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Summary: The Natura 2000 network of protected
sites is one of the means to address the issue of bio-
diversity conservation in Europe. Protected under
the habitat directive, EU member states have to un-
dertake surveillance of habitats and species of com-
munity interest and report every six years on habi-
tat range and distribution, conservation status and
the future prospects of the habitats within and out-
side of protected sites. Remote sensing techniques
have been applied successfully to monitor habitat
changes relevant for Natura 2000 monitoring using
multi-temporal satellite image data, but many chal-
lenges remain especially outside protected sites to
assess the development of habitats over time. A
flexible information layer concept was developed
within the FP7 project MS.MONINA to address the
complex task of monitoring natural habitats. In this
paper the new approach to classify grassland land
cover classes in Schleswig-Holstein, Germany, will
be presented. Based on ecological parameters ex-
perts defined simple description models, which
were used by image analysts to extract correspond-
ing image features for four different grassland
types. Information layer operators were defined to
extract image features for subsequent classifica-
tions.

Zusammenfassung: Bildanalysemethoden zum
Monitoring von Natura 2000 Lebensrdumen auf
regionaler Ebene — das MS. MONINA State Service
Beispiel in Schleswig-Holstein. Das Natura 2000
Schutzgebietsnetz ist eine der Europdischen Maj-
nahmen zum Erhalt der Biodiversitit Europas.
Ausgehend von der FFH Richtlinie miissen die EU
Mitgliedsstaaten die geschiitzten Arten und Le-
bensrdume beobachten und alle sechs Jahre tiber
deren Zustand, Verbreitungsgebiet und Entwick-
lungsaussichten innerhalb und au8erhalb von FFH-
Gebieten berichten. Verfahren der Fernerkundung
wurden schon erfolgreich im FFH Monitoring ein-
gesetzt, um Verdnderungen der Lebensrdume auf
Basis multitemporaler Satellitenbilder zu beobach-
ten. Viele Herausforderungen bestehen vor allem
auflerhalb der bekannten Schutzgebiete, um die
Entwicklung der Lebensrdume zu bewerten. Inner-
halb des FP7 Projekts MS.MONINA wurde ein fle-
xibler ,,Information Layer” Ansatz entwickelt, um
die komplexen Aufgaben im Monitoring von natiir-
lichen Lebensrdumen zu adressieren. In diesem
Artikel wird der neue Ansatz zur Klassifizierung
von Griinlandtypen in Schleswig-Holstein prasen-
tiert. Auf Basis von okologischen Parameter und
Bildmerkmalen wurden Expertenmodelle erstellt
und fir die Klassifizierung der Griinlandklassen
als Informationsbilder (,,Information layer®) auf-
bereitet.

1 Introduction

The conservation of biodiversity is an inter-
national matter of high importance to man-
kind. This was recognized by the signing of
the UN Convention on Biological Diversity,
at the 1992 Earth Summit in Rio de Janeiro.
Since then, many countries have set out na-
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tional strategies and actions plans to halt the
increasing loss of biodiversity, mainly caused
by human activities, leading to a habitat loss
and ultimately to an extinction of species. The
Natura 2000 network of protected sites is one
of the means to address the issue of biodiver-
sity conservation in Europe. It represents sites
of European interest with particular ecologi-
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cal value and was formed on the legal base of
the Council Directive 92/43/EEC on the con-
servation of natural habitats and wild fauna
and flora, more widely known as the Habitats
Directive, adopted in 1992 and the bird direc-
tive adopted in 1979 (79/409/EEC). The habi-
tat directive requires EU member states to un-
dertake surveillance of habitats and species of
Community interest and report every six years
on the habitat occurrence (range and distribu-
tion), the conservation status based on spe-
cific structures, functions and typical species,
as well as the future prospects of the habitat.
These parameters have to be evaluated over

EU level

EU biogeographical regions

State level

State pilots
(Member States or provinces)

Site / habitat level

Site pilots
(Individual Natura 2000 sites)

the complete biogeographical region defined
as an ecologically coherent region within a
member state.

