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Figure 2. Numerical simulation of bed form evolution under 
varying flow (Giri et al., 2007) 

From this investigation, it has been revealed 
that the perturbation grows rather rapidly 
without significant wavelength in case of 
Ashida and Michiue’s formulation as it does 
not include slope effect (Figure 3). Whereas, in 
case of Kovacs and Parker’s formula that 
includes local slope effect, the bed form 
appears to grow with larger wavelength. In this 
case, the bed forms with small scale disappear 
quickly apparently due to the effect of the local 
bed slope. Moreover, wavelength was found to 
be dependent on the bed slope coefficient.   
 

 

 
Figure 3. Instantaneous feature of bed forms simulated by 
using Ashida & Michiue’s (top plot) and Kovacs & Parker’s 
formulae (bottom plot) 

Recent work of M. Nabi (2008, personal 
communication) on developing a three-
dimensional LES model is also a significant 
step forward towards dealing with complex 
flow over complex boundaries. This 
hydrodynamic model comprises many 
advanced features like dynamic sub-grid scale 
model, and also multi-grid technique, which is 
rather useful approach to compute the flow 
and transport field with a local refinement of 
grids, and more efficient and reliable than the 
models with moving boundary coordinate 
system. The model incorporates a stochastic 
model of sediment transport with pick up and 

deposition as used in Giri and Shimizu (2006). 
Model appears to be able to reproduce pretty 
realistic feature of the three-dimensional bed 
forms (Figure 4).  
 

 

 
Figure 4. Three-dimensional feature of bed form and 
vorticity field (Courtesy of M. Nabi) 

Concluding remarks 
The advanced models that are capable to 
predict the bed form characteristics in a 
physically based manner still cannot be 
applied directly to address the real-world 
problems due to rather intensive computational 
efforts. Moreover, they still need further 
improvement. On the other hand, most 
morphological models with the real-world 
application consider only large scale and long-
term morphological behaviour, and ignore the 
direct consideration of micro-scale bed form 
evolution and associated flow resistance (or 
consider it in a rather simplified manner). 
Consequently, the question how to harmonize 
the scientific advancement and engineering 
practice in an appropriate manner appears to 
be a challenging issue. 
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Abstract 
Due to canalization and implementation of weirs in river systems, water managers in the Netherlands 
were able to control the rivers. The current changes in river discharge however need new approaches. 
Changing rivers into more natural, dynamic water systems seems to be a possible answer. However, 
there is not much experience yet on how to realize this in practice. In this study the effects of removing 
weirs and implementing measures, such as small dams and meandering of the stream path, is being 
investigated. Removing weirs can only be done when other measures are taken in order to control the 
water flows, otherwise risks for flooding or drought become even larger. An important question is how 
‘natural’ a river might be in the perspective of other constraints such as safety and agriculture. Most of 
the times a combination of measures is chosen in order to fulfil multiple goals. 
 
Introduction 
For centuries the Netherlands had the urge to 
control the water systems more and more. In 
order to discharge the water as quickly as 
possible, water systems were canalized and in 
order to maintain enough water during dry 
periods, weirs were constructed. Nowadays 
problems arise with more extreme discharge 
events. In winter the chance of extreme floods 
is growing as well as the chance of extreme 
droughts in the summer.  
Due to national and European law and 
regulations, waterways have to be managed in 
new ways. Water quality has to be improved to 
improve ecological conditions and water has to 
be retained in the upstream parts of river 
basins to reduce droughts and floods. Smaller 
streams in the upstream part of a river system 
are often suitable for testing new management 
strategies.  
Making waterways more natural is often the 
response to the new policy of making river 
systems more dynamic. The question that 
arises is: how natural does the stream need to 
be and how natural can it be? From the 
perspective of nature, a dynamic free flowing 
river may be the ultimate goal. On the other 
hand river flows need to be controlled, after all 
a large part of the Netherlands is still 
agricultural land and agricultural interests often 
conflict with the goals of a more natural 
environment.  
This research tries to find answers to the 
question which measures can be taken best in 
order to realize natural streams that can fulfil 
the agricultural as well as nature conservation 
boundary conditions. The streams being 
investigated are located in Twente in the 
eastern part of the Netherlands, called the 
Saasvelderbeek and the Lemselerbeek. 
 

