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Preface by Prof. Alice Newton

The Netherlands has made a very large and historic contribution to the science and knowledge of
Land-Ocean Interactions in the coastal zone. The very existence of this tiny, densely populated
country, squeezed between a large river delta and the North Sea and fringed by a delicate string
of islands, has depended on human ingenuity at balancing their activities within this complex
setting. It is on Texel, one of these lovely islands, that the fledging LOICZ project of the IGBP -
International Geosphere-Biosphere Programme was nurtured, in the NIO Z nest, during 13 years.

The coast of the Netherlands is dominated by the multiple river- mouth systems of the Rhine,
Scheldt and Ems (see section A-Rivers). Understanding the importance of the biogeomorphology
of this deltaic coastline is fundamental to understand the ecological functioning (see section B-
Biogeomorphology). These biogeochemical cycles in shallow coastal areas support highly

productive ecosystems, (see section D-Cycle of Carbon and related compounds).

The landscape that results from human intervention along the coast ofthe Netherlands is unique,
and one of the most highly engineered coastlines in the world. Much of the land has been
reclaimed from the sea and is defended by the impressive Delta works. As the LOICZ project
matured, it was also adopted as a core project of IHDP - the International Human Dimension
Programme on Global Environmental Change with the challenge to integrate the social sciences,

economics and natural sciences in the coastal zone and context of global change. This was in
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response to the increasing socio-economic influences (see section E) in the coastal zone and

transboundary issues (see section F- Flemish Dutch collaboration).

After 13 years, LOICZ was fully fledged as a global dimension project and held an international
conference at Egmond, in the Netherlands. This major open science Meeting in 2005 reflected
the broad spectrum of scientific coverage and the continental evolution of methodologies
developed in LOICZ.

Hosting the International Project Office and in parallel addressing the variety of LOICZ science

in a national Dutch and Flemish LOICZ were major pillars for this development.

The forward looking perspective in these national efforts can be seen in the fact that the Dutch
LOICZ Programme already in its early stages had a special work package on the social sciences
and this was also reflected in the composition of the Dutch LOICZ committee. In a LOICZ
context this report though being based on research of the last 10 years clearly points to the future

LOICZ global scale, in a currently fast changing Earth system science landscape.

LOICZ then moved to the GKSS Research Centre (now Helmholtz-Zentrum Geesthacht, HZG)
in Germany, where it continues to work in collaboration with many scientists from the
Netherlands, both on its Scientific Steering Committee and through affiliated projects, to support
sustainability and adaptation to global change in the coastal zone.

Prof. Alice Newton

LOICZ Chairperson
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Introduction

The Netherlands is a small deltaic country nearly completely situated in the coastal zone of the
North Sea and at the mouth of two medium sized rivers: the Rhine and the Meuse and a third
smaller river, the Scheldt The geography of the Netherlands originates from the long term
interaction between land, rivers and the sea over thousands of years and has been highly
impacted by human activities. Over time, people have reclaimed land and reduced the risk against
fresh and seawater flooding by damming and diking. The interaction between land and water is

still of major importance for the Dutch economy, safety, welfare and ecology.

A large part of the Dutch land is now below sea level and is protected against flooding, not only
by dikes and dams, but also by continuously pumping out excess water. This has required a
complex socio-economic organization and involves a huge cost to society. Dutch society has
started to realize that the enormous efforts and costs to provide safety may become insufficient
as global climate change threatens to increase the risk of flooding, from the sea through sea level
rise and from the land through changing precipitation and freshwater runoff. These changes
require innovative adaptations and solutions. To assure sustainable and cost-effective solutions

on the short and long term, knowledge of the coastal (eco)system is essential.

From the beginning of the LOICZ office, that was hosted for 13 years at the NIOZ (Royal
Netherlands Institute for Sea Research) on the island of Texel in the Netherlands, there was an
interaction with the Dutch research community and ministries. LOICZ-NL is a subsidized
program of the Netherlands Organization for Scientific Research (NWO), and the former
Ministry of Agriculture, Nature & Food quality. In the beginning of the twenty-first century,
NWO launched a call that addresses the LOICZ objectives. Specific subjects of interest in this

call were:

. Rivers

. Biogeomorphology

. Element cycles (carbon and nitrogen)
. Socio-economical aspects

A second important initiative relevant to LOICZ was launched by the Ministry of Science,
Culture and Education in the Netherlands and the Flemish ministry of Education in Belgium in
the framework of cooperation between bordering EU countries. This VLANEZO project
(Flemish-Dutch Cooperation in Coastal Research) concentrated on the Westerschelde estuary in
the southern part of the Netherlands and its river, the Scheldt in Flanders. It was jointly managed
by NWO and the Research Foundation —Flanders FWO. More specifically joint Flemish-Dutch
rescarch was performed on the microbial food web, including diatoms and meiobenthos, the

carbon and nitrogen cycles, and biodiversity in relation to estuarine productivity.



Within the LOICZ-NL and the VLANEZO initiatives, a relatively large number of projects on
the above-mentioned subjects were funded and a relatively large international and
multidisciplinary community of scientists was supported and active for a number of years. In this
report an overview of the results of these studies 1s presented.

Carlo Heip (NIOZ) Remi Laane (Deltares) Auke Bijlsma (NWO)

Kirsten Spoorendonk
(NWO)

Frans Martens (NWO)

Hans de Boois
Spoorendonk (NWO)
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Recommendations

The program on coastal research in the Netherlands and Belgium started in 2002 and finished in
2010.

In LOICZ-NL and VLANEZO an enormous amount of scientific information has been
gathered on the various topics described above and published in many theses and many scientific
publications in well established international journals. In this way, the two programs were very
successful. The scientific community involved has worked together for a number of years and in
some cases continues to cooperate today. Many PhD students starting in LOICZ or VLANEZO
continued their careers in an institute or university. In the Netherlands, the Program on Marine
and Coastal Research ZKO as well as the Netherlands Centers for Coastal Research NCK and
for River Studies NCR continue to provide platforms. On the other hand, several efforts to
continue a Flemish-Dutch cooperation in coastal research were unsuccessful, despite the fact that
coastal research was recognized as a priority area in Dutch-Flemish cooperation. One reason may
have been that not enough attention was given to present the impressive results of both

programs to a wider audience.

