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PART 2 

DEVELOPMENT OF METHODS 





CHAPTER 2 

MULTISCALE MONITORING TECHNIQUES VERSUS 
MULTISCALE MORPHODYNAMICS 

ABSTRACT 

Ameland has been used as a test area to evaluate the use of various remote 
sensing techniques for coastal zone management. These techniques are 
described, and some selected data were used for a geomorphological scale 
study. Each remote sensing technique has its own characteristics 
concerning, for example, spatial, and temporal resolution of the data. Since 
geomorphological forms and processes also act on different spatial and 
temporal scales, each remote sensing technique will have certain 
advantages in the analysis, mapping and monitoring of a particular 
phenomenon. The data were evaluated for geomorphological purposes. 
This resulted in a table with multiscale monitoring techniques listed versus 
multiscale morphological features. The table shows that some techniques 
are more suitable for monitoring certain features than others. The 1:18,000 
aerial photographs scored best, because they provide an overview with 
sufficient resolution and enable an impression of height of the study area. 

Adapted from MA. Eleveld, 1996. The use of multiscale monitoring 
techniques for the prediction of morphodynamics on Ameland, the Netherlands. 
In: Ehlers, M. & Steiner, D.R. (eds). Proceedings of an International Workshop 
on New Developments in Geographic Information Systems, (International 
Society for Photogrammetry and Remote Sensing), Milan, 6-8 March 1996. 
ERIM, Ann Arbour, pp. 210-221. 



1 INTRODUCTION 

Ameland is a coastal barrier island in the north of the Netherlands (Fig. 1). Major changes 
have always occurred along Ameland's shores. These changes have been induced by several 
geomorphic processes, i.e. erosion, transport and accumulation. Several techniques are used 
to monitor changes of Ameland (Han, 1991; Kloosterman et al, 1993). 
This chapter introduces various remote sensing techniques for the geomorphological 
investigation of coasts. It aims specifically to establish the influence of scale on the suitability 
of remote sensing techniques for these investigations. Another objective is to show how 
remote sensing data can be used for coastal geomorphological research and for delineation of 
coastal systems, as a first step towards prediction. The latter relates to the general objectives 
of this thesis: to use a process-geomorphological study of the remote sensing data for the 
qualitative prediction of future morphology (Eleveld et al, 1995; Chapter 1). 
In this introduction, first an overview of remote sensing techniques will be given and 
subsequently a scale study of selected data will be introduced. 

170.000 194.000 

610.000- North Sea 
of 

A 

604.000-

/Ameland • N e s ^ — 

Wadden Sea 

of 

A 

/Ameland 

^,—-~ ~ \ 

of 

A 

Figure 1. The research area. 

1.1 Remote sensing for coastal zone monitoring 

In the following paragraph some imaging sensors and their application in coastal 
geomorphological monitoring of the case study area are mentioned. Overviews can be found 
in Van Zuidam (1993), which evaluates the usefulness of various remote sensing systems for 
studies of the coastal environment in general, and in Kloosterman et al (1993), which looks 
specifically at the usefulness of multiscale remote sensing in ecological studies of Ameland. 
• Aerial photography is one remote sensing technique that can provide information on the 

landscape. Aerial photographs are frequently studied with a stereoscope, which gives a 
perception of height. Photogrammetry makes absolute height extraction from aerial 
photographs possible. 

• Videography is a modern remote sensing tool that is receiving increased attention for 
applications in coastal zone research. The advantages of video images over conventional 
aerial photography are: low cost, real time imagery, high light sensitivity and wide 
spectral response (0.4 um-2.4 urn); capability of in-flight monitoring and exposure 
adjustment; electronic recording format amenable to computer digitalization and 
processing; linking of video data to ground control points; and a high rate of image 



