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Abstract 

 

The Natura 2000 network is an important step towards nature conservation in 

the European Union. The member states have to report an assessment about 

the preservation of their Natura 2000 habitat types. Remote sensing 

techniques could be an important tool for habitat monitoring. In this thesis the 

actual role of remote sensing in operational habitat monitoring is investigated 

by a literature research and a questionnaire. Yet, mostly the visual aspects of 

remote sensing are used. Because of the high temporal resolution the MODIS 

terra satellite could be used very well to monitor habitat types. This thesis tries 

to discover the possibilities of the use of MODIS data for habitat classification 

and monitoring. This is done for the Veluwe area in the Netherlands. The 

phonological cycle for the habitat types heath land, grassland and forest was 

investigated and the spatial distribution was classified in two different ways. 

One method uses only the MODIS data and the other method uses also the 

LGN5 database of the Netherlands. It is not yet possible to classify, and thus 

monitor, areas with the same order of size as the Veluwe well with the MODIS 

data alone. When it is used together with the LGN5 database there are 

possibilities. Further research has to be done to this possibilities. 
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1 Introduction 

 

1.1 Context 

 

In the year 1992, the European Union (EU) adopted the ‘Habitat Directive’, 

which is a Directive that is designed to protect the most seriously threatened 

habitats and species across Europe. It completed the ‘Birds Directive’ which 

was adopted in 1979 and these two directives now form the heart of a network 

of nature conservation areas called ‘Natura 2000’ (Janssen, J.A.M. et al. 

2006). According to Janssen et al. (2006) the ‘Habitat Directive’ obliges the 

EU member states to maintain the habitat types and species of the ‘Habitat 

Directive’. It does maintain this habitat types and species by protecting areas 

and species.  

Each Member State is responsible for the management of it’s own Natura 

2000 areas and species. Every six years the EU member states have to hand 

in a report about the national Natura 2000 sites of the ‘Habitat Directive’. This 

reporting will be gathered  by the European Environment Agency’s Topic 

Centre on Biological Diversity (ETC). In 2007 a report was handed in about 

the current situation of the Natura 2000 habitat types. This situation is set as 

the ‘zero-situation’. 

When it comes to habitat types the assessment of the state of preservation of 

habitat types plays a central role in the reports which has to be handed in. The 

following aspects are used to assess the state of preservation of habitat types.  

·  Range. The range is divided in ‘distribution’ and ‘range’, which is the 

outer boundaries of the total area where a habitat type occurs. Both the 

‘distribution’ and ‘range’ has to be reported as a map and as a number 

of square kilometres. For the ‘range’ the EU gives the advise to use 

grid cells of 10 km2. 

·  Area. The area is the total area where a habitat type occurs. The total 

area means country wide, so not only the area within Natura 2000 

areas. The trend in total area has to be reported. 
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·  Typical species. For the rapport of typical species a list of typical 

species per habitat type has to be handed. Together with a description 

of the method of assessment of the maintenance of the typical species. 

·  Structure & function. Structure & function is a description of the specific 

structure & function which is necessary for sustainable preservation of 

a habitat type. 

·  Future prospects. The aspect future prospect is a description of the 

future prospects per habitat type 

(Janssen, J.A.M. et al. 2006). 

 

The importance of Natura 2000 has already been confirmed by researchers in 

the EU. Bock et al. (2005) writes that the Natura 2000 network is an important 

step towards nature conservation in the European Union and it makes 

standardised scientific monitoring legally binding for the first time.  

In the Netherlands the directives are made legally binding by implementing 

them in the ‘natuurbeschermingswet’ (law for nature conservation) and the 

‘flora- en faunawet’ (law for flora and fauna) (websource 1). It is very well 

documented which birds and which habitats are protected.  

 

1.2 Problem Definition 

 

Because a report has to be handed in only once in every six years it is 

important that not only an assessment of the state of preservation of habitat 

types is made, but also a monitoring system has to be set up to determine the 

current situation of habitat types and species. This monitoring system has to 

determine the current situation of habitat types and species by the five 

aspects as mentioned in section 1.1.  

Lu et al. (2004) indicates that remotely sensed data have become the major 

data sources for different change detection applications during the past 

decades. This is because of the advantages of repetitive data acquisition, its 

synoptic view and digital format suitable for computer processing, of remote 

sensors such as Thematic Mapper (TM), Satellite Probatoire d’Observation de 

la Terre (SPOT), radar and Advanced Very High Resolution Radiometer 
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(AVHRR), Lu et al. (2004) give an elaborate list of change detection 

applications using remote sensing techniques. The applications which deal 

with vegetation are forest or vegetation change, environmental change and 

other applications such as crop monitoring. As the Natura 2000 monitoring 

system is about the change detection of vegetation remotely sensed data 

could be used as a monitoring tool in the Natura 2000 project.  

Also Coppin et al. (2004) and Townshend et al. (1991) show that remote 

sensing has advantages to use it as a monitoring tool. They say that because 

of environmental problems there is a high need for accurate and up-to-date 

data and compared with traditional sources remote sensing has significant 

advantages. Coppin et al. (2004) shows that a visual analysis of aerial 

photographs will be more accurate but also very expensive and difficult to 

replicate compared to digital change detection methods. Digital change 

detection is difficult to perform but it is repeatable and it can also more 

efficiently incorporate features from the non-optical parts of the 

electromagnetic spectrum.  

So, to summarize, to detect changes or, in other words, to monitor with 

remote sensing techniques is supposed to have the advantages of low costs, 

easy repeatable and the use of remote sensing techniques obtains features 

from the non-optical part of the electromagnetic spectrum. 

 

Remotely sensed data is obtained by remote sensors. Rees (1999) says that 

these sensors have spatial, spectral and radiometric resolution due to their 

technical capabilities and that these types of resolution depend on each other. 

Lillesand et al. (2004) write that remote sensors also have a temporal 

resolution which is the time lapse between two successive images of the 

same area. Due to this four types of resolution and their possibilities remote 

sensing is used in many different ways for many different applications 

(Lillesand, T.M. et al. 2004). 

 

Remote sensing can be seen as a part of the GIS Process, which is described 

by Lillesand et al. (2004) as is done in figure 1.1. 
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Figure 1.1. The GIS process. Remote sensing includes data acquisition, processing and 
analysis. 
 

Table 1.1. Different types of remote sensors. 
Airborne Space borne 
Aerial 
photography 

Imaging 
spectroscopy 

High 
resolution 

Multi-
spectral 

Imaging 
spectroscopy 

 

Kramer (2002) says that there are many ways of sensor classification, for 

instance by type of application, type of instrument , type of sensing 

mechanism. Based on this table 1.1 distinguishes different remote sensor 

types. 

 

In general remote sensing is used for: 

·  classification for example agricultural mapping, forest mapping, land 

use mapping 

·  parameter estimation  for example biomass of agricultural crops, 

biodiversity 

·  monitoring for example biomass resulting in yield at harvest, effect of 

climate change on biodiversity.  

(Lillesand, T.M. et al. 2004) 

Especially the aspects range, area and probably also structure & function can 

be monitored with help of remotely sensed data because these aspects need 

geographical data. 

 

Like Lu (2004), Coppin et al. (2004) states that ecosystems can be monitored 

with remote sensing techniques. And referring to temporal trajectory analysis 

he writes that a high temporal frequency in data acquisition greatly facilitates 

the characterization of phenological variations in ecosystem status. And he 

also indicates that analysis of the literature gives evidence that multi-date 

satellite imagery can be used to monitor ecological changes and that at 

World Database 

Data analysis 

Presentation Data 
acquisition and 
processing 
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present only low or medium spatial resolution sensors provide the high 

temporal frequency of observations that is necessary to establish time profiles.  

Therefore it is good to know that Groom et al. (2006) classifies satellites with 

different spatial resolution as following: very high spatial resolution, with 

resolutions of less than 5 m; high spatial resolution, with resolutions between 

10 and 100 m; medium resolution with resolutions between 100 and 1000m 

and low spatial resolution, with resolutions of at least 1000m.  

 

A technique to monitor vegetation with help of the temporal resolution of the 

satellite is making temporal signatures. Townshend et al. (1991) for example 

made a land cover classification with the NOAA AVHRR satellite by making a 

temporal signature. He plotted a vegetation index (NDVI) to the time and 

created signatures for tropical rainforest, cerrado (savanna woodland) and 

dessert. He says that the MODIS satellite will even be better suitable for such 

applications. 

 

So, to summarize, because of it’s advantages remote sensing techniques are 

the main source for change detection applications (Lu, . et al. 2004). Remote 

sensors have four types of resolution which make them suitable for different 

applications like monitoring (Lillesand, T.M. et al. 2004); (Rees, G. 1999). 

Remote sensors with a high temporal resolution can be used to monitor 

ecological changes. At present only low or medium spatial resolution sensors 

provide the temporal frequency of observations that is necessary to establish 

time profiles (Coppin, P. et al. 2004). These are sensors with a resolution of 

100m or more (Groom, G. et al. 2006) MODIS images will be suitable to 

create temporal signatures of vegetation.  
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Based on the literature, the following hypothesis have been derived and will 

be investigated in this study: 

·  Remote sensing can be used in the Natura 2000 monitoring system 

·  The different Natura 2000 habitat types can be monitored very well with 

low or medium spatial resolution sensors because this sensors have a 

high temporal resolution 

·  Vegetation, and so the Natura 2000 habitat types, can be monitored 

with use of temporal signatures, which can be created well with MODIS 

images for example, because temporal signatures make profit of a high 

temporal resolution 

   

To get a clear picture of the capabilities of remote sensing for monitoring 

Natura 2000 habitat types it is necessary to know what is already known 

about ‘remote sensing and Natura 2000 habitat type monitoring’. Yet there is 

not an overview of the use of remote sensing in their Natura 2000 monitoring 

system per EU member state. It is also necessary to do research to the 

possibilities of the use of low or medium resolution satellites for monitoring 

vegetation and Natura 2000 habitat types. Where temporal signatures created 

with help of MODIS images are supposed to give good opportunities. 

 

1.3 Objective 

 

The objective of this study is to assess the current status of the use of remote 

sensing based methods to monitor Natura 2000 habitat types by the EU 

member states. 

In addition this study will identify the possibilities of medium-resolution 

satellites with a high temporal coverage for monitoring the range, area and 

structure & function of Natura 2000 habitat types. In this investigation the 

Veluwe area, one of the largest areas which is designated as Natura 2000 

areas in the Netherlands, will be used as study area.  
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1.4 Research Questions 

 

The following research questions were investigated in this study: 

 

·  What are the current Natura 2000 remote sensing based monitoring 

methods? 

 

·  What steps have to be made to make a classification of habitat types 

based on temporal signature, using MODIS medium resolution satellite 

data? 

 

·  How must this data be pre-processed in order to achieve the best 

quality of the results? 

 

·  What are the temporal signatures for Natura 2000 habitat types, 

derived from MODIS medium resolution satellite data? 

 

·  What are the annual and inter-annual differences between the temporal 

signatures of the Natura 2000 habitat types? 

 

·  What is the quality of a Natura 2000 habitat type classification based 

on temporal signatures? 

 

·  Is this habitat classification map, derived from MODIS medium 

resolution satellite data, useful to monitor Natura 2000 habitat types? 

 



 8 

1.5 Thesis Outline 

 

Chapter one describes the context and defines the problem of this study. 

Some research questions are established. In chapter two the investigation of 

current remote sensing based methods for monitoring Natura 2000 habitat 

types, habitat types, the current status of vegetation monitoring with temporal 

signatures and vegetation indices used by MODIS are described. Chapter 

three will explain the materials and methods. The MODIS satellite images, the 

Veluwe study area the used datasets and the process of the analysis and 

classification of temporal signatures is described. The fourth chapter gives all 

the results which are produced. It is divided in results of the questionnaire, the 

temporal signatures, unique signatures, classification and validation. Chapter 

five is the discussion chapter. The results, given in chapter four, are explained 

and illustrated. A summary with the most important conclusions together with 

some recommendations is given in chapter six. The report is finished with a 

bibliography, acknowledgements and the appendices. 
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2 Literature Review 

 

This chapter gives the literature background for the research. It is split up in 

four paragraphs. These paragraphs are dealing about the investigation 

methods of current remote sensing based Natura 2000 habitat type monitoring, 

a literature study on remote sensing based Natura 2000 habitat monitoring, 

habitat types, the current status of remote sensing based vegetation 

monitoring based on temporal signatures and vegetation indices. 