Remote sensing has been successfully ap-
plied to monitor biodiversity aspects (Tur-
NER et al. 2003, STRAND et al. 2007, WANG et
al. 2010). Data from optical satellite sensors
have shown to function as useful predictors of
species richness in different vegetation types
(LEVIN et al. 2007, RoccHint et al. 2010). Re-
mote sensing techniques have also been used
to monitor habitat changes in the context of
Natura 2000 monitoring using multi-temporal
satellite image data (WEIERS et al. 2004, Bock

User group:
European authorities

User group:
National or federal
authorities and/or
agencies responsible for
reporting

User group:
Site managers

Fig. 1: The multi-scale approach in MS.MONINA to derive adapted remote sensing methods to
support Natura 2000 monitoring (adapted from Lang et al. 2012).
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et al. 2005, Buck et al. 2012). Especially very
high resolution satellite data could support the
monitoring of Natura 2000 sites (FORSTER et
al. 2008, HaLL et al. 2012).

The FP7 project MS.MONINA (Multi-
Scale Service for Monitoring Natura 2000
Habitats of European Community Interest;
MS.MONINA, 2013) was initiated to develop
new concepts and remote sensing methods to
support Natura 2000 monitoring. It is based on
a multi-scale approach, to reflect and address
the requirements and procedures to monitor

MONINA Test Site Schleswig-Holstein

State Service: Grassland information

and report the status of protected habitats and
biodiversity of different user groups (LANG et
al. 2011, Fig. 1). At the state level, national or
regional agencies have the obligation to report
habitat occurrence and condition for the entire
state/province within their biogeographical
regions. While there is often a good knowl-
edge base for protected Natura 2000 sites, e.g.
through field surveys and management plans,
the information on habitat occurrence and sta-
tus outside of this site network is often lack-
ing. Here, the so called MS.MONINA state

Iltzehoe
®

Neuminster '
. —

Spatial reference system: UTM Zone 32 N (WGS84)

Fig. 2: Test site (red square) location in Schleswig-Holstein, Germany.
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services shall provide support through two

major project components:

® Expert models: Using a statistical model-
ling approach (maximum entropy model)
the ecological niche of species and habitats
is modelled based on abiotic factors such as
soil information and digital elevation mod-
els. These models provide habitat poten-
tial maps which can be included into image
classification methods either by weighting
the class probability or excluding classes
due to restricted natural potential of occur-
rence.

® |mage analysis tools: Image classification
is based on a variety of methods and tools.

These tools are used to extract habitat rel-

evant spectral, spatial or temporal informa-

tion from remotely sensed images.

The state service developments are demon-
strated in various state pilots across Europe.
In this paper one of the state pilot cases is
presented, based on the development of im-
age analysis tools in Schleswig-Holstein, Ger-
many, located in the Atlantic biogeographical
zone. Through discussions with experts from
the regional environmental protection agen-
cy (LLUR, Landesamt fiir Landwirtschaft,
Umwelt und ldndliche Rdume des Landes
Schleswig-Holstein) the focus of this state pi-
lot was set to the demand for spatially explicit
data on grassland distribution and use inten-
sity.

In this paper the developed information lay-
er approach is presented. Here, the focus is set
on the methodological description of the ap-
proach to setup expert models and produce in-
formation layers for grassland classification in
Schleswig-Holstein, Germany.

2 Study Site

The test site lies within the Atlantic bio-
geographical region in the federal state of
Schleswig-Holstein, Germany. It is character-
ized by the lowland rivers Eider, Treene and
Sorge, and dominated by pastoral agricul-
tural land use (Fig. 2). Relicts of wide-spread
wetlands form some of the most valuable bog
remnants. The following Natura 2000 grass-
land habitat types have been listed by the re-
gional user (LLUR) as of special concern:

Semi-natural dry grasslands and scrubland
facies on calcareous substrates (Festuco-Bro-
metalia) (habitat code 6210), Molinia mead-
ows on calcareous, peaty or clayey-silt-laden
soils (Molinion caeruleae) (habitat code 6410),
and lowland hay meadows (habitat code 6510).

