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This research introduces the main topic for 
my graduation project and is also the result 
of my persnal curiosity towards 'living with 
water'. The main topic and associated prob-
lem statement has primarily come from my 
personal curiosity towards ‘living with the 
increasing risk of flooding’, in the context of 
the Dutch housing shortage on which the Ar-
chitectural Engineering graduation studio is 
focusing.
 To me personally, the presence of 
natural water has always had the ability to 
instantly make me feel at home anywhere 
around the world. The calmth of the sea reg-
ularly enables me to sort out my thoughts 
and think more clearly during chaotic peri-
ods. Even more, it enables me to experience 
the raw power of nature, the thrill while surf-
ing along with dramatic waves but also the 
sometimes overwhelming panic after a small 
mistake. 
 Therefore, the unprecedented phe-
nomenon of accelerating sea level rise and 
increasing risk of flooding from rivers in 
The Netherlands poses an interesting chal-
lenge. Especially during the next few de-
cades when the housing shortage will lead 
to a vast amount of residences to be devel-
oped in the midst of a flood hazard. Being a 
young architect, I see it as an opportunity to 
combine my passion for architecture with a 
deeper understanding of the growing threat 
rising water poses to the built environment. 
My aim is not necessarily to solve the com-
plex issue on my own, but rather to investi-
gate into, and add to, the growing amount 
of possible architectural solutions generat-
ing resilience, which, in turn, could be imple-
mented or used as food for thought in the 
near future. Also I see it as an opportunity 
to explore the possible qualities living with 
natural water could bring to everyday life, 
with in mind the devastating power it can 
bring as well.

On the one hand this personal interest pro-
vides me with a lot of curiosity towards the 
subject, which helps me to dive deeper into 
the research topic. On the other hand it also 
provides me with a lot of subjective assump-
tions and un-argued ideas solely based on 
my personal experience. As Andrej Radman 
stated in one of his lectures: “it can be es-
sential to rid oneself of oneself in order to be 
able to observe a topic in a scientific man-
ner.“ (Radman et al., 2020). Throughout my 
research and design process I therefore con-
stantly try to be aware of this, sometimes un-
conscious, behaviour and try to train myself 
to think outside of my personal experience, 
ultimately leading up to a project based on 
facts, theories and experiments rather than 
personal interpretations.

To keep me on the right track during my re-
search Dr. Fransje Hooimeijer guided me in 
conducting my research. Therefore I would 
like to thank Fransje for her genuine interest 
in my take on this research topic and en-
abling me not to get lost in the vast amount 
of resources which can be found today. She 
has helped me, and encouraged me, to get 
a better understanding of how to unravel a 
complex issue into more clear and manage-
able parts.

As this research forms the foundation of my 
graduation project at the TU Delft faculty, 
Architecture track, it will result in a site spe-
cific design proposal. The final project will 
largely be based on the findings of this re-
search. While this research mainly focuses 
on the larger-scale phenomenon of rising 
water, the design project will elaborate on 
more detailed practical solutions. Leading 
up to, during and also after the period of 
interrelated research and design I am more 
than open to any kind of (critical) feedback, 
ideas or brainstorming sessions regarding 
this topic.

J.E.H. Grevink

June, 2020
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As a result of global warming sea levels have 
recently started to rise and pose threatening 
scenarios to increasingly densifying urban 
areas worldwide. As the low-lying Nether-
lands will be one of the first to witness the 
consequenses of rising sea levels and in-
creasing river water discharge, alternatives 
for its built environment will have to be ex-
plored in order to be able to adapt in time. 
As the Netherlands has been successfully 
holding off the water for decades, the coun-
try is globally seen as a pioneer in water 
management solutions. Therefore the Dutch 
are in the position to lead by example. How-
ever, the phenomenon of rapidly accellerat-
ing sea level rise is something Dutch water 
management has never dealt with before. 
Uncertainty and rapidly changing predic-
tions make it difficult to decide on drastic 
and costly measures in time. In order to fa-
cilitate a transition from the established de-
fensive landscape towards living with water 
instead, a new flood resilient building type 

can facilitate in adapting to near future pre-
dictions, while also raising awareness for the 
urgency of rising water levels and contribut-
ing to the current housing shortage. In order 
to achieve this it is necessary to step away 
from the defensive landscape and outdated 
water management strategies. This research 
will elaborate on predictions regarding sea 
level rise and changing weather conditions 
in the densifying outer dike area of the ur-
ban center of Rotterdam. Contemporary 
approaches towards building dikes, the 
importance of engaging private parties in 
generating flood resilient solutions and the 
possibility to utilize water and flood defence 
barriers as a flexible building ground in den-
sifying urban areas will be discussed. Ulti-
mately leading to a novel mixed-use hous-
ing typology with the overarching goal to 
reduce the flood risk in densifying outer dike 
areas and contribute to a changing mind-
set towards living with the increasing risk of 
flooding.

Abstract
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Climate change is a subject which often re-
mains abstract. An Earth with an average 
temperature of 4 degrees higher in 2100, is 
this bad? A sea level rise of 3 metres higher, 
is this much? Put more clearly: The survival of 
The Netherlands is at stake and new fore-
casts do not make it any better. For a long 
period of time a sea level rise of 85cm  by 
2100 was predicted. However, predictions 
do get higher and higher. Ten years ago the 
KNMI calculated in decimetres, now it al-
ready is about metres (Bregman, 2020).
 Maarten Kleinhans, professor of 
physical geography at Utrecht University, 
states: “You sometimes hear the argument 
that climate change is “uncertain”, but that 
does not apply: the sea level is rising, the 
question is just how fast.” (Kleinhans, 2018). 
According to Kleinhans there is a realistic 
chance near future generations will have to 
say goodbye to cities like Rotterdam, Amster-
dam, The Hague, Delft, Leiden and Haarlem. 
Centuries of heritage, culture and history 
will literally be washed away.  As soon as 
The Netherlands is flooded, the infrastruc-
ture and economy will succumb and people 
will have to move to the eastern parts of the 
country or rebuild their lives abroad (Klein-
hans, 2018).

Urgency of extreme sea level rise

In a worst case scenario, when the world 
doesn’t lower the emission of greenhouse 
gases fast enough, we can end up with a 
sea level rise of almost 3m in 2100. Another 
century later it could be 5 to 8 metres (Haas-
noot, 2018). “Scientists have been telling for 
years that this is coming, and the world still 
does not want to listen decently.” (Kleinhans, 
2018).
 To paint a picture that appeals more 
to the imagination, Kim Cohen, geographer 
at Utrecht University, sketched a map of The 
Netherlands in 2300, after the costly fight 
against the water is lost (fig. 1.1) (Cohen, 
2019). Where controlling climate change is 
depending on global policies, the adapta-
tion to any unfortunate outcome is in our 
own hands.

Global causes

Melting land ice results in higher sea levels, 
and in addition, warmer water also expands. 
Furthermore, the low-lying Netherlands is ex-
tra sensitive to the melting of the Antarctic. 
The gravity of the kilometres thick ice sheet 
attracts gigantic amounts of water. This at-
tractive force is so big the water is standing 
at an angle against the ice, as an enormous 
mountain of water. When the icecap melts, 
the attractive force diminishes, the water at 
the Antarctic drops and as a result the sea 
at the north side of the world rises (Shep-
herd, 2018). Right next to The Netherlands.

Dealing with uncertainty

Especially regarding predictions on sea level 
rise, the uncertainties in scientific models are 
big. But the risks, in particular for the low-ly-
ing Netherlands, are big as well. Research 
on the ice caps showed ice at the Antarctic 
is melting much faster than expected. In the 
past decade even three times as fast as be-
fore (Shepherd, 2018). Scientists of today are 
mostly concerned about the tipping points. 
These tipping points occur when the gla-
ciers at the Antarctic are so unstable there is 
no way back. It is not known exactly where 
these points lie, but they could be reached 
within the next twenty years (Verheggen, 
2013).

Uncertainty about the speed of the process 
makes it difficult for policy makers and stake-
holders to respond adequately and initiate 
long term projects facilitating adaptation. 
This makes it hard to adapt to the new cir-
cumstances in time since plans take time to 
be developed before they can finally be re-
alized (Schuttenhelm, 2019b). However, one 
thing is certain, a choice has to be made.

Introduction
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1.1 Map of The Netherlands in the year 2300 in an extreme scenario, Kim Cohen (Cohen, 2019)
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Project definition
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Problem statement

As a result of global sea level rise world-
wide articles are beginning to state: “The 
Dutch Have Solutions to Rising Seas. The 
World Is Watching.” (Kimmelman, 2017). It 
seems it is assumed that Dutch water man-
agement interventions such as the Delta 
Works, constructed as a response to the 
1953 flood disaster, are a means to avert the 
consequences of extreme sea level rise on 
the long-term. However these infrastructure 
projects are not designed to withstand the 
effects of the currently predicted increasing 
sea water levels and more frequently occur-
ring extreme weather conditions (Bregman, 
2020). Nevertheless, it seems self-evident  to 
many Dutch people that the government will 
take responsibility for acting on time.

When the predicted acceleration in sea lev-
el rise appears to be true, the current flood 
defense strategy is not prepared for a shift 
towards the required change (Bloemen et 
al. 2017). This is because the required shift 
is limitied by current standards of society 
that are against certain changes. As a re-
sult, there will be an increase in both transfer 
costs and strategy-dependency that makes 
it more difficult to do the required shift.
(van der Meulen, 2018). To make sure pre-
paredness, rather than a disaster, leads de-
velopment, various outcomes of increasing 
sea level rise and the required adjustments 
therefore needs to be researched and made 
visible for the people.
 Backing up the need for a differ-
ent approach is professor Kleinhans’ the-
ory stating the risk of flooding comes from 
lasting changes in climate, sea levels and 
river discharge, instead of accidental ex-
treme weather events. Whereas occasional 
extreme weather events have resulted in sit-
uations of temporary ‘shock’, lasting climate 
change will result in long term ‘stress’ which 
requires a different approach. Saline water 
will seep underneath the costly dikes and 
will cause problems regarding drinking wa-
ter, agriculture and nature (Kleinhans, 2018). 
According to Henk Ovink, Special Envoy 
for International Water Affairs, the biggest 
worldwide challenge lies in the field of avail-
ability of water, purifying water and other 

new applications to counteract the conse-
quences Kleinhans describes (Ovink, 2020).

On the other hand, flood risk is also affected 
by the degree of vulnerability of the built en-
vironment and its inhabitants. The amount 
of possible victims and damage to the built 
environment in the event of a possible flood 
is of great importance in decision-making 
(Pieterse et al. 2009). In this way the flood 
risk of an already flood prone area will raise 
as a result of densification. Due to the na-
tional housing shortage the aim is to build 
58.900  houses in the inner-city area of Rot-
terdam before 2030, primarily intended for 
starters and middle income groups (Groen-
emeijer et al., 2020). For various areas this 
results in a higher flood risk due to both the 
changing climate as well as densification, as 
this leads to an increase in vulnerability (fig. 
2.1, 2.2).
 Ahmed Aboutaleb, Dutch politician 
of the Labour Party and Mayor of Rotter-
dam, said of the city: “Rotterdam lies in the 
most vulnerable part of the Netherlands, 
both economically and geographically. If the 
water comes in, from the rivers or the sea, we 
can evacuate maybe 15 out of 100 people. 
We have no choice. We must learn to live 
with water.” (Kimmelman, 2017). Although 
dikes protect the low-lying parts of the city, 
also in the densifying outer dike area sensi-
tive areas can be identified (Gemeente Rot-
terdam, 2014). 

Seen the reduction of greenhouse gas emis-
sions and limiting global warming is not en-
tirely in the hands of The Netherlands alone, 
there has to be a plan takes into account 
the possibility the country will not survive. 
Therefore, experts warn that alternative op-
portunities must be explored in time (Schut-
tenhelm, 2019a). Especially while the rest 
of the world does use the Dutch approach 
as an example, we shouldn’t sit back and 
solely rely on the defensive landscape that 
has been designed based on assumptions 
made in the past. Instead, we should search 
for new perspectives on how to live with the 
increasing risk of flooding, act in time, and 
lead by example.
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Research questions

A timely response will be crucial to adapt to 
a rapidly rising sea level and the increasingly 
often flooding of rivers, that flow through 
the economic centers of the Netherlands, in 
time. To assure a national catastrophe won’t 
be needed to provoke action to be taken, 
the research poses the following question:

How can a new building typology, generate 
resilience to flooding in the densifying 
urban environment of the outer dike area 
of Rotterdam, aid in the Dutch housing 
shortage and represent the urgency of 
timely adjustment to extreme sea level rise?