 

2.1 Habitat Types 

 

The Natura 2000 project uses the term habitat types. (Janssen, J.A.M. et al. 

2006) explains what the definition of a habitat type is. This definition is based 

on the ‘European Manual on Habitat Types’. 218 Habitat types are discussed 

in this document. Because the explanation varies a lot, most of the countries 

choose to make an national interpretation of the habitat types. The definition 

of a habitat type is broader than a vegetation type. A habitat type is an 

ecosystem type including the present fauna. Vegetation types can be 

translated to habitat types, but additional information is needed. For the 

Netherlands a translation to habitat types is done for the plant communities 

described in ‘De Vegetatie van Nederland’ (‘Vegetation of the Netherlands’) 

and for the plant communities of the Staatbosbeheer-catalogus (Catalogue of 

the national forest supervision organization) (Janssen, J.A.M. et al. 2006). 

Schaminée et al. (2006) and Janssen et al. (2006) explain that the translation 

from vegetation type to habitat type is normally done in two steps. The first 

step is a translation of vegetation records into plant communities. For this step 

also expert knowledge is used. The next step is from plant communities to 

habitat types. Janssen et al. (2006) made a translation table from vegetation 

type to habitat type. In Appendix I a map and list of the birds directive areas 

can be found; Appendix II gives a map and list of the habitats directive areas 

(websource 2). 
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2.2 Investigation of literature about the current r emote 

sensing based methods for monitoring Natura 2000 

habitat types 

 

To investigate the current remote sensing based monitoring methods for 

monitoring Natura 2000 habitat types different sources were investigated.  

At first information that is written in literature was assessed. The results of the 

literature research are presented in this paragraph. A second source is a 

questionnaire which has been sent to the national agencies who have to 

report about the Natura 2000 status of their country, to the European Union. A 

third source is derived from a workshop about Natura 2000. The methodology 

of the investigation with these sources is described in section 3.1. The results 

of these sources are described in section 4.1. 

 

The results of the literature research are systematically described by the 

following characteristics: 

·  Remote sensor type (table 1.1) 

·  Use of remote sensing within the GIS process (figure 1.1) 

·  Remote sensing data application (section 1.2) 

·  Additional data investigation techniques 

 

From literature it is known that remote sensing techniques are already used 

within the Natura 2000 project. A short description of articles which are about 

the use of remote sensing within the Natura 2000 project is given below. 

Table 2.1 classifies these articles by their place in the GIS process (figure 1.1), 

by their use of remote sensing (section 1.2, use of remote sensing) and if it is 

used for monitoring for which type of monitoring remote sensing is used and, 

at least, for which aspect of the Natura 2000 habitat type state assessment 

remote sensing is used (section 1.1, aspects of habitat type assessment). 

Blascke (2001) is doing research on the method 'Multi-Scale Image 

Segmentation' to automate the extraction of information from remote sensing 
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data. This is necessary because of the increasing monitoring tasks of remote 

sensing, for example in the Natura 2000 project.  

Weiers et al. (2004) presents key elements of an integrated mapping and 

indicator strategy. Mapping methods based on field survey and aerial photo 

interpretation are discussed as well as an innovative classification approach 

for Landsat images. Also change detection based on spectral indicators is 

discussed.  

Because the Natura 2000 project has a strong focus on the protection of 

habitat types the Spatial Indicators for European Nature Conservation (SPIN) 

project is set up. “This project describe measures of landscape structure and 

soil function and their potential for the monitoring and management of 

protected areas and the surrounding landscape from a set of indicators that 

have been proposed for habitat monitoring.” (Langanke, T. et al. 2005). 

Within the SPIN project Langanke et al. (2005) are doing a case study for 

three Natura 2000 sites. One is the Wenger Moor area in Austria, with a focus 

on raised bogs. The second one is Schleswig-Holstein in Germany with a 

focus on raised bogs and wet grasslands. The last one is Postojna in Slovenia 

with a focus on forest, grasslands and unique dry karst grasslands. In all the 

three areas Remote Sensing is mainly used for classification and mapping. 

Bock et al. (2005) write about the same areas plus Otepää in Estonia.  

 

Table 2.1. The use of remote sensing in the SPIN project. 
research Use RS Remote sensor type GIS process 
(Blascke, T. 2001) monitoring Not known analysis 
(Weiers, S. et al. 2004) monitoring High resolution and multi 

spectral space born 
all 

(Langanke, T. et al. 2005) monitoring Airborne aerial 
photography 

all 

(Bock, M. et al. 2005) monitoring High resolution airborne 
and multi spectral space 
born 

all 
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2.3 Current status of remote sensing based vegetati on 

monitoring based on temporal signatures 

 

A temporal signature is a way to represent time series. In this study time 

series of satellite images were investigated. The created graphs shows the 

vegetation index values on one ax and the dates in the year on the other ax. 

An example of a temporal signature is given in figure 2.1 A few applications of 

temporal signatures in relation with vegetation are described below. 

 

A methodology that estimates subpixel fractions of crop area based on the 

temporal signature of reflectance throughout the growing season using 

MODIS data is developed and tested by (Xu, W.A. et al. 2005). (Bruce, L.M. et 

al. 2006) made a temporal signature by detecting specific vegetation types 

with MODIS time series data.  

(Wang, Q. and Tenhunen, J.D. 2004) are doing research by analyzing 

vegetation mapping accuracies along the North Eastern China Transect 

(NECT) to provide an up-to-date vegetation cover classification. They applied 

supervised and unsupervised classification methods with NDVI temporal 

profile metrics and NDVI derived metrics, both based on AVHRR, and 
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Figure 2.1. Example of a temporal Signature. On the one axis the vegetation index value is 
plotted, on the other axis the date is plotted. 
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compared it with a land cover map, but also to a ground truth 1:1.000.000 land 

use/land cover map developed by the Editorial Committee on Land use. 

Wardlow. et al (2007) investigated the applicability of two MODIS 250m 

resolution vegetation Indices (EVI and NDVI) datasets for crop-related 

classification in United States Central Great Plains region. They conclude that 

the dataset has sufficient spectral, spatial, radiometric and temporal 

resolutions to discriminate the regions major crop types (alfalfa, corn, 

sorghum, soybeans and winterweat). It can be concluded that vegetation 

monitoring can be done by using MODIS time series. When a vegetation 

index is plotted to time series, temporal signatures are created. According to 

Zhan et al. (2000) and Wardlow et al (2007) the land use and land cover 

information that can be extracted from MODIS 250m resolution images is still 

relatively unexplored. 

Huete et al. (2002) shows that MODIS vegetation index temporal signatures 

well represent the seasonal phenology of different vegetation types, for 

example forest, grassland, shrubland.  

 

2.4 Vegetation Indices. 

 

In chapter one it was written that Townshend et al. (1991) plotted the 

vegetation index NDVI to the time and created temporal signatures for 

different vegetation types. NDVI is an acronym for Normalized Difference 

Vegetation Index. 

According to (Rees, G. 1999) a vegetation index is a mathematical operation 

performed on the reflectances measured in two or more spectral bands of an 

optical/near infrared image to yield a parameter that is correlated with the 

amount of vegetation that is present in the pixel. The basis of the vegetation 

index is the high reflectance of leaves in the near infrared due to multiple 

scattering in the mesophyll, together with visible wavelength absorption due to 

plant pigments, principally chlorophyll. 

(Palacios-Orueta, A. et al. 2005) says that the NDVI is very useful to monitor 

vegetation change. She states that NDVI is the most universal index and it 

has been used extensively to monitor ecosystems, in both the spatial and 
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temporal domains because it is proven to be a good indicator of ecosystem 

parameters like biomass, LAI and FPAR among others. 

According to (Huete, A. et al. 2002) the NDVI has some advantages: 

·  it is sufficiently stable to permit meaningful comparisons of seasonal 

and inter-annual changes in vegetation growth and activity;  

·  simple ratio which reduces many forms of multiplicative noise: 

illumination differences, cloud shadows, atmospheric attenuation, 

certain topographic variations. 

But also some disadvantages: 

·  influence of additive noise effects, such as atmospheric path radiances 

·  asymptotic signals over high biomass conditions 

·  very sensitive to canopy background variations with NDVI degradation 

particularly strong with higher canopy background brightness 

Therefore the Enhanced Vegetation Index (EVI) was developed to minimize 

atmospheric effects and canopy background that contaminate the NDVI 

(Huete, A. et al. 1997; Wardlow, B.D. et al. 2007). It was also developed to 

optimize the vegetation signal with improved sensitivity in high biomass 

regions and improved vegetation monitoring through a de-coupling of the 

canopy background signal and a reduction in atmosphere influences (Huete, 

A. et al. 2002).  

 

The formula’s to calculate the NDVI and EVI from MODIS data are: 

 

redNIR
redNIR

NDVI
rr
rr

+
-

=        (Eq. 1) 

 

where NIRr  and redr  are the surface bidirectional reflectance factors for 

their respective MODIS bands (Huete, A. et al. 2002) 

 

LblueCredCNIR
redNIR

GEVI
+´-´+

-
=

rrr
rr

21
    (Eq. 2) 
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where r  are atmospherically corrected (Rayleigh and ozone absorption) 

surface reflectances, L is the canopy background adjustment that addresses 

nonlinear, differential NIR and red radiant transfer through a canopy, and C1, 

C2 are the coefficients of the aerosol resistance term, which uses the blue 

band to correct for aerosol influences in the red band (Huete, A. et al. 2002). 

The coefficients adopted in the EVI algorithm are, L=1, C1=6, C2 = 7.5, and G 

(gain factor) = 2.5 (Huete, A. et al. 1994; Huete, A. et al. 1997). Red is the 

MODIS band in the red part of the electromagnetic spectrum. The number of 

this MODIS band is 1, the bandwidth is between 620 and 670 nm. NIR is the 

MODIS band in the Near Infra Red part of the electromagnetic spectrum. The 

number of this MODIS band is 2, the bandwidth is between 841 and 876 nm. 

(Huete, A. et al. 1994; Zhan, X. et al. 2000). 
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3 Materials & Methods 

 

 

 
 
 
 
 
 
Figure 3.5. Methodology MODIS image application. It exists of two parts. Part A (the upper 
part) is a research to the current use of remote sensing in Natura 2000 habitat monitoring. 
Part B (the lower part) is an analysis and classification of temporal signatures for the use of 
Natura 2000 habitat monitoring. 
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Figure 3.5 gives an overview of the methodology used to analyze and classify 

Natura 2000 habitat types for the Veluwe area, by using temporal signatures.  

The upper part, part A, of figure 3.5 is described in Section 2.1, 2.3 and 4.1. In 

this chapter first the MODIS satellite images are described, than the Veluwe 

study area, than the datasets: habitat distribution file, LGN5 and Google Earth 

images. In the end the analysis and classification of temporal signatures is 

described. In this paragraph the different steps of the lower part, part B, of 

figure 3.5 is described. 

 

3.1 Investigation of a questionnaire and a workshop  about 

the current remote sensing based methods for 

monitoring Natura 2000 habitat types 

 

The first source of the investigation, which is literature, is describes in section 

2.2. In this section the methodology of a second and a third source, which are 

a questionnaire and a workshop, are described.  

A questionnaire which has been sent to the national agencies who have to 

report about the Natura 2000 status to the European Union. For this 

questionnaire an e-mail is sent to the European Topic Centre on Biological 

Diversity; the organization where the member states have to hand in their 

Natura 2000 report. They send a list of contact addresses on national level. 

