the type and condition of individual habitat patches. Finally, the 325 
parameter future prospects is intended to indicate anticipated future trends in 326 
area, range and habitat quality, and estimates the expected impact from threats 327 
in the upcoming reporting period. Its assessment is mainly based on expert 328 
judgement. 329 
 330 
<Insert Table 2 approximately here> 331 
<Insert Figure 1 approximately here> 332 
 333 
Using the information reported by all member states, the European Commission 334 
draws up a six-yearly composite report with an overview of the actual 335 
conservation status of all habitats in Europe, integrated to the level of the 336 
European biogeographical regions (ETC/BD, 2006b). The latest reporting event 337 
under Article 17 took place in 2007 (reporting period 2001-2006) and involved 338 
the EU-25 (all member states except Romania and Bulgaria). The subsequent 339 
composite report, which appeared in 2009, showed that overall only 17% of the 340 
701 habitats assessments at European level led to the conclusion of favourable 341 
condition (European Commission, 2009b; see also 342 
http://biodiversity.eionet.europa.eu/article17). 343 
 344 
Data needs at three levels 345 
In summary, the data needs resulting from the Natura 2000 reporting obligations 346 
can be grouped at three spatial levels: (1) site level, (2) member state level, and 347 
(3) European level. 348 
At the level of individual Natura 2000 sites, effective conservation management 349 
and appropriate impact assessments of plans and projects require high-standard, 350 
spatially explicit data. A detailed and up-to-date inventory of the habitats in the 351 
sites is indispensable, providing accurate indication of the location, size and 352 
shape of each habitat patch, and not in the least, its quality (Mehner et al., 353 
2004). Stakeholders at this level are site owners and managers (public, private 354 
and non-governmental), local authorities, and companies doing environmental 355 
impact analyses. 356 
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At the member state level, the need for data mainly stems from the six-yearly 357 
requirement of reporting under Article 17. Habitat distribution maps are an 358 
indispensable part of the report and should be up-to-date and accurate enough 359 
to allow for reliable area, range and trend estimates. Equally important is the 360 
assessment of habitat quality, in particular the proportion of the habitat area in 361 
bad quality (to be reported as a figure, not as a map). Basic data on driving 362 
forces and pressures may further be necessary to assess the habitat’s future 363 
prospects. Stakeholders at this level are national and regional nature 364 
conservation administrations that are responsible for reporting to the EU, and/or 365 
that want to evaluate the effectiveness of their proper nature conservation 366 
policies. 367 
At the European level, the so-called composite report is the main instrument for 368 
assessing progress towards the aims of the Habitats Directive. The data used is 369 
those reported by the member states, but despite guidelines, there is a clear lack 370 
of consistency in member states’ approaches. This renders the integration of 371 
data at a European level difficult and in some cases even impossible (ETC/BD, 372 
2008). Member states have for example reported habitat distribution data in 373 
various ways (point locations, fine or coarse grids, polygons with varying 374 
minimum mapping units, etc.), making even the simplest of integration actions, 375 
the compilation of a Europe-wide habitat distribution map, an extremely difficult 376 
task. As a consequence, there is a clear need for a more harmonised approach at 377 
this level. Stakeholders are the European Commission and its Directorate-378 
General Environment, the European Environment Agency (EEA) and the 379 
European Topic Centre on Biological Diversity (ETC/BD). 380 
 381 
Current use of remote sensing for habitat reporting 382 
 383 
For the latest Art. 17 report (2007), member states were asked to indicate the 384 
method used for the area estimation of each habitat type, as one or more of the 385 
following three options: (1) only or mostly based on expert opinion; (2) based on 386 
remote sensing data (possibly including an element of ‘ground-truthing’); or (3) 387 
ground based survey. 18 out of 25 member states indicated having used remote 388 
sensing data (alone or in conjunction with other methods) for estimating the 389 
area of in total 130 different habitat types in 382 habitat conservation status 390 
assessments (14% of all habitat assessments, total N = 2759, data provided by 391 
ETC/BD). By contrast, information on the underlying remote sensing projects 392 
that actually produced the data used for the reporting is hard to find, since only 393 
little is published and the persons responsible for the reporting are mostly not 394 
the people that were involved in the remote sensing projects. Experts in 395 
Belgium, Ireland, Luxembourg, Spain and Sweden confirmed that the remote 396 
sensing data they used for their reports were all or to a large extent derived from 397 
airborne or satellite imagery by visual interpretation (see e.g. Departament de 398 
Medi Ambient i Habitatge, 2006; National Parks & Wildlife Service, 2007; Sanz 399 
Trullén & Benito Alonso, 2007; Skånes et al., 2007). We could not find enough 400 
details to be conclusive for other member states, but since this technique is 401 
widely integrated into vegetation and habitat mapping, we can assume that the 402 
same situation applies to many of them. The actual use of more advanced (semi-403 
automated or automated) remote sensing methods in the latest reporting event 404 