 
The study investigates the hydrological and 
morphological effects of creating more natural 
streams. This includes the investigation of the 
effects of removing the presently existing weirs 
and implementing measures to i) reduce the 
flow velocity, and ii) keep the water level at a 
pre-determined higher level. 
 
Situation 
In the present situation the streams are eroded 
deep into the surrounding land. The 
combination of fine sand (75-150 μm) and 
large surface slopes (220 cm/km) requires 
many weirs to control the water flow in these 
streams.  
 
Boundary conditions 
Prior to the present research another study 
has been executed to determine the water 
levels of the stream in the future (see Figure 
1). These water levels have been set in 
compliance with the policy of Preferred 
Ground- and Surface Water Regime (GGOR) 
(Kuks (2007)). This is set at a leading 
discharge of 1/4Q which will be reached at 
least 80 days a year. Other boundary 
conditions are determined according to the 
European Water Framework Directive and 
local policy.  
 
Boundary conditions used are: 
– Flow velocity (0.2 – 0.4 m/s) 
– Determined water level (for 1/4Q) 
– Total width of the corridor (15 m) 
 
Approach 
The responsible Water Board Regge & Dinkel 
is going to remove the weirs and will heighten 
the bed level. It is expected that as a result 
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Figure 1. Longitudinal profile of stream (Scheer, J. van der (2006)) 

 
flow velocities will be (far) too high and the 
desired water levels will not be reached 
everywhere. Additional measures will have to 
be taken. In the present study two measures 
will be investigated i) a situation in which the 
total stream is filled with little dams (like 
cascades, stone dams and fish passages) and 
ii) one in which the stream is meandering. 
Since these streams were excavated a few 
centuries ago and always have been straight, 
the meander path has to be determined. 
 
Model 
The model used to investigate the results of 
implementing the measures is the one-
dimensional program Sobek-RE. Small dams 
can be implemented in the model as well as 
increased stream lengths due to meandering.  
It should be realized that local effects of 
meandering, such as deposition in the inner 
bend and erosion in the outer bend cannot be 
made visible with Sobek. Another program is 
needed to do such research. The idea behind 
modelling in Sobek-RE is to investigate the 
hydraulic and morphological effects of the new 
longer stream path. It should also be realized 
that vegetation influences, which may alter the 
morphological stream evolution, are also not 
included in the present model.  
 
Results 
Although the investigation is not fully 
completed yet, it seems that in compliance 
with the boundary conditions it is possible to 
create a more natural stream. Meandering 
alone is in this case not the solution as the 
required length increase of the stream to 
create the desired water levels is too large and  
 

 
not realistic. Little dams alone can be a 
solution, but in fact the only thing done is to 
replace current weirs with a large number of 
small weirs. Furthermore, the natural look of 
this new stream can be discussed.  
An alternative is a mixture of meandering and 
small dams. In the upper (steeper) part of the 
stream more small dams can be implemented 
together with a hardly changed stream path. In 
the lower part a more meandering path is 
feasible together with some little dams. Of 
course the dams can be created in such a way 
that they create variable flow velocities to 
induce a more dynamic river system. 
 
Conclusion 
Making streams and rivers more natural is a 
good idea and it fits well in the European and 
national law and regulations. However, it is 
necessary to understand the consequences of 
the choices that are made. The question ‘how 
natural or controllable does the river need to 
be’ needs to be answered. The effects of 
removing weirs are large and uncertain, 
therefore future monitoring of these streams is 
necessary to understand the effects better.  
Hopefully the outcomes of this research in 
combination with monitoring afterwards will 
give more insight in the behaviour of streams 
and perhaps it may contribute to the realization 
of more natural, dynamic rivers without weirs 
throughout the country. 
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Abstract 
Seismic data offshore The Hague reveal the presence of well preserved early-middle Holocene 
deposits below the seafloor. Analysis of the data shows how during a period of rapid sea-level rise (9-
6 thousand years ago) the development of the fluvial and coastal systems was interlinked. It gives 
evidence for the infill of back-barrier channels as a result of a shift of the Rhine river mouth. It also 
indicates that ~6.7-6.5 thousand years ago the barrier system was overstepped, most likely as a result 
of a decrease of the gradient in the back-barrier basin. 
 