Even the scientists involved never got a complete overview. The results of botla programs have
never been synthesized or brought together in a single overview and there has never been a
concluding scientific conference to obtain this overview. For these reasons, to commemorate the
efforts of so many scientists and to inform policy makers on what has been done and how
relevant it is for policies in coastal zone management and protection, the idea was to write a short

but complete report on the achievements of the programs.

Impression of the writers’ day in The Hague

To obtain this report the project leaders and senior scientists of botla LOICZ-NL and
VLANEZO were asked to write an extended scientific summary of a few pages and to
incorporate references to all their publications, reports and theses. To make a quick start they
were invited to join one day in The Hague and to write their contributions together. In addition,
the coordinators of the groups were interviewed and they were asked to present the scope and
the outcome of a specific subject. During this writers’ day the participating scientists were asked
to indicate what they consider to be the future research topics that need more attention in coastal

zone research and management.

Xii



Their recommendations are:

To study the behavior of coastal (eco)systems under extreme meteorological conditions.
It is more and more recognized that most of our information and knowledge that is
based on data from ships has been gathered below wind speed 7. However, it is well
recognized that the behavior and transport of, for instance, suspended particulate matter

and sand is completely different under stormy conditions than during quiet weather.

Technological developments make it possible nowadays to make measurements in the
field during extreme conditions. Another advantage of these Coastal Observatories with
automatic sensors is that the sampling frequency for some parameters is shortened from
biweekly to every 30 seconds. In this way, the short term variability of for instance

suspended particulate matter can be studied in detail.

To study tlae predictability and resilience of coastal (eco)systems. Like the weather, it is
recognized that the predictability of various parameters in coastal ecosystems is limited.
The structure within an ecosystem can change quickly from one steady state to another
and returning to the previous state can be very difficult. What is causing these changes
(the so-called tipping points) and what the impact will be on the stability and functioning
of tlae ecosystem and the ecosystem services is still largely unknown.

To integrate physical activities, for instance, for protection against flooding, with
ecosystem and socio-economic research and knowledge. Many coastal countries are
planning or have already developed projects to protect their coastal zones against
flooding and the rising sea level. Making dikes higher and higher is not possible and often
very costly, especially the maintenance. In other words, not only hard stones and fixed
defense structures but also where possible soft defense structures (e.g. sand) in such a
way that it moves with the forces of nature and takes into account the local ecology. This
concept is called Building with Nature: integrating the knowledge of biology, ecology,
morphology socio-eonomic developments and eco-technology to come up with tailor-

made solutions for specific areas, makes it possible to develop sustainable solutions.

Carlo Heip Remi Laane
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Interview with Prof. Dr. J. Middelkoop

Biogeomorphological interactions within floodplains and their role in sediment
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2.1 Hydrodynamic roughness of floodplain vegetation: Airborne parameterization
and field validation

2.2 Influences of land use, flooding and metal contamination on biota in lowland

Rhine River floodplains

2.3 Impact of value-driven scenarios on the geomorphology and ecology of lower
Rhine floodplains under a changing climate

Circulation, sediment concentration and oxygen depletion inthe tidalEms River

Interview with Prof. Dr. J. Middelkoop

15



Research into flood plains: finding a balance between nature and safety

Professor Hans Middelkoop has been involved with the LOICZ research programme
right from the start and as a researcher at the Netherlands Center for River Research he
wrote the proposal for the rivers theme and supervised this. The project mainly focussed
on the flood plains along the Waal and IJssel rivers. Flood plains are interesting for a
delta area: besides serving as an emergency containment area during high water, they
also act as a filter that traps many contaminants. Middelkoop, who gained his doctorate
for research into the behaviour of flood plains, rose to the challenge of combining the
abiotic research that “his” Utrecht University specialises in with the ecological research
of Radboud University Nijmegen.

Middelkoop: At Utrecht University, we were already doing research on alluvial deposition on
flood plains and investigating the quantity of metals found in the sediment. We were curious
about the effect of rough vegetation on alluvial deposition. Moreover, we wanted to know how
the entire system worked and the effect of climate change on this. How much water will there be
in the future, how will the river discharge change and what will the high-water peaks be? How
will preventative measures from the Space for the River project atfect the flood plains? And what
would be the effect of combining these two changes in the flood plains?

How did yon start the research?

We first of all reviewed the existing literature and tested Rijkswaterstaat’s river model. We soon
realised the effect of rough vegetation on water movement had scarcely been investigated. At
high water these shrubs impede the flow of the river, thereby retaining the water. That makes the
river area unsafe. It was hard to determine how the height and density of the vegetation atfected
this process, as these factors scarcely played a role in the then prevailing model. We have now
significantly improved the models in this area. However, we still had to come up with a2 method
for measuring the vegetation in the field. In the end, we used the recently introduced technique
of laser altimetry to make very detailed recordings from a helicopter. With this data, we then buult
models for the biotic aspect which clearly showed the effects of the vegetation density on water
retention.

But didn’t you investipate more than just vegelation density?
J 24 J 24

Vegetation patterns reveal more than just the tlow at high water. They also say something about
the density of heavy metals in the subsoil. Our colleagues of the RU Nijjmegen examined the
arthropods in the flood plains, such as spiders, as well as mice. Where exactly are the animals
tound in the flood plain? And what quantities of metals do they take up? A model was built to
clarity where the animals were located and took up metals. We also examined the predators that
eat the mice. Which metals did they contain and in what quantities?

16



So a lot of instruments have been developed to gain an understanding of how the system works
trom both a biotic and abiotic perspective.

We used these instruments to examine the effects of climate change in relation to a range of
interventions, such as those from the Space for the River project. We worked with the spiral
dynamics model that functions at a range of levels (from primitive to integrated thinking) without
value judgements. Using this model we sketched three future scenarios for the year 2050. The
tirst scenario 1s based on business as usual, simply carrying on as we are doing now. The second
has a stronger focus on safety and a future of concrete flood defences. The third is the most
integral with nature taking centre stage. We examined climate change, physical processes, metal
pollution, biodiversity and species distribution. We discovered that climate change has less
impact on the flood plains than the effects of human interventions.

Is that good news?