refreshment. The limitations are: low spatial resolution, non-ideal image geometry and the 
addition of electronic noise (Van Zuidam & Mulder, 1994). The relatively low spatial 
resolution of video is not ascribed to the camera but to the standardized video norms. 
Correct timing of the video signal is essential to the geometric and radiometric 
performance of video. In Europe, the PAL (Phase Alternate Line) standard, which uses 
the principle of interlacing, results in a frame (image) consisting of two fields (Bakker et 
al, 1994). Because of its flexibility and processing ease, video imagery has been 
evaluated positively for event-based monitoring of coastal geomorphological processes 
(Eleveld & Jungerius, 1993; Eleveld, 1994). Stereo vision of video images is, la., 
possible with a Desktop Mapping System (DMS). The possibilities of DMS to extract 
absolute height from video data is discussed in Chapter 4 of this thesis. Bakker et al. 
(1994) use photogrammetric Geodelta software, Ground Control Points (GCPs) measured 
with GPS, and video camera parameters to extract height. 
SPOT satellites contain two High Resolution Visible (HRV) sensors that can work either 
in XS-mode or in P-mode, resulting in multispectral or panchromatic data. In 
multispectral mode, SPOT has a range of 0.50-0.89 urn and a 20 m resolution. In 
panchromatic mode, SPOT has a range of 0.51-0.73 (im and a 10 m resolution. No 
accurate small-scale height data can be obtained from the optical satellite imagery, not 
even by stereo vision of SPOT-data. 
Landsat5-TM (Thematic Mapper) registers electro-magnetic radiation in seven wave 
length intervals ranging from 0.45 urn (blue) to 2.35 urn (infrared) and 10.4-12.5 urn 
(thermal infrared). TM produces picture elements (pixels) corresponding to 30 mx30 m 
ground surface (with exception of the thermal band with a spatial resolution of 120 
mxl20 m). The different TM-bands are useful for different applications. The true- and 
false-colour composites are important for comparison and interpretation of objects. 
The use of radar satellites ERS-1 SAR and JERS-1 SAR for coastal research is increasing 
(Readings, 1994; Chapter 3). Their popularity can be ascribed to the fact that the 
microwave data enable monitoring under all weather conditions (the ability of C-band 
electro-magnetic waves to penetrate cloud) and during day and night (Van Zuidam et al, 
1994). Another advantage is the extra information that ERS-1 SAR images can provide 
on the underwater topography. The backscatter of the radar signal from a moving water 
surface is mainly determined by the water surface roughness which is influenced, la., by 
bottom configuration (Wang & Koopmans, 1994). Microwave satellite data can be used 
for quantitative bathymétrie research by using BAS (Bathymetry Assessment System), 
which combines echosounding and ERS Synthetic Aperture Radar (SAR) data 
(Hesselmans et al, 1994). Wang & Koopmans (1994) developed the 'water line method' 
to determine height values of the area between high and low tide. It is based on mapping 
water lines from remote sensing data acquired at different stages of the tidal cycle and 
correlating them with modelled water surfaces for the times of image acquisition. The 
heights obtained along water lines were TIN interpolated, resulting in a digital elevation 
model, WALDEM. The technique of across track radar interferometry using satellite SAR 
data relies upon the measurement of phase differences between pairs of coherent radar 
images acquired on near repeat orbits of the satellite. The phase difference at a given 
point in the image pair can be related via the orbital geometry of the satellite to terrain 



height. A complication with repeat pass interferometry is that it places a requirement on 
the temporal coherence of the scattering surface imaged (Wright et ai, 1995). In the 
coastal zone there are a number of factors which might change the scattering surface in 
time, such as moisture differences and movement of the tops of the vegetation by wind. 

• A new flexible airborne variant of SAR, called PHased ARray Universal SAR 
(PHARUS), is operational in the Netherlands. With this system it is possible to record 
data fully Polarimetrie, choose resolution and strip width, and operate in advanced modes 
to get high resolution in the flight direction. Results from using airborne radar 
interferometry for sediment volume change in coastal research are not yet known. 

• New sensors such as airborne laser altimetry can be of great value. The equipment used 
for laser altimetry consists of an airplane fitted with Global Positioning System (GPS), 
Inertial Navigation System (INS) and a laser. The principle behind laser altimetry is that a 
laser beam, projected by a rotating mirror, is reflected by the surface. The time difference 
between sending and receiving the beam is an indication of the height. The entire island 
of Ameland was measured in this way on 1 May 1995. In this case an infrared laser was 
used to acquire information on the height of the terrain. The use of green lasers would 
have permitted bathymétrie surveys, as they can penetrate the water to some extent 
(though this would be hampered by the high turbidity of the Wadden Sea and North Sea). 