Introduction 
Today, satellites and tide gauges observe a 
global averaged rate of sea-level rise of 25-30 
cm/century (Cazenave et al., in press). Many 
countries risk flooding of their coastal areas 
and study the geological record to understand 
the reaction of coastal systems to past periods 
of rapid sea-level rise and to predict future 
reactions of coastal areas to sea-level rise. 
This study is a contribution to that effort. 
At the beginning of the Holocene, 12000 yr 
before present (BP), rates of sea-level rise 
were by far exceeding the present day rates 
due to rapid melting of the ice sheets of the 
last ice age. In the Netherlands, sea-level rose 
~1 m/century at that time. After 8000 yr BP this 
rate started to slow down, but 6000 yr BP still 
was 30 cm/century (Jelgersma, 1961; Van de 
Plassche, 1982; Hijma and Cohen, in prep.). 
The development of the coastal system in the 
western Netherlands and the interaction 
between the coastal and fluvial systems during 
this period of rapid sea-level rise is the topic of 
this paper. It focuses on two questions:  
1. How did the fluvial and coastal systems  

interact during the middle Holocene in the 
western Netherlands?, and  

2. Did the coastline migrate continuously or 
stepwise? 

 
Study area and methods 
The study area is located offshore The Hague 
and is ~25 km long and ~10 km wide. Seismic 
data are the main source of information for this 
study. It was acquired using an X-star chirp-
pulse system in a 1 km x 0.25 km grid. The 
seismic reflections were coupled to lithology 
using available core-descriptions. After the first 
analysis of the seismic data, four additional 
high quality cores were obtained for detailed 
information on the lithology at key locations. 
From these cores, also shells were collected 
for radiocarbon dating.  
 

Results 
Drowning of the southern North Sea allowed 
wave-action after ~8.5 kyr BP to build up 
embryonic barrier systems along a coastline 
west of the modern coast (Beets and Van der 
Spek, 2000). Behind that coastline, back-
barrier basins flanked the Rhine-Meuse 
estuary near Rotterdam. After 8 kyr BP the 
Rhine mouth avulsed northward from the 
Rotterdam area to the Delft area (Hijma et al., 
subm.) and started to debouch in the studied 
back-barrier basin. Seismic data revealed 
back-barrier channels that started to fill in 
during this time. This was caused by increased 
fluvial sedimentation into the basins, resulting 
in a decrease of tidal prism and hence the 
back-barrier channels became too big in size. 
The resulting sand “hunger” of the back-barrier 
channels was stilled by marine erosion of 
offshore located sediments from the 
abandoned river mouth and Belgium-Zeeland 
headlands to the south. The eroded sediments 
were transported northward and alongshore 
into the back-barrier basins. Below the back-
barrier deposits well preserved terrestrial 
deposits (inland aeolian dunes, peat and clay) 
were recognized. 
Between 7.4 and 6.5 kyr cal BP the Rhine 
avulsed further north to the position of the 
‘Oude Rijn’ which would be the main Rhine-
branch until ~2 kyr BP (Berendsen and 
Stouthamer, 2000). The seismic data indicate 
that during that time the barrier-system was 
overstepped to a position near the present 
coastline. The evidence for barrier 
overstepping rather than gradual inland 
migration is indirect (following Rieu et al., 
2005). Would the barrier-system have 
retreated continuously, scour features of tidal 
inlet channels should dissect back-barrier 
deposits. The lack of any of such features in 
the seismic data in a 50-km wide zone parallel 
to the modern coast favours stepwise retreat.  
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Also, the back-barrier channels show very little 
lateral migration, indicating that they have 
been active for a relatively short time. This 
observation can be explained by barrier 
overstepping. 
Overstepping was probably stimulated by the 
fore mentioned increased sedimentation into 
the back-barrier basins. The resulting 
decrease in gradient caused the basin to 
widen quickly as sea-level rise was still rapid. 
This can lead to overstepping (Swift, 1968; 
Rampino and Sanders, 1980).  
 
