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CHAPTER 1 

INTRODUCTION 

Coastal landforms are constantly changing. An understanding of these changes is required for 
proper present-day management and for the prediction of future changes. The main subject of 
this study is morphodynamics. Morphodynamics, the mutual influencing of processes and 
forms, are expressed as changes in spatial and temporal distribution of sediment volumes. 
This thesis indicates how these changes can be detected, monitored and modelled. 
The study area, Ameland, is one of the Dutch coastal barrier islands. These islands exhibit a 
large variation in morphodynamic systems over a relatively short distance; at some sites 
erosion and at other locations accretion dominates. Much data are available for the island of 
Ameland, since it has served as a test area for various remote sensing techniques. 

1 AIMS OF THE STUDY 

This research aims to describe and predict the morphological development of a sandy coast 
under the influence of natural processes (e.g. storms) and human impacts (i.e. beach and dune 
nourishments) on a time scale of months to years. A new approach had to be developed to 
meet this objective. An additional aim is, therefore, to find a method for qualitative and 
quantitative prediction of the morphological development, based on suitable elevation and 
remote sensing data input and on the application of dynamic modelling and GIS techniques. 

2 APPROACH 

Morphodynamics are studied by a process-geomorphological analysis of remote sensing and 
elevation data. The qualitative insights obtained are used in the modelling of coastal 
behaviour with geographical information systems (GISs). The data were also used in 
morphodynamic modelling. The modelling improves quantitative insight into sediment 
volume changes and is also used for quantitative prediction of morphology. In one case, the 
predictions of volumetric change are extended by incorporating scenarios of future changes 
and their environmental consequences. In all cases, the contribution of the results to current 
knowledge on coastal geomorphology is indicated. The procedure is illustrated in Figure 1. 

3 OUTLINE OF THE THESIS 

This thesis has been compiled from several papers and articles that have been presented on 
various occasions. Some of the chapters have been adapted from publications and some have 
yet to'be published. Individual chapters can usually be read independently of the rest of the 
text. 



The thesis consists of four parts, starting with a general introduction. 
Part 2, comprising the Chapters 2 to 6, deals with the development of methods. Chapter 2 
introduces various monitoring techniques. Chapter 3 indicates how remote sensing techniques 
can be used to illustrate coastal dynamics. In addition, it gives an overview of the 
morphologically active parts of Ameland. Chapter 4 shows how remote sensing data can 
provide digital elevation models. 
In the next two chapters, the focus shifts from observing morphological change's to predicting 
them. Chapter 5 defines three morphodynamic systems and illustrates the approach necessary 
to study and predict coastal morphological changes within these systems. Chapter 6 
introduces modelling and GIS tools used in the study of the coastal systems. 
Part 3, comprising the Chapters 7 to 9, describes the three géomorphologie systems of 
Ameland's North Sea coast. Chapter 7 discusses the evolution of the western beachplain in 
relation to the migrating channels and shoals of the ebb-tidal delta. Chapter 8 deals with the 
morphological behaviour of Ameland's central North Sea coast. Chapter 9 shows the use of 
airborne remote sensing data in the modelling of washover landscape development. 
Finally, the major conclusions are integrated in Part 4, Chapter 10. 
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Figure 1. Method for the application of remote sensing and dynamic modelling in coastal 
morphodynamics. 