These national contacts were given a questionnaire. All the answers of the 

contacts can be found in Appendix IV. The results of the questionnaire are 

presented in section 4.1.1.  

The third source is derived from a Natura 2000 workshop. This workshop took 

place from the 25th – 27th of April in 2007 under the title: “Concepts, Methods 

and Tools for Conservation Status Assessment, Reporting and Monitoring”. 

The workshop was organized in Roskilde, Denmark by NERI, which stands for 

‘National Environmental Research Institute’ for all the PEER members, which 

stands for “Partnership for European Environmental Research” . The goal of 

the workshop was: “To examine the ways that North & North West European 

EU member states are undertaking assessments and associated reporting 
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and monitoring of species’ and habitats’ conservation status under the Natura 

2000 network and Article 17 of the EU's Habitats Directive.” (websource 5). All 

the slide show presentations which are given during the workshop can be 

consulted on a website (websource 6). The results of the analysis of the 

workshop outcome are presented in section 4.1.2. 

 

Like the results of the literature research, described in section 2.2, the results 

of the questionnaire and the workshop are systematically described by the 

following characteristics: 

·  Remote sensor type (table 1.1) 

·  Use of remote sensing within the GIS process (figure 1.1) 

·  Remote sensing data application (section 1.2) 

·  Additional data investigation techniques 

 

3.2 The Veluwe study area 

 

According to the Natura 2000 agreements the habitat types have to be 

maintained (section 1.1; (Janssen, J.A.M. et al. 2006; Schaminée, J.H.J. et al. 

2006). There is an important vegetation change going on in the Netherlands at 

this moment. What happens nowadays with heath land areas is that they turn 

into grasslands (Aggenbach, C. 2006; Stortelder, A.H.F. et al. 2005). So to 

maintain the range, area and structure & function it has to be monitored 

whether heath land turns into grassland or not. 

With a total size of 91.200 ha the Veluwe is the largest higher sandy soil 

Natura 2000 site in the Netherlands  and it contains a lot of forest and heath 

land areas (websource 2). Therefore the study area will be defined by the 

habitat types of the Veluwe. These habitat types are listed below in table 3.2. 
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Table 3.2. Habitat Types of the Veluwe. (Pictures:(websource 7)) 
Coastal Sand Dunes and Inland Dunes  – Inland dunes, old and decalcified 

2310 Dry sand heaths with 
Calluna and Genista 

 

2320 Dry sand heaths with 
Calluna and Empetrum 
nigrum 

 

Freshwater Habitats  – Standing water 
3130 Oligotrophic to mesotrophic 

standing waters with 
vegetation of the Littorelletea 
uniflorae and/or Isoeto- 
Nanojuncetea 

 
3160 Natural dystrophic lakes and 

ponds 

 
Temperate Heath and Scrub 

4010 Northern Atlantic wet heaths 
with Erica tetralix 

 
4030 European dry heaths 

 
Sclerophyllous Scub (Matorral)  – Sub-Mediterranean and temperate scrub 

5130 Juniperus communis 
formations on heaths or 
calcareous grasslands 

 
Natural and Semi-Natural Grasslans Formaions  – Semi-natural dry grasslands and 
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scrubland facies 
6230 Species-rich Nardus 

grasslands, on siliceous 
substrates in mountain areas 
(and submountain areas, in 
Continental Europe) 

 
Raised Bogs and Mires and Fens  – Sphagnum acid bogs 

7150 Depressions on peat 
substrates of the 
Rhynchosporion 

 
Forests  – Forests of temperate Europe 

9120 Atlantic acidophilous beech 
forests with Ilex and 
sometimes also Taxus in the 
shrublayer (Quercinion 
robori-petraeae or Ilici-
Fagenion) 

 

9190 Old acidophilous oak woods 
with Quercus robur on sandy 
plains 

 
91E0 Alluvial forests with Alnus 

glutinosa and Fraxinus 
excelsior (Alno-Pandion, 
Alnion incanae, Salicion 
albae) 

 

 

Figure 3.1 gives an aerial photograph of the Veluwe. The location of the 

Veluwe can be described by its coordinates. The coordinates are 

5230.7minutes latitude, 534.0minutes longitude (u pper-left corner) and 

5159.3minutes latitude, 63.2minutes longitude (lo wer right corner) 

(websource 4). The boundaries of the Veluwe can also be described by some 

cities on the edge of the area. These cities are Zwolle, in the North, Apeldoorn, 

on the east side of the centre, Arnhem, in the south-east, Wageningen-Ede, in 

the south-west, and Harderwijk, on the west side of the centre. 
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Figure 3.1. Aerial Photograph of the Netherlands. The dark green area in the middle is the 
Veluwe area. The right picture is a zoom-into this Veluwe area (websource 8). 
 

3.3 Data Sets 

 

3.3.1 The MODIS satellite images. 

 

MODIS images are free available. They can be downloaded from a website 

(websource 7) where a lot of products are offered. For this research the 

MOD13Q1 was chosen. This product is the MODIS Terra satellite which 

provides 16-day composite images of NDVI and EVI with a spatial resolution 

of 250 meter. To acquire the MODIS images an FTP Directory is used to 

download this images (websource 7). The technical details of the TERRA 

satellite are described in Appendix III. From the years 2004, 2005 and 2006 all 

the MOD13Q1 images were downloaded. This means 23 images per year. 

Two dates had to be removed for every year, because this date was not 

available for all three years. These dates are July 12 (day number 193) and 

August 29 (day number 241). Table 3.1 shows the options which are changed 

on the data order webpage. 
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Table 3.1. MODIS images download specifications. 
MODIS/Terra Vegetation Indices 16-day L3 Global 250m SIN Data Set 
Grid V004 
Northern Latitude: 53.6  
Southern Latitude: 50.6  
Eastern Longitude: 7.0 

Search Area 

Western Longitude: 3.0 
Date Search within a range of a year 
 

The name of a MODIS image is build up in a  logical way. The name of an 

image, for example: MOD13Q1.A2004081.h18v03.004.2004105115725.hdf, is 

explained by: 

Product.A_year_daynumber.tile.version.year_(un)logicalnumber.hdf.  

The product which is used is MODIS13Q1. The year in the example is 2004, 

the day number is 81. The tile of the Netherlands is h18v03. The version that 

is been used is 004. 

In table 2.2 the MODIS satellite would be classified in the category ‘Space 

Borne Imaging Spectroscopy’.  

 

3.3.2 The habitat distribution files. 

 

Schaminée et al. (2006) describe the “Landelijke Vegetatie Databank” 

(translation: national vegetation database). Over 460.000 vegetation 

recordings are automated and put together in a vegetation database. Janssen 

et al. (2006) gives a more technical description of this database.  

In section 2.2 is described how these vegetation types are translated into 

habitat types. This database is used for this research to investigate the 

distribution of habitat types over the Veluwe. The habitat types which appear 

on the Veluwe are shown in Table 3.2. 

The sources Janssen et al. (2006) and Schaminée et al.(2006)  tell us that a 

habitat type occurs within a certain area, but they don’t give information about 

how often a habitat type occurs. Janssen et al. (2006) say that some habitat 

types are not represented because the total size of their area is too small. An 

example of the habitat distribution file is in figure 3.2. The spatial resolution of 

the grid cells in figure 3.2 is 1*1 km. Every grid cell contains one or more 

recordings of the “Landelijke Vegetatie Databank”. This means that in one grid 
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cell more then one habitat type can occur. If the Veluwe area in figure 3.2 is 

not covered with a habitat distribution file grid cell, it means that there is no 

recording in the “Landelijke Vegetatie Databank” from that area. This could be 

because there is no (relevant) vegetation, but it is more likely that there is 

vegetation, but nobody has been there to record it. The white areas within the 

boundaries of the Veluwe area are agricultural area.  

 

 
Figure 3.2. The habitat distribution of the Veluwe. The grey area give the boundaries of the 
Natura 2000 Veluwe area. The colored squares represent the different habitat types. The 
numbers in the legend are the habitat type codes. The translation of these codes can be 
found in table 3.2.  
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3.3.3 LGN5 

 

LGN is a Land use database of the Netherlands (Hazeu, G.W. 2005). It is a 

raster with grid cells of 25 meter. LGN5 is derived from satellite images and 

additional data. For the satellite images Landsat ETM7, Landsat TM5, LISS-

1c and ERS-SAR images are used. For the Veluwe area images of 2003 are 

used. The additional data sources are high resolution (0,5m) aerial 

photography, TOP10 vector database (1:10.000 topographic map of the 

Netherlands) and agricultural statistics (Hazeu, G.W. 2005). The LGN5 map of 

the Veluwe is shown in figure 3.3. 

 
Figure 3.3. Distribution of LGN5 land use classes over the Veluwe study area. In the LGN5 
database 39 classes are distinguished. For monitoring purposes the legend has not changed 
since LGN3plus (Hazeu, G.W. 2005). In table 3.5 the LGN5 classes are translated to the 
habitat types, used in this study. 
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3.3.4 Google Earth aerial photographs. 

 

For validation purposes Google Earth software has been used because it 

makes use of high resolution aerial photographs, it is free available and has 

some handy tools to find and remember exact coordinates. For the Veluwe 

area the spatial resolution is less than one meter. The photographs are one to 

three years old (websource 9). An example of the Google Earth interface 

including an high resolution aerial photograph of a part of the Veluwe is given 

in figure 3.4. 

 

 
Figure 3.4. Google Earth interface.  



 26 

3.4 Analysis and classification of temporal signatu res 

 

3.4.1 Pre –Processing 

 

The MODIS Terra MOD13Q1 images are ready for operational use. They are 

atmospheric and geometrically corrected (Estes, L. D. et al. 2008; websource 

3). 

 

3.4.2 Reprojection 

 

With the Modis Reprojection Tool (MRT) the MODIS images are prepared for 

use in ERDAS Imagine.  The MODIS data were available in .hdf format. With 

MRT this format was transformed to the TIFF (.tif) format so it can be used in 

ArcGIS. To work with the MODIS data the MODIS Reprojection Tool had to be 

downloaded. With help of the user guide this program can be installed and 

used to prepare the MODIS data (Chico, J. 2006). The chosen parameter 

values to reproject the images are given in table 3.3. After running this 

program for every downloaded MODIS Image an EVI and an NDVI .tif file 

were created.  

 

Table 3.3. MODIS Reprojection Tool parameters. 
Input File MODIS image 
Selected Bands EVI and NDVI 
Upper Left Corner Latitude 52.50 
Upper Left Corner Longitude 5.50 
Lower Right Corner Latitude 51.90 
Lower Right Corner Longitude 6.20 
Output File Type GEOTIFF 
Resampling Type Nearest Neighbor 
Output Projection Type UTM 
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3.4.3 Homogeneous Units 

 

ERDAS can create temporal signatures. As explained in section 1.2 this is a 

vegetation index plotted to time. In this case the vegetation index is plotted to 

the days in a year for one year. The vegetation index of any pixel can be used 

for this. Therefore it must be figured out which pixels are considered as useful. 

To do this the habitat distribution file (section 3.3.2) is used. With help of the 

ArcMap individual cells of the habitat distribution file can be selected and 

several individual cells can be grouped. In this way homogeneous areas were 

created. These areas can be imported in ERDAS and used as Area Of 

Interest (AOI). From this AOI a temporal signatures is calculated. 

 

MODIS method 

With help of overlaying techniques in ArcMap pure grid cells could be 

presented. This means that all the cells of the layer which is on top are shown. 

So if there is overlap the grid cells of the upper layer are shown. To test for 

pure grid cells every habitat type is put at the bottom. A pure cell means that 

the cell contains only one habitat type. An example of a result of this method 

is shown in figure 3.6. 

