Universitit zu Koln

Geographisches Institut

APPLICATIONS OF HYPERSPECTRAL REMOTE SENSING IN
COASTAL ECOSYSTEMS:
A CASE STUDY FROM THE GERMAN NORTH SEA

DiPLOMARBEIT
vorgelegt von Benjamin David Hennig

Gutachterin: Prof. Dr. Frauke Kraas

Koln, im Dezember 2004



Applications of hyperspectral remote sensing in coastal ecosystems: A case study from the German North Sea

I
CONTENTS

General INtroOdUCTION. .........ccuiiiiiiiiiecie et 2

1 ODJECHIVES. . .veeiiieeiie ettt et ettt ettt e et eeabeesbeeesbeenseeenaeenbeenees 2

2 Coastal TemMOLE SENSING........uveerrrreeiiieeriieeerireeeireeerreesaeeesaeeesbeeeseaeeensseeenns 4

2.1 SCIientifiC RISTOTY....cccuiiiiiiiie e e 4

2.2 ROSIS — An advanced imaging SpeCctrometer.............ceeeveeeeeeuveeeeesnvnennn. 9

2.2.1 Technical specifiCations.............cccueeruiieriienieniieiieeie e 9

2.2.2 Areas of appliCation..........ccocuverieeriieriieeiie et 12

3 General description of the study areas...........cccoccveeeeviiiiieeiiiie e, 14

3.1 OVEIVIEW ...ttt ettt et e e 14

3.2 HelGOIaNnd. ......coeuiieiieiie et 14

3.3 Sylt Konigshafen..........cccoeviiiiiieiiiiiieieceee e 17

4 EColOgiCal OVETVIEW.......ccecuiieeiiiieeiiie ettt ae e eeaeeenaaee s 18

4.1 The intertidal zone of Helgoland..............cccceeeviiiiniiiiciieeee e 18

4.2 The marine vegetation of the Konigshafen Bay area............c.cceenne..e. 21

4.3 Animal dominated biotopes in the intertidal................ccocoveeviiinnnne. 23
Chapter I: Rediscovering the intertidal — analysing hyperspectral imagery of

COASLAL ECOSYSIEIMS. ...veieuiiieeiiiieeiiee ettt e et e e eteee e teeeetreeeeaaeeessseeeessaeessaeesnsseeenns 25

5 INETOAUCTION. ...ttt ettt et e e 25

6 Material and methods...........cocueriiniiiiiiiie e 27

6.1 Data aCqUISIEION. ....ccciuiiieiieeeiie et 27

6.2 Data PTOCESSING...ccuvveeeirieeiiieeiiieeiiee et e ettt e sareesaeeesbeeesseeesnseeennseeennne 30

7 DAt @SSESSIMENL....ccuttiieiiiiieriiieeiiee ettt ettt eit et e st e e st e e ibeesbbeesaeeesane 39

7.1 ITmage classifiCation.........ccuoeiiiiiiiiiieiieeee e 39

71T RESUILS. ...ttt 39

7. 1.2 DISCUSSION. ...ttt ettt e 50

7.2 ACCUTACY ASSESSIMENIL. ... .uvvvieeeeeiiiieeeeeniireeeeeeeerrreeeeesnsreeesesnsnseeeesannnnes 58

7.2.1 INtrodUCHION. ... .eeiiiieiii et 58

7.2.2 MEthOAS.....cuviiiiiiiiiieiecetee e 59

7.2.3 RESUILS.c..eouiieiiiiieeee e 60

7. 2.4 DISCUSSION. ettt et e e e et e e e e e e e e eeeeeeeanans 61



Applications of hyperspectral remote sensing in coastal ecosystems: A case study from the German North Sea

[
Chapter II: From screen to reality - Linking remote sensing and geographical

INTOIMAtION SYSTEIMIS. ... .eouviiiiieeiiieeiieeie ettt ettt et e eeaae e e seaeeseeenseennnas 63

