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Abstract 
People have always been attracted towards 
rivers. On the other hand, rivers can also 
cause floods, giving much flood damage. In 
Asia, two cities have to endure the constant 
threat of flood: Tokyo and Dhaka. Both cities 
use similar flood protection structures, such as 
floodwalls and embankments. There are also 
differences in flood control. Aesthetics and an 
appealing waterfront are in Bangladesh of less 
importance than in the more developed Japan. 
 
Introduction 
Water is of vital importance. Water feeds the 
rivers, supports agriculture and provides 
drinking water. Furthermore, rivers attract 
people because of their accessibility. Already 
in Ancient Times, world populations were 
drawn towards rivers. Water however, is not 
always friendly towards mankind. Its force can 
also destroy infrastructure, urban structures 
and can even lead to loss of human life. 
Floods are one of the many disasters which 
happen throughout the world each year.  

 
Figure 1. Bangladesh and Japan are both Asian countries. 

This paper focuses on the deltaic cities Dhaka, 
located in Bangladesh, and Tokyo, located in 
Japan, in Asia (Figure 1). The question is how 
these cities handle this threat. Are there 
similarities between the approaches of these 
cities or do they follow a different course? 
 
City characteristics  
Dhaka 
Dhaka is the main capital of Bangladesh and is 
located in the central region of the flat deltaic 
plain of the transboundary rivers Ganges, 
Brahmaputra and Meghna. The city is 
surrounded by the Buriganga river at the 
south, the Turag river at the west, the Tongi 
Khal at the north and the Balu river at the east 

(Figure 2). The climate is classified as a humid 
tropical climate with a monsoon season. 
Bangladesh is highly vulnerable for flooding. 
For instance, the 2004 monsoon season 
affected about 36 million people of which 
nearly 800 people were killed (Beck 2005). 
Bangladesh is a country with a lot of 
agriculture which is strongly influenced by the 
flood behaviour of the rivers. Bangladesh’s 
crop yield per hectare is one of the lowest in 
the world, despite the fertile soil caused by 
river floods (Younus, Bedford et al. 2005). 
Dhaka counts a population of approximately 
6.7 million inhabitants at this moment and is 
still growing. Most of Dhaka West is already 
urbanised whereas Dhaka East, on the 
floodplains of the Balu river, is mainly a rural 
area. However, urban growth on this floodplain 
is becoming very dominant.  
 

 
Figure 2: Buriganga riverfront of Dhaka 

 

 
Figure 3: Sumida riverfront in Tokyo 

Tokyo 
Tokyo is the main capital of Japan and is 
located at the mouth of three large rivers: the 
Sumida river, the Ara river and the Edo river 
(Figure 3). Additionally many urban rivers flow 
in the Tokyo Metropolitan. Japan is situated in 
the East monsoon region with a warm and 
humid climate (Yoshimura, Omura et al. 2005). 
The country has twice as much precipitation as 
the world average (Infrastructure Development 
Institute-Japan and Japan River Association -).  
Furthermore it is affected by approximately 30 
typhoons a year of which three typhoons hit 
the country directly. The country also has to 
endure many earthquakes. They do not only 
cause massive destruction but can also lead to 
dike breaches; followed by flooding. The city of 
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Tokyo is a city with a population of 
approximately 12.6 inhabitants and it has a 
large amount of assets, economic value and a 
highly developed network of infrastructure. 
 
Flood management 
Dhaka 
Most fluvial floods in Dhaka are caused by 
overflow of the surrounding rivers during the 
monsoon season. This was for instance the 
case with the flood of 1988. Most structures 
were constructed or improved after this 
disastrous flood (Chowdhury, Rahman et al. 
1998). Dhaka West, the urbanized part of the 
city, became encircled by embankments, flood 
walls and raised roads (Figure 4). This 
however had also consequences for urban 
water and led to problems with runoff control. 
Furthermore, agriculture within the 
embankments need annual flooding to grow 
(Chowdhury 2003). These side-effect have put 
the protection of Dhaka East on hold. Despite 
the rapid urbanisation in this part, the most 
common activity is still agriculture. The 
construction of embankments will have a 
serious effect on the harvest rate. 
 

 
Figure 4: Embankments with flood walls in Dhaka 

 

 
Figure 5: Flood walls in Tokyo 

Tokyo 
Tokyo is mainly protected with both flood walls 
and embankments (Figure 5). These floodwalls 
are mostly used at the urban rivers giving a 
concrete appearance. Hence, at the Sumida 
river a promenade has been constructed 
creating an appealing waterfront. The Ara river 
is partly diverted via a flood way which reduces 
flood discharges in the main river. This 
floodway was constructed after the huge flood 
of 1910. Another flood structure is the super 
levee which was introduced in the 1980s. This 
embankment has a broad width on which 
urbanisation is possible. It is resistant to 

earthquakes, overflow and seepage. In Tokyo, 
super levees have already been implemented 
along the Ara river and the Sumida river. 
 
Comparison of the two cities 
Both cities use similar flood protection 
structures, such as floodwalls and 
embankments. These flood structures are 
universal. Flood ways are however only found 
around Tokyo. Dhaka is surrounded with 
transboundary rivers which produce such an 
amount of discharge that only large river works 
might help. There is also a difference in the 
development of both countries. Bangladesh is 
one of the developing countries in Asia 
whereas Japan is one of the most developed 
countries. Flood defences in Tokyo, especially 
since the last decades, do not only have to be 
effective but also have to contribute to the 
value of the waterfronts. This is for instance 
the case with the super levee. In Dhaka, the 
riverfront is still mainly used for practical 
activities, such as offload and washing.  
 
Conclusions 
Both cities are protected against floods. The 
type of structure depends on the available 
sources, the physical constraints and the rate 
of urgency. Remarkable is that similar 
measures are found in both countries despite 
the economical differences. Exchange of 
knowledge remains important. It can induce 
innovative solutions which can lead to better 
protected cities.  
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Introduction 
The objective of the NWO project is to 
quantitatively test the flood pulse concept, by 
analysing flood pulse dynamics in response to 
changes in river flow regime over different 
temporal and spatial scales, and relating these 
to the availability of floodplain habitats for 
recruitment and reproduction of riverine fish 
species, and thereby on fish population 
dynamics. To accomplish this objective a first 
step is to document and simulate the annual 
flooding patterns in the Volga-Akhtuba 
floodplain, using empirical analysis of 
observation records, field measurements and 
Remote Sensing data, combined with 
numerical modelling.  
 
Study Area 
The Volga-Akhtuba floodplain study area is 
situated east of Volgograd (Russia) and 
stretches about 30 kilometres from north to 
south and 100 kilometres from west to east. It 
is bordered by the Volga and Akhtuba Rivers. 
Due to spring snowmelt in the upstream Ural 
Mountains and the resulting discharge release 
at the hydropower dam near Volgograd, the 
floodplain is annually flooded. During the flood 
the main channels from the Akhtuba and Volga 
Rivers temporarily connect to a complex 
system of smaller channels and lakes within 
the floodplain, causing large areas to be 
flooded. The yearly flood is important for the 
unique biodiversity in this area.  
 

  
Figure 1. study area: a) Volga River basin with study area 
indicated by the black box, b) satellite image of study area 
(TM7 ETM+, P 171; R 26, 2003/05/25). 

 
 
 
 
 
 
 

Field measurements  
During summer low water 2006, channel 
profiles, bridge profiles, dikes and culverts 
were measured. This data is used as input for  
the numerical model. In spring 2006 and 2007 
field measurements were carried out to 
measure flooding dynamics. Water levels and 
water temperatures were measured in lakes 
and important channels across the floodplain. 
In these channels flow velocity was measured 
as well to calculate discharge. In this way, the 
propagation of the flood through the floodplain 
can be quantified. 
 