For every habitat type, areas bigger than 1km2 (that is more than one cell) 

were selected. Some habitat types, which are in the same class (table3.4.) are 

put together to create larger homogeneous areas. These areas are called 

regions. In the end only four habitat types from the total of twelve, (table 3.2.) 

with at least one region remained. The regions are used in ERDAS to create 

temporal signatures. The original and the joined habitat types are listed in 

table 3.4. The table also shows the description of the habitat types, the 

number of regions created, the total area of the habitat types and the total 

area of the regions plus the percentage of it of the total area of the regions. 

 

LGN5 method 

Some LGN5 classes were put together to represent the habitat types, and 

new classes are created. These classes can be found in table 3.5. In the 

LGN5 database there is distinction between wet and dry heath land. For 
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example: the LGN5 classes 36 and 37 were selected to represent all the 

heath land areas. The pure habitat distribution files (figure 3.6) are overlaid 

with this new classes. This gives (partial) overlap for some habitat distribution 

file cells. From every class the cells which has the most overlap are selected 

and grouped. This creates homogeneous areas which are used in ERDAS to 

create temporal signatures. Table 3.5 is translated into table 3.6 to make it 

comparable with table 3.4. Figure 3.7 shows the selected homogeneous areas. 

 

 
Figure 3.6. Pure habitat distribution cells. The pure cells of habitat type 91x0, which is forest, 
are shown in red. The other colors are the other Veluwe habitat types. The differences in 
color are just to make the pure grid cells visible. 
 

Table 3.4. Overview of the selected homogeneous areas with the MODIS method. The x  in 
the habitat name stands for all the numbers which are put together. 
Habitat Types 
(code) 

Habitat Type 
(code) 

Description Regions 
(nr.) 

Total Area 
(ha.) 

Regions area 
(ha. / %) 

2310 + 2330 23x0 Dry sand heath 2 8500 500 / 6 
4010 + 4030 40x0 Wet heath 6 25000 3900 / 16 
6230 6230 Grasslands 1 3900 200 / 5 
9120 + 9190 + 
91E0 

91x0 Forest 4 13100 2200 / 17 
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Table 3.5. LGN 5 classes used for selection of homogeneous areas with the LGN5 method. 
Habitat Type LGN class 

number 
Description ( translation ) 

Heath land 36 Heide (heath land) 
 37 Matig vergraste heide (moderate grassified heath land) 
Grassland 1 Gras (grass) 
 23 Gras in bebouwd gebied (grass in built-up areas) 
 38 Sterk vergraste heide (strongly grassified heath land) 
 45 Overig open begroeid natuurgebied (remaining 

overgrown open nature areas) 
Forest 11 Loofbos (deciduous forest) 
 12 Naaldbos (pine forest) 
 20 Loofbos in bebouwd gebied (deciduous forest in built-up 

areas) 
 21 Naaldbos in bebouwd gebied (pine forest in built-up 

areas) 
 

Table 3.6. Overview of the selected homogeneous areas with the LGN5 method. 
Habitat Type 
(code) 

Description Regions (nr.) Total Area (ha.) 

23x0 Heath land  5 500 
40x0 Heath land 5 500 
6230 Grassland 5 500 
91x0 Forest 5 500 
 

 
Figure 3.7. Homogeneous areas of habitat types based on LGN5 selection. 
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3.4.4 Temporal signatures 

 

Temporal signatures are created in ERDAS Imagine. To create temporal 

signatures one image is made per year from all the 21 MODIS vegetation 

index images of the different dates. This is done with a stacklayer function in 

ERDAS Imagine. The result is one image per year per vegetation index. Every 

image contains 21 layers and every layer represent the vegetation index 

values of one date. In fact it is not the value of that specific date (section 3.3.1) 

but it is presented in a way that one value is given per 16 days. For the 

MODIS and LGN5 method (section 3.4.3) Areas Of Interest (AOI) were 

created. A temporal signature is extracted from every AOI. This signatures 

were combined with each other and presented in a graph. Signatures were 

created for both Vegetation Indices (EVI / NDVI) for all three years (2004-

2006). The created graph shows the vegetation index values for the dates in 

the year. The vegetation index value is based on the value of all the pixels in 

the AOI. An example of a temporal signature is given in figure 2.1. 

In ERDAS Imagine statistics are calculated for the signatures. The reports of 

this statistics are imported in Excel. In Excel several graphs are created from 

the temporal signatures. 

 

3.4.5 Unique temporal signatures 

 

The temporal signatures are made for every habitat type. To make a 

classification only one signature per habitat type can be used. Wardlow et al. 

(2007), have done comparable research but with crops in stead of vegetation 

types. They used visual interpretation and the statistical method Jeffries 

Matusita (JM) distance to create unique signatures. In this study the JM 

distance for the unique signatures will also be calculated. This method is 

common used to define remote sensing classes (Key, T. et al. 2001; Van Niel, 

T.G. et al. 2005). The equation of the JM distance is given in equation 3. 
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a--= eJMij 1(2          (Eq. 3) 
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and where and j = the two signatures (classes) being compared; Ci = the 

covariance matrix of signature I; mi = the mean vector of signature i  

ln = the natural logarithm function; |Ci| = the determinant of Ci (matrix algebra) 

(Swain, P.H. and Davis, S.M. 1978). 

 

Because the MODIS images are blurred sometimes it is difficult to create 

unique signatures. An example of such a MODIS image is shown in figure 3.8. 

 

 
Figure 3.8. Errors in the MODIS images. The blue image is the original .hdf image. The brown 
spots create extreme VI values as can be seen in the other two images (left: EVI, right: NDVI). 
The homogeneous area (dotted line) is influenced by this phenomenon because a part of it is 
also part of the homogeneous area. 



 32 

To exclude the most extreme values from the unique signatures some 

parameters were derived for a method of visual interpretation. The following 3 

indicators for extreme values were used: 

a Standard Deviation of the 21 dates of all three years (2004-2006) 

b Standard Deviation of date x / Standard Deviation of date x-1 

c Standard Deviation / Mean  

If those three indicators show an extreme value the original images are 

checked. (In some cases two or even one extreme value is enough to have a 

check). A value is considered extreme when: 

a more than 1000 

b grow or decrease from more than 75% (value > 1.75 or value < 0.25) 

c more than 0.35 (SD more than 35% of Mean) 

Another aspect that will be taken into account is if the same area show 

extreme values both in EVI and NDVI. If this is the case the chance is bigger 

that the pixels in the AOI have a bad quality.  

If the original data was like the image in figure 3.8 this data was removed from 

the statistics in Excel and therefore from the temporal signatures. These 

temporal signatures contain data with a better quality and can be used as 

signature for classification.  

 

3.4.6 Classification 

 

With the unique temporal signatures a classification is being done in ERDAS. 

Because training areas are used a supervised classification is done (Lillesand, 

T.M. et al. 2004). The parameters for the classification are shown in table 3.7.  

 

Table 3.7. Classification specifications. 
Input raster file 2004, 2005, 2006 
Input signature file Three year average signatures of the four 

selected habitat types 
Classified file Proper name 
Non-parametric rule None 
Parametric rule Maximum Likelihood 
AOI The Veluwe area 
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The 21 layer stacked image, which has created a ‘yearly-vegetation-index-

map’, is used as input file. So for every year every pixel contains 21 

vegetation index values. As input signatures the three-year-average 

signatures of the four selected habitat types are used. The output images are 

given a proper name. No non-parametric rule is used. The parametric rule is 

Maximum Likelihood because it is assuming normal distribution (Lillesand, 

T.M. et al. 2004). The classification is for the area within the boundaries of the 

Veluwe (figure 3.2) 

 

3.4.7 Validation 

 

In Google Earth areas for heath land, grassland and forest are selected. 

Because wet heath and dry heath could not be distinguished from the aerial 

photographs of Google Earth they are combined and called heath land. For 

heath land and forest 33 areas were selected, for grassland 22 areas were 

selected. Every area is selected by visual interpretation of the Google Earth 

image. An example of the Google Earth interface is given in figure 3.4 and an 

example of the LGN5 database is given in figure 3.3.  

The validation is done for the year 2004. The selected validation areas are 

homogeneous for at least 500*500 meter. This is because a pixel of the 

MODIS image is 250*250 meter. By selecting large homogeneous areas the 

chance is bigger that the pixels in the classified MODIS image are rightly 

classified for that area. In some cases it was not possible to select areas of 

500*500 meter. Especially not for grassland and heath land. In this cases the 

largest possible areas are taken, which where always larger than 250*250 

meter. Figure 3.9 gives examples of the validation areas. 

To compare the validation areas with the classification results the coordinates 

of the centre of the validation areas are used as input in ArcGIS 9.2. The 

habitat types of the four classifications are filled in, in an Excel table. 

This table is translated to a confusion / error matrix. For all the habitat types 

an overview of the accuracy, omission, reliability and commission is made.  
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Figure 3.9. Examples of validation areas. The yellow line is the distance to another habitat 
type or land use. In the upper left is an example of a heath land area. To the right is an 
example of a grassland area. In the lower left is an example of a forest area. 
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4 Results 

 

4.1 Investigation of current remote sensing natura 2000 

habitat monitoring methods 

 

4.1.1 The Questionnaire 

 

A questionnaire has been sent to 26 countries in Europe. They were asked to 

systematically describe their use of remote sensing for Natura 2000 purposes, 

according to section 2.1. The complete questionnaire and the answers can be 

found in Appendix IV. Project managers from Denmark, Slovenia, Portugal 

and Czech Republic answered the questionnaire. Their answers are shown in 

table 4.1.  

The first column gives the abbreviations of the names of the four countries 

who answered the questionnaire. The second column is a description if they 

make use of remote sensing techniques for their Natura 2000 habitat 

monitoring now, or if they are going to use it in the future. The third column is 

an explanation of the second column, so why do or don’t the countries use 

remote sensing, now or in the future. 

 

From the answers it can  be concluded that these countries do not use remote 

sensing for their monitoring tasks within the Natura 2000 project. The reasons 

are that the areas are too small or other data sources are available like: 

·  Humans: highly skilled botanists / fieldworkers  

·  Databases: existence of good national coverage information  

·  Maps: national coverage orthophoto’s with a very high spatial 

resolution 
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Remote sensing techniques are however used within the Natura 2000 project. 

The applications of remote sensing are: 

·  Mapping: orthophoto’s are used as a basic layer or background layer 

·  Designating areas: remote sensing is used to asses forest quality and 

this assessment is used for the designation of areas 

·  A combination: aerial photography is used for designation of areas 

In the future the countries expect to use remote sensing for several reasons: 

·  New Natura 2000 habitat situations 

·  It is in a early stage of set up, it could be useful in the future 

·  Orthophoto’s could be useful as geographical identification tool 

Or, in other words, it could be used for situations that are not known yet or it 

could be used for situations as were it is used now. There are no specific 

situations or applications where remote sensing techniques are expected to 

be useful, except for the use of mapping / geographical identification.  

The results are put into a table which is comparable with table 2.1. 