remains unknown, but is seemingly very limited. 405 
On the reporting form, the ‘methods used’-field was followed by a field asking for 406 
the quality of the data used for habitat area estimation. This field allowed only 407 
one entry per habitat and per biogeographical region, with three options to 408 
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choose from: poor, moderate or good. Table 3 shows a contingency table of the 409 
entries of both fields. Interestingly, there is a clear dependency of the chosen 410 
value for data quality upon the methods by which this data was gathered 411 
(Pearson Chi² test: Chi² = 822.18, d.f. = 4, P < .001, N = 2088; 671 records 412 
with missing values were omitted from the analysis). The administrations that 413 
did the reporting generally considered ground survey to deliver good or 414 
moderate quality data, while remote sensing was overall seen as moderately 415 
reliable, and expert opinion was judged to yield only moderate to poor reliability. 416 
This shows that nature conservation administrations generally have less 417 
confidence in remote sensing than in field work. Most likely, this stems from their 418 
view of remote sensing as comprising visual interpretation of an image by an 419 
operator at his desk, based on his knowledge and experience, but without (or 420 
with only limited) subsequent field checking. 421 
 422 
<Insert Table 3 approximately here> 423 
 424 
Opportunities for remote sensing 425 
 426 
Discussions with over 30 monitoring experts from administrations in 13 EU-427 
member states, aiming to explore their expectations towards remote sensing, 428 
revealed that they look upon it with an open but critical attitude. They see clear 429 
opportunities for its application in their work processes, and relate these 430 
opportunities to the following three main data requirements on habitats. 431 
 432 
Habitat distribution 433 
The production of habitat distribution maps, at various scale levels, constitutes 434 
an obvious area of high potential for remote sensing, as experts indicated. The 435 
advent of hyperspatial and hyperspectral sensors has indeed greatly enhanced 436 
the possibilities of distinguishing related habitat types at very fine scales (Turner 437 
et al., 2003). The end-users need such maps in the first place for estimating 438 
range and area of habitats, but they could also serve to define and update the 439 
sampling frame (the statistical ‘population’) of habitats for which field sample 440 
surveys are in place. The use of remote sensing also provides a major 441 
opportunity for harmonising Natura 2000 habitat mapping throughout Europe. 442 
 443 
Change detection 444 
Remote sensing is frequently identified as a powerful tool for detecting change 445 
(Kennedy et al., 2009; Mücher et al., 2000). Remote sensing driven change 446 
maps not only provide excellent instruments for estimating trends in range and 447 
area, but they also localise the areas where change has occurred. Monitoring 448 
experts highly value this asset, because it allows subsequent field work to 449 
concentrate on these areas, possibly yielding a significant increase in cost-450 
efficiency. 451 
 452 
Habitat quality 453 
Although the usefulness of remote sensing for habitat quality assessment is less 454 
straightforward for many monitoring experts, our consultations did reveal that 455 
there is an interest in remote sensing mediated delivery of data on selected 456 
indicators of habitat quality. Its potential for spatial indicators (e.g. patch size, 457 
fragmentation and connectivity measures; Mitchley and Xofis, 2005) and 458 
coverage of invasive (e.g. Andrew and Ustin, 2008) or other unwanted species 459 
(e.g. shrub and tree encroachment; Waser et al., 2008) has already been 460 
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demonstrated. But remote sensing can also provide methods to monitor specific 461 
biophysical and biochemical indicators of ecosystem functioning (e.g. leaf area 462 
index, normalized difference vegetation index, chlorophyll content, fractional 463 
cover, phenology, vegetation height; Kerr and Ostrovsky, 2003; Mücher, 2009). 464 
Many of these parameters are currently mainly applied at large scales (global, 465 
continental), see e.g. the Core Services on Bio-Geophysical Parameters of the 466 
EC-funded Geoland project (http://www.gmes-geoland.info/CS/CSP/index.php), 467 
which aim at facilitating policy-supporting applications in the fields of climate 468 
change (carbon fluxes), food security (crop monitoring), and global landcover 469 
change. The relation of such parameters with the more traditional habitat quality 470 
approach at the scale of the habitat patch is still to be investigated. 471 
The strength of remote sensing is its ability to deliver quantitative measures of 472 
such parameters in a standardised manner with full coverage over larger areas, 473 
whereas field surveys can only deliver this through point sample measurements 474 
and subsequent interpolation. The provision of such data by remote sensing may 475 
open new ways of looking at quality of Natura 2000 habitats. 476 
 477 
Preconditions for the use of remote sensing 478 
 479 
Despite their open attitude, monitoring organisations and managers are not 480 
prepared to use remote sensing at any price. Instead, experts indicated that 481 
there has to be a clear benefit to its use as compared to traditional methods, 482 
especially in terms of cost-effectiveness. To convince monitoring experts and 483 
hence enable future use in Natura 2000 reporting, remote sensing products 484 
should meet the following preconditions: 485 
 486 