The ecological patterns become increasingly more favourable if the interventions focus more on
constructing secondary channels and wildlite-friendly banks. This increases the habitat diversity
tor the animals. However, a disadvantage is that such interventions result in twice as much
sediment being trapped by the flood plain than 1s the case now with a concomitant increase in
pollutants. Consequently, the filtering function of the large delta changes. It becomes ecologically
richer and it captures more heavy metals. This means that we will need to manage the flood
plains in a more dynamic manner. Monitoring will become very important. What is happening to
the ecology of the tlood plains and to the alluvial deposition? We now have models that provide
insight into the processes. However, follow-up research must lead to models that show what the
tlood plains will look like in fifty years’ time.

Looking back at the research then, what advice would you give future researchers?

Don’t lose sight of the large spatial relationships. Do not limit yourself to individual tlood plains.
All of the flood plains jointly form the large filter of the delta. Keep monitoring. Make sure that
you understand what is happening. Learn from the experiments and interventions that we are
carrying out now. Space for the River is an example of a fantastic experiment and the
Netherlands forms a superb laboratory for this. Lots of people can learn from this, including
researchers in other countries. Fundamental knowledge of the system often leads to practical
knowledge.

And the policy makers?

Formulate your questions to the researchers in clear and accurate language. That does not always
happen at present. When it comes to decisions the Netherlands prefers the consensus model. Yet
it does mean that governing authorities have become masters at negotiating with all parties with
the risk that knowledge is trickling away from the organisations. As a result of this, knowledge
increasingly has to be outsourced. And I find that disturbing because knowledge 1s needed to
pose good questions and to thoroughly assess plans. An organisation that lacks such knowledge
1s very vulnerable.

17
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Biogeomorphological interactions within floodplains and their role in
sediment transport and ecological transformation processes in the
lower Rhine delta

Menno W. Straatsma>** /Aafke Schipper® , Marcel Van Der Perk,
Claus G. Van Den Brink’, Rob S.E.W. Leuven®, Hans Middelkoop™*

Faculty of Geosciences, Department of Physical Geography, Utrecht University, PO Box 80115, 3508
TC Utrecht, The Netherlands

Department of Environmental Science, Institute for Water and Wetland Research, Radboud
University, PO Box 9010, 6500 GL Niyymegen, the Netherlands

Duurzame Rivierkunde, Hoenloseweg 3, 8121 DS Olst, The Netherlands
NCR, Netherlands Centre of River Research, Delft, The Netherlands

Cortesponding author: Now at ITC, PO Box 6, 7500 AA, Enschede, The Netherlands, tel.:
+31624967637, fax: +31534874336, email: straatsma(@itc.nl

Hydrodynamic roughness of floodplain vegetation: Airborne parameterization and field
validation

Influences of land use, flooding and metal contamination on biota in lowland Rhine River
tloodplains

Impact of value-driven scenarios on the geomorphology and ecology of lower Rhine
tloodplains under a changing climate

General introduction

Lowland floodplains (Fig. 2.1) play an important role as sinks of suspended sediments and

pollutants, and have a key-role in ecological transtormation processes along the river continuum

trom the upstream basin towards the estuary. Sediment accumulation rates on tloodplains are

spatially highly variable, associated with differences in tlooding frequency, flood pattern and
distance to the river channel (Walling and Owens, 2003).
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Fig. A-2.1: Field photograph of a floodplain with a side channel.

After deposition, sediment-associated pollutants, such as metals, are incorporated in the
ecological food-chain (Torres and Johnson, 2001). Floodplain characteristics and inundation
frequency also influence ecological habitat (‘ecotope’) distributions, which in turn determine the
potential biodiversity (De Nooij et al, 2004). Over the past centuries, the natural bio-
geomorphology of many flood plain has been dramatically affected by humans, which has caused
considerable degradation of their ecological status (Tockner and Stanford, 2002). In recent years,
therefore, ecological restoration projects have been carried out in many countries (Buijse et al,,
2002). At the same time, however, flood protection has remained a primary objective for river
management.

The study was part of the LOICZ-project “Biogeomorphological interactions within floodplains
and their role in sediment transport and ecological transformation processes in the lower Rhine
delta”. It consisted of three components. Firstly, a study was performed into the parameterization
of floodplain vegetation for hydrodynamic models (Straatsma, 2007). Secondly, influences of
multiple stressors on floodplain biota were studied (Schipper, forthcoming). The results of these
two projects were integrated into a value-based scenario study of the biogeomorphological

interactions under climate change (Straatsma et al., 2009).

2.1 Hydrodynamic roughness of floodplain vegetation: Airborne
parameterization and field validation

Menno W. Straatsma, Hans Middelkoop, Steven de Jong

i. Problem

Flydrodynamic modeling is a central tool for flood risk management and lies at the base for the
determination of deposition of sediment and heavy metals. In recent years, considerable effort
has been made on the development of 2D and 3D hydrodynamic models that accurately simulate
overbank flow patterns and predict extreme flood water levels in rivers and floodplains (e.g.,
Baptist et al., (2007) and Stoesser et al. (2003). In addition to surface topography (Marks and
Bates, 2000), hydrodynamic roughness of the floodplain surface is the key input parameter of
these models. Currently, no accurate, spatially distributed and quantitative method exists to
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parameterize hydrodynamic roughness of the tloodplains as input for models, leading to
uncertainty in flood water levels as well as deposition patterns.

Vegetation roughness is dependent on vegetation structural characteristics like vegetation height
and density, rigidity of the stems and the presence of leaves (Kouwen and L1, 1980) . To provide
hydrodynamic modelers with reliable input, the spatial and temporal distribution of surface
characteristics i1s needed. This requires accurate and fast monitoring methods that can cover large
tloodplain areas. Various remote sensing data may provide information on vegetation type,
structure and dynamics, using vegetation classitication. While the spatial resolution and the level
of detail of the classification vary with the type of remote sensing data, in all cases vegetation
classes are converted to vegetation structure, which leads to undesirable loss of within-class
variation. In contrast, Airborne Laser Scanning (ALS) enables direct extraction of vegetation
structural characteristics such as vegetation height, biomass, basal area, and leat area index
(Cobby et al., 2001; Lim et al., 2003). However, ALS was never tested for tfloodplain vegetation
under leat-oft conditions representative for winter floods, which has specific problems of
inundated ground surface and small herbaceous vegetation elements which cannot be detected.