 

Table 4.1. The results of the questionnaire. 
Country Use of RS Reason 
DK No The very small and localised nature of the occurrences of many 

habitat types. 
The existance of good national coverage information on the 
locations and extents of most occurrences of semi-natural habitats 
A large number of highly skilled field botanists and ecologists 
working in the public authorities and a general emphasis in Danish 
vegetation ecology on field based approaches 
The existance of national coverage orthophotos acquired, from 
aircraft, with spatial resolution of less than 1 m for several time 
points since 1995 

 Future For a few Natura 2000 habitat situations such as the extensive 
heath and dune systems of parts of Jutland 

SL Little Directly remote sensing was not used for Natura 2000 purposes 
Orthophoto is a standard for every work on Natura 2000 as a basic 
geo-layer 
In forestry they are using remote sensing to assess quality of forests 
and some results were indirectely used for designation of areas 

 Future Monitoring Natura 2000 is in an early stage of setting-up. So it could 
be usefull 

PT Little Designation of SCIs had as a first tool aerial photography followed 
by field work to confirm data in situ 

CZ Little The selection system was based on field work in the complete area, 
which was much more expensive, but also much more precise  
Orthofotomaps were used as a background for precision of borders 

 Future Monitoring of species and habitats is largely and deeply based on 
field work of specialists, but the background of orthofotomaps is 
useful as a geographical identification tool in the field 
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Table 4.2. The use of remote sensing as described in the answers of the questionnaire. 
research N2k monitoring Use RS Remote sensor 

type 
GIS process 

DK Field survey Classification. 
Orthophoto’s are 
used for mapping 

Aerial 
photography 

Presentation 

SL  Classification. 
Orthophoto’s are 
used for mapping 
and designation 

Aerial 
photography 

Presentation and 
analysis 

PT Remote sensing 
Field survey 

Classification. 
Orthophoto’s are 
used for 
designation 

Aerial 
photography 

Presentation 

CZ Field survey 
 

Classification. 
Orthophoto’s are 
used for mapping 

Aerial 
photography 

Presentation 

 

4.1.2 The Workshop 

 

(websource 5) is a website about the Natura 2000 workshop in Denmark 

(section 2.1). From this workshop three participants from three countries were 

speaking about remote sensing in their presentation. In total there were 36 

participants all from different countries or organizations and there were 19 

presentations (including two introductions). The countries were Sweden, 

France and Denmark. The French project is also joined by a Dutch, British, 

Spanish and Slovakian research institute.   

According to the presentations, Anne Schmidt, one of the participants of the 

workshop and working at Alterra, told me that Remote Sensing is hardly been 

used within the Natura 2000 project in the Netherlands. 

An overview of the information is given in table 4.3. The results are translated 

to a table, table 4.4, comparable with table 2.1. 

 

Table 4.3. The use of remote sensing as a habitat monitoring tool in the Roskilde workshop 
presentations. 
Country Description Technique 
Sweden Combining RS IR images with 

field measurement 
Point-grid interpretation of aerial IR images 

France 
 
 

Comparing satellite images to 
detect land cover changes. 
Therefore they took 228 samples 
in 6 biogeographic regions 

Retrogressive georeferencing 
Object-orientated backdating 
CORINE landcover MMU 

Denmark Mapping habitat types Orthophoto interpretation and field mapping 
Netherlands not not 
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Table4.4. The use of remote sensing as described in the Roskilde workshop presentations. 
research N2k monitoring Use RS Remote 

sensor type 
GIS process 

Sweden Field 
measurement 
combined with 
RS 

Classification. 
Orthophoto’s are 
used for mapping 

Multi Spectral Analysis and 
Presentation 

France Comparing 
satellite images 

Monitoring Multi Spectral Analysis and 
Presentation 

Denmark  Classification. 
Orthophoto’s are 
used for mapping 

Aerial 
photography 

Presentation 

 

 

4.2 Signatures per habitat type 

 

This paragraph shows the results of the temporal and the unique signatures. 

These signatures are created for the MODIS method homogeneous areas. 

4.2.1 Three year sequence  

 

In this paragraph the graphs of a three year sequence for all the habitat types 

are shown. These graphs are performed as described in section 3.4.5 which 

means that bad data is removed. 

 

The differences between the figure 4.1-4.4 are relatively small. The graph of 

the EVI has values between 0.20 and 0.30 in the winter and values between 

0.40 and 0.50 in the summer for every habitat type. Between every habitat 

type is a difference of about 0.05 over the whole season. From low to high 

values: dry sand heath land, wet heath land, grasslands, forest. The EVI value 

of grasslands seems to have a very slight increase from 2004 – 2006 

The NDVI graphs show a lot more ups and downs than the EVI graph. The 

NDVI graph has values between 0.80 and 0.85 in the summer and has values 

of about 0.60 in the winter. The lowest and highest values of all four habitat 

types are more or less equal.  



 39 

dry sand heath

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

ja
n-

04

ap
r-

04

ju
l-0

4

ok
t-

04

ja
n-

05

ap
r-

05

ju
l-0

5

ok
t-

05

ja
n-

06

ap
r-

06

ju
l-0

6

ok
t-

06

2004 EVI 2005 EVI 2006 EVI 2004 NDVI 2005 NDVI 2006 NDVI

 
Figure 4.1. Three year sequence (2004-2006) of dry sand heath land for MODIS derived 
NDVI and EVI over the Veluwe. 
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Figure 4.2. Three year sequence (2004-2006) of wet heath land for MODIS derived NDVI and 
EVI over the Veluwe.  
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grasslands
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Figure 4.3. Three year sequence (2004-2006) of grassland for MODIS derived NDVI and EVI 
over the Veluwe. 
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Figure 4.4. Three year sequence (2004-2006) of forest for MODIS derived NDVI and EVI over 
the Veluwe. 
 

4.2.2 Three year average 

 

To have a better look at what the differences are between the habitat types 

the three-year-average is shown in figure 4.5 and 4.6. Both EVI and NDVI are 

shown in the same graph to see the differences between these VI’s also. The 

graph in figure 4.6 is performed as described in section 3.4.5 which means 

that bad data is removed. The graph in figure 4.5 is with bad data. Overall the 

NDVI values are higher than the EVI values at every date. Both vegetation 



 41 

indices show a smooth graph. The only exceptions are July 28 for the EVI and 

NDVI and September 30 for the NDVI. These values were supposed to be 

higher, because a smooth graph is expected. 

For both vegetation indices the habitat type graphs show more or less equal 

values in the winter period. In the growing season forest show the highest 

values, before grassland, wet heath land and dry sand heath land. This order 

maintains in the summer when the values are the highest. In the autumn the 

values decline. The order of values stays the same except for the NDVI graph 

of forest. The values move to each other until they are more or less the same 

again in the winter period. The maximum EVI value differences between the 

highest and lowest value are 0.05 in the winter, 0.15 in the spring and the 

early summer, 0.10 in the late summer and autumn. The maximum NDVI 

value differences between the highest and lowest value are 0.10 in the winter, 

0.15 in the spring and early summer, 0.10 in the late summer and autumn. 

According to both vegetation indices the start of the growing season is from 

march 21 to may 8. Within this period both vegetation indices show the 

highest values for forest, second is grasslands. Wet heath land and dry sand 

heath land show more or less the same values. From September 13 the EVI 

graph is steadily decreasing while the NDVI graph is suddenly decreasing at 

November 17.  

The unique signature of figure 4.5 is tested for separability with the Jeffries 

Matusita Index (section 3.4.5). The minimum value is 0, which means that the 

signatures are inseparable; the maximum value is 1414, which means that the 

signatures are totally separable. The results are shown in table 4.5. The 

habitat types are represented as numbers where 1 = dry sand heath land, 2 = 

wet heath land, 3 = grassland and 4 = forest. The results make clear that the 

signatures of dry sand heath land and grassland (1-3) are the most separable 

and that the signatures of wet heath land and forest (2-4) are the less 

separable. The JM values for the EVI signatures are on average a bit lower 

except for the combination of grassland and forest (3-4). The difference 

between the EVI and NDVI JM values of the combination of dry sand heath 

land and wet heath land (1-2) is relatively large. Also the difference between 

the EVI and NDVI JM values of the combination of wet heath land and forest  

(2-4) is relatively large. 
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Table 4.5 JM values. The value is an index about the separability of the four Veluwe habitat 
types, where 1 = dry sand heath land, 2 = wet heath land, 3 = grassland and 4 = forest. The 
JM test is done for the EVI and the NDVI temporal signatures.  
 EVI NDVI  EVI NDVI 
1-2 1244 1341 2-3 1350 1387 
1-3 1389 1399 2-4 1109 1189 
1-4 1293 1314 3-4 1384 1380 
   average 1295 1335 
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Figure 4.5. Three year average of MODIS derived NDVI and EVI over the Veluwe for the four 
selected habitat types containing bad data. 
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Figure 4.6. 3 Three year average of MODIS derived NDVI and EVI over the Veluwe for the 
four selected habitat types not containing bad data. 



 43 

4.3 Classification 

 

Classification images are produced for the MODIS and the LGN5 method, for 

the EVI and the NDVI, for the years 2004-2006. Examples of this classification 

images can be found in figure 4.7, 4.8, 4.9 and 4.10. All the classification 

images can be found in Appendix V.  

The MODIS method EVI classification images show a lot of heath land, much 

more than expected (figure 3.4). The classification of 2005 has the most 

grassland, those of 2004 and 2006 show more forest than grassland, 2005 

shows more grassland than forest (Appendix V). The place and the area of 

the forests and grasslands varies between the years, but they are always 

more or less on the same place. Like the EVI classification the MODIS 

method NDVI classification images also show a lot of heath land, much more 

than expected (figure 3.4). In the middle of the images is a large forest area. 

The classification of 2005 show more grassland compared to the other two 

years. The classification of 2005 also show more forest and / or grassland in 

the south of the Veluwe (Appendix V). 

The LGN5 method EVI classification images show a lot of grassland areas. In 

the middle and east of the Veluwe are large forest areas, especially in the 

2005 classification. There are a few, clear, heath land areas in all three 

classifications. The 2006 classification looks dotted compared to the other two 

years (Appendix V). The LGN5 method NDVI classification images also show 

a lot of grassland areas. In the middle and east of the Veluwe are large forest 

areas, especially in 2005 and 2006, while for 2004 not so much forest is 

classified. There are a few, clear, heath land areas in all three classifications. 

The classification of 2004 show less heath land areas than the classifications 

of 2005 and 2006 (Appendix V).  

There are three different possibilities to compare the classification images with 

each other. The first possibility is to compare different years. The second 

possibility is to compare the two different vegetation indices. The third 

possibility is to compare the two different methods. These three comparisons 

are described below. The used classification images are shown in figure 4.7, 

4.8, 4.9 and 4.10. Not all the classification images are compared with each 
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other. To compare different years the MODIS method EVI classification of 

2004 is compared with that of 2005. To compare the EVI with the NDVI the 

MODIS method EVI classification of 2004 is compared with the MODIS 

method NDVI classification of the same year. To compare the two methods 

the MODIS method EVI classification of 2004 is compared with the LGN5 

method EVI classification of 2004. 

 

Between year comparison. Figure 4.7 and 4.10 

The classifications are more or less the same. The classification of 2005 

shows more heath land instead where the classification of 2004 show forest or 

grassland. The classification of 2005 also shows more grassland in where the 

classification of 2004 shows forest. 

 

Vegetation index comparison. Figure 4.7 and 4.9 

The images are more or less similar. A difference is that the NDVI 

classifications larger forest area shows in the eastern part of the centre of the 

Veluwe. The EVI classification shows more grassland at this place. Another 

difference is that the EVI classification larger forest area shows in the western 

part of the centre of the Veluwe.  

 

Method comparison. Figure 4.7 and 4.8 

Some areas are classified the same in both classification methods. The forest 

areas in the MODIS method classification are also forest in the LGN5 method 

classification. The heath land areas in the LGN5 method classification are 

also heath land areas in the MODIS method classification. So the habitat 

types which are less classified than expected for the one classification method 

(for MODIS it is forest, for LGN5 it is heath land) are classified as the same 

habitat type in the other classification method. 

Other aspects are different between the two classification methods. The 

grassland areas in the MODIS method classification are classified as forest in 

the LGN5 classification. The MODIS method classification shows a lot of 

heath land and the LGN5 method classification shows a lot of grassland. The 

heath land areas in the MODIS method classification are classified as 

grassland or forest in the LGN5 method classification.
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Figure 4.7. Supervised classification  of 
the MODIS EVI Image of 2004, based on 
the spectral signature of the MODIS 
homogeneous areas. 

Figure 4.8. Supervised classification  of 
the MODIS EVI Image of 2004, based on 
the spectral signature of the LGN5 
homogeneous areas. 