Remote sensing products should be equal or higher in quality than what 487 
can be achieved through field surveys 488 
Nature conservation organisations want to work with reliable, up-to-date  and 489 
high-quality data. Quality can however be reflected in many different aspects of 490 
the product, such as classification accuracy, thematic detail, spatial resolution, 491 
geometric accuracy, covered areal extent, product type (vector/raster, pixel-492 
/object-based), repeatability and stability of the product, and representativeness 493 
for the actual situation. Depending on the strengths and weaknesses of their 494 
current products, organisations will value each of these quality aspects 495 
differently when evaluating new products. For instance, organisations that 496 
dispose of detailed maps of habitats on their territory will set high standards for 497 
the level of detail and accuracy of a new, remote sensing driven map, while 498 
administrations that lack such maps may already find benefit in a remote sensing 499 
map of broad habitat groups. 500 
 501 
Thematic accuracy of remote sensing maps is perhaps seen as the most 502 
important quality aspect by monitoring experts in our study. Since this accuracy 503 
is rarely above 80%, the latter perceive these maps as, at least partly, 504 
unreliable. Unfortunately, some fail to recognise that the same may apply to 505 
field-based maps: repeatability of traditional field mapping is known to be low if 506 
no adequate quality control/assurance system is included (e.g. Cherrill and 507 
McClean, 1999; Stevens et al., 2004). Nevertheless, an accuracy assessment of 508 
field maps is often neglected or non-existent, leading users to the false belief 509 
that the field map represents the ‘truth’. It is only fair that accuracy standards 510 
for remote sensing products should be based as much as possible on a 511 
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comparison with existing field-based products, and not be set to unrealistically 512 
high values. 513 
 514 
Remote sensing products should be available at equal or lower cost than 515 
products deduced from field surveys 516 
Nature conservation organisations are faced with limited means to accomplish 517 
their tasks, and are therefore reluctant to dedicate large sums to the 518 
development of a product without knowing exactly what they will get. To date, 519 
remote sensing products are often still very expensive, mostly due to the high 520 
cost of image data. In the mid- to long-term, a cost reduction can be expected 521 
from bringing techniques into wider operation. Meanwhile, a short-term option is 522 
to make use of imagery that is already available at no extra cost to the 523 
organisation. Often this includes data provided by other public service 524 
organisations, such as national mapping agencies. Agreements can be sought 525 
with other sectors that have similar data needs (e.g. agriculture), to ensure that 526 
newly acquired data is suitable for vegetation applications (implying acquisition 527 
during the growing season, with sensors that provide appropriate spatial and 528 
spectral resolution). 529 
 530 
In reality, there is of course a trade-off between the importance that is attached 531 
to the different quality specifications and the cost of the product. A remote 532 
sensing product that is lower in thematic detail, but much more up-to-date than 533 
a comparable field survey product, may be well worth using, especially when it is 534 
also cheaper to produce. Conversely, a considerable gain in quality of the data 535 
may justify using a product that is more expensive. On the other hand, 536 
monitoring experts also indicated that a product should not deliver higher quality 537 
than is strictly needed, if that implies that part of the cost for the product could 538 
have been diverted to other purposes. 539 
 540 
Bottlenecks and pathways to the integration of remote sensing in Natura 541 
2000 habitat monitoring 542 
 543 
In the following, we discuss a number of bottlenecks that hamper the general 544 
application of remote sensing in habitat monitoring. Concentrating efforts on 545 
tackling these issues may significantly enhance its applicability in this field. 546 
 547 
Harmonisation and standardisation of approaches 548 
Remote sensing, as a science, is a very diverse field. Potential users are mostly 549 
unfamiliar with the large variety of imagery and methodologies that are 550 
available, making it impossible for them to find the most suitable method for 551 
their needs. They call for the development of standardised approaches (in terms 552 
of image specifications, processing and classification techniques, time of image 553 
acquisition,…) that work best for their specific applications and which they can 554 
apply easily. However, the possible requirements and applications in the field of 555 
habitat monitoring are equally diverse. Since member states are free to 556 
determine their own methods and means for the monitoring of Natura 2000 557 
habitats, nature conservation agencies take the type and amount of data they 558 
already have at their disposal as a starting point to identify their specific 559 
monitoring needs. Standardised remote sensing products will therefore rarely 560 
suit the specific requirements of more than one or two end-user agencies. A 561 
harmonisation of monitoring approaches across the European Union, as an 562 
interdisciplinary collaboration between both research communities, could pave 563 
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the way for remote sensing products that are applicable in several member 564 
states. We illustrate this potential with two examples: 565 
 566 

