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Synopsis

The current approach in riverine climate
adaptation strategies aims to accommodate

all functionalities of rivers into one singular
riverbed, but runs into the limitations of an
integrated spatial system. The research shows
that the different functionalities of rivers, i.e. the
different riverine regimes, in synchronization
will lead to a decline in performance of these
separate regimes.

This thesis project Perspectives on the IJssel
explores and illustrates an alternative future for
the lJssel, in which an integral approach is para-
mount but with a methodology build on spatial
decomposition rather than spatial integration.
The project argues that spatial segregation in
parallel systems offers solution space, which
has to be seriously considered as a viable result
of anintegral approach.
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The IJssel during summer near Cortenoever, Gld

Figure by Goselink (2021), adapted from: Foto Hissink






The IJssel during winter, north of Deventer, O.

Figure by Goselink (2021), adapted from: Indebuurt Deventer






Overlapping satellite image of the IJssel in both summer
and winter near Zwolle, O.

Figure by Goselink (2021), adapted from: Google Maps
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1.1.1 Thesis Positioning

The project Perspectives on the IJssel is
focused on the interface between water and
water-related territories, located in a lowlands
environment. This is aligned with the Transiti-
onal Territories studio of the Delta Urbanism
Research Group at the Faculty of Architecture
and the Built Environment, which focusses on
the relation between natural environment, cul-
ture and (geo)politics, specifically in relation to
marine and riverine territories. The studio provi-
des a platform for interdisciplinary research into
the territory under the changing climate regime.
This has been combined with participation in
the TU Delft Delta Futures Lab research group
Rhine and IJssel, an interfaculty collaboration.

The role of urban planning and design in this
specific cooperation with engineering and
planning disciplines, is to provide a view on

the spatial implications of interventions in the
environment, posed by (geo) political regulati-
ons and infrastructural objects, while keeping
liveability, performance and other societal de-
mands in mind. Urbanism education at TU Delft
is focussed on both combining knowledge from
different disciplines into multiscale projects
and proposals, and the embedding of temporal
uncertainty in the project (Nijhuis et al. 2017).

As the discipline of urbanism is inherently
focussed on spatial processes over time, this
spatio-temporal dimension has been experien-
ced to be one of the great assets of the urban
designer within interdisciplinary teams research
teams.

In relation to the overall MSc AUBS program
provided by the Faculty of Architecture and the
Built Environment, it is the object of architec-
ture, urban design and spatial planning which
physically constitutes the living environment,
posed onto the territory and subjected to interi-
or- and exterior forces of change. In the case of
this specific project, it is the exterior force of the
changing hydrological cycle, and the interior
geopolitical force of the proposed modal shift
and societal awareness concerning biodiversity
and renaturalization. The relevance the project
in the larger social, professional and scientific
framework is threefold.

First, the problems caused by both extreme
peak discharges, as well as droughts with extre-
me low discharge rates, have been increasing.
The predictions show that this is only the begin-
ning of a complete change in the hydrological
cycle, encompassing both riverine discharge
and hinterland precipitation patterns, and an
adaptation strategy is therefore necessary.

Secondly, the literary review concluded that
thereis a gap in discourse concerning riverine
climate adaptation strategies (see Appendix).
The separate riverine regimes of flood control,
drought management, navigation and eco-hy-
drology, all propose ideas and strategies related
to their own specific needs and values. Integra-
tion of those increasingly opposing plans in dis-
course is not common, and due to the abstract
and high scale level of the strategies the details
of the plans are often not included in this stage.



Itis paramount to visualize the plans, as the
role of visualization within complex problem
solving is aimed at both precisely defining and
understanding the problems at hand, as in

the communication between different actors
and audiences (Rieber, 1994). Especially in the
first stages of an abstract strategy or concept,
visualization is important to discuss the viability
of the posed solution spaces and identify key
concepts and notions.

Thirdly, discourse concerning riverine strategies
is often limited to the related practitioners and
scholars. As can be seen with the publication of
the plan by Baptist et al. (2019), a visualization
can lead to a widely spread debate in a broad
audience. This is why the project proposes a
reconceptualization and visualizes this through
the spatial and temporal scales, in order to try
and captivate a larger audience, and show how
a new view on a centuries old system might
lead to the expansion of solution space.
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1.1.2 Academic Aims

At the base of the thesis lies the assumption
that an urbanist (and designerly) perspective on
the reconceptualization of the spatial dimen-
sion of the water system can be a valuable
addition to contemporary discourse concerning
riverine climate adaptation strategies and water
management structures. It can aid in widening
solution space through research by design
Currently, the system is managed by placing
objects, after which the surrounding territory
can be planned accordingly (Sijmons, 2002).

By reversing this process, a spatial design with
more positive externalities to society can be
created, after which the management of the
water system can be implemented. Especially
focussing on the issue of drought, the spatial
dimension of the surrounding territory has to
be taken into account from the start.

As has become apparent during the theoreti-
cal research into the contemporary discourse
regarding riverine climate adaptation strategies,
there are gaps in the scales on which the plans
are proposed, and an integrative approach con-
taining different views is needed. This design
proposal aims to provide an integrative stra-
tegy regarding the 4 identified spatial riverine
regimes (Flood control, drought management,
navigation and eco-hydrology) and show the
impacts of the proposal on the object-, ensem-
ble- and territorial scale. The idea of either in-
tegration or separation of the 4 riverine regimes
is a guiding principle throughout the scales. In
order to increase performance to society, it is
paramount not to compromise when it comes

to the separate needs of the regimes, and there-
fore the current state of the integral riverscape
(all regimes in one system/flow path) is questio-
ned. A parallel system might be better suited to
adjust to site specific conditions, which would
lead to a set of junctions between environment,
infrastructure and waterscape. By elaborating
on the territorial scale, and showing the impli-
cations on the architectural scale, the changes
in the water management system become ap-
parent and clearly visible for a larger audience.
This way, discourse can be stimulated in more
detail, involving a broader audience.

The urbanism thesis project aims per definition
for the goals of spatial quality, robustness, aes-
thetics, diversity and relations between scales
(Dorst & Duijvestein, 2004). This thesis project
will go through the following three scales:

Territorial scale:

The strategy to adapt the riverine territory to
the new hydrological cycle and climate regime
(based on research into the expected flow rates
and precipitation) will identify how the water
system should be managed on the scale of the
entire river. This will be a quite abstract level of
strategizing, focussing mostly on the systemic
functioning and less on the spatial conditions
the strategy will engage with. This strategy will
be mostly made up of diagrammatic drawings.

Ensemble scale:
The embedding of the more abstract overall
strategy into the actual territorial conditions of



on the ensemble scale, where the superimpo-
sed strategy will be adapted to the conditions
of soil, habitat typology, economic importance
and urban developments. A special focus will
be placed on the integration of the current geo-
political regime of the energy transition, trying
to interact with this (invasive) spatial landscape
typology. The representation of this scale will
result in sections and transects, taken along the
river to identify local conditions combined with
the hinterland-relation of the river in a set of
lateral trenches.

Object scale:

The lowest scale, bordering the architectural
level, will show the spatial integration of the
water management objects needed by the sys-
tem to perform, in relation to the newly created
territorial form. This will clearly show the impli-
cations for users, inhabitants and other actors
in the riverine territory, in order to enhance

the level of detail of discussion, and engage a
broader audience within the decision making
process concerning climate change adaptation
strategies. Up till now, these have been on a lar-
ge and abstract level, the object oriented small
scale will provide an insight in the changes this
will lead to for the local people involved. The
visualization of the object scale will result in
maps and sections, but mostly isometric spatial
models and birds- and eye-level views.

Aims is also to provide a new perspective on the
matter, an alternate way of identifying problems
and opportunities, which might lead to a recon-
ceptualization of possibilities in the anthropo-
genic riverscape.

019



020

1.1.3 Societal Relevance - the importance of widening

solution space now

To this day, we have had several signals of the
conditions to come, however a clear pathway
forward is still non-existent. Therefore, now is
the time to widen solution space and see the
different approaches and results, in order to
make sure all participants are working towards
the same horizon, are on the same page, and
do not act on the short term thereby limiting
themselves on the long term.

At the same time, lead times can be expected
to increase (as well as the time between T1 and
T2) in case of a large uncertainty range, e.g. a
wide spread in the predictions (Zevenbergen,
2021). As can be seen in the figure to the right,
the depicted spread between the high- and low
estimates of the Rhine discharge rates is quite
large, therefore it is of the upmost importance
to think about different types of adaptation
measures. The large scale developments and
short term interference has to be planned
accordingly, while we are still ahead of the lead
time.

As complexity and indecisiveness caused by a
lack of overview and insight can extend lead
times even more. Therefore, the aim of this
project is to widen solution space in riverine
climate adaptation, in order to provide an alter-
native solution that can be investigated to be
either a viable or a nonviable alternative, which
will either way help clear the picture.

Simultaneously, it will aim to put forward a me-
thodology of understanding the complexity of

the problem and solution space, which can be
implemented to provide an overview of under-
lying problems.

The aim of the project is to use design as a tool
to explore and visualize potential, in order to
broaden the audience, thereby indirectly star-
ting to increase societal awareness of different
possibilities and creating new potential.

The propositions are made explicit through
research by design, reducing possible problems
which might occur between actors when con-
veying thoughts by differences in viewpoint and
therefore interpretation.

Secondly, the methodology based on separa-
tion and deconstruction of the anthropogenic
riverine territory aims to create a deeper un-
derstanding of the complexity, oppositions and
possible complementary aspects of the integral
assignment in riverine climate adaptation stra-
tegies. This will aid in keeping the complexity
manageable, which in turn will decrease lead
times in the process.

Figure 1: Time horizon of adaptation measures in the
planning proces

Figure by Goselink, 2021

Based on:

Zevenbergen, C. (2021, Febrnary 19th). Shifting Time Horizons (in Flood
Risk Management) (PowerPoint). Retrieved on: 12-05-2021. Retrieved from:
http:] | deltafuturesiab.org/ media/
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1.1.4 Methodology

The methodology adopted to deal with the
complexity of the posed open-ended problem
solving challenge is based upon the general
problem solving equation as posed by Dorst
(2011). The thesis project aims to show the
importance and value of design approaches
towards interdisciplinary, complex and open-
ended problematic scenarios. The first step is to
understand its working on an academic level,
and value its fundamental difference to other
professions and their ways of problem solving.
In order to do so, the thesis will continuously
adress the subsequent stages of the design
thinking process, while simultaneously demon-
strating its potential in the conducted design
research and experiments.

Three main aspects of the methodology will be
elaborated upon; the deliberate and conscious
proceeding throughout the design thinking pro-
cess, the base of spatial decomposition rather
than spatial integration, and the use of both
integrated (Dutch: integraal) and integrative
(Dutch: geintegreerd) design. The core practice
in which design thinking is in growing demand,
revolves around the capability for addressing
open-ended challenges and complex, con-
temporary and integral problem fields (Dorst,
2011). Logic problem solving reasoning consists
of three elements. The analytical reasoning is
shown in the top of the scheme to the right. In
these models (Induction and Deduction) either
results can be predicted based on an object in
relation to its behaviour, or results used to iden-
tify the working principle or behaviour of an ob-

ject (Roozenburg & Eekels, 1995). For productive
problem solving, the result is changed into an
aspired value, which askes in conventional pro-
ductive reasoning (engineering) for an object, a
system or a service to be produced. This closed
problem solving is fundamentally different from
the design thinking approach, in which open
problem solving demands the construction of
both the problem and solution simultaneously:
the Abduction - 2 method.

The core of design reasoning is the creation

of frames as an implicit and inherent part of
the design process. Especially in complex and
integrative design assignments, the proble-
matic scenario provides the designer with a
central paradox consisting of conflicting state-
ments (Dorst, 2006). This opposition of views,
standpoints or requirements is the basis for
understanding the situation, relating to both
the aspired value and the working principle to
solve the equation. Engaging the paradox is
done by indirectly identifying the design assig-
nment through themes related to the central
paradox, thereby creating an understanding

of the underlying phenomenon and potential
solution space (van Manen, 1990). This step has
been deliberately and extensively worked on in
order to visualize this often implicit step within
the design process, as it leads to the creation of
new solution space and conceptual ideas.

Figure 2: The fundamentals of design reasoning

Figure by Goselink, 2021
Based on:

Dorst, K. (2006). Design problems and design paradoxes. Design Issues, 22 (3)
o417

Dorst, K. (2011). The core of ‘design thinking’ and its application. Design
studies, 32(6), 521-532
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In order to navigate the complex riverine
constructs of space, time and socio-technolo-
gical institutions, the methodology is based

on spatial decomposition rather than spatial
integration. This allows for the identification of
dissonances between spatio-temporal proces-
ses and socio-technical regimes, which would
be encountered in spatial integration. It simul-
taneously opens up to a deeper understanding
of the design principles, and how these could
be reassembled in the (urban) landscape. It
amplifies and visualizes the internal opposition
within the current status-quo. The process of
decomposing and reassembling allows for the
evaluation of current spatially integrated ap-
proaches, while lead times can be shortened by
decomposing the territory and its regimes. This
allows for the identification of interrelations
and interdependencies between them, which
then results in the possibility to rearrange and
reassemble them, through which the current
state of the territory can be questioned and al-
ternatives can be proposed. It provides options
to increase diversity in the discussion, aiming
to create a wider base of alternative knowledge
upon which decisive argumentation can be
built. This will lead to an increase in societal
commitment, and a decrease in indecisiveness.

The project encompasses both integrated and
integrative design aspects. Integrated approa-
ches towards complex problems have become
the standard in riverine climate adaptation
strategies, such as the Integrated River Manage-
ment programme in the Netherlands (Delta-

programma.nl, n.d.). Integrated design can be
explained as the framing of the compatibility of
multiple artefact frames (Visser, 2021). In other
words, taking multiple services, processes,
actors or factors into account when framing
the design. This is, as can also be seen in the
scheme to the right, also an inherent quality

of the open-ended problem solving process
(Roozenburg & Eekels, 1995). An integrated
design approach however, does not imply an
end result in which all factors contribute. It pro-
vides an insight in the compatibility between
them, after which the choice for incorporation
can be made. The integrative design approach
is focussed strongly on the end result, looking
for synergies among strategies and services
through which reciprocal enhancement can

be reached (USGSA, n.d.). The thesis project
incorporates both the integrated and integra-
tive design to ensure that the complexity of the
problem scenario and underlying phenomenon
is understood, and the design exercise aims

to amplify potential conflicts in relation to the
central paradox.

Figure 3: Framing of the internal paradox as key to widening
solution space through design thinking

Figure by Goselink, 2021

Based on:

Visser, J. (2021, June 25th). Creating a New Perspective by Integrating Frames
Through Design (PowerPoint). Retrieved on: 23-08-2021. Retrieved from:
bttp:/ | deltafutnreslab.org/ media/

USGSA (n.d.). Integrative Design Process. Retrieved on: 23-08-2021. hitps://
sftool.gov/plan/ 261/ integrative-design-process

Dorst, K. (2006). Design problems and design paradoxes. Design Issues, 22 (3)
pp-4-17

Dorst, K. (2011). The core of ‘design thinking’ and its application. Design
studies, 32(6), 521-532

Roogenburg, N. F. M., Eekels, . (1995). Product design: Fundamentals and
methods. Wiley, Chichester, England

Manen, M. van, (1990). Researching lived experience. The Althouse Press,
Ontario, Canada
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1.2.1 Location

The IJssel River is a Dutch branch of the Rhi-

ne delta system, flowing from the Rhine near
Pannerden into the man-made lJsselmeer. The
|Jssel catchement therefore is part of the overall
Rhine catchment, the largest catchment in the
northern European Delta. Remarkable is the
size of the catchment of the Rhine, which makes
it highly susceptible for changes in the hydro-
logical cycle due to climate change. As there is
a decreasing amount of snowfall and melt in
the Alps, the Rhine is becoming more and more
dependent on rainfall in its catchment basin as
primary base flow. This inherently means that,
in the light of the changing climate and more
extreme weather, this base flow is increasingly
fluctuating. The IJssel receives a set amount of
1/9th of the total discharge of the Rhine, and
will therefore also become increasingly insta-
ble with sudden fluctuations in the water level,
predicted longer periods of water shortage or
even drought, and high water levels threatening
inhabitants in case of extreme precipitation.

As predicted changes in the discharge of the
Rhine directly influence the flow of the IJssel,
these predictions have been included in the
research to illustrate the expected alterations.

Figure 4: Location of the IJssel catchment basin within the
larger deltaic area

Figure by Goselink, 2021

Based on:

Bagyens, W., Van Eck, B., Lambert, C., Wollast, R., & Goeyens, L. (1998).
General description of the Scheldt estuary. In Trace metals in the Westerschel-
de Estuary: A case-study of a polluted, partially anoxic estuary (pp. 1-14).
Springer, Dordrecht.

De Wit, M. J. M., Peeters, H. A., Gastand, P. H., Dewil, P., Maeghe, K.,
& Baumgart, ]. (2007). Floods in the Meuse basin: Event descriptions and an
international view on ongoing measures. International Journal of River Basin
Management, 54), 279-292.

Kramer, K. |. M., & Duinker, ]. C. (1993). The Rhine/ Mense Estuary. In
Pollution of the North Sea (pp. 194-212). Springer, Berlin, Heidelberg.

Winterwerp, J. C. (2011). Fine sediment transport by tidal asymmetry in the
high-concentrated Ems River: indications for a regime shift in response to channel
deepening. Ocean Dynamics, 61(2), 203-215.