Conclusion 
This study shows that early-middle Holocene 
fluvial, marine and terrestrial deposits have 
been well preserved below the present 
seafloor. This allowed answering the two 
questions of this paper: 
1. There is a clear interlinked development of 

the fluvial and coastal system. The shift of 
Rhine-mouth resulted in a decrease of tidal 
prism in the studied basin that led to the 
infill of the back-barrier basin.  

2. Coastline retreat was characterised by at 
least one period of barrier overstepping 
around ~6.7-6.5 kyr BP. This was induced 
by a decrease of the back-barrier gradient 
due to either fluvial sedimentation or a 
decrease of the gradient of the Pleistocene 
substrate.  
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Abstract 
Reconstruction of over bank sedimentation rates over the past decades to centuries can give insight 
into future floodplain dynamics, and provide a basis for efficient and sustainable floodplain 
management. We compared the results of four independent reconstruction methods, and investigated 
their optimal temporal and spatial range of application. These ranges differ by method, but show 
significant overlap. Results from a cross-section at Neerijnen show that dating results are generally in 
agreement, although some discrepancies deserve further attention. 
 
Introduction 
Planned landscaping measures in the 
embanked floodplains along Rhine branches in 
the Netherlands aim at enhancing the 
discharge capacity and restoring nature 
values, and include mining of clay, sand and 
gravel. An efficient and sustainable floodplain 
management strategy requires insight into the 
sedimentary dynamics of floodplains. One 
essential aspect is reconstruction of 
sedimentation rates during the past decades to 
centuries.  
Goal of our research is to reconstruct the 
sedimentation rates since river normalization 
around 1850 AD in embanked floodplains, 
using four independent dating methods. 
Results will provide a basis for modeling future 
sedimentary dynamics. The model results can 
be used to set up guidelines for floodplain 
management that maintains the discharge 
capacity of the embanked floodplains, while 
also giving room to vegetation succession. 
 
Dating methods 
We use four methods to reconstruct over bank 
sedimentation rates. Below, the principles of 
these methods are described. 
 
Flood bed interpretation 
Flood bed interpretation involves correlation of 
individual layers in a vertical soil profile to peak 
events in the flood record (Fig. 1). This method 
allows for estimating the age of deposition of a 
single layer, but the uncertainty range 
increases with increasing age of sediments. 

 

137Cs-dating  
The unstable isotope 137Cs enters the 
floodplain by atmospheric fallout and by 
deposition of suspended sediment to which it 
is bound. Peak years of deposition were 1960 
(nuclear bomb tests) and 1986 (Chernobyl 
accident). When these peaks can be identified 
in a vertical soil profile, sedimentation rates 
can be calculated (Rigollet & De Meijer, 2002). 
 
Heavy metal analysis 
Since approximately 1860 AD, urban and 
industrial activities led to a significant increase 
in the heavy metal concentration of the Rhine 
water. In water, heavy metals are bound to the 
fine suspended sediment particles, and enter 
the floodplain during floods. Comparison of 
heavy metal contents in a vertical soil profile 
with the known pollution history enables 
calculation of sedimentation rates (Middelkoop, 
2000). 
 
OSL dating 
Sand-sized quartz grains that are deposited on 
a floodplain become buried and shielded from 
sunlight. Due to exposure to natural ionizing 
radiation, charge is trapped inside the quartz 
crystal. This charge gives rise to an OSL signal 
that provides a measure for burial time. 
Application of OSL dating to young fluvial 
deposits is challenging because limited light 
exposure of the grains during fluvial transport 
may cause age overestimation.  
 
Spatial and temporal range 
All methods have a different spatial and 
temporal range in which they are best 
applicable (Fig. 2). Flood bed interpretation is 
only applicable close to the river, where 
individual flood beds can be recognized. The 
uncertainty range increases with increasing 
age of sediments. Cesium dating yields best 
results on the levee and proximal parts, where 
sedimentation rates are sufficient to distinguish 
between the peaks of 1960 and 1986 AD. 

Figure 1. Flood bed interpretation involves correlation 
of peak events to individual layers in the soil. 
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Heavy metal analysis is best applicable in the 
distal parts, where fine grained sediments to 
which heavy metals are bound are deposited. 
Finally, OSL-dating is used in sandy levee 
deposits and can date sediments well beyond 
the century scale, but for our young deposits 
the method is challenging.  
 