 

 
Figure 4.9. Supervised classification  of 
the MODIS NDVI Image of 2004, based on 
the spectral signature of the MODIS 
homogeneous areas 
 

Figure 4.10. Supervised classification  of 
the MODIS EVI Image of 2005, based on 
the spectral signature of the MODIS 
homogeneous areas 



 46 

4.4 Validation 

 

The classification results as described in section 4.3 (figure 4.7, 4.8, 4.9 and 

4.10) are compared with ground truth data (section 3.4.7). The results are 

shown in a confusion matrix (table 4.6). Lillesand et al. (2004) describe how 

this works. The rows say something about the producer’ s accuracy, which is 

the percentage of a class which is classified correctly. The columns say 

something about the user’s accuracy, or reliability, which is the percentage of 

the pixels assigned to a class which really belong to that class.  

That too many pixels are classified as heath land makes the MODIS EVI 

method accurate for heath land (100%), but not reliable (55.9%). The MODIS 

NDVI method is a little less accurate (90.9%) and reliable (48.4%). Forest and 

grassland are for both vegetation indices not accurate or reliable (only MODIS 

EVI forest reliability is above 50%) 

 

That too many pixels are classified as grassland makes the LGN5 EVI method 

accurate for grassland (77.3%) but not reliable (40.5%). The LGN5 NDVI 

method is even more accurate for grassland (81.8%) but less reliable (34.6%). 

In the LGN5 EVI method forest is quite accurate (72.7%) and also reliable 

(82.8%). In the LGN5 NDVI method forest is a little less accurate (69.7), but 

more reliable (88.5%). For both vegetation indices heath land is not accurate 

(less than 50%), but very reliable (more than 90%). 
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Table 4.6. Confusion matrix. The classification results (figure 4.7, 4.8, 4.9 and 4.10) are 
compared with Google Earth derived ground truth data. 
MODIS EVI 
 forest grassland heath land total accuracy 
forest 13 4 16 33 39.4 
grassland 12 0 10 22 0.0 
heath land 0 0 33 33 100.0 
total 25 4 59 88 52.3 
reliability 52.0 0.0 55.9   
MODIS NDVI 
 forest grassland heath land total accuracy 
forest 10 1 22 33 30.3 
grassland 10 2 10 22 9.1 
heath land 3 0 30 33 90.9 
total 23 3 62 88 47.7 
reliability 43.5 66.7 48.4   
LGN5 EVI 
 forest grassland heath land total accuracy 
forest 24 9 0 33 72.7 
grassland 4 17 1 22 77.3 
heath land 1 16 16 33 48.5 
total 29 42 17 88 64.8 
reliability 82.8 40.5 94.1   
LGN5 NDVI 
 forest grassland heath land total accuracy 
forest 23 10 0 33 69.7 
grassland 3 18 1 22 81.8 
heath land 0 24 9 33 27.3 
total 26 52 10 88 56.8 
reliability 88.5 34.6 90.0   
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5 Discussion 

 

5.1 Current use of remote sensing for Natura 2000 h abitat 

type monitoring 

 

In section 4.1.1 it was stated that remote sensing could be used for situations 

that are not known yet or it could be used for situations as were it is used now. 

It is also said that there are no specific situations or applications where remote 

sensing techniques are expected to be useful, except for the use of mapping / 

geographical identification. According to section 1.2 this is only the use of 

classification and within the GIS process it is only used, and expected to be 

used, for presentation and sometimes analysis. 

 

For the involved agencies it is too early to use remote sensing as a monitoring 

tool (section 4.1). The agencies don’t have to monitor already and are not yet 

busy with it (section 4.1). There are several reasons why remote sensing is 

not used so much already (section 4.1) but only for some applications: 

·  Detection of land change 

·  Underlaying map 

·  Visual interpretation 

 

From table 2.1, 4.2 and 4.4 it can be concluded that spaceborne imaging 

spectroscopy is not used to monitor Natura 2000 areas. So qualities and 

specific techniques of medium resolution satellites are not used to monitor 

Natura 2000 areas and also temporal signatures are not used to monitor 

Natura 2000 areas. To give an overview of the results of the investigation of 

current remote sensing based methods for monitoring Natura 2000 habitat 

types table 2.1, 4.2 and 4.4 are combined in table 5.1 
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Table 5.1. An overview of the results of the investigation of current remote sensing based 
methods for monitoring Natura 2000 habitat types. This table is a combination of the tables 
2.1, 4.2 and 4.4. 
research  N2k monitoring Use RS Remote sensor 

type 
GIS process 

(Blascke, T. 
2001) 

 monitoring Not known analysis 

(Weiers, S. et 
al. 2004) 

 monitoring High resolution 
and multi spectral 
space born 

all 

(Langanke, 
T. et al. 
2005) 

 monitoring Airborne aerial 
photography 

all 

(Bock, M. et 
al. 2005) 

 monitoring High resolution 
airborne and multi 
spectral space 
born 

all 

DK Field survey Classification. 
Orthophoto’s are 
used for mapping 

Aerial 
photography 

Presentation 

SL  Classification. 
Orthophoto’s are 
used for mapping 
and designation 

Aerial 
photography 

Presentation 
and analysis 

PT Remote sensing 
Field survey 

Classification. 
Orthophoto’s are 
used for 
designation 

Aerial 
photography 

Presentation 

CZ Field survey 
 

Classification. 
Orthophoto’s are 
used for mapping 

Aerial 
photography 

Presentation 

Sweden Field 
measurement 
combined with 
RS 

Classification. 
Orthophoto’s are 
used for mapping 

Multi Spectral Analysis and 
Presentation 

France Comparing 
satellite images 

Monitoring Multi Spectral Analysis and 
Presentation 

Denmark  Classification. 
Orthophoto’s are 
used for mapping 

Aerial 
photography 

Presentation 

 

In section 4.1 several reason are mentioned why remote sensing techniques 

are not used so much within the Natura 2000 project. One of the reasons that 

remote sensing techniques in general and medium resolution satellites 

images specifically are not used for Natura 2000 habitat monitoring can be 

that people are not familiar with remote sensing  and medium resolution 

satellites monitoring techniques. Therefore people are also not aware of the 

capabilities of this techniques and they tend to use conventional methods and 

techniques, so that they know what they are doing and what they get . 

Another reason is that the use of medium resolution satellites is not suitable 

for monitoring Natura 2000 areas. Some areas are to small to monitor at the 
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scale of medium resolution satellites. In other areas a lot of field survey is 

done by well trained field surveyors, or there is availability of high resolution 

aerial photographs, so that there is no need to use medium resolution satellite 

images for monitoring anymore. 

A third reason is that it is to early to use medium resolution satellite monitoring 

techniques. Because the monitoring rapport has to be handed in within 6 

years there is not enough need to think about techniques to monitor, 

especially not when these techniques are not so well known. The first concern 

of the instances which has to hand in the reports is to assign the Natura 2000 

areas and to determine which habitats they got in those areas. Within a (few) 

year(s) this job is done and the responsible agencies will think about 

monitoring. 

The fourth reason that not so many countries use Remote Sensing as a 

habitat monitoring tool is caused by the level of detail: the nature conservators 

want information about species, but satellites can’t give information at that 

level of detail. A fifth reason is the fact that remote sensing techniques are not 

operational yet: excepted the interpretation aerial photo remote sensing 

techniques can’t be used on a routine based way. A sixth reason that remote 

sensing is hardly being used within Natura 2000 is the costs of using remote 

sensing and it’s techniques are a reason. A seventh reason is the availability 

of proper satellite images.  

 

Both in literature and in practice, the use of medium resolution satellite 

monitoring techniques is not really in the picture. In the literature the possible 

use of medium resolution satellite images and of temporal signatures for 

vegetation monitoring is well described, (section 2.1 and 2.3) but not directly 

in relation to Natura 2000 habitat types. The SPIN project (section 2.1) and a 

French project (table 4.3) do use remote sensing techniques for Natura 2000 

habitat monitoring. In theory, there are possibilities both in literature and in 

practice, for the use of medium resolution satellite techniques for Natura 2000 

habitat monitoring.  
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5.2 Selection of habitat types 

 

The analysis in this research was done with only four habitat types and in the 

end, only three habitat types were validated. There are more habitat types on 

the Veluwe (table 3.2) but the problem is that this habitat types are not pure 

(section 3.4.3) which means that they always occur together with at least one 

other habitat type within the 1*1 km2 grid cell areas of the habitat distribution 

file. 

The idea of the MODIS and LGN5 method was to create homogeneous areas 

of one habitat type. For the MODIS method the underlying idea is: the larger 

the area, the more pure the habitat type is; for the LGN5 method the idea was: 

the more overlap with existing land use, the more pure the habitat type is.  

 

For the MODIS method only one grassland area could be selected. For heath 

land and forest a lot of areas could be selected. So the heath land and forest 

areas are more spread over the region, than the grassland area. This means 

that the average signature of grassland could be more sensible for external 

influences.  

 

The LGN5 areas where randomly selected. The requirement is that the 

selected areas must be spread over the area. Another criterium is that the 

habitat distribution shapefile must have as many overlap with the created 

LGN5 classes as possible.  

 

5.3 Unique signatures 

 

Compared to the results of Wardlow et al. (2007) for example (section 2.3)  

the NDVI values of the habitat types are quite high. Wardlow et al. (2007) did 

research to crops and found NDVI values between 0.15 in the winter and 0.75 

between late spring and early autumn. The EVI values in the research of 

Wardlow et al. (2007) are between 0 in the winter and 0.7 between late spring 
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and early autumn. The results as described in section 4.2 are quite low 

compared to the results of Wardlow et al. (2007). 

A reason of high NDVI values through the year could be that the natura 2000 

habitat types are vegetated areas which are green through the year. This 

gives a high value for the NIR band and thus a NDVI value (equation 1). For 

both vegetation indices the difference between the maximum and minimum 

value is not so much. This implies that the growth of biomass is not so much 

within the natura 2000 habitat types of the Veluwe (equation 1 and 2). 

 

Although the Jeffries Matusita statistics are only applied on the unique 

signatures with bad data of the MODIS method its outcomes gives information 

about separability of the temporal signatures of the Veluwe habitat types. 

According to the JM values the NDVI signatures are more separable than the 

EVI values (table 4.5). If the signatures would be more separable, the 

signatures are supposed to be more unique, which lead to the expectation 

that the classification result would be better. This is not in line with the results 

of the confusion matrix (table 4.6) because Based on the JM values grassland 

and both heath lands are separable (table 4.5; 1-3 and 2-3). Grassland and 

forest are also separable (table 4.5; 3-4).Both heath lands and forest are a bit 

less separable (table 4.5; 1-4 and 2-4). It is expected that both heath lands 

have relatively low values, which means that they are relatively less separable 

(table 4.5; 1-2). The JM values give reason to distinguish heath land, 

grassland and forest and use them as classes for the classification (table 4.5.). 

It also give reason to put wet and dry heath land together in the same class 

because these classes are the least separable (table 4.5.). A reason to 

distinguish wet and dry heath land is that the value is relatively high compared 

to the minimum and maximum value (table 4.5.). 

 

5.4 Classification & Validation 

 

Three different classifications variables are compared with each other: 

different years, two vegetation indices and two homogeneous area selection 

methods. From the results of section 4.4 and table 4.6 it can be said that the 
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two homogeneous area selection methods gives the largest differences. The 

differences between years and between the two vegetation indices are not so 

large. The classification result is the most dependent on the homogeneous 

area selection methods. 

 

That the differences between years are not so big is a good result.  It seems 

that the classification is reliable through the time. To explain it in short: what is 

forest in one year, although it maybe is grassland in reality, is not suddenly 

heath land in another year and forest again in the third year. So the pattern of 

the habitat type classification doesn’t change so quickly.  

 

That the differences between the vegetation indices are not so large is not so 

surprising. Both indices measure more or less the same (equation 1 and 2, 

section 2.4). Overall the EVI give better results for accuracy and reliability 

(table 4.6). This is in line with the expectations about the improved sensitivity 

in high biomass regions and improved vegetation monitoring of the EVI 

compared to the NDVI (section 2.4). 