Wendland, F., Bogena, H., Goemann, H., Hake, |. F., Kreins, P., & Kunkel,
R. (2005). Impact of nitrogen reduction measures on the nitrogen loads of the
river Ems and Rhine (Germany). Physics and Chemistry of the Earth, Parts

A/B/C, 30(8-10), 527-541.
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1.2.2 Problem Description

In recent years, mostly since the extreme
drought in the Netherlands of 2018, the fragility
of the Dutch river system has become apparent
in common discourse as can be seen in the
newspaper clippings to the right. The Rhine,
which constitutes most of the Dutch delta sys-
tem through its branches, is becoming incre-
asingly influenced by climate change.

The riverscape has been continuously adapted
to increase usability over the past centuries, fo-
cusing on riverine regimes of flood control and
navigation (Sijmons, 2002).The premises has
always been to maximize discharge capacity. In
the face of a rapidly changing climate regime,
the extreme pluvial events in catchment basins,
alternated with periods of water shortage or
even drought, form a real threat to the rivers-
cape and its uses (Tol et al., 2003). In order to be
able to maintain the intricate riverine systems,
adaptation to the new climate regime and hy-
drological cycle is paramount. The water levels
in the rivers will become highly dependent on
the amount of precipitation in the catchment
basin, and therefore discharge levels will fluctu-
ate increasingly high and sudden (Attema et al.,
2014).

The typical Dutch landscape, characterized by
its austerity and functionality, has always been
planned along the confines created by water
management systems (Sijmons, 2002). When
the Rhine is becoming a rain river, it could lead
to the complete de-naturalization of the system
in order to sustain our economic needs in relati-

on to the EU Green Deal (Kraaijvanger & Linde-
boom, 2019). The consideration of canalizing
the Rhine has been put off until now, but might
have to be seriously reconsidered. On the other
hand, the new climatic reality would create pos-
sibilities to rethink the relation between human
and natural systems, leading to a more natu-
re-based approach towards managing water
(Baptist et al., 2019). The IJssel, being a branch
with a set discharge of 1/9th of the total flow of
the Rhine, is especially interesting as it does not
only support an international riverine transport
system, but also plays an important role in the
fresh water supply to the drought stricken north
and east of the Netherlands and supplying the
|Jsselmeer fresh water storage.

This duality of the problem for the 1Jssel River
basin adds to the stress the territory is about to
experience, and underpins the importance to
rethink the anthropogenic riverine water system
and its territory.

Figure 5: News articles related to the new threat of drought,
experienced throughout 2018, ‘19 and ‘20.

Figure by Goselink, 2021

Based on:

Kraagjenbrink, H., Lindeboom, P. (2019). De Rijn wordt een regenrivier, tijd
voor stuwen en sluizen. Retrieved on: 07-11-2020. Retrieved From: https:/ |
www.nre.nlf niemys/ 2019/ 12/ 18 / de-rijn-wordt-een-regenrivier-tijd-voor-stuwen-
en-stuizen-a3984309

Rezjnen Rutten, E. (2020). Wegzakkende 1]ssel dreigt onbevaarbaar te worden.
Retrieved on: 07-11-2020. Retrieved from: https:/ [ wwmw.destentor.ni/ deventer/
wegzakkende-ijssel-dreigt-onbevaarbaar-te-worden~a2cede30/

Wismans, L. (2020). Draaien aan de knop van de nationale regenton. Retrieved
on: 06-11-2020. Retrieved from: https:/ | wwmw.nre.nl/ nieuws/ 2020/ 08/ 18/
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De Rijn wordt een regenrivier,
tijd voor stuwen en sluizen

Transport In Rijn en Waal zal de waterstand vaker laag zijn. Om
Rotterdam bereikbaar te houden is nu actie nodig, schrijven Peter
Lindeboom en Henk Kraaijenbrink.

Wegzakkende IJssel dreigt
onbevaarbaar te worden

De IJssel en Waal dreigen in tijden van droogte onbevaarbaar te worden door het

almaar verder wegzakken van de rivierbodem. Waar de aandacht lang vooral naar

bescherming tegen hoog water ging, moet nu samen met buurlanden en

binnenvaart werk gemaakt worden van het waterpeil in de rivier. 029
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£ LauraWismans © 18 augustus 2020 & Leestijd 3 minuten = f e o

Opgesloten schippers mogen
Deventer haven verlaten

EIE] De vijf schippers die 4,5 week geleden door de lage stand van de IJssel
vast kwamen te liggen in Deventer, mogen vandaag de haven verlaten. Het eerste
schip koos even voor 10.00 uur het ruime sop.




030

1.2.3 Problem Operationalisation

In order to be able to pinpoint and address the
problems identified within the problem field,
the narrative has to be operationalized into
concepts and themes which can be researched
separately and in relation to one another. The
primary research question to be answered du-
ring the research and design is:

How can integrative design of riverine territo-
ries with inclusion of socio-technical re-
gimes, result in water management systems
adapted to the shifting hydrological cycle,
while znereasing performance to society?

Integrated design (Id) is an approach, which is
used in order to achieve the aim of increasing
overall performance (P) of the water manage-
ment system to society. The key concepts are
riverine territories, the socio-technical regimes
which inhabit the riverscape, and the external
pressure of the shifting hydrological cycle.

A: Riverine Territories

The physical landscape encompassing both
the riverbed and floodplains itself, as well as
the connection to the hinterland surface- and
subsurface aquatic and ecologic flow paths.

B: Socio-technical Regimes

The institutions inhabiting and influencing the
space and functioning of the riverine lands-
cape. Although historically navigation and flood
control have dominated the riverine landscape,

the equation has been extended in the past
decades. The identified four primary regimes
are; 1) Navigation, 2) Flood Control, 3) Drought
Management and 4) Eco-hydrology.

C: Shifting hydrological cycle

Patterns of precipitation and riverine discharge,
influenced by the changing climate. A projected
increasingly dynamic cycle, in which precipi-
tation shortages lead to elongated periods of
meteorological drought in the hinterland during
summer and fall, combined with lowering riveri-
ne base flows. Simultaneously, extreme precipi-
tation events during winter and spring, accom-
panied by increasingly high river discharges.

Three secondary questions pair up the three
previously mentioned concepts, in order to
identify the interconnectivity between them.
The conceptual framework to the right shows
the interdependency. The riverine territories
and socio-technical regimes are first separately
researched in relation to the context of the shif-
ting hydrological cycle, after which the territo-
ries and regimes are matched up to identify the
possibilities to synthesize both, resulting in an
increased performance output.



In order to make the design process explicit,
the core practice of framing is often an implicit
process for designers (Dorst, 2011). For this
thesis, it has been consciously and delibera-
tely carried out, and is explicitly divided into
two parts accompanied by sub questions. This
amplifies and highlights the importance of the
stage within design thinking and researching,

as a large part of the complete reasoning and
finding of new solution spaces simultaneously
with the framing of the problem (construct pro-
blem and solution simultaneously) takes place
within this section.

(Al

The territory including
- but not limited to -
the riverbed and
floodplains, including
hydrological and
ecological corridors

[B]

Socio-technological
and often partially
environmental
institutions functio-
ning in direct relation
to the river

How can the current spatial

limitations of riverine territories,

caused by the increasingly dynamic
shifting hydrological cycle, be
mitigated through znzegrative design?

(€]

Patterns of precipitati-

on, riverine discharge
and soil/atmosphetic
water pressure - which
are shifting due to
climate change

[1d]

Approach towards the
design process aiming
at the synthesis of
complementary
systems in order to
enhance one another

[P]

The output of the
specific system to
society in relation to
economic, environ-
mental and sustainabi-

lity goals

[A] + [C] in relation to [ 1d ]

How can the socio-technical
regimes adapt to the shifting
hydrological cycle through
integrative design of the riverine

landscape?

(B] + [C]

in relation to [ 1d ]

How can riverine territories and
their socio-technical regimes

synthesize, in order to increase
performance output to society?

[A] + [B] in relation to [ P ]

DESIGN EXPERIMENT
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1.1.4 Thesis Guide

The aim of this thesis project is to widen
solution space in riverine climate adaptation
discourse. The report presents a methodology
of spatial decomposition to understand the
fundamental spatial characteristics of both the
riverine territory and socio-technical regimes,
bringing them together through a systemic
process of parallelization and integration. The
model to the right shows the structure of the
report.

From the initial societal relevance and acade-
mic aims of the project, the problem descrip-
tion and operationalization in relation to the
shifting hydrological cycle are defined. This
provides the methodological structure of the
Research by Design process, which will start in
chapter II. The first two research questions will
be investigated in light of the integrative design
approach, and will simultaneously provide
input for the third research question which will
conceptualize upon the findings in relation to
the performance of the landscape and so-
cio-technical output in chapter lll. The parallel
complementary designs will eventually be
projected onto a conflicted territory in the final,
spatial design in chapter IV. In order to be able
to discuss and evaluate this design, it is of vital
importance to see it within the historic frame-
work of adaptations to the riverscape, therefore
a landscape biography has been composed.
The evaluation of the design will also provide a
combined evaluation on the proposed research
methodology itself, which is also considered to
be a vital result of the thesis project.

Figure 6: Methodological thesis framework

Figure by Goselink, 2021
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2.1.1 Monograph Series

The monograph series aims to answer the first
sub question: How can the current spatial limi-
tations of riverine territories, caused by the in-
creasingly dynamic shifting hydrological cycle,
be mitigated through integrative design? The
result of the research will be an understanding
of the compositions, alterations and limitations
of the anthropogenic riverscape, which will
conclude in a design proposition. This proposi-
tion will form the base of the integrative design
experiment.

Through the process of decomposition, abstrac-
tion and interpretation of single elementary
narratives of the contemporary anthropogenic
river, an understanding of the composed rivers-
cape as an integral project emerges. The critical
identification of the spatial principles of riverine
territories consists of processes, taking place in
the riverine space over a time scale.

The current state of the riverbed and flood-
plains is a manifestation of human interference
in an underlying natural system. The successive
cartographies on matter, topos, habitat and
geopolitics identify the criticalities posed by ob-
jects of past interference in relation to projected
fluvial changes, combined in spatio-temporal
diagrams. The monographs series will subse-
quently research (See appendix for full work):

Matter: water and the anthropogenic riverscape

The only way to fully understand the system of
the Dutch anthropogenic riverscape, is to iden-

tify the characteristic elements which are put
in place to control the matter, and the anthro-
pogenic remnants of rigidity binding fluidity in
place.

Topos: fluidity through fixation

The dual processes of erosion and sedimentati-
on taking place within the natural riverine flow
regime, manifest the fluidity of riverine terri-
tories through the fixation of sediment, which
is eliminated by interference in migrational
patterns.

Habitat: competitive patterns

The pattern of human inhabitation has successi-
vely co-existed, dominated and virtually elimi-
nated the natural habitat structures in place,
competing with natural riverine flows, regimes
and structures to ensure usage to the maximum
human potential, leading to disconnectivity.

(geo)Politics: natural regimes and artificial terri-
tories through landscape proximity

The Dutch land- and riverscapes are patch-
works of disconnected and partially conflicting
spatial representations of former geographical
political paradigms and discourses, the tempo-
rality of which manifests itself through sequen-
ces and shifts.

Figure 7: Overview of monographs on the concept,
compositioin and alteration of the anthropogenic riverscape

Figure by Goselink, 2021
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2.1.2 Matter - Properties of Water

As the Dutch river- and landscape has been
continuously adapted to increase functiona-
lity over the past centuries, the delta can be
described as an anthropogenic river system
(Sijmons, 2002). Therefore, the only way to fully
understand the system of the Dutch anthropo-
genic riverscape, is to identify the characteristic
elements which are put in place to manage it.
These remnants of rigidity portray the desire

to control the fluidity inherently connected to
the delta. The objects are necessary in order

to manipulate the water table, ensuring both
navigability across sloped terrain, and precise
management of water levels for safety of the
surrounding territory. Most of the objects were
placed in the 1950s and ‘60s (HSSN, n.d.).

Next to the rigid infrastructural objects, the
temporal dimension of the water system, the
high water canal near Veessen - Wapenveld is
depicted. This recently constructed weir will
open its floodgates when the riverine water le-
vel reaches + 5.65 m NAP, after which a control-
led flow of water will be stored in a neighbou-
ring polder (De Ingenieur, 2017). The riverine
water level at the site drops by 0.71 meters,
however the effects are still being witnessed 17
kilometres downstream at Deventer.

The spatio-temporal diagram to the right shows
the current (reference) discharge levels of the
Rhine, along with the predictions for 2050 and
2085 (Attema et al., 2014). Due to the rapidly
changing climate regime, the extreme pluvial
events in catchment basins, alternated with

periods of water shortage or even drought, form
a real threat to the contemporary anthropoge-
nic riverscape and its uses (Tol et al., 2003). In
December, January and February, extreme peak
discharges will have to be managed in order

to ensure safety for all inhabitants. During the
dry months of August, September and October,
water levels will be too low for river navigation,
and locks will be unable to function, depriving
factories of their raw materials. In general,
concluding on the objects of the anthropogenic
riverscape, is the system too rigid to cope with
climate change as it sits now.

Figure 8: Limitations of the anthropogenic riverscape in relati-
on to the shifting hydrological cycle

Figure by Goselink, 2021

Based on:
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2.1.3 Topos - Functioning of Water

The riverscape is composed of out of a set of
geomorphological elements, created by the
processes of terraforming and erasure over
time. These dual processes manifest the fluidity
of riverine territories through the fixation of
their elements of movement, the particles of
sand and clay. Amongst the most important
terraforming elements are river dunes and flu-
vial deposits of clay in the floodplains. Erasure
is characterized through the meander gully
patterns and worn-down crevasse gullies (Geo-
logische Dienst Nederland, 2020). In relation to
the current river, the influence the IJssel used to
have on the surrounding territory in its natural
form exceeds its current streambed immensely.

Most sediment carried in the riverine system
is moving downstream from its origins in the
Swiss Alps. Due to the creation of weirs, locks
and hydropower plants (mostly in Switzerland
and Germany) the carrying capacity of sediment
in the longitudinal direction is largely elimi-
nated. Through the creation of straight rivers
and hard embankments, lateral movement is
limited. The addition of groins into the rivers-
cape has further eliminated the terraforming
and erasure processes, which combined with
the normalisation has led to scouring of the
riverbeds.

Through the continuous human interference
in the riverine system, the dual processes of
terraforming and erasure, or sedimentation
and erosion, have effectively been elimina-
ted. The spatio-temporal diagram to the right

shows on the vertical axis the timeline of taking
space from the rivers, the total amount which is
taken from all rhine related streambeds in the
Netherlands (Hooijer et al., 2002). Interesting is
the recent example of the Room for the River
project, which has started a reversed pattern. All
in all, over two thirds of space was taken from
the rivers in the past 170 years, an immense
amount. The spatial characteristics of these
practices are the straightened riverbanks, and
dikes and rigid embankments alongside that.
The straightjacketing has, in combination with
the addition of groins to ensure a clear river
channel to benefit navigation, lead to the con-
tinuous scouring of the riverbed, as is shown in
the bottom of the diagram. Since 1901, the ri-
verbed near Lobith, where the Rhine enters the
Netherlands, scoured almost 2 meters. Firstly,
this means more water is needed to connect the
river to the floodplain level of the surrounding
territory, causing a territorial disconnection.
Secondly, the subsurface scouring has different
rates in relation to the soil characteristics and
possible underground infrastructure, leading to
underwater levees and ponds hindering ship-
ping during low water levels.

Figure 9: Limiting of lateral transmission and translation

Figure by Goselink, 2021

Based on:

Geologische Dienst Nederland (2020). Geomorfologische Kaart Nederland.
Retrieved on: 29-09-2020. Retrieved from: bttps:/ [ wwm.dinoloket.nl] modeldeli-
verylogic-web/ rest/ deliver/ delivery/ ad46ebaa-c595-45¢2-b309-6def7148d680

Hooijer, A., Kljjn, F., Kwadijjk, J., & Pedroli, B. (2002). Towards sustainable
flood risk management in the Rhine and Meuse River basins. Irma Sponge
summary document.

Klijn, F (2020, November 201h). The development of the Rhine River’s flood
management: past, current and future issues (PowerPoint). Retrieved on: 26-11-

2020. Retrieved from: http:/ | deltafuturesiab.org/ media/
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2.1.4 Habitat - Assets of Water

Inhabitational patterns follow a clear construct.
Deventer and Zutphen are amongst the oldest
urban settlements of the Netherlands, located
on the high river dunes to the east of the river,
on junctions with tributary streambeds (Geolo-
gische Dienst Nederland, 2020).

The creation of the habitat diversity in the area
happened through the interplay of soil, water
and air. The meandering river with its parallel
tributaries and floodplain to the west conti-
nuously deposited and exposed sand particles,
after which they were blown onto the dunes
on the eastern riverbank by the predominantly
south-western winds. These river dunes and
high sandy terraces then were built upon and
strengthened with pavement and vegetation,
creating solid raised foundations suitable for
safe and long-term inhabitation close to the
river. Through the process of inhabitation,

the naturally opposing habitats were slowly
bound in rigid structures, decreasing its natural
free-flowing and dynamic character.

The resulting and ongoing competition for
space in riverine environments can be characte-
rized as a dynamic process, as the free flowing
river migrates and changes the surrounding
territory continuously. The spatio-temporal
diagram to the right shows a fictional riverine
flow regime with occasional flooding or peak
discharge. The natural process of ecological
regeneration after this disturbance event gradu-
ally reclaims its territory, followed by a conti-
nuous ecological cycle of succession of species,

creating a high amount of habitat diversity
along the river. After every disturbance event,
depending on the severity of the flooding, and
the specific site of the flooding, the process will
(partially) start over.

