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Abstract

:

Habitat quality is the ability of the environment to provide conditions appropriate for individual and species persistence. Measuring or monitoring habitat quality requires complex integration of many properties of the ecosystem, where traditional terrestrial data collection methods have proven extremely time-demanding. Remote sensing has known potential to map various ecosystem properties, also allowing rigorous checking of accuracy and supporting standardized processing. Our Special Issue presents examples where remote sensing has been successfully used for habitat mapping, quantification of habitat quality parameters, or multi-parameter modelling of habitat quality itself. New frontiers such as bathymetric scanning, grassland vegetation classification and operational use were explored, various new ecological verification methods were introduced and integration with ongoing habitat conservation schemes was demonstrated. These studies show that remote sensing and Geoinformation Science for habitat quality analysis have evolved from isolated experimental studies to an active field of research with a dedicated community. It is expected that these new methods will substantially contribute to biodiversity conservation worldwide.
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Biodiversity is the single most threatened resource of humanity [1]. Strong commitments to protecting biodiversity have been made at global, continental and national levels, calling for an evidence-based approach to conservation. However, biodiversity is inherently difficult to quantify. Most of the operative approaches seek to quantify biodiversity of an ecosystem at a specific location either as: (1) the diversity of distinct “taxa” (species, functional groups, etc.) being present; or (2) the deviation from an ideal reference state of the studied ecosystem. Owing to its inherent normative/benchmark perspective, the second approach is particularly widely used in policy and participatory discourses. There are several working definitions which seek to operationalize the quantification of biodiversity from this perspective:

	
“Habitat quality” is a concept mostly used in ecology and conservation, defined as the ability of the environment to provide conditions appropriate for individual and population persistence [2].



	
“Ecosystem health” is a metric originating from the science of systems, combining system vigour, resilience and organization [3].



	
Finally, “conservation status” is the concept most favoured by protected area management, defined as “the sum of the influences acting on a natural habitat and its typical species that may affect its long-term natural distribution, structure and functions as well as the long-term survival of its typical species within the territory” [4].








Further notable similar concepts include “vegetation condition” [5,6], naturalness [7], hemeroby [8] and ecological integrity [9]. What all these concepts have in common is the requirement for a complex integration of many properties of the ecosystem, producing the output as a weighted sum that takes into account their individual importance. Delivering this complex information across the wide extents of protected nature areas (e.g., the 104 million hectares protected by Natura 2000 in the European Union) requires highly efficient, standardized and reliable data collection. Traditional terrestrial methods of habitat monitoring have often proven very time-demanding [10], and their precision is difficult to evaluate due to inter-subjective differences. Additionally, many valuable habitats are difficult to access.



These problems create the need for methods to generate repeatable results over very large scales quickly and with quantified accuracy. During the last decades, progress in remote sensing technology is increasingly contributing to the identification and quantification of species, structures and objects relevant for habitat quality monitoring [10].



This Special Issue contains a collection of papers on this topic, many of which had a pre-cursor presentation at the workshop “Remote Sensing and GIS for Monitoring Habitat Quality”, held on 24–25 September 2014 in Vienna, Austria [11]. The contributions address the challenge of monitoring habitat quality at various levels of information processing: The first level is identifying the location of habitats of interest, which is widely studied [12,13]. The second level is mapping of environmental, ecophysiological or biometric variables of a habitat that are of interest for determining habitat quality. This is established in natural resource management [14], but is rarely investigated in a conservation context as it requires the most important determinant of habitat quality to be known in advance [15,16]. The third, final level involves creating a model based on ecological knowledge that represents how several variables influence habitat quality, and using remote sensing to measure these variables and GIS to integrate them to a final habitat quality map. So far, this has been successful for studies of habitat quality for a particular species [17,18] but less straightforward for general conservation status [19].

	
At level 1, the mapping of habitat location, the operationalisation of the country-wide application of remote sensing is an important frontier. In our Special Issue, Lindgren et al. [20] provide an operational example of data integration for systematic landscape inventorying on a national scale.



Several studies in our Special Issue explore grasslands, which are rarely investigated from the remote sensing perspective. Grasslands require very high spatial resolution, but also pose problems to remote sensing since they are spectrally very similar. Using airborne hyperspectral imagery, Burai et al. successfully mapped up to 20 grassland classes [21] and Zlinszky et al. reached a spatial resolution up to 0.5 m using dual-season full-waveform airborne laser scanning [22,23]. Grasslands also necessitate an alternative approach to categorization: successful examples include using fuzzy set theory to determine probabilities of class membership [23], or the study of Neumann et al. where floristic composition was investigated using species ordination without using classes at all [24].



	
At level 2, new sensors and new processing algorithms have allowed mapping the main driver of habitat quality at a range of spatial scales. Mandlburger et al. have coupled airborne laser bathymetry [25] with a hydrodynamic model at the micro-habitat and meso-habitat scale to predict habitat quality for nase (Chondrostoma nasus) and how this is changed by flood events. Levick et al. applied high-density airborne laser scanning to map invasion of savannah ecosystems by an alien grass species (Andropogon gayanus) [26] at sub-regional to regional scale. Monitoring grassland management at large scales is also a challenge: MODIS data time series were successfully processed by Halabuk et al. to infer meadow cutting regimes at the scale of a whole country [27].