Any mapping strategy requires accurate field reference data for validation of remote sensing
information products. Vegetation density 1s a difficult parameter to measure in the field, due to
the presence of side branches, complex stem shapes and leaves (Dudley et al., 1998; Zehm et al.,
2003). In addition, none of the current field methods generates information on the three-
dimensional distribution of vegetation density. Especially for herbaceous vegetation, no accurate
method exists to determine density in the field. Therefore a large uncertainty remains in the input
to hydrodynamic models. On the other hand, the output of roughness models is mostly
calibrated in flume facilities, where high flow velocities are used, combined with steep water
surface slopes and low water depths. These circumstances are not representative for tlow
conditions on lowland tloodplains. Current in situ measurements of vegetation roughness using
tixed current meters and water level meters are inadequate to measure the relevant hydrodynamic
parameters such as water depth, water surface slope and the 3D flow field. This lack of
calibration data further increases the uncertainty in the hydrodynamic modeling.

ii. Aims
Based on the problems described above, the research objectives were summarized as to:

Parameterize floodplain vegetation structure accurately, quantitatively and spatially distributed
using ALS to derive vegetation roughness, and assess the effects on tloodplain flow patterns

Develop a method that provides accurate estimates of hydrodynamic vegetation density using
terrestrial laser scanning and field photographs.

Determine floodplain roughness from in situ measurements.

The study was carried out in different tloodplain sections along the lower Rhine distributaries,
including the Gameren and Afterden floodplains along the Waal, and the Duursche Waarden
along the IJssel branch.
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iii. Results
Floodplain vegetation characterization

In this research we developed a novel method for automated roughness parameterization. It
delivers a spatially distributed roughness parameterization for an entire floodplain by fusion of
airborne multispectral data with laser scanning data (Straatsma and Baptist, 2008). The method
consists of three stages: (1) pre-processing of the raw data, (2) image segmentation of the fused
dataset and classitication into the dominant land cover classes, (3) determination of
hydrodynamic roughness characteristics for each land cover class separately. In stage three, we
assigned roughness values to the classes’ water, sand, paved surfaces (e.g., roads, parking lots),
meadows and built-up area. For forest and herbaceous vegetation, ALS data were used for
spatially detailed analysis of vegetation height and density. The vegetation density of forest and
height and density of non-woody herbaceous vegetation were mapped using calibrated regression
models (Straatsma and Middelkoop, 2007). Herbaceous vegetation cover was further subdivided
in single trees and non-woody vegetation. Single trees were delineated using a novel iterative
cluster merging method, and their height 1s predicted. The vegetation density of single trees was
determined in an identical way as for forest (Straatsma, 2008). Fig. A-2.2 shows the different
input maps for the hydrodynamic model. A 2D hydrodynamic model was applied with the results
of this method, and compared with a traditional roughness parameterization approach. The
modeling results showed that the new method is well able to provide accurate output data, it
provides an easier and quantitative way of obtaining floodplain roughness and it yields a high
spatial detail.
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Fig. A-2.2: Map stack describing the surface properties of the Gameren floodplain (Waal river), a) classified land
cover map, b) vegetation density of forest (m2Zm3,
vegetation density of herbaceous vegetation (m2Zm 3.

Field validation of hydrodynamic vegetation density

To measure vegetation density in the field, two new methods were developed (Straatsma et al,,
2008). In Parallel Photography (PP) we used a large number of parallel photographs that were
taken in a horizontal direction through the vegetation against a contrasting background (Fig. A-

2.3).

c) vegetation height of herbaceous vegetation (m), d)
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Fig. A-2.3: Parallel Photography (PP) methods: a,b) setup of the guide rail for the camera and background for
forest and herbaceous vegetation, c,d) derived parallel photo-mosaics, e) histogram ofintensity values (0 to) with
threshold, f) histogram of hue values (0 to 360) with thresholds, g,h) thresholded images, i) TLS point cloud, with
the points colored using the built-in camera.

From these we created a photo-mosaic of the central vertical slices of these adjacent images. This
solves the problem of overestimating the size of vegetation elements that are close to the
camera). Using the inverse gap fraction method (Jonckheere et al., 2004) the density was
computed. PP proved extremely accurate in predicting the hydrodynamic vegetation density at
plot level. The regression model was linear and did not deviate from the line of identity, which
indicates that this method does not have to be calibrated and generally applicable. In addition, the
support of this method is variable as the distance between the digital camera and the background
screen is easily varied. The second method that was tested was based on Terrestrial Laser
Scanning (TLS), which generates a 3D point cloud based on distance measurements (Fig. A-2.31).
TLS provided a 2D distribution of the forest vegetation density with a high accuracy. This
method is easily extended to 3D. PP and TLS are complementary techniques as they combine
high plot level accuracy and spatially distributed estimates of vegetation density. More detailed
analyses of the composite image and laser data might enable the distinction between stems, twigs,
and leaves. Such a method should include the classification of different vegetation elements and
an estimate of their size. In this way, average stem spacing or flexural rigidity might be derived

from the same methods.

Floodplain roughness determination

For in-situ quantification of hydrodynamic roughness of submerged floodplain vegetation, a
novel method called '3D float tracking' was developed and tested (Straatsma, 2009). A platform
floating over an inundated floodplain (Fig. A-2.4) was tracked using a shore—based laser

positioning instrument (total station), while a current meter measured the flow profile.
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Fig. A-2.4: Sketch of 3D float tracking, in situ roughness parameterization.

This method is easily applied at various locations with different submerged vegetation types. The
main achievement of this method is its high accuracy of the local water surface height
determination (residual standard deviation of 0.7 mm) in the absence of waves. Combined with
the depth averaged flow velocities and the water depth this enables solving the ID equation for
free surface flow locally, leading to the hydrodynamic roughness. 3D float tracking proved very
suitable for inundated floodplains with high water depth and modest flow velocities. A clear
spatial pattern in roughness could be detected using this method. In addition, 3D float tracking
generates the detailed hydrodynamic data that are needed to verify the output of high-resolution
hydrodynamic models, which will provide a substantial improvement of the calibration of these
models. The effective roughness estimates, obtained using this device, are well within the range
of suggested values from previous studies. The real achievement of this study is that it shows the
spatial patterns in roughness, which points at the underlying processes.

iv. Conclusions and recommendations

Flood risk reduction and ecological restoration will remain important objectives of integral river
management in the future. Within this project we developed methods to create building blocks
for accurate parameterization of the input of hydrodynamic models and to validate the output of
these models. We conclude that:

Vegetation height and density of herbaceous vegetation can be determined using airborne Lidar
with high accuracy. However, the conversion of laser measurements to vegetation density still
requires calibration for new flight campaigns. In the future, full waveform laser data analyses
could improve the characterization the roughness of low vegetation.