The level of human inhabitation however does
not reset and start over, as flooding leads to
the creation of protective levees and embank-
ments, creating a safe and liveable environ-
ment, rigid within the dynamics of the riverine
territory. From the moment of inhabitation,
human habitat takes over the dynamic natural
character of the place, leading to monoculture
and human-dominated territory instead of a
cyclical, diverse and ever-changing riverscape.

The horizontal axis depicting the height of the
terrain, shows how the human habitat moved
from the safe and high grounds, into the low
floodplains and riverbanks, increasing the need
for ever growing dikes.

Figure 10: Cyclical competition for riverine habitat between
Anthropogenic and natural processes

Figure by Goselink, 2021

Based on:

Geologische Dienst Nederland (2020). Geomorfologische Kaart Nederland.
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verylogic-web/ rest/ deliver/ delivery/ ad46ebaa-c595-45e2-b309-6def7 148d680

Rijksdienst voor het Cultureel Erfgoed (n.d.) De opkomst van de stad: 1000
- 1500. Retrieved on: 24-12-2020. Retrieved from: https:/ | wwm.landschapinne-
derland.nl/ de-opkomst-van-de-stad-1000-%E2%80%93-1500-0
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2.1.5 Geopolitics - Representations of Water

The selected three geopolitical representations
of production-, nature- and energy landscapes
have resulted in specific cultural landscapes.

In relation to the production landscape, three
generations of re-allotment typologies are
recognizable in the landscape. With the esta-
blishment of the Vogelrichtlijn in 1979 and the
Habitatrichtlijn in 1992, which were combined
into the Natura2000 protection areas, the tra-
jectory of the river was appointed a nature zone
(Vogelbescherming Nederland, n.d.).

Next to the patches of production landscape,
bordering the ongoing natural landscape
around the river, recently they are interfered by
the upcoming energy landscapes of windmills
and solar plants, adding a third generation to
the patchwork of geopolitical representations.
The spatio-temporal diagram to the right
indicates the landscape proximity, i.e. a measu-
rement of how close the current landscape is to
the natural sub layer. It becomes clear that alt-
hough the landscape became more and more
detached in the mid-20th century, the nature
landscape has brought it (partially) closer. What
also becomes clear is the relation between the
separate geopolitical representations, and the
fact that they are dispersing into different direc-
tions when looking at the landscape proximity.
Anincreasing gap is starting to appear between
the natural landscapes for example, and the
energy landscape.

Where the natural landscape is posing limits
outwards across other representation fields, the

energy landscape is doing the same in exactly
the opposite direction, causing ridges and crea-
ses in of misalignment in the landscape flows.
The physical interference of geopolitics, most
directly visible in the production landscape
re-allotment plots, shows the processes have
mostly been executed throughout the second
and third phases of re-allotments. The second
generation (1954-1984) and later the current ge-
neration (1985-now) pay more attention to the
existing pre-allotment structures, interfering on
a smaller scale with more attention to existing
landscape structures.

In general it can be said that all of the geopoli-
tical representations in the riverine landscape
interfere with the former and more natural
network, however the politics are evolving
from direct interference in the physical territo-
ry, towards regulation of use and behaviour of
inhabitants in the territory.

Figure 11: Landscape proximity in relation to the spatial altera-
tions over time

Figure by Goselink, 2021

Based on:

Eurgpean Environment Agency (2019). Natura 2000 End 2019 - Shapefile.
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2.1.6 Contemporary Riverscape

The contemporary anthropogenic riverscape
has been highly adapted to the confines posed
by the hydrological cycle it was reliant upon,
and has been very successful in its performan-
ce. However, now that the context of the system
is changing, e.g. the climate and through that
the shiftin the hydrological cycle, the rigidity
of the systems leads to a fragility in the face of
increasing riverine dynamics. The current spati-
al layout is therefore unsustainable, and a new
approach has to be found.

In answer to the posed research question “How
can the current spatial limitations of riverine
territories, caused by the increasingly dyna-
mic shifting hydrological cycle, be mitigated
through integrative design?” it can be said that
the rigidity of the system creates an inability

to meet the demands posed by the increasing
dynamicity and fluidity of the discharge regime.
In other words, the perspective based on the
projected changing hydrological cycle shows
us two completely opposing systems; one rigid,
one fluid.

A design solution might be found in the high le-
vel of scale and abstraction, adopted during the
monographs’ cartographic work. This allows for
the conceptualizing of an integrated system on
a high functional scale, which will work down
into a parallel, complementary and synthesized
system on the lower spatial scale levels. If the
projection shows a space of a dual nature, the
potentiality to actively promote and widen so-
lution space as an alternative to the integrated

riverbed, the potentiality lies in the deliberate
expansion on the idea of parallelization.
Therefore, the proposition based on the rese-
arch is as follows; the rigid anthropogenic river-
scape is unable to meet the fluidity demanded
by the shifting hydrological cycle.

The answer to the research question is the
following: the spatial limitations of the riverine
territory can be mitigated by applying an inte-
grative design on a high scale level, allowing for
spatial segregation into a complementary set
of systems on the lower scale. By extracting the
rigid objects and relocating them, the river can
be allowed to flow dynamically.



Research Question 1

How can the current spatial limitations of riverine
territories, caused by the increasingly dynamic
shifting hydrological cycle, be mitigated through
integrative design?

Proposition 047

The rigid Dutch anthropogenic riverscape is unable

to meet the fluidity demanded by the increasingly
dynamic hydrological cycle

Conclusion

Spatial limitations of the riverine territory can be
mitigated by applying an integrative design on a
high scale level, allowing for spatial segregation
into a complementary set of systems on the lower

scale
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2.2.1 Riverine Regimes

The riverine territory is inhabited by socio-tech-
nical regimes. These socio-technical institutions
have placed themselves in the system, adapting
to local conditions and opportunities. They also
are the reason for many of the adaptations of
the territory to increase usability and producti-
vity. This iterative relationship will change due
to the consequences of the shifting hydrological
cycle. In order to fully understand how the regi-
mes currently place spatial demands onto the
river system, and how this can be projected to
change in relation to climate change, they are
investigated separately.

The main focus of research is the relation bet-
ween the spatial demands of the river system
and flow characteristics. The research will aim
to answer the following research question:
“How can the socio-technical regimes adapt to
the changing hydrological cycle through inte-
grative design of the riverine landscape?”

Navigation

Navigation has to become increasingly impor-
tant due to the modal shift. Its main spatial
dependency lies in the consistency of stan-
dardized fairway breadth and depth, which is
threatened by increasing dynamics in riverine
flow. Compartmentalization of free flowing
waterways with hydraulic structures is needed
to ensure year-round reliability.

Flood Control

The regime of flood control is characterized

by its probabilistic measure of flood hazard,
resulting in designed water- and discharge
levels which are the basis of the safety struc-
tures. Free, uninterrupted flow is key, with a
preferred reduction of hydraulic roughness over
increasing available space to stay within the
designed limits.

Eco-hydrology

Eco-hydrology is focussed on integrating hydro-
logical and biological components of freshwater
ecosystems, based on the ecological functions
of flow characteristics in rivers and catchments.
In order to connect to lateral habitats and longi-
tudinal particle movements, a free, variable and
most importantly uninterrupted flow is needed.

Drought Management

The Dutch water system is vulnerable to hy-
dro-meteorological extremes. It is highly
adapted to the rapid transmission of peak
discharges, but unable to mitigate drought.
Further compartmentalization of waterways
and surface flows is needed to prevent the
expedient discharge of water during periods of
scarcity, while bifurcation of flows for retention
and storage is needed to proactively manage
reserves.

Figure 12: Complexity of combined regimes

Figure by Goselink, 2021
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2.2.2 Regime: Navigation

Navigation has, as has already been empha-
sized several times in this report, along with
flood defence always been the most important
regime within the riverine territory. Due to the
large economic importance of inland waterway
transport (IWT), year-round reliability of the sys-
tem is key (Rijkswaterstaat, 2020). The drought
of 2018 has been a wake-up call to many
people, exemplifying the threat of the changing
hydrological cycle for inland navigation (Reijnen
Rutten, 2020).

The shallowest water depth in the IJssel was
measured at 1.45m (van Hussen et al., 2019).
International agreements state the minimum
available depth should always be 2.80m, which
was for the Upper-lJssel already lowered to
2.50m. Rijkswaterstaat already dredges the
|Jssel twice a year to ensure enough water
depth. The meandering character of the IJssel
makes it specifically difficult to navigate and
maintain, especially in the face of increasingly
low discharge rates (Rijkswaterstaat, 2020). Du-
ring the summer of 2018, the price to get goods
shipped went up in general 30%, while this
would provide only 25% of the original capacity
per ship. Total damages in the sector due to the
drought are estimated to be between 140 and
345 million EUR (Hussen et al., 2019).

As transport temporarily had to be shifted to
road based modalities, the reliability of INT as
sustainable modality in the future was started
to get questioned. With both growing capaci-
ty per ship and absolute tonnage, the 1Jssel

(which is already a difficult river to navigate)
will become insufficient. Simultaneously, the
EU has expressed a plan to shift transport from
road to railroad and IWT. In order to reach the
goal of increasing IWT capacity by 25% in 2030,
and 50% in 2050, the system has to be expan-
ded and its assets managed more efficiently
(Hacksteiner & Rycquart, 2021).

In conclusion, the most important factor of IWT
in the relation to climate change is the year-
round reliability on the modality, based upon
the available fairway breadth and depth. Free
flowing rivers will not be able to provide this
certainty, therefore the necessity and pressure
to start planning the compartmentalization of
inland waterways with weir- and lock structures
isincreasing in order to prepare the system for
both the modal shift and the shifting hydrologi-
cal cycle as was also stated by Kraaijenbrink &
Lindeboom (2019).

Figure 13: The systemic functioning of the IJssel in the inland
fairways network from a navigation perspective

Figure by Goselink, 2021
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2.2.3 Regime: Flood control

In the Netherlands, flood protection structures
are viewed through a set of flood safety levels
based on the maximum return times which
are acceptable, in relation to the probability of
flooding (flood hazard) and the expected da-
mages of flooding in an area (Brouwer & van Ek,
2004). Dike slope, width and height standards
are based upon design water levels; the water
level the dike has to be able to withstand. The
designed water levels are related to a probabi-
listic occurence, corresponding to a protection
level between 1/1.250 and 1/10.000 (van Stok-
kom et al., 2005).

The design water levels are related to design
discharge rates, but measures can be taken
separately to decrease water level, discharge
rate of both (Jonkman et al., 2018).. Accor-
ding to Rijkswaterstaat (2017), vegetation and
sedimentation are processes of deterioration of
the Dutch Rivers, causing reduction of discharge
capacity. The maintenance of riverbeds and
floodplains between the dikes ensures a free
flow and a quick discharge of river water (Brou-
wer &van Ek, 2004). Rijkswaterstaat acts as
manager of the river (load), while waterboards
are responsible for strengthening the dikes
alongside the river. Next to minimizing risk due
to reducing of flood hazard, another opportu-
nity to reducing the value in the risk equation

is reducing damages when flooded, e.g. giving
more space to the river (Vis et al., 2003). Natu-
ral dynamics, resilience and flexibility of water
systems have been regarded as potentially
effective flood risk reduction means since the

flooding of 1993 and 1995 along the Rhine and
Meuse (Brouwer & van Ek, 2004). The Room for
the River project is an example of this approach,
as are the recently developed green rivers near
Veessen-Wapenveld and Kampen.

The demands on the flood control infrastructu-
res are changing due to increasingly stringent
standards, increase in discharge volumes and
current (and projected) increase in riverine

use (Jonkman et al., 2018). In relation to flow
characteristics, a quick, free flowing discharge
within its designed level and discharge rate

is eminent. Reducing hydraulic roughness of
vegetation and sedimentation, or increasing
space through ‘green rivers’ can aid in retaining
the safety standards during the projected peak
discharges.

Figure 14: The flood defence perspective on the IJssel, showing
dike segments and prospected risk of damages

Figure by Goselink, 2021
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2.2.4 Regime: Eco-hydrology

The regime of eco-hydrology is focussed on
integrating hydrological and biological compo-
nents of freshwater ecosystems to enhance and
restore resilience against anthropogenic stres-
sors (Zalewski et al., 1997). The scientific field
of eco-hydrology has emerged in the 1990s,
researching the impact of hydrology on eco-
systems and vice versa (Hannah et al., 2004). It
aims to asses and manage freshwater reserves
and resources in a sustainable manner, based
on the ecological functions of flow characteris-
tics in rivers and catchments.

The inherent character of rivers as longitudinal
ecological corridors is pressured by continued
interruptions into the system by anthropogenic
barriers, pressing the distribution of species
due to the interference in reproductive, feeding
and population patterns (Branco et al., 2014).
The barriers change the hydrology through not
only physical disconnection, but according to
Cote et al., (2009) also alteration of flow veloci-
ty, water depth, thermal and discharge regimes
and sediment transport while it should provide
continuous exchanging of energy, organisms
and matter (Ward & Stanford, 1995).

The physical fragmentation of habitat is a major
anthropogenic factor in the decline of biodiver-
sity, specifically within riverine aquatic ecosys-
tems (Rolls et al., 2014). This interruption and
pressure has, according to Branco et al. (2014),
led to decreasing populations of over 50 % of
the threatened fish species within Europe.

In order to increase habitat- and biodiversity,
temporal variation in flow conditions has to be
increased. The aquatic connection between
the main streambed and temporary lateral
habitats (like the floodplains) is of the upmost
importance for migratory species. The interlink-
ages between river channel and floodplain are
mainly driven by the frequency and magnitude
of inundation (Fryirs, 2007). Habitat connecti-
vity in riverine ecosystems is fundamental to
the regulation of distribution and abundance
of aquatic organisms (Schumm at al., 1984).
The dynamic nature of rivers as spatially and
temporally variable environments in which
suitable habitats for diverse species are conti-
nuously isolated or connected through stream
hydraulics, offers significant opportunities for
the migration. Variation in flow pulses through
anthropogenic barriers might mitigate the effect
of smaller barriers on longitudinal connectivity,
as the temporal overtopping of barriers recon-
nects flows (Rolls et al., 2014).

To increase habitat diversity and improve
settling conditions for species, the variability of
flow, access to lateral habitats and longitudinal
sediment (and seed) movement have to be gre-
atly improved. The related flow characteristics
are based on the premise of free, variable and
most importantly uninterrupted flow.

Figure 15: An eco-hydrological perspective on the IJssel, contai-
ning its tributary rivers and catchment basin territory

Figure by Goselink, 2021
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2.2.5 Regime: Drought management

The Dutch water management system has
shown to be vulnerable to hydro-meteorolo-
gical extremes, especially in relation to preci-
pitation- and riverine discharge deficiencies
(Veraart et al., 2010). Drought is the result of a
precipitation deficiency combined with raised
evaporation rates. Different types of drought
(agricultural, hydrological, meteorological and
socio-economic) can occur over several spa-
tio-temporal scales (Wang et al., 2016). The term
drought should therefore be used with caution.

The dry summer experienced in 2018 led
through the hydrological cycle from a meteo-
rological drought to depletion of soil moisture
and a lowering of subsurface ground water.
Both surface and subsurface fresh water reser-
voirs were influenced, leading to deficiencies
affecting both natural processes and human
activities (van Hussen et al., 2019).

The fresh water supply network depicted to

the right shows a balanced and highly mana-
geable system (Klijn et al., 2012). However, now
the hydrological cycle is projected to increase
periods of precipitation deficiency or drought as
experienced in 2018, 2019 and 2020, the system
has to be managed proactively to avoid uncon-
trolled output of fresh water, but rather divert,
store and retain water when possible. Especially
in the areas reliant solely on precipitation, of
which the hinterland of the IJssel catchment is
a large part, a radical change in functioning of
the system is needed. The current water ma-
nagement system founded on the premises of

discharge will be the basis of the new system,
but the transition has to be made towards a
robust system of conservation (Rijkswaterstaat,
n.d.). The regime of drought management has
to therefore be developed incorporating - but
limited to - the fresh water supply regime.

In conclusion, it can be said that adaptation of
existing - and overall increase of - infrastructure
has to be implemented to be able to efficiently
manage the available fresh water during preci-
pitation shortages throughout the Netherlands.
Diversion of high water during periods of excess,
and the compartmentalization of free flowing ri-
vers during shortages will lead to a more robust
and resilient system.

Figure 16: A drought management perspective on the functio-
ning of the IJssel within the larger Dutch context

Figure by Goselink, 2021
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2.2.6 Regime Projections

In regards of the hypothesis of the sub question,
the proposition put forward by the separated
research into the different riverine regimes is
clear. The spatial demands made in relation to
the flow characteristics are projected to move
simultaneously into two opposite directions:
free, variable flow for flood control and eco-hy-
drology, and compartmentalised consistent
flow for navigation and drought management.

In regards of the posed research question “How
can the socio-technical regimes adapt to the
changing hydrological cycle through integrative
design of the riverine landscape?” the proposi-
tion has to be related to the integrative design
assignment which results from the explorative
exercise. The adaptation of the regimes to the
hydrological cycle demands a further specia-
lization of the territory in providing conditions
in which the regime can thrive. In other words,
the spatial demands of the regime are exposed
and extrapolated in the face of an increasingly
extreme environment.

The extrapolation projects a more stringent
spatial demand onto the riverine landscape,
through which the landscape has to be adapted
and the regime gets embedded deeper in the
overall functioning of the landscape.