8 Integrating remote sensing and geographical information systems.............. 63

8.1 INtrOAUCHION. ...ttt 63

8.2 Preliminary notes on raster data............ccoeceeeiiieeiieeniieeiee e 63

8.3 GEOMELTIC ACCULACY ....eeeuviieeiiieeeiiieesieeeeiiteeeitteeenteeestaeeenaneeesareeenanes 66

8.3.1 Material and methods............coooueiiiiiiiiiiine, 66

8.3.2 RESULLS. ... 70

8.3.3 DISCUSSION. ....utiiiiiiiieeiiieiie ettt 72

8.4 Remote sensing in the field.............coccooiiiiiiiii 73

8.4.1 INtrOdUCHION. ......eiiiiiiiie it 73

8.4.2 Material and methods............coooeeiiiiiiiiiiicee, 74

8.4.3 RESUILS...cueeiiiiiiiie et 75

8.4.4 DISCUSSION. .....uiiiiiiiiieeiieeiie ettt 78

8.5 General discussion: Advantage GIS?.........cccoeevvieviiiniieeniieciee e, 80

Chapter I1I: Monitoring coastal diVerSity.........ccccoeevierriiereriieeeiieeeiee e eevee e 84

9 Remote sensing analysis in coastal ZONES...........cccceeeveveieeeiiieeerciiee e, 84

0.1 INtrOAUCHION. ...ttt et et 84

9.2 Remote sensing in the Wadden Sea...........cccceoevieviiiiiiniiiinieeieeieeee, 85

9.2.1 Material and methods.............coouerieririiniiieeeeee e 85

0.2.2 RESULLS. ...ttt 88

0.2.3 DISCUSSION. .....eiiiiiiiiiiieeiiiee ettt ettt ettt e e et e e s 89

9.3 General discussion: Perspectives of remote sensing based monitoring in

COASTAL ECOSYSLEIMS. ....eeuviieniiieiieeiee ettt ettt ettt et e e be et e b e eneaeeenaas 93

9.3.1 Eutrophication in the German Bight..............cccccoeviiiiiiniiiinens 93

0.3.2 MONItOTING NEEAS.....cccuviieeiiieeciiieeeiiee ettt e eetee e erre e eereeeeaee e 95

0.4 CONCIUSION. .....eeiiiiiiiiiiiiie ettt 98

SYNENESIS. ....ieiiieiie ettt ettt ettt e et et eentae e e ennas 102

10 Hyperspectral remote sensing of fine grain biotopes...........c..ccceevveeennnee. 102

10,1 SUMMEATY.....eiieeeiiiiee e e e e e e e e saeeeeas 102

10.2 FUture PerspeCtiVes.........ccovieieiiiiiie ettt e e e e eae e 104



Applications of hyperspectral remote sensing in coastal ecosystems: A case study from the German North Sea

I
BiblIOGTaPNY ....c..eiiiiieiiecie et 106
DaAnNKSAGUNG. .....cccuviieiiieiiieite ettt ettt ettt e et et e eiae e beesaaeeseesaaeesbeesssesnseenseeans 116
ETKIATUNG. .....veiiieeeee ettt et e et e e et e e e e nens 117
PN 03153 116 1 SO RUPPSPS 118
Section 1: Metadata ROSIS surveys on Helgoland and Sylt.............ccccc........ 118
Section 2: ROSIS classification runs Helgoland..............cccccooviiiieeiiinnennnn. 119
Section 3: Helgoland groundtruth data.............ccccoeeeviiiiniiiienieeeeee e, 120
Section 4: D-GPS accuracy assessment of ground control points................... 123
Section 5: Map SUPPIEMENLS........ccueeriiiriieiiieiieeie et 124

Section 6: Digital documentation.............cccceeeviieriiieiiiieeiie e 125



Applications of hyperspectral remote sensing in coastal ecosystems: A case study from the German North Sea

ABSTRACT | ZUSAMMENFASSUNG

The first chapter of the thesis deals with the evaluation of a methodological approach to
identify habitat information in the intertidal zone of Helgoland/Germany. This chapter is focussed
on spatial and spectral high resolution aerial imagery which covers spectral information from the
visible and near infrared light. A semi-empirical analysis of the hyperspectral imagery is
performed. It combines the extraction of significant spectral information derived from statistical
data reduction and biotope mapping from the Alfred Wegener Institute (Bremerhaven). As
methodological tool the remote sensing software ENVI from Research Systems is used.

