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Abstract 

Over the past decades, remote sensing has been repeatedly identified as a prom-

ising and powerful tool to aid nature conservation. Many methods and applications 

of remote sensing to monitor biodiversity have indeed been published, and contin-

ue to be at an increasing rate. As such, remote sensing is seemingly living up to its 

expectations, yet its actual use in nature conservation (or rather the lack thereof) 

contradicts this. We argue that, at least for the practical implementation of regular 

vegetation monitoring, including within protected areas (e.g., European Natura 

2000 sites), a lack of transferability of remote sensing methods is an overlooked 

factor that hinders its effective operational use for nature conservation. Among the 

causes of poor method transferability is the large variation in objects of interest, 

user requirements, ground reference data, and image properties, but also the lack 

of consideration of transferability during method development. To stimulate the 

adoption of remote sensing based techniques in vegetation monitoring and conser-

vation, we recommend that a number of actions are taken. We call upon remote 
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sensing scientists and nature monitoring experts to specifically consider and 

demonstrate method transferability by using widely available image data, limiting 

ground reference data dependence, and making their preferably open-source pro-

gramming code publicly available. Furthermore, we recommend that nature con-

servation specialists are open and realistic about potential outcomes by not expect-

ing the replacement of current in-place methodologies, and actively contributing 

to the thought process of generating transferable and repeatable methods. We be-

lieve a new focus on method repeatability instead of novelty, would herald a ma-

ture era for remote sensing in nature conservation, in which remote sensing, 

through its operational use, would truly live up to its potential for nature conserva-

tion. 
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1. Introduction 

Remote sensing and, in particular, earth observation (i.e., the gathering of infor-

mation about the earth’s surface and events on it from the air or from space; Jones 

and Vaughan, 2010), has been around as a tool and a science for several decades. 

Over the years, technological advancements in sensors (increasing spatial and 

spectral resolution, active sensors), platforms (satellites, airborne, and more re-

cently unmanned systems), image analysis techniques (e.g., object-based image 

analysis; Blaschke et al., 2014) and computer processing capacity have made the 

tool ever more powerful. Not surprisingly, remote sensing has repeatedly been 

identified as a very promising and powerful tool to aid biodiversity mapping and 

monitoring (e.g., Stoms and Estes, 1993; Innes and Koch, 1998; Nagendra, 2001; 

Kerr and Ostrovsky, 2003; Turner et al., 2003; Aplin, 2005; Xie et al., 2008; Gross 

et al., 2009; Wang et al., 2010; Nagendra et al., 2013; Corbane et al., 2015; Pet-

torelli et al., 2016), and many studies have set out to develop practical applications 

of remote sensing to specific needs of the ecological and conservation communi-

ties (e.g., Feilhauer et al., 2014; Franke et al., 2012; Kopec et al., 2016; Neumann 

et al., 2015; Riedler et al., 2015; Thoonen et al., 2013; Zlinszky et al., 2014). In-

deed, the use of remote sensing offers a number of distinct advantages over field-

based data collection, such as the provision of a spatially explicit and consistent 

view over larger areas, that is free of a priori interpretation at the time of data col-

lection. It also allows for easier updates, and even retrospective evaluation of 

changes (when archive images are available) (Vanden Borre et al., 2011a). 

Natura 2000 is a European Union-wide policy aimed at the restoration and long-

term maintenance of the most typical and most threatened habitat types and spe-
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cies in Europe. As part of its implementation, EU member states have selected 

outstanding natural areas within their territories to become part of the Natura 2000 

network (Evans, 2012), and are monitoring and reporting the status of species and 

habitat types on their territory in six-yearly intervals. Vanden Borre et al. (2011b) 

analysed the use of remote sensing in this process and found that its application 

was mostly limited to research contexts. Despite the potential advantages and con-

tinuous scientific and technological progress, the step towards operational moni-

toring using remote sensing appeared to be too big a hurdle to take. It has been 

suggested that ecologists have lagged behind in adopting the new technological 

opportunities provided by remote sensing (Newton et al., 2009; Horning et al., 

2010), and one could easily think that this is because remote sensing requires 

technical skills that are too far from general ecologists’ skills. But is that really the 

case? And if so, is it the only reason? Ecologists and nature conservationists have 

not been particularly slow in taking up other useful technologies when they 

emerged, such as GPS and radio tracking, population genetic analysis, aerial pho-

tography and GIS, computer-intensive statistical procedures, or citizen science, 

each of which requiring specialized skills and (often expensive) equipment. 

In this paper, we focus on another critical factor that, in our view, may form a ma-

jor barrier to the operationalization of remote sensing in nature conservation ap-

plications, but is all too often overlooked. That factor is method transferability, or 

more precisely, the lack thereof. We argue that poor transferability of remote sens-

ing methods may be the cause of many disappointments among potential users, 

and therefore hinder further attempts to their operational implementation in biodi-

versity conservation. We discuss different causes of poor method transferability, 

and illustrate this with some examples based on Natura 2000 habitat monitoring, 

an application field where operationalization of remote sensing monitoring could 

have a large impact. Finally, we discuss pathways to overcome the current mis-

match, and make remote sensing applications more widely useful and transferable. 