The conclusion towards the posed research
question is therefore that the increasingly op-
posing needs, as displayed per socio-technical
regime, demand a higher level of adaptation
of the riverine landscape to the regime. This

results in growing incompatibility between the
separate conflicting territorial claims.

A synthesis between spatial form and flow
characteristics demanded by the separate
regimes appears to be once more applicable on
a larger scale of space and abstraction, where
segregation of the actual space in time has to
be considered as a viable solution to the posed
problems.

The central paradox discovered through the
framing process into the themes now appears
clearly. The phenomenon underlying the
problems caused by the shifting hydrological
cycle are related to the question of control over
the natural functioning of the river. Whereas we
have found ourselves on a crossroads 150 years
ago, when in the 1850sopposing views on the
relationship of our society to the rivers were
posed (van der Ziel & Corporaal, 2021). Either an
uncontrollable entity which should and could
not be controlled, against the engineering view
that man would overcome natural systems and
a normal river was considered to be a good
river, now we see a similar opposition in the
research. A question of control, in which we see
how the current engineered system in unable
to accommodate a new natural system, and
simultaneously the regimes operating within
the riverine territory are becoming increasingly
opposites on the subject of free versus control-
led flow. This is the central paradox underlying
the superficial problems we encounter.



Research Question 2

How can the socio-technical regimes adapt
to the changing hydrological cycle through
integrative design of the riverine landscape?

Proposition 059

The separate regimes display increasingly opposing

needs in relation to flow characteristics; in need of
either compartmentalisation or uninterrupted flow

Conclusion

The opposing needs displayed by the regimes aim
towards a deeper embedding into the riverscape, de-
manding more spatial alteration to fit their needs,
resulting in incompatibility of the

conflicting territory
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3.1.1 Synthesis

The previous research questions have led to
propositions showing both increasingly incom-
patible spaces, and increasingly incompatible
trends within space. Both the riverine territory
and the socio-technical regimes show are gro-
wing apart. A synthesis of the two previous pro-
positions can lead to two possible outcomes;

1) a spatially integrated system based on the
principles put forward by the 2 complementary
systems, gained through a process of consensus
seeking, or 2) a spatially segregated system in
which the two opposing systems can maximize
within their confines.

Now, the first option is what has historically
been done, seeking consensus between all par-
ties involved leading to a mediated optimal so-
lution in which all actors have to accept a lower
level of functioning to allow for compromises.
This would lead to a decrease in performance of
the separate regimes and riverine territory as a
whole, decreasing further and further over time
as the needs and demands become increasingly
opposing. In order to maximize performance

to society, the solution has to be found in a
non-compromising synthesis, e.g. a spatially se-
gregated system which functions as a whole in
the integrative design on a higher level of scale
and abstraction.

In conclusion, it is the performance output
factor which demands an approach of paral-
lelization in space. In answer to the research
question ‘How can the riverine territory and the
socio-technical regimes synthesize, in order to

increase the performance output to society?’

it can be said that synthesis through spatial
integration will not lead to an increase in per-
formance output, however synthesis through
spatial segregation is a promising approach. No
consensus seeking, but rather parallelization of
river management systems allows for perfor-
mance increase in a changing climate.

Through this line of reasoning, the internal pa-
radoxal relations in the riverine territory are am-
plified; the aspired value to both adapt to the
shifting hydrological cycle, AND increase per-
formance to society, is not possible within the
current societal and political framework based
on consensus seeking between all parties, as

is derived from the integrated approach. In this
framework, compromises are needed, resulting
in decreasing performance for (at least) a porti-
on of the outputs of the territory. Therefore, the
paradox is expanding to encompassing not only
the conflicting territory but also a paradoxal
relationship between the parties involved in the
decision making process.

The key thesis of the paradox and aspired
values is the following: In order to both adapt to
the shifting hydrological cycle and increase per-
formance output to society, a single integrated
river cannot suffice. Therefore, a spatial decom-
position into a segregated parallel river system
will both amplify and visualize the internal pa-
radoxal relationships as discovered through the
act of conscious framing, while it will be able to
meet the demands of the aspired value.

Figure 17: Synthesizing in order to increase performance

Figure by Goselink, 2021
Based on:
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3.1.2 Retrospective: Canalisation a/ongside the IJssel

In the 18th century the IJssel, and other Dutch
rivers, had to deal with regular flooding due to
high discharges and ice blockages. At the time,
there are two opposing types of engineers in
the Netherlands. The first group is convinced
that man cannot control and restrain nature,
and said therefore that an engineered set of
overflows to inundate agricultural lands during
high river discharges is the best way to ensure
safety. Eventually, even a complete longitudi-
nal bypass canal is proposed in the 1830s to
discharge the water of both the IJssel and the
Nederrijn-Lek, with the motto “The complete
reconceptualization of the Dutch rivers” (van
der Ziel & Corporaal, 2021). The plans are not
completed due to lack of funding and oppositi-
on of local inhabitants.

The following 19th century displays a period in
Dutch history in which many canals were dug
throughout the Netherlands, guided by the
direct influence of King Willem I. In that peri-
od, the Apeldoorns Kanaal planned and built,
initially to connect Apeldoorn to the system of
riverine waterways throughout the Netherlands,
bringing economic perspectives to the eastern
Veluwe-region.

Next to this regional importance for the creati-
on of the canal, the secondary function of the
canal was of (inter)national importance: as a la-
teral bypass along the IJssel River. During high-
and low water levels in the |Jssel, the Jssel was
extremely difficult to navigate. Either due to
insufficient water depth during low discharge

levels, or strong currents during high water. The
canal was also 11 km shorter than the equiva-
lent river trajectory of 66 km, although navigati-
on was hindered by many bridges and locks.

Simultaneously, the IJssel was normalised
several times from the second half of the 19th
century onwards. Eventually, in 1928, the fair-
way within the riverbed was still too shallow,
and could not be made any narrower any more
to increase the depth. When the construction

of the Twentekanalen was proposed, the river
should therefore again be completely bypassed
from Almen to the Rhine at Lobith. However,
during construction of the canal from Enschede
to Almen in the 1930s, plans rose to canalise
the entire IJssel, after which the IJssel bypass to
the east was not realised (Hoefsloot, 1983). This
partially led to the disappointing economical
revenue of the Twentekanalen, as the 1Jssel
limited transport capacity to and from the canal
to the Rhine in the mid-20th century (Heitling &
Lensen, 1984).

After 1955, the shipping along the Apeldoorns
canal declined due to the development of road
transport and the increased channel depth of
the IUssel due to increased dredging and nor-
malisation processes. The continued normali-
sation of the river meant that drought became
less of a problem in the well maintained and
deepened shipping lane, while increasingly
large vessels became big and heavy enough
to conquer the powerful currents during high
water levels.
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3.1.3 Retrospective: Canalisation of the IJssel

The second group of engineers, opposing the
ideas that man cannot restrain natural forces,
gets the upper hand in debates from the mid-
1850s onwards (van der Ziel & Corporaal, 2021).
They firmly trusted in the capacity of the engi-
neering discipline to manufacture the lands-
cape to specification. The irregular, variable ri-
ver is seen as abnormal. Normalisation to them
was perfection, and several plans to completely
canalise the IJssel were proposed.

In the river, several gullies lay next to one
another within a very wide streambed, contai-
ning shallow streams. In 1850, normalisation

of the river started on a large scale, in order to
limit the width of the low water bed (which was
almost everywhere along the river much too
wide in relation to the available discharges),
eliminating sand banks and islands splitting
the river channels, and cutting through sharp
corners (Hoefsloot, 1983). When the works had
been completed in 1928, the shipping channel
depth was still too shallow, even though further
narrowing of the channel was impossible due to
growing ship sizes.

During the mid-20th century, plans revolving
around the complete canalisation of the IJssel
were once again seriously researched, debated
and considered. Originally, the canalisation of
the lJssel was planned to improve river naviga-
tion on the [Jssel itself and - by redirecting more
water - the Neder-Rijn as well. This plan was
reversed when research showed the dramatic
decrease of water supply towards the IJssel-

meer due to the projected system of locks and
weirs, thereby endangering this fresh water buf-
fer. This led to the canalisation of the Neder-Rijn
instead of the Jssel (Rijkswaterstaat, 1977). The
perspective from this moment one became to
ensure fresh water supply to the IJsselmeer,
while allowing for continued navigation on the
[Jssel.

The weirs in the Neder-Rijn now ensured a lar-
ger discharge rate on the IJssel, thereby control-
ling the navigability of the water level and fresh
water availability. It was already noted that
during dry summers, referring back to 1947 and
1949, even the canalisation of the Neder-Rijn
would be unable to prevent the water levels in
the [Jssel from dropping to a point where ship-
ping would become impossible (de Jong, 1965).
This was predicted to be the first and foremost
reason in the future that could lead to the
canalisation of the IJssel, which was estimated
to cost fl. 200 million (550 million euros today)
(CBS, n.d.).

Other scenarios in which canalisation of the
[Jssel could be expected were mentioned in
the 1965 report as well. It could be beneficial in
order to:

Redirect more water towards the fresh
water reserves in the south of the
Netherlands instead of the ljsselmeer.

In order to redirect more water to a possible
drought in the south of the Netherlands,



the 1Jssel would be dammed. In order to still
ensure shipping, the river would then have to
be canalised.

To protect the IJssel during extreme
peak discharges of the Rijn.

This would lead to less pressure on the safety
alongside the IJssel, which would save money
on the continuous strengthening and heighte-
ning of dikes and water control infrastructure.

To build a weir near the [Jsselkop at
Westervoort in order to protect the
lisselmeer’s fresh water in case of Rhine
contamination with toxines,

More research into the canalisation of the IJssel
was conducted after a toxic spill of heavy metals
in the Rijn caused massive fish death in 1969.
The Netherlands were confronted with a con-
crete threat of calamity in or along the river. The
consequences for the [Jsselmeer could have
been disastrous if the toxin levels would exceed
acceptable levels for too long, starving the
north of the country of its fresh water reserves.

Logically, the idea was coined to create the
possibility of temporary interfering in the fresh
water feed. The consequence of that for the IJs-
sel would be a complete water depletion after
several days had passed, leading to irreversible
and unacceptable damages (de Jong, 1965).
Canalisation to control the water level would
once again be the preferred measure.

Two other new initiatives were included in the
considerations as well. First, the canalisation of
the IJssel in order to increase navigability across
the Waal River, which would be made possible
by diverting a larger portion of the available Rhi-
ne discharge towards the Waal. Secondly, the
project ‘Water infiltration in the Veluwe’ , would
need to receive a permanent amount of 15 m3/
sec., which was planned to be subtracted from
the [Jssel. A subtraction like this was deemed to
be absolutely impossible in case the depth for
shipping would not be guaranteed by canalisa-
tion (Rijkswaterstaat, 1977). 067
In 1977, it was expected that none of the afore

mentioned reasons in itself would lead to

the canalisation of the IJssel, although it was

deemed quite plausible that a combination of

those would be enough incentive to start the

transformation.
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3.1.4 Strategy: the Key Position

The parallel system based on the identified pro-
blems of the spatio-temporal riverine systems
can be regarded as a thinking exercise aimed to
widen solution space in riverine climate adapta-
tion. It is not proposed to be ‘the solution’, but
is regarded to be a viable alternative that might
put the current Dutch practice into a different
perspective. It is about the way in which the fu-
ture can be conceived, and the way in which we
choose to engage with it; in order to get from a
compromising position towards a continuously
optimizing and thriving deltaic society, large
scale interventions are a realistic necessity.

In order to capitalize on the value of Research
by Design, the essence of the project is aimed
at both the designed methodology and spatial
intervention on the smaller scale in order to vi-
sualize and translate the possibilities. The exact
location of the trajectory is within the context
of the project proposition not of major concern,
as the aim is to use Research by Design as a
method to investigate and identify the potential
of the concept, rather than to propose a detai-
led plan.

Important is Aow the canal and river could be
developed in light of the synthesis of space and
socio-technical regimes, and what would possi-
bly be encountered that could be integrated as
collateral benefits.

The strategy model to the right shows the paral-
lel spatial system projected onto the territory.
The lateral canal and naturalizing river are de-

signed separately in the parallel system, as this
allows for maximization and optimization of the
regimes within their territories without compro-
mises. The exercise will aid in showing both the
full potential of the parallel system, as well as
increasing the understanding of the underlying
phenomenon as discovered in the framing.

The approach of parallelization also brings
forward a secondary benefit; throughout the
process of segregated designing, the opportuni-
ty arises to adopt two separate viewpoints and
visualization styles to increase the opposition
and provide a detailed insight in the synthesis
of ideologies as well. This will aid in the iden-
tification of criticalities and point of friction
within integral river adaptation, allowing for the
expedient understanding of the complexity of
integrative practice in interdisciplinary projects.

In order to visualize the opposing and comple-
menting values from the separated systems in
relation to each other, the third design will show
how the systems will intersect and interact. By
visualizing this, the difficulties experienced in
spatial integration will be made explicit through
the act of designing. This final design will also
consist of eye-level views, in order to show

how the system engages with- and alters the
surrounding riverine territory through experi-
ence of the landscape. Through movement, the
complex rigid and dynamic composition can be
understood best.

Figure 18: Strategic methodology and design model
Figure by Goselink, 2021
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In order for design practice to widen the so-
lution space, it is imperative that it increases
both the understanding of (a part of) the larger
problem within its societal context, and provide
a new perspective on possible ways of solving
this issue. Therefore, to expand upon the key
position provided by the framing phase of the
design process, the strategy will be built on the
premises that the two identified opposing sys-
tems should become separated systems next to
one another, instead of integrated within each
other. To amplify this scenario and increase in
depth understanding of the complexity and pa-
radoxal interrelationships, three design experi-
ments or exercises are conducted. First the two
separate systems will be specialized and within
solely their needs and context (experiment | and
S) after which they will be designed in an co-exi-
stence in the territory. In order to do so, the pro-
jected trajectory of the lateral canal bypassing
the IJssel river, will be placed to intersect along
its path, near Fortmond (O).

The design experiments aim to design separa-
tely in order to amplify and visualize (currently
internal) oppositions, while the trajectory
deliberately crosses at Fortmond (O) in order to
discover the difficulties of the projected system.
In design, you seek to solve not the average
scenario, but investigate the extreme scenario
in which most paradoxal relations are found
and combined (Dorst, 2006). By aiming at syn-
thesis and a reciprocal relationship between the
separated parallel systems, integrative design is
implemented alongside the in itself already in-

tegrated approach of conscious framing. In this
exercise, design practice differs from problem
solving in the engineering disciplines, where lo-
cal context is deliberately isolated to be able to
model and thoroughly solve a specific problem
in a specific set scenario (Dorst, 2011).

The design location X at Fortmond is an expan-
sion upon this typical design process, while
the spatial decomposition in the two parallel
design locations (I & S) functions as an addition
to deepen the understanding of the underlying
phenomenon of the core design paradox.

19
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3.2.1 Design Experiment I: The Lateral IJssel Canal

The design experiment | shows the rigid spa-
tial and functional principles of navigation, in
combination with drought management. The
conceptual design allows for a further speci-
fication of the system spatially, highlighting
and emphasizing both its influence within the
current integrated riverscape, as the potential
future of the systems.

The two main findings of the design experiment
are the potential to interfere in the underground
draining capacity of the IJssel, which currently
draws groundwater from the entire eastern

part of the Netherlands (Reit et al., 1996). The
second finding is the realisation that the canal is
unable to directly be influenced by the tributary
streams it intersects with, so in order to use the
water as a supplement during shortages a se-
condary buffer system has to be designed along
its trajectory. The experiment shows a greatly
invasive design towards the current functioning
(and natural substratum) of the territory, in
order to enhance upon the concept of complete
controllability of the system and region. Design
experiment S will subsequently research what
will happen to the river in case (mostly navigati-
on) will be extracted from the territory.

With the sheet pile interference of the near
subsurface flow, or shallow subsurface water
transporting layer, the groundwater table in to
the east of the canal can be controlled as the
new buffer channel becomes the water body
with either an infiltrating (high water level, low
ground water table) or draining (high ground-

water table, low water level) of the area.

This means that by heightening or lowering this
table, the ground water level in the east of the
Netherlands can be altered. This allows a proac-
tive management of the fresh water resources
towards the east, as pre-emptive heightening or
lowering of the water table can buffer reservoir
capacity in the subsurface ahead of dry and wet
periods.

As the deeper subsurface flow still continues
(30m below ground level and deeper), the area
is still connected to the deep groundwater flow
which puts it in contact with the water buffer of
the Veluwe, which drains down towards the east
(Anoniem, 1985). This will thereby increasing
water in the area (Reit et al., 1996).

Figure 20: Design experiment I on a high scale level

Figure by Goselink, 2021
Based on:

AHN (n.d.). Actueel Hoogtebestand Nederland. Retrieved on: 03-03-2021.
Retrieved from: bitps:/ | abn.arcgisonline.nlf abnviewer/

Anoniem (1985). Ontwerp primair grondwaterstandsmeetnet Gelderland.
DGV-TNO, Rijkswaterstaat Directie Waterhuishouding en Waterbeweging,
Provincie Gelderland Dienst Waterbeheer

DINOloket (n.d.) Ondergrondmodellen. Retrieved on: 03-03-2021. Retrieved
Sfrom: https:/ | www.dinoloket.nlf ondergrondmodellen
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The water level of the shipping channel (KP) is,
for this part of the trajectory, set at the same
level (NAP) as the Twentekanalen to connect
to this system. This means that the water level
has to be maintained within 15 centimetres

of the KP at 10 meters NAP (Rijkswaterstaat,
2014). The fluctuating water levels from tribu-
tary streams therefore have to be averaged and
levelled before interacting with the lateral canal
to ensure year-round stability of the water level
as needed for the continuous inland waterway
system (Rijkswaterstaat, 2020).