In order to answer this question a collection 
of consecutive sub-questions is lined up:

What are the predictions for sea level rise 
and changing weather conditions in The 
Netherlands?

In what ways can the built environment of 
the outer dike area of the center of Rotter-
dam be made resilient towards the predict-
ed consequenses of extreme sea level rise 
and changing weather conditions in the 
near future?

What requirements will the design have to 
meet to initiate the next step towards living 
with water and make its program profitable 
for its surroundings at the densifying urban 
outer dike area of Rotterdam?

What design principles can be used for the 
design to help meet the established require-
ments?

How can an architectural intervention por-
tray the challenges of extreme sea level rise 
on the long term, while the phenomenon in-
volves a great deal of future uncertainty and 
rapid change in predictions?

Hypothesis/objective

The starting point for this research is based 
on the assumption that a new building typol-
ogy can contribute to reducing the housing 
shortage while generating resilience instead 
of vulnerability to flooding. The overarching 
goal is to reduce the flood risk in densify-
ing outer dike areas and contribute to a 
changing mindset towards living with the 
increasing risk of flooding. In the context of 
the current defensive mentality, communi-
cating through architecture a new percep-
tion, which embraces and benefits from the 
qualities natural water can bring to the built 
environment, will ultimately aid transition 
through increasing awareness. 
 The typology will be designed as 
a diagram flexible to be reinterpreted and 
deployed in various similar physical con-
texts dealing with similar conditions. It will 
be designed to be part of a bigger network 
of spatial interventions and function along 
with other existing water management solu-
tions. The diagrammatic design will man-
ifest itself in the form of a detailed design 
for one of these locations. For the purpose 
of this detailed design the research will fo-
cus on experimenting with design principles 
rendering visible and utilizing natural water 
to enhance spatial qualities benefitting ev-
eryday life. The final design will be present-
ed as an imaginative case-study and can be 
seen as an experimental form of research.

o

o

1.

2.

3.

4.

5.



2.1..Flood risk triangle, adapted from (Kaźmierczak et al., 2011)

Positioning

On the one hand this research focuses on 
the study about the practice of living with 
the temporality of flooding (fig. 2.1, 2.2) and 
the spatial qualities natural water can bring. 
The research therefore zooms in on the cur-
rent Dutch defensive landscape, recent pre-
dictions and transition strategies in order to 
determine how a more integrative and resil-
ient alternative can be initiated. For this it 
is essential to investigate into how to deal 
with uncertain predictions related to long-
term planning practices.
 On the other hand it takes into ac-
count the aim for intensified use of space 
in urban areas, the efficiently combining 
of functions and decentralization as pre-
scribed in ‘Vijfde Nota ruimtelijke ordening’ 
(Bruinsma et al., 2018). As a result, the mar-
ket driven, neoliberal building policies which 
partly caused the Dutch housing shortage 
and excluded different classes and popu-
lation groups from inner-city areas. Increas-
ingly often the functional and societal needs 
seem secondary to the economic importance 

which poses a difficult context for architec-
tural innovation (Hulsman, 2021). 

Since roughly 90% of the world’s bigget cit-
ies are located at or near a waterfront, also 
outside The Netherlands it is relevant to re-
think the way we utilize the open space wa-
ter brings to densifying city centers. As float-
ing urban components are less permanent 
and can add a variety of functions to the 
current mostly static grid of cities, using wa-
ter as a building ground, the current space 
is relieved and allows for a new density (Ol-
thuis, 2014). 
 As the diagrammatic design will 
need to be tested on various sites in order 
to be deployable inside a bigger network 
of water management solutions, the in the 
short-term to be redeveloped inner-city 
ports of Rotterdam and Amsterdam will be 
taken as test sites. Whereas Amsterdam has 
to cope with a bigger need for housing, Rot-
terdam experiences more urgent water man-
agement issues due to its position along the 
river Nieuwe Maas (fig. 2.3, 2.4).

RISK

EXPOSURE

HAZARD VULNERABILITY

urban environment

surface water flooding urban communities
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2.2..Dependencies influencing flood risk, own illustration based on (Pieterse et al., 2009)

maximum
depth
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arrival

scopechance

long-term
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short-term 15% to be built inside city centers short-term
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vital objects
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densification of flood prone areas
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flood hazard | probability

sea level rise

non-vital
damage

river discharge

climate change housing shortage

2.3..Distribution of river water discharge in The Netherlands, 
edited from (van der Meulen, 2018)

Amount and share of inner-city plans by functional 
housing market area, from 2020 till 2029, edited from 
(Groenemeijer et al., 2020)

2.4..

shockstress
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Some of the current measuements against 
flooding are raising of the dikes and allow-
ing rivers to overflow up to a certain extent. 
The question arises, is this enough? And for 
how long will it suffice before we need more 
measurements? The rise of sea levels is not 
a recent development, but it is increasing-
ly rising faster then anticipated. So its clear 
what to prepare for, the main question is: 
What are the predictions for sea level rise 
and changing weather conditions in The 
Netherlands? This chapter will give an over-
view of the most recent scientific predictions 
that are being made on sea level rise and 
changing weather conditions, taking the ur-
ban center of Rotterdam as an example.

Predictions for sea level rise
In a study that measured precisely the sea 
levels on a global scale from 1993 to 2006, 
a rise of around 3 millimeter has been mea-
sured on a yearly basis (fig. 3.1). This yearly 
average was higher than the average of the 
20th century. This trend in increasing rise of 
sea levels can be seen since the 18th century 
(Church, 2014).
 When making the assumption that 
the procceses that are responsible for melt-
ing the ice caps, like greenhouse gas emmi-
sions keep accelatering the melting proces, 
the result could be up to a near 3 meter rise 
in sea level by 2100. (Schuttenhelm, 2019a).
 A decade ago scientist agreed upon 
a maximum of one meter increase in sea lev-
el by 2100. By now this estimate has been 
tripled. Eventhough this is a wors-case sce-
nario that is not the most likely to occur, the 
effects are major. In a research from Mar-
jolijn Haasnoot, senior researcher on climate 
and water at the Deltares knowledge insti-
tute, it is stated that the effects of one me-
ter increase already is difficult to cope with. 
The existing flood resistance plan had been  
designed based on the before mentioned 
increase of one meter in sea level rise. Haas-
noot also states that there could be a point 
of no return somewhere between one and 
two meters. Having reached that point, ma-
jor transformative interventions will be nec-
essary, for which various alternatives need 
to be developed (Schuttenhelm, 2019a).

Michael Oppenheimer, Professor of Geosci-
ences and International Affairs at the Princ-
eton Environmental Institute, states that 
currently there is no plausible scenario that 
will halt sea level rise within the 21st centu-
ry. “We’ve got to deal with this anyway, the 
only aspect we will be able to have influence 
on is the speed at which it happens.“ (Voos-
en, 2019).
 The current state of policies of coun-
tries allow them to continue the consump-
tion of fossil fuels and can result in a global 
sea level rise of up to 1.1 meters. However, 
if the countries heaviliy cut back in their 
greenhouse gas emissions, the rise can be 
reduced to somewhere in between 0.29 and 
0.59 metres by 2100 (Voosen, 2019).

Not to mention, it will not stop after 2100. 
The effects of sea level rise are on a global 
scale, creating new surfaces that will show 
a lasting effect for the upcoming millenia. It 
has been established that it will be difficult 
to preserve the ice caps in Greenland and 
West Antarctica, and the same counts for 
the mountain glaciers. If you add the expan-
sion of warming ocean water to that, it has 
been estatimated that a minimum rise in sea 
level of 10 metres will occur. Even if we do 
everything we can to achieve the goals of 
the  Paris climate agreement to stay below 
an increase of 2 °C globally or even below 
1.5 °C (Schuttenhelm, 2018a).

Predictions for weather conditions

Next to the threat of rising sea levels also 
more extreme weather conditions are an 
incidental effect of climate change. More 
frequent heavy rainfall, storm surges and 
rising temperatures resulting in long peri-
ods of draught will also have a significant 
impact on the urban environment (fig. 3.2). 
If we dont take action, the frequency of cat-
astrophic storm surges will increase signifi-
cantly in the next 30 years, Oppenheimer 
says. “What was a 100-year event is a yearly 
event by 2050” (Voosen, 2019). For Rotter-
dam, next to sea level rise it also involves 
effects such as Rainfall and drought (fig. 3.3, 
3.5) which affect river flow, groundwater lev-
els and land subsidience.  

Predicted challenges towards 2100
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All of these effects are related and reinforce 
eachother. However, each of them need a 
different kind of approach and the neces-
sary measures can either reinforce or hinder 
eachother.

Consequenses

For the outer dike area of the urban center of 
Rotterdam (fig. 3.4), where more than 65.000 
people are living and also the biggest port 
of Europe is located, various additional con-
sequenses of sea level rise and changing 
weather conditions are occurring. One of 
the consequences of the rising sea level is 
an increase of salinity in the water at collec-
tion points for fresh water and groundwa-
ter. The rising sea levels potentially causes a 
higher  level of pressure resulting in seepage 
with negative consequences for the quali-
ty of the water and the need for extra dis-
charge capacity. For the city of Rotterdam, in 
times of prolongued dry and warm periods, 
the demands for energy will increase to pro-
vide cooling, together with the demand for 
freshwater to retain the proper surface and 
groundwater levels. The periods' higer tem-
perature can result in a decrease of water 
quality and stimulatie the growth of harm-
ful organisms such as blue-green algae. As 
a result, the city has a lower liveability rate 
which can be seen in figure 3.3 and 3.5. (Ge-
meente Rotterdam, 2020).

Furthermore, the water level of the rivers 
have to be reduced. In order to achieve that, 
it is neccessary to create more flexibility for 
the capacity of the rivers at 39 locations in 
the Netherlands. One way to do so is by, 
relocating dikes further inland, construct-
ing high-water channels and lowering the 
floodplains in some locations (fig. 4.4, 4.5). 
Some of these locations will be flooded 
during high water level periods, allowing the 
river more room. This results in an easing of 
the pressure on the dikes and other water 
systems (Rijkswaterstaat, 2019). In this way 
the distribution of river water discharge of 
the main rivers (fig. 2.3) running through The 
Netherlands can be regulated. However, the 
densifying urban outer dike area of Rotter-
dam doesn't provide sufficient space for 
these kind of solutions.

Estimated contributions to sea-level 
rise from 1993 to 2003 (Church, 2014)
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maximum daytime 
temperature rises 
from 36°C to 39°C

.

from 20 to 35 sum-
mery days by 2050

.

average temperature 
rises from 22.1°C now 

to 23.5°C by 2050

.

from 48 to 20 days of 
frost by 2050

.

sea level rise of 40cm 
by 2050 and 100cm 

by 2100

.

this causes high 
water levels to rise in 

Rotterdam

.

river flow increases in 
winter

.

lower river water 
levels in summer

.

rainfall increase 
925mm

.

wetter winters and 
more extreme rainfall 

volumes

.

maximum daily rain-
fall rises to 94mm by 

2050

.

number of days 
when rainfall >50mm 

increases

from 7 nights of 
>20°C to around 3 

weeks by 2050

>30°C from 1 day 
now to 5-12 days by 

2050

rainfall shortage 
increases from the 
current 230mm to 
approx. 288mm by 

> 
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2.1 The climate is changing
It is a fact that the climate has already significantly changed 
in recent decades, and that change is continuing unabated. 
The consequences of climate change for the Netherlands have 

been worked out in climate scenarios by the Royal Netherlands 

Meteorological Institute (KNMI). We are using the most up-to-date 
climate scenarios from 2014. These climate scenarios show a range 

of possibilities for the most likely consequences of climate change 

in the Netherlands. The analyses and risk assessment for the 

adaptation strategy are also based on the Delta scenarios that have 

been developed for the National Delta Programme.

For Rotterdam it involves effects such as:

Temperature
from 48 to 20 days of frost by 2050
from 20 to 35 summery days by 2050

Temperature
>30°C from 1 day now to 
5-12 days by 2050

Temperature
average temperature rises from 
22.1°C now to 23.5°C by 2050 
maximum daytime temperature rises from 36°C to 39°C

Tropical nights
From 7 nights of > 20°C to 
around 3 weeks by 2050

Drought
Rainfall shortage increases from the current 
230 mm to approx. 288 mm by 2050

Rainfall
Rainfall increases to 925 mm. 
Winters wetter and more extreme rainfall volumes

Rainfall
Maximum daily rainfall rises to 94 mm by 2050. 
Number of days when rainfall > 50 mm increases

Rivers
Flow increases in winter,
However lower water levels in summer

Sea level
Sea level rise by 40 cm by 2050 and 100 cm by 
2100. This causes high-water levels to rise in Rot-
terdam

> 

26
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Climate themes
Four major climate trends can be identified:

It’s getting wetter

It’s getting hotter
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Sea levels are rising

Rainfall, drought and sea level rise are also the four main themes in the 
National Delta Programme. For Rotterdam specifically it is essential 
that the themes of groundwater and land subsidence are also included. 