2. Transferability as a critical success factor: the case of 

Natura 2000 habitat monitoring 

Vanden Borre et al. (2011b) noticed a low uptake of operational remote sensing in 

Natura 2000 habitat monitoring. Several possible causes were put forward, both 

on the technical and on the practical side. Technical challenges include, for in-

stance, the fact that habitat types strongly vary in scale, show high variation across 

Europe, and sometimes can only be reliably identified by the presence of a select-

ed set of indicator species (the latter mostly occurring in low numbers) (Vanden 

Borre et al., 2011a). Challenges of a more practical kind are inter alia the difficul-

ty of obtaining suitable image data at a suitable time, and the potentially high cost 

associated with that. Also, many potential user organizations lack the profound 
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GIS and remote sensing skills needed to effectively make use of this type of in-

formation (Kennedy et al., 2009). 

While each of these causes may be valid, another aspect has, until now, been 

largely ignored but could prove to be a critical factor, namely: a lack of method 

transferability. With the right kind of data and properly fine-tuned methods, re-

mote sensing can deliver highly detailed spatial and thematic information. Many 

biodiversity monitoring schemes, such as Natura 2000 habitat monitoring, require, 

or at least benefit from, high spatial and thematic detail. However, when details 

are important, and the potential to extract such detail is there, approaches not sur-

prisingly tend to be specifically geared to the problem at hand. After all, remote 

sensing scientists, like other scientists, need to publish to persist. And failures 

usually do not make it to publication (Fanelli, 2012; Matosin et al., 2014). Addi-

tionally, in a method-focused field like remote sensing, coming up with novel 

methods further increases the chances of getting the work published. In recent 

years, the number of published methods for detailed remote sensing of Natura 

2000 habitats has soared. Many of these include extensive fine-tuning to tackle 

complex problems. As such, the methods are often adjusted to one particular loca-

tion, to such an extent that it may jeopardize their applicability elsewhere. 

3. Possible causes of poor transferability 

3.1 Objects of interest differ (even if they carry the same 

name) 

Biodiversity is extremely diverse, as are the stakeholders in biodiversity conserva-

tion and the (living) objects they are studying, monitoring and/or conserving. Alt-

hough designated by the same name, objects may actually be extremely variable 

across Europe or even globally, and therefore hard to define. Forest, for instance, 

is a widely used and intuitively understood term, but the variation in national for-

est definitions is huge, with different thresholds applied for crown closure, tree 

height, minimum area and minimum width (Lawrence et al., 2010). As a result, 

what is considered a forest in one country, may not classify as a forest in a neigh-

bouring country, or vice versa. 

Natura 2000 habitat types provide another example of different definitions under 

the same name. Although this typology is embedded in European legislation, 

guidance from the EU on the identification of the different habitat types has been 

rather limited and biased towards regions with pre-existing vegetation typologies 

(UK, Germany, Nordic countries) at the time when the list was drawn up (Evans, 

2006). As a result, most member states produced their own national interpretation 
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handbooks for the habitat types on their territory, with varying levels of agreement 

between states. To illustrate this variation, we screened a selection of these hand-

books (see Annex 1) for the national definitions of two rather widespread habitat 

types, i.e., ‘European dry heaths’ (Natura 2000 code: 4030) (45 descriptive defini-

tions of the type or subtypes found, in 18 different sources, from 10 member 

states) and ‘Luzulo-Fagetum beech forests’ (Natura 2000 code: 9110) (19 descrip-

tions, 16 sources, 8 member states), and noted the plant species mentioned as 

‘characteristic’, ‘typical’, ‘indicative’, or similar wordings. Looking at these spe-

cies lists, the extent of the variation (or the difference in interpretation) becomes 

immediately obvious (Figure 3.1). The vast majority (68%) of species were men-

tioned only once or twice. Of the 219 vascular plant species and 37 lichens and 

mosses typical of ‘European dry heaths’, only eleven vascular plant species (i.e., 

5%) and one moss were mentioned in more than a quarter of the descriptions. For 

the ‘Luzulo-Fagetum beech forests’, the species list is somewhat more uniform, 

with 23 out of 90 vascular plants (26%) and three out of nine mosses mentioned in 

more than a quarter of the habitat descriptions. The low agreement in component 

species is partly due to different ecological characteristics of the habitat across Eu-

rope, but different interpretations between member states, and even between re-

gions within a member state, undoubtedly also play a role (Evans, 2010). 

 

 

Figure 3.1 Histogram of the number of national habitat definitions in which a 

plant species is mentioned, for two Natura 2000 habitat types (4030 – Euro-

pean dry heaths, and 9110 – Luzulo-Fagetum beech forests, both including 

subtypes). The majority of species are only mentioned for a few (sub)types in 

a few member states. In contrast, only a few species, mainly vascular plants, 

are mentioned in the bulk of the descriptions. 
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3.2 User requirements abound and differ (even if they appear 

similar) 

Understanding user requirements is an integral part of the design of any kind of 

product, and is critical to the eventual success of the final product. Discovering the 

real requirements, however, is often difficult. Different people will define a specif-

ic set of needs in different ways, mostly depending on their personal experience, 

interests and expectations. Furthermore, most users typically think along the lines 

of their current framework and existing workflows, rather than being innovative 

and focusing on the real needs (both current and future) and exploiting technical 

developments. Similarly, users are not always aware of the specifications of cur-

rent products and of the potential of future products. As a result, what is a similar 

requirement at first sight (e.g., conservation status of a habitat) may actually re-

veal very different underlying data needs. In heathlands for instance, desiccation 

and atmospheric nitrogen deposition both lead to the dominance of Purple moor-

grass (Molinia caerulea). From a remote sensing perspective, the observation (i.e., 

the grass cover) is the same, but from a management perspective, different actions 

are required. 