• Lidar (light detection and ranging) uses pulses of laser light to illuminate the terrain. Lidar 
systems can be operated in either a profiling or a scanning mode (Lillesand & Kiefer, 
1995). Lidar can be used for bathymétrie research. It has been used on seaborne vessels 
already, but along the Dutch coast troubled water interferes with the return signal. 
Imaging Lidar is still in an experimental stage. 

• Another data source is the JARKUS data from the DONAR database of Rijkswaterstaat 
(Ministry of Transport, Public Works and Water Management), the authority in charge of 
coastal defence. The DONAR database comprises annual beach and foredune profiles for 
the whole coast that have been derived from stereometric analysis of aerial photographs 
for the dry part of the coastal transect. The transects are 200 to 250 m apart and have a 
record of height every 5 m along their length. The underwater part of the profile is 
measured with echosoundings from ships with automatic position-finding systems. The 
measurements are oriented within the same reference system, approximately 
perpendicular to an imaginary line along the coast, originally situated on the beach, and 
marked by beach posts (De Ruig & Louisse 1991). 

1.2 Scale aspects 

1.2.1 Geomorphological scale aspects 

Morphodynamics can be defined as the mutual influencing of processes and forms. These 
interactions occur on various scales. There are no obviously appropriate or correct scales at 
which geomorphological research should be conducted (Thorn, 1988). Kloosterman et al. 
(1993), Janssen et al. (1995) and Kloosterman et al. (1997) assume that different remote 
sensing techniques (in terms of sensor platform and survey scale) are appropriate for 
monitoring different landscape ecological processes, because not all landscape ecological 
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processes are active at the same level of detail in the landscape. Kalesnik (1961) states that it 
is generally acceptable in landscape science that landforms are a result of the interaction of a 
number of variables. In passing through the scales gradual changes occur in the dominant 
variable. This implies that the dominant variables in the empirical relations detected at a 
certain scale are a precondition for prediction on the other scale (see Chapter 5). 

1.2.2 Scale aspects of remote sensing 

Objects on the earth's surface reflect radiation from a source. A sensor measures the energy 
within a certain range of electro-magnetic radiation. Thus, remote sensing data can provide 
information on an area. It is possible to obtain more information on an area by looking at it in 
various ways, e.g. because the data are gathered on different heights/levels (multistage or 
multiscale), or different times (multitemporal). Other options are the use of different sensor 
systems (multisensor) or different parts of the spectrum (multispectral). In this chapter, 
attention will be paid mainly to practical multiscale effects of data in the optical range for 
geomorphic application. 

A great advantage of remote sensing as a data source is its synoptic characteristics, but the 
data are also used to extract detailed information on a relatively small regional or local level. 
Some of the ideas or methods that were developed to deal with this paradox are discussed 
below. 
• For multiscale research, Lillesand & Kiefer (1994) state that the best result can be reached 

if information from a lower observatory level can be extrapolated to higher levels. This is 
actually an attempt to get a higher resolution by upscaling. 

• Stratification through masking is a long established method for resolution enhancement 
that is used to improve classification. This involves a division of the study scene into 
smaller areas or strata based on a criterion or rule, so that each stratum may be processed 
independently. Statistically, the purpose of stratification is to increase the homogeneity of 
the data sets to be classified (Hutchinson, 1982). Thorn (1988) discusses the importance 
of stratification for sampling in geomorphological studies to identify the different sub-
units present. 

Some new trends in obtaining detailed information imply changing the spatial resolution 
directly: 
• Image fusion can, amongst other things, be used to enhance spatial resolution (image 

sharpening). Based on the method of Pellemans et al. (1993) for merging SPOT-XS and 
SPOT-PAN imagery resulting in a multispectral image at a spatial resolution equal to that 
of the panchromatic image, Hobma (1995) describes how to overcome the limitations of 
unfavourable spatial and spectral resolutions of sensors for landscape-ecological mapping 
of natural coastal landscape elements at a sub-regional scale. 