3 The Information Layer
Approach

Vegetation scientists and experts in environ-
mental monitoring often lack remote sensing
expertise but already use image information
to support their work. Used as background im-
age in field mapping campaigns, they support
the identification and delineation of differ-
ent vegetation forms or landscape structures.
Their experience and interpretation skills al-
low them to differentiate habitats from image
components such as image colour, shadows,
neighbouring features or proximities to other
habitats. Often ancillary information such as
soil type maps or digital elevations models are
additionally used. Remote sensing experts on
the other hand often use statistical approaches,
e.g. maximum likelihood classifier, to classify
natural habitats based on spectral image infor-
mation pixel by pixel. With the recent advance
of object-based classification approaches the
use of spatially explicit and ancillary infor-
mation is of increasing importance (BLASCHKE
2010). In some way these methods try to imi-
tate the human perception and interpretation
procedures (LANG & LANGANKE 2006).

This fact is also used in MS.MONINA to
develop our so called information layer ap-
proach. However, the presented approach is not
limited to pixel or object-based methods. It is
more a methodological framework to prepare
different data sources (image and ancillary in-
formation) in a structured manner, formalize
expert knowledge and integrate ecological pa-
rameters in an image classification workflow.
In short, expert knowledge about habitat in-
terpretation is formalized and used within an
image classification process. This requires a
close communication between habitat experts,
often vegetation scientist, and remote sensing
experts, which is seen as a crucial aspect for
the success of Natura 2000 studies using re-
mote sensing techniques (VANDEN BORRE et al.
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Fig. 3: Workflow logic of the developed information layer approach.

2011). Therefore, the developed approach has
the potential to increase the acceptance and
foster the use of remote sensing in environ-
mental monitoring applications.

Our information layer approach consists
of the following central components and pro-
cessing steps, which will be explained in more
detail in the following sections (Fig. 3):
® Definition of ecological parameters of each

grassland type based on expert knowledge

(expert models)
® Generation of relevant information layers

that represent these ecological parameters
® Classification of grasslands using these in-

formation layers as input

3.1 Definition of Grassland Types and
Expert Models

In the service case Schleswig-Holstein four
different grassland types were identified: In-
tensively used grassland (GI), mesophilic
grasslands (65xx), wet grasslands (64xx), and
dry grasslands (62xx). These classes were de-
fined in terms of ecological parameters and
image interpretation features in close ex-
change between vegetation scientists of the re-
gional monitoring agency (LLUR) and image
analysis experts (Tab. I). These expert mod-
els indicate on the one hand which informa-
tion is relevant for experts to identify the cor-
respondent habitat type, mostly through GIS

Tab. 1: The ecological parameters and image interpretation features used for the grassland types

in Schleswig-Holstein.

Grassland | Biomass Mowing | Homogeneity | Soil moisture | Slope Line

type season orientation | structures
62xx Low-medium | Non Low-medium | Very low Southern Non

64xx Low-medium | August Low-medium | High Not relevant | Low

65xx Medium-high | June Medium-high | Medium-high | Not relevant | Low

GI Medium-high | 2-4 times | High Low- medium | Notrelevant | Non-low
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or visual image analysis. On the other hand
they are based on an evaluation by image ana-
lysts, whether and how these features can be
extracted from remote sensing images based
on established image analysis techniques.

For example, according to the regional ex-
perts, different mowing practices are applied
for different grassland types in Schleswig-
Holstein. As deduced by the name, intensive
grasslands are those that experience a higher
number of mowing events over a given veg-
etation period. Dry grassland (62xx) and wet
grassland (64xx) on the other hand are never
or only once mowed in August (in the case of
64xx). Mesophilic grasslands (65xx) might be
mowed once a year, in June. This fact can be
adressed using multi-temporal image analysis
techniques given a satellite time series over
the vegetation period.