   
Figure 2. field measurements: a) levelling used for channel 
profiles, b) Ottmill used for measuring flow velocity.  

 
The Volga discharge released from the dam 
upstream of the study area during spring 2007 
flood is shown in figure 3.  
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Figure 3. Spring 2007 discharge at the Volgograd dam. 

The water levels (figure 4) and discharges 
(figure 5) measured in floodplain channels and 
in the Akhtuba River are increased during this 
period. These however, show a remarkable 
delay in timing, and varying peak height, 
depending on the location in the floodplain. 
Particularly the discharge curves in the central 
part of the floodplain reflect the slow depletion 
of the inundation after the peak flow. 
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Figure 4. Water levels of spring 2007 flood at several 
locations in the floodplain. 
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Figure 5. Discharge of spring 2007 flood at several 
locations in the floodplain. 

 
Remote sensing 
Satellite images complete the results by 
showing the complete 2D patterns of 
inundation at various stages of the flood. This 
provides information about the connectivity of 
the channels and lakes, mutually and to the 
main river, during the flood period. Time series 
of MODIS and Landsat TM satellite images 
from spring 2007 (figure 6) are used to 
estimate volumes of water in the floodplain in 
time to make a link with the field observations. 
 

 
Figure 6. Time series of satellite images before and during 
the flood. 

 
Numerical modelling 
To simulate flood dynamics, a numerical 
hydrodynamic model is constructed using the 
1D/2D module of the SOBEK Rural software 
package. Channels are represented as 1D 
elements, while the floodplain area as well as 
the Volga River well fits a 2D raster-based 
representation (figure 7). The model requires 
several input parameters, such as a digital 

elevation model (DEM), a roughness map for 
both the floodplain and in the channels, and 
locations of small embankments and channels.  
Also, cross sections based on field 
measurements, carried out during summer 
2006, were added to the 1D channels.  
 

 
Figure 7. The SOBEK modelling interface. The DEM on 
the background represents the floodplain modelled in 2D, 
with 1D channels plotted on top.   

 
The model calculates the 2D flow pattern 
(water level, depth, flow velocity and direction) 
over the floodplain, depending on the 
upstream river discharge. The model output 
thus represents a time series of flood extent 
and water depth for every model pixel. In figure 
8 the model output of one time step is shown.  
 

 
Figure 8. Model output:  water level during peak flood. 
Dark blue represents the deepest water.  

 
The sensitivity of this model is tested by 
changing the input parameters, such as 
evaporation, roughness values, and the used 
roughness parameter. The flood peak of 2006 
is used to determine the models capability to 
simulate low flood peaks.  
 
 
Future perspectives 
With the empirical study and numerical model, 
flooding patterns will be distinguished. The 
flooded area, connectivity and flood duration 
will be examined in detail to describe the 
changing flooding patterns during a flood. 
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Abstract 
Adequate drought warning systems are 
essential in drought risk management. A 
drought develops from a meteorological 
drought into a soil water and hydrological 
drought. Soil water and hydrological droughts 
cause large socio-economic damage and are 
therefore important to forecast alongside of 
meteorological droughts. Currently, soil water 
drought observation and forecast is based on 
soil moisture calculated with hydrological 
models. The purpose of this work is to 
evaluate, if soil moisture observed with remote 
sensing can add information. 
We used the soil water content (SWC) derived 
from the ERS-scatterometer. The first step of 
this research, presented here, is a statistical 
analysis of the temporal and spatial variability 
in SWC. A clear annual cycle was found in 
SWC, which is considered beneficiary in using 
SWC for drought observation and forecast. 
However the persistence in SWC seems small 
in summer, which is the season when drought 
forecasts would be most important.  
 
Introduction 
Drought monitoring and forecasting 
Drought is “a sustained and regionally 
extensive occurrence of below average natural 
water availability that can have large socio-
economic impact” (Tallaksen and Van Lanen, 
2004). Soil water drought may cause damage 
to agriculture and terrestrial ecosystems. 
Hydrological drought may cause damage to 
power production, navigation and aquatic 
ecosystems. Droughts are projected to 
become more likely in the Rhine basin (KNMI, 
2006) and other parts of Europe, because of 
climate change. Adequate drought warning 
systems are therefore essential in drought risk 
management (EU, 2007) and being developed 
(the European Drought Observatory).  
Currently, soil water drought observation and 
forecast is based on soil moisture calculated 
with hydrological models that were originally 
designed for flood forecasting. The forecasts 
are available up to seven days ahead. This is a 
reasonable horizon for flood forecasting but 
can be considered rather short for drought 
forecasting, as droughts are more slowly 
developing phenomena.  
Remotely sensed soil moisture observations 
may add information to the models. These 
observations may also be used as an 
important information source for longer range 

forecasting, because soil moisture variation is 
widely recognised as a slow varying 
phenomenon (e.g. Koster et al., 2004). 
However, remotely sensed soil moisture is 
expected to only represent the top few 
centimetres of the soil and the signal may 
therefore lack slow varying components.  
Recently, WL | Delft Hydraulics (2007) 
performed a study into the integration of 
AMSR-E soil moisture with existing hydrologic 
models in an operational flood forecasting 
system. In this research, it was concluded that 
assimilation would not improve flood forecasts, 
because the remotely sensed soil moisture did 
not agree with a model quantity. However, 
another conclusion was that the remote 
sensed soil moisture could be beneficial as 
semi-quantitative information.  
This work addresses the question whether 
remotely sensed soil moisture can be used for 
drought monitoring and forecast. As a first step 
we performed a statistical analysis into the 
spatial and temporal variability of the data.  
Some results of this analysis are presented in 
this paper. 
 
ERS-scatterometer 
For this work we used the soil water content 
(SWC) estimates from the ERS-scatterometer 
(Wagner, 1999). Scatterometers are radars 
operated in C-band that are sensitive to the 
water content in the topsoil. Data is available 
from 1992 to present at an average temporal 
resolution of 2-3 observations per week. The 
spatial resolution is 28 km. 
The time-series’ length is one of the main 
reasons to use this data set, because the 
length of the series allows us to do statistical 
analysis. The major drawback of the dataset is 
that there is a gap in the data, due to 
instrument problems, that covers the extreme 
dry and hot summer of 2003. The change from 
a dry July to a wet August month in 2006 was 
however clearly visible in SWC (Fig. 1).  
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 Figure 1. Soil water content (%) during the summer of 
2006.  
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Results and discussion 
The annual cycle 
There is a strong seasonal signal in the Soil 
Water Content. The annual cycle shows 
similarities with the annual cycle of monthly 
precipitation minus potential evaporation    
(Fig. 2). This seasonal signal is not expected 
from topsoil moisture, but was also found in 
AMSR-E data (WL, 2007). Pixel heterogeneity 
and contamination of the soil moisture signal 
by water in vegetation or litter are possible 
explanations (e.g. WL, 2007, Friesen et al. 
2007). 
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Figure 2. Spatially averaged monthly mean soil water 
content (SWC) over the Rhine basin (1992 to 2006). For 
comparison the climatologic mean precipitation-potential 
evaporation for the Netherlands (KNMI) is also shown 
(dashed line)   

 
Lagged autocorrelations 
We used lagged autocorrelations to test 
whether SWC can be used to forecast future 
SWC. Lagged autocorrelations are a measure 
of persistence. The lag was defined as the 
time between two subsequent measurements. 
Results for the four seasons are shown in  
Fig. 3. The autocorrelations are strong in 
winter and autumn, but weak in spring and 
summer. Possible explanations for this 
seasonal difference include a faster drying 
response of the topsoil due to higher potential 
evaporation, the connection between top-soil 
moisture and root-zone moisture and 
differences in vegetation cover.  
Lagged autocorrelations for monthly average 
SWC were calculated for lags up to four 
months (not shown). Autocorrelations on this 
temporal scale were highest in the flat 
downstream areas of the basin. In agreement 
with this result, Vinnekov et al. (1996) found in 
an analysis of a large set of gravimetric 
samples that in flat areas the red noise 
(persistent) component of the soil moisture 
signal is large compared to the white noise 
component (non-persistent), whereas the 
opposite is the case for areas with complicated 
topography.   
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Figure 3. Significant (p=0.01) lagged autocorrelations for 
the four seasons. 