When designing the lateral canal in more detail
on the lower (both abstract and physical) scale
level, the context of the location becomes more
important for the embedding of the system
within the territory. The tributary streams
intersecting the secondary channel have to be
connected through weirs and sediment traps
to prevent sedimentation and inflow of organic
material. This process would decrease the buf-
fer capacity and increase hydraulic resistance
within the system (Rijkswaterstaat, 2017).

This results in a lateral canal at a set water level
between locks for shipping, with a fluctuating
buffer channel at the territorial level controlled
with weirs. Embankments can be constructed
from locally excavated soil to ensure circular
soil management in the project. A note has to
be made on the influence of the sheet pile inter-
section of the shallow subsurface water trans-
porting layers. As the ground water level to the
east can now be influenced directly, the territo-

ry between the lateral canal and the [Jssel will
be depleted of this water. It will be completely
reliant on the water level of the IJssel, which
means this will become increasingly instable
(Attema et al., 2014).

This could be one of the most stringent argu-
ments to change the proposed trajectory of the
lateral canal if this measure is considered for
application. This realisation shows that when
the conceptual and abstract design proposal is
formulated, it has to be continuously adapted
when designing through the scales, as more de-
tailed contextual information becomes of high
importance for the succeeding of the plan.

Figure 21: Design experiment I on a low scale level

Figure by Goselink, 2021

Based on:

AHN (n.d.). Actueel Hoogtebestand Nederland. Retrieved on: 04-03-2021.
Retrieved from: hitps:/ | abn.arcgisonline.nl/ ahnviewer/

DINOoket (n.d.) Geotechnisch sondeeronderzoek BRO. Retrieved on: 20-06-
2021. Retrieved from: https:/ | www.dinoloket.nl/ ondergrondgegevens

Rijkswaterstaat (2014). Twentekanaal. Kijk op de ruimtelijke kwaliteit
van kanalen. Retrieved on: 02-04-2021. Retrieved from: hitps:/ | docplayer.
nlf 557304 10-Twentekanaal-kijk-op-de-ruimtelijke-kwaliteit-van-kanalen.bim!

Koedjjk, O. C. (red.) (2020). Richtlijnen Vaarwegen 2020. Rijswijk: Rijkswa-
terstaat Water, Verkeer en Leefomgeving
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3.2.2 Design Experiment S: The Renaturalizing Riverscape

The lJssel has a strong meandering character,
which leads to a (relatively) high level of sedi-
mentation in sharp river bends (Rijkswaterstaat,
2020). Although the IJssel is dredged in general
two times per year (so called ‘hotspots’ more
often), seizing these activities will not lead to a
drastic renaturalization of the river by itself. Se-
dimentation will occur in some bends and raise
the mean riverbed depth, although the profile
will not change drastically. Over the past centu-
ries, especially since the firm believe in the en-
gineered and manufactured landscape from the
1850s onward, a large amount of material went
into the normalisation and straightjacketing of
the river (van der Ziel & Corporaal, 2021). These
elements posed an opposing force, subjecting
the natural processes of the river. Now, the river
will not be able to take over without interferen-
ce to disrupt the status quo of the territory.

The proposition therefore is to force the river
out of its current riverbed, so that is will once
again start to sediment and erode within the
floodplain areas, leading to a kick-start of the
renaturalization effect. This opposing force,

or object, will be placed within several large
bends in the Upper-lJssel, where plenty of
floodplain area can start the sedimentation and
erosion processes without endangering flood
protection structures. The available sediments
will be deposited downstream, amplifying and
speeding up the river rehabilitation (Florsheim
et al., 2008). The proposition is to leave current
objects in place, and to not alter and excavate
the territory to a state that we identify to be

natural, but let the river act on its own. The
basalt blocks of the groins will be left in place,
as remnants of past infrastructures. They will
create a new habitat, leading to a specific bio
diverse environment which is created on top of
past human interference, not resembling a na-
tural environment in itself. The force and weight
needed to move the river from its contempo-
rary context and equilibrium, shows the force
that went into creating the current flow path
over the past centuries. These anthropogenic
anchors show the shifting view of the system,
marking the beginning of a new era. The project
proposes a certain visibility and tangibility of
our influence, hence not trying to erase past
measures.

The aspect of temporality is, in opposition

with the canal projection, very important in

this conceptual design. The design acts as an
implement in order to start and initially guide

a process, which will successively take place

on its own afterwards. The creation of a certain
habitat type is, as previously mentioned, depen-
dent on micro-topographic circumstances, as
well as on the amount of flow (Corenblit et al.,
2009).

Figure 22: Renaturalizing the IJssel, now deplete of navigation
purposes

Figure by Goselink, 2021
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In the conceptual drawing to the right, the
projected habitat is shown in the flow path
confinements. The flow path is indicative of a
rapid process of local erosion and sedimentati-
on turning the shallow substrate layers upside
down. There is the potential that seeds in the
subsurface might rejuvenate once brought to
the surface again.

After the initial rapid meandering (10-20 years),
the flow path will start to settle and embed itself
into the territory through backward erosion of
the terraces next to the bed (Julien, 2010). From
this moment on, succession of vegetation and
animal species will start to occur on a larger
scale, finalizing the newly created environment
(Corenblit et al., 2009).

The aim is to obstruct the flow, thereby utilizing
the force of the flow to identify and create its
own flow path, dedicated to the contemporary
flow regime and discharge rates of the IJssel.
The large meander at the location is a reference
to a past discharge rate, as the |Jssel received a
larger portion of the Rhine discharge between
1100 and 1424 AD (van der Ziel & Corporaal,
2021). This meander is now set in place, as it is
not only strengthened with groins and embank-
ments, but the river simply does not have the
force to shape its flow path.

The new path finding of the river allows for the
creation of a fitting and proportionally scaled
riverine landscape, in which many different
habitats are developed in rapid succession. This

allows the system to both kick-start the sedi-
mentation process further down river, and also
create hotspots of habitat and species diversity
spread throughout the riverine territory of the
Upper-lJssel through the regulation of flux,
system stability and energy transmission in the
landscape (Jones et al., 1994).

The most important way in which the river can
renaturalize itself is by sediment transport in
which seeds and spores are carried, which will
then spread and plant throughout the flow
paths and floodplains (Dirks et al., 2014). The
design concept is showing how from the point
of interference in the current riverbed, a trajec-
tory of flow can be identified. This flow path is
characterized by micro-topographic elements
in the floodplain areas, e.g. small gullies and
meander ridges which will guide the flow
through the lowest parts of the territory (Naeem
& Wright, 2003). Secondly, the erodability of
both the specific subsurface constructs of soil
density, as well as the presence of vegetation
types with complex or rigid root systems, con-
taining the soil in place and therefore resisting
(although temporarily) the erosion process
(Coulthard, 2005).

The eroded material will aggregate within the
existing bed downstream, in the Lower-1Jssel
area. The overall mean water levels will the-
refore slowly rise, leading eventually to an
increasing need for space to accommodate the
riverine territory.

Figure 23: Temporal habitat creation and succession by erosion
and sedimentation of the new bed

Figure by Goselink, 2021
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4.1.1 Design Experiment X - Fortmond (O)

Fortmond is the name of the area and former
brickworks in the inner bent of the 1Jssel bet-
ween Den Nul and Veessen. The large meander
is the tell-tale sign of a high discharge rate in
the past. Between 1170 (Aelmere becoming
Zuiderzee) and 1424 (consecutive St. Elizabeths-
vloeden) the IJssel was the shortest route from
the Rhine towards the north sea. After 1424,

a dramatic decline of flow through the IJssel
started centuries of continuous sedimentation
problems (van der Ziel & Corporaal, 2021).

The carved riverbed was too large for the cur-
rent ljssel discharge rates, resulting in a braiding
river prone to ice blockages and not suitable for
shipping. Plans were made in the 1830s, favou-
ring a central navigation channel and a spillway
to prevent floodings (H. F. Fijnje, ca. 1830). This
plan shows one of the earliest large scale plans
integrating flood protection and navigation.

It was a direct consequence of consequetive
floodings throughout the previous years caused
by ice blockages during spring. It simultane-
ously instigates the engineering perspective of
the constructed landscape, in which enginee-
ring will overcome the natural environment
(Boersma, 1995).

The current riverscape is characterized by the
towering chimney of the former brickworks
facility, which has left its marks in the riverine
territory through its excavation of the surface.
After the production of bricks stopped, the pits
were used to extract sand and gravel, leaving
deep marks in the territory.

In 1989, the Duursche Waarden became one
of the pilot projects of renaturalization in the
Netherlands (Dirks et al., 2014).

Figure 24: Extractivist and renaturalized landscapes at
Fortmond

Figure by Goselink, 2021
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4.1.2 Spatial Characteristics and Accessibility

The map to the right shows the projected
intersection of the lateral canal with the secon-
dary buffer channel in the riverine territory of
Fortmond. As the flow characteristics should

be separated at a systemic level, two detailed
design interventions will be produced on the
lowes scale level. First, the connection of the
secondary buffer channel at the territorial pla-
ne, which is used to show both the potential for
synergy between the complementary parallel
systems, as well as the highlighting of the diffi-
culties and complexities experienced when this
integration on the lowest scale level is achieved.

Secondly, the lateral shipping channel itself will
be raised from the territory and juxtaposed to
the IJssel, in order to emphasize and show the
opposition between the systems in direct relati-
on to one another. Simultaneously, it allows for
the identification of potentialities in the space
in which the both systems will interact.

The lateral shipping channel cannot be connec-
ted to the fluid riverscape directly, as the fluctu-
ations and currents would undo the controllabi-
lity of the system in itself on the large scale.

Figure 25: Projection
Figure by Goselink, 2021
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4.1.3 Systemic Connection

In design practice, proactive problem seeking in
the direct confrontation of the paradox leads to
the most interesting spatial challenges (Dorst,
2011). In this case it emphasizes the difficulties
experienced when integrating flow characte-
ristics and their spatial constraints. The secon-
dary buffer system, as designed for the lateral
shipping channel to absorb fluctuations from
the intersected tributary streams, connects to
the natural riverscape through an outlet at the
Fortmond intersection.

Although the two systemic functions based

on flow characteristics are kept separately,

the deliberate connecting of the two systems
emphasizes the difficulties experienced when
integrating both parallel systems and their
spatial restraints. In order to achieve not only
the integrated but also the integrative design,
the possibilities of the secondary channel to
function simultaneously for eco-hydrology and
flood control are embedded in the design. The
images to the right show lateral and longitudi-
nal sections of the spillway design with red and
blue elements representing the two parallel
systems.

The buffer system can aid in temporarily
discharging or storing large volumes of water
in the riverine hinterland for proactive drought
management. These buffer streams will have
atemporal interlinkage with the river, through
which it can aid in the abundance and distri-
bution of aquatic organisms. Frequency and
magnitude of connectivity drive and regulate

species distribution. The anthropogenic barrier
can be constructed as a spillway to suffice in the
storing capabilities of the system, as temporal
overtopping of barriers is enough to reconnect
flows (Rolls et al., 2014). The structure now has
to be designed for water levels which simulta-
neously maximize buffer capacity and allow for
regular overtopping: two conflicting and oppo-
sing restraints demanding compromises.

To ensure free flow and maximal discharge
capacity of the channel, regular maintenance to
combat sedimentation and vegetation coverage
will be needed (Brouwer & van Ek, 2004). For
this purpose, sedimentation and vegetation

are not allowed as they will cause deterioration
of the channel and capacity (Rijkswaterstaat,
2017). For the habitat connectivity and in order
to function as temporal habitat for diverse spe-
cies, sediment transportation and vegetation
are of the upmost importance (Schumm et al.,
1984). In the design, these complementary but
conflicting demands are met through an intrica-
te system creating a secondary bank imitating

a natural system, with a temporal physical con-
nection in case of high water, but only allowing
hydraulic (no physical) connection when the
buffer volume decreases. An integrative design,
combining the paradoxal demands, but ine-
vitably based on compromising orimmense
complexity. It testifies to the conscious act of
problem seeking in design practice, which leads
to interesting design challenges and solutions.

Figure 26: Integrative design of the spillway at Fortmond

Figure by Goselink, 2021
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The potential for including the urban experien-
ce and temporality within the structures in an
early stage, allows for the experiencing of the
new dynamic and non-dynamic environments
more directly.

The design of the spillway shows that confron-
ting the core paradox directly, as a part of the
solution seeking process typical for designing,
leads to interesting design assignments. Howe-
ver, it also leads to compromising of separate
functionalities and the creation of an incre-
asingly complex system of complementary solu-
tions within the integrative design assignment.

Although there are potentialities for synthesi-
zing of the two complementary parallel trajec-
tories on a systemic level, it highlights how this
will spatially inevitably lead to compromising
and increasing complexity. In this, the design
experiment allows for a critical view on this
integrated practice adopted within the Dutch
rivers.

Figure 27:Urban temporality of the use and experience of the
spillway and its connection between in- and outerdike area

Figure by Goselink, 2021

Based on:

Attema, ]., Bakker, A., Beersma, J., Bessembinder, J., Boers, R., Brandsma,
T., Hazgeleger, W. (2014). KINMI'14: Climate change scenarios for the 215t
century—A netherlands perspective. KNMI: De Bilt, The Netherlands.

Meteoblue.com (n.d.) Climate in Deventer, NL. Retrieved on: 30-08-2021.
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4.1.4 Systemic Interaction

In contradiction to the spillway design, the
aqueduct is not an as much an integrative
design, as the functional flow characteristics
and spatial constraints are not interconnected,
but they do interact. In this design, the parallel
system interacts and reacts to one another,
through which synthesis can be obtained.

In order for the raised shipping lane and its
rigid constructs to effectively and most impor-
tant positively interact with the natural stream
and variable flow, not only stream hydrology

is of importance. Underneath the structure, a
fundamentally different habitat is created. In
aquatic habitat creation the alteration of flow
velocity, accompanied by water depth and ther-
mal variability, makes up the most important
components of the habitat typology (Cote et al.,
2009). Combined with discharge of water and
sediment transport, it provide the important
continuous exchanging of energy, organisms
and particle matter (Ward & Stanford, 1995).

As the dark space underneath the structure po-
tentially provides shelter to a large diversity of
small organisms and insects, the structure can
expand upon this aspect by increasing variabili-
ty in flow velocity through systems of riffles and
height differences. This interacts with tempera-
ture, oxygen content in the water and moisture
content in the air, providing suitable settling
conditions for the aforementioned species.

By applying bio-receptive concrete to the faca-
de of the structure, mosses and lichen are able

to easily attach to the object. This creates a sui-
table set-up for biological content to grow upon
the object without compromising the integrity
of the object (Veeger et al., 2021). It highlights
the potentiality of the rigid structure to provide
an increasingly variable anthropogenic habi-
tat, while constraints and consistency of the
navigation fairways is enhanced and amplified
through its extrusion from the territorial surface.

Figure 28: Design experiment of the systemic interaction
between the systems

Figure by Goselink, 2021

Based on:
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As the design encompasses a deliberate interac-
tion between infrastructure and natural proces-
ses, itis important to predict how this relation
will shape the riverine territory. The processes
of sedimentation, transport and erosion are di-
rectly related to the increase or decrease in flow
velocity, influencing the capacity to carry larger
or smaller sediment either as suspended matter
or as bed load (Julien, 2010). In relation to the
structure of the aqueduct, flow from the river
will slow down in front of the structure (former
sand pit underneath the structure on the map
to the right) while it will increase velocity after
passing through the structure when the water
level is sufficiently high (above on the map to
the right). This will create both a sedimentation
and an erosion landscape alongside the struc-
ture.

Feedback mechanisms between habitat- and
landform dynamics are under the influence

of sediment transport and self-organisation

of species within the landscape (Murray et al.,
2008). Major ecological functions driving dyna-
micity of the riverine (aquatic) landscapes are
the nutrient and water cycle, and the decompo-
sition and creation of organic matter (Naeem &
Wright, 2003). Biodiversity regulates flux, system
stabilisation and the exchange of energy and
material within the landscape (Jones et al.,
1994).

Riparian vegetation largely controls the proces-
ses of erosion and deposition in fluvial zones.
Pioneer species inhabiting new areas allow for

vegetative succession and the accumulation of
new sediments containing seeds and diaspo-
ras. Eventually woody structures will take over
these islands and patches, which are of the
upmost importance for the retention of organic
material in case of large destructive events in
the riverscape. It defines the regeneration on
the larger timespan within the combined fluvial
landform and habitat development (Corenblit
etal.,, 2009).

The erosion landscape is shaped through the
geomorphological process of bed- and bank
erosion, which is integral to the functioning

of riverine ecosystems. It provides a crucial
dynamic aquatic and riparian habitat for vege-
tation succession and regeneration (Florsheim
et al., 2008). Bank erosion provides sediment
downstream and modulates channel morpho-
logy, actively changes its bank structures and
habitat, and contributes to large woody debris.

Large resistant vegetation (trees and shrubs)
can alter the flow of a stream immensely, by
resisting erosion and thereby forcing the river
around into a braided pattern creating an
island, or by degrading and providing large
woody debris, which in turn slows down the
near bank velocity and creates a trapping sedi-
ment (Coulthard, 2005). The riffles underneath
the infrastructural object allow for patches of
vegetation and sediment to accumulate, cre-
ating stepping stones between the two lands-
cape typologies.