Airborne laser scanning is able to provide maps of vegetation density of floodplain forest at high

spatial resolution.

Field reference data of vegetation density can be acquired using parallel photography for plot
level estimates and terrestrial laser scanning for 2D and 3D mapping. Detailed analysis of the PP
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photo-mosaics and TLS point clouds are required to estimate leat coverage and flexural rigidity
of the vegetation.

3D float tracking can be used to estimate the vegetation roughness under field conditions. At the
same time it provides additional calibration data for hydrodynamic models to constrain parameter
setting to realistic values. 3D float tracking could be further expanded using horizontal ADCP
and small-footprint echo sounders to map the horizontal tlow field and the vegetation structure
of inundated floodplains.

The fusion of airborne spectral imagery with ALS data provides an effective source for mapping
vegetation structural characteristics required to determine floodplain roughness. The method that
was developed in this project provides more accurate determination of 3D floodplain vegetation
structure than the current method of manual delineation and classification of floodplain ecotopes
and, hence, of hydraulic roughness. Multi-temporal data analyses seems a promising way to
optimize discriminate between herbaceous vegetation and meadows.

2.2 Influences of land use, flooding and metal contamination on biota in
lowland Rhine River floodplains

Aafke M. Schipper, Rob S.E.W. Leuven, Ad M.]J. Ragas,
A. Jan Hendriks

i. Problem

Floodplains of large rivers are among the most dynamic and diverse natural systems on earth.
The large spatial diversity of site conditions, combined with the flooding-induced dynamics,
yields a constantly changing habitat mosaic, which favors a high diversity of both aquatic and
terrestrial plants and animals (Sparks, 1995; Tockner and Stanford, 2002; Ward et al., 2002).
Apart from their biological richness, floodplains provide important resources to mankind, for
example through the supply of fresh water, food and fertile soils (Costanza et al., 1997).
Particularly in densely populated regions, large areas of natural tloodplain have been reclaimed
tor agricultural, industrial and urban activities, thus modifying or simply eradicating natural
floodplain habitats (Nienhuis and Leuven, 2001; Tockner and Stanford, 2002). Due to the
profound human influences, floodplains are ranked among the most altered ecosystems
worldwide (Millennium Ecosystem Assessment, 2005; Tockner and Stanford , 2002). The
lowland floodplains of the Rhine River represent a clear example of such man-dominated and
detertorated systems (Nienhuis et al., 2002). These floodplains have a long history of reclamation
and land use and recetved large loads of persistent contaminants, notably metals, during the past
century (Lenders, 2003; Middelkoop, 2000; Nienhuis et al., 2002; Thonon, 2000).

Triggered by the extreme floods of 1993 and 1995, major reconstruction measures are to be
performed in many floodplain sections along the Rhine River in The Netherlands, in order to
enlarge the discharge capacity of the river corridor (Nienhuss et al., 2002; Van Stokkom et al.,
2005). Possible measures include the creation of side channels, removal of minor embankments
and lowering of the floodplain surface (Straatsma et al., 2009). These reconstruction measures
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provide opportunities for ecological rehabilitation, as floodplain areas may be taken out of
agricultural production and left to spontaneous vegetation succession (Nienhuis et al,. 2002). In
order to be successtul, however, floodplain management and rehabilitation should be based on a
solid scientific foundation, as insufficient consideration of floodplain natural dynamics and
ecological processes may result in further loss rather than rehabilitation of biological integrity
(Lake et al., 2007; Sparks, 1995; Stanford et al, 1996; Ward, 1998). Hence, a thorough
understanding of floodplain properties and processes is needed, not only in pristine situations but
also under anthropogenic influences (Arthington et al., 2010; Stanford et al., 1996; Ward, 1998;
Wassen et al., 2002).

ii. Aim

To increase insight in lowland floodplain properties and processes, the present study aimed to
assess the influences of flooding, land use and metal contamination on biota in the lowland
tloodplains of the Rhine River in The Netherlands. The intluences of the three stressors were
studied separately or concomitantly in various case studies comprising different groups of

organisms, including plants, terrestrial arthropods and vertebrates (birds and mammals). The
research took place from 2005 to 2010; field data were collected in 2005 and 2007-2008.

iii. Results
Plants and arthropods in relation to land use, flooding and soil metal contamination

Plant communities and terrestrial arthropod assemblages were investigated in relation to land use,
tlooding and metal contamination (As, Cd, Cr, Cu, Ni, Pb and Zn) in the “Ewijkse Plaat”
tloodplain and the “Wolfswaard” floodplain (Fig. A-2.5). This was done with multivariate
statistical techniques designed to relate variation in taxonomic composition to multiple explaining
variables. Plant species composition showed stronger relationships to tlooding characteristics and
land use (grazing) than to metal contamination levels (Schipper et al, 2010c; Fig. A-2.6).
Nevertheless, the relationship to metal contamination was also significant, whereby plant species
richness significantly decreased with increasing contamination levels. To check whether the soil
metal concentrations in the study area were high enough to indeed induce toxic effects in plants,
a tentative comparison was made with reference values for phytotoxicity reported in the literature
(Schipper et al., 2010c). As these reference values are commonly expressed as plant tissue
concentrations, soil metal concentrations (Cd, Cu, N1, Pb and Zn) were translated to plant tissue
metal concentrations using tloodplain- and species-specific bioaccumulation factors (Schréder,
2005). Estimated plant tissue concentrations were generally well below levels critical for
phytotoxic effects. Therefore, it was suggested that the negative relationship between plant
species richness and soil metal concentrations might retlect additive etfects of multiple stressors
rather than impacts of single metals. Multiple stressors may include multiple contaminants or
contamination combined with non-chemical stressors like flooding.
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Fig. A-2.5: Main Rhine River distributaries in The Netherlands and study area locations. ADW = “Afferdensche en
Deestsche Waarden"; EP = “Ewijkse Plaat; WW = “Wolfswaard”.
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Fig. A-2.6: Relative importance of different environmental factors for explaining variation in plant communities or
arthropod assemblages. Percentages were derived from variance partitioning analyses using canonical