Figure 2. Optimal spatial and temporal range of applied 
methods. 

 
Comparison 
In both the temporal and spatial range there is 
overlap in applicability of the methods. We 
compared results within this overlap at a sand 
bar, a levee, and a distal site in the Neerijnen 
floodplain (Fig. 3). We used 137Cs-dating 
results of Maas et al. (2003). All other methods 
were applied in our study. Flood bed 
interpretation yields similar sedimentation rates 
as 137Cs-dating, but sedimentation rates 
resulting from OSL dating are slightly lower. 
Heavy metal analysis leads more or less to the 
same results as 137Cs- and OSL dating (Fig. 4). 

 
Figure 3. Cross-section at Neerijnen, with the sand bar (a), 
the levee (b), and the distal site (c) used for sampling. 

 
Conclusions 
There is a considerable and measurable 
amount of sedimentation on the floodplains, 
which is important to take into account in 
floodplain management. Within the spatial and 
temporal overlap, dating results are generally 
in agreement. Some small discrepancies exist, 

particularly for the sedimentation rates in the 
sand bar. Next step in our research is to focus 
on these discrepancies, and to determine the 
combination of methods that will yield most 
accurate sedimentation rates at a decadal to 
century time scale. 

 
Figure 4. Sedimentation rates for different methods. 
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Abstract 
Clastic lake fills are over bank deposits and form on deltaic plains when a fluvial distributary 
debouches into a lake. Based on field data, we describe the architecture and facies distribution of 
clastic lake fills in the Rhine-Meuse delta. We found these deposits on average comprise 30% sandy 
facies, which contrasts to other overbank deposits. We conclude that this affects the geomechanical, 
hydrological and reservoir properties of fluvio-deltaic successions. 
 
Introduction and study area 
Lakes occur in distal zones of deltaic plains. 
They form in peat areas where fluvial activity is 
absent and in distal parts of the delta where 
base-level rise leads to sediments deficits. 
These lakes may fill in with organics or with 
clastic deposits when a river occupies the 
area. In the Rhine-Meuse delta so-called 
clastic lake fills have been reported but never 
described in detail. This hampers e.g. the 
assessment of hydrological and 
geomechanical properties of the deposits. The 
aim of this study is to identify the architecture 
and facies distribution of clastic lake fills in the 
Rhine-Meuse delta. Two study areas were 
selected: 1) the central delta where clastic lake 
fills are present in the basal part of the 
Holocene succession and 2) the Angstel-Vecht 
area (Fig. 1). Part of the results from the 
Angstel-Vecht area is presented here. 
 
Methods 
In the Angstel-Vecht area clastic lake fills are 
present near the surface. This enabled 
detailed analyses of the facies distribution of 
the clastic lake fills. Based on a high resolution 
DEM and corings a geomorphogenetic map 
and cross sections were constructed. From 
these the architecture and facies distribution 
were determined. Facies interpretations were 
based on sedimentary, pollen and diatom 
analyses. Diatom and pollen analyses were 
carried out on 44 samples distributed over two 
high-quality mechanical piston cores. 

Figure 1. Topographic map of the Angstel-Vecht area. 
Indicated is the location of the sedimentary log (Fig. 2).  

 
 
 

125000

125000

130000

130000

135000

1350004
6

0
0

0
0

4
6

0
0

0
0

4
6

5
0

0
0

4
6

5
0

0
0

4
7

0
0

0
0

4
7

0
0

0
0

4
7

5
0

0
0

4
7

5
0

0
0

4
8

0
0

0
0

4
8

0
0

0
0

l0 2 4km

Abcoude

Weesp

Legend

water

built-up area

Amsterdam

Angstel

Vecht

Vecht

IJmeer

Vinkeveense 
Plassen

Am
st

er
d

am
- R

ij
n

 c
an

al

N
a
a
rd

er
m

ee
r

Loosdrechtse 
Plassen

B25G1057

cross section
mechanical core

Vecht N



Geomorphodynamics 

Proceedings NCR-days 2008 83

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Results 
The area of the investigated clastic lake fills is 
up to 30 km2, the thickness is 3 - 5 m (Fig. 2). 
The transition to the surrounding peat areas is 
generally sharp and marked. The deposits 
comprise a clastic layer that includes a 
coarsening-upward sequence overlying 
organic lake sediments (gyttja). 
The sedimentary logs (Fig. 2) show the 
laminated character of the deposits, indicative 
for lacustrine deposition. The diatom and 
pollen analyses clearly indicate deposition in a 
standing fresh water body of which the depth 
decreases upward in the sequence. 
Comparable results are found in other 
investigated areas in the Rhine-Meuse delta.   
 