Figure 29: Sedimentation and erosion landscape
typologies
Figure by Goselink, 2021
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The image to the right visualizes and shows
how the design emphasizes the internal pa-
radox of the design assignment as identified
through the conscious framing. By extruding the
rigid principles from the riverine territory, jux-
taposing the two systems based on flow charac-
teristics within the riverine territory shows the
increasingly opposing demands.

Itis now easier to imagine the immense in-
fluence the practice of embedding this spatially
restrictive principle within the Dutch riverine
territory in relation to other functionalities of ri-
vers. The extrusion and juxtaposition allows the
river to renaturalize and absorb the effects of a
shifting hydrological cycle, while the comple-
mentary parallel system is kept under complete
control.

Figure 30: The extrucion and juxtaposition of the rigid over the
fluid riverscape

Figure by Goselink, 2021
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The Potential Dutch Riverine
Landscape of the 21st Century

Figure 31: Potential of the design experiments at Fortmond (O)

Figure by Goselink, 2021

Figure 32: Section of the design expetiment on systemmic
territorial synthesis

Figure by Goselink, 2021
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5.1.1 Reflection

The limitations of decomposition and abstrac-
tion: posed by the designer and by the scale
(physical context) at which the design process
takes place. It is never fully deplete of a context,
as the framing of the assignment and solution
space is based upon findings and conceptu-
alizations of the situation. However, the key
potential to widen solution space is found in the
combination of conscious framing and a high
level of abstraction. When designing through
the scales, limitations will occur posed by the
physical surroundings in which the detailed de-
sign has to land, therefore the limitations posed
to the level of abstraction will only be identified
in the design process, validating the initial con-
cept or iterating back to make alterations and
start again.

The high level of abstraction, especially in

the early stages of framing the paradox, real-
ly allows the designer to conceptualize the
underlying phenomenon. Simultaneously, it
allows for the construction of the solution space
in combination with these phenomenon. This
level of abstraction has no clear boundaries or
limits, except for the ones the designer poses
upon himself. Therefore, this abstraction is
where most of the new solution space can be
discovered and framed, and the concepts can
be created.

When moving down through the levels of scale,
the level of abstraction automatically moves
down accordingly as more of the realistic
context has to be taken into account and more

detailed information becomes of importance
for the solution seeking. Therefore, it limits itself
gradually, leading to a more tempered and rea-
listic exploration of the initial abstract concept.

In conclusion; yes there are limitation to the
level of abstraction, but only the ones defined
and adopted by the designer. When moving
down the steps of physical scale, the level of
abstraction decreases simultaneously because
of the physical context in which the conceptual
design eventually has to land on the small scale
levels of the territory.

On the small scale level the territory poses uni-
versal problems to be solved. Difficulties found
in the integration or interaction of systemic
functions and conflicting spatial characteristics
cannot be avoided and have to be faced head
on. Therefore again, the high level of scale and
abstraction adopted in the early stages of the
design process are of importance to be able to
come up with new perspectives on the matter.

Where the engineering disciplines are focussed
primarily on problem solving within a clear
context which can be modelled, design allows
for the questioning of the experienced problem
in itself. It asks whether another perspective on
the matter still would experience the constructs
as a problem, or rather a part of a solution. That
is how design is aimed at the creation of mul-
tiple values for different artefact frames simul-
taneously, strongly related to the integrative
design process.



In terms of transferability and scalability, the
design approach is universal and is applied
across the globe by designers. My addition

of consciously abstracting the paradox and
phenomenon initially, and placing extra atten-
tion when framing as it defines and limits the
solution space twice during the process are of
course applicable in all situations. The parallel
riverscape as conceptualized might very well
also be a possible solution in other contexts and
situations, however both problem and solution
were framed based upon research specifically
done on the ljssel River. Therefore, it is possible
that a similar solution suffices in comparable si-
tuations, however it is likely that going through
the design process and the possibilities it opens
up, that a different and possibly complemen-
tary solution can and will be found.

The design thinking process is inherently
integrated (Dutch: integraal) as the first step
consists of the framing of an assignment from
several viewpoints and constructs. The addition
of deliberately aiming for an integrative design
ensures not only an understanding of the diffe-
rent artefact frames, but the drive to synthesize
them all within the design instead of compromi-
sing or deciding upon their value and the need
for integration within the system.

Adaptation of the entire integrated river is
obsolete from the viewpoint of increasing
performance. The discovered underlying phe-
nomenon is based on the internally paradoxal
system which is starting to grow further apart

due to the changing climatic context in which
it is placed, therefore separation is needed and
adaptation of the entire river has been found
obsolete in a scenario leading up to increasing
of all functionalities. This is how the design
thinking has led to a reconceptualization of the
river as a parallel system of complementary
functionalities, thereby creating an integrative
design on the higher scale levels.
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5.1.2 Conclusion

How can zntegrative design of riverine territo-
ries with inclusion of socio-technical re-
gimes, result in water management systems
adapted to the shifting hydrological cycle,
while zncreasing performance to society?

The design approach is fundamentally different
from other problem solving reasoning, and

is mainly through the act of framing and the
simultaneous constructing of a core paradox
and seeking the solution, able to discover new
solution space. The integrative approach of
synthesizing complementary systems instead
of compromising between them, allows to both
adapt and increase performance overall.

In conclusion; How can integrative design lead
to adaptation AND increasing performance?

By framing the problem and solution simulta-
neously on a high scale level leading to new
solution space, which allows an integrative
approach based on synthesis and performance
increase through reciprocal relations instead of
compromises decreasing output discovers new
relations and potentials. That is the value of
design in interdisciplinary assignments.

The key potential to discover new solution
space is found in the all-important combination
of both the conscious act of framing, which is
typical for the design discipline according to
Dorst (2011), and the adoption of a high level of
abstraction to reconceptualise simultaneously
what the underlying phenomenon of the core

paradox are in relation to the solution. In this
proactive process, new solution space can be
found after which the design through the scales
will pose limitations and boundaries which will
test the initial concept and verify whether it
needs alteration.

If the problem description and mission state-
ments of the integral river are expanded, the
space considered in which the solution should
be realized has to be extended simultaneously,
as only through separation of opposing systems
an increase of functionality on all fronts can be
realised.

This is why the demarcation of what is conside-
red to be the riverine territory is directly linked
to the width of the themes which are allowed to
be taken into account in the framing of the pa-
radox, before the actual open-ended problem
solving can actually start.

What is to be considered riverine territory
defines both the width and extension during
the framing leading up to the understanding of
the central paradox of the design assignment.
Simultaneously, it largely confines the soluti-
on space and thereby the possibilities on the
“What” of the design thinking equation. It
limits the solution space therefore twofold, and
should be considered as the most important
factor in the initial widening of solution space
and possible futures.

Figure 33: Result of the design thinking methodology in riveri-
ne climate adaptation strategizing

Figure by Goselink, 2021
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5.1.3 Two-fold Limitation of Territorial Demarcation

The experimental design concepts, aiming to
emphasize opposition between the two sys-
tems and the approaches through which they
are conceived, highlight the boundaries of

the current practice of integral river manage-
ment. Through the process of decomposition
and parallelization of the riverine territory, the
most stringent spatial demands of the separate
socio-technical regimes have been identified,
and translated into demands and principles
which emphasize the character of the singular
regimes. The synthesis of the regimes into two
parallel and complementary systems within the
larger integrative design framework is allowed
by extending the demarcation of riverine ter-
ritory. This opens up the possibility of spatial se-
gregation rather than spatial integration within
the singular riverbed, in order to optimize the
performance of the system as a whole instead
of compromising functionality on different scale
levels. The methodology of decomposing and
reassembling shows promising signs in relation
to the evaluation of current spatially integrative
practices, which can aid in widening solution
space much needed in riverine climate adap-
tation strategies. If the problem description
and mission statements of the integral river are
expanded, the space considered in which the
solution should be realized has to be extended
simultaneously, as only through separation of
opposing systems an increase of functionality
on all fronts can be realised.

This is why the demarcation of what is conside-
red to be the riverine territory is directly linked

to the width of the themes which are allowed to
be taken into account in the framing of the pa-
radox, before the actual open-ended problem
solving can start.

The process of obtaining spatial principles and
designing spatial concepts in parallel allows for
fast research into possible new avenues to ap-
proach riverine climate adaptation, illustrating
the value of integrative research by design ap-
proaches to the traditional research within the
interdisciplinary field. The freedom to explore
conceptual alternatives outside of the current
status-quo, in combination with the visual
nature allowing for discussion and evaluation
on a spatial level in the early stages of planning,
results in rapid expansion of solution spaces. In
conclusion, the thesis project Perspectives on
the IJssel illustrates an alternative future for the
|Jssel, in which an integral approach is para-
mount, but with a methodology build on spatial
decomposition rather than spatial integration.
It questions the design methodologies currently
applied in riverine climate adaptation, as an
extended demarcation of riverine territories as
well as a spatial understanding of the separa-
ted regimes allows for the widening of solution
space. A parallel perspective to obtain an inte-
gral solution.

Figure 34: The variety of applicable scales on the IJssel
Figure by Goselink, 2021
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The advantages of the Research by Design me-
thodology have been explained in the societal
relevance of the project, there are disadvanta-
ges and limitations as well. The visual thinking
of designers is developed during years of educa-
tion, and translates into a specific spatial visu-
alization language. This also entails that it can
be observed to be foreign to other engineering
disciplines which do not focus on the spatial di-
mension of interventions, but rather the actual
numeric and systemic functioning. In order to
convey the proposition to this audience, cauti-
on has to be taken to make sure the plans are
paired with a technical language in talking and
writing. This ensures the transferability of the
project across scientific and professional fields,
which would otherwise possibly be limited. It
also poses difficulties, as ti is important to dive
into the differentiating languages but it is also
difficult to move back once the project moves
in these directions. It demands flexibility, and
regular reflections on where to move towards
with the thesis.

| have tried to involve myself within this frame-
work, amongst others by interacting with diffe-
rent actors within the professional field, adap-
ting my language while presenting either for
urbanism or an interdisciplinary (engineering)
audience in the delta futures lab, and while
writing for the delta links. For example, the use
of the word functionalities instead of functions
of rivers, of which the latter is more accustomed
within the engineering disciplines. The first
however, does portray a broader meaning of

the functions of rivers next to only our projec-
ted functions for them from a user perspective,
which can therefore also be used to emphasize
the different viewpoints between professions.

As the [Jssel is located within the Netherlands,
large quantities of readily usable data are
available. This creates an entirely new pro-
blem, in which the amount and level of detail
available is a restricting factor in the design.
The intricacy of the system and the large
interdependencies between regimes make the
reconceptualization of the overall spatial con-
figuration extremely difficult, as it is easy to get
lost in the limiting boundaries. The process of
abstraction is used as a method within the Re-
search by Design framework, in order to make
the territory your own. Every cycle of interpre-
tation, abstraction and visualization allows for
personalisation of the subject by the designer,
thereby continuously reducing complexity until
the essence of spaces and systems is revealed.
Limitation to this method is once again the
transferability of the visualizations, as they are
in general often more difficult to understand by
people not involved in the spatial sciences.

The concept of co-creating knowledge has
also been applied in the design process. By
regularly discussing the projects propositions
and concepts with experts from several fields
of practice and scholars, the transferability has
been continuously checked, and the input has
led to the end result being a more interdiscipli-
nary project.



In the larger scheme of the proposition, there is
one inherently conflicting and opposing ethical
element. The thesis aims to increase discour-
se concerning climate adaptation strategies

by visualizing interventions and opening up
debate. This is done in order to shorten lead
times, but simultaneously to create awareness
and increase involvement of the public in these
large scale interventions. At the same time,

the proposed intervention of a lateral canal,
demands a strong top-down regulatory structu-
re in order to be able to apply the intervention.
In discourse regarding the large scale spatial
interventions needed to adapt to the changing
climate, a need for a ministry of spatial deve-
lopment is voiced regularly. This opposes the
idea of small-scale local involvement in favour
of top-down planning for the greater good of
society.

The proposition of the project is strongly related
to the overarching design studio Transitional
Territories. The project is focused on the inter-
face between water and water-related territo-
ries, located in a lowlands environment. This is
aligned with the Transitional Territories studio,
which focusses on the relation between natural
environment, culture and politics, specifically in
relation to marine and riverine territories. The
studio provides a platform for interdisciplinary
research into the territory and the changing
climate regime. The role of urbanism in this
cooperation with engineering and planning
disciplines, is to provide a view on the spatial
implications of interventions in the environ-

ment, posed by (geo) political regulations and
infrastructural objects, while keeping liveability,
performance and other societal demands in
mind.

The particular focus of the studio on the con-
temporary anthropogenic environment is
allows for the adoption of several different
perspectives on the current state of matter and
allows for a temporal scale within the project,
projecting a time-sensitive interference within
the territory. Especially in the Dutch context of
integrated urbanism and landscape architec-
ture, the highly adapted landscape cannot be
dealt with without paying attention to the how
and why of the current state.

In relation to the overall MSc AUBS program
provided by the Faculty of Architecture and the
Built Environment, it is the object of architec-
ture, urban design and spatial planning which
physically constitutes the living environment,
posed onto the territory and subject to interi-
or- and exterior forces of change. In the case of
this specific project, it is the exterior force of the
changing hydrological cycle, and the interior
geopolitical force of the energy transition and
EU Green Deal.
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Perspectives on the lJssel
An Urbanist Reconceptualisation of Integral Water Ma-
nagement in the Anthorpogenic Riverscape

Cas C. Goselink

Synopsis

The monograph series is the result of a proactive research
into the chosen territories in relation to the thesis project.
The process consists of consciously composing single
elementary narratives, deliberately mapping through
critical cartography, and concluding spatial characteristics
in relation to a scale of time. The end result, a series of
horizontal, vertical and spatio-temporal views on the sub-
jects, creates a narrative that tells the story of the territory
from the personal viewpoint of the designer.

Matter
Properties of water - objects
Water and the anthropogenic riverscape

The only way to fully understand the system of the Dutch
anthropogenic riverscape, is to identify the characteristic
elements which are put in place to control the matter, and
the anthropogenic remnants of rigidity binding fluidity in
place.

Topos
Functioning of water - elements
Fluidity through fixation: terraforming and erasure

The dual processes of erosion and sedimentation taking
place within the natural riverine flow regime, manifest
the fluidity of riverine territories through the fixation of
sediment, which is eliminated by interference in migratio-
nal patterns.

Habitat
Assets of water - fields
Competitive Patterns

The pattern of human inhabitation has successively
co-existed, dominated and virtually eliminated the natural
habitat structures in place, competing with natural riverine
flows, regimes and structures to ensure usage to the maxi-
mum human potential, leading to disconnectivity.

(geo)Politics
Representations of water - views
Natural Regimes, Artificial Territories: Landscape Proximity

The Dutch land- and riverscapes are patchworks of discon-
nected and partially conflicting spatial representations of
former geographical political paradigms and discourses,
the temporality of which manifests itself through sequen-
ces and shifts.



Matter
Catalogue

Territorial Objects of Water

01. Locks
Lateral connection of river navigation to canals and tribu-
taries

02. Dams

Longitudinal disconnection

03. Weirs

Temporal connection / disconnection

04. Dikes
Lateral safety reinforcement

05. Embankments
Lateral streambed reinforcement

06.Quays

Hardened entrances of the river

07. Docks
Lateral connectivity of freight through harbors

08. Waterfronts

Relation between urbanisation and riverine system

09. Bridges

Lateral connection across riverine territory

10. Tunnels

Lateral connection across riverine territory



Matter
Composition
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Figure 1: Location and com-
position of water manage-
ment structures - Locks
Figure by Goselink, 2021

As the Dutch river- and
landscape have been conti-
nuously adapted to increase
functionality over the past
centuries, the delta can be
described as an anthropo-
genic river system (Sijmons,
2002). Therefore, the only
way to fully understand

the system of the Dutch
anthropogenic riverscape, is
to identify the characteristic
elements which are put in
place to manage it. These
remnants of rigidity portray
the desire to control the
fluidity inherently connec-
ted to the delta. The map
depicts the composition

of locks along the 1Jssel
river and estuary of the
|Jsselmeer. The objects

are necessary in order to
manipulate the water table,
ensuring both navigability
across sloped terrain, and
precise management of
water levels for safety of the
surrounding territory. Most
of the objects were placed
in the 1950s and ‘60s
(HSSN, n.d.). Although the
basic spatial characteristics
of the objects themselves
are similar, the implemen-
tation into the water system
and surrounding territory
varies a lot.
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As the lJssel river flows
6.7 Apeldoorn | Hengelo 6.3 through a valley, adaptation
| Enschede of the natural water system

| [ is necessary in order to
| connect to its hinterland. To
| both the west (Apeldoorn)
| | and the east (Hengelo, En-
schede), canals have been
‘ | dug, complete with locks
[ and weirs to manage the
! I Inlet Veessen-Wapenveld water levels uphill. Striking
Ly | is the bridged height diffe-
| rence when comparing the
v/ 4 5.65m NAP lateral sections of the canals
= above, to the longitudinal
river profile in the middle
(AHN, n.d.). Interestingly,
the water level indicator
in the longitudinal section
provides also clues on the
spatial characteristics of the
\ river, as every rise in the line
-0.1 Westervoort Doesburg Zutphen Deventer Zwolle Kampen indicates a narrow passage
0 ‘ - or bottleneck in the river,
. which holds up the free flow
Riverlenctillkm | downstream (Klijn, 2020).
‘ These passages are mostly
located next to riverine
| cities, created by bridges,
harbour infrastructure or
\ underground objects. The
section below shows the
‘ temporal dimension of
the water system, through
the depiction of the high
water canal near Veessen
- Wapenveld. This recently
constructed dam will open
its floodgates when the
riverine water level reaches
=@l [P +5.65 m NAP, after which a
controlled flow of water will
: be stored in a neighbouring
| polder (De Ingenieur, 2017).
The riverine water level
at the site drops by 0.71
meters, however the effects
are still being witnessed 17
kilometres downstream at
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Figure 3: Limitations of the
anthropogenic riverscape
Figure by Goselink, 2021

The spatio-temporal
diagram to the left shows
the current (reference)
discharge levels of the
[Jssel®, along with the
predictions for 2050 and
2085 (Attema et al., 2014).
Due to the rapidly changing
climate regime, the extreme
pluvial events in catchment
basins, alternated with
periods of water shortage
or even drought, form a real
threat to the contemporary
anthropogenic riverscape
and its uses (Tol et al., 2003).
In December, January and
February, extreme peak
discharges will have to

be managed through the
outlet of the IJssel estuary
in the Closure Dam, which
would have to be drastically
adapted. At the same time,
the temporal structure of
the high water canal will be
used more frequent over
longer periods of time, rai-
sing the question whether
atemporal structure is a
sufficient solution. During
the dry months of August,
September and October,
water levels will be too

low for river navigation,

and locks will be unable to
function, depriving factories
of their raw materials. In
general, concluding on the
objects of the anthropoge-
nic riverscape, is the system
too rigid to cope with clima-
te change as it sits now.