 
Conclusions and outlook 
Results of a statistical analysis into the spatial 
and temporal variability of scatterometer 
derived Soil Water Content (SWC) over the 
River Rhine Basin are presented. The 
presence of an annual cycle is considered 
beneficiary for using SWC for drought 
observation and forecasting. However 
persistence in the data seems small in 
summer, which is the season when drought 
forecasts would be of the highest value.  
One of the next steps in this research is to 
calculate the correlations between soil 
moisture and Rhine discharge. Further 
development of drought forecast models 
requires integration of available data sources 
and models.  
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Abstract 
Water management problems are often 
complex and unstructured, because 
knowledge is uncertain and stakeholders’ 
perceptions diverge. Dealing with these 
problems requires that stakeholders first reach 
an agreement about a valid problem-solution 
formulation. The initiation of an interactive or 
participatory process may contribute to this 
process of problem structuring. To get insight 
in problem structuring, we investigated a case 
study in the Dutch Delta. The case study 
shows that strategic and cognitive learning and 
two different types of knowledge – scientific 
and stakeholder knowledge – contribute to the 
development of an agreement about a valid 
formulation of a problem and its solution.    
 
Introduction 
Water problems are embedded in a complex 
social and natural environment. In the physical 
system various elements are interrelated with 
each other. This physical system affects 
various uses and users and is governed at 
multi-levels. Dealing with these problems is not 
just a knowledge problem. It is a problem of 
disagreement and ambiguity too. Dealing with 
unstructured problems requires the adoption of 
a process management approach. Interaction 
and divergence of problem perceptions are 
central concepts in this approach. However, 
too much focus on the process may also result 
in ‘negotiated nonsense’ (De Bruijn et al. 
2002). Therefore, it is important to get more 
insight in the formulation of a problem-solution 
in participatory processes. This contribution 
focuses on two aspects of participatory 
processes: stakeholders’ perceptions and 
knowledge. Literature about problem 
structuring, process- and network 
management is reflected upon experiences 
derived from the case study ‘Fundamental 
discussion about freshwater supply for 
agriculture on Tholen & St. Philipsland’.  
 
Theoretical framework 
A problem arises if a gap exists between a 
normative standard and a factual situation.  
 
Therefore, a problem is a social construct and 
not an objective given. Problems are 
unstructured if available knowledge is 

uncertain and disagreement exists about 
normative yardsticks. Because of this, it is not 
possible to formulate an unstructured problem 
apart from its solution. It is always a problem-
solution combination  (Van de Graaf and 
Hoppe 1996).  
 
Various stakeholders have different 
perceptions, i.e. images of their environment 
and the problems and opportunities within it 
(Koppenjan and Klĳn 2004). Perceptions 
determine stakeholders’ objectives and are 
made up of their interests and perceptions of 
reality (Van de Riet 2003). Parts of perceptions 
are static and parts of perceptions are 
dynamic. Generally, problem formulations may 
change over time as a result of new 
information, interaction or external 
developments (Edelenbos 2000).   
 
We define problem structuring as a process in 
which all relevant stakeholders interact with 
each other about the content of the problem to 
arrive at a joint problem-solution formulation 
(Hisschemöller 1993). Ideally, problem 
structuring results in ‘negotiated knowledge’, 
i.e. knowledge which is agreed upon and valid. 
To arrive at this type of knowledge, attention 
should be paid to the process as well as the 
content of a decision-making process (De 
Bruijn et al. 2002). Our case study is analyzed 
along two tracks:  
stakeholders’ perceptions and 
the creation of a knowledge base  
The development of these tracks is studied in 
relation to the course of the participatory 
process itself and external developments.    
 
The case study 
Our case study project is a fundamental 
discussion on freshwater supply for agriculture. 
This discussion concerns the islands Tholen & 
St. Philipsland, which are located in the 
southwestern Delta in the Netherlands. 
Agrarians in this area are supplied with 
freshwater from the Volkerak-Zoomlake (VZ-
lake). After the construction of the Delta 
Works, this lake became a stagnant freshwater 
lake. Currently, the lake suffers from the 
excessive growth of blue-green algae and a 
poor ecological quality. To solve these 
problems, the Dutch government regards the 
re-establishment of estuarine dynamics as one 
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of the most important directions for solutions. 
However, this solution would also affect 
agriculture in the area. In 2006, a group of 
process-managers was asked to ‘initiate a 
discussion with all relevant parties about a 
more natural, sustainable freshwater situation 
in the Delta’ and ‘to develop a shared insight 
and agreement about the most desirable 
direction for solutions or development’.   
 
The participatory process 
The process started with an exploration phase. 
Subsequently, several workshops, working 
sessions and an excursion were organized. 
Among the participants were representatives 
from the agricultural sector (individual 
agrarians, interest organizations), the nature 
sector (conservation organizations), and the 
government sector (municipality, Province, 
water managers). In total, about twenty people 
participated in the discussion. First, chances 
and bottlenecks were formulated, which were 
used to formulate possible solutions. These 
solutions were assessed and a choice for one 
solution was made. Two future scenarios 
about the VZ-lake have been discussed. One 
scenario concerns a freshwater VZ-lake and 
the other one an estuarine VZ-lake. At the end 
of the process, all participants agreed that they 
want to construct an alternative freshwater 
supply system for agriculture in order to 
preserve agriculture and to realize an 
estuarine VZ-lake. 
 
Stakeholders’ perceptions 
From the beginning of the process, the 
perceptions of different stakeholders diverged.  
Although perceptions converged during the 
process, they did not become identical. 
Nevertheless, it was possible to reach an 
agreement. Two learning processes 
contributed to the development of an 
agreement. First, stakeholders learned about 
the problem situation which resulted in 
adjustment of their perceptions, cognitive 
learning. Second, interaction made 
stakeholders aware of their mutual 
interdependencies, this is referred to as 
strategic learning (Koppenjan and Klĳn 2004).  
 
Knowledge base   
Prior to the participatory process, several 
studies were carried out by professional 
researchers. This resulted in an abundance of 
scientific knowledge. However, this scientific 
knowledge was received with great scepticism 
by some participants and it did not answer all 
questions that arose during the process.  
 
 
 
 

It appeared that stakeholders were able to 
answer many of these questions. Process 
managers connected this stakeholder 
knowledge with the existing scientific 
knowledge base. The case study confirms that 
stakeholders are more likely to accept 
information if they have been involved in the 
production of knowledge. Furthermore, to 
create context-specific knowledge various 
sources should be used (Eshuis and Stuiver 
2005).         
 
Conclusions 
Our experiences in the Dutch Delta show that 
for dealing with complex, unstructured 
problems, learning processes related to the 
content (cognitive) and to the process 
(strategic) are relevant. Furthermore, it is 
important to integrate knowledge from 
professionals and stakeholders to create an 
agreed upon and valid knowledge base.  
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Abstract 
For developing robust and flexible water 
management strategies, better insight in 
perspectives and perspective change is 
required. As part of the BSIK ‘Leven met water’ 
program, in the project ‘Perspectives in 
Integrated water management’ a method for 
mapping dominant social perspectives, 
undercurrents and perspective change is 
developed. We identified drivers for 
perspective change (e.g. surprises and failure 
of reproduction mechanisms) and hypotheses 
about the direction of change. Based on a 
flood, we show that an event can result in 
different, plausible futures, depending on 
undercurrents, other events, the context, and 
the spirit of the time.  
 