Ex. 1: What pixel size is appropriate? 567 
Spatial resolution is perhaps the most important characteristic of a remote 568 
sensing product, because it has huge impacts on its applicability. Remote sensing 569 
specialists are aware of the importance of matching the spatial resolution with 570 
the object under investigation (e.g. Nagendra, 2001), yet they rarely receive 571 
valuable input on the matter from the future users, because the latter generally 572 
assume that higher spatial resolution will lead to better results. Hence, spatial 573 
resolution is usually determined by the choice of sensor or imagery, instead of 574 
the other way around. 575 
It is plausible to assume that a habitat can be characterised by what we call here 576 
an ‘intrinsic scale’, by which we mean that the surface area of most patches of 577 
that habitat falls within a typical size range. Such an intrinsic scale will not be the 578 
same for all habitats in a given area, and this should be taken into account when 579 
defining the required spatial resolution of the map product. The choice of certain 580 
imagery, through its spatial resolution, could limit the applicability of the product 581 
to certain habitats and at the same time exclude others. For instance, a field 582 
mapping of heathland habitat 4010 (‘Wet heaths with Erica tetralix L.’) in the 583 
Campine region of northeast Belgium revealed that 10% of the mapped habitat 584 
patches were under 700 m² (total N = 872; data from Paelinckx et al., 2009). 585 
For habitat 7150 (‘Depressions with Rhynchosporion’) in the same area, the 586 
corresponding value was 200 m² (total N = 27). Following the practical rule-of-587 
thumb that pixel area should be 2 to 5 times smaller than the area of the objects 588 
of interest (O'Neill et al., 1996), mapping the larger 90% of these habitat 589 
patches would require spatial resolutions of 12 to 18 m and 6 to 10 m pixel side, 590 
for habitat 4010 and 7150 respectively (where pixel side is calculated as the 591 
square root of half or one fifth of the patch size). In addition, mapping also the 592 
smallest 10% of patches with sufficient accuracy, or mapping internal patch 593 
heterogeneity for e.g. quality assessment, would require even much smaller pixel 594 
sizes (< 5 m; Lechner et al., 2009). 595 
Förster et al. (2008) note that there is at present no standard which defines a 596 
spatial reference size (e.g. a minimum mapping unit) for habitat mapping, and 597 
we have not found any study on intrinsic scales of habitats either. Handbooks for 598 
mapping do give minimum mapping units, but these are usually the same for all 599 
mapped elements and are based on other arguments than intrinsic habitat scales 600 
(e.g. operability of the method in the field). It is possible that research on this 601 
topic was hitherto hampered by the limits of field mapping methods: one can not 602 
map down to the smallest detail in the field, and (subjective) decisions have to 603 
be made on what to group together as an element. Yet, with monitoring 604 
becoming more and more important, and remote sensing becoming common 605 
practice, this knowledge gap will become more and more prominent. The 606 
question needs to be addressed by ecologists, but thanks to its versatility, 607 
remote sensing may well prove a useful tool for this type of research. 608 
 609 