• Future (higher) resolutions of SPOT-5 will be 10 m in multispectral and 5 m in 
panchromatic mode. In the policy for Landsat also a tendency towards a higher resolution 
can be seen (Lillesand & Kiefer, 1994; Hobma, 1995). The Indian Remote Sensing 
satellite (1RS) is already supplying detailed information; 5.8 m in panchromatic mode. 
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• As a general trend, the number of airborne sensors is increasing, e.g. aerial videography 
CEASAR, Radar, Laser and Lidar (ERIM, 1994). Making mosaics of high resolution, 
narrow view remote sensing data {e.g. video imagery or scanned aerial photographs) 
results in high resolution data with a large coverage. 

New computer technology makes it possible to handle the resulting increase in data volumes. 

2 METHODS 

A data set was composed from remote sensing data that differ in scale. Data that differ in 
other properties, e.g. in remote sensing wavelength, were not incorporated in the scale study. 
The strategy used to study Ameland's changing coast consists of passing information from a 
high to a lower resolution. First aerial photographs were analyzed, then video images and 
finally SPOT and Landsat imagery. Table 1 lists the data analyzed. 

Table 1. Investigated remote sensing data. 

image film / band scale / resolution date, time, tide 
aerial panchromatic 1 : 18,000 25-04-1992, ± 08:00, 1 - 1.5 hr 
photographs before Low Tide 
aerial panchromatic 1 : 18,200 12-02-1995, ± 12:00, 1 - 1.5 hr 
photographs before Low Tide 
video multispectral, 

1,2,3 (colour) 
1 m x 1 m 08-10-1995, ±12:45 

video multispectral, 
1,2,3 (colour) 

± 1 m x 1 m 09-10-1995, ± 14:30 

SPOT-PAN panchromatic 10mx 10m 03-07-1989, 10:59 
Landsat5-TM multispectral, 1-7 30 m x 30 m 15-02-1992, 09:57 

2.1 Field visits 

To ensure understanding of the geomorphology of Ameland, which is a prerequisite for 
visual interpretation and geomorphological classification, repeated field visits were 
conducted. 

2.2 Stereoscopic aerial photo interpretation 

Two sets of photographs from 25 April 1992 and from 12 February 1995, were used for 
aerial photo interpretation (Table 1). In both cases acquisition took place approximately 1-1.5 
hours before low tide (Berkhout, 1995). Stereo-images were created using a stereoscope and 
with aerial photographs with 60 % overlap. These were studied visually using air photo 
interpretation elements. The interpretation was imported into a GIS, ARC/INFO. In digitizing 
the transparencies, a link was made between aerial photo interpretation, digitizer and real 
world coordinates (in the Dutch coordinate system: RD-coordinates) by specifying control 
points recognizable on both the map and the aerial photographs. Digitizing errors were 
corrected in ARCEDIT and labels were assigned. The spatial relations between the 
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geographical locations were established by building topology. Attribute data and look-up 
tables, containing information about the shades and symbols connected to the polygons, were 
added with TABLES. The map layout was created in ARCPLOT (Berkhout, 1995). 

2.3 Classifying video imagery 

The video data consist of a tape, which was acquired by ITC with a hand held camera from a 
light airplane. This resulted in oblique data covering the entire island. The second set of video 
images was acquired by Synoptics for the Survey Department of Rijkswaterstaat. These 
images were obtained vertically and have some metadata (e.g. GPS information) on them, but 
they cover only the eastern-most part of the island. Some frames with interesting geomorphic 
features situated in the eastern part of Ameland were selected for this study (Berkhout, 1995). 
The video images were digitized with a frame grabber using Matra software (VideoPix). The 
files were then imported in Erdas Imagine 8.2 (an image processing package) and classified. 
The intent of the classification process is to categorize all pixels into one of several classes 
(Lillesand & Kiefer, 1994). Several classification methods were tested. In some cases masks 
were used. However, it was not possible to apply stratification with masks on clear transitions 
at the boundaries of interest, such as land-water and land-vegetation interfaces. (If striping 
due to interlacing occurs on the classified image, then a 3'3 low-pass kernel filter technique 
can be applied to enhance the classified image.) 