Introduction 
A perspective is ‘a coherent and consistent 
description of the perceptual screen through 
which people interpret the world (..), and which 
guides them in acting’ (van Asselt, 2000, pp. 
115). We approach policy according to our 
individual perspective how the uncertain future 
will look like and what we find important. 
However, in water research the attention paid 
to changes in social perspectives, and its 
influence on environment and policy, is very 
limited. In order to get more insight in social 
dynamics related to water issues, we 
assessed: 
1. How can uncertainties and values be 

interpreted and mapped? Starting point is 
that a dominant perspective is most 
influential in society and supported by the 
majority of people. An undercurrent 
consists of people advocating an alternative 
point of view.  

2. Why, how and in which direction can 
perspectives change over time? This 
includes brainstorming about events and 
developments that may weaken the 
dominant perspective and enforce the 
undercurrents.  

3. Describe possible, plausible, and future 
perspective changes in scenarios. The 
dominant perspective might be reinforced 
(‘backlash’) or change towards present 
undercurrents.  

 
Mapping perspectives 
Different possible futures can be envisaged, 
depending on the perspective people may 
have. Different perspectives in turn will lead to 

the adoption of different water management 
strategies. According to Cultural Theory, three 
stereotype perspectives can be distinguished: 
the hierarchical (hie), egalitarian (ega) and 
individualist (ind) perspective (Fig. 1).  
   

 
Figure 1. Overview of perspectives (van Asselt, 2000; 
Valkering et al., 2007) derived from Cultural Theory 
(Thompson et al, 1990). 

 
A real-life perspective can be mapped by 
analyzing the interpretations of a specific set of 
beliefs along the hie, ega, or ind perspective. 
The set includes core beliefs (i.e. how people 
interpret the world and how they act upon it in 
general, see Fig. 1), strategic policy beliefs 
(water related policy principles) and 
operational aspects (the implementation of 
water policy). By scoring the number of hie, 
ega, or ind interpretations one obtains an 
aggregated index of the perspective, generally 
showing a mix of the stereotype perspectives 
considered. The aggregated index is plotted on 
a triangular ‘perspective space’ to visualize 
perspectives and perspective changes, see 
Fig. 2. 
 
Perspective change 
Perspectives can change by influence of 
surprises and reproduction mechanisms. 
Surprises are defined as developments and 
events which cause a mismatch between one’s 
world view (expectations) and the observed 
reality (Thompson et al., 1990). Typical 
surprises in the water management domain 
would be ‘a collapse of the water market’ (for 
the individualist), ‘climate change being a 
complete hoax’ (for the egalitarian), and 
‘breaching of a dike’ (for a hierarchist). 
Similarly, the failure of reproduction 
mechanisms (those observations that support 
ones perspective right) contribute to change 
(Valkering et al., 2007). However, perspectives 
are inherently robust to change. Therefore, an 
accumulation of surprises and failure of  
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reproduction mechanisms is needed to force 
individuals to adopt perspectives that are 
better suited to the reality around them 
(Thompson et al., 1990). 
 
Historical perspective changes 
Insight in perspective change was obtained 
from 4 workshops on the management of the 
River Meuse. The first two focused on 
perspectives in the past and present. Three 
main shifts were identified for the time span 
1800 – 1995 (Fig. 2) in response to various 
developments (e.g. industrialization, growing 
environmental awareness) and events (e.g. the 
Sandoz incident, 93/95 floods). The present 
perspective was classified as hie, with 
individualistic and egalitarian undercurrents.  
 

 
Figure 2. Visualization of historical perspective changes 
regarding the Meuse. The dominant perspective changed 
from hie, towards a combination between hie (controlling 
water) and ind (navigation interests and economy guides). 
Then the perspective moved towards ega (attention to 
quality of nature and water) and hie (protection against 
floods as guiding principle). For a detailed overview of 
drivers and consequences of these changes, see 
Valkering et al. ( 2007). 
 
Future perspective change 
So, how could perspectives change further 
towards the future? As an illustrative case we 
describe three possible reactions to a big flood 
in the nearby future. One scenario would be a 
reinforcement of the current hierarchical 
perspective (backlash). The flood is 
considered unacceptable. Obviously, the 
current ‘ecological’ water management 
approach was unsuccessful and needs to be 
reversed. A strong, responsible and 
knowledgeable government is needed to 
implement the necessary dike reinforcements. 
A second scenario could be strengthening of 
the egalitarian undercurrent. The flood is then 
interpreted as an inevitable consequence of 

climate change. Under influence of further 
dike-breaches in the flood aftermath, trust in 
the strategy of ‘control’ through dikes 
diminishes. People collectively decide that it is 
better to abandon the low-lying part of the 
Netherlands to make space for water for real. 
Decreasing population trends and a strong 
sense of ‘community’ and ‘sustainability’ within 
the EU make relocation – also outside NL - 
quite feasible. A third scenario would be a 
strengthening of the individualist undercurrent. 
The flood is then considered an opportunity to 
finally implement innovative and creative ways 
to tackle water related problems. Plans for 
floating houses and a polder in sea are 
developed. Continuing spatial developments 
make land prices rise, so that land reclamation 
is quite profitable. Due to a number of 
successful pilot projects trust in technology 
remains high. The concern for environmental 
change diminishes as environmental problems 
stay away.  
 
Conclusions 
Robust, flexible water management strategies 
anticipate on ‘foreseeable’ possible future 
changes in physical and social environments. 
Social uncertainties and developments can be 
analysed by classifying the variety of values, 
prioritizations and interpretations in 
perspectives. Perspectives can change by 
influence of surprises and the failing 
occurrence of reproduction mechanism. One 
event can lead to different futures, depending 
on for instance present undercurrents, the 
context, and the (non)occurrence of other 
events Analysis of possible transition paths of 
changing perspectives, allows for developing 
integrated, consistent story lines about how the 
future of water management may look like.. 
This, for its part, allows policy makers to be 
better prepared to future developments.  
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Abstract 
Integrated water management (IWM) has been 
formalized policy in the Netherlands for nearly 
two decades. However, management solutions 
are not always formulated from an integrated 
perspective, not taking the full range of 
stakeholder values into account. For IWM to 
gain substance, a Q-sort study was performed 
amongst river management actors, identifying 
six different value orientations on what they 
find important in relation to water systems and 
their management. The findings especially 
showed ethical-affective values to be 
important, calling for information on these 
values to be taken into account in the policy 
process.  
 
Introduction 
In the Netherlands, integrated water 
management is accepted as the mainstream 
approach for managing activities in water 
systems (V&W, 1998). It generally refers to a 
planning process in which the complete range 
of existing stakeholder interests (including 
nature) and values are taken into account. 
Since its introduction, however, it has been 
elaborated in different ways, diverging from its 
core meaning. In practice management 
solutions are not always formulated from an 
integrated perspective, remaining one-sided 
(often technical) in their scientific underpinning. 
For IWM to gain substance, re-orientation is 
necessary on what IWM should be about 
conceptually and scientifically. 
Therefore, a study was performed to reassess 
the core frame of what is important and 
relevant within the IWM process. This was 
done by identifying what characteristic value 
orientations actors in water management hold 
in relation to water systems and their 
management, and next by evaluating the 
consequences of existing value orientations for 
the strategic elaboration of integrated water 
management and the input of scientific 
knowledge. 
 