The effects of all these themes are related and reinforce one another. 
Rotterdam Weatherwise therefore focuses on six climate themes.

Although the six climate adaptation themes each require their 
own approach, the required measures can reinforce or impede one 

another. Measures that reinforce one another will be given priority. 

Measures that impede one another require considered choices.

The most important reinforcements are:
 > Introducing greenery in the city as an adaptation measure 

to counter heat also contributes to retarding rainwater.

 > Replacing paving with greenery or permeable paving 

increases the ability to absorb rainfall and supplements the 

groundwater. This is good for areas with (excessively) low 
groundwater levels.

 > Combining water retention facilities on buildings with 

cooling measures (green roof) helps reduce flooding and 
heat. Solar panels on green roofs have a higher yield.

 > Installing essential services higher up reduces the risk of 

flooding both from the river and from extreme rainfall.

The most important impediments are:
 > More trees and greenery in the city result in a greater 

demand for water, which intensifies the effects of periods of 
drought.

 > Replacing paving with greenery or permeable paving 

increases the ability to absorb rainfall and supplements the 

groundwater. This is bad for areas with (excessively) high 
groundwater levels.
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Sea level rise River dischargeRainfall Heat Drought

3.2 Predictions for changing weather conditions in the center of Rotterdam (Gemeente Rotterdam, 2020)
3.3 Challenges in preparation to heavy rainfall in the center of Rotterdam (Gemeente Rotterdam, 2020)

15.000 properties and 
2.000 vulnerable 

objects predicted by 
the 3di model in case 

of flooding

8x extreme rainfall events 
since 2000

Prediction of 
extreme rainfall 

once in 10 years 

60.000m2 
of permeable pavement

Rotterdam has 270,000m2 green 
roofs out of the  14.500.000m2 

of flat roofs to buffer water.

amongts which 
716 properties

have a high risk 
of flooding
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3.4 Flood risk in the inner and outer dike area in Rotterdam (Gemeente Rotterdam, 2020)
3.5 Challenges in preparation to drought in the center of Rotterdam (Gemeente Rotterdam, 2020)

Dry dikes
might break

Ship capacity
is reduced 

because of lower 
water level in 

the river

Increasing 
chances of  

salt intrusion

Fresh water need 
increases from 30 to 40%

Dry nature decrease the 
urban quality and the impact 

on Urban Heat Island

Foundation issues for
20.000 properties with 

wooden piles (rotting piles)

Swimwater 
polluted by
blue algae
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The Dutch history is rich of stories about 
flooding and technical solutions to effec-
tively control the water. One example is the 
draining of low-lying wetlands to cultivate 
agriculture or to create new residential ar-
eas. These plots are then protected by dikes.  
However, the lowering of groundwater is not 
free of risk as it causes subsidence. Also, the 
dikes prevent the natural influx of sludge 
that would help to prevent the subsidence 
(Kleinhans, 2018). The most prominent ex-
ample of floods in Dutch history is the North 
Sea flood of 1953 (fig 4.1).
 Today, the entire urban area of the 
Randstad is one huge polder, home to ap-
proximately 10 million people and is the 
beating economic heart of the Netherlands. 
In many parts of the world, in total around 
half a billion people are living in similar 
conditions, like flood-sensitive river del-
tas. In those locations, the threat does not 
only come from accidental extreme weather 
events, but also from multiple lasting chang-
es in climate and the rise of sea levels. When 
sea level rises substantially, saline water will 
creep underneath the raised dikes resulting 
in problems for the drinking water supply, 
agriculture and nature. Building larger dikes 
is costly and still fails to stop the leakage 
below them (Kleinhans, 2018).

Dikes and sluices are often thought of in 
protection against water but these won't be 
able to save the world by itself. According to 
Henk Ovink, Special Envoy for International 
Water Affairs at the Kingdom of the Nether-
lands, the biggest worldwide challenge lies 
in the field of the availability of water, puri-
fying water and new applications. Think of 
extracting energy out of waste water (Ovink, 
2020).

Multifunctional alternatives

Bringing together different expertise and 
‘building with the help of nature’ would 
make much more sense than endlessly fight-
ing the water. A result of this approach is 
the Zandmotor. By heigtening a part of the 
beach with a large amount of sand at once, 
repeated disturbance of the fragile seabed 

is prevented. Through natural erosion nature 
spreads out the sand along the coastline it-
self (TU Delta, 2014).

Once the world’s busiest port in the world, 
Rotterdam’s port still functions as the big-
gest port in Europe. Every year it operates 
tens of thousands of ships from around the 
world, supplying many countries with almost 
every type of goods. To Rotterdam, with 
more than 600.000 inhabitants, the port 
still forms the basis of the city's industry. 
According to port officials, the port is good 
for around 90.000 jobs, and there are many 
more workers whose businesses depend on 
the port. Therefore it is very important to 
protecting the port (Kimmelman, 2017). The 
functioning of the port and the prevention 
of the flooding of the city is currently depen-
dent on the Maeslantkering (fig. 4.2).

Beyond the Maeslantkering, in the center of 
Rotterdam, there are plenty fortifications, 
both on a bigger and smaller scale. An ex-
ample is the 'Dakpark' (fig. 4.3), giving the 
dike more functions then just to protect 
from flooding. It doubles as a much needed 
shopping center for the neighbourhood, and 
also has a public park on the roof. Currently. 
the shops face towards the waterfront and 
help with the upkeep of the park financial-
ly. According to one of the developers, Mr. 
Dassen: “We became invested in getting 
more people involved in all kinds of civic is-
sues. Water inevitably becomes an integral 
part of this process. We believe you get the 
smartest solutions when communities are 
engaged and help make the links between 
water and neighborhood development." 
(Kimmelman, 2017).

A contemporary approach towards building dikes
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4.1 A storm surge in 1953, killing more than 1,800 Dutch people, Co Zeylemaker (ANP Archief, 2008)
4.2 Maeslantkering, Frans Lemmens (Kimmelman, 2017)
4.3 Dakpark Rotterdam, Buro Sant en Co (Sant en Co, 2013)
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4.4 Room for the river measurements throughout the Netherlands (Rijkswaterstaat, 2020) 
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4.5 Room for the river measurements throughout the Netherlands (Rijkswaterstaat, 2020) 
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Perspective

In order to understand how a transition 
from the current defensive landscape to-
wards new resilient flood risk management 
strategies can be facilitated, the work “New 
Netherlands” (van der Meulen, 2018) can be 
used as a starting point. Van der Meulen, 
researcher at Urbanism TU Delft, concludes 
that a shift away from the current flood 
defenses and flood risk management is re-
quired in order for transitional approaches 
to be implemented. The difficulty with these 
transitional approaches lies in the possibili-
ty that the context will change over time.
 Managing this transition therefore  
constantly requires influence and adjust-
ments in governance systems and societal 
patterns (Rijke et al., 2012). Crucial in this 
transition is to emphasize on prioritizing de-
velopment resulting in preparedness above 
responding to floods after the event (Rot-
mans et al., 2001). Transition management 
has a need for the development of a long-
term perspective that takes the desired so-
cietal changes into account, to guide accel-
erated social innovation in the short-term, 
ultimately leading to changes in the societal 
structures which initially shaped the prob-
lem (Loorbach, 2010). 

As the right approach has to be based on 
predictions, a well-considered response is 
crucial in order to avoid having to regret 
costly interventions in the Dutch landscape 
at a later stage (Haasnoot, 2018). This 
causes a dilemma between the need to act 
in time, and the need to ‘wait’ for reliable 
long-term predictions to base the proper 
approach on. An intervention to withstand 
0.5 m sea level rise in 1995 was still sufficient 
to be able to last approx. 65 years. In 2060 
the functional lifespan of this intervention 
has already decreased to 20 years (fig. 4.6). 
This means adaptation with relatively small 
steps is becoming increasingly difficult. Stat-
ic interventions will be effective for shorter 
periods, which leaves little time for planning 
and implementation. An option would there-
fore be to take several larger and flexible 
measures instead (Haasnoot, 2018). 
 Stated by Dutch landscape architect 
Rob Roggema, the best approach would be 

to “navigate” the problem (Roggema, 2012, 
p. 39, 40). According to Roggema spatial 
planning mostly focuses on relatively short-
term plans in a context of predicted long-
term changes (fig. 4.7). In the design process 
of a spatial plan, the quantitative demands 
determine the spatial layout and once the 
individual parts are embedded in the plan 
the future is fixed which causes problems on 
the long-term (Roggema, 2012). Therefore, 
best approach would be to determine the 
best possible direction towards a far-future 
solution, while on the go constantly adjust-
ing the route. Therefore in order to be able 
to “navigate”, a long-term solution must 
have flexibility as one of its core features.

Change in perception

As the recent “Room for the River” project 
shows a shift towards deliberately ‘letting 
flood’, a more adaptive landscape is already 
being introduced (Rijkswaterstaat 2019).  
Facilitating further transition is not expected 
to have one fixed solution. Such a transition 
of an established system addresses count-
less interrelated problems and is expected 
to be only possible when initiated gradually 
and considered as an evolving process (van 
der Meulen, 2018). 
 In order to navigate this process the 
theory that design has the strength to facili-
tate one’s imaginations and to initiate a col-
lective behavioral change is essential (Brug-
mans, 2018). It is important that the current 
generation demands change and becomes 
mobilized. This can be done with the visu-
alization of futures. (Alkemade et al., 2018). 
By showing a future with a convincing narra-
tive, that informs and unites people to make 
complex decisions. That will result in action 
and opposing the resistance giving stan-
dard, architectural design has the ability to 
address the new complexity of a future with 
an increasing risk of flooding (Ovink et al., 
2018). Now is the time to utilize the power 
and strength that design can bring in terms 
of communicating new perceptions (van der 
Meulen, 2018).
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Mentality towards flood barriers after the Dutch flood disaster in 1953, own illustration based on respectively (ANP Archief, 
2008), (Kimmelman, 2017), (Port of Rotterdam, 2020), own photograph Parkhaven Rotterdam, 2020

4.8..

fighting against water

Maeslantkeringdikes (during North Sea Flood) recently raised quays

living with water

2020 205019971953

resilient building typology

static flexible flexiblestatic

?

coastal area/along rivers (densifying) inner city

4.6..Reduction of the functional lifespan of adaptation mea-
sures to 0.5 m sea level rise (Haasnoot, 2018)

Connection between long-term and short-term (Rog-
gema, 2012)

4.7..
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A large amount of the Dutch population is 
currently living and working in the Randstad. 
One characteristic of the Randstand is that 
it is the lowest-lying region in the country 
with the weakest soil. The central govern-
ment, provincial and local authorities and 
regional water boards have recently come 
to an agreement to increase the amount of 
green zones in cities and to have a bigger 
water storage. Unfortunately, eventhough 
these measures are reducing effects of cli-
mate change such as urban heat island 
effect and pluvial flooding, they do not ad-
dress the inevitable flooding due to a rise in 
sea level. (Ovink, 2020).
 With the predictions currently made 
in mind, in what ways can the built environ-
ment of the outer dike area of the center of 
Rotterdam be made resilient towards the 
possible consequences of extreme sea level 
rise in the near future?

Broad involvement

As could be seen in the example of 'het Dak-
park', the involvement of users and business 
comunity in necessary to achieve a lasting 
effect and to make them more engaged in 
climate policies. Especially in Rotterdam, 
where the cities property is 60% privately 
owned (fig. 5.1), involvement of private own-
ers is of great importance. Not to mention 
activities where where the link between 
public and private activities is explored to-
gether and awarded with added value (fig. 
5.2) (Gemeente Rotterdam, 2020).
 There might also be an awareness is-
sue on the risks of not taking enough action. 
In the Netherlands, generally, the population 
has faith in that the government will provide 
protection against the rising water. But the 
population might lack awareness on topics 
such as what location might entail more risk 
to flooding as it affects their possibility to  
insurance. In many urban outer dike areas, 
for instance in Rotterdam, the responsibili-
ty in case of a flood lies with the individual 
residents (Kleinhans, 2018). Therefore it is in 
the private parties best interest to partici-
pate in flood resilience developments (fig. 
5.2). On the other hand, more clarity about 

flood risk could lead to loss of value in cer-
tain flood-sensitive areas and will not seem 
inviting towards long term investments.

