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All over the world cities grow at an exponential rate, however, tragically, 
not always in a sustainable manner. This graduation project aims to 
contribute to research towards sustainable cities. Within the concept 
of ‘urban metabolism’, which regards the city as a system of flows, 
this research is focussed on optimising the flow of water in the city of 
Amsterdam. 

An analysis of the historical development of the Dutch Delta and cities 
within this delta, the Dutch water system, its vulnerabilities and water 
policy in the Netherlands, shows how the historical development of 
the Dutch low lands from the natural delta into a cultivated and urban 
landscape has resulted in a very technocratic water system, in which 
urban design and water management are no longer closely related to 
each other. It also shows how, under the influence of climate change, soil 
subsidence, depletion of resources and at the same time urbanization, 
the technocratic water system is likely to reach its limits. This can pose 
a number of challenges to the Dutch low lands: water safety, excess of 
water, but also drought and heat. Though the biggest challenge might be 
to create public awareness and thereby public support for both prevention 
and adaptation. To be able to adapt the Netherlands and our water cities, 
we need a new approach to water management. We need more space for 
water, water needs to be reintroduced into the city. 

An in-depth analysis of Amsterdam describes its historical development 
as a water city, its current water system, vulnerabilities and policy. In the 
historical development of Amsterdam, water management and urban 
design went hand in hand. Water was a main factor in the landscape that 
had to be dealt with in the process of making the city. However, when we 
talk about Amsterdam and possible weaknesses in its water system, we 
cannot speak of the entire city as one and the same thing. Differences in 
natural landscape, and therefore different reclamation methods, as well as 

Abstract
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technological developments in hydraulic technology and the water system 
of the city, has led to different ‘urban ecologies’. These multiple urban 
ecologies have multiple vulnerabilities in relation to climate change. There 
is a clear contradiction between the high, dry core of peat reclamations 
and land infills, that are vulnerable mostly to flooding by rain, drought and 
heat, and the low lying extensions in drained lakes, that are vulnerable 
mostly to issues of water safety. 

In the proposal of an urban adaptation strategy for the city of Amsterdam, 
water is regarded as a resource, instead of an excess that needs to 
be discharged; by making room for water, storing and re-using it, 
Amsterdam can benefit from extreme weather conditions rather than 
being threatened by them. Four perspective drawings of the multiple 
urban ecologies that lie along the Amstel are made to demonstrate the 
possibilities of Amsterdam as a new water city, each showing area specific 
solutions. For the heart of the city, a system of water basins is proposed 
to collect, store and re-use rainwater, as well as to protect the city against 
a cloudburst: a way to make sustainable water management visible and 
make water a prominent feature of the heart of the water city again.

A design proposal for one of the water basins is meant to put into practice 
the basic strategic principle of making sustainable water management 
visible, and demonstrate the potential benefits from reintroducing water 
in the city. The primary function of the water basin is to collect rainwater 
and prevent flooding during a cloudburst. Though functions are added - in 
this case a hotel, wellness and nightclub – to truly make the basin a part 
of the city. Water storage buildings from all over the world, as well as other 
buildings in which water is integrated in the typological roots, have been 
of inspiration for the design. The way water is integrated in the building 
typology, is not only inspirational for dealing with water, it is inspirational 
for the approach of sustainability in architecture in general.
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“What we need to do in the 21st century is reinvent urbanism.” 
Hajer (2014).1

With this bold statement, Maarten Hajer, former director of the 
Netherlands Environmental Assessment Agency, points to the need 
to search for a new model of the sustainable city. All over the world 
people continue to move towards cities. At present, half of the earth’s 
population lives in cities, by 2050 this is expected to be 70 percent. 
As Hajer points out, the tragedy is that most cities grow in a non-
sustainable manner (Dassen & Hajer, 2014).

This graduation project aims to contribute to research of the sustainable 
city following the concept of ‘urban metabolism’. When we regard the 
city as a system of flows, like water, energy, food and waste, we can 
study what we are taking in, what we are discharging and evaluate how 
efficiently we are doing this.

According to Hajer, modern 20th century urbanism fails to take the 
metabolism of the city into account. Whilst in times of increasing 
scarcity of energy, raw materials, fresh air, food and water, the success of 
the future city will depend on its ability to continue to provide such basic 
needs, as well as adapt to changes like more extreme climates. 