2.4 Classifying optical satellite data 

2.4.1 SPOT 

A subset of a SPOT-PAN image has been studied because panchromatic aerial photographs 
are also used in this study; this facilitates comparison and supports the interpretation of 
images (Eleveld, 1994). The subset was georeferenced in ERDAS (using a fourth-order 
polynomial and nearest-neighbour resampling) in UTM-coordinates (Van Zuidam et al, 
1994). To change the reference system from UTM to RD-coordinates, a coordinate 
conversion program based on the formulas by Strang van Hees (1993) was used, followed by 
a linear transformation in ERDAS. Then the data were classified using the 'Unsupervised 
classification' in Erdas Imagine 8.2. The computer determines the classes on statistical criteria 
and the interpreter has to interpret the classes and link names to them afterwards. Because 
SPOT-PAN has only one band, this can be seen as a form of density slicing. This resulted in a 
speckled image, so a smoothing filter was applied. 

2.4.2 Landsat 

A subset of a Landsat image had been georeferenced in ERDAS using a second-order 
polynomial and nearest-neighbour resampling to UTM-coordinates. The reference system 
was changed with the same method as applied to the SPOT images. To this subset, an 
unsupervised classification algorithm using all seven bands, and 12 classes, was applied. 
After this classification, smaller subsets were made (with the Erdas Imagine 8.2 "Interpreter") 
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in an attempt to find more information on the region of interest, the North Sea coast and the 
island itself. 

2.5 Evaluation 

The study of morphodynamics requires information on activity in the landscape, and on 
forms and processes. Therefore, the study of the remote sensing data aspired to derive this 
information. An inventory of the extracted geomorphological features (section 3.1 - 3.4.2) 
has been made. This is organized in a table, and 5 classes are introduced ranging from — , 
the feature cannot be seen in the image, to + + ,it is very well visible in the image. 

2.6 Systems approach for prediction 

Prediction of the effects of the complex geomorphological processes and interactions in the 
coastal zone requires a systems approach. Remote sensing data have been used to distinguish 
and describe three systems (section 3.6). This has subsequently been organized in a table. 
And additionally, some fundamental empirical knowledge of morphodynamics within these 
systems was obtained through a study of the geomorphological interpretations of 
multitemporal remote sensing data; empirical relations form the basis for behaviour-oriented 
models. 

3 RESULTS 

3.1 Ground observations 

Fieldwork increased the understanding of the morphodynamics of Ameland. Some forms and 
(indications of) processes could be distinguished; e.g. bars and mass movements. 
Specifically, the vertical differences were more apparent in the field than on remote sensing 
images. This accounted particularly for the extension of a cliff. It is prominent in the field, 
but on the remote sensing imagery it is only a small strip. The vertical extension is an 
important variable for wind erosion studies as its height creates an obstacle for the wind 
profile. 

3.2 Aerial photographs 

From the aerial photographs, a wealth of geomorphological information could be extracted 
and mapped (Figs 2a & 2b). Some of the extracted geomorphological features are described 
below. 
On the 1992 photographs only one breakerzone can be recognized. Some rip currents are 
visible as well. The 1995 photographs show three breakerzones, the most seaward of which is 
the broadest. The wind-speed and direction during acquisition of the 1995 photographs 
probably differ from those for the 1992 photos. On the photo-sets, refraction can be seen as 
well. This is the gradual reorientation of waves propagating at an angle to the bottom slope or 
against a current. 
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Another phenomenon observed is the occurrence of washovers. These forms result from a 
combination of marine erosion and aeolian dune building at the eastern extremes of the 
Wadden islands. The western-most washover had already been initiated in 1992, but was 
bigger in 1995. More to the east, several washovers are visible on the 1992 photographs that 
still existed in 1995. They have been studied further using videography. The beachplain and 
tidal flat area in the most eastern part of Ameland had changed a lot. The peaked east point of 
1992 had a more rounded form in 1995. In 1995 the whole area is wetter and wliat had been a 
rippled zone in 1992 had changed into a flooded zone. These changes could also be partly 
due to different weather conditions at the time of photo acquisition. A north-westerly wind at 
the time of acquisition of the 1995 photographs would have resulted in more inundation of 
the beach through set-up (Berkhout, 1995). 