Conservation status reporting under Natura 2000 requires four aspects for each 

habitat to be monitored and assessed against thresholds or reference values: habi-

tat area, habitat range, specific structures and functions (incl. typical species), and 

future prospects (ETC/BD, 2011; see also Vanden Borre et al., 2011b). To assess 

the specific structures and functions, several EU member states have taken an ap-

proach to evaluate local habitat quality at (all or a sample of) individual habitat 

occurrences, and identified relevant indicators to grade habitat quality in the field 

(e.g., North Rhine-Westphalia, Germany: Verbücheln et al., 2002; Austria: 

Ellmauer, 2005; Flanders, Belgium: T’jollyn et al., 2009). Such an approach also 

benefits local conservation managers, by providing data on where habitats are in 

good or poor condition. This may be directly used to prioritize the areas where 

conservation actions are needed most. 

Generally, the indicators cover floristic and/or fauna composition (e.g., number of 

key species present), vegetation structure (e.g., height, cover, proportion of dead 

wood), disturbances (e.g., invasive species), and landscape configuration (e.g., 

connectivity and isolation). All these indicators relate to specific properties of the 

habitat (Bock et al., 2005), and hence contain useful information for managers and 

policy-makers (Spanhove et al., 2012; T’jollyn et al., 2009), but their relative im-

portance in the eventual conservation status assessment strongly depends on the 

context (geographically, socio-economically, etc.). Adding to that the large varia-

tion between and within habitat types, it becomes clear that ‘default’ remote sens-

ing methods will only be able to address a small number of indicators. A degree of 

adaptation of the method will generally be unavoidable. 
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As an example, we evaluated the indicators that are used for the assessment of 

natural habitats in Flanders (T’jollyn et al., 2009) and Germany (PAN & ILÖK, 

2010). In Flanders, 120 indicators have been defined for 43 habitat types (69 sub-

types). Frequently used indicators are the number and spatial coverage of key spe-

cies, and some widespread threats like forest, grass and tall herb encroachment 

and alien invasive species. The majority of the indicators, however, are only rele-

vant for a few habitats, and almost half of them (48%) are used for only one habi-

tat type or subtype (Figure 3.2). Figure 3.3 shows the results of a ‘rarefaction’-like 

analysis, where the number of conservation status indicators or key species is 

modelled as a function of the number of habitat (sub)types evaluated, for Flanders 

(T’jollyn et al., 2009) and Germany (PAN & ILÖK, 2010). None of the curves 

shows signs of nearing a plateau value, indicating that any habitat type added will 

further raise the total number of indicators/species on which data need to be gath-

ered. 

 

 

Figure 3.2 Histogram of the number of habitat (sub)types in which a given 

indicator is used in the Flemish manual for conservation status assessments 

(T’jollyn et al. 2009). The majority of the indicators are used for one or a few 

habitat (sub) types only. 
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Figure 3.3 ‘Rarefaction’-like curves of the total number of conservation sta-

tus indicators or key species as a function of the number of habitats evaluat-

ed. (A) and (B) Conservation status indicators resp. key species for Flanders. 

(C) Key species for Germany. Shading indicates 95% confidence intervals, 

based on Monte Carlo bootstrap method. For none of these cases, a plateau 

value is reached, indicating that additional habitat types would require in-

formation on a mostly new set of indicators or species. 

3.3 Available ground reference data differ 

Ground reference data, if available, come in many forms, both sampling-wise and 

content-wise (Stehman and Czaplewski, 1998). Depending on the applied sam-

pling design, samples can be provided as points (but referring to a spatial sample 

unit on the ground of all possible sizes and shapes) or as objects (polygons). Their 

selection can have followed random or non-random sampling principles, and they 

can have been collected in the field, or deduced from other (usually older) map in-

formation. With respect to content, the dataset can contain all classes in the area, 

or only target classes. Likewise, it can have mixtures and gradients between clas-

ses included, or (un-)intentionally excluded from the dataset. Sample sizes can be 

more or less evenly spread over the classes, or highly skewed. Also, the data can 

be topical or (partially) outdated. In some cases, reference data can even be com-

pletely absent. 

All these aspects affect the potential outcome and application of specific remote 

sensing methods to a certain degree. Given the currently limited sharing of refer-

ence data (Pettorelli et al., 2014), which further impedes the availability of similar 

reference data over different areas, the impact of ground reference data availability 

on remote sensing method transferability cannot be disregarded.  
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3.4 Image properties differ 

In common with ground reference data, image data also come in a variety of 

forms. Not only do specifications for each sensor differ (number and location of 

bands, band widths and spectral sensitivities, spatial and radiometric resolutions, 

known and unknown flaws and anomalies,…), commonly applied pre-processing 

algorithms may further inflate differences, even between two images of the same 

sensor (through resampling and reductions in spatial, spectral and/or radiometric 

resolution) (Jones and Vaughan, 2010). For vegetation monitoring however, con-

straints in applications most often arise from difficulties in obtaining suitable 

high-resolution imagery. A limited number of data providers, cloudy weather, and 

yearly variations in vegetation phenology, make it very difficult to obtain truly 

comparable pairs of image data from two different timestamps. 

4. Real-world examples 

Next, we present some examples of transfer cases from our own experience, illus-

trating the type of problems that occurred, and the solutions that were (sometimes) 

found. 