Ex. 2: Harmonising habitat typologies 610 
Natura 2000 habitat typology may seem uniform throughout the EU, but this is 611 
just in appearance: member states have established different interpretations to 612 
the habitat definitions, often arising from relating the Natura 2000 types to their 613 
national vegetation classifications. Moreover, Natura 2000 habitats can be very 614 
heterogeneous in nature, including many possible subtypes. Both aspects hinder 615 
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the data compatibility between member states and the integration to a higher, 616 
European level. A common and consistent typology of European biotopes, to 617 
replace the present multitude of both European and national classification 618 
systems, could provide an important step towards a harmonisation of habitat 619 
mapping across Europe, and is even a prerequisite to enable the establishment 620 
of a long-term habitat monitoring system (Keramitsoglou et al., 2005). Such a 621 
typology should be comprehensive (include all parts of the domain), hierarchical 622 
in structure (to allow for accommodation of the thematic detail of the map legend 623 
to the map’s scale level; Lengyel et al., 2008), and enable unambiguous 624 
translation into Natura 2000 habitats. 625 
It is probably illusive, though, to think that such a typology could also become 626 
the standard legend for all remote sensing based habitat mapping. Remote 627 
sensing and field work measure different aspects of the same reality, mainly 628 
mediated by the scale at which they operate. Many remote sensing projects 629 
therefore include the development of linkage systems to relate remote sensing 630 
data with field data, and to translate remote sensing measures into meaningful 631 
information pertaining to the desired classes (in this case Natura 2000 habitats; 632 
see Haest et al., subm. for an elaborated example). The integration of such 633 
dedicated linkage systems into a common information framework, encompassing 634 
relationships at different scales, is however very likely to stimulate the 635 
interchangeability of remote sensing methods between different sites and 636 
member states across Europe. 637 
 638 
Development of readily useful products with readily available data 639 
In recent years, nature conservation administrations have been faced with high 640 
data needs over short time. Some monitoring experts have looked into the 641 
possibilities offered by remote sensing, but noticed that many of these products 642 
are still in an early development phase, and that it will require many more years 643 
to reach a fully operational phase. They feel that an important reason for this is 644 
in the desire of remote sensing scientists to contribute to technological progress 645 
in their own specialisms. Such cutting-edge science very often makes use of new 646 
and expensive sensors and methods, for which the large scale applicability in the 647 
near future still needs to be demonstrated. These users suggest that remote 648 
sensing scientists should focus on developing products and services that fulfil the 649 
existent data needs, using imagery and technology that is and will be easily 650 
available now (e.g. Landsat) or in the near future (e.g. GMES Sentinel-2). 651 
 652 
Integration of RS-products into existing GIS-systems 653 
Potential users of remote sensing products do not want to be burdened with the 654 
need for new software or extensive trainings to learn to work with it. They want 655 
remote sensing products and services to be user-friendly and intuitive and to 656 
integrate seamlessly with the GIS-systems and geo-databases that they already 657 
have in place (Bock et al., 2005b). 658 
 659 
Validation of methods using a proper validation framework 660 
The most effective way to stimulate the adoption of remote sensing in the field of 661 
habitat monitoring is by providing considerable gain on cost-effectiveness when 662 
compared to traditional (field) methods. But assessing the merits and limitations 663 
of several possible approaches, including field methods, should be done in an 664 
objective manner. This requires a dedicated validation framework. Such a 665 
framework should evaluate not only the classical thematic map accuracy (of both 666 
remote sensing and field maps), but also include compliance to other 667 
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requirements such as suitability for the intended use, repeatability of the 668 
obtained result, transferability to other settings, a comparison of the associated 669 
costs, and others. 670 
 671 
Strengthening the dialogue between the remote sensing and nature 672 
conservation communities 673 
Mutual understanding requires a common language to be used. In order to 674 
resolve misunderstandings and perceived mismatches, increased cooperation and 675 
communication between producers and final users is needed. On the one hand, 676 
this can be achieved by setting up facilities for an enhanced sharing of ideas and 677 