3.3 Video imagery 

The selected video image, which is presented in Fig. 3, shows a series of washovers near the 
NAM gas station. Some aerial photographs were made simultaneously with the video image 
acquisition of 9 October 1995. These have a better resolution than the video images. Some 
features, of which the classification is debatable on the video images, can be clearly seen on 
the photographs. Fore example, it can be seen that washover gullies are wetter in the middle. 
The result of the unsupervised classification (Fig. 3) with 7 classes shows minor distinction 
between some low reflecting (La. because of shadow effects) vegetation classes and surface 
water. Thus, some vegetated parts are classified as surface water. Two classes in the transition 
zone, and two 'vegetation classes' were merged. Moist sand is situated in the middle of the 
washover gullies, where the gullies are deepest. 

3.4 Optical satellite data 

With satellite data it is possible to investigate changes on the island itself in connection with 
changes in its environment: the ebb-tidal delta, inlets and tidal flat region. 

3.4.1 SPOT-PAN 

Visual inspection of the georeferenced SPOT-PAN image provided information on several 
morphological features of the coast. In the nearshore zone (shallow shoreface), breakers are 
visible. The breakers indicate bars; the lighter coloured zone near the breakers could indicate 
a higher sediment load of the water. A differentiation between dry sand and cliff could not be 
made. In dunes, the active or semi-stabilized areas can be distinguished. Finally, it is possible 
to extract information on the inlet, channels and tidal flat area, where some of the sand is 
stored (Fig. 4). It was not possible to categorize into one of these classes with the standard 
unsupervised classification method used (see 2.4.1). 
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3.4.2 Landsat-TM 

A visual impression of the Landsat image provides less information on the bars. Otherwise, it 
offers the same information as was mentioned above for SPOT-PAN. However, SPOT-PAN 
presents a much clearer image because of its higher spatial resolution. A scale has been 
reached in which much overview and hardly any detailed information on the area is given. 
Fig. 5 shows the result of an unsupervised classification. Several attempts were made to get 
more detailed information (see 2.4.2). Apparently, zooming in (making smaller subsets) does 
not provide much more information. The classes already known from the overview image re
appear in the smaller subsets. Sometimes it is necessary to merge classes because the 
interpreter sees no relevant differences between them, and thus they result in the same legend 
unit. A resampled georeferenced image with 10 m resolution was also studied to see if it 
might provide more information. The result of an unsupervised classification (with 12 
classes) of this image was worse than in the original situation. 

3.5 Comparison of the investigated remote sensing data 

Table 2 shows a comparison of the investigated remote sensing data. As can be seen from this 
table, different remote sensing data provide different information. Because of this, 
geomorphological interpretation of the data will give different results. Aerial photographs 
scored well, video had an intermediate performance, and SPOT & Landsat missed (did nor 
register) a lot of forms and processes, but did register other ones well. This table assists in the 
choice of the optimal remote sensing technique, dependent on the object of study. 

Table 2. Comparison of the remote sensing data (after Eleveld, 1994b). 

field aerial video satellite data 
photos data 

0 
SPOT 
+ + 

Landsat 
state active or stable 0 + + 

data 

0 
SPOT 
+ + + + 

phenomenon/ ebb-tidal delta — + + + + + 
form bars + + + + + + 

rip currents + + + + __ 
beach + + + + 

• cliff + + + + 
blowouts + + + __ 
washover + + + + + + 

process marine accumulation — + — + + + + 
marine erosion ++ + + _ _ _ 
mar. susp. sed. transport - + + + + + + + 
aeolian accumulation + + + 0 0 0 
aeolian erosion + + + 0 _ 
aeolian sed. transport + -
mass movement + + + 0 
stabilisation + + + + + __ 
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3.6 Information for prediction 