 
 
 
 
 
 
 
 
 

Method 
Q methodology, including factor analysis, was 
used to identify latent similarities in value 
orientations between individuals (McKeown & 
Thomas, 1988). When performing a Q-sort, a 
participant shapes his/her viewpoints relating 
an issue (in this case towards water systems 
and their management), resulting in a 
classification of significant different value 
orientations, based on intercorrelations of 
individual belief patterns. The study population 
consisted of a broad representation of persons 
active in organizations that are involved in 
different water management sectors 
(government, nature conservation 
organizations, water-related industries etc.). A 
total of 56 persons participated, of which ten 
were women. Each participant was asked to 
sort and prioritize 36 statements that 
expressed a broad range of sentiments and 
positions towards water systems and were 
derived from scientific studies, policy 
documents and advisory reports. The offered 
set of statements was structured by a 
theoretical matrix that expresses nine value 
domains (Fig 1.). 
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Figure 1. Value matrix  

 
Principal components analysis with Varimax 
rotation was used to extract six factors 
(PQMethod 2.11). The factor solution 
accounted for 73 % of the var iance. In total, 
39 Q-sorts (68%) had pure loadings on one of 
the six factors identified. The remaining Q-
sorts loaded significantly on two factors (mixed 
loadings). In order to determine the meaning of 
each factor, a composite factor array with 
ranking scores was created for each factor. 
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Table 1. Dominant value orientations amongst actors in Dutch water management  

 
Results 
Table 1 summarizes six different value 
orientations that were found amongst the 
participants. These expressed orientations are 
distinctive and interpretable with the used 
theoretical matrix, distinguishing themselves at 
the individual and collective value level, as well 
as the objective and subjective 
(ethical/affective) level (Fig. 2). There are two 
general groupings; the first consists broadly of 
actors from environ-mental NGO’s, 
governmental management and national policy 
actors, having ethical, broad strategic 
orientations with a background in bio-
geoscience and land-water engineering 
(factors 1, 4, 6). On the other hand are 
economic users and local policy actors with a 
rational and objective reality-based orientation, 
having a background in mainly civil 
engineering and economics (factors 2, 3, 5). 
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Figure 2. Orientation of factor groups  

 
 
 

 
Overall, participants showed strong values 
towards (protecting) nature, expressing the 
need to adjust to the natural environment and 
protect it. Ethical/affective value dimensions 
were prominently present (Fig. 2).  
 
Conclusions 
The dominant value orientations show diversity 
in valuation of water systems and 
management. The policy process of IWM has 
to take this diversity into account, which calls 
for information on ethical-affective values 
especially.  
Q methodology may be a policy relevant tool in 
IWM for consultation and environmental 
planning decisions through eliciting, 
evaluating, comparing subjective positions. 
Furthermore, it is a qualitative/ quantitative 
approach that can provide a bridge between 
natural- and social scientific approaches (Eden 
et al., 2005). Full awareness, however, is 
needed of its interpretative dimensions. 
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Factor Label General description 
Organizational 
background 

Educational 
background 

Dominant 
value 
types 

N 

1. Landscape 
rationalists 

Value water as a physical space, 
a landscape that is a mosaic of 
functions to humans 

++  experts         
advice/research 

+  environmental NGO’s 

++  engineering   
(land-water) 

+  geoscience 

collective- 
cognitive 16 

2. Technical  
users 

Value the use functions of water, 
belief in technical control. 
Rejection of personal perceptions 
in management process 

+  economic use 
 

++  engineering (civil) 
+  bioscience/ 

chemistry 

cognitive-
object 9 

3. Contemplative 
users 

Value water-as-a-society. 
Balanced use in partnership with 
nature 

+  policy 
+  economic use 
 

+  engineering (civil) 
+  geoscience 

ethical- 
collective 9 

4. Nature 
participants 

Value from a personal bond with 
nature. Nature has Intrinsic value 
and needs to be conserved  

+  environmental NGO’s 
+  policy 

++  bioscience/ 
chemistry/         
env. health 

individual- 
ethical 18 

5. Experience 
users 

Value personal connection to 
water through experiences. Water 
is part of society to enjoy 

+  recreational & 
economic use 

+  expert 

++  economics/ 
consumer-trade 

individual- 
affective 7 

6. Community 
stewards 

Value water-as-a-community. 
Benefits of water should be 
equally shared 

+  management 
+  engineering    

(land-water) 
+  economics 

ethical- 
collective 12 
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Abstract 
Analysis of zoo-archaeological and historical 
data of Atlantic salmon stock development 
shows a remarkable decline from the Middle 
Ages onwards. Apparently, the species 
encountered great difficulties in successfully 
reproducing from that time on. The most 
probable cause for this decline are thousands 
of watermills built in the tributaries of Europe’s 
large rivers from the Early Middle Ages on. 
These watermills both blocked upstream 
migration and made spawning sites unsuitable 
for successful reproduction. In order to restore 
viable Salmon populations in Europe’s large 
rivers, far more attention has to be paid to 
rehabilitation of lower order streams.  
 
Introduction 
The Atlantic salmon (Salmo salar) has become 
the symbol of ecological degradation of river 
systems in NW-Europe, especially for the 
rivers Rhine and Meuse. Traditionally, the 
main reasons for degradation are believed to 
be intensive fisheries, pollution and especially 
river regulation, particularly in the 19th and 20th 
century. According to Hoffmann (1996), 
however, it is unjust common thought that the 
Rhine and its major tributaries had only 
suffered little before 19th and 20th century 
canalizing and embanking. Our hypothesis is 
that this is also the case for Atlantic salmon 
and that watermills in lower order streams are 
historically important stressors by blocking 
upstream migration and altering favorable 
reproduction conditions.  
 
Method 
We studied developments in Atlantic salmon 
stocks by means of Dutch zoo-archaeological 
data (Bone-info; www.archis.nl) and historical 
publications containing time series on fishery 
taxes and market prices. In the zoo-archaeo-
logical approach we compared the number of 
sites in the Netherlands with salmon remains 
with the number of sites containing Pike (Esox 
lucius) remains in five periods. Due to the fact 
that salmon bones contain higher levels of fat 
that turn into fatty acids after decay and 
subsequently dissolve the rest of the bones, 
their remains decay quicker than that of Pike. If 
actual stocks of both species would remain 
stable over time, one would therefore expect 
an increase in the ratio between the number of 
sites with remains of Atlantic salmon and those 
with Pike remains. Historical time series were 
based on: Halard (1982): 1260-1410, Van der 

Woude (1988): 1650-1800, Martens (1992): 
1798-1827 and De Nie (1997): 1885-1939. 
These time series were indexed in order to be 
able to compare and link series of different 
origin. In case data was lacking over specific 
periods of time, developments were 
extrapolated by fitting a trend line (Eqn. 1; with 
c being a constant). 
 

time*c

1
                                                    (1) 

 
Data from developments in watermill construc-
tion in the Rhine and Meuse catchment areas 
were obtained from www.molendatabase.com. 
Furthermore, we derived data from Domesday 
Book (Williams and Martin, 2004), a survey of 
rural estates in 11th century England and 
compared these data with present-day 
distribution of Salmon in the UK. 
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Figure 1: Number of sites with zoo-archaeological records 
of Salmon (Ssalmon) and Pike (Spike) in the Netherlands 
and the ratio between them over five periods of ca 500 
years each. 

 
Results and discussion 
Analysis of the zoo-archaeological data (Fig. 1) 
shows that during the transition from the Early 
to the Late Middle Ages a decrease in the 
Salmon-Pike ratio occurs, indicating a major 
decrease in Atlantic salmons stocks during this 
period. 
From Fig. 2 it becomes also apparent that 
salmon decline in NW-Europe started well 
before the great river regulation works in the 
19th and 20th century. By the beginning of the 
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18th century Atlantic salmon stocks were 
already decimated. At the same time 
watermills (in this case in the lower order 
streams of the Rhine and Meuse catchment 
areas) were on the increase, thus blocking 
large parts of the upstream spawning areas of 
salmon and altering favorable conditions for 
spawning and nursery. 
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Figure 2: Decline of Atlantic salmon in NW-Europe 
(indexed; 1360=100%; left y-axis) and increase of 
watermills in the catchment areas of Rhine and Meuse 
(right y-axis). 