correspondence analysis (CCA; for plants) or redundancy analysis (RDA; for arthropods). WW = “Wolfswaard”;
EP = “Ewijkse Plaat’.
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Terrestrial arthropods showed stronger relationships to flooding and vegetation characteristics
than to soil properties and metal contamination (Schipper et al., 2010b; Schipper et al., 2008b;
Fig. A-2.6). These results were similar for four arthropod datasets of different taxonomic detail:
ground beetle species, ground beetle genera, beetle families and arthropod groups at class-order
level (Fig. A-2.6). This suggests that in strongly heterogeneous environments like floodplains
relatively coarse taxonomic data can be used to assess the relative importance of different
environmental factors for structuring biotic communities. Yet, the ground beetles showed a
higher specificity for different vegetation types and a more distinct relation to soil contamination
levels than the coarser arthropod taxa. This indicates that a higher level of taxonomic detail might
be beneticial for detecting and quantifying more subtle effects ot land use and contamination.

Exposure of wildlife to metal contamination

Potential health effects of metal contamination in floodplain soils were investigated for various
vertebrate species, including six small mammals and four top predators. This was done by
developing a spatially explicit wildlife exposure model that simulates dietary exposure to soil
metal contamination via species-specific food chains. The model was parameterized for cadmium
contamination in a floodplain area along the Waal River, the “Afferdensche en Deestsche
Waarden” (Fig. A-2.5). Simulations were performed for 1000 individuals per species and revealed
that the exposure concentrations were generally highest for worm-eating species: common shrew
(Sorex araneus), European mole (Talpa europaea), little owl (Athene noctua) and badger (Meles
meles). To check whether the predicted exposure concentrations might lead to potential adverse
health effects, a comparison was made with dietary no-observed effect concentrations (NOECs)
obtained from the literature (Schipper et al., 2008a). Because these NOECs typically originate
from laboratory tests, they were corrected for differences in for example metabolic rate and food
caloric content between laboratory and field conditions (Traas et al, 1996). Although
toxicological hazards were difficult to assess because NOECs were not species-specific, tentative
hazard estimates indicated that negative effects of tloodplain metal contamination cannot be
excluded for the four worm-eating species investigated (Fig. A-2.7).
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Fig. A-2.7: Predicted exposure concentrations (mg kg'1fresh wt food) of cadmium for 10 vertebrate species in the
study area “Afferdensche en Deestsche Waarden". Mean values are indicated by black diamonds; total range
(minimum and maximum) are indicated by vertical lines; |d h and 9C?h percentiles are indicated by boxes;
predicted no-effect concentrations (mg kg'1fresh wtfood) are represented by grey horizontal line marks.

Corncrake occurrence in relation to land use

Breeding site locations of the corncrake (Crex crex), a floodplain-specific bird species, were
related to land use characteristics in the floodplains along the three main Rhine River
distributaries in the Netherlands: the IJssel River, the Nederrijn River and the Waal River (Fig. A-
2.5). Records of corncrake breeding sites obtained in 2001-2007 were related to landscape
characteristics pertaining to area, shape, texture and diversity with logistic regression models.
Landscape characteristics were determined at three spatial scales: distinct floodplain units
(“floodplain scale”), circular zones around individual observations (“home range scale”), and
individual patches (“patch scale”). The probability of corncrake occurrence showed a significant
increase with patch area and with the area of potential habitat, i.e., herbaceous vegetation and
grasslands, at the home range scale (Fig. A-2.8). In addition, significant positive relationships
were found with the area of nature reserves (i.e., areas where mowing is delayed). The median
potential habitat patch size associated with corncrake occurrence was 11.3 ha; 90% of the
corncrakes were associated with patches of at least 2.2 ha. These results indicate that the
corncrake is an area-sensitive species, possibly governed by the males’ tendency to reside near

other males while maintaining distinct territories (Schipper et al., 2010a).
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Fig. A-2.8: Corncrake presence and absence in relation to patch area and potential habitat area (PHA) at the
home range scale.

iv. Conclusions and recommendations

The results from this research project give rise to some conclusions and recommendations which
may be useful to consider in present and future floodplain management:

For plant communities, terrestrial arthropod assemblages and various vertebrate species in the
present-day lowland Rhine River floodplains, effects of metal contamination are likely limited or
subordinate to influences of other environmental factors. However, species with specific traits
(e.g., feeding on earthworms, relatively long generation time, permanent residence) may be more
susceptible to adverse impacts of metal contamination. This may warrant attention particularly in

case of endangered, protected or key-stone species like the little owl.

Results of the case study on floodplain vegetation communities indicated that the concomitant
influence of other stressors, notably flooding, may increase the vulnerability of biota to adverse
effects of metal contamination. This implies that an integral approach is required to assess
multiple stressor impacts in floodplain ecosystems.

In strongly heterogeneous environments like floodplains, the relative importance of different
environmental factors for structuring biotic communities can be assessed based on relatively
coarse taxonomic data. However, more taxonomic detail will be beneficial for detecting more

subtle effects of, for instance, land use and contamination.

A floodplain-specific bird species like the corncrake, which relies on present-day land use and
management practices, is unlikely to benefit from reconstruction and rehabilitation measures that

yield wetter habitats and much denser vegetation.

Habitat conservation schemes for the corncrake should focus on the preservation of sufficient
potential habitat area. Existing corncrake habitat management measures, like delayed mowing,

should be implemented in relatively large, preferably contiguous areas.