Conclusions and further research 
Lakes act as sediment traps. Therefore, the 
sediment characteristics of the fluvial system 
are reflected in the composition of clastic lake 
fills.  
Clastic lake fills can be recognized as separate 
architectural elements in distal zones of fluvio-
deltaic successions because of distinct 
geometrical and facies properties. They are 
potential ground water and hydrocarbon 
reservoirs. Clastic lake fills are associated with 
peat areas in delta plains and are prominent at 
the base of fluvial successions. They often 
include significant portions of sand, in the 
Angstel-Vecht area > 25 %. This greatly affects 
the hydrological and geomechanical properties 
which are important for reservoir 
characteristics.  
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Figure 2.  Sedimentary log of a coring near Abcoude (the location is indicated in Fig. 1).                  
 Note the coarsening-upward succession in the clastic lake fill and the frequent occurrence of peat clasts. 
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Abstract 
Optically stimulated luminescence (OSL or optical) dating can be used to determine the time of 
deposition of sediments. Application of the method for young fluvial deposits is difficult due to 
incomplete zeroing of the luminescence clock, resulting in overestimation of the burial age. Here we 
present new optical dating methods and ages obtained on two sites in embanked floodplains of the 
River Waal. Results are in correct stratigraphical order and agree favourably with available age 
constraints. 
 
Introduction 
Fluvial deposits provide an archive of the 
behaviour of rivers in the past. This natural 
archive can be exploited to improve our 
understanding of fluvial systems and thereby 
aid the development of safe and sustainable 
river management strategies. Reliable dating 
methods are essential to read the geological 
archive. Available dating methods are, 
however, largely restricted to fine-grained 
deposits.  
 
Aim 
In this study we explore the applicability of 
Optically Stimulated Luminescence (OSL or 
optical) dating for determining the time of 
deposition of fluvial sediments in embanked 
floodplains. We present the first results of our 
investigations, obtained using optimised 
single-aliquot optical dating methods. We 
investigated both overbank and channel facies 
formed during the past decades to centuries. 
 

 
Fig. 1. The resetting of the OSL signal. 

 
Methods 
Optical dating determines the last exposure to 
light of sand-sized grains of quartz. If light 
exposure prior to deposition and burial is 
limited, the OSL signal may not be completely  
 
 

 
reset, resulting in overestimation of the burial 
age, especially for young samples (Fig. 1). 
To avoid OSL age overestimation we 
developed optical dating methods that are 
particularly suited for young fluvial deposits, 
most important advances are shown in Figs. 2 
– 4. 

Fig. 2. The quartz OSL signal is composed of different 
components. The fast component is most suitable for 
dating and is selected through early background (EBG) 
methods. 

 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3. Heating the samples prior to OSL measurement is 
needed to compare the natural OSL signal to that induced 
by laboratory irradiation. However, stringent preheating 
should be avoided as it may induce charge transfer from 
less light-sensitive traps (rising trend shown above). To 
avoid age overestimation due to charge transfer we 
selected a preheat of 200o C for these young samples. 
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Fig. 4. OSL measurements are made on many small sub 
samples. The tail of the distribution toward older ages is 
caused by incomplete resetting of the OSL signal in some 
grains. Hence, youngest results will reflect the burial age. 
We distilled the burial age by fitting a Gaussian to the 
youngest part of the age distribution. The age distributions 
for four samples from a core on the Waal river bank at 
Neerijnen are shown. 

 
Results 
The optical dating results obtained are in 
correct stratigraphical order and agree with 
independent age constraints. The data can be 
used to determine sedimentation rates in the 
Neerijnen (Fig. 5) and Winssen (Fig. 6) 
floodplains. Our results demonstrate the 
applicability of optical dating for dating fluvial 
deposits on decadal to century timescales. 
 