 

The difference between the MODIS and the LGN5 method can be seen 

obviously. The figures 4.7, 4.8, 4.9 and 4.10 show that the MODIS method 

gives a very purple result, which means that a lot of pixels are classified as 

heath land, while the LGN5 method gives a very green result, which means 

that a lot of pixels are classified as grassland or forest. The confusion matrix 

(table 4.6) also gives a big difference between the two methods.  

Overall it can be concluded that MODIS method is not proved to be useful to 

classify the habitat types, without the use of additional data. It is almost sure 

that the heath land areas are classified as heath land, but too many pixels are 

classified as heath land to determine what the real heath land areas are. And 

about the forest and grassland areas who are classified can be said that this 

classification is not reliable (table 4.6) 

The LGN5 methods is able to classify grasslands what should be classified as 

grassland. But it has the same problem what the MODIS method has with 

heath land: too many pixels are classified as grassland, therefore the method 

is not useful to classify and monitor grassland. The method is useful to 
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classify forest because it is quite accurate and reliable. The method is not 

useful to classify heath land, but it is quite sure that the pixels which are 

classified as heath land are indeed heath land in reality. 

In reality some heath land areas turn into grassland. On aerial photograph it is 

hard to determine whether an area is still heath land or is turned into 

grassland. Therefore it could be that, for the use of validation, some heath 

land areas are labeled as grassland and some grasslands are labeled as 

heath land. Besides the process of heath land turning into grassland is 

already going on. When selecting the homogeneous areas with help of the 

LGN5 database (section 3.4.3) it could be that some selected areas which has 

a ‘heath land code’ (table 3.5) are in reality turned into grassland. This 

influences the accuracy of heath land and the reliability of grassland for the 

LGN5 method. 

 

Based on the results of this research it can be said that it is useful to use 

remote sensing together with an additional information source, in the case of 

this research it was the LGN5 land use database.  

What is the added value of MODIS medium resolution imaging spectroscopy? 

Together with the use of existing information about the Natura 2000 habitat 

types the MODIS images can have added value. The agencies already have 

to think about monitoring their habitat types. The MODIS images are available 

for free with a high temporal frequency. This could be the base for a 

operational monitoring system. The temporal signatures could be used as a 

classification tool in an operational monitoring system. 

 

The temporal signatures could also be used in a different way. In this study 

the whole signature is used for classification. Another way to use the 

signatures is to use a specific part of the signature. Especially the growing 

season (approximately from April until October) is interesting because the 

values have the most distance to each other during these periods (figure 4.5 

and 4.6). Also the start and the end of the growing season are interesting 

because in these periods the increase and decrease of vegetation index 

values is the largest.
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6 Conclusion & Recommendation 

 

The objectives of this research were to assess the current status of the use of 

remote sensing based methods to monitor Natura 2000 habitat types by the 

EU member states and, in addition, to investigate the possibilities of medium-

resolution satellites with a high temporal coverage for monitoring the range, 

area and structure & function of Natura 2000 habitat types.  

 

The conclusion of the assessment of the current status of the use of remote 

sensing based methods to monitor Natura 2000 habitat types by the EU 

member states is that remote sensing based methods are limited used by the 

EU member states. Mostly remote sensing is used for visual aspects. From 

the remote sensing applications, described in section 1.2, it is mostly used as 

a classification tool, within the GIS process, described in section 1.2, it is 

mostly used for presentation and sometimes to analyze data. Spaceborn 

imaging spectroscopy is never used and medium resolution satellite images 

and  temporal signatures are also never used by the EU member states. Only 

a French project is using remote sensing techniques for monitoring Natura 

2000 habitat types. The SPIN project also uses remote sensing techniques for 

monitoring Natura 2000 habitat types. Both use Spaceborn multispectral 

sensors for their monitoring.  

The reason that remote sensing is not used for monitoring can be external: 

availability of other data sources which are known well, already available or 

easily to get, cheap. Or the reason can be internal: remote sensing techniques 

are not useful to monitor Natura 2000 areas because the areas are too small.  

 

In addition the possibilities of medium-resolution satellites with a high 

temporal coverage for monitoring the range, area and structure & function of 

Natura 2000 habitat types were investigated.  

The results were graphs with EVI and NDVI values plotted to the time as 

result. The EVI values were quite low compared to the NDVI values. Both 

vegetation index graphs had little difference between their minimum and 

maximum values compared to other research, for example (Wardlow, B.D. et 
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al. 2007). Further research has to be done to investigate why the EVI values 

are so low and to investigate if the small differences between the maximum 

and minimum values imply the growth of biomass is not so much within the 

natura 2000 habitat types of the Veluwe. 

A classification is made with the unique signatures of four habitat types. The 

unique signatures are improved but the improves signatures could not be 

used as input in ERDAS imagine. For further research it has to be figured out 

how the best unique signatures can be derived which can be used in ERDAS 

imagine. From the classification results different years, different vegetation 

indices and different methods are compared. In general it can be said that a 

classification which is done with the EVI values is more accurate and reliable 

than a classification which is done with the NDVI values and that a 

classification which is done according to the LGN5 method gives better results 

than a classification which is done according to the MODIS method. It has to 

be investigated if the pattern of the habitat type classification doesn’t change 

so quickly means that the classifications are reliable through the time. 

 The two different homogeneous area selection methods, MODIS and LGN5 

gives the largest differences. This means that the selection of homogeneous 

areas is the most sensible factor in the classification result. So to reduce 

differences in classification result it is important to do further research to the 

best way to select homogeneous areas.  

 

Overall the method with the most accurate and reliable classification results is 

the LGN5 method which uses the EVI values. If an area is grassland in reality 

than the method classifies this as grassland. And if a pixel is classified as 

heath land than this is indeed heath land in reality. But it is not the other way 

around, both for grassland and heath land. This counts only for the 

classification of forest because it is quite accurate and reliable.  

Only a Natura 2000 habitat distribution file and MODIS images are not yet 

enough to make a proper classification which can be used for monitoring. 

Additional information, like the LGN5 database, is needed to select 

homogeneous areas which are used for classification. 

For Natura 2000 habitat monitoring it is important to know when a pixel 

changed from heath land to grassland if the heath land in this pixel is really 
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grassified. Because of the described characteristics of this method it can be 

said that there quite a big chance that what is heath land in one year but 

grassland in the next year is indeed changed from heath land to grassland in 

reality. But this method is tested once now and is not yet be proven to be a 

reliable method. It has to be tested if this method give good results in other 

research. What has to be considered also is that the LGN5 classification can 

be dated. Which means that a pixel or an area can be classified as heath land 

in the LGN5 database, but is grassland in reality, because of the process of 

grassifying heath land. When the LGN5 method is tested and it validated it 

can be considered as a proper method for monitoring area and range within 

Natura 2000 habitat monitoring program. 

A consideration against the use of the LGN5 method is the availability of data. 

The MODIS image mosaics are available for free every sixteen days, but the 

LGN5 database is not available for free and also not available every sixteen 

days. So when the LGN5 method is used important advantages of the use of 

MODIS images are underused.  
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Appendices 

 

Appendix I 

 

This appendix shows all the birds directive areas of the Netherlands. The 

Veluwe area has number 59. ((websource 2)) 
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Appendix II 

 

This appendix shows all the habitat directive areas of the Netherlands. The 

Veluwe area has number 65. ((websource 2)) 
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List of Natura 2000-areas (Habitat Directive) 

 

Areas registered in 1996 and 1998 

 

1 Alde Feanen  

2 Bakkeveense Duinen  

3 Bargerveen  

4 Bemelerberg en Schiepersberg  

5 Biesbosch  

6 Borkeld  

7 Botshol 

8 Brunssummerheide  

9 Buurserzand en 

Haaksbergerveen  

10 Coepelduynen  

11 Dinkelland  

12 Drentsche Aa  

13 Drents-Friese Wold en 

Leggelderveld  

14 Duinen Ameland  

15 Duinen Goeree  

16 Duinen Schiermonnikoog  

17 Duinen Schoorl  

18 Duinen Terschelling  

19 Duinen Texel, Waal en Burg, 

Dijkmanshuizen 

en de Bol 

20 Duinen Vlieland  

21 Duinen Zwanenwater en 

Pettemerduinen  

22 Duinen Den Helder-Callantsoog  

23 Dwingelderveld  

24 Engbertsdijksvenen  

25 Fochteloërveen en Esmeer  

26 Friese IJsselmeerkust  

27 Gelderse Poort  

28 Geuldal  

29 Grensmaas  

30 Grevelingen  

31 Groote Heide - De Plateaux  

32 Groote Peel  

33 Haringvliet  

34 Havelte-oost  

35 Kampina en Oisterwijkse 

Bossen en Vennen  

36 Kempenland  

37 Kennemerland-zuid  

38 Kop van Schouwen  

39 Korenburgerveen 

40 Krammer-Volkerak 

41 Leudal 

42 Loonse en Drunense Duinen, de 

Brand en de Leemkuilen 

43 Maasduinen 

44 Manteling van Walcheren 

45 Mariapeel en Deurnesepeel 

46 Meijendel en Berkheide 

47 Meinweg 

48 Naardermeer 

49 Nieuwkoopse Plassen en de 

Haeck 

50 Noordhollands Duinreservaat 
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51 Noordzeekustzone 

52 Olde Maten en Veerslootlanden 

53 Oosterschelde 

54 Ossendrecht 

55 Regte Heide en Rielse Laag 

56 Ringselven en Kruispeel 

57 Rottige Meenthe en 

Brandemeer 

58 Sallandse Heuvelrug 

59 Savelsbos 

60 Solleveld 

61 Springendal en Dal van de 

Mosbeek 

62 St. Pietersberg en Jekerdal 

63 Strabrechtse Heide en Beuven 

64 Vecht en Beneden-Regge 

65 Veluwe 

66 Vlijmens Ven, Moerputten en 

Bossche Broek 

67 Voordelta 

68 Voornes Duin 

69 Waddenzee 

70 Weerribben 

71 Weerterbos 

72 Westduinpark en Wapendal 

73 Westerschelde 

74 Wieden 

75 Wierdense Veld 

76 Witterveld 

77 Zwarte Water 

78 Zwin 

79 Aamsveen  

 

Areas registered in 2003 

 

80 Abdij Lilbosch en voormalig 

Klooster 

Mariahoop 

81 Achter de Voort, Agelerbroek en 

Volterbroek  

82 Amerongse Bovenpolder  

83 Bekendelle  

84 Bennekomse Meent  

85 Bergvennen en 

Brecklenkampse Veld  

86 Boddenbroek  

87 Boetelerveld  

88 Boschhuizerbergen  

89 Bruuk  

90 Bunder- en Elsloërbos  

91 Canisvlietse Kreek  

92 Drouwenerzand  

93 Elperstroom  

94 Geleenbeekdal  

95 Gouwzee en kustzone Muiden  

96 Groot Zandbrink  

97 Groote Gat  

98 Groote Wielen  

99 Hollands Diep (oeverlanden)  

100 IJsseluiterwaarden  

101 Ilperveld, Oostzanerveld en 

Varkensland  

102 Kolland en Overlangbroek  
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103 Kunderberg 

104 Langstraat bij Sprang-Capelle 

105 Lemselermaten 

106 Lieftinghsbroek 

107 Lonnekermeer 

108 Luistenbuul en Koekoeksche 

Waard 

109 Mantingerbos 

110 Mantingerzand 

111 Noorbeemden en Hoogbos 

112 Norgerholt 

113 Oeffeltermeent 

114 Oostelijke Vechtplassen 

115 Oudegaasterbrekken, Gouden 

Bodem en Fluessen 

116 Oude Maas 

117 Polder Stein 

118 Polder Westzaan 

119 Rijswaard en Kil van 

Hurwenen 

120 Roerdal 

121 Sarsven en de Banen 

122 Stelkampsveld (Beekvliet) 

123 Swalmdal 

124 Teeselinkven 

125 Ulvenhoutse Bos 

126 Veluwemeer en Wolderwijd 

127 Vogelkreek 

128 Wijnjeterper Schar en 

Terwispeler Grootschar 

129 Willinks Weust 

130 Witte Veen 

131 Wooldse Veen 

132 Wormer- en Jisperveld en 

Kalverpolder 

133 Zeldersche Driessen 

134 Zwarte Meer 

135 Boezem van Brakel, Pompveld 

en Kornsche Boezem 

136 Eilandspolder-oost 

137 Zuider Lingedijk - Diefdijk Zuid 

138 St. Jansberg 

139 Landgoederen Oldenzaal 

140 Zouweboezem 

141 Leusveld, Voorstonden en 

Empesche-/Tondensche Heide 
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Appendix III 

 

This appendix shows the MODIS metadata (websource 10). 