The method we tested for transferability was originally developed in the frame-

work of a Belgian research project called ‘HABISTAT’. Its aim was to map Natu-

ra 2000 habitat types and their conservation status in Natura 2000 sites, with a fo-

cus on Atlantic heathland in Flanders. The method is described in Haest et al. 

(2010) and Haest et al. (2017). In short, it consists of a supervised classification 

(Linear Discriminant Analysis) of vegetation using classes geared towards remote 

identification, followed by a rule-based reclassification into occurrences (‘patch-

es’) of Natura 2000 habitat. 

In the frame of a follow-up project ‘MS.MONINA’ (EU 7th Framework Pro-

gramme), three transfer cases were tested, with the method being applied to: (i) 

the original study area, but at later dates, (ii) a Continental heathland ecosystem in 

Germany, and (iii) a coastal dune ecosystem in Flanders. In the course of the tests, 

several method adjustments had to be made: 

 In the original context of the HABISTAT project, the study area of Atlantic 

heathland was intensively visited, with many hundreds of field reference plots 

recorded in either carefully selected homogeneous vegetation patches or in 

random locations, which served as training and validation data respectively. 

In a more operational remote sensing context, such large datasets are rarely 

available, and therefore, the method had to be extended to accommodate dif-

ferent types of training data. In particular, the method was adapted to work 

with extracted training data from existing (field-driven) vegetation maps, ra-
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ther than the point-based field plots in the original version. We considered 

two options, using either single or multiple points per polygon of the field 

map. 

 For the new study sites in the transfer cases, a new remote-sensing oriented 

classification scheme had to be developed, based on vegetation descriptions 

or maps of the new study sites. It was not always straightforward to ‘translate’ 

existing field data into the new classification scheme, either because the exist-

ing classification was too detailed or not detailed enough, or because the ex-

isting field information was biased towards a few specific vegetation types 

only. 

 The reclassification algorithms to convert a vegetation map into a habitat map 

also had to be further developed. Reclassification rules were added or adapted 

to deal with the known habitats that occurred on the new study sites. Further-

more, the rules for delineating ‘relevant’ habitat patches (based on the 

BIOHAB method; Bunce et al., 2008) were extended to work not only in a 

heathland context, but (at least in theory) in all European ecosystems. 

It is important to notice that in the tests, we did not strive for success at all cost. It 

was our intention to evaluate what could be done with the method in – what we 

considered – a realistic timeframe. We therefore limited the available time to ap-

proximately two weeks of work per case. If, after that time, we did not feel yet we 

were on track to a result in the very near future, we would stop the test. 

4.1 Transfer Test Case 1: To later dates 

4.3.1 Study site 

The heathland of Kalmthoutse Heide is part of a cross-border Natura 2000 site in 

Belgium and the Netherlands, located some 20 km northeast of the city of Ant-

werp (Belgium), in the Atlantic Biogeographical Region of Europe. It consists of a 

core area of over 1000 ha of open heathland and inland dunes, surrounded by 

broad-leaved forests (oak, birch) and pine plantations. Prevailing Natura 2000 

habitat types are wet (4010) and dry heathland (4030) and open habitats on inland 

dunes (2310 and 2330). The area is also home to a wide range of heathland-

associated birds, reptiles, amphibians and invertebrates. 

The site’s location, amidst an intensively used agricultural area (especially ferti-

lizer-demanding maize culture) and in the vicinity of the port of Antwerp’s indus-

try, makes it extremely prone to nutrient enrichment from atmospheric deposi-

tions. This results in the encroachment of Purple moorgrass (Molinia caerulea) at 

the expense of the ericoid dwarf shrub vegetation (Calluna vulgaris and Erica te-
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tralix) that is typical of heathlands. Other pressures include dune fixation by an 

invasive exotic moss species (Campylopus introflexus), desiccation from drinking 

water extraction, recreational use, and uncontrolled wildfires. The management 

primarily aims at counteracting the negative effects of nutrient accumulation, 

through grazing, mowing and sod-cutting, and restoring the natural dynamics of 

the inland dunes. 

4.3.2 Method application 

The original application of our method was on a hyperspectral image of 

Kalmthoutse Heide, taken on the 2nd of June 2007 (sensor: Airborne Hyperspec-

tral Scanner - AHS, flown by the Spanish National Institute of Aeronautics - 

INTA). For this transfer case, the method was then re-applied on several hyper-

spectral images of the same area but of later dates (2010, 2011 and 2012; sensor: 

Airborne Prism Experiment – APEX, flown by the German Aerospace Centre - 

DLR). 

The same hierarchical classification scheme (Table 4.1) and the same reference 

dataset (containing data from 2007-2009) were re-used on each occasion. Howev-

er, all field data were checked on aerial photos to account for major events that 

would render them invalid for further use (sod cutting, tree removal, wildfire,…). 

Therefore, the effective sample size for training and validation gradually de-

creased from 2010 to 2012. 