2.3 Impact of value-driven scenarios on the geomorphology and ecology
of lower Rhine floodplains under a changing climate

Menno W. Straatsma, Aafke Schippe, Marcel Van Der Perk, Claus G.
Van Den Brink, Rob S.E.W. Leuven, Hans Middelkoop

i. Problem

In the future, the bio-geomorphological functioning of lowland tloodplains is likely to be altered
at an increasing pace. Together with increasing socio-economic demands, climatic changes are
expected to increase the pressures on lowland rivers in developed countries. To cope with these
pressures, integrated management plans have been developed for riverine areas across Australia,
North America, and Europe (Brierley and Freyirs, 2008; Klijn et al., 2008). The choice and design
of the measures proposed in these plans depends on the choices made in the decision making
process, which in turn 1s strongly influenced by the value systems of the stakeholders. Planning
of landscaping measures requires a long time horizon - decades to centuries - as the
implementation 1s time-consuming and costly. Planning, therefore, involves scenario analysis to
determine the feasibility and effects of potential landscaping measures.

ii. Aim

Our main objective was to explore the potential changes in future bio-morphological functioning
of lowland rivers. In this project we adopted Spiral Dynamics (SD; Beck and Cowan, 19906;
Graves, 2006) as a basis for scenario development. The advantage of this concept when
compared to traditional methods s that it makes the role of human values explicit (Grumbine,
1997), and gives a framework of value systems that i1s hierarchic in nature, thereby limiting
transitions to steps up or down the hierarchy. This makes that SD has an excellent potential for
application in scenario development. We combined SD-based scenario development for river
management with a quantification of the effects of the scenarios on floodplain bio-
geomorphology. We firstly developed scenarios tor 2050 based on shifts in the dominant value
system in river management. For each scenario, we quantified the spatially distributed effects on
the bio-geomorphology using existing spatially distributed simulation models. We exemplified
these objectives for the lower Rhine River floodplain in The Netherlands.

iii. Results
Spiral Dynamics and Scenario Development

Spiral Dynamics (SD) structures the evolution of human value systems in a color-coded double
helix (Graves, 2006; Fig. A-2.9). Each stage of development on the spiral represents a value
system, which is a container for methods, beliefs and opinions. The hierarchy in value systems
represents increasing inclusiveness and complexity. The spiral dynamics describe transitions up
or down along the spiral. The current dominant value system in the Netherlands, with its
consensual attitude and attention for ecology and landscape diversity, can be considered ‘green’
(Straatsma and De Nootj, 2010). Hence, starting from the green value system, we established
three different scenarios that are plausible given the possible dynamics in value systems in
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relation to the time horizon of 2050 (Tab. A-2.1). This means that shifts from green to e.g. blue

or turquoise are not considered realistic based on SD.

Fig. A-2.9: The color-coded spiralling double helix of the biopsychosocial human development in Spiral

Dynamics. One spiral represents the life conditions, the other the mind/coping capacities required for dealing with

Ufo(jondiiions
T ~”~7~r.n o ln g conditions

Chaoticorgantsm * _— —

Guwi

AfTiliattve L ~  Relativistic

Opportunities Multiplislic

Higher

Powerful Egocentric
N A
Magical Animistic

Natural * Instinctive

these life conditions. See Table A-2.1 for details.

Tab. A-2.1: Overview of the scenarios based on green, orange and yellow river management

Value system

G REEN
* Living with the human
element

* Getting along with others
« Consensual

ORANGE

+ Conquering the physical
universe as to overcome
needs

« Oriented at technology

and competition
*  Pragmatic

YELLOW

*+ Restoring vision in a
disordered world

* Integrative

River management

Consensus mentality,
local communities have a
say

Focus on ecology
Dike raising is no option

Centralized authority
Cost-benefit analyses
Dike raising is a cheap
option

Spatially coherent plan for
the whole river section

Interactive

Local communities
participate from the design
phase

Water as the guiding
principle

Dike raising is an option
when needed
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Using the SD value systems framework, we established three fundamentally different color-coded
sets of landscaping measures (Fig. A-2.10):

The green relativistic scenario incorporated measures in three regions where consensus was
found. Measures comprised side channels with naturally vegetated banks, 32 floodplain lowering
projects, three dike section relocations, minor embankment removal, and natural management of

ecotopes.

The orange multiplistic scenario was characterized by a productive-efficient layout applied to the
entire study area. Measures comprised deep side channels with unvegetated banks, 51 floodplain

lowering projects, minor embankment removal, and emphasized agricultural production.

The yellow systemic scenario showed a diverse pattern of city expansion, nature development,
agricultural production and innovative groyne lowering. It comprised 52 floodplain height change
projects, minor embankment removal outside the production regions, and seven dike

repositioning projects.

a) Reference situation 2001
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Fig. A-2.10: a) Reference situation of the study area: ecotope distribution, terrain heights, soil cadmium
concentrations, and year-averaged deposition of suspended sediment, b) Landscaping measures (floodplain
height change, dike repositioning and side channels) for the scenarios: green, orange and yellow.
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Climate and river discharge scenarios

To determine the river discharge regime for 2050, we selected the KNMI-W scenario (Van den
Hurk et al,, 2006). This scenario assumes a 2°C increase in temperature and a change in
precipitation of +6 % in winter and -5 % in summer, and an 8 % increase in summer evaporation
trom 1990 to 2050. Hydrological simulations based on climate change scenarios indicate an
increase in flooding probability for the Rhine as its regime will shift from a combined rain-
fed/meltwater river into a mainly rain-fed river (Shabalova et al, 2003). Accordingly, for our
scenario study, we adopted an increase design discharge for flood protection structures from
15,000 m’s™ to 17,000 m’s™ at Lobith for 2050. To facilitate comparison, we assumed equal
input of heavy metals and suspended sediment between the three scenarios.

Floodplain biogeomorphology models

To quantify the effects of the three scenarios on the bio-geomorphology of the River Rhine
tloodplains and to compare these to the reference situation, we used a suite of spatially explicit
simulation models, which were all calibrated and validated in earlier studies. We broke down the
assessment into the following stepwise approach:

. Computation of the hydrodynamics using the 2D WAQUA model (RWS, 2007).

. Computation of the year-average deposition of sediment and metals using the
SEDIFLUX model (Middelkoop and Van der Perk, 1998).

. Assessment of the potential ecotoxicological risk of heavy metal contamination (Cd)
using a simplified version of the SpaCE model (Schipper et al., 20082).

. Evaluation of the potential values for protected and endangered flora and fauna species
using BIO-SAFE (De Nooijj et al., 2004; Lenders et al., 2001).

We evaluated the impacts by comparing results for the reference situation with the current
discharge regime (REF2001), the reference situation with the KNMI-W discharge regime for
2050 (REF2050), and the value-based scenarios with the KNMI-W discharge regime for 2050
(Tab. A-2.2).