 

Orbit: 705 km, 10:30 a.m. descending node (Terra) or 1:30 p.m. ascending node (Aqua), sun-

synchronous, near-polar, circular 

Scan Rate: 20.3 rpm, cross track 

Swath 

Dimensions: 

2330 km (cross track) by 10 km (along track at nadir) 

Telescope: 17.78 cm diam. off-axis, afocal (collimated), with intermediate field stop 

Size: 1.0 x 1.6 x 1.0 m 

Weight: 228.7 kg 

Power: 162.5 W (single orbit average) 

Data Rate: 10.6 Mbps (peak daytime); 6.1 Mbps (orbital average) 

Quantization: 12 bits 

Spatial 

Resolution: 

250 m (bands 1-2) 

500 m (bands 3-7) 

1000 m (bands 8-36) 

Design Life: 6 years 

 

Primary Use Band Bandwidth 1 Spectral 

Radiance 2 

Required 

SNR3 

1 620 - 670 21.8 128 Land/Cloud/Aerosols 

Boundaries  2 841 - 876 24.7 201 

3 459 - 479 35.3 243 

4 545 - 565 29.0 228 

5 1230 - 1250 5.4 74 

6 1628 - 1652 7.3 275 

Land/Cloud/Aerosols 

Properties  

7 2105 - 2155 1.0 110 

8 405 - 420 44.9 880 

9 438 - 448 41.9 838 

10 483 - 493 32.1 802 

11 526 - 536 27.9 754 

12 546 - 556 21.0 750 

13 662 - 672 9.5 910 

Ocean Color/ 

Phytoplankton/ 

Biogeochemistry  

14 673 - 683 8.7 1087 
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15 743 - 753 10.2 586 

16 862 - 877 6.2 516 

17 890 - 920 10.0 167 

18 931 - 941 3.6 57 

Atmospheric 

Water Vapor  

19 915 - 965 15.0 250 

 

Primary Use  Band  Bandwidth 1 Spectral 

Radiance 2 

Required 

NE(delta)T(K) 4 

20 3.660 - 3.840 0.45(300K) 0.05 

21 3.929 - 3.989 2.38(335K) 2.00 

22 3.929 - 3.989 0.67(300K) 0.07 

Surface/Cloud 

Temperature  

23 4.020 - 4.080 0.79(300K) 0.07 

24 4.433 - 4.498 0.17(250K) 0.25 Atmospheric 

Temperature  25 4.482 - 4.549 0.59(275K) 0.25 

26 1.360 - 1.390 6.00 150(SNR) 

27 6.535 - 6.895 1.16(240K) 0.25 

Cirrus Clouds 

Water Vapor  

28 7.175 - 7.475 2.18(250K) 0.25 

Cloud Properties  29 8.400 - 8.700 9.58(300K) 0.05 

Ozone 30 9.580 - 9.880 3.69(250K) 0.25 

31 10.780 - 11.280 9.55(300K) 0.05 Surface/Cloud 

Temperature  32 11.770 - 12.270 8.94(300K) 0.05 

33 13.185 - 13.485 4.52(260K) 0.25 

34 13.485 - 13.785 3.76(250K) 0.25 

35 13.785 - 14.085 3.11(240K) 0.25 

Cloud Top 

Altitude  

36 14.085 - 14.385 2.08(220K) 0.35 

 

1 Bands 1 to 19 are in nm; Bands 20 to 36 are in µm 
2 Spectral Radiance values are (W/m2 -µm-sr) 
3 SNR = Signal-to-noise ratio 
4 NE(delta)T = Noise-equivalent temperature difference  

Note:  Performance goal is 30-40% better than required  

 

Terra MODIS and Aqua MODIS are viewing the entire Earth's surface every 1 

to 2 days, acquiring data in 36 spectral bands, or groups of wavelengths. 
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Appendix IV 

 

This appendix shows the answers of the questionnaire.  

 

Answer Denmark 

 

Dear Michel,  

 

Via the NERI (DMU) front office and then another NERI colleague your 

enquiry has reached me and I therefore reply to you on behalf of NERI. 

NERI has been responsible for development of methods for implementation of 

much of the Natura 2000 network work in Denmark and the associated EU 

Habitats Directive requirements, such as for the reporting of conservation 

status. The overriding authority in DK for Habitat Directive work is the Danish 

Forest and Nature Agency (www.sns.dk). Much of the actual work has been 

undertaken by, until 31.12.1006 the Danish counties ("amts") and old 

kommunes, and since 01.01.2007 the regional environment centres 

("miljøcentre") and the new kommunes. I myself work in the NERI department 

that has been most particularly involved with the NERI Habitat Directive work 

for Danish habitats. 

However, in more direct relation to your questions, there has, as far as I am 

aware, been no use of satellite image data for work with the Danish Natura 

2000 sites, i.e. the Danish Natura 2000 sites have been demarcated and their 

habitats mapped without use of satellite images. The reasons for this include: 

The very small and localised nature of the occurrences of many of the Annex-

1 habitat types in Denmark; only a few habitat types, such as salt meadow 

and heathland types, in W, N and NW Jutland in particular, occur with patch 

extents of more than just a few hectares. This relates to the intensiveness of 

agriculture and other intensive land uses over most of Denmark.  

The existance of good national coverage information on the locations and 

extents of most occurrences of semi-natural habitats, including most of the 

Annex-1 habitat types in DK. These have been mapped and documented as 
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part of the nature protection process that counties have been responsible for 

since at least the early 1990s.  

A large number of highly skilled field botanists and ecologists working in the 

public authorities and a general emphasis in Danish vegetation ecology on 

field based approaches.  

The existance of national coverage orthophotos with spatial resolution of less 

than 1 m for several time points since 1995 (e.g. also 1999, 2002, 2004). 

These image data that are acquired from aircraft are extensively used across 

DK as backdrops to field based mapping and reconnaissance work on the 

Annex-1 habitats and the subsequent office-based digitising work.  

As suggested above, there are a few Natura 2000 habitat situations in DK for 

which satellite image analyses could be usefully applied, such as the 

extensive heath and dune systems of parts of Jutland. However even here I 

doubt that the MODIS data (with minimum spatial resolution of 250 m) could 

be considered as providing a tool for mapping or monitoring of the habitat 

types, since the habitat patterns are often complex. 

NERI recently (April 2007) organised a workshop for those developing and 

undertaking the methods for the Habitats Directive conservation status 

assessments of annex listed habitats and species. Some of the material from 

that workshop might be useful to your inquiries, such as the use that Sweden 

is making of satellite image data to increase the coverage of existing 

monitoring programmes (such as NILS) for many of the annex listed habitats. 

See : 

http://www.dmu.dk/International/Animals+and+plants/Conferences/PEER+Natura2000+works

hop+2007/ and 

http://circa.europa.eu/Public/irc/env/monnat/library?l=/workshops_seminars/roskilde-

workshop-25-274&vm=detailed&sb=Title for material from that workshop. 

 

best regards,  

 

Geoff Groom  
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Answers Slovenia 

 

Dear Mr. Huizenga,  

 

Mr. Kastelic forwarded me your mail regarding remote sensing and Natura 

2000.  

As far as I know directly remote sensing was not used for Natura 2000 

purposes, however, orto photo is a standard for every work on Natura 2000 as 

as basic geo-layer, in forestry they are using remote sensing to assess quality 

of forests and some results were indirectely used for designation of areas, 

telemetric methods are used for large carnivores...  

 

Here are some contacts you can get information:  

 

forestry:  

David Hladnik (david.hladnik@bf.uni-lj.si)  

 

Triglav National Park  

Jurij Dobravec (jurij.dobravec@tnp.gov.si)  

 

Institute for Nature Conservation  

Darij Krajcic (darij.krajcic@zrsvn.si)  

 

Nice regards,  

 

Peter. 
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Dear Michel. 

 

Monitoring of Natura 2000 sites in Slovenia is in early stage of setting up. We 

do not use any remote sensing technique jet. 

 

Best wishes! 

 

Martina Ka� i� nik Jan� ar 

 

Answer Portugal 

 

Dear Mr. Huizenga, 

 

To establish a reference in what relates to the occurrence area of natural and 

semi-natural  habitats which afterwards  allowed the designation of SCIs had 

as a first tool aerial photography followed by field work to confirm data in situ. 

Currently there are also other projects which results may be valuable bases 

for the monitoring of Natura 2000 natural values. 

  

1. CLC2006 – Elaboration of cartography of soil occupancy CORINE 
Land Cover to 2006 for mainland Portugal (based on satellite images 
from 2006); Partners - Instituto Geográfico Português (IGP); Starts 
June 2007; Duration 1 year.  

2. COS – Map of soil Occupancy/Use in mainland Portugal (technical 
features similar to the map of soil occupancy/use from 1990 (COS90) 
and a clasification that can be compared with other national and 
international projects; Starts May 2006; Ends September 2009.  

 

Best regards, 

 

Pedro Ivo Arriegas 
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Answer Czech Republic 

 

Hello Michel Huizenga,  

 

your question was succeeded to me, as I am working as leader of small team 

concerned with monitoring (sensu Habitats Directive). Firstly, Habitats 

Directive does not speak about monitorng Natura 2000 sites, we (as a 

member state) ought to monitor the named phenomena, but not only in N2K 

sites.  

Remote Sensing is in the Czech Republic in Natura 2000 little bit aside. As far 

as I know, other states used remote sensing results (e.g. CORINE) as the 

basement for next steps in the site selection process, but Czechia did not. Our 

selection system was based on field work in the complete area, which was 

much more expensive, but moch more precise (and succesfull). The mostly 

used poduct of remote sensing were the orthofotomaps, which were used as a 

background for precision of borders. For more information in this area, you 

can contact site proposal specialist Pavel Marhoul (pavel.marhoul@nature.cz)  

The same is valid in monitoring schemes, too. Monitoring of species and 

habitats is largely and deeply based on field work of specialists, but the 

background of orthofotomaps is useful as a geographical identification tool in 

the field.  

Your european comparison should be interesting for us, please feel free to 

inform us with your results.  

 

Regards  

 

Karel Chobot  

Agency of Nature Conservation and Landscape Protection  

Prague, Czechia 
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Appendix V 

 

This appendix shows all the classification results. In section … it is described 

how the classifications are performed. Section 4…. Shows a selection of the 

classification results. In section 5…. The classifications are discussed. 

The classifications are shown per year. The first page shows the result for 

2004, the second page the results for 2005 and the last page the results for 

2006. Per year the classifications are divided in MODIS method and LGN5 

method results. The MODIS method results are the upper (purple) images, the 

LGN5 method results are the lower (green) images. Within the methods the 

classifications can be distinguished in EVI and NDVI based classification. The 

EVI results are shown on the left side of the pages, the NDVI results are 

shown on the right side of the pages. 
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MODIS method 2004 EVI   MODIS method 2004 NDVI 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

LGN5 method 2004 EVI   LGN5 method 2004 NDVI 
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MODIS method 2005 EVI   MODIS method 2005 NDVI 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

LGN5 method 2005 EVI   LGN5 method 2005 NDVI 
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MODIS method 2006 EVI   MODIS method 2006 NDVI 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

LGN5 method 2006 EVI   LGN5 method 2006 NDVI 
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