 
In Domesday Book (Williams and Martin, 
2004) over 6000 watermills are reported to be 
existing in 11th century England. These 
watermills were not evenly distributed over 
England. Especially in the north- and 
southwest watermills were far more scarce. In 
the present day distribution of Salmon in the 
UK (Fig. 3), this historical distribution of 
watermills is still visible: Salmon and watermills 
seem to exclude one another. This appears to 
be the case already in medieval times since 
the five locations for which Salmon is 
mentioned in Domesday Book are all situated 
in the peripheral regions where watermills 
were scarce or absent.  
 
Conclusions 
Our research confirms Hoffmann’s statement 
that river systems in NW-Europe were already 
severely ecologically affected in the Middle 
Ages. The construction of watermills in lower 
order streams appears to have had a major 
impact on Atlantic salmon stocks (and 
probably also on other aquatic organisms). In 
order to restore salmon stocks and the 
complete river ecosystem in general, much 
more attentions has to be paid to lower order 
streams, a task – given the immense 
magnitude of historical alterations – that will 
not prove to be easy. 
 
 
 

 

Figure 3: Present day distribution of Atlantic salmon in the 
UK (black dots) and main area of watermill distribution in 
the 11th century (shaded area). The box indicates the area 
referred to in Domesday Book (with the exception of the 
larger part of Wales). The pink dots refer to reports of 
Salmon in Domesday Book. 
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Abstract 
Integrated solutions to the problems posed by 
the inheritance of contaminated sediments in 
the Dutch lowland-rivers are available, yet 
expensive. In this study, measures are tested 
for the Nieuwe Merwede. Due to a trend of 
clean sedimentation which will cover the 
contaminated layer, dredging the top layer (50 
cm) of contaminated areas will minimize the 
possibility that erosion of contaminated 
sediments can occur in future. Even when 
combined with maintenance dredging of the 
shipping channel, currently contaminated 
layers will stay in place. This is not the case if 
the shipping channel is deepened further than 
the maintenance depth. Climate change does 
does not affect these conclusions. 
 
Introduction 
For years the large volumes of severely 
contaminated sediment deposits in the 
lowland-rivers have been a practically 
insolvable problem for Dutch water managers. 
Now that the quality of sediment from 
upstream has improved to acceptable 
chemical levels, a solution to this problem can 
be implemented. Treatment of contaminated 
sediment is still extremely expensive, as is 
deposition elsewhere. This makes storage of 
deeper layers of sediment in their original 
location preferable, as long as they do not 
pose any human or environmental threat. This 
study researches possibilities to integrate a 
solution to this problem with other river- 
functions such as shipping and safety. The 
study area is the Nieuwe Merwede, a branch 
of the Rhine river (Fig. 1).  
 

 

Figure 1: Two-dimensional map of bed levels in Nieuwe 
Merwede. The shallow sandbanks (brown) are heavily 
contaminated. Green and blue areas comply with the 
demanded shipping-depth 

Goal & method study 
The findings of this study consist of robust 
alternative measures for sediment-remediation 
(clean-up) and management of the river bed 
until 2037, with the influence of climate change 
taken into account. The applied method is 
shown in Fig. 2. 
 

 
Figure 2: Research method  

 
Objectives alternatives 
Long-term policy defined in national and 
European laws provide a basis on which the 
objectives for river bed management 
alternatives are designed for 30 years: 
Guaranteed depth for shipping is 4,95 m; no 
maintenance dredging during 30 years 
No severely contaminated sediments in: 
 morphologically active top layer of 50 cm 
locations that show large-scale erosion in long 
term simulations 
No rise of normative water levels due to these 
measures 
 
SOBEK-RE model 
An existing one-dimensional morphological 
model of the Rhine-Meuse delta is applied 
(Mol, 2004). Lack of detailed maintenance-
dredging data complicates validation.  
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Figure 3: Morphological development Nieuwe Merwede in 
30 years 

The model is accepted on basis of long term 
simulations (Figure 3), showing that, a 
morphological equilibrium has almost been 
achieved (match to reality). 
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Sensitivity climate change 
The average bed level is hardly sensitive to 
extreme climate change (KNMI, 2006). Levels 
decline due to more frequent and intense 
extreme discharge events (+/- 20 cm) and rise 
due to sea-level rise (+/- 15 cm). These effects 
almost even each other out, as shown in 
Figure 4. The difference is smaller than the 
model-uncertainty (Van Deursen, 2002 & De 
Wit et al., 2007).  
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Figure 4: Sensitivity of bed levels to climate change 

 
 
 

Results 
Each of five (A,..,E) alternative strategies is 
implemented in SOBEK-RE (as in purple line 
Fig. 5) and tested on 4 criteria: shipping, 
environment/ecology, security and cost. 
Alternatives A and C concentrate on fulfilling 
shipping demands, whereas Alternative B aims 
at maximising the environment/ecology score. 
Alternatives D and E consist of integrated 
measures in which all goals are combined. An 
example of measures is shown for the most 
successful Alternative strategy D in Fig. 5. The 
summary of results for all alternative measures 
is shown in Table 1. 
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Figure 5: Measures and morphological development for 
alternative strategy  D: “Integrated Management” 

 

Table 1: summary results all alternative strategies 

Alternative strategy Ship-ping 
++ = best 
-- = worst 

Environ-ment/ 
ecology 

++ = best 
-- = worst 

Secu-rity 
1 = best 

 6 = worst 

Cost 
Index = 100  

(Average cost) 

Do nothing --    0    6 0 
A: Shipping 0    --   4 41 
B: Complete remediation --    ++  2 132 
C: Shipping with sediment trap +    --   5 34 
D: Integrated management +    0   1 137 
E: Integrated management with cover --    +   3 156 

 
 
 
Conclusions 
• Successful integrated management is 

technically viable, yet expensive 
• Dredging once in 30 years is impossible; 

maintenance dredging is indispensable 
• A most effective management strategy will 

contain: 
o Nautical dredging no lower than 

maintenance level 
o Monitoring of bed level shipping channel, 

combined with maintenance dredging 
when necessary* 

o Dredging top layer (50 cm) of 
contaminated sediments, combined with 
natural or artificial cover 

 
    *Confirmation needed through further research 
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Abstract 
The Island Groyne contains significant 
improvements in terms of quality of the fairway 
(mainly through minimising depth limitations 
and improving the flow conveyance), 
ecological connectivity and potential (in line 
with the EU Habitats Directive and Water 
Framework Directive), quality of landscape and 
the perception of groynes in it, sustainability, 
and morphological stability of the river. It is 
also possible to effectively reverse on-going 
bed degradation. The morphological 
improvements result in a significant reduction 
in the amount of maintenance dredging 
required, as well as structural maintenance 
(outflanking), which makes innovative groynes 
economically attractive. 
 
Background 
In the Netherlands, since 1830, river groynes 
have been needed to fix the fairway in the river 
bed and to improve the (safe) discharge of ice. 
These conventional groynes have proven to be 
reasonably effective up until today. However, 
the current context of the river groyne has 
changed significantly and their performance 
must now be considered in a modern and far 
more complex context. This contemporary 
context comprises contradictory demands, 
such as reduction of peak water levels and 
improvement of the fairway in terms of 
navigability. Additionally, it is considered 
necessary to restore and improve ecological 
values, spatial quality and to reverse the 
ongoing bed degradation of the river caused 
primarily through river normalisation and 
training. 
These modern demands have given rise to 
reconsideration of the current river groynes 
and harmonisation of river hydraulics and 
morphology. As the responsible authority for 
navigation and flood safety on the main rivers 
in the Netherlands, Rijkswaterstaat, in 
association with CUR, organised the design 
competition “Groynes for the Future”:  the 21th 
century demands were to be united in an 
innovative groyne design (CUR,  2006). This 
paper briefly reviews a prize-winning design of 
this competition: the Island Groyne. For a 
detailed description of an environmental 
assessment and a cost-benefit analysis 
reference is made to Van Heereveld et al. 
(2006).     
 