Based upon these classification results, the integration of remotely sensed data in geographical
information systems is examined in the second chapter. Here, it will be evaluated how the
classified data can be integrated in GIS taking into account technical and methodological
obstacles.

The GIS integration is used for accuracy assessment of the geometric quality of the ROSIS
data. It will be proposed how methods in fieldwork on the ecology of the intertidal zone can be
improved.

In the third chapter it is investigated whether using hyperspectral remote sensing methods as
well as geographical information systems can successfully contribute to ecological research. To
assess the general validity of an application of hyperspectral imagery in the study of coastal
ecosystems, a second study from the Koénigshafen Bay intertidal at the island of Sylt/Germany is
introduced and compared to the results from the Helgoland study. These results are generalised to
deduce possibilities and limits of the integration of hyperspectral remote sensing applications in
environmental monitoring systems. The contribution of the methods investigated in this thesis to
geographical science will be evaluated as an important tool to research on interactions between
man and environment.

Im Mittelpunkt der vorliegenden Diplomarbeit steht die Analyse und Entwicklung von
Anwendungen hyperspektraler Fernerkundungsdaten im Bereich von Kiistendkosystemen, die
anhand einer Feldstudie der Insel Helgoland exemplarisch bearbeitet wurde. Die abgeleiteten
Ergebnisse werden im Zusammenhang mit Umweltmonitoringsystemen diskutiert.

Das erste Kapitel der Arbeit untersucht die Moglichkeit der Identifizierung von Habitattypen im
Gezeitenbereich. Verwendet werden hierfiir raumlich und spektral hochauflosende Luftbilddaten
im Bereich des sichtbaren Lichts und des nahen Infrarotbereiches. Die Analyse der
hyperspektralen Daten des Sensors ROSIS erfolgt in Form einer semi-empirischen Analyse mit
Unterstiitzung durch digitalisierte Biotopkartierungen des Alfred Wegener Instituts
(Bremerhaven). Als Analysewerkzeug wird die Fernerkundungssoftware ENVI verwendet.
Abschlieflend folgt eine Diskussion der Ergebnisse unter Beriicksichtigung der Anwendbarkeit der
Klassifikationsdaten fiir Biotopkartierungen sowie eine Qualititsanalyse der Daten.

Im zweiten Kapitel wird untersucht, inwieweit sich Geographische Informationssysteme (GIS)
und Fernerkundungsdaten in einem integrierten System vereinen lassen. Das ist einerseits von
Bedeutung fiir die Entwicklung eines Monitoringsystems, in dem sich Daten vereinheitlicht
darstellen und analysieren lassen. Andererseits kann ein derartiges System auch zu erheblichen
Fortschritten bei der Feldarbeit fithren, so dass auch der Aspekt der Geldndetauglichkeit eines
solchen Systems untersucht wurde. Bearbeitet wird diese Fragestellung, indem die Daten der im
ersten Teil durchgefiihrten Fernerkundungsanalyse in ArcGIS mit dem Echtfarben-Luftbild und
digitalisierten Feldkartierungen kombiniert, und so fiir den mobilen GIS Einsatz in einem D-GPS-
gestiitzten PocketPC iibertragen werden. Im Geldnde wurden Fragestellungen zur thematischen
und geographischen Datengenauigkeit der ROSIS Basisdaten sowie der Klassifikationsergebnisse
eingehender untersucht. Zusdtzlich werden weitere Anwendungsmoglichkeiten hyperspektraler
Klassifikationsergebnisse sowie mobiler GIS Daten im Gelande gepriift.

Im dritten Kapitel werden die Ergebnisse auf generelle Nutzbarkeit in geo-0kologischen
Fragestellungen des Gezeitenbereichs {ibertragen. Um eine allgemeine Nutzung von
hyperspektralen Fernerkundungsdaten in Kiistendkosystemen bewerten zu konnen, wird eine
zweite Untersuchung vom Konigshafen auf Sylt vorgestellt. Die Ergebnisse beider Analysen
werden verglichen und generalisiert, um SO allgemeine Aussagen Zu
Fernerkundungsanwendungen in Umweltmonitoringsystemen zu treffen.
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GENERAL INTRODUCTION

1 Objectives

The growing amount of remotely sensed data and the ongoing developments in
the improvement of spatial and spectral resolution lead to high expectations for
current research. These often inflated expectations are not usually fulfilled. To
explore these expectations and help to bring them to a more accurate level, this
thesis is a contribution to the evaluation of the rarely covered field of
hyperspectral image analysis of small scale and heterogeneous biotopes in the

intertidal zones of coastal areas.