Resilient solutions

The Delta Commissioner recently stated that  
it is not too late to introduce major shifts in 
the areas of   housing, agriculture, fresh-wa-
ter supply and spatial planning. The goal 
to reduce greenhouse gas emissions gives 
room for innovation. This can make sure that 
the Netherlands will remain an attractive 
country to invest in the future. However, to 
be able to achieve this, a vision for the Neth-
erlands of the near future is lacking (Klein-
hans, 2018).

Cities, often situated on the coast or next 
to a river, are having to cope with pollution, 
subsidience, floods and densely populat-
ed areas. By tackling all those problems all 
in one, such a city can be  accelerated. To 
be able to achieve this, which also is what 
makes it complex, there has to be worked 
towards transitional change (Ovink, 2020). 
According to Ovink: “Money shouldn’t go to 
stupid projects any longer. I can build a road 
from A to B with a short financial return, but 
that it makes biodiversity vulnerable, dis-
places people and does not contribute to 
climate resilience is not in it. There are 3,700 
dams on the drawing board that will be built 
if nothing happens. All with a negative im-
pact on climate, people and biodiversity.” 
(Ovink, 2020).

In order to realise resilient solutions in time, 
broad involvement and close collaboration 
between public and private parties needs to 
be established. In addition a clear innova-
tive vision towards (flood) resilient solutions 
should ensure all various expertises and 
stakeholders work towards a common goal.

Generating resilience in response to prediction
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4.1 Citizens in the lead 
We are translating the developments confronting our city and 

the trends that we are seeing into a ‘new’ adaptation pathway 

for the coming years. One important step change from the early 

years is the use of more small-scale climate-adaptive measures 
in the public space at street level. The use of climate-adaptive 
measures previously usually involved major projects whereby 

Rotterdammers had little or no involvement in the process, such 
as water retention in the Museumpark car park. Water plazas are 

projects that were already addressed in a more integrated way 

with the neighbourhood residents, but this still involves the public 
space.

The future lies with Rotterdammers in their own living 

environment. As 60% of the space in our city is privately owned, we 
will never achieve the climate targets by focusing only on measures 

in the public space. This is one of the most important findings that 
shapes this strategy. The key to a successful climate adaptation 

strategy also lies in the private sphere.

If we look at the breakdown of private property, the most 
important parties with whom we need to make agreements 

are the social housing corporations. In view of the anticipated 

substantial building challenge of 18,000 new homes in our city, 
project developers are also an important party with whom to make 

concrete agreements. A water-robust and climate-resilient design 
ultimately requires commitment from everyone: the city, the 
regional water authorities, social housing corporations, the private 
sector, community organisations and Rotterdammers.

Ownership in Rotterdam Home ownership in Rotterdam

46%
social

corporations

19%
private
tenants

35%
private
owners

40%
public

60%
private

From strategy to practice

Three types of activity are needed in order to achieve the presented 

approach for each theme:

1. Activities aimed at the public space, for which the initiative lies 
primarily with public organisations;

2.  Activities aimed at private space or property, for which the 
initiative lies primarily with private organisations or persons;

3. Activities where the link between public and private activities is 

explored together and furnished with added value.

Rotterdam Weatherwise differentiates between 10 categories 
of measures and activities. These will be elaborated further 

into an implementation programme over the coming period. 

The Rotterdam Weatherwise implementation agenda will list 

the activities for each district. We will do this together!

> 
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EXT STEPS

 > Measures in public space

 > Measures in public real estate

 > Measures for schools and sports pitches

 > Embedding in primary processes and 

organisation

 > Innovation & example projects
 > Development of knowledge and 

 > (inter-)regional collaboration

 > Risk dialogue and district approach

 > Broad communication

 > Incentive scheme, regulations and agreements
 > Multifunctional roofs

5.1 Proportion of public and private ownership in Rotterdam (Gemeente Rotterdam, 2020)
5.2 Approach of public and private measures in Rotterdam (Gemeente Rotterdam, 2020)
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The architectural design project will por-
tray the use of natural water in a way that 
it will encourage its inhabitants and visitors 
to let water, in all its different forms and cir-
cumstances, enhance their experience and 
quality of life. Which ultimately aids in the 
transition towards wider involvement and a 
more durable approach towards urban wa-
ter management interventions. How can an 
housing project encourage inhabitants and 
foreign visitors to take action to invest in a 
flood resilient built environment in The Neth-
erlands?

Water as a flexible building ground

As the phenomenon of rising water levels 
involves a great deal of future uncertainty 
and rapid change in predictions, architects 
should consider urban components that are 
dynamic instead of static. Floating urban 
components are less permanent and can 
add a variety of functions other than hous-
ing to the current static grid of cities. By using 
the space that is now existing urban water 
as a building space allows for a new density, 
providing opportunities for cities around the 
world to respond flexibly to climate change 
and urbanization (Olthuis, 2014).
 The prognoses is that by 2050 ap-
proximately 70% of the world’s population 
will live in urban locations. Considering the 
the fact that around 90% of the world’s larg-
est cities are situated on the waterfront, we 
have reached a point in time where we are 
forced to rethink the way we live with wa-
ter in the built environment (Olthuis, 2014). 
Given the unpredictability of future develop-
ments and unanticipated needs we should 
come up with flexible strategies to be able 
to take into account the only constant, which 
is change. 

To make it feasible to utilize water more 
frequently as a flexible building ground in 
densifying urban areas new regulations and 
policies will need to be developed. In order 
to encourage private parties to invest in 
ways to live with water a certain amount of 
regulation is needed, not only to control the 

outcome, but also to provide confidence.

Dutch Housing Shortage

The city of Rotterdam (currently 620.000 
inhabitants) will grow towards 700.000 in-
habitants by 2037. The rising housing pric-
es make the city financially less accessible 
for starters and elderly. Also, people appear 
to value houses which are flexible in its use 
on the long term. There should be sufficient 
possibilities to combine a house into a living 
and work environment, especially after the 
transition towards working from home as a 
result of the corona crisis. Due to the grow-
ing amount of grants for sustainable hous-
ing and growing accessibility of for instance 
solar panels the popularity of sustainable 
living is increasing rapidly (fig. 6.1) (IN10, 
2017).

To provide sufficient housing Rotterdam 
strives to provide 56.000 houses at inner city 
locations by 2030. This will lead to an ex-
pansion of the urban center towards the for-
mer harbor areas with an attractive living/
work climate close to the current city center. 
The former ports, which provide a promising 
site to develop popular residential neigh-
borhoods, will be at the core of a modern 
inner city along the river (König, 2020).  

Already there are plans to invest 233 mil-
lion euros in 7 urban projects to provide a 
pleasant living environment within the next 
10 years. These projects mainly consist of an 
increase of green areas, recreation and less 
car traffic. At the Rijnhaven a housing proj-
ect of 8.500 houses is planned, the Maas-
haven will be partly reclaimed into land and 
turned into a public park and along the 
Nieuwe Maas, next to the new Feyenoord 
stadium, a new tidal park will be implement-
ed (König, 2020). As a result of this planned 
densification along the Nieuwe Maas in the 
outer dike area of Rotterdam, also the risk 
of flooding will rise substantially as far more 
people will be affected in case of flooding.

Towards living with water
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 1. Duurzaam gebouwde woningen (60,5%)

 2. Flexibele woningen die je beter kan aanpassen  (53,4%)

 3. Woningen bereikbaar voor mensen met een 
 kleine beurs  (44%)

 4. Meer variatie aan woningen door zelfbouw en 
 minder regels  (33,5%)

3130

JONG EN OUD IN HET KORT.
In 2037 telt de stad zo’n 700.000 inwoners. Met naar 
verhouding meer ouderen en waarschijnlijk ook meer mensen van 
buiten Nederland. 

Veel Rotterdammers geven aan te willen leven in gemengde 
wijken. Waar jong én oud woont, uit verschillende sociale 
klassen, met een diverse culturele achtergrond en met 
uiteenlopende inkomens en opleidingsniveaus. Een stad voor 
iedereen. Op dit moment is de bevolkingssamenstelling in enkele 
wijken erg eenzijdig. Dit willen we in 2037 graag anders.
Rotterdammers houden van een schone en veilige stad, ook in de 
toekomst. Ze ergeren zich aan vandalisme, overlast en rommel 
op straat. Hoe voller de stad, hoe groter de kans dat we overlast 
ervaren van zwerfvuil, verkeershinder en mensen die voor overlast 
zorgen in de openbare ruimte. 

De meeste mensen voelen zich veilig genoeg om overdag of 
’s nachts op straat te zijn. We willen richting 2037 wel meer 
voorlichting en strenge handhaving om overlast tegen te gaan. Er 
zijn suggesties zoals meer buurtvaders, meer blauw op straat en 
cameratoezicht, al waarschuwt een enkeling dat Rotterdam niet 
de stad van ‘big brother’ moet worden. 

Rotterdammers vinden het belangrijk dat woningen in de 
toekomst betaalbaar zijn voor iedereen, vooral voor starters en 
ouderen. We zien de stijgende huizenprijzen met zorg aan en 
zijn bang dat er voor de oorspronkelijke bewoners geen ruimte 
meer is in de binnenstad. Ook moeten woningen zijn afgestemd 
op de behoeften: flexibele, levensloopbestendige woningen, 
eenpersoonswoningen, woningen voor gezinnen en voor ouderen. 
Er moeten voldoende mogelijkheden zijn om wonen en werken te 
combineren en de wens voor duurzame woningen neemt toe.
‘Zorg voor wijken met speelmogelijkheden en activiteiten die de 
jeugd achter hun smartphone vandaan lokken.’

De woningen staan in 2037 bij voorkeur in een groene, gezonde 
en veilige wijk met schone lucht, waar kinderen veilig kunnen 

opgroeien en waar je naar buiten kunt om te bewegen.
Voor de jeugd moeten er voldoende speelmogelijkheden en 
activiteiten zijn zodat ze elkaar kunnen ontmoeten. Ook willen 
we veilige plekken en verkeersveilige routes. Er is behoefte aan 
buurthuizen voor jongeren en ouderen.

Uit de gesprekken blijkt dat er veel eenzaamheid is, vooral 
onder ouderen. We hebben geen hoge pet op van robots 
en zorg op afstand. Een belangrijk aandachtspunt voor de 
toekomst is daarom dat er gewerkt wordt aan sociale netwerken 
en ontmoetingsplekken. Goede relaties blijven in de toekomst 
cruciaal voor je eigen vitaliteit. Veel ouderen zeggen tijd te 
hebben om anderen te helpen.

Sport en beweging zijn belangrijk voor de gezondheid. Ouders 
vinden het fijn vinden als er straks voorzieningen zijn in de wijk 
die kinderen aanzetten tot bewegen. Van springkussens, veilige 
fietspaden en sportvelden tot fitnessgroepen. Ze willen daar zelf 
een bijdrage aan leveren. Als de wijk ‘rollator proof’ is, blijven 
ouderen straks langer in beweging.
 
KORTOM
• We willen graag meer variatie qua bevolkingssamenstelling in 

wijken
• We willen buurthuizen en activiteiten voor (hang) jongeren en 

ouderen
• We denken dat sociale netwerken helpen tegen eenzaamheid
• We voelen weinig enthousiasme voor robots en zorg op 

afstand
 
Meer informatie over de meningen van Rotterdammers is te vinden 
op hetverhaalvandestad.nl 

‘MAAK DE STAD MEER LEVENSLOOP 
BESTENDIG ZODAT MENSEN IN EEN 
BEPAALDE FASE VAN HUN LEVEN NIET 
HOEVEN TE VERHUIZEN OM IN HUN 
BEHOEFTE TE KUNNEN VOORZIEN.’

‘ZORG VOOR WIJKEN MET 
SPEELMOGELIJKHEDEN EN 
ACTIVITEITEN DIE DE JEUGD 
ACHTER HUN SMARTPHONE 
VANDAAN LOKT.’

ROTTERDAM NU. 

Meest voorkomend zijn één-persoonshuishoudens met 

46,1% (BRON: BUURTMONITOR 2017 OBI)

13% van de 65+ inwoners is (zeer) ernstig eenzaam 
(BRON GEZONDHEIDSMONITOR)

TOP 3 WONINGTYPES IN ROTTERDAM

26,2%  Eengezinswoning
23,9%  Portiekwoning zonder lift
23,7%  Portiek/galerijwoning met lift

WELKE WONINGEN MOETEN WE NU 
VOORAL BOUWEN OM ONS OP DE 
TOEKOMST VOOR TE BEREIDEN?