Field visits reveal, that dry grasslands
(62xx) are often very patchy/heterogeneous,
meaning that they do not form a homogeneous

grassland layer, but also contain patches of
open soil and should thus correspond to dif-
ferent spectral signatures within a dry grass-
land plot. Wet grassland (64xx) are moderate
homogeneous, while mesophilic (65xx) and
intensive grasslands (GI) are very homoge-
neous.

Abiotic factors such as soil type, soil con-
dition and field exposition play a major role
in grassland distribution in Schleswig-Hol-
stein. Dry grasslands (62xx) are more concur-
rent on southern slopes and on nutrient-poor
soil types with low water retention capaci-
ties. Vegetation scientist use this information
to target their field work. While soil type and
water rentention capacities can not be extract-
ed from remote sensing images over vegetated
areas, existing soil maps can be used and in-
corporated in the image analysis as ancillary
information. Digital elevation models (DEM)
can be used to calculate exposition.

Structures

IL 4 Mowing Cycle Detection

Hagn 1
.W"

Fig.4: Information layer (IL1-4) examples based on aerial orthophotos (A = DMC camera with
0.4 m ground sampling distance GSD and four channels) and satellite data (B = RapidEye, 5 m

GSD, 5 channels).
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3.2 Information Layer Production

These expert models define the set of corre-

sponding information features relevant to dif-

ferentiate the four grassland types. All image

features are stored in so called information

layers (IL) as standardized raster data (Geo-

TIFF). Only one image feature can be repre-

sented per IL (Fig. 4). The image features can

be of very different nature:

® Spectral ILs: Original bands, derived veg-
etation indices, or alike (for an overview see
SiLLEOs et al. 2006).

® Temporal ILs: multi-temporal information
based on an analysis of images from differ-
ent dates, e.g. the mean spectral dynamic
parameter proposed by FRANKE et al. (2012).

e Structural ILs: information about impor-
tant structures within the image, e.g. linear
line structures which give a hint at tracks
from agricultural machines.

® Spatial ILs: Information on the 2D or 3D
geometry of land surface elements, e.g. de-
rived from digital elevation models.

 Description by |
‘ standard ‘ Which kind of
language input data?

."- .

® Additional data ILs: Information derived
from non-image datasets, e.g. weather re-
ports and soil characteristics vector maps.

Depending on the feature to be extracted,
different image sources are needed, from very
high to low resolution data, multispectral to
hyperspectral, and single images to time se-
ries. For the production of each information
layer a suitable image analysis algorithm (in-
formation layer operator, ILOP) is needed.
The chosen algorithm, together with data re-
quirements and constraints to produce the in-
formation layers are described in metadata
documents (Fig. 5).

To produce the required information lay-
ers according to the grassland models in our
study, a number of image analysis algorithms
were implemented in the image analysis soft-
ware Halcon. The spatial, structural, spectral,
temporal and additional information layers
were produced using RapidEye satellite image
data or digital aerial orthophotos (Tab. 2). All
RapidEye data, provided as L3 standard data,
was atmospherically corrected (ATCOR-2)

~ How many and which .'
epochs are necessary?

"~ In which period |
is this kind of
information valid?

Methodology
to detect this
kind of information

Fig.5: Metadata information to describe the information layer operators.
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Tab. 2: Applied datasets.

Input data Orligma}l Date Description Used for
projection
RapidEye D UTM 32N 2009 — 2011 5 m GSD (ground Mowing IL
WGS84 sampling distance)
(EPSG 32632) 5 bands Biomass IL
(B,G,R, RedEdge,NIR)
Signed 16 bit
GeollFF
Orthophoto ? | UTM 32N 2009 — 2011 0.15m GSD Linear
GEM 10C 4 bands (R,G,B,NIR) Features IL
(EPSG n/a) Unsigned 8 bit
GeoTIFF Homogeneity IL
Digital UTM 32N 2005 - 2007 Derived from airborne Slope orientation IL
Elevation GRS1980 laser scanner data
Model ¥ ETRS 1989 1 m pixel size
(EPSG 25832) Float 32 bit
ASCII Grid
Soil Gauss- Unknown ESRI Shapefile Polygons | Soil moisture IL
map 3 Krueger 3 (continuously Soil quality IL
DHDM compiled since Soil type IL
(EPSG 31467) | the 1930s)
Training UTM 32N 2009 — 2012 ESRI Shapefile Polygons | Feature
sets 2 WGS 84 extraction
(EPSG 32632) validation