With the availability of the first satellite based remote sensing sensors in the
1970s, remote sensing became an important and widely used method in earth
observation for many scientific disciplines. The potential of satellite based remote
sensing sensors has improved considerably since these early days — but as far as
the improvement of technical issues is concerned, airborne remote sensing sensors
are technically still a few steps ahead since they are cheaper to develop and
provide faster results. Nowadays there are high resolution sensors with a sub-
meter detailed resolution as well as sensors with a high spectral resolution. These
so-called hyperspectral sensors cover more than 100 discrete spectral wavelengths
(bands) providing information in many narrow spectral band rages. They cover
the surface reflection of the electromagnetic spectrum from the visible light to the

infrared regions and beyond.

On a regional level current hyperspectral sensors allow many features of the
landscape to be detected due to their specific absorption ranges and spectral
responses. In the 1990s, these approaches became more widely used. In particular,
geological and ecological disciplines profited from the growing amount and

increasing quality of landcover data.

Although many scientific disciplines benefit from remote sensing data, it is still
the strength of geographical research to widen and optimise the use of remote
sensing. Geographic tasks include the integration of the different scientific
approaches to get better results from remotely sensed data by expanding them
from the narrowed view of a single issue to a wider view. This thesis is an attempt
to follow such an integrated view starting with the very narrow problem of

specific biotope detection in the complex environment of an intertidal ecosystem.
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It extends to general questions concerning mapping and monitoring issues in

coastal ecosystems.

The base data for this thesis are remotely sensed imagery from the airborne
hyperspectral sensor ROSIS (Reflection Optics System Imaging Spectrometer).
The sensor has been developed by the German Aerospace Centre (Deutsches
Zentrum fiir Luft- und Raumfahrt — hereafter DLR) and covers up to 120 spectral
bands with a wavelength from 430 nm in the visible light to 850 nm in the near
infrared region while providing a sub-meter resolution at the same time. Based on
the problem of biotope mapping tasks the Benthic Ecosystems-section of the
Alfred Wegener Institute for Polar- and Marine Research (AWI) in
Bremerhaven/Germany realised a survey with the ROSIS sensor recording data
from the intertidal zones of the island of Helgoland and the Konigshafen Bay on
the island of Sylt in the German North Sea. After a first test in September 2002 a
second survey was carried out in September 2003 by the DLR.

Data Collection Hyperspectral Image Integration of
Analysis Remote Sensing and
=Evaluation of a Semi-Empirical Geographical
Approach ™ .
to analyse imagery of coastal Information Systems

B ecosystems =Improving Field Work
Pre-Processmg =Environmental Information
Steps Systems
=Radiometric and Geometric ¥ . ¥
Correction Quality Analysis Monitoring Coastal
=Technical Considerations . | .
Spectral and Spatial -Themfatlc Accuracy Ecosystems \{\ﬂth
Exploration =Location Accuracy Remote Sensing

Real World Digital World Real World

Figure 1: Working structure of the thesis

The aims of the thesis are:

- To investigate an appropriate method to extract main biotope information from
hyperspectral images;

- To assess the thematic and location accuracy of hyperspectral data;

- To improve ecological fieldwork with remote sensing classification results;

- To estimate the general utility of remote sensing data in coastal ecosystems;

- To discuss contributions of remote sensing data to monitoring systems.

These issues will be investigated in three chapters following an approach
leading from the real to the digital world and taking the results back to the real

world (Figure 1). After the general introduction, chapter I evaluates the methods
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of image analysis and applications of the classification results to the biotope
conditions in the studied area. Chapter II focuses on accuracy issues, including
spatial and thematic criteria. Chapter III discusses these methods of hyperspectral
remote sensing with a general view on coastal ecosystems. A general discussion

on remote sensing based monitoring issues concludes this thesis.
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