results. Monitoring experts expressed their need for comprehensive, plain 678 
overviews of what is feasible with remote sensing. Attempts to compile such 679 
overviews have been made before (e.g. Ahlcrona et al., 2001; CEH, 2007), but 680 
they are often rapidly outdated or too specific to serve the broader community. 681 
Remote sensing scientists from their side expressed a wish for more information 682 
on what kind of field data is available among nature conservation organisations, 683 
and what data is still needed. Such information could be brought together in 684 
databases or web-based compendia, to facilitate exchange and enable easy 685 
updating. 686 
On the other hand, end-users need to get involved in the development of remote 687 
sensing products from as early as possible. This requires efforts from both sides: 688 
Remote sensing scientists have to include users in the development process, 689 
listen to their requirements and expectations and take these into account. 690 
Monitoring experts have to give up their passive attitude towards remote 691 
sensing, and be prepared to think and re-think about their requirements, express 692 
them in terms that remote sensing scientists can understand and work with, and 693 
cooperate to find solutions to apparently insurmountable problems. As stated by 694 
Kennedy et al. (2009), success is the responsibility of both parties. 695 
 696 
Conclusions 697 
 698 
In this paper, we aimed to define opportunities as well as constraints for a wider 699 
integration of advanced remote sensing methods in the mapping and monitoring 700 
of Natura 2000 habitats. The Natura 2000 programme and the Habitats Directive 701 
have indeed set high standards for nature conservation in Europe. Numerous 702 
stakeholders are involved, each with their specific data needs at the European, 703 
national or site level. The one thing they have in common, is that the extent or 704 
required detail of their needs generally goes well beyond what is practically 705 
achievable with field survey alone. 706 
Up to now, the use of advanced (semi-)automatic remote sensing in operational 707 
Natura 2000 habitat monitoring has been very limited. This will have to change, 708 
but the solution will not come from remote sensing specialists alone. Fortunately, 709 
monitoring experts do see potential applications for remote sensing in habitat 710 
mapping, change detection and even quality assessment. They are also willing to 711 
adopt remote sensing methods, provided that they are affordable and offer good 712 
quality products. But they often fail to see the importance of their active 713 
cooperation in the process. 714 
A number of actions could be taken to enhance the integration of remote sensing 715 
and habitat monitoring, such as an enforced effort for harmonisation and 716 
standardisation of approaches, an increased interest in developing readily useful 717 
products, which integrate seamlessly with existing workflows, and a fair 718 
validation of both traditional and remote sensing methods. Most importantly 719 
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though, there is a need for a more active involvement from both parties, 720 
especially the monitoring community, in order to develop products that really suit 721 
the needs of their future users. We call upon monitoring experts and remote 722 
sensing scientists to enter into a dialogue, discover what can reasonably be 723 
expected, define exact user and product requirements, exchange ideas, data and 724 
results, set standards for a common validation framework and strive for 725 
integration and synergies between remote sensing and field approaches. Only 726 
this way can the potential of remote sensing be exploited to the benefit of the 727 
preservation of Europe’s natural heritage. 728 
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Figures 963 
Figure 1: Extract from a habitat map of a heathland area in Flanders (Belgium). 964 
Annex I habitat types were mapped in the field, and local conservation status of 965 
each patch was scored using T’jollyn et al. (2009; see Table 2). Habitat types: 966 
2310 – ‘Dry sand heaths with Calluna and Genista’; 2330 – ‘Inland dunes with 967 
open Corynephorus and Agrostis grasslands’; 4010 – ‘Northern Atlantic wet 968 
heaths with Erica tetralix’; 7150 – ‘Depressions on peat substrates of the 969 
Rhynchosporion’; nh – no Annex I habitat. Vertical (green) hatching: good local 970 
conservation status. Horizontal (red) hatching: bad local conservation status. 971 
Habitat map taken from Paelinckx et al. (2009), property of INBO. Base image 972 
property of AGIV and Provincie Limburg. 973 
 974 
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Tables 978 
Table 1: General evaluation matrix for the assessment of overall conservation 979 
status of a habitat per biogeographical region within a member state, as used in 980 
the process of reporting under Article 17 of the Habitats Directive. (from: 981 
European Commission, 2005a) 982 
 983 
Parameter Conservation Status 