1) Provided by the European Space Agency via the GMES Space Component Data Access Portal
2) Provided by the Landesamt fiir Landwirtschaft, Umwelt und ldndliche Raume Schleswig-Holstein (LLUR)
3) Provided by the Landesamt fiir Vermessung und Geoinformation Schleswig-Holstein (LVermGeo SH)

prior to analysis. All image data was re-pro-
jected to a common reference system (UTM
32N, WGS84).

The information layers were calculated
using existing or adapted vegetation indi-
ces (Biomass), common image analysis tech-
niques (standard deviation windows for ho-
mogeneity) or newly implemented algorithms
(mowing time window comparison for the de-
tection of mowing events) (Tab. 3). Ancillary
vector information (soil maps) was convert-
ed to thematic raster images. All information
layers were normalized to a value range from
Zero to one.

4 Discussion

Grassland habitats are an important compo-
nent of biodiversity in Europe (SiLva 2008).

Almost 20% of the habitat types listed in the
habitats directive are associated with exten-
sively used grassland formations (HaLaDA et
al. 2011). Through intensification of land use
and soil sealing for infrastructure develop-
ment, or the abandonment of traditional man-
agement forms, these habitats are under in-
creasing pressure (HENLE et al. 2008, NAVAR-
RO & PEREIRA 2012). Between 1975 and 1995,
around 12% of the European grassland dimin-
ished (PoIreT 1999). Protective measures such
as the Cross Compliance regulations (EU reg-
ulation 73/2009) and the monitoring of high
nature value farmland, a mandatory baseline
indicator according to the EU Common Moni-
toring and Evaluation Framework, could not
stop the decline of grassland (NitscH et al.
2012, ScHrRAMEK et al. 2012). The image anal-
ysis components developed in the state pilot
Schleswig-Holstein can provide information
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Tab. 3: List of ILOPs implemented in the state pilot Schleswig-Holstein (ILOP = Information layer

operator).

Spectral ILs

Biomass The normalized difference vegetation index (NDVI) was defined as a proxy of the
biomass (1) (Tucker et al. 1979).

NDVI = M—Rre‘fl) )

(Rnir + Rred)
For the study case, RapidEye images were used. For that reason, a modified version
of NDVI was used: the red edge NDVI (2) (GiTELsON et al. 1996). We substituted the
near infrared by the red edge band:
Rred edge - Rred
Red edge NDyi =-Rred edge-Rred) )
(Rred edge + Rred)

Homogeneity Homogeneity is referred in the IL method to spectral variability. Orthophotos were
used to calculate the homogeneity IL, based on the inverse standard deviation of all
pixels within a 5x5 pixel mask.

Temporal IL

Mowing cycle

For the detection of the mowing cycles several (up to 4) expected mowing time

detection windows are compared each to a reference within the vegetation period before the
first mowing. If a decrease in biomass matches a threshold, a mowing cycle has been
detected for this particular time window. Depending on the grassland class different
time windows are checked.

Structural IL

Linear This IL represents linear structures with long straight parallel lines. The first step to

structures produce this IL is a line extraction using a Gaussian line model. After the extraction,
the lines are converted into line segments. Then the line segments are analyzed for
length and curvature. All short line segments and those with a higher curvature are
deleted; the rest is used as linear structures. At the end of the process the line
segments are converted back into a greyscale image. A Gaussian filtering increases
the area of influence of the line structures.

Spatial IL

Slope To build up this IL, a digital elevation model (DEM) of the area was used. An

orientation algorithm in Halcon has been implemented to create an exposition map.

Additional data ILs

Soil type For this IL, the soil map of Schleswig-Holstein provided by the LLUR was used. For

our study, the information about soil type was extracted per pixel within the training
sets. These values were analyzed in a histogram in order to know the preferential soil
type per grassland class.