OP GESPREKMETDESTAD.NL VROEGEN WIJ DE ROTTERDAMMERS:

‘WONINGEN BEREIK-
BAAR VOOR MENSEN 
MET EEN KLEINE BEURS’ 
IS HET MEEST GENOEMD 
IN ZUID (52,4%) 
EN HET MINST IN 
CENTRUM (38,5%)

‘DUURZAAM 
GEBOUWDE 
WONINGEN’ 
IS HET MEEST GENOEMD 
IN WEST (67,2%) 
EN HET MINST IN ZUID 
(57,3%)

‘FLEXIBELE 
WONINGEN DIE 
JE BETER KUNT 
AANPASSEN’ 
IS HET MEEST GENOEMD 
IN CENTRUM (60%) 
EN HET MINST IN WEST 
(50%)

Er konden meerdere antwoorden 
worden gegeven. Top 4:

De percentages tellen op tot meer dan 100%, omdat Rotterdammers meerdere antwoorden konden geven 
(60,5% heeft duurzaam gebouwde woningen gekozen, maar ook een aantal andere antwoorden)

HET VERHAAL VAN DE STAD JONG EN OUDHET VERHAAL VAN DE STAD JONG EN OUD

De meningen van Rotterdammers samengevat.

6.1 Response of Rotterdammers to the question: "what kind of houses should we build right now to prepare us for the 
future?" (IN10, 2017)



Flood resilient building types

As in the near future a vast amount of hous-
ing projects will be built in an increasingly 
flood prone area, what flood resilient build-
ing types could be implemented to reduce 
the impact of a potential flood?

Sacrificial ground floor (fig. 6.2)

Suitable for: new/existing buildings
In areas which are likely to flood, shifting 
residential functions to the first floor, and 
utilizing the ground floor for functions such 
as parking or storage in times of no flood-
ing, greatly reduces the risk of flooding 
(Pelsmakers, 2014) Providing people with 
the possibility to live on the ground floor un-
til the flood risk gets too high is also a possi-
bility. However, unforeseen combinations of 
heavy rainfall, high tides and storm surges 
can pose threatening scenarios on the short 
term.
 This building type is difficult to im-
plement in dense urban areas where the 
plint is often intensively used for public func-
tions such as shops, restaurants and other 
semi-public functions.

Wet and dry proofed buildings (fig. 6.2)

Suitable for: new/existing buildings
In areas which may potentially flood, to en-
sure minimal damage occurs to properties 
in case of flooding buildings can be wet-
proofed. This can be done by using water-re-
sistant materials as concrete or tiles and 
building more robust walls and fixtures. Also 
electrical controls and appliances should be 
placed higher. Besides new structures, also 
existing structures can be wet-proofed. This 
one-time investment will result in minimal 
damage in case of a flood.

A slightly more thorough procedure would 
be to dry-proof new and existing buildings. 
In this way, in case of a flood, the water will 
be kept outside and does not cause any 
damage to the interior. However, this pro-
cedure is more costly and needs fully water 
resistant materials and details te be imple-
mented (Pelsmakers, 2014).

Building on stilts (fig. 6.2)

Suitable for: new buildings
In areas with a great possibility of flooding it 
is suitable to build on stilts. To ensure safety 
of the construction, additional protection of 
the stilts is needed against breakwater and 
potential debris.
 The area underneath the building 
is difficult to use as a public park won't be 
able to grow underneath the structure. Also 
a lack of surveillance and ownership will 
cause security issues in a dense urban en-
vironment (Pelsmakers, 2014). To be able to 
bridge the gap between the city its infra-
structure and the first floor, ramps, lifts and 
walkways will be needed to be implemented 
into the already fixed and dense urban envi-
ronment.

Floating buildings (fig. 6.2)

Suitable for: new buildings
As floating buildings are build directly onto 
water they will be resilient to any amount of 
water level rise as they will simply rise along 
with it. Also the need to reclaim land before 
a new structure can be built is not necessary. 
Essential pipework can be made waterproof 
and flexible to allow for the vertical move-
ment of the building (Pelsmakers, 2014).
 Floating buildings are mostly limit-
ed to two storeys in height, which does not 
allow optimal use of the available space in 
a densifying urban center. However floating 
structures can be resilient towards flooding, 
they still remain dependent on its connec-
tion to the vulnerable urban infrastructure 
around it.
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6.2 Flood resilient building types, own illustration

sacrificial ground floor

building on stilts

wet and dry proofed buildings

floating buildings

Functional integration

As the described flood resilient building 
types are difficult te be implemented into a 
densifying urban center the need for flood 
defence barriers seems almost unavoidable. 
While striving towards living with water, how 
can we integrate flood resilient building 
types into flood defence barriers in order to 
optimally use the scarce space in densifying 
city centers?

In dense urban areas where space can be 
scarce concepts of multifunctional land-use 
can enable space to be used more intensive-
ly. The multifunctional use of space can be 
achieved by integrating multiple functions in 
one building or construction. The degree of 
spatial integration can be distinguished in 
four spatial dimensions of multifunctional-
ity. With the four dimensions it is possible to 
evaluate to which degree space and func-
tion integrate (fig. 6.3) (Veelen, 2015).

Shared use

Without the need for any adjustments to the 
basic structure, it is possible to use a flood 

barrier for functions such as recreation, in-
frastructure or argricultural purposes. 

Spatial optimisation

In order to make space for other buildings, 
which are not part of the flood defence, the 
shape of the flood barrier can be adapt-
ed. The spatially most compact shape is 
reached when a vertical retaining wall is 
applied, replacing a slope, leaving space for 
housing or other urban functions.

Structural integration

When a dike is over-dimensioned and 
doesn't need all its capacity to function as a 
flood barrier, a structure can be built on, in 
or under the flood barrier without having to 
function as a barrier itself.

Functional integration

When a structure with a function of its own 
also functions as a flood barrier then the 
biggest amount of space can 
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be gained. However this concept is techni-
cally feasible, precedents are hard to find 
and the design asks for well considered de-
cisions regarding safety measures (Veelen, 
2015).

In striving towards efficient use of space in 
densifying urban waterfront areas, various, 
already implemented, integration concepts 
(Veelen, 2015) combined together could 
form a new type of building typology (fig. 
3.1). Combining the principles of shared use, 
structural, spatial and functional integration 
could pose an innovative next step towards 

living with water in densifying urban areas 
(fig. 3.2). The sub questions in order to come 
up with workable design principles: How 
would a typology like this work both socially 
and technically? In what ways could this ty-
pology be beneficial to the densifying flood 
prone area behind it? What other qualities 
will it be able to give back to the city? How 
would it be implemented into the already 
saturated urbanizing context? What will the 
mandatory requirements be for the individu-
al parts of this building typology in order to 
make it feasible and flexible long-term? 
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Degrees of spatial integration, own illustration based on (Veelen, 2015)

Example of a schematic proposal for a hydraulic building typology along currently vacant quays combining shared 
use, structural, spatial and functional integration, own illustration

6.3..

6.4..

shared use

spatial optimisation

structural integration

functional integration

?

low tide
high tide

+

+

+

reviving unused/paved quays 
in former port areas
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Project site

However dikes protect the low-lying parts 
of the city, sensitive areas can be identified 
in the urbanized outer dike area. Due to the 
low flow speeds, damage to the homes is 
often limited to the interiors on the ground 
floors. Still, chances are that such floods will 
occur in the near future will happen more of-
ten (Gemeente Rotterdam, 2014). 

In order to generate flood resilience in the 
outer dike area the housing project will fo-
cus on densifying (former) ports which are 
currently being developed into dense resi-
dential areas (fig. 6.5) As the new building 
typology, of housing integrated with a mul-
tifunctional flood barrier, will make use of 

the currently mostly empty quays the project 
will be situated along these quays inside the 
outer dike area of Rotterdam (fig. 6.5). In or-
der to give insight into how this new typolo-
gy can be implemented in various densifying 
neighborhoods, each with their own charac-
teristics, functions and needs, the master-
plan of the project will focus on sketching 
an appropriate program for all 3 sites. From 
this large scale a single floating unit will be 
worked out in further detail. Most attention 
will go towards the detailed design as it 
will show how the project works socially as 
well as technically. Whereas the large scale 
masterplan will give a suggestion of how the 
detailed design could be implemented, ex-
tended and how it provides flood resilience 
on a bigger scale.

Outer dike area Rotterdam, The Netherlands, own edit from (Google Earth, 2021), height measurement (AHN, 2020)6.5..



Project goals

raising awareness/change in perception

dealing with uncertain predictions

obsolete Dutch defensive landscape

densification of flood prone inner-city areas

Dutch housing shortage

Global predictions regarding flood risk

generating resilience instead of vulnerability

densification/providing affordable housing

SENSITIVE TO CHANGE OVER TIME

current problem frame

(long term) project goals

literature studies

literature studies

literature studies

literature studies

literature studies

literature studies

literature studies

literature studies

EXPLORED TO ESTABLISH
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Overview of current problem frame and corresponding long term project goals, own illustration7.1..
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Overview of concept design principles
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Urban Environment

Possibility of 'land reclamation' in 
densifying urban centers for flexible 
purposes

Amphibious structures that make the 
border between urban center and 
natural water accessible to the public

Housing a residential and mixed use 
programm dependent on the needs and 
plans for the adjacent city center

Outcome

An accessible waterfront which 
diversifies the existing area and allows 
for a flexible programm in the future

Functioning as a link in a larger network 
of flood barriers and water management 
solutions along the river

Structural and functional integration 
of the project in order to ensure both 
spatial optimisation and flood resilience

which in times of flooding of the river will 
also function as a flood barrier in order 
to protect the existing city center

...

Self-sufficient amphibious structures in 
order to avoid complex connections with 
infrastructure on the mainland
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Symbolic

Housing public functions to continuously 
attract new visitors and add to the 
exististing programm

Natural water body provides impassable 
open space without the need for 
physical obstacles which obstruct the 
view towards the project

Providing a wide variety of year round 
activities for households and public 
audience to experience the benefits of 
living with water

Outcome

A new building typology which provides 
the opportunity for various households 
to live with water and remains seen by 
new visitors from outside

Ensuring lasting open space with 
minimal maintenance required around 
the project

'Selling' the benefits of living with 
water to a wider public in order to raise 
awareness towards the rising flood risk 

(instead of a cry for help)

Apart from flooding, daily tides (approx. 
2 cycles a day) provide continuous 
change in height during day and night

Tidal changes and high water levels 
having a direct effect on the program and 
accessibility, in turn raising awareness

!?
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Technical

Water delivering the lifting force needed 
for the amphibious structure to rise into 
it's position as a flood barrier

x kN

x kN

Water buffer to control floating height, 
provide stability and assure flexibility for 
future (weight) changes

Steel anchor poles guiding the structure 
up and down while the gap between 
structure and quay is sealed  

Flexible stairs, ramps and plateau lifts 
moving along with the continuously 
changing height allowing continuous 
accessibility

Outcome

A mechanism, powered by water, 
allowing people to live in direct contact 
with the waterside while automatically 
able to transform into a flood barrier

Even weight distribution throughout 
the structure to provide balance and 
eliminate the need for compensation

Outcome

Providing density, structural flexibility 
and the capacity to anticipate to 
uncertain predictions regarding sea 
level rise on the long term

Focus on lowering the center of gravity to 
increase stability and therefore provide 
the possibility to build higher

Z





In order to gain a deeper understanding 
and establish the right relationships be-
tween the illustrated findings and design 
principles, this chapter will look into which 
existing architectural research methods can 
be applied and combined in order to de-
velop a site specific design proposal which 
contributes to achieving the long term goals.

Time-based approaches

Instead of what we need right now, the 
question should be about what is needed 
in the far-future (Hein et al., 2020b). While 
keeping in mind the transition requirements 
and a clear overview of recent scientific pre-
dictions, how can a flexible far-future solu-
tion be determined towards which can be 
navigated? To set the route for future devel-
opments, various time-based approaches 
can be applied. The interrelated use of fore-
casting, backtracking and backcasting (fig. 
9.1) enables to find the best solutions from 
history, the present and the desirable future 
(van den Dobbelsteen et al., 2006). 