Three systems could be distinguished from remote sensing data (Chapter 5). 
In the centre of Ameland, a classical system with a longshore and a cross-shore component is 
found. The longshore component describes the movement of sand from west to east, whereas 
in a cross-shore direction a volume of sediment is shared by the nearshore zone (shallow 
shoreface), beach and foredunes. Prediction requires monitoring of the changes in the 
nearshore zone (shallow shoreface), e.g. the movement of bars. The aerial photographs, video 
images and SPOT-PAN data indicate the presence of two or three bars. Based on comparison 
of the aerial photo interpretations, a clear seaward movement can be seen in the outer east. 
Further outward movement is normally followed by disappearance of the outer bar, which 
would initiate erosion of the beachplain in the future. Aerial photographs can be used to 
discriminate the beach and features on the beach, e.g. ripples, and barchans. The type of 
foredune, which can also be distinguished, can give some information on the local sediment 
distribution: progressive, stable, and regressive foredunes indicate whether there is surplus, 
equilibrium, or shortage of sand, respectively. The central system is characterised by a 
narrow beach with regressive nourished foredunes. 
In addition to the interactions described above, the system in the west is influenced by the 
behaviour of the ebb-tidal delta, characterised by a radial pattern of migrating channels and 
shoals. The effects of these migration processes on the western beachplain be clearly be seen. 
After original expansion of the beachplain due to the fusion of a shoal, the migrating channel 
following the shoal reached the western past of the beachplain, causing erosion (Figs 4 & 5). 
In the eastern part of Ameland, some of the sediment deposited on the salt marshes no longer 
takes part in the cross-shore changes. The areas covered by deposited sand can be 
distinguished on aerial photographs and video data. The satellite data do not allow distinction 
between erosive and accumulative parts of the washovers (Figs 3, 4 & 5). The formation of 
eye-dunes and the occurrence of 'weak spots', where future washovers might occur, could be 
identified with remote sensing. Table 3 indicates which techniques provide the most 
information on which system. 

Table 3. Information from remote sensing data for the three systems. 

field aerial photographs video data satellite data 
Western system — + - + + 
Central system + + + - -
Eastern system + + + + + 

20 



4 DISCUSSION AND CONCLUSIONS 

4.1 Geomorphological information supplied by the data 

Patterns, expressing state and forms and indicating active processes, can be seen on the 
images. Similar features (state, forms and processes) were found in a previous scale study 
(Eleveld, 1994). The patterns could be enough to allow a geomorphological statement to be 
made about changes in the area, and possibly about its future. However, expressing these 
changes quantitatively in empirical relations is severely hampered by: the fuzzy boundaries 
between units on all levels (e.g. the boundary between the beach and the cliff is rather vague 
on most images), the lack of consistency of what is registered (different conditions during 
image acquisition), and by the frequent lack of additional height information. 
Height impression and overview, both possible with aerial photographs scale 1:18,000, 
mainly determined the scores in Table 2. New technical possibilities for height extraction 
from video imagery will be discussed in Chapter 4, section 4.4. 

As can be seen from Table 2, different remote sensing data provide different information. 
Because of this, the geomorphological interpretation of the data will give different results. 
This supports Thorn's theory (1988) that scale alone is a significant variable and that the 
results of research undertaken at one scale are not necessarily applicable to another scale. 
The table allows for the optimal remote sensing technique to be chosen, dependent on the 
object of study. Woodcock & Strahler (1978) developed another way to evaluate the choice 
of an appropriate scale, or spatial resolution, for several applications of remote sensing: by 
making 'local variance per resolution' graphs. Local variance is extremely high in semi-
natural coastal areas. The method works when a clear objects-definition can be made, which 
is often impossible on any scale in coastal landscapes, as there are many fuzzy boundaries. 
A more complete interpretation can be made either by combining data (and their noise) and 
subsequent interpretation of these combined data, or by combining the interpretations (with 
the GIS option 'overlay'). The former approach will be applied in further research by 
interpreting fused images of Ameland (Chapter 3). 

4.2 Information to establish empirical relations for prediction 

Three sand-sharing systems could be distinguished from the remote sensing data (Chapter 5). 
It has been possible to indicate which techniques would provide most information on which 
system (see Table 3). For the Western system, which incorporates some extended 
phenomena, satellite data are most suitable. The Central and Eastern systems require detailed 
information and height, which can be obtained from aerial photographs. 
The study of remote sensing data also provided information for the description of past and 
present situations and for the prediction of future behaviour of these systems. However, a 
quantification of the changes within these systems into empirical relations is again severely 
hampered by: the fuzzy boundaries between units on all levels, the lack of consistency of 
what is registered by the sensor, and by the frequent lack of additional height information 
(see section 4.1). 
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