*Based on the assumption
that the discharge division
stays at 1/9th of the Rhine
discharge as set in Pan-
nerden.




Topos
Catalogue

Terraforming and Erasure

01. Sediment transport
Longitudinal carrying of sediment

02. Geomorphology of erosion
Geomorphological elements indication riverine erosion

03. Geomorphology of sedimentation
Geomorphological elements indication riverine
sedimentation

04. Process of meandering
Lateral movement of rivers trough the territory

05. Process of normalisation
Anthropogenic process of lateral control

06. Streambed connectivity
Longitudinal connection of flowpaths through different-
water levels

07. Sedimented soil
Soil characteristics created by sedimentation

08. Eroded soil

Soil characteristics created by erosion

09. Sand extraction
Riverine industrial processes

10. Sand replenishment

Riverine protection practices
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Composition

Figure 4: Traces of riverine
erasure and terraforming
Figure by Goselink, 2021

The riverscape is composed
of out of a set of geom-
orphological elements,
created by the processes of
terraforming and erasure
over time. These dual
processes manifest the
fluidity of riverine territories
through the fixation of their
elements of movement,
the particles of sand and
clay. The composition map
shows the geomorphologi-
cal characteristics related
to the migrational patterns
of the lJssel. Amongst the
most important terrafor-
ming elements are river
dunes and fluvial deposits
of clay in the floodplains.
Erasure is characterized
through the meander gully
patterns and worn-down
crevasse gullies (Geolo-
gische Dienst Nederland,
2020). In relation to the cur-
rent river, as can be seen in
the ‘cut-outs’, the influence
the IJssel used to have on
the surrounding territory in
its natural form exceeds its
current streambed immen-
sely. Many spatial elements
of the riverine patterns are
still visible in the landscape
today.
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Figure 5: Natural migration
and alteration by anthropo-
genic interference

Figure by Goselink, 2021

As is explained in the
composition, a natural river
system migrates laterally
through the territory. The
section above shows this
movement over time, in
which sediment on the
outside bend of the mean-
dering river is eroded, while
new land is formed on the
inside. The exposed materi-
alis blown onto river dunes
by the west by south-wes-
tern winds, creating an ever
changing riverscape. Most
sediment carried in the
riverine system is moving
downstream from its origins
in the Swiss Alps. Due to the
creation of weirs, locks and
hydropower plants (mostly
in Switzerland and Germa-
ny) the carrying capacity of
sediment in the longitudinal
direction is largely elimi-
nated. On the temporal
scale, the section below,
the process of normalisa-
tion and straightjacketing
is shown. Through the
creation of straight rivers
and hard embankments,
lateral movement is limited.
The addition of groins into
the riverscape has further
eliminated the terraforming
and erasure processes,
which combined with the
normalisation has led to
scouring of the riverbeds.
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Figure 6: Limitations to the
anthropogenic riverscape
Figure by Goselink, 2021

Through the continuous
human interference in the
riverine system, the dual
processes of terraforming
and erasure, or sedimen-
tation and erosion, have
effectively been eliminated.
The spatio-temporal
diagram to the left shows
on the vertical axis the
timeline of taking space
from the rivers, the total
amount which is taken from
all rhine related streambeds
in the Netherlands (Hooijer
etal., 2002). Interesting is
the recent example of the
Room for the River project,
which has started a reversed
pattern. Allin all, over two
thirds of space was taken
from the rivers in the past
170 years, an immense
amount. The spatial charac-
teristics of these practices
are the straightened river-
banks, and dikes and rigid
embankments alongside
that. The straightjacketing
has, in combination with
the addition of groins to en-
sure a clear river channel to
benefit navigation, lead to
the continuous scouring of
the riverbed, as is shown in
the bottom of the diagram.
Since 1901, the riverbed
near Lobith, where the Rhi-
ne enters the Netherlands,
scoured almost 2 meters.
Firstly, this means more
water is needed to connect
the river to the floodplain
level of the surrounding ter-
ritory, causing a territorial
disconnection. Secondly,
the subsurface scouring has
different rates in relation

to the soil characteristics
and possible underground
infrastructure, leading to un-
derwater levees and ponds
hindering shipping during
low water levels.




Habitat
Catalogue

Competition

01. Patterns of human inhabitation
Development of human settlements along flowpaths

02. Terrain
Physical characteristics of territory

03. Ecological succession
Cyclical process of regeneration and succesion

04. Habitat diversity
Amount of different habitat typologies

05. Water availability

Baseline condition for specified habitat creation

06. Habitat connectivity
inter-connectivity of diverse habitats

07. Vegetational patterns
Collection of vegetative pattern typologies

08. Species diversity
Amount of different species typologies

09.Carrying capacity

Suitability to place functions
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Figure 7: Habitat and pat-
terns of inhabitation
Figure by Goselink, 2021

Inhabitational patterns
follow a clear construct.
Deventer and Zutphen

are amongst the oldest
urban settlements of the
Netherlands, located on the
high river dunes to the east
of the river, on junctions
with tributary streambeds
(Geologische Dienst Ne-
derland, 2020). Navigability
and transport capacity of
the waterways were most
important factors for the
location (Rijksdienst voor
het Cultureel Erfgoed, n.d.).
The other cities along the
|Jssel trajectory were later
developed, and became
part of the Hanseatic trade
alliance.

Water
River dune

Floodplain

oom0O

Height line
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Figure 8: Habitat develop-
ment
Figure by Goselink, 2021

The longitudinal section to
the left shows the relation
to the tributaries and cities
along its flow path, with a
perpendicular pattern in
the east (underneath), and

a parallel pattern to the
west (above). This strongly
relates to the topography

as was discussed in the
previous paragraph on
Topos, with the parallel
flow paths along the river

in the floodplains, and the
perpendicular tributaries
through the river dunes. The
creation of the habitat di-
versity in the area happened
through the interplay of soil,
water and air. The mean-
dering river with its parallel
tributaries and floodplain

to the west continuously
deposited and exposed
sand particles, after which
they were blown onto the
dunes on the eastern river-
bank by the predominantly
south-western winds. These
river dunes and high sandy
terraces then were built
upon and strengthened with
pavement and vegetation,
creating solid raised founda-
tions suitable for safe and
long-term inhabitation close
to the river. Through the
process of inhabitation, the
naturally opposing habitats
were slowly bound in rigid
structures, decreasing its
natural free-flowing and
dynamic character.
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Figure 9: Cyclical compe-
tition for riverine habitat
between human and natural
processes.

Figure by Goselink, 2021

Competition for space

in riverine environments
can be characterized as a
dynamic process, as the free
flowing river migrates and
changes the surrounding
territory continuously. The
spatio-temporal diagram

to the left shows a fictional
riverine flow regime with
occasional flooding or peak
discharge. The natural pro-
cess of ecological regenera-
tion after this disturbance
event gradually reclaims

its territory, followed by a
continuous ecological cycle
of succession of species,
creating a high amount of
habitat diversity along the
river. After every disturbance
event, depending on the
severity of the flooding,
and the specific site of the
flooding, the process will
(partially) start over. The
level of human inhabitation
however does not reset and
start over, as flooding leads
to the creation of protective
levees and embankments,
creating a safe and liveable
environment, rigid within
the dynamics of the
riverine territory. From

the moment of inhabita-
tion, human habitat takes
over the dynamic natural
character of the place,
leading to monoculture
and human-dominated ter-
ritory instead of a cyclical,
diverse and ever-changing
riverscape. The horizontal
axis depicting the height of
the terrain, shows how the
human habitat moved from
the safe and high grounds,
into the low floodplains and
riverbanks, increasing the
need for ever growing dikes.
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01. Reallotment practices
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02. Nature 2000

EU agreement on natural habitat interconnectivity

03. Paris Agreement
Energy transition and lareg scale energy landscapes

04.Green Deal
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Spatial distribution of companies

06.CO2 emission limitations
Spatial distribution of companies

07.Groundwater resource limitations
Limitations to use in relation to underground fresh water
resources



(geo)Politics
Composition

Figure 10: Overlaying of
geopolitical representations
in the landscape

Figure by Goselink, 2021

The selected three geopo-
litical representations of
production-, nature- and
energy landscape have
been overlayed on the
composition map. The
geopolitical regimes have
resulted in specific cultural
landscapes. In relation to
the production lands-
cape, three generations

of reallotment typologies
are recognizable in the
landscape. Through the
years, more attention has
been paid to the ‘original’
cultural landscape, thereby
decreasing the distance
taken from the natural
landscape (Rijksdienst voor
het Cultureel Erfgoed, 2015).
With the establishment of
the Vogelrichtlijn in 1979
and the Habitatrichtlijn in
1992, which were combined
into the Natura2000 pro-
tection areas, the trajectory
of the river was appointed

a nature zone (Vogelbe-
scherming Nederland,
n.d.). this natural landscape
however also influences
the surrounding territories,
as for example farmers are
being bought out within a

3 km radius due to nitrogen
emissions which might hurt
the natural environemtn.
Next to the pathces of
production landscape, bor-
dering the ongoing natural
landscape arround the river,
recently they are interfered
by the upcoming energy
landscapes of windmills
and solar plants, adding

a third generation to the
patchwork of of geopolitical
representations.




(geo)Politics
Alterations

Production Landscape

Segmentation to

heighten water level

Biodiverse Landscape

Energy Landscape

Integration to lower water level

Undesirable functions

Figure 11: Altering of the
landscape through different
geopolitical regimes

Figure by Goselink, 2021

The alterations posed by the
geopolitical views on the
riverscape have been made
visible in the sections to the
left. First, the production
landscape of reallotments,
shows mainly interference
in the existing network of
waterways and ditches.

In order to maximize
productivity, an optimal
groundwaterlevel has to be
determined and maintan-
ied. For higher grounds with
predominately dry sandy
soils, this has lead to a
segmentation of the former
water network, in order to
regulate waterlevels across
different heights. For the
lower meadows, located in
former floodplains on clay,
integration of smaller net-
works has been established,
in order to extract water.
The bio-diverse landscape,
or nature landscape, is

set by regulations mostly,
limiting interference in
these areas and therefore
preserving (and sometimes
building) a network of calm
areas for wildlife. Although
this geopolitical view is less
focussed on alterations in
the physical landscape,

it poses limitations to

use of the neighboring
territory for miles through
legislation. The upcoming
energy landscape is mostly
placed in locations that

are 1) suitable in relation

to wind and sun, but first
and foremost located in 2)
areas where they do not
interfere with inhabitants
of the built environment.
This can be recognized by
the relation to other ‘locally
unwanted’ uses such as
landfills. In general it can be
said that all of the geopoli-
tical representations in the
riverine landscapeinterfere
with the former and more
natural network, however
the politics are evolving
from direct interference in
the physical territory, to-
wards regulation of use and
behaviour of inhabitants in
the territory.
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Landscape Proximity

Reallotment plots along the IJssel

Figure 12: Landscape proxi-
mity in relation to spatial
alterations over time

Figure by Goselink, 2021

The spatio-temporal
diagram to the left indicates
the landscape proximity,
i.e. a measurement of how
close the current landscape
is to the natural sublayer.
It becomes clear that
although the landscape
became more and more
detached in the mid
20th century, the nature
landscape has brought it
(partially ) closer. What also
becomes clear is the rela-
tion between the seperate
geopolitical representati-
ons, ant the fact that they
are dispersing into different
directions when loking at
the landscape proximity. n
increasing gap is starting to
appear between the natural
landscape for example, and
the energy landscape. Whe-
re the enatural landscape
is posing limits outwards
across other representation
fields, the energy landscape
is doing the same in exactly
the opposite direction,
causing ridges and creasses
in of disallignment in
the landscape flows. The
physical interference of geo-
politics, most directly visible
in the production landscape
reallignment plots, shows
the processes have mostly
been executed throughout
the second and third phases
of reallotments. the second
generation (195401984) and
later the curent generation
(1985-now) pay more
attention to the existing
pre-allogment structures,
interfering on a smaller
scale with more attention
to existing landscape
structures.
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Abstract

This research paper is related to the urbanism master thesis Perspectives
on the IJssel, and aims to provide a frame of reference concerning existing
plans and strategies regarding riverine climate adaptation in the
Netherlands.

In order to be able to review the material in relation to the Dutch
context of spatial design, water management strategies and local climate
change impact, the Dutch Layers Approach will be used. This approach
has been influential in spatial planning processes since 1998, and will
therefore be used as a method to review plans made in the same period,
within the same context. It is concluded that proposals or either integral
approaches, combining the biotic and abiotic environments to achieve a
reciprocal and positive relationship, or focus mainly on the substratum
layer with a high level of abstraction, in which the water management
system is almost decoupled from the environment. In between those
opposite archetypes, there is a third archetypical approach focusing on
the usability of the system, and thereby the spatial layout of the riverine
system in a limited manner.

Keywords: river, climate change adaptation, spatial planning,
Dutch Layers Approach, Netherlands




1. Introduction

The Dutch have a long tradition of adapting the water system in order to
create a safe, livable and productive landscape (Sijmons, 2002). Now, in
times of climate change, the delta is faced with unprecedented
challenges. The changing climate regime will affect the flow regimes of
the rivers by increasing frequency and flow rate of peak discharges due
to extreme pluvial events in the catchment basins. Simultaneously, water
shortages and extreme low base flows lead to periods of drought
(Kraaijenbrink & Lindeboom, 2018). Many plans, ideas and strategies
have been, and are being developed, concerning these issues from the
standpoint of inland shipping, water safety, fresh water supply and
biodiversity. However, there is a gap in knowledge when it comes to the
extent of the spectrum of plans, and a coherent overview of different
archetypical approaches is missing. The large wealth of plans largely
consists out of one-sided perspectives. Separate agendas related to the
riverine landscape in the Dutch context propose their plans and interests,
without compiling a clear overview of all separate demands of the
system, especially in relation to the uncertainty of a changing climate
regime. This essay will provide an overview of riverine climate
adaptation strategies, which will be distilled into a set of archetypical
approaches to the problem, in order to provide both an insight in the
complex system, and to be able to position the thesis project in
contemporary discourse.

In order to be able to come to a conclusive answer to the proposition,
a main research question will be answered:

What are archetypical approaches in riverine climate adaptation
strategies in the Netherlands?

In order to provide a clear overview of the broad spectrum of ideas
and plans in the contemporary discourse concerning riverine climate
change adaptation strategies in the Netherlands, an assessment
framework is needed. The Dutch Layers Approach has been leading in
the spatial planning process since the beginning of the 215t century (van
Schaik & Klaasen, 2011). This approach will be operationalized to
compare the vocal points of the plans. Sub-question 1 will provide an
insight in the Dutch Layers Approach, both conceptions and
misconceptions: What is the Dutch Layers Approach?

After having gained this insight, the discourse regarding the riverine
development strategies will be identified, using the following second
sub-question: What are contemporary proposals in riverine climate
change adaptation discourse?

After having completed this research, the last sub-question will be
answered in the results (chapter 3), and combine both previous
questions: How can the contemporary proposals be analyzed in relation to
the approach?

The conclusion of the above mentioned questions will lead to the
answer to the main research question, and provide an overview of
contemporary research, subdivided in archetypical approaches. Chapter
2 consists of the initial research into both the Dutch Layers Approach and
the scope of contemporary discourse concerned with riverine climate
adaptation strategies in the Dutch context. The third chapter combines
the approach with the selected spatial planning proposals, after which
the concluding fourth chapter defines the archetypes.



2. Research
2.1 The Dutch Layers Approach

Traditionally, Dutch spatial planning strategies have been dominated by
utility. All elements within the typical Dutch landscape have, or had, a
function or historical cause. Whether the elements fulfil their purpose in
order to sustain the water system, agricultural production machine, or
defensive systems of inundation. Functionality, and inherently a certain
anonymity and austerity, depict the Netherlands being a country
founded on utility and necessity (Sijmons, 2002). Next to these core
principles of Dutch spatial planning practice, the landscapes were,
throughout different geopolitical paradigms, always related to secondary
or ‘softer’ goals. In general, spatial development can be characterized as
focussed on prioritizing functionality and zoning by necessity.