Material study

The sustainable way of building involves the 
limited use of concrete which in The Neth-
erlands is gradually more frequently being 
replaced by timber construction (Hulsman, 
2021). In the case of the proposed hydraulic 
building typology this material preference 
gets an extra dimension as the weight of the 
construction will largely determine the vol-
ume. The starting point that comes with this 
distinction will be to use concrete if there is 
no other option, and to use wood where it 
is possible. To determine exactly where this 
distinction will be made material studies 
have to be carried out regarding buoyancy, 
weight, manufacturing and water resistance.
 Regarding the construction the proj-
ect will also utilize the ‘open building’ princi-
ples (fig. 9.2) examined within the Architec-
tural Engineering graduation studio in order 
for the project to assure flexibility and dura-
bility.

Analysis of reference projects

In order to distill from relevant architectural 
reference projects (p. 41, fig. 10.1) usable de-
sign principles in a responsible way the fol-
lowing questions posed by professor Carola 
Hein should be kept in mind: How can we 
use interpretations of the past to propose 
certain design decisions which will shape 
the future built environment? How to avoid 
findings to be based solely on personal in-
terpretation? (Hein, 2020a). Therefore in this 
analysis what will be important is to explore 
the thoughts behind the projects, to try and 
understand which reasons led to its creation. 
In this way not the form or function will be 
analyzed, but the resulting capabilities, that 
can be redeveloped and used again (Rad-
man et al., 2020).

Research by design

As all architecture can be seen as a form 
of inquiry, which takes on different mani-
festations in different moments in time and 
space, during the process there is no clear 
distinction between the research and design 
part (Mejia et al., 2020). In order to produce 
new knowledge through the act of design-
ing a back and forward process between 
the interconnected research and design is 
needed. In this way design principles result-
ing from research can be experimented with 
and tested in a site specific context. In turn, 
unforeseen obstacles emerging from the 
design process can be investigated further 
(Vos et al., 2013).  
 Posed by professor of design studies 
Nigel Cross the process consists of three, of-
ten unconsciously, interrelated aspects (fig. 
9.3) that build on relevant first design princi-
ples as design guides in engineering (Cross, 
2006). As the described problem goals are 
complex with no fixed solution criteria, the 
design process has to be transformed into 
a process of continuous feedback. The pro-
cess needs to become reflective for it to be 
constantly adjusted and directed to build 
towards the desired future (Roggema, 2016).

Sequel
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raphic explanation of the forecasting, backcasting and backtracking methods, illustration by F. Lafleur edited from (van den 
Dobbelsteen et al., 2006), (Hooimeijer, 2016), explanation cited from (Roggema, 2012, p. 84)

Shearing layers of change (Brand, 1994)

Diagrammatic model of creative strategy, own illustration edited from (Cross, 2006)

9.1..

9.2..

9.3..

problem goals

problem frame

resolved by matching

explored to establish developed to satisfy

used to identify embodied in
achieved by using

tension between conflicting

relevant first principles

solution concept

solution criteria

As briefly explained by Roggema (Roggema, 
2012, p. 84), the 3 methods can be described as:

Forecasting: “Predicting the future starting from 
present”.

Backcasting: “To define the desired future, and 
derive from that the steps to be taken to realise 
that future”.

Backtracking: “Going back in history to find a 
sustainable equilibrium, which functions as an 
inspiration for defining a desired future system 
and derive from that the steps to realize it”.
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Project
Little Island

Architects
Heatherwick Studio

Year
2020

Location
New York City, United States

Typology
Public Space

Size
11.000 m2

Description provided by the architects
Following a design competition the 
Hudson River Park Trust and business-
man and philanthropist Barry Diller ap-
pointed Heatherwick Studio to build 
a new pier on Manhattan’s southwest 
riverside. The pier needed to be both 
a public park and a world class out-
door performance space. Interested 
in the hundreds of old wooden piles 
which stuck out of the Hudson River as 
the structural remains of the old piers 
that had previously existed, the studio 
wondered if the identity of the new pier 
could come from focusing on its struc-
tural piles. The idea evolved to take the 
new concrete piles that would be need-

ed and to continue them out of the wa-
ter, extending skyward to raise up sec-
tions of a green landscape. Fusing as 
they meet, these individual piles come 
together to form the topography of the 
park. Raising the new piece of park up 
into the air could not only counteract the 
windswept quality of the big adjacent 
road but also work well with the need for 
outdoor theatre and performance spac-
es, as raked seating could be shaped 
into the landscape to give the audience 
better views. 
 The resulting design developed 
as a system of repeating piles which 
each form a generous planter at their 
top. Every planter then connects in a 
tessellating pattern at different heights 
to create a single manipulated piece of 
landscape. More than a hundred dif-
ferent specief of indigenous trees and 
plants suited to the harsh extremes of 
New York climate will be planted with-
in the thousands of tonnes of new soil 
of this landscape. The result is a unique 
topography that can be experienced as 
you walk underneath to enter, as well as 
from above as the 280 piles rise up out 
of the water. As well as being a beau-
tifully landscaped public park, the new 
pier will be a hardworking object that 
contains an outdoor theatre for over 700 
people, a smaller performance space for 
200, a main space for 3500 and many 
pathways and viewing platforms.
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Project
Louvre Abu Dhabi

Architects
The Ateliers Jean Nouvel

Year
2017

Location
Abu Dhabi, United Arab Emirates

Typology
Museum

Size
97.000 m2

Description provided by the architects
All climates like exceptions. Warmer 
when it is cold. Cooler in the tropics. Peo-
ple do not resist thermal shock well. Nor 
do works of art. Such elementary obser-
vations have influenced the Louvre Abu 
Dhabi. It wishes to create a welcoming 
world serenely combining light and 
shadow, reflection and calm. It wishes 
to belong to a country, to its history, to 
its geography without becoming a flat 
translation, the pleonasm that results in 
boredom and convention. It also aims at 
emphasizing the fascination generated 

by rare encounters.

 It is rather unusual to find a built archi-
pelago in the sea. It is even more un-
common to see that it is protected by a 
parasol creating a rain of light.
 The possibility of accessing the 
museum by boat or finding a pontoon to 
reach it by foot from the shore is equally 
extraordinary, before being welcomed 
like a much-awaited visitor willing to see 
unique collections, linger in tempting 
bookstores, or taste local teas, coffees 
and delicacies.
 It is both a calm and complex 
place. A contrast amongst a series of 
museums that cultivate their differences 
and their authenticities.

It is a project founded on a major sym-
bol of Arab architecture: the dome. But 
here, with its evident shift from tradition, 
the dome is a modern proposal.
 A double dome 180 meters in 
diameter, offering horizontal, perfectly 
radiating geometry, a randomly perfo-
rated woven material, providing shade 
punctuated by bursts of sun. The dome 
gleams in the Abu Dhabi sunshine. At 
night, this protected landscape is an oa-
sis of light under a starry dome.
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Project
The Whale

Architects
Dorte Mandrup

Year
Ongoing

Location
Andenes, Norway

Typology
Touristic Attraction

Size
4.500 m2

Description provided by the architects
300 km North of the Arctic Circle, on the 
tip of the island Andøya lies Andenes. 

A small town located amid dramatic 
landscapes – both above and below 
the ocean’s surface. Just a few sea miles 
from shore a deep-sea valley unfolds. It 
is frequently visited by migrating whales, 
making Andenes one of the best plac-
es in the world to see this fabled animal 
up-close. The new Arctic attraction, The 
Whale, tells the story of the big inhab-
itants of this underwater world,  rising 
as a soft hill on the rocky shore– as if a 
giant had lifted a thin layer of the crust 
of the earth and created a cavity under-
neath.

A single curved concrete shell makes up 
the roof of The Whale. This parabolic 
form effectively transmits the forces to 
three support points in the corners of 
the building, creating  a large, inner col-
umn-free room. 
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Project
Blur Building

Architects
Diller Scofidio + Renfro

Year
2002

Location
Yverdon-les-Bains, Switzerland

Typology
Pavilion

Size
7.432 m2

Description provided by the architects
The Blur Building is an architecture of 
atmosphere—a fog mass resulting from 
natural and manmade forces. Water is 
pumped from Lake Neuchâtel, filtered, 
and shot as a fine mist through 35,000 
high-pressure nozzles. A smart weather 
system reads the shifting climatic con-

ditions of temperature, humidity, wind 
speed and direction and regulates wa-
ter pressure at a variety of zones. Upon 
entering Blur, visual and acoustic refer-
ences are erased. There is only an opti-
cal “white-out” and the “white-noise” of 
pulsing nozzles. Contrary to immersive 
environments that strive for visual fidel-
ity in high-definition with ever-great-
er technical virtuosity, Blur is decidedly 
low-definition. In this exposition pavilion 
there is nothing to see but our depen-
dence on vision itself. It is an experiment 
in de-emphasis on an environmental 
scale. Movement within is unregulat-
ed. The public can ascend to the Angel 
Deck via a stair that emerges through 
the fog into the blue sky. Water is not 
only the site and primary material of the 
building; it is also a culinary pleasure. 
The public can drink the building. With-
in, is an immersive acoustic environment 
by Christian Marclay. The lightweight 
tensegrity structure measures 300 feet 
wide by 200 feet deep by 75 feet high 
and is supported by four columns.
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Project
Floating Piers

Architects
Christo

Year
2016

Location
Lake Iseo, Italy

Typology
Exhibition

Size
90.000 m2

Project description
Three kilometres of saffron-coloured 
pathways temporarily connect the shore 
of Italy’s Lake Iseo to islands at its cen-
tre in this installation by Bulgarian artist 
Christo.

Visitors can walk from Sulzano on the 
lake’s eastern edge to the island of Mon-
te Isola. They can also use two paths to 
reach the islet of San Paolo, which is en-

circled by the pontoons.

The shimmering orange-yellow fabric 
that is draped over the modules con-
tinues for an extra 1.5 kilometres along 
the streets of Sulzano and the village of 
Peschiera Maraglio on the other side.

The piers measure 16 metres wide and 
rise approximately 50 centimetres 
above the water, with sides sloping gen-
tly down to the surface.

A modular system of 200,000 high-den-
sity polyethylene cubes forms the walk-
ways, which are designed to move up 
and down with the movement of the 
waves.

“The mountains surrounding the lake will 
offer a bird’s-eye view of The Floating 
Piers, exposing unnoticed angles and 
altering perspectives,” said Christo.
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Project
The Source of Everything

Architects
Precht

Year
2020

Location
Austrian Expo 2020

Typology
Pavilion

Project description
‘At its best, a pavilion offers a surprise, a 
fun time with a message and an adven-
turous exploration. By creating a lasting 
impression, it will connect the visitors 
personally to the values of a country and 
its culture.’

The project features a supersized mill, 
that circulates water through the pa-
vilion and brings one experience that 
Austria is famous for to the desert of 

Dubai : Refreshment.

Water shaped our country and it gener-
ates most of our energy. In times where 
large cooperations are buying wells and 
the pollution of our rivers, lakes and 
oceans is on a all time high, the pavil-
ion should be a statement to underline 
the importance that that water is a pub-
lic asset. Water is the source of life. It is 
the main designer of our environment. It 
makes up two thirds of a human body, 
just like the map of the world. Water is 
our physical connection with the planet.

On average, it rains between 0 and 1 
times per month during the time of the 
Expo in Dubai. Attracting millions of 
people the Expo in Dubai will be a par-
ticularly hot event.

‘Usually, the task of a building is to pro-
tect against weather. But our building 
leaks, drops, vapors, steams and rains. 
In this sense the Austrian Pavilion is like 
a large sprinkler that refreshes its visi-
tors.’
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Project
Blue Lagoon Retreat

Architects
Basalt Architects

Year
2018

Location
Svartsengi, Grindavík, Iceland

Typology
Hotel / Spa

Size
8.500 m2

Description provided by the architects
Improvisation has played a critical role 
in the expansion at Blue Lagoon. The 
complex that has risen from the Illah-
raun lava plain—the Retreat—was de-
signed and sited according to the natu-
ral formations of the lava, but there was 
no way of knowing what the lava would 
reveal when construction began. There-
fore, it was vital that the architects and 
engineers embarked on the project with 
open minds.

The lava field was essentially a blank 
canvas, consisting primarily of a sin-
gle flow from the year 1226. The strik-
ing aspect of this flow is that its molten 
source—the crater Eldbörg—exhausted 
itself as the lava was reaching across a 
concordant flow from 2000 years ago. 
The remarkable crossroads of these two 
flows created the formidable, fragment-
ed plateau on the south shore of the 
Blue Lagoon. This enchanting expanse 
of moss-covered lava became the loca-
tion of the expansion.