 
 

 

Figure 1. Artist impression of the Island Groyne. 

 
The Island Groyne  
The Island Groyne (Fig. 1) consists of an 
opening made in the existing groyne and a 
lengthened groyne head in the direction of flow 
(the Island). The opening is about 60 m2 and is 
constructed near the groyne head where flow 
intensity is greatest. The opening is 
submerged for about 300 days per year and 
allows for a reduction in peak water level of 
about 7 cm. A larger opening would be more 
difficult to compensate in terms of negative 
effects on the fairway quality and compromise 
the optimum balance between reduction of 
peak water levels, fairway improvement, 
ecology, quality of landscape and reversing the 
on-going bed degradation. This practical 
limitation also implies that a significant part of 
the existing groynes can remain intact which is 
not only favourable for ecology and quality of 
landscape but also for sustainability and cost. 
Moreover, since the opening is made near the 
groyne head, current attack is diverted from 
the river bank improving bank stability, fairway 
morphology and the need for maintenance on 
the groynes themselves (mainly outflanking 
and removal of vegetation). 
In case of the conventional groynes, sediment 
is deposited in the groyne fields during periods 
that groynes are submerged, while ship-
induced water motion is the primary driver for 
sediments eroding from the groyne fields 
during low water season (emerged state). The 
opening in the Island Groyne results in a more 
gradual flow distribution from the main channel 
to the river bank. The resulting sheltering effect 
will decrease the amount of sediment 
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exchange between groyne field and fairway so 
that more sediment can be held in the groyne 
fields. Hence, sediment load on the fairway is 
limited during low water season as well as the 
local shortage of water depth due to temporal 
bed changes in the fairway. 
The Island further enhances the sheltering 
effect of the opening on the conditions in the 
groyne fields and also lowers (ship-)wave 
intensity. The visibility and navigability 
improves because the river is better defined 
when seen from the bridge of a vessel. Also, 
the Island can be fitted with two rather than 
one radar beacon as a further improvement of 
the fairway. 
The primary reason for lengthening the groyne 
head is to limit the amount of constriction scour 
and the downstream deposit of eroded 
material, which is important for depth limitation 
in the fairway. Altogether, the current amount 
of maintenance dredging required to keep the 
fairway navigable (usually during emerged 
state) is significant, but will be minimised 
through the Island, and effectively compensate 
the increasing flow area on the quality of the 
fairway. Over-compensation is also possible so 
that bed degradation may be stopped. 
 
Exciting ecological improvements 
The opening in the groyne and the shelter 
created in the groyne fields offers opportunities 
for improving ecological development. An 
increase in number and diversity of species is 
expected. Migration of species is also 
improved as the lower flow velocities in the 
opening are easily negotiated as opposed to 
the higher flow velocities around the groyne 
head and in the main channel in the existing 
situation. The sheltering also offers a more 
gradual transition from main channel to land, 
which is important for the quality of landscape 
and the way the landscape is perceived. By 
keeping the existing groynes intact and using 
familiar materials to construct the new parts, 
the cultural heritage that the groynes represent 
in the Dutch river landscape is justified. Yet, 
the Island Groyne bears a clear 21st century 
signature. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Meeting cost-effective high 
standards 
In terms of cost, the Island Groyne is 
competitive because use is made of the 
existing river training structures, doing justice 
to the capital it represents. Taking into account 
the lower cost of maintenance of the fairway 
and the groyne itself, the Island Groyne is 
even more competitive and sustainable than 
other types of groynes which do not comprise 
the optimum benefits of the Island Groyne. 
 
Conclusions 
With the Island Groyne, it is possible to 
establish peak water level reduction without 
consequences for the quality of the fairway. 
Moreover, improvement is possible, including 
the reversal of the on-going bed degradation. 
The design of the Island Groyne is robust and 
flexible: its performance under current and 
future conditions is easy to maintain, adding to 
the designs sustainability. 
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Abstract 
The fish fauna of the Rhine river branches in 
the Netherlands shows remarkable changes 
from the 20th century onward. Over the period 
1940-1979, the species richness of 
rheophilous species has declined due to 
habitat deterioration. In spite of recent 
improvements of water quality and habitat 
rehabilitation, native fish fauna has only partly 
recovered. The number of exotic species (i.e. 
non-native immigrants and deliberately and 
accidentally introduced species) has strongly 
increased. Exotic species tolerate higher 
maximum temperatures than native ones. 
Based on species sensitivity distributions it is 
predicted that a future increase in water 
temperature will affect a higher percentage of 
native fish species than of exotic ones.    
 
Introduction 
Several large rivers in Western Europe show 
rising water temperatures, due to thermal 
pollution and global warming. This paper 
presents preliminary results of a study on the 
influence of water temperature on fish fauna. 
We hypothesize that rising river water 
temperature is a limiting factor for (recovery of) 
native fish fauna. We answer the following 
research questions:  
1. What are the temporal trends of the 

minimum, average and maximum water 
temperature of the river Rhine?  

2. Which fish species have been recorded in 
the Rhine river branches in the 
Netherlands? 

3. What are the species sensitivity 
distributions for temperature tolerance of 
these species?    

 
Material and methods 
Data on water temperature from the river 
Rhine at Lobith were obtained from RIZA 
(2007). An existing database on the 
distribution of fish species in the freshwater 
section of the river Rhine in the Netherlands 
(Van den Brink et al., 1990) was updated, 
using data of recent fish surveys (Raat, 2001; 
Leuven et al., 2008). In total 60 fish species 
were recorded from the 20th century onward 
(38 and 22 native and exotic species, 
respectively). This database was completed 
with data on temperature tolerances of fish 
species. Minimum and maximum temperature 

tolerances were obtained from FishBase 
Consortium (2007) and updated when recent 
scientific literature referred to lower or higher 
tolerance values, respectively. For 35 native 
fish species (92%) and 22 exotic ones (100%) 
data were available to construct species 
sensitivity distributions for minimum and 
maximum temperature tolerance. Lognormal 
distributions were used to relate the potentially 
affected fraction (PAF) of native and exotic 
species to temperature.  
 
Results 
The presence of fish species remarkably 
changed over the last century (Fig. 1). The 
number of native rheophilous species declined 
over the period 1900-1979. The native fish 
fauna partly recovered in recent decades, 
while the number of exotic species strongly 
increased (in particular after the opening of the 
Rhine-Main-Donau canal in 1992). 
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Figure 1. Species richness (R) of fish fauna in the Rhine 
river branches in the Netherlands.  

 
The minimum, average and maximum water 
temperature of the river Rhine increased over 
the period 1908-2005 (Fig. 2). 
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Figure 2. Water temperature of the river Rhine at Lobith. 
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Figure 3. Sensitivity distribution for maximum temperature 
tolerances of native and exotic fish species in the river 
Rhine. Curves represent a lognormal distribution with 
average and standard deviation based on data points. 
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Figure 4. Sensitivity distribution for minimum temperature 
tolerances of native and exotic fish species in the river 
Rhine. Curves represent a lognormal distribution with 
average and standard deviation based on data points.  