 

 

Table 4.1  Four-level classification scheme for the Grenspark De Zoom-

Kalmthoutse Heide 

 

Level 1 Level 2 Level 3 Level 4 

H 
Heath-

land 

Hd 
Dry heath-

land 
Hdc 

Calluna vulgaris-dominated 

heathland 

Hdcy 
Calluna-stand of predominantly 

young age 

Hdca 
Calluna-stand of predominantly 

adult age 

Hdco 
Calluna-stand of predominantly 

old age 

Hdcm 
Calluna-stand of mixed age 

classes 

Hw 
Wet heath-

land 
Hwe 

Erica tetralix-dominated heath-

land 
Hwe- 

Erica tetralix-dominated heath-

land 
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Hg 

Grass-

encroached 

heathland 

Hgm 
Molinia caerulea-dominated 

heathland 

Hgmd Molinia-stand on dry soil 

Hgmw Molinia-stand on moist soil 

Hgd 
Deschampsia flexuosa-

dominated heathland 
Hgd- 

Deschampsia flexuosa-

dominated heathland 

Hs 

Shrub/Tree-

encroached 

heathland 

Hst Tree-encroached heathland Hst- Tree-encroached heathland 

Hsr Rubus-encroached heathland Hsr- Rubus-encroached heathland 

G 
Grass-

land 

Gt 
Temporary 

grassland 
Gt- Temporary grassland Gt-- Temporary grassland 

Gp 
Permanent 

grassland 

Gpa 
Permanent grassland in inten-

sive agricultural use 

Gpap 
Species-poor permanent agri-

cultural grassland 

Gpar 
Species-rich permanent agricul-

tural grassland 

Gpn 
Permanent grassland with semi-

natural vegetation 
Gpnd 

Dry semi-natural permanent 

grassland 

Gpj 
Juncus effusus-dominated 

grassland 
Gpj- 

Juncus effusus-dominated 

grassland 

F Forest 

Fc 
Coniferous 

forest 
Fcp Pine forest 

Fcpc Corsican pine 

Fcps Scots pine 

Fd 
Deciduous 

forest 

Fdb Birch forest Fdb- Birch forest 

Fdq Oak forest Fdqz Pedunculate oak 

S 
Sand 

dune 

Sb Bare sand Sb- Bare sand Sb-- Bare sand 

Sf 
Fixed sand 

dune 

Sfg 
Sand dune with grasses as im-

portant fixators 
Sfgm 

Sand dune fixed by grasses and 

mosses 

Sfm 
Sand dune with mosses as dom-

inating fixators 

Sfmc 
Fixed sand dune with predomi-

nantly Campylopus introflexus 

Sfmp 
Fixed sand dune with predomi-

nantly Polytrichum piliferum 

W 
Water 

body 
Wo 

Oligotrophic 

water body 

Wov 
Shallow, vegetated oligotrophic 

water body 
Wov- 

Shallow, vegetated oligotrophic 

water body 

Wou Unvegetated oligotrophic water Wou- Unvegetated oligotrophic water 

A 
Arable 

fields 
Ac 

Arable field 

with crop 

Acm Arable field – maize Acm- Arable field – maize 

Aco Arable field - other crops Aco- Arable field - other crops 
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Table 4.2  Overview of obtained accuracies of method transfer to later dates, 

for the Grenspark De Zoom-Kalmthoutse Heide. AHS: Airborne Hyperspectral 

Scanner; APEX: Airborne Prism Experiment. Level: see Table 4.1; OA: overall 

accuracy; Avg. PA: average producer’s accuracy; Avg. UA: average user’s accu-

racy 

 

Image 

date 

Image 

type 

Training 

sample 

size 

Level OA (%) 
Avg. PA 

(%) 

Avg. UA 

(%) 
Kappa 

2007- AHS 938 1 93.82 93.19 94.00 0.93 

June-02 
 

2 90.19 89.63 90.09 0.89 

  
3 87.10 79.83 84.85 0.86 

    4 81.24 69.87 73.64 0.80 

2010- APEX 1375 1 89.09 86.40 88.03 0.86 

June-28 
 

2 83.93 83.76 84.52 0.82 

  
3 81.16 74.96 78.57 0.79 

    4 70.84 63.65 66.43 0.69 

2011- APEX 687 1 87.48 87.59 87.86 0.85 

June-27 
 

2 83.99 83.10 84.38 0.82 

  
3 77.87 71.32 74.49 0.76 

    4 69.87 62.67 64.45 0.68 

2011- APEX 687 1 85.15 85.34 85.09 0.82 

Sept-24 
 

2 80.49 77.77 80.31 0.78 

  
3 75.84 66.22 72.85 0.74 

    4 68.70 59.62 63.53 0.67 

2012- APEX 686 1 87.32 87.70 87.71 0.85 

July-02 
 

2 81.49 78.91 79.16 0.79 

  
3 74.20 66.13 68.97 0.72 

    4 67.64 58.55 59.59 0.65 

 

An overview of accuracies obtained after transfer can be found in Table 4.2. Not 

surprisingly, accuracy levels decreased from level 1 (6 classes) to level 4 (24 clas-

ses), due to the increasing level of complexity and fewer training samples per 

class. It was also apparent that accuracy levels dropped from 2007 to 2012. This 

can be explained by the increasing time gap between the acquisitions of the train-

ing data (2007-2009) and the imagery. 

Figure 4.1 shows the dynamics of an excerpt of the Kalmthoutse Heide as revealed 

by the time series of image classifications. The sudden and large increase of Sfm 

(bare sand with some mosses) in June 2011 was a result of a wildfire in May 2011. 

In the following months and years, this bare sand was gradually recolonized, 

mainly by Molinia caerulea (Hgm). 
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Figure 4.1 Excerpts of the Kalmthoutse Heide time series, 2007-2012. Classi-

fication at level 3 of the classification scheme. Legend: see Table 1. 