Ecotope distribution and biodiversity

The ecotope distributions resulting over time from the landscaping measures for the scenarios
are shown in Figure A-2.3a. Considerable differences in land use show up between the scenarios.
Potential biodiversity values of the river landscape increase for the yellow and green river
management strategies in comparison with the reference situation (Fig. A-2.12). This is due to the
increasing areas of side channels, natural grassland and herbaceous vegetation at the expense of
production meadows and agriculture. The orange strategy reduces potential biodiversity, due to a
decrease in surface area of natural grassland, herbaceous vegetation, shrubs and forest and strong
expansion of production grassland. Thus, based on potential values of the riverine landscape for
protected and endangered spectes, the ranks of the management strategies show the following
order: yellow > green > orange (Tab. A-2.2, Fig. A-2.11, A-2.12).
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Tab. A-2.2: Summary of modeling results

Average lowering of peak water
level at 17000 m3.s"1 (m)

River length requiring additional
lowering of water level or dike
raising (km)

High water free surface area
(km2)

Sediment deposition in groyne
area (mm)

Year-averaged sedimentation
on floodplain (mm)

Total deposition of sediment
(106kgly)

Total deposition of Cd (kg.y"1)
Sediment trapping during
floodplain inundation (%)

Average cadmium
concentration in floodplain soil
(mg.kg1)

No. of species for which PEC(
> PNECecd (cumulative affected
fraction of habitat)

Relative BIO-SAFE scores

REF2001
NA

85

12.4

3.61

1.15
199

655
26

2.74
5
(39 %)

1

REF2050
NA

85

8.7
5.06
1.81
(+58 %)
306

989
27

2.74

(39 %)

35

Green
0.11

85

8.2

3.56

2.44

(+112 %)

358

1157
31

2.95

(37 %)

1.23

Orange
0.65

41

9.8
4.33

2.85

(+148 %)

422

1372
37

3.01
5
(40 %)

0.96

Yellow
0.37

84

9.7
3.68
2.80

(+ 143%)

406

1329
35

3.04
4
(37 %)

1.39
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Fig. A-2.11: a) Ecotope distribution for the scenarios, b) pattern of suspended sediment deposition in the Waal for
the KNMI-W discharge regime.
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Fig. A-2.12: Taxonomic group Floodplain Importance (TFl) scores for various taxonomic groups. Values are
relative to the scores in the reference situation, hence all TF| scores for the reference situation would be one.
Colors refer to scenarios.
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Hydrodynamics

The landscaping measures strongly affect the tlow patterns and peak water levels. The average
water level reductions along the river axis at a 17,000 m’.s" discharge are 0.11 m in the green,
0.37 m in the yellow, and 0.65 m in the orange scenario. Still, the strategies do not compensate
tor the expected increase in water level, due to the introduction of hydraulically rough ecotopes,
such as tloodplain forest.

Sediment and heavy metal deposition

Climate change leads to more frequent inundation of the tloodplains, increasing average sediment
deposition over the floodplain area from 1.15 to 1.81 mm.y"' (+58 %), with considerable spatial
variation. However, landscaping measures more than double the floodplain sedimentation
(+112 % to +148 %). Spatial differentiation between the scenarios is large, depending on the
design of side channels (Fig. A-10b). Changes in deposition pattern of Cd largely tollow the
pattern in sediment deposition. The reference situation has the lowest Cd deposition rate
(655 kg.y "), the orange scenario the highest (1372 kg.y'; Tab. A-2.2). Little difference (<10 %)
was present for the resulting Cd concentrations.

The filter function of the river Waal within the coastal zone 1s expressed as the total trapping
efficiency of the river for suspended sediment, calculated for Rhine discharges >3500 m’.s™ that
cause floodplain inundation. The reference situation with the current discharge regime shows a
26 % trapping efficiency and a total annual deposition of 0.2 Mton.y". The reference situation in
2050 has a similar trapping efficiency of 27 %, with 0.3 Mton.y" deposition. The orange scenario
shows the highest trapping etticiency ot 37 % (Tab. A-2.2).

Ecotoxicological risks

Predicted exposure concentrations (PECs) of cadmium for 10 terrestrial vertebrate species show
no substantial differences between the scenarios (Tab. A-2.2). Irrespective of scenario, for four
spectes (1.e. common shrew, European mole, badger and little owl) the largest part of the habitat
area remains characterized by PECs that are higher than the corresponding toxicity reference
values (predicted no-effect concentrations (PNECs); Tab. A-2.2). For the weasel, the PNEC i1s
exceeded 1n a small fraction (< 1 %) of the habitat area for three out of five scenarios. For the
remaining five species, the entire habitat area 1s characterized by exposure concentrations lower
than the corresponding PNECs.

iv. Conclusions

The present study illustrates the great potential for the application of SD in the design of
tloodplain management scenarios, as the shifts in value systems provide a guide for selecting and
positioning specific landscaping measures. In addition, the value systems analysis promotes the
internal coherence of the scenarios, as measures are chosen within a storyline rather than
individually. This first attempt to develop scenarios for floodplain management based on Spiral
Dynamics (SD) demonstrates that the value systems analysis provides a broad interpretive
tramework for development of scenarios that are internally coherent and plausible.

The river tloodplain bio-geomorphology is nfluenced by the combined effects of a climate-
induced change in discharge regime and local landscaping measures. Climate-induced changes in
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river discharge regime may increase the year-average floodplain sedimentation by the order of
50 % but this 1s overshadowed by the increase of more than 100 % due to human landscaping
measures. Thus, the filter function of this lowland river is more sensitive to local measures than
changes in discharge regime. The trapping efficiency is positively correlated to floodplain
discharge capacity. The orange scenario provided the extreme case of high discharge and high
deposition.

Natural vegetation should be compensated for by sufticiently large side channels to increase
discharge capacity and prevent driving up the water levels. The ecotoxicological risks of cadmium
contamination remain similar as to date. The scenarios also point to the human influence on
tuture potential biodiversity values ranging from -4 % to +39 %. None of the scenarios shows
the ideal combination of a high flood peak reduction, low sedimentation, low ecotoxicological
risks, and high biodiversity potential.
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