Preserving the bond between man and 
nature was at the forefront of the design 
and construction process. They were 
guided by the principle that building 
and geology should become one—uni-
fied by the inspired transit of form, func-
tion, and the volcanic earth.

This mindset embodies the approach 
that proliferates through all of the con-
stituent elements—design, lighting, en-
gineering, architecture, and sustainabil-
ity—that have given life to the Retreat 
at Blue Lagoon Iceland. Everything con-
verges on the notion of the intercon-
nectedness of man and nature.
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Project
Svart

Architects
Snøhetta

Year
Ongoing

Location
Svartisen, Norway

Typology
Hotel

Project description
“Svart” is the first building to be built 
after the energy positive Powerhouse 
standard in a Northern climate. Not only 
does this new hotel reduces its yearly 
energy consumption by approximately 
85% compared to a modern hotel, but 
it also produces its own energy - an ab-
solute “must” in this precious arctic en-
vironment. The hotel will also become 
the world’s northernmost Powerhouse 

building. 

Building in such a precious environ-
ment comes with some clear obliga-
tions in terms of preserving the natural 
beauty and the fauna and flora of the 
site. It was important for us to design 
a sustainable building that will leave a 
minimal environmental footprint on this 
beautiful Northern nature. Building an 
energy positive and low-impact hotel 
is an essential factor to create a sus-
tainable tourist destination respecting 
the unique features of the plot; the rare 
plant species, the clean waters and the 
blue ice of the Svartisen glacier, says 
Founding Partner at Snøhetta, Kjetil 
Trædal Thorsen.

The precious nature surrounding the ho-
tel can only be accessed by boat, and 
there are plans to introduce an ener-
gy neutral boat shuttle from the city of 
Bodø to the hotel.
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Project
Under

Architects
Snøhetta

Year
2019

Location
Lindesnes, Norway

Typology
Restaurant

Size
495 m2

Description provided by the architects
Located at the southernmost point of 
the Norwegian coastline, where the sea 
storms from the north and south meet, 
the project is situated at a unique con-
fluence. Marine species flourish here in 
the both briny and brackish waters to 
produce a natural abundance in bio-
diversity at the site. The Snøhetta-de-
signed restaurant also functions as a 
research center for marine life, providing 

a tribute to the wild fauna of the sea 
and to the rocky coastline of Norway’s 
southern tip.

In Norwegian, “under” has the dual 
meaning of ”below” and ”wonder.” 
Half-sunken into the sea, the building’s 
34-meter long monolithic form breaks 
the surface of the water to rest direct-
ly on the seabed five meters below. The 
structure is designed to fully integrate 
into its marine environment over time, as 
the roughness of the concrete shell will 
function as an artificial reef, welcoming 
limpets and kelp to inhabit it. With the 
thick concrete walls lying against the 
craggy shoreline, the structure is built 
to withstand pressure and shock from 
the rugged sea conditions. Like a sunk-
en periscope, the restaurant’s massive 
window offers a view of the seabed as 
it changes throughout the seasons and 
varying weather conditions.

At the seabed, five meters below sea 
level, lies the panoramic eye of the build-
ing. An eleven-meter-wide and 3.4-me-
ter-tall horizontal window offers a visual 
gateway to the sea and connects the 
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Project
Flood Resistant Ferry Terminals

Architects
Cox Architecture

Year
2014

Location
Brisbane, Australia

Typology
Infrastructure

Size
Various

Description provided by the architects
Cox Architecture, together with engi-
neering firm Aurecon, completely re-
imagined the concept of ferry terminals 
after the fatal and devastating Brisbane 
Floods in 2011.

Massive floods hit Brisbane in 2011, with 
the collapsed pre-existing Ferry Termi-
nals becoming symbolic of the catastro-
phe. The widespread damage cause by 
the floods and river terminals was a cat-
alyst for an International design compe-

tition to find a resilient solution.

The idea involved a radical rethink of 
the ferry terminal archetype, reconceiv-
ing both structure and form. Rather than 
increasing bulk and mass to withstand 
natures force, Cox Architecture’s solu-
tion leverages the laws of nature itself 
to create the next generation of resilient 
infrastructure.

Three mechanisms of resilience form an 
integrated response. The first comprises 
of a single tall defensive pier, in place 
of multiple piers surrounding past ter-
minals. Placed at the upstream end this 
is used to deflect debris and vessel im-
pacts.

Secondly, a gangway was devised in-
corporating floatation tanks, so that in 
the event of rising flood waters it lifts off 
a pin, rotating out of harm’s way to al-
low debris to pass through. After flood 
waters recede it is rotated back into po-
sition.

The third strategy was to shape the ar-
chitecture of the pontoon like a boat to 
deflect debris and provide less resis-
tance in a flood.
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Project
Garden Bridge

Architects
Heatherwick Studio

Year
Ongoing

Location
London, United Kingdom

Typology
Infrastructure

Size
47 m

Description provided by the architects
Following Transport for London’s (TfL) 
tender for proposals to improve pedes-
trian links across the river, Heatherwick 
Studio and actor and campaigner Joan-
na Lumley have developed an idea for a 
new pedestrian ‘Garden Bridge’ across 
the River Thames; a scheme to connect 
North and South London with a garden. 
As one of the greenest cities of its size 
in the world, this precious new piece of 

landscape will add to London’s rich and 
diverse horticultural heritage of heath-
lands, parks, squares, allotments and 
community gardens and support many 
indigenous river edge plant species. The 
revival of the South Bank over the past 
two decades has created a vibrant and 
artistic district attracting large number 
of visitors to its art galleries, theatres, 
music halls, restaurants and outdoor en-
tertainment. However, visits to Temple 
and the north bank area east of Som-
erset House and Waterloo Bridge are 
far less frequent. The bridge will grow 
and nourish the connection between 
these distinct areas whilst providing 
new walking routes to and from Covent 
Garden and Soho. With a structure that 
widens and narrows across its span, the 
elevated garden will not only be a safe 
and easy way for London’s many com-
muters and visitors to cross the river, it 
will also make places along its length 
for pedestrians to stop and better enjoy 
the remarkable river setting and unpar-
alleled views of the city. The addition 
of careful planting with variety in scale, 
openness and intimacy will create a new 
kind of public space in the city.
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Project
Moses Bridge

Architects
RO&AD Architecten

Year
2011

Location
Halsteren, The Netherlands

Typology
Infrastructure

Size
-

Description provided by the architects
The West Brabant Water Line is a de-
fense-line consisting of a series of for-
tresses and cities with inundation areas 
in the south-west of the Netherlands. It 
dates from the 17th century but fell into 
disrepair in the 19th century. When the 

water line was finally restored, an ac-
cess bridge across the the moat of one 
of the fortresses, Fort de Roovere, was 
needed. This fort now has a new, rec-
reational function and lies on several 
routes for cycling and hiking.

It is, of course, highly improper to build 
bridges across the moats of defense 
works, especially on the side of the for-
tress the enemy was expected to appear 
on. That’s why we designed an invisible 
bridge. Its construction is entirely made 
of wood, waterproofed with EPDM foil. 
The bridge lies like a trench in the for-
tress and the moat, shaped to blend in 
with the outlines of the landscape.

The bridge can’t be seen from a dis-
tance because the ground and the 
water come all the way up to its edge. 
When you get closer, the fortress opens 
up to you through a narrow trench. You 
can then walk up to its gates like Moses 
on the water.
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Project
Copenhagen Islands

Architects
Marshall Blecher & Studio Fokstrot

Year
Unbuilt

Location
Copenhagen, Denmark

Typology
Landscape

Description provided by the architects
The Copenhagen Islands introduce a 
completely new type of public parks in 

Copenhagen - a “parkipelago” focus-
ing on the place and function of pub-
lic spaces in the city - both in a local 
context with rapid urban development 
along the harbor side, threatening the 
recreational spaces, but also in a glob-
al context with rising sea levels creating 
new challenges for urban environments.

The islands will be dispatched on suit-
able locations around the inner harbor, 
but also find their way to more forgotten 
and underused corners of the harbor, 
catalyzing life and activity. Hopefully 
giving back a little bit of space for whim-
sey and wonder to the old industrial har-
bor sides.

39

Floating Features

They will serve as platforms for different 
activities - swim zones, floating saunas, 
floating gardens, floating mussel farms 
and a floating sail-in café, all free to be 
explored by the increasing number of 
kayaks, sailors, GoBoaters, tourists and 
fishermen in the harbor.  
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Project
Hans Tavsens Park and Korsgade

Architects
SLA

Year
2016

Location
Copenhagen, Denmark

Typology
Landscape

Description provided by the architects
SLA’s winning proposal ‘THE SOUL OF 
NØRREBRO’ is an integrated urban de-
sign and climate adaption project for 
Hans Tavsens Park and Korsgade in 
Nørrebro. The project combines city na-
ture, local community and smart cloud-
burst solutions, building upon the areas 
existing qualities and unique local spirit. 
Rainwater is collected and used local-
ly while excess water from cloudbursts 
is lead from the park to Peblinge Lake, 
being cleansed by city nature biotopes 
along Korsgade. Hydrological, biologi-
cal and social circuits will work together 
in a strong symbiosis that does not only 
climate proof inner Nørrebro, but also 
has a positive effect of the entire city of 
Copenhagen.

Located on relatively flat land and 
along the water, Nørrebro is particu-
larly susceptible to the effects of heavy 
rain. During particularly torrential rains, 
referred to as cloudbursts, flooding of 
major roads and basements is common. 
Excess water runs directly into Peblinge 
Lake, one of Copenhagen’s three distinct 
rectangular shaped lakes, pulling with it 
dirt or debris from the street.

The proposed design will use Hans Tav-
sens Park to act as a rainwater catch-
ment basin capable to holding up to 
18,000 cubic meters of water at a time. 
The rainwater will then be naturally fil-
tered as it is slowly led into Peblinge 
Lake through planted drainage paths 
located along Korsgade, an existing 
street. The irrigation paths will provide 
a new identity and microclimate to the 
street, becoming a visible part of the 
cityscape.

“Our solution is based on creating a 
robust city nature that both solves the 
specific problem of handling torrential 
rain to avoid flooding, while at the same 
time creating a new and coherent series 
of urban spaces that offer stronger so-
cial community, greener and more nat-
ural experiences and new, creative op-
portunities for all Copenhageners,”.
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Project
The BIG U

Architects
BIG

Year
Ongoing

Location
New York City, United States

Typology
Landscape / Public Space

Description provided by the architects
The Big U is a protective system that 
encircles Manhattan, responding to the 
needs and concerns of the island’s di-
verse communities. Stretching from West 
57th Street south to The Battery and up 
to East 42nd Street, the Big U protects 
10 continuous miles of low-lying geog-
raphy that comprise an incredibly dense, 
vibrant, and vulnerable urban area. The 
team’s approach is rooted in the two 
concepts of social infrastructure and he-
donistic sustainability. The Big U not only 
shields the city against floods and storm 
water; it provides social and environ-
mental benefits to the community, and 
fosters an improved public realm. The 
team envisions three compartments that 

function independently to provide flood 
protection. Each compartment compris-
es a physically discrete flood-protection 
zone that can be isolated from flood-
ing in adjacent zones. At the same time, 
each presents opportunities for inte-
grated social and community planning. 
The compartments work in unison to 
protect and enhance the city, yet each 
compartment’s proposal is designed to 
stand on its own.

The proposal consists of separate but 
coordinated plans for three contigu-
ous regions of the waterfront and as-
sociated communities, regions dubbed 
compartments. Each compartment com-
prises a physically separate flood-pro-
tection zone, isolated from flooding 
in the other zones, but each equally a 
field for integrated social and commu-
nity planning. The compartments work 
in concert to protect and enhance the 
city, but each compartment’s proposal is 
designed to stand on its own. Each com-
partment was designed in close consul-
tation with the associated communities 
and many local, municipal, state and 
federal stakeholders; each has a bene-
fit-cost ratio greater than one; and each 
is flexible, easily phasable, and can be 
integrated with in-progress develop-
ments along the City’s waterfront.

45

Project
Building on the Water

Architects
Álvaro Leite Siza, Carlos Castanheira

Year
2014

Location
Huai’An, China

Typology
Office

Size
11.000 m2

Description provided by the architects
Located in the New Salt Industrial Park 
of Huai’An City, Jiangsu Province, Shi-
hlien Chemical Industrial Jiangsu Co. 
is one of the world’s largest combined 
soda ash and ammonium chloride pro-
duction plants. The plant covers an area 
of two square kilometers and employs 
the world’s most advanced manufactur-
ing processes and technologies.