 

4.2 Transfer Test Case 2: To a different site - from Atlantic to 

Continental heathland 

4.3.1 Study site 

The Wahner Heide is a heathland in between the cities of Cologne and Bonn in 

Germany, in the Continental Biogeographical Region of Europe. In terms of vege-

tation (and Natura 2000 habitats), the area is similar to the Kalmthoutse Heide: a 

complex mixture of dry and wet heathlands, inland dunes, open grasslands and 

forested areas. Its history, however, is different. Whereas Kalmthoutse Heide has 

been a nature reserve attracting visitors for almost a century, Wahner Heide was 

used as military training grounds up until the 1990s. During that time, exercises 

with heavy military tanks kept the area open, while at the same time inaccessible 

to the public. Once the military use was discontinued, the area underwent a transi-
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tion into successional forests and the use as a local recreation area increased. A 

management plan is currently in place to preserve the open habitats. 

4.3.2 Method application 

Good field reference data for training is crucial for a successful application of the 

method. For Wahner Heide, no tailor-made dataset like in Kalmthout was availa-

ble. Instead, data from three different sources were compiled: two sets of vegeta-

tion relevés from 2011 and an old vegetation map of 1990. However, despite this 

apparent wealth of data, we did not succeed in drawing up a useful classification 

scheme for the area. The datasets turned out to be too different in typology and de-

tail, and lacked almost all spatial overlap. No other information on vegetation 

types or Natura 2000 habitats was available, and we had no personal acquaintance 

with the area. As a result, the transfer attempt had to be ceased before obtaining 

any result. 

4.3 Transfer Test Case 3: To a different ecosystem - from 

heathlands to coastal dunes 

4.3.1 Study site 

The Flemish nature reserve De Westhoek is one of the oldest nature reserves in 

Belgium and the largest remaining area of coastal dunes in the country, bordering 

France at its westernmost tip. It hosts a variety of Natura 2000 habitats, such as 

Marram (Ammophila arenaria) dunes (2120), grey dunes (2130), Sea-buckthorn 

(Hippophae rhamnoides) shrub (2160), Creeping willow (Salix repens) shrub 

(2170), wooded dunes (2180), and humid dune slacks (2190). Although this array 

of habitats is completely different from Kalmthoutse Heide, the landscape is struc-

turally very similar, consisting mainly of dry sandy dunes, either bare or covered 

with grasses, mosses or low shrubs, interspersed with humid depressions and oc-

casional snippets of woodland. Moreover, there are also parallels in threats and 

disturbances to both sites: dune fixation, invasive exotic species, groundwater ex-

tractions and recreational use are affecting the functioning of the ecosystem. 

Therefore, we considered it appropriate to test the transferability of our method 

from heathland ecosystems to coastal dune ecosystems. 
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4.3.2 Method application 

Hyperspectral APEX images of the area were acquired on 14 June 2011. First task 

was to draw up a remote sensing oriented classification scheme for this site. This 

was especially crucial since it was the first time the method was to be applied out-

side heathlands. For the Westhoek, a detailed (almost to the level of dominant 

species) and recent (2010) vegetation map was available, which proved very valu-

able for this task. The resulting classification scheme is shown in Table 4.3. 

Training data extraction proved less straightforward. Since the source data were 

provided as polygons, selecting random pixels within these polygons for training 

could not exclude the possibility of including impure pixels. Furthermore, the 

training dataset was highly imbalanced, with a high amount of Hawthorn (Cratae-

gus monogyna). First trial classification runs indeed showed this imbalance to 

cause problems, but after several adaptations (see introduction to § 4. Real-world 

examples), the accuracy levels could be brought to an acceptable level (see Table 

4.4; validation based on a separate dataset extracted from the same source map of 

2010). However, the next step, the translation into a habitat map by the rule-based 

reclassification algorithm (Haest et al., 2017), resulted in clear errors: the ‘No hab-

itat type’ class dominated overall, although the area in reality is almost entirely 

covered by Natura 2000 habitats. It seems that the higher species diversity in 

coastal dunes, compared to heathlands, proved difficult to accommodate in simple 

rules. Substantial additional fine-tuning of the rule-base would be needed to make 

this step work satisfactorily, which we did not pursue, as it would have taken more 

time and raised the risk of over-fitting to one site. The classification result at Level 

3 and an excerpt of the erroneous habitat map is shown in Figure 4.2. 

 

Table 4.4  Accuracy of vegetation classification for De Westhoek based on a 

separate validation dataset. Level: see Table 3; OA: overall accuracy; Avg. PA: 

average producer’s accuracy; Avg. UA: average user’s accuracy 

 

Level 
No of clas-

ses 

No of sam-

ples 
OA (%) Avg. PA (%) Avg. UA (%) Kappa 

1 7 1619 83.8 65.4 75.2 0.75 

2 10 1618 79.5 50.9 63.6 0.71 

3 17 1618 76.1 48.6 57.9 0.69 

4 31 1388 72.2 43.3 56.4 0.68 

 

 



 

 

Table 4.3  Four-level classification scheme for the Flemish nature reserve De Westhoek 

 

Level 1 Level 2 Level 3 Level 4 

P 

Pioneer vege-

tations on 

sand 

PS 
Pioneer vegetations on 

sand 
PS-a Pioneer vegetations of dynamic dunes 

ammopare Marram (Ammophila arenaria) 

festujun Rush-leaved Fescue (Festuca juncifolia) 

pion_mix mixed vegetation or other dominant species on sand 

L 

Low non-

woody vege-

tations 

LM Moss dunes LM-t Moss dunes torturur Syntrichia (Tortula) ruraliformis 

LH 
Herb-dominated vege-

tations of fixed dunes 

LH-g Herb-dominated vegetations on dry sand grassveg Low grassland vegetation on dry sand 