The Dutch Layer Approach consist of three layers, which constitute
of a specific level of priority and rate of change (Hoog et. al., 1998). Layer
one, the substratum, is the fundament and most important of the layers.
Itis the layer of water management, the regulation of both land and water
concerning the primary condition of existence in the Netherlands.
Decisions made in these layer have top priority, for example the dealing
with sea level rise, river discharge and the irrigation systems. Layer two,
the network layer, consists of infrastructural elements and processes.
Road-, water- and railways, infrastructural nodes like harbours, stations
and airfields. These large scale planning decisions are relevant on the
primary decisions made in layer one, while they are highly influential on
the sequential third layer. This third layer of occupational patterns
consists of, amongst others, the development of housing, industry, and
agriculture (Sijmons, 2002).

2.2 Misconceptions of the Dutch Layers Approach

It is paramount to also review misconceptions regarding the approach,
in order to review its applicability in the current context, and the essence
of what the model implies. The Layers Approach is based on the
assumption that the layers establish conditions for each following layer
in a hierarchical relationship. The substratum layer has the longest rate
of change, and provides the conditions for the infrastructure network,
which in turn establishes the conditions for the occupational pattern
(Hoog et. al.,, 1998).

Priemus (2004; 2007) argues that, although the substratum often
indeed is a given circumstance, its low ability to change is an
oversimplification. The levelling, raising, inundation and reclamation of
land can raise its potential and therefore is not necessarily a guiding set
condition with a low rate of change. The same applies for infrastructural
networks (also including IT infrastructure) which might have a lower
change of rate, due to the billions of euros related to the investments,
maintenance and high costs of change. Simultaneously, the creation of a
logistics hub might drastically alter infrastructural patterns within years.
The final layer of occupational patterns is seen to be most flexible,
although urban centres are usually built up over centuries, with its core
patterns surviving several centuries (Priemus, 2007). According to this,
the Dutch Layers Approach should allow for interrelationships between
layers instead of proposing a purely hierarchical model.

Sijmons (2002) had already mentioned that it is not negligence
towards interrelationships between the layers, but about the
opportunity to add a hierarchy in the planning process, allowing for



making choices and prioritizations easier. Also, there is a question of
scales embedded in the system, as Sijmons explains the model will not be
very useful on municipality level, as they mostly relate to the occupation
layer, not the large infrastructure of basic water management system of
the Netherlands (Hoog et. al., 1998; Sijmons, 2002).

Another misconception relates to the temporality of the approach in
itself. The approach is said to be a contemporary model and paradigm,
not an integral approach that will be applicable in relation to future
challenges (van Schaik & Klaasen, 2011). This was already said by
Sijmons in 2002, where he stated that the Dutch Layers Approach is not
meant to be a rigid structure, which should guide all developments, but
that it clearly is a method which could aid in prioritization of problems
regarding spatial planning processes in the first decade of the 21st
century (Sijmons, 2002).

2.3 Contemporary discourse on riverine development strategies

In current discourse, many plans and strategies on how to deal with the
upcoming climate regime changes in regard to rivers are circulated. In
order to be able to research the paradigms behind the plans, a broad
scope of sources has been identified as important. Next to visions and
strategies presented by well-established spatial planning and design
practitioners, opinionated articles published in well-known national
newspapers are considered part of the discourse as well, provided that
they are written by either scientists or professionals from related fields.
By integrating multiple types of plans coming from people speaking in
different capacities, a wide range of contemporary discourse has been
included.

According to Priemus (2007) planners have had a bias towards the
layer of occupation, thereby neglecting the underlying networks of
infrastructure and substratum. In order to ensure comparability
between the various stages of completeness or detail in the plans, the
Dutch Layer Approach is operationalized as method to identify
statements on several key features of the spatial planning process and
design. In this essay, six plans will be included in the overview in order
to be able to go in enough depth to give a conclusive statement about the
interrelationships between them. The plans are all related to the Dutch
riverine areas, all produced after the year 2000, relate to the effects of
climate change, and are produced from different perspectives and
capacities:

The project A nature-based future for the Netherlands in 2120,
proposed by Baptist et. al. (2019), from the capacity of a multi-
disciplinary team of professionals and scientists. Secondly, Ruimte voor
Levende Rivieren: want levende rivieren geven ruimte [Room for Living
Rivers: because living rivers give room] proposed by Beekers et. al. (2018).
Posed as a possible future scenario after the finishing of the well-known
Room for the River plan by several institutions. Third, the Landelijk
inrichtingsvoorstel voor waterveiligheid, zoetwatervoorziening en
estuariene dynamiek, [National layout proposal for water safety, fresh
water supply and estuarine dynamics] proposed by Borm & Huijgens as
an elaboration on the Plan Beaufort and Water Highway Waal (Borm,
2010).



The fourth proposed plan is De Nieuwe Hollandse Zeelinie: een grote
sprong voorwaarts naar een strategische kustuitbreiding [The New Dutch
Seadefense: a big leap forward to a strategic shoreline expansion] by Bos
(2001), which mostly relates to the future of shoreline protection, but
also relates the problem of river discharges to this proposition. The fifth
idea is an opinionated article in NRC.nl, a widely read national
newspaper, posed in the capacity of retired civil engineer and social
geographer (2019). De Rijn wordt een regenrivier, tijd voor stuwen en
sluizen [The Rhine is becoming a rain river, time for weirs and locks]. The
last proposition is also related to the Water Highway Waal plan, a
continuation into a spatial plan as posed by Adriaan Geuze in
cooperation with TNO (Schreuder, 2007): Flipperen met het water uit de
Rijn [Playing pinball with the water from the Rhine].



3. Results
3.1 Application of the Dutch Layers Approach as methodology to
analyze riverine climate adaptation strategies

The Dutch Layers Approach will be used to describe the key features of
the plans identified in section 2.3. Per layer, the different plans will be
discussed and approaches related to one another.

Substratum layer:

With the concepts of utility and austerity in the Dutch landscape in mind,
in general the substratum layer dictated most of the spatial landscape
features. In current discourse, there are several ideas about the
prioritizing of the system, and how to organize the system to be able to
adapt to the changing climate conditions. The plan proposed by Borm
(2010), the National layout proposal for water safety, fresh water supply
and estuarine dynamics, prioritizes the safety from increasingly extreme
river discharge rates. It proposes a continuation of engineering the
system by building two main primary embankment rings around the
west of the country, in between which the bulk of river discharge will be
transported out to sea. During regular flow rates, the water will be
divided over the current rivers to maintain the current estuarine
dynamics (Borm, 2010). This idea of further engineering the functioning
of the rivers is a continuation of the Watersnelweg Waal [Water highway
Waal] idea. Also in this plan, the substratum layer is built up around the
idea of a large-scale mechanism near the village of Pannerden, where the
water will be divided over the several riverine systems to ensure safety.
This plan was later drawn by Adriaan Geuze, in cooperation with TNO, in
which the river system was assigned more space, in order to be able to
cope with the amounts of water (Schreuder, 2007). The rerouting of
rivers is also an elementary concept in the New Dutch Sea Defense. Due to
the need for large scale shoreline reinforcements, the rivers are forced to
find another way to the sea (Bos, 2001). They are rerouted along the
southern and eastern borders of the Netherlands, giving them more
space for flexibility and a free flowpath within the hilly landscapes
(Geurts, n.d.). A more engineered solution is posed by Kraaijenbrink and
Lindeboom (2019) who, based on the navigability problems posed by
both extreme high- and low discharge rates, propose to normalize the
rivers completely and maintain water levels through the addition of
weirs and locks. From their joint perspective of civil engineering and
social geography, they emphasize that the duration of these projects is
very long, and therefore should be started immediately.

In contrast, plans are also being based on the premises of re-
naturalization and nature-based solutions. In A nature based future for
the Netherlands in 2120 an interdisciplinary team of professionals
proposed a more natural approach to dealing with climate change
instead of increasing the amount of infrastructure (Baptist et. al., 2019).
Based on local conditions of soil typology, elevation and water retention
capacity, priority on the substratum level is given to allowing the natural
system to run its course, therefore giving more space to the riverine
areas (Baptist et. al., 2019). More space for natural rivers is also
proposed by Beekers et. al. (2018), in Room for living rivers. Main vocal
point is that spatial quality and water safety should go hand in hand. It
proposes an integral approach to combine navigation, water safety,
water retention, spatial quality and biodiversity within a natural system.



Networks layer:

In the plan by Borm & Huijgens, the infrastructural network consist of
the two large embankment rings, and the nodes which connect and cross
them. The network is serving the purpose of water management in the
substratum layer, utilized to keep the system functioning safely (Borm,
2010). Also in the ideas posed by Kraaijenbrink and Lindeboom (2019)
and Geuze (Schreuder, 2007), engineering and water management
structures make up the infrastructural network and pattern. Integration
of multiple levels and dimensions of infrastructural networks was
attained in the Netherlands 2120 vision, composing the networks layer
out of raised infrastructural elements and networks, thereby not
interfering in the soft natural networks and processes on the ground
plane (Baptist et. al., 2019). If possible, hard infrastructure is replaced by
soft infrastructure, integrating man-made and nature-based solutions.
Bos (2001) also proposes a more natural riverine landscape, although
completely man-made by rerouting the Rhine and Meuse rivers along the
national borders. He proposed that these hilly landscapes should house
the rivers in a more naturally enclosed flow path, so there is no need to
build massive embankment systems. Infrastructure can therefore be
downscaled (Bos, 2001). Soft infrastructure is also the core of Beekers et.
al. (2018), using natural processes and landscape structures to perform
as infrastructure, providing society with ecosystem services.

Occupational patterns layer:

Not all selected plans, ideas and strategies state how the integration of
the occupation layer is conceived. Especially the ideas proposing an
increase of hard infrastructure and engineering (Borm, 2010;
Kraaijenbrink & Lindeboom, 2019), are mainly focussing on the water
management system of riverine areas as a stand-alone object. Geuze and
TNO have integrated the retreat of occupation layers along the riverine
trajectories in order to make more (and much needed) space for high
discharge capacities. Bos (2001) focusses mostly on shoreline defence
and new developments along the newly created shorefront, not in
relation to his statements about the rivers. Baptist et. al.,, (2019) have
added the occupational layer in the framework and baseline conditions
created by the substratum and networks layers. Human inhabitation is
increased along the major embankment systems, providing safe living
conditions on high grounds, and floating communities of proposed in the
riverine floodplains (Baptist et. al., 2019). Spatial planning is guided by
the availability of fresh water, relocating it to places that will become
neither too wet, nor too dry. Its mission statement is that only through
optimal biodiversity in the environment, a society can fundamentally
thrive. The main objective is thereby set on creating positive externalities
for society through the substratum and networks layers. In the Room for
living rivers plan, occupational patterns are not specifically mentioned,
but the focus is placed on the positive externalities a more natural river
system can have for inhabitants of riparian areas (Beekers et. al., 2018).

3.2 Principles within the propositions

Now the different plans have been analyzed on their statements relating
to the three layers of the Dutch Layers Approach, the principles have
been combined into a coherent overview of the matter. The following
scheme shows the core propositions with their statements categorized
per layer. In the top, the implied levels of scale and rate of changed, as
mentioned by Sijmons (2002), have been added to enhance clarity and



distinction in regards to the spatial implications of the proposed

interventions.

PROPOSAL

High Scale Low
Low Rate of change High
SUBSTRATUM NETWORK OCCUPATIONAL

PATTERN

National layout proposal for
water safety, fresh water
supply and estuarine dynamics
(Borm, 2010)

Engineering two major
embankment rings in
between which most river
discharge will be guided
during peak discharges to
ensure safety

Watersnelweg Waal
(Schreuder, 2007)

Engineering a large scale
water dividing mechanism
to steer water to ensure
safety

Retreat along riverine
trajectories

New Dutch Sea Defence
(Bos, 2001)

Rerouting water to flow
more naturally along the
national borders

Naturally enclosed flow
path to ensure
downscaling of water
management structures
while maintaining uses

No statements related
to riverine areas

Rhine as a rain river: add locks
and weirs

(Kraaijenbrink & Lindeboom,
2019)

Engineering locks and
weirs to control water
levels during high- and low
discharge rates to ensure
navigability

Increasing water
management
infrastructures, nodes
improving connection of
economic activity to rivers

A nature-based future for the
Netherlands in 2120
(Baptist et. al., 2019)

Nature based solutions to
ensure water safety,
availability and
biodiversity

Infrastructural networks
raised to not interfere with
natural processes, hard
water management
structures mostly replaced
by soft measures

Increasing habitation
along major
embankments, floating
communities in
floodplains,
inhabitation guided by
water availability,

Room for living rivers
(Beekers et. al., 2018)

Natural river landscape to
ensure water safety,
availability, biodiversity
and spatial quality

Hard water management
structures mostly replaced
by soft measures,
infrastructure downscaled

Inhabitation guided by
positive externalities of
bio-diverse system
(ecosystem services)

Figure 1: Contemporary proposals regarding riverine climate adaptation strategies in
relation to the framework of the Dutch Layers Approach. Figure by author.

It becomes clear that in relation to the occupational pattern layer, most
plans do not integrate this development on the small scale with a high
rate of change in the ideas. The propositions related to nature-based
solutions and a more natural environments specify most what will
happen on the smaller scale, in relation to the positive externalities the
proposed measures will have for both natural and human environment.
These plans propose integral approaches, combining the biotic and
abiotic environments to achieve a reciprocal and positive relationship.

In regards of the substratum and network layers, the two
propositions by Borm & Huijgens (Borm, 2010) and Geuze (Schreuder,
2007) focus mainly on the substratum layer with a high level of
abstraction. The water management system is almost decoupled from
the environment, focusing on riverine discharge rates and the needed
space to achieve these rates. The ideas posed by Bos (2001) and
Kraaijenbrink and Lindeboom (2019) focus on the usability of the
system, and thereby the spatial layout of the riverine environments.
Although the approaches proposed are almost opposites, either
increasing infrastructure or downscaling it, the plans find themselves in
between the decoupled system approach, and the integrated
environment approach.



4. Conclusion

After having defined the width of contemporary discourse concerning
riverine climate adaptation strategies in the Netherlands, and relating
these proposals to the Dutch Layer Approach, the conclusions can be
drawn in regards to the sub-questions as posed in the introductory
chapter.

In relation to the first sub-question “What is the Dutch Layers
Approach?” it can be said that the approach is a planning tool, which can
aid in the decision making process by constituting three layers of
consecutive rates of change, scales and priority levels. Layer 1 consits of
the substratum; water management and engineering related to the
primary conditions of living in a delta. Layer 2 is made up out of
infrastructural networks and processes like road-, water- and railway
transport structures and nodes. Layer three houses the occupational
patterns of society. The approach is based on the assumption that every
layer establishes baseline conditions for the following layer to be
adapted to, in a hierarchical model.

Regarding the second sub-question “What are contemporary
proposals in riverine climate change adaptation discourse?” it can be
concluded that there is a large wealth of plans being currently debated
and circulated both within and outside of the scientific and professional
field. Six plans have been identified to include in this research, in order
to be able to go in sufficient depth within the limits and constraints of
this essay. The included proposals are:

A nature-based future for the Netherlands in 2120.
(Baptist et. al,, 2019)

Ruimte voor Levende Rivieren: want levende rivieren geven ruimte [Room for Living

Rivers: because living rivers give room]
(Beekers et. al., 2018)

Landelijk inrichtingsvoorstel voor waterveiligheid, zoetwatervoorziening en estuariene
dynamiek, [National layout proposal for water safety, fresh water supply and estuarine
dynamics]
(Borm, 2010)

De Nieuwe Hollandse Zeelinie: een grote sprong voorwaarts naar een strategische
kustuitbreiding [The New Dutch Seadefense: a big leap forward to a strategic shoreline

expansion]
(Bos, 2001)

De Rijn wordt een regenrivier, tijd voor stuwen en sluizen [The Rhine is becoming a

rain river, time for weirs and locks]
(Kraaijenbrink & Lindeboom, 2019)

Flipperen met het water uit de Rijn [Playing pinball with the water from the Rhine]
(Schreuder, 2007)

Now the previous sub-questions have been answered, the third and final
sub-question relates the previous two: “How can the contemporary
proposals be analyzed in relation to the approach?”.With the Dutch Layers
Approach as a method to review the proposals, it constitutes a
framework to identify different features within the seperate plans, and
conclusively align them in order to see how the plans relate to each other.
Figure 1, as shown in section 3.2, shows how the approach is
operationalized and applied to the chosen spatial planning proposals.



This leads to the final conclusion on the main research question: “What
are the archetypical approaches in riverine climate adaptation strategies
in the Netherlands?”

Three archetypical approaches to riverine climate adaptation
strategies within the Dutch context have been identified.

B ‘Pipeline-archetype’. The river is viewed upon and treated as a
systemic function in the substratum layer, which has to be able
to cope with set amounts of discharges and flow rates. The river
system is decoupled from the environment. These plans are of
high abstraction and large scale.

B ‘Waterway-archetype’, which relates to the rivers as being part
of a large infrastructural network, relating to riverine uses and
therefore dimensions. The rivers have a function, and should
therefore be adapted to be able to fulfill this in regards to the
changing climate regime.

B ‘Estuary-archetype’, related most to the occupational layer of
the Dutch Layers Approach, integrating large and small scale
interventions. It proposes a more natural environments in
reciprocal relation with human inhabitation.

This structure can aid in providing an overview of all the different ideas
regarding the subject, as was identified to be the knowledge gap. The
archetypes are an abstract representation of different typologies of
measures and interventions in the riverine water system, with a certain
scale, temporal and spatial dimension. Therefore, the structure can be
used to position the joint thesis proposal in relation to the existing body
of knowledge and research.
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