Soil moisture

To build up this IL, we proceeded similar to the soil type IL. The LLUR soil map
was used again and information about water retention extracted within the training
areas for each grassland types and analyzed in a histogram.

Soil quality

Soil quality refers here to the conservation state regarding soil erosion and depth.
This information was also retrieved from the LLUR soil map and analyzed accord-
ingly in a histogram, based on the training areas for each grassland type.
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to protect biodiversity. Indicators about the
trends and changes in grassland habitats dis-
tribution can be provided, if a grassland clas-
sification is repeated in time, and information
about agricultural management changes are
evident, e.g. through an increased number of
mowing cycles.

The grassland model features were identi-
fied in a close exchange dialog between the
regional monitoring agency and image analy-
sis experts. This evaluation of user needs is
one key issue to successfully incorporate re-
mote sensing approaches into habitat moni-
toring (VANDEN Borre et al. 2011). Existing
grassland nomenclatures formed the frame-
work for the definition of these classes. Dur-
ing the initial user dialog, it became evident
that the very high user expectations to direct-
ly address grassland habitats as defined in the
Natura 2000 process are very challenging. Ac-
cording to the Natura 2000 guidelines, grass-
land types are defined mostly from a vegeta-
tion science perspective with key grass spe-
cies differentiating the grassland types (Eu-
ROPEAN ComwmissioN 2007). Recent advances
in hyperspectral remote sensing have suc-
cessfully tried to identify these complex veg-
etation communities (SCHMIDTLEIN & SASSIN
2004) or plant indicators (SCHMIDTLEIN 2005)
using remote sensing. However, so far no hy-
perspectral satellite image sensors are avail-
able to deliver regular image data needed to
monitor environmental developments accord-

ing to the Natura 2000 requirements over
large regions in an operational manner. There-
fore, the applied grassland classes (GI, 62xx,
64xx, 65xx) in this project were defined on
selected ecological conditions and image fea-
tures that can be extracted from aerial photos
and multi-spectral images. While these class-
es do not represent the Natura 2000 habitats,
they can be used as an indicator on habitat ex-
istence and in general on grassland status and
trends in Schleswig-Holstein.

Capturing these image features in standard-
ized information raster layers allows an easy
data exchange and a multiple use of only once
produced image information for various pur-
poses. Several ILs were created to represent
grassland parameters using remotely sensed
and field data. In the next steps these ILs will
be used as input in different classifiers, e.g.
threshold-based, support vector machine, and
maximum likelihood, to compare classifier
performance and map the grassland distribu-
tion of the Schleswig-Holstein test site.

The developed IL approach is flexible to
new models and target land cover classes. In
the context of Natura 2000 this could be the
application of the presented information lay-
ers to other Natura 2000 habitats of relevance
in Schleswig-Holstein (Tab. 4). For example,
increasing biomass in a heath habitat could in-
dicate increasing grass cover, an indicator of
deteriorating habitat quality according to the
national guidelines for the assessment of habi-

Tab. 4: Examples to apply IL to additional Natura 2000 habitats.

Information
layer

Used for grassland
type in this study

Potential relevance for other Natura 2000 habitats (code)

Biomass 62xX, 64xX, 65xX

Dry sand heaths with Calluna and Genista (2310), Dry sand
heaths with Calluna and Empetrum nigrum (2320), Inland
dunes with open Corynephorus and Agrostis grasslands
(2330), Northern Atlantic wet heaths with Erica tetralix
(4010), European dry heaths (4030), degraded raised bogs
still capable of natural regeneration (7120), transition mires
and quaking bogs (7140)

Homogeneity 62xx, 64xx, 65xx

Inland dunes with open Corynephorus and Agrostis
grasslands (2330), Northern Atlantic wet heaths with Erica
tetralix (4010), European dry heaths (4030)

Linear structures | 62xx, 64xx, 65xx

(7120)

Degraded raised bogs still capable of natural regeneration
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tat condition (ScHNITTER et al. 2006). Future
work should address the application of this IL
approach in a wider context.
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