LH-j Herb-dominated vegetations on wet sand slackveg Low dune slack vegetation 

H 

High non-

woody vege-

tations 

HT Tall grasses and herbs 
HT-c Tall grasses calamepi Wood Small-reed (Calamagrostis epigejos) 

HT-u Tall herbs (nettles, thistles) tallherb Tall herbs (nettles, thistles) 

HF Helophyte vegetations HF-f Helophyte vegetations phragaus Common Reed (Phragmites australis) 

S 
Shrubs and 

bushes 

SL Low shrubs 

SL-s Creeping Willow salixrep Creeping Willow (Salix repens) 

SL-i Burnet Rose rosa_pim Burnet Rose (Rosa pimpinellifolia) 

SL-r Rubus rubusfru Bramble (Rubus fruticosus agg.) 

SH High shrubs 

SH-h Sea-buckthorn hipporha Sea-buckthorn (Hippophae rhamnoides) 

SH-p Other high shrubs 

cratamon Hawthorn (Crataegus monogyna) 

ligusvul Wild Privet (Ligustrum vulgare) 

prunuspi Blackthorn (Prunus spinosa) 

salixcin Grey Willow (Salix cinerea) 

clemavit Traveller's Joy (Clematis vitalba) 

sambunig Elder (Sambucus nigra) 

SHex High shrubs - exotic prunuser Rum Cherry (Prunus serotina) 

T Trees TD Deciduous trees TDIb Indigenous deciduous trees 

acer_pse Sycamore (Acer pseudoplatanus) 

betulspp Birch (Betula spp.) 

fraxiexc Ash (Fraxinus excelsior) 
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quercrob Common Oak (Quercus robur) 

salixalb White Willow (Salix alba) 

alnusglu Alder (Alnus glutinosa) 

TDNb Non-indigenous deciduous trees 
populxca Hybrid Black Poplar (Populus x canadensis) 

populalb White/Grey Poplar ('Abele'; Populus alba/canescens) 

U Unvegetated US Bare sand US-o Bare sand baresand Bare sand 

W Water WW Water WWVw Water - with aquatic vegetation 
waterveg Water - with aquatic vegetation - no Charaphyceae 

watercha Water - with aquatic vegetation incl Charaphyceae 

 

 



 

 

 

 

Figure 4.2 Classification excerpt at level 3 (left) and resulting (erroneous) 

habitat map (right) for De Westhoek. Classification legend: see Table 4.3; habi-

tat code legend: see main text § 4.3.1. 

5. Towards better transferability 

In the previous sections, we identified the lack of transferability as a potential ma-

jor impediment for the use of remote sensing methods, discussed possible causes, 

and illustrated the problem with some examples from our own work. In the fol-

lowing, we want to explore some possible solutions, and make recommendations 

to overcome the problem and stimulate the uptake of remote sensing in Natura 

2000 habitat conservation. 

5.1 Use more widely available image data 

User requirements in vegetation remote sensing can be diverse and demanding. As 

a result, there is a tendency to use state-of-the-art image data (hyperspectral and/or 
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very high spatial resolution) to fulfil requirements as much as possible. Although 

this has its scientific merit, obtaining good quality data of such types can be quite 

cumbersome: data providers are few, demand is high and data are costly. Less ex-

pensive images may be bought from the archive, but this gives less control over 

timing of imagery. Moreover, clouds and year-to-year phenological variations 

may make it virtually impossible to obtain truly comparable image pairs of differ-

ent years suitable for change detection analysis. At the same time, there is a range 

of cheaper or even free data products whose potential has not been fully tested, at 

least not for detailed Natura 2000 habitat conservation: Landsat, Aster and, since 

2015, Sentinel-2 all provide multispectral data of a somewhat lower spatial resolu-

tion (10 – 60 m) than is mostly desired, but it is hard to imagine that this excludes 

any application on Natura 2000 habitats, even at a local level (e.g., Feilhauer et al., 

2014). Moreover, many countries routinely acquire aerial orthophotos of very high 

spatial resolution (< 2m pixel resolution), which are sometimes available for free 

to government agencies and NGOs, and which could be combined with satellite 

data. Even with these free data sources acquiring the perfect data set (e.g., in terms 

of timing, cloud cover etc.) may still be a challenge but at least these data have the 

advantage of not consuming substantive components of the available budget be-

fore the work even starts. 

5.2 Limit the dependence on ground reference data 

Obtaining good reference data (i.e., the right variables, collected at the right time, 

in the right way and the right format, and in sufficient amount) is often a problem, 

both for training and for validation. Existing data may turn out to be (wholly or 

partly) of limited use for various reasons. For example, they may be too old, do 

not cover the core/entire area or are inconsistent in content and coverage. Collect-

ing new data may be too expensive or impractical because of, for example, inac-

cessible terrain and sub-optimal seasons.  Generally, it is advisable to rely on easi-

ly accessible reference data (e.g., from online map services like Google Earth) or 

limit the reference data dependency altogether to enhance transferability. The best 

way to achieve this is probably to reduce the complexity of the reference dataset 

as much as possible, to a level where it balances fitness for purpose with technical 

feasibility. Ontology-based methods (e.g., Nieland et al., 2015) may also boost the 

chances of successfully re-using existing, non-tailor-made datasets, but more re-

search is needed to make these methods applicable for non-experts. 
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5.3 Exploit the strengths of remote sensing 

Vegetation types are complex phenomena. Over the course of decades, ecologists 

have developed ways of studying and describing this complexity, mostly involv-

ing the classification of a continuous phenomenon into vegetation types, i.e., cate-

gories characterized by plant species and their abundances. Through careful study, 

temporal changes in vegetation types have also been linked to changes in envi-

ronmental conditions, and further to pressures and driving forces causing these 

changes. This provided a framework for monitoring vegetation status, which was 

eagerly adopted in Natura 2000 monitoring. 