The concept was to create a building 
that would blend seamlessly with the 
most important element in the manu-
facturing process of glass, water, at the 
same time establishing a world-class ar-
chitectural profile for the Shihlien plant. 
The building also represents the re-
nowned architect’s first project in China.

As if evoking a life-like dragon, elegantly 
poised over water, the contours of this 
building gently undulates. Contorting it-
self, the form escapes from convention, 
an autonomous entity contrasting with 
the orthogonal shapes of the factory 
complex. Crisscrossing the curving ge-
ometries, bridges interconnect spaces, 
levels and volumes. The design takes full 
advantage of its poetic setting and nat-
ural light. In constant interplay with the 
environment – whether it is the chang-
ing hues and reflections of the water, or 
varying tones of light and shadow, the 
building manifests a multitude of chang-
ing complexions. Whether viewed from 
land, water or air, the elegant building 
conveys a quiet beauty achieved when 
the concrete and substantial comes in 
contact with the fluid and ethereal.
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Project
Floating Office Rotterdam

Architects
Powerhouse Company

Year
2020

Location
Rotterdam, The Netherlands

Typology
Office / Public Space

Size
3.700 m2

Description provided by the architects
Moored at Rijnhaven port in Rotterdam, 
our floating office for the Global Center 
on Adaptation is a building for a new 
age. Off grid and carbon-neutral, it will 
float – rather than flood – if water lev-
els rise due to climate change. Fun as 
well as functional, it also forms a key el-
ement in a newly redeveloped port en-
vironment by providing public waterside 
space – and even a swimming pool.

We designed our floating office to reflect 
the values of its inhabitants: the Global 
Center on Adaptation. This Rotterdam 
NGO aims at promoting planning, in-
vestment and technology to mitigate cli-
mate change. Our climate-resilient office 
is therefore both an illustration of the 
center’s mission and an inspiration for 
others. With its own solar energy source 
and water-based heat-exchange sys-
tem, it’s completely self-sufficient. Built 
entirely of timber, to minimize its carbon 
footprint, our building has three stories 
and is accessed via a boardwalk. Over-
hanging balconies around each floor 
plus a pitched roof provide shade. FOR 
also features public facilities: a restau-
rant with a large outdoor terrace and a 
swimming pool.

Balconies around our office provide 
shade and cooling while also creating 
an interesting in-between area that 
combines shelter from the elements 
with fresh air and open views. We took 
the boardwalk surrounding FOR and 
shaped it into a varying landscape – 
from a terrace close to the building, to a 
walkway, place to sit and garden nearer 
to the water.
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Project
Oostenburg Werkspoorhal

Architects
Lola Landscape Architects

Year
2018

Location
Amsterdam, The Netherlands

Typology
Mixed-use

Size
-

Description provided by the architects
The former Werkspoorhal is the beating 
heart of the neighborhood of Oosten-
burg. This hall has been redesigned as 
a new monument and will serve as an 
open market place for commerce, events, 
as well as neighborhood initiatives the 
coming years.
 By maintaining the steel structure 
of the hall and the industrial character 
of the hall is retained. The flexible pro-
gramming in the plinths of the Werk-
spoorhal will attract future residents 
and visitors.

 The Werkspoorhal is in effect a 
square with a roof: open for everybody, 
a stage for anything. The roofed square 
is even accessible over the water as the 
former harbor is being rebuild into a 
stared boardwalk: a nice place to sit by 
the water and let kayaks afloat.

The harbour island of Oostenburg in 
Amsterdam is transforming into an inclu-
sive and attractive residential area. The 
eye-catcher of this area is the historical 
industrial building Werkspoorhal.
 Oostenburg has always been an 
area of commerce and trade since the 
seventeenth century. In recent years the 
transformation of the area into a mixed 
residential area has been studied. The 
redevelopment of the former Werk-
spoorhal into a roofed public square in 
the middle of new residential buildings 
is part of this transformation.
 LOLA Landscape Architects 
works together with VORM Ontwikkel-
ing, OZ architects, Workshop Architects, 
BETA Architects, Space Encounters, Buro 
Bouwfysica and 3D Studio Prins in shap-
ing this part of Oostenburg.
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Project
Harbor Bath

Architects
BIG

Year
2018

Location
Aarhus, Denmark

Typology
Public space

Size
2.600 m2

Description provided by the architects
Aarhus Harbor Bath is an extension 
of BIG’s current development plan for 
Aarhus’ new waterfront neighborhood 
named O4. Similar to BIG’s first harbor 
bath in Copenhagen from 2002 which 
has come to define the Danish capital 
as one of the most livable cities in the 
world, Aarhus Harbor Bath and adja-

cent Beach Bath provide new ways for 
the public to enjoy the water in all sea-
sons.

In front of the bath, a series of free-
standing restaurants, a children’s the-
ater, beach huts for various activities 
and other life-creating public oriented 
programs were designed before the 
private buildings blocks which will rise 
in the coming years. As a result, the pri-
vate residential buildings at O4 become 
subordinate to the needs of the public 
realm.

Aarhus Harbor Bath gives the residents 
and visitors of the island a more engag-
ing and adventurous waterfront experi-
ence who can use the harbor bath not 
only in swim shorts but as a walkway 
that extends the public realm into the 
water, breathing new life into an area 
historically reserved for industrial pur-
poses.
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Project
Piscinas de Marés

Architects
Álvaro Leite Siza

Year
1966

Location
Matosinhos, Portugal

Typology
Public space

Size
-

Description provided by the architects
The young Álvaro Siza Vieira, then 26, 
was called to make salt water pools 
along the shore at Leça da Palmeira in 
Matosinhos, Portugal. The facility, which 
was completed in 1966, is made up of 
changing rooms, a café and two pools- 
one for adults and one for children - and 
became one of Siza Vieira’s most recog-
nized projects, classified as a National 
Monument of Portugal in 2011.

The design takes advantage of natu-
ral depressions in the rocky terrain and 
embeds basins of salt water. The pools 
reach the ocean and mingle with other 
natural formations present along the 
coast of Matosinhos. The volumes are 
integrated into the landscape, hiding it 
and framing it at times, but clearly high-
lighting this human intervention on the 
natural site. Siza created a deliberate 
contrast between the organic stones 
and the sharp geometry of his architec-
ture. 

The building is arranged parallel to the 
walkway, leaving the horizon complete-
ly unobstructed from the road. Access 
to the facilities is via a subtle ramp that 
gradually hides the view of the traffic 
and the ocean. This transition between 
the road and the sea stands out as a 
sensory experience - as you travel down 
the walkway the ocean becomes less 
and less audible. When leaving the 
changing rooms, one enters into a se-
ries of platforms and the water again 
becomes the dominant view, the pools 
appear between the vast ocean and the 
complex.

58

Project
Tainan Spring

Architects
MVRDV

Year
2020

Location
Tainan, Taiwan

Typology
Public Space

Size
54.600 m2

Description provided by the architects
Tainan Spring is a public space design 
that includes the transformation of a for-
mer city-centre shopping mall into an ur-
ban lagoon surrounded by young plants 
that will develop into a lush jungle, re-
connecting the city with nature and its 
waterfront. Commissioned by the Urban 
Development Bureau of the Tainan City 
Government, the completed masterplan 
rejuvenates a ‘T-Axis’ to the East of the 

Tainan Canal, creating a new landscape 
strategy to unify the site of the former 
China Town Mall and a kilometre-long 
stretch of the city’s Haian Road. In addi-
tion to the new public square and urban 
pool, the plan includes improved public 
pathways, a reduction in traffic, and the 
addition of local plants.

Tainan’s water network served as the 
basis for the city’s marine and fishing 
industry since the 17th century, but the 
1980s saw the city depart from this his-
toric urban approach. China-Town Mall 
was built on top of the old harbour next 
to the Tainan Canal in 1983. A large com-
mercial structure that no longer serves 
its intended purpose, it has become a 
drain on the vitality of downtown Tain-
an. Tainan Spring shows what solutions 
are possible for unused shopping malls 
now that online shopping is supplanting 
physical stores.

The China-Town mall has been removed 
and meticulously recycled, making the 
project an innovative example of the cir-
cular economy. The mall’s underground 
parking level has been transformed into 
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Project
Amphibious House

Architects
Baca Architects

Year
2016

Location
Buckinghamshire, United Kingdom

Typology
Residential

Size
225 m2

Description provided by the architects
This three bedroom family home is locat-
ed on an island in the picturesque stretch 

of the Thames that passes through Mar-
low, Buckinghamshire. The site is desig-
nated Flood Zone 3b and within a Con-
servation Area. The can-float basement 
provides utility room, study, dining room 
and cinema room with the entertaining 
spaces and bedrooms arranged over a 
further two upper floors creating a luxu-
ry dwelling on a modest site.

This project has led to much excitement 
in the industry as it is the first of it’s kind 
in the UK and has set a precedent for 
alternative approaches to building in a 
future of increased rainfall and flood. 
Baca’s research through practice has 
led to Richard Coutts appointment on 
HM Government’s Flood Advisory Group. 
Building safe, dry communities that ben-
efit from the beauty of environments 
surrounded by water is now possible.
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Project
Floating Houses IJburg

Architects
Marlies Rohmer Architects & Urbanists

Year
2011

Location
Amsterdam, The Netherlands

Typology
Residential

Size
10.625 m2

Description provided by the architects
Is it a boat or a house? Is it romantic or 
utilitarian? It’s a hybrid. It’s not what it 
appears to be.

Water is not like land. If you plan to build 
on water, you need to do so with respect 
for the unique nature of water. Water is 
pioneering, water is adventure, danger, 
and relaxation, water lets you elude the 
rules of dry land. Living on water also 
means views, movement, boat docked 
at home, romance, jetties, a sense of in-
dividuality, wind and clouds, space, con-
tact with the elements, feeding swans 
from your kitchen, ice skating around 

your house. The houses are built on a 
shipyard and transported by water to 
the location.

The building system was designed in or-
der for the dike homes, that are suspend-
ed on pylons above the dike on the edge 
of the basin, to be developed in much 
the same way as the floating homes, 
thus creating uniformity throughout the 
area as a whole. The floating homes 
are supported by concrete “tubs” sub-
merged in the water to a depth of half 
a storey. A lightweight supporting steel 
construction is built on top, which can be 
filled with glazing and brightly coloured 
plastic panelling. The occupant can 
then later change the sides on which he 
desires a view or privacy. Other options 
include the possibility to add extensions 
by means of a pre-designed extension 
package. Sunrooms, verandas, floating 
terraces, awnings, etc. can be easily at-
tached to this skeleton frame.

Differences in height between the jet-
ty, water, and front door on the ground 
floor are bridged by means of a board-
walk around the home that slopes down 
to the water. The boardwalks also make 
it possible to walk around the homes – 
like on a boat – and have close contact 
with the water.
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Project
Masterplan Rijnhaven

Architects
Barcode Architects

Year
2019 - ongoing

Location
Rotterdam, The Netherlands

Typology
Residential / Public Space

Size
350.000 m2

Description provided by the architects
In, on and along the Rijnhaven with its 
historic quays, industrial monuments and 
views, this creates an attractive urban 
area that will continue to put Rotterdam 
on the map as a 21st century metropo-
lis. A wide esplanade with urban func-
tions and special high-rise projects will 
soon be adjacent to a large-scale city 
park that adds a pleasant green qual-
ity to the harbor basin. This new urban 
park, located at the beginning of the Ri-
jnhaven, will become an attractive pub-

lic area with a permanent town beach 
and an educational ‘tidal park’. With its 
unique location, size, and special char-
acter, the Rijnhaven offers the opportu-
nity to create a unique combination of 
city and park.

For the creation of the Rijnhaven vision, 
Barcode Architects collaborated inten-
sively with the City of Rotterdam, BGSV 
and Robbert de Koning Landschapsar-
chitect. The Rijnhaven masterplan is one 
of the biggest large-scale urban devel-
opment tasks in Rotterdam and compris-
es a total of approximately 350.000m² 
of new, mixed urban programs. On the 
southern bank of the river Nieuwe Maas, 
a part of the harbor basin will be drained 
to create new land. A vibrant center area 
with a new city park will emerge in the 
coming years, connecting the Wilhelmi-
na Pier and Katendrecht.

The Rijnhaven is located at the heart 
of Rotterdam, on the city axis from the 
Coolsingel to Zuidplein.The development 
of the Rijnhaven creates a second city 
center on the south bank and enhances 
the connection between the North and 
South of the city.
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