	
At level 3, the mapping of biodiversity and conservation status, verification is an important issue, typically done through the presence and absence of the species of interest. However, in our Special Issue, several alternatives for verification are presented. Hill et al. deployed a network of nest boxes equipped with scales, directly measuring the breeding success of songbirds and correlating this with forest structure quantified from airborne laser scanning [28].



Multiple indicator datasets allow an investigation of synergies and trade-offs between habitat quality from the perspective of several taxonomic and functional groups. An example of this is the correlation of satellite imagery and laser scanning-derived indices with the abundance and species richness of birds and flying and ground-dwelling insects by Lindberg et al. [29].



Integration with current terrestrial habitat quality monitoring schemes is also an important requirement that is often considered impossible to meet due to the complexity of habitat quality [30]. The most extensive habitat monitoring scheme in Europe (or in fact, globally) is arguably the Natura 2000 programme, where each EU member state develops its own guidelines for field-based conservation status monitoring. These guidelines require detailed surveying of many ecologically relevant variables, most of these classically considered out of reach for remote sensing [30]. Neumann et al. [24] meticulously calculated vegetation species composition of each pixel based on an analysis of hyperspectral imagery, and from this successfully inferred Natura 2000 conservation status for a site where field access is problematic due to the presence of unexploded military ordnance. Zlinszky et al. [23] successfully mapped 12 out of 13 conservation status parameters requested by the local field-based monitoring guidelines using airborne LIDAR, and integrated the resulting datasets using the weighting prescribed by the same scheme. The result was a remote sensing-derived conservation status map that meets the requirements of Natura 2000 monitoring.








Remote sensing and Geoinformation Systems (GIS) can deliver area-covering information on variables influencing habitat quality, but also allow optimization of fieldwork by detection of change and pre-selecting sites of interest. Furthermore, by standardizing the interpretation of digital remote sensing data, quantitative habitat parameters can be determined more reliably than in the field, and subjectivity can be reduced substantially. One of the most important conclusions of our Special Issue is that remote sensing and GIS for habitat quality analysis have evolved from isolated experimental studies to an active community with several wide-scale operational applications. Habitat mapping has influenced the whole field of remote sensing to the extent that now the sensor industry is aware of this market as well.



Increasing spatial and temporal resolution is a global trend in remote sensing, and combining this with the computational formalization of ecological information allows directly deriving habitat quality. Increasing data availability is also an important trend, which will be brought to a new level when Sentinel-2 and Landsat-8 datasets become available.



The main advantage of satellite imagery is ease of access. Many satellite datasets are available free of charge for research and non-profit applications. Their multi-temporal imaging capability is rarely matched by airborne sensors due to the cost of repeated flights.



Airborne imaging spectrometry has shown its ability to map species composition with extremely high accuracy. This technology is still only available for dedicated, small-scale surveys, but wherever complemented with ground data it delivers maps of unprecedented thematic (and especially taxonomic) detail, highly relevant for habitat quality mapping.



LIDAR data has especially proved its usefulness at levels 2 and 3 through its ability to map both radiometric and geometric properties of vegetation and thus provide information on multiple habitat quality parameters. Especially metrics of vegetation structure are very important for habitat quality monitoring and cannot be assessed at large scale from the ground. With the increasing coverage of LIDAR from national-scale surveys we expect LIDAR-based habitat quality assessment to allow a major step forward in regional-scale conservation.



Of course, this ongoing development of remote sensing does not mean that field sampling would be unnecessary. On the contrary, ground truthing of multiple parameters is extremely laborious, but the results can be worth the effort. One major issue is the comparability between sensor-based and field-based monitoring data. In many cases the achievable accuracies are similar but the methods and results take a different perspective on the same habitat. It is expected that assessment methods will be developed to allow a more direct relation between remotely sensed data and ecologically relevant parameters, and that remote sensing, ecology and management will all evolve in a way that facilitates compatibility.



Remote sensing and GIS are used more and more widely in governance and planning at national, regional and local scale. If habitat quality maps can be integrated into decision support systems and if their accuracy is convincing, they will allow the conservation of biodiversity and ecosystem services to be taken into account by governance in a spatially explicit way. However, this is only possible if the concept and especially the quantification of habitat quality is clear.



While the operational wide-scale application of remote sensing for habitat quality monitoring could be possible in the near future, it remains open whether local, regional or global policy is ready for the ‘Big Data’ challenge [31,32]. In an ideal world, a detailed quantification of biodiversity using remote sensing could impact on conservation and management in the same way that climate science and policy were boosted by the availability of global satellite data. However, remote sensing is very rarely integrated into local or regional biodiversity assessments, let alone global scale initiatives such as the Intergovernmental Panel for Biodiversity and Ecosystem Services.



If new concepts and algorithms prove to be reliable for regional-scale operational use, the technology can enter national and international-scale monitoring schemes such as required in Europe by the Habitats Directive and the Water Framework Directive. The EU has made strong commitments to protecting biodiversity but has been partially unable to monitor its progress towards meeting these targets [33,34]. A widespread application of remote sensing in habitat quality mapping and assessment could be a decisive step towards reaching the goals of the EU 2020 Biodiversity Strategy [35] and Convention on Biological Diversity.
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