 
The lognormal species sensitivity distributions 
remarkably differed for native and exotic 
species (Fig. 3 and 4). Native species show 
lower maximum temperature tolerances than 
exotic ones. However, the slopes of the lines 
for maximum temperature tolerance are similar 
(0.10 and 0.11, respectively). Maximum 
temperature tolerance values potentially 
affecting 50% of the native and exotic species 
are 24.7 and 26.9 oC, respectively. Minimum 
temperature tolerance values potentially 
affecting 50% of the native and exotic species 
are 4.8 and 4.6 oC, respectively. The slopes of 
the lines for minimum temperature tolerance of 
the native and exotic species differ (0.24 and 
0.44, respectively).  
   
Discussion 
In spite of recent improvements of water 
quality and habitat rehabilitation, native fish 
species did not completely recover (Fig. 1), 
which may be partly clarified by increase of 
temperature stress (Fig. 2). The number of 
exotic species continuously increased over the 
last century, in particular after the opening of 
the Rhine-Main-Donau canal in 1992. Exotic 
species tolerate higher maximum 
temperatures. Increasing water temperature of 
the river Rhine has been attributed for 2/3 part 

to thermal pollution and for 1/3 part to climate 
change (Ligtvoet et al., 2006). Notwithstanding 
a stand still or reduction of thermal pollution, 
for the 21th century a further increase in water 
temperature is predicted due to climate change 
(+1 to 4 oC). Species sensitivity distributions 
for temperature tolerance of fish species 
indicate that native species (in particular 
rheophilous species; not shown) will be more 
affected than exotic ones.    
 
Conclusions 
• In total 60 fish species were recorded from 

the 20th century onward (38 and 22 native 
and exotic species, respectively). 

• The species richness of native 
(rheophilous) species in the Rhine river 
branches gradually declined over the 
period 1900-1979 and partly recovered in 
recent decades. The number of exotic 
species strongly increased. 

• Over the last century, minimum, average 
and maximum water temperature of the 
river Rhine increased with circa 0.5 oC per 
decade, due to thermal pollution and 
climate change.   

• Exotic species tolerate higher maximum 
temperatures than native ones. 

• Further increase in water temperature due 
to climate change will deteriorate a higher 
percentage of native fish species than 
exotic ones.    
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Introduction 
The lower Rhine floodplains play an important 
role as sinks of suspended sediments and 
pollutants and have a key role in ecological 
transformation processes along the river 
continuum. Major shifts in river functionality 
and landscape have occurred in the past. In 
the future, sea level rise (Van den Hurk et al., 
2006) and expected higher peak discharges 
from the catchment (Middelkoop et al., 2001) 
necessitate landscaping measures to maintain 
safety standards for the embanked area, while 
river functions such as shipping, nature, 
housing, and recreation, demand other 
measures, and preserving the status quo is 
favoured for agriculture and the river as a 
carrier of cultural-historic values require. Figure 
1 shows the well-known landscaping options 
that are available within the river, but the type 
and location of these measures is hotly 
debated (Braakhekke, 2007). How we shape 
the fluvial environment of a regulated river 
such, as the river Rhine, largely depends on 
what we value. The value system in itself is, 
however, rarely taken into account specifically 
in the planning process. Middelkoop et al. 
(2004) consider different perspectives on river 
management, but do not take the hierarchic 
nature of the development into account. In 
addition, the biogeomorphological effects, such 
as the deposition of sediment and pollutants or 
the exposure of the food web to heavy metals, 
are often overlooked. Therefore, we set two 
aims: 
1. Establish three scenarios for the 

development of future fluvial landscapes 
based on the value system as described in 
Spiral Dynamics (SD; Beck and Cowan, 
1996).  

2. Evaluate the scenarios with respect to the 
ecological functioning of the river reach. 
We focus on flooding, deposition of 
sediment and pollutants, and the 
ecological implications, such as habitat 
patterns and the poisoning of the food 
web. 

 
Scenario development based on 
Spiral Dynamics 
We apply Spiral Dynamics to river 
management. SD models the evolution of the 
biopsychosocial system along a continuum that 
forms a spiral. Each of the eight levels along 
the spiral is colour-coded and represents 
specific stage of development. Each of the 
higher levels is more complex and inclusive. 
The spiral provides a map of different value 
systems, whereas the dynamics describe 
transitions up or down along the spiral. For a 
full description of SD the reader is referred to 
Beck and Cowan (1996) and Graves (2006).  
 
In accordance with this model, we present 
three prospective scenarios for the layout of 
the fluvial landscape in 2060. Table 2 gives key 
aspects for each scenario of river management 
and implementation. The design discharge for 
each scenario is set to 17,000 m3/s. The 
scenarios are: 
1. Green: strengthening of the green value 

system (consensual and ecologic). 
2. Orange: reverting to the orange value 

system (rational and materialistic). 
3. Yellow: shifting to the yellow value system 

(integrative and flexible).  
 

 
 
 
 
 

1   =  narrowing of the main channel, 2  =  lowering of the groynes, 3  =  dredging, 4  =  redumping of sediment,  5  =  permanent layer, 6  =  natural bank,         
7   =  removing minor embankment, 8  =  digging a secondary channel,  9  =  floodplain lowering, 10  =  nature development, 11  =  removing of raised areas,   
12 =  dike reinforcement, 13  =  dike repositioning, 14  =  retention, 15  =  obstructing lateral inflow, 16  =  dike raising  

Figure 1 Possible landscaping measures, the choice depends largely on our value system 
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Table 2. Overview of the scenarios based on green, orange and yellow river management. 

Value system River management Implementation 
 
GREEN 

  

• Living with the human element 
• Getting along with others 
• Consensual 
• Feelings, sensitivity and caring 

supersede cold rationality 

• Polder mentality, local 
communities have a say 

• Focus on ecology 
• Dike raising is no option 
• Multidisciplinary 
• Natural arrangement 
 

• Space for the river combined with 
ecological restoration 

• Solutions for individual floodplain 
sections 

• Groyne lowering 

 
ORANGE 

  

• Conquering the physical 
universe as to overcome want 

• Oriented at technology and 
competition 

• Pragmatic 
• Play the game to win 
• Manipulative towards the earth’s 

resources  
 
 

• Centralized authority 
• Cost-benefit analyses 
• Dike raising is a cheap option  
• Technocratic 
• Large infrastructures 
• Blueprint 

• Nature is a source of welfare 
 
• Dike raising 
• Groyne lowering 
• Removal of hydraulic bottlenecks 
• Removal of flow obstructing 

vegetation 
• Removal of minor embankments 

 
YELLOW 

  

• Restoring viability in a 
disordered world 

• Integrative 
• Existential magnificence 

supersedes material 
possessions 

• Differences can be integrated 
into interdependent natural flows 

 

• 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 

• Side channels follow the historic 
swale channels 

• Floodplain lowering 
• Local initiatives in line with the 

overall direction 
• Adaptive in incorporating novel 

techniques 
 

 
Input generation and modelling 
Each of the scenarios was translated into 
specific landscaping measures for the River 
Waal between Lobith and Gorinchem. 
Measures were chosen using two workshops 
attended by river management specialists. At 
present, the measures have been translated to 
topographic changes. The next steps include: 
Establishing ecotope transition matrices for 
changes in land management. 
Running the hydrodynamic model WAQUA for 
a series of discharges. 
Computing the year-average deposition of 
sediment and heavy metals using the 
SEDIFLUX model. 
Compute the exposure of the food web to 
heavy metals. 
Determine the ecological value using the 
BIOSAFE model. 
 
Conclusions 
We have established three scenarios for future 
landscaping measures that specifically take 
into account the value system of the river 
management. These scenarios, green 
(consensual), orange (technocratic) and yellow 
(integrative), have been translated into model 
input that will serve the assessment of the 
biogeomorphological implications. 
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