 
Favourable 
('green') 

Unfavourable – 
Inadequate  
('amber') 

Unfavourable - 
Bad 

('red') 

Unknown 
(insufficient 
information to 

make an 
assessment) 

Range Stable (loss and 
expansion in 
balance) or 
increasing AND not 
smaller than the 
'favourable 
reference range' 
 

Any other 
combination 
 

Large decrease: 
Equivalent to a loss 
of more than 1% 
per year within 
period specified by 
MS 
OR 
More than 10% 
below ‘favourable 
reference range’ 

No or insufficient 
reliable information 
available 

Area covered by 
habitat type 
within range 

Stable (loss and 
expansion in 
balance) or 
increasing AND not 
smaller than the 
'favourable 
reference area' AND 
without significant 
changes in 
distribution pattern 
within range (if data 
available) 
 

Any other 
combination 

Large decrease in 
surface area: 
Equivalent to a loss 
of more than 1% 
per year (indicative 
value MS may 
deviate from if duly 
justified) within 
period specified by 
MS  
OR 
With major losses in 
distribution pattern 
within range 
OR 
More than 10% 
below ‘favourable 
reference area’ 

No or insufficient 
reliable information 
available 

Specific structures 
and functions 
(including typical 
species) 

Structures and 
functions (including 
typical species) in 
good condition and 
no significant 
deteriorations / 
pressures. 

Any other 
combination 

More than 25% of 
the area is 
unfavourable as 
regards its specific 
structures and 
functions (including 
typical species) 

No or insufficient 
reliable information 
available 

Future prospects 
(as regards range, 
area covered and 
specific structures 
and functions) 

The habitats 
prospects for its 
future are excellent 
/ good, no 
significant impact 
from threats 
expected; long-term 
viability assured. 

Any other 
combination 

The habitats 
prospects are bad, 
severe impact from 
threats expected; 
long-term viability 
not assured. 

No or insufficient 
reliable information 
available 

Overall 
assessment of CS 

All 'green' 
OR 

three 'green' and 
one 'unknown' 

One or more 'amber' 
but no 'red'  

One or more  'red'  

Two or more 
'unknown' combined 

with green or all 
“unknown’ 

984 
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Table 2: Indicators and thresholds for the assessment of the local conservation 985 
status (CS) of patches of the habitat type 2310 (‘Dry sand heaths with Calluna 986 
and Genista on inland dunes’) in Flanders (Belgium). (after: T’jollyn et al., 2009) 987 
 988 

Habitat type 
2310 

Indicator 

Good local CS Bad local CS 

Explanatory notes A – good 
quality 

B – 
moderate 
quality 

C – low 
quality 

Habitat 
structure 

cover of 
dwarf shrubs 

≥ co-dominant < co-
dominant 

dwarf shrubs include: Calluna 
vulgaris, Erica tetralix, Genista 
anglica, G. pilosa, Vaccinium 
vitis-idaea 

 Age 
structure of 
Calluna 
vulgaris 

all phases 
present 

2 or 3 
phases 
present 

only 1 phase 
present 

phases are: pioneer, building, 
mature and degenerate phase 

 bare sand > 10% 1 – 10% < 1%  
 cover of 

mosses and 
lichens 

> 10% 1 – 10% < 1% includes all mosses and lichens 
except Campylopus introflexus 

Vegetation presence of 
key species 

Calluna and 
3 or more 
other key 
species (at 

least 
occasionally) 

present 

Calluna and 
1 or 2 other 
key species 

(at least 
occasionally) 

present 

only Calluna 
present 

or 
all key 

species less 
than 

occasionally 
present 

key species include: Calluna 
vulgaris, Agrostis vinealis, Aira 
praecox, Carex arenaria, 
Corynephorus canescens, 
Cuscuta epithymum, Filago 
minima, Genista anglica, G. 
pilosa, Spergula morisonii, 
Teesdalia nudicaulis 

Indicators of 
disturbances 

cover of 
grasses and 
tall herbs 

< 30% 30 – 50% > 50% grasses include: Molinia 
caerulea, Deschampsia flexuosa, 
Agrostis spp.; tall herbs include: 
Pteridium aquilinum, Rubus spp. 

 cover of 
trees and 
shrubs 

< 10% 10 – 30% > 30%  

 cover of 
invasive 
alien species 

0% < 10% ≥ 10% in particular: Campylopus 
introflexus 

 989 
 990 
 991 
 992 
Table 3: Contingency table of used method and perceived data quality for habitat 993 
area estimation, as reported by member states in the Art. 17 reporting on 994 
habitat conservation status in 2007. Records with missing values and records 995 
where two or more methods were reported were omitted. Source data provided 996 
by ETC/BD. 997 
 998 
Used method Quality of data Total 

Good Moderate Poor 
Ground survey 421 415 72 908 
Remote sensing 27 236 31 294 
Expert opinion 22 407 457 886 
Total 470 1058 560 2088 

 999 