 
 
 
 
 

 
Fig. 6. Optical dating results for 8 samples from embanked 
floodplain sediments of the Waal near Winssen (Bakker et 
al., 2007; Cunningham et al., submitted). Results indicate 
rapid sedimentation of channel sediments, followed by 
slower aggradation of overbank deposits. 

 
Acknowledgements 
JW and ACC are supported by NWO/STW 
grant DSF.7553. This research contributes to 
the strategic research program “Sustainable 
spatial development of ecosystems, 
landscapes, seas and regions" which is funded 
by the Dutch Ministry of Agriculture, Nature 
Conservation and Food Quality, and carried 
out by Wageningen University Research 
centre.  
 
References 
Bakker, M.A.J., Maljers, D., Weerts, H.J.T., 2007. Ground-

penetrating radar profiling on embanked floodplains. 
Netherlands Journal of Geosciences - Geologie en 
Mijnbouw 86, 55-61. 

Cunningham, A.C., Wallinga, J., Maljers, D., Bakker, 
M.A.J. OSL dating of young fluvial quartz using early 
background subtraction. Quaternary Geochronology – 
submitted. 

Hobo, N., Makaske, B., Middelkoop, H., Wallinga, J. This 
issue. Reconstruction of sedimentation rates in 
embanked floodplains, a comparison of four methods. 
NCR proceedings 2008. 

Wallinga, J., Hobo, N., Cunningham, A.C., Versendaal, 
A.J., Makaske, B., Middelkoop, H. Sedimentation rates 
on embanked floodplains determined through quartz 
optical dating. Quaternary Geochronology – submitted. 

 

Fig. 5. Optical dating results and derived sedimentation rates for embanked floodplain overbank deposits 
of the Waal near Neerijnen (see also Hobo et al., this issue; Wallinga et al., submitted). 



Biodiversity 

Proceedings NCR-days 2008  86

Landscape change and biodiversity values of     
floodplains along the River Vistula, Poland 
 
M. Wozniak1,2, R.S.E.W. Leuven3, H.J.R Lenders3, T.J. Chmielewski4,                 
G.W. Geerling2, A.J.M. Smits2 
1  Department of Landscape Architecture, The John Paul II Catholic University of Lublin, Konstantynow Street 1H, 20-708 

Lublin, Poland  
2  Institute for Science, Innovation and Society, Radboud University, P.O Box 9010, 6500 GL Nijmegen, the Netherlands, 

m.wozniak@science.ru.nl   
3  Department of Environmental Science, Institute for Wetland and Water Research, Radboud University, P.O Box 9010, 6500 

GL Nijmegen, the Netherlands 
4  Department of Landscape Ecology and Nature Conservation, University of Life Sciences, Dobrzańskiego St 37, 20-262 

Lublin, Poland 
 
Abstract  
This paper deals with the effects of landscape change on spatial distribution of ecotopes and the 
assessment of biodiversity values of the Middle Vistula river valley in the Kazimierski Landscape Park 
(Poland), using the BIO-SAFEv model. The actual biodiversity values of the river valley in are high in 
comparison with floodplains of other lowland rivers in Europe. GIS-analyses of remotely sensed 
ecotope maps show remarkable differences in number, acreage and patchiness of ecotopes for the years 
1953 and 2003. Side channels and floodplain lakes became fragmented. The average and total surface 
area of bush, forest and arable land increased, but decreased for bare soil, pioneer vegetation and 
grassland. These changes in distribution of ecotopes indicate both natural vegetation succession and 
increase of human impacts (e.g., intensification of agriculture and progressive impacts of river regulation). 
Current landscape changes negatively affect biodiversity values.   
 
Introduction 
In spite of floodplain embankment for 
urbanisation, industrialisation and agriculture, 
the Middle Vistula River still shows rather 
natural hydro-morphological characteristics 
with sandy islands, braided-meandering 
channels and species rich vegetation (Kajak, 
1993). Therefore, the Vistula River is often 
used as reference for other lowland rivers. This 
paper describes the impact of landscape 
changes on distribution of ecotopes and 
biodiversity values of the Middle Vistula river 
valley (Fig. 1). It aims to answer the following 
research questions:  
1. What are the changes in the number, 

surface area and patch size of ecotopes 
over the period 1953-2003?   