With the advent of remote sensing, attempts were (and are) made to apply this 

new technology as an alternative data source for established monitoring methods. 

However, this is not necessarily the best way to exploit remote sensing. Vanden 

Borre et al. (2011b) already pointed out that remote sensing may be far more suit-

ed for studying vegetation, and unravelling linkages, in ways that were previously 

unimaginable. However, this requires active involvement and forward-thinking 

creativity of both users and method developers to come up with methods that do 

not solely replace existing monitoring schemes, but result in new approaches to 

biodiversity monitoring in which remote sensing methods are integrated with other 

methods, such as field surveys. 

In recent years, a number of such approaches have emerged. For instance, Buck et 

al. (2015) identified features of relevance for Natura 2000 grasslands, and mapped 

these as raster information layers over larger areas from various remote sensing or 

other sources. These information layers constitute a type of primitives that can be 

flexibly used by ecologists to infer conclusions about grassland habitat types, such 

as probability of occurrence, intensity of use, threats, etc. Since these information 

layers (e.g., patch size and shape, spectral homogeneity, line structures, temporal 

profile of biomass) are usually derived from established remote sensing methods, 

they are less error-prone than a direct grassland habitat classification, and more 

flexible in accommodating changed relationships (e.g., over space or time) be-

tween these information layers and the habitat types. Hence, they are expected to 

be more easily transferable. 

Lucas et al. (2015) used the principle of data primitives in various stages of their 

EODHaM system, a comprehensive method aimed at consistent mapping of land 

cover and Natura 2000 habitat types in and around Natura 2000 sites. Whereas ob-

taining the data primitives from remote sensing data is more or less straightfor-

ward (e.g., spectral indices, but also: size, shape and density of small objects with-

in larger objects, e.g., tree crowns within a forest versus an orchard), their 

translation to Natura 2000 habitat types is achieved through rulesets based on ex-

pert input, which allows for a more flexible adaptation to different geographical 

settings. 
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5.4 More considerations for repeatability and transferability 

Transferability is undervalued, and rarely explicitly assessed in publications (one 

exception is Keramitsoglou et al., 2015). Nevertheless, we are convinced that 

more consideration for, and transparency about, transferability will have beneficial 

effects on the reputation of remote sensing, and eventually its uptake, in the Natu-

ra 2000 monitoring community. It will help potential users to get an idea of what 

is achievable with remote sensing (avoiding unrealistic expectations). It will also 

help remote sensing scientists to detect flaws and dependencies in their methods, 

and fix them. Therefore, we call upon the scientific community to be more consid-

erate towards the transferability of remote sensing methods, by testing it them-

selves, or by making it easy for others to do so, e.g., by releasing their (preferably 

open-source) programming code into the public domain. 

6. Conclusions 

Remote sensing has been around as a tool for several decades, but its uptake in 

operational monitoring for nature conservation remains rather limited. In this pa-

per, we argued that poor method transferability may be a hitherto overlooked 

cause of that. Until now, the complexity of biodiversity has been captured using 

mostly tailor-made remote sensing approaches, which were then promoted among 

other members of the nature conservation community with presumably the same 

requirements. However, transfer of the approach often resulted in unsatisfactory 

results, leading to disappointment in the potential of remote sensing among in-

tended users. Although poor method transferability is not the only cause for poor 

uptake of remote sensing products in nature conservation, we call upon both the 

remote sensing and the nature conservation communities to consider wider ap-

plicability at an early stage when new methods are devised. Doing so might be ex-

actly what is needed to unlock the full potential of remote sensing for biodiversity 

monitoring, and induce its regular operational use. 
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Annex 1 

Habitat manuals and other sources of habitat descriptions used for the analysis in § 3.1, listed per 

EU member state (and region), with number of subtypes per habitat (4030: total 45; 9110: total 

19). 



 

 

Member state 

(region) 

Habitat manual No of descripti-

ons 

  4030 9110 

     

EU  European Commission - DG Environment - Nature and biodiversity 2007. Interpretation manual of European Union - 

Habitats EUR 27. [in English] 

5 1 

  http://ec.europa.eu/environment/nature/legislation/habitatsdirective/docs/2007_07_im.pdf    

     

AT  Ellmauer T. 2005. Entwicklung von Kriterien, Indikatoren und Schwellenwerten zur Beurteilung des Erhaltungs-

zustandes der Natura 2000-Schutzgüter. Band 3: Lebensraumtypen des Anhangs I der Fauna-Flora-Habitat-

Richtlinie.[in German] 

1 1 

  http://www.umweltbundesamt.at/fileadmin/site/umweltthemen/naturschutz/Berichte_GEZ/Band_3_FFH-

Lebensraumtypen.pdf  

  

    
AT  Ellmauer T. & Traxler A. 2000. Handbuch der FFH-Lebensraumtypen Österreichs. Umweltbundesamt GmbH, Vien-

na. [in German] 

1 1 
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