2. What are actual biodiversity values in 
comparison with floodplains along the 
rivers Rhine and Meuse? 

 

Study area 
The River Vistula is the largest river in Poland, 
crossing the whole country from the 
Carpathian Mountains in the south to the Baltic 
Sea in the north (Fig. 1). Our study areas are 
located in the Middle Vistula river valley. The 
subsoil of the river valley mostly consists of 
course-grained sandy-clay soils. Owing to 
historical data availability, two sites in the 
Kazimierski Landscape Park (Lubelski 
Province) were selected for our case studies: 
1. The river valley between the villages 

Janowiec and Nasiłow (rkm 357-363; 482 
ha) for assessment of actual biodiversity 
values; and 

2. The river valley between the villages 
Lucimia and Kazimierz Dolny (rkm 249-
359; 1107 ha) for analysing effects of 
landscape change on biodiversity values. 

 
Methods 
Actual biodiversity values are quantified using 
the Taxonomic Biodiversity Saturation (TBS) 
index in the Vistula version of BIO-SAFEv 
(Wozniak et al., 2009), a model meant to 
quantify biodiversity and to value ecotopes 
based on legally protected species (Lenders et 
al., 2001; De Nooij et al., 2004). 
Biodiversity values were calculated using the 
actual distribution data of legally protected 
flora and fauna species. These data were 
obtained from several atlases and regional 
surveys. Landscape change was analysed 
using a retrospective method (Geerling et al., 
2006). Ecotope maps were digitized using 
black- and white aerial photographs of the 
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Figure 1. Location of the study area.  
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years 1953 and 2003 with stereoscopic 
verification. The maps were validated by 
ground truth and comparisons with 
topographical maps. The number, acreage and 
patchiness of ecotopes were analysed using 
ArcGIS 9.0.  
 
Results 
– The study area shows remarkable 

landscape changes over the period 1953-
2003 (Fig. 2). The total number of ecotope 
patches increased with 43.8 %. Side 
channels and floodplain lakes became 
fragmented. The average and total surface 
area of bush, forest and arable land 
increased, while that of natural pioneer 
vegetation and grassland decreased.  

– In comparison with floodplains along 
lowland reaches of the rivers Rhine and 
Meuse, the Vistula river valley still 
represents high biodiversity values for 
higher plants, mammals, fish and 
herpetofauna (Fig. 3). 

Figure 2. Changes in ecotope numbers, total surface area 
and average patch size (1953-2003). MCH: main channel; 
SCH: side channel; IFW: isolated floodplain water; NG: 
natural grassland; AL: arable land; BH: bush; FS:  forest; 
PV: pioneer vegetation; BS: bare soil. 

 
Discussion 
The ecotope changes indicate both natural 
vegetation succession and increase in 
anthropogenic impact (intensification of 
agricultural land use and progressive river 
regulation by construction of embankments 
and groynes (Wozniak et al. 2009). In spite of 
several anthropogenic impacts, the Middle 
Vistula river valley still represents high 
biodiversity values. Many nationally and 
internationally protected species were 
recorded in recent field surveys. However, 
extensive   analyses of recent landscape 
change with BIO-SAFEv show a decline of the 
potential values of the Middle Vistula river 
valley for several groups of protected and 

endangered species (Wozniak et al. 2009). 
Assessments with policy-based valuation 
models for biodiversity and ecotopes, such as 
BIO-SAFEv, can help to balance biodiversity 
conservation, river management and 
landscape planning. 
 

Figure 3. Taxonomic Biodiversity Saturation indices per 
taxonomic group in Poland and in the Netherlands (TBS, 
0-100).  

 
Conclusions 
– The actual biodiversity values of the river 

valley in Kazimierski Landscape Park are 
high in comparison with floodplains of 
other lowland rivers in Europe (Rivers 
Rhine and Meuse). 

– The landscape changes indicate both 
natural vegetation succession and 
increase in anthropogenic impact.  

– The changes in riverine ecotope 
distribution are expected to affect 
biodiversity values of the river valley in the 
near future. 
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