This graduation research is focussed on the flow of water, in no other city 
than Amsterdam. Amsterdam, like many cities in the Dutch low lands, is 
a water city: water has played a fundamental role in the morphological 
and economic development of the city. In the rather wet and swampy 
landscape the city was made in, water was a dominant factor that had to 
be dealt with. And like many delta cities all over the world, Amsterdam 
continues to grow. Leaving less and less space for water, this puts 
pressure on the water system. 

Introduction

1 
In the video ‘The Chal-
lenge of the Century’ of the 
International Architecture 
Biennale Rotterdam 2014 
Urban by Nature. 
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The graduation report is divided in four parts:

Part A describes the historical development of the Dutch Delta and cities 
within this delta, the Dutch water system, its vulnerabilities and water 
policy. It explains why, in the light of climate change, water needs to be 
reintroduced in the city. 

Part B is an in-depth analysis of Amsterdam as a water city: its 
historical development, current water system, vulnerabilities and 
policy. Following the concept of urban ecologies, it describes how the 
originally wet, swampy underground of the natural landscape has been 
transformed into the cultural and urban landscape that form a safe and 
pleasant living environment. It shows how multiple urban ecologies in 
Amsterdam have multiple vulnerabilities in relation to climate change. 

Part C presents a proposal of an urban adaptation strategy for the 
city of Amsterdam; by making room for water, storing and re-using it, 
Amsterdam can benefit from extreme weather conditions rather than 
being threatened by them. Four perspective drawings along the Amstel 
show the possibilities of Amsterdam as a new water city. For the heart of 
the city, a system of water basins is proposed to collect, store and re-use 
rainwater, as well as to protect the city against a cloudburst.

Part D is a design proposal for one of the water basins as introduced 
in part C. This design is meant to put into practice the basic strategic 
principle of making sustainable water management visible, and 
demonstrate the potential benefits from reintroducing water in the city.

Reading guide

When it comes to water, cities will have a lot to swallow, sometimes 
literally. Changes in global temperature are predicted to alter global 
weather conditions: at times more water will enter the city, while at 
other times there might be drought. This research explores how this 
will affect the water city of Amsterdam, explores the role of the built 
environment in the water system, and moreover, what we can do to keep 
Amsterdam liveable in the long run. 

This report can be seen as a plea for the water city. It is meant to raise 
awareness on pressing long term global issues of resource depletion 
and climate change, but most of all it tries to explore and use the rich 
history of Amsterdam as water city to research a base for a sustainable 
future existence. Water needs to be a fundamental part of the city again. 
Amsterdam can show us the beauty and possibilities this can bring to 
our cities.
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The region of Amsterdam has been transformed from a natural delta 
into a cultivated landscape, and finally into an urban landscape. 
Throughout the centuries both the development of the region and the 
development of cities within this region have been related to what in 
this area was, and still is, a fundamental task: managing water. This has 
led to the development of ‘water cities’, in which water management 
and urban design acted as one. Over time, and technological 
development, this intertwined relation became less evident. 

The natural landscape of the Dutch delta

The natural landscape of the Dutch delta is mostly formed the Rhine and 
the Meuse. In the Dutch delta these rivers flow into the North Sea, which 
gave the landscape a character of a ‘watery, marshy area, a stepping 
stone between the ‘real’ mainland and the sea a thousand years ago’ 
(Hooimeijer, Meyer, & Nienhuis, Atlas of Dutch water cities, 2005, p. 8). 
This region of wide waters and peat bogs was protected from the sea by 
a coastal landscape of dunes (Reh, Steenbergen, & Aten, 2007). After the 
first settlements in the region of Holland arose in between the year 500 
and 800, a large process of land cultivation started in the 10th century. 
This marked the start of the transformation of the natural landscape 
into the cultivated landscape (Bangma, et al., 2010).  
 As many storm floods followed throughout the centuries, the 
delta has brought many sorrows to the people trying to live in it. 
The landscape of Holland arose from a long struggle against nature. 
However, at the same time the fertile land and the large amount of fish 
and shellfish brought great prosperity to the Dutch people. The unique 
location of the delta, with access to water directly through the sea or via 
estuaries, made it possible for Holland to become a world-wide trading 
nation (Hooimeijer, Meyer, & Nienhuis, 2005).

THE LOW LANDS & THE DUTCH WATER CITY

Historical development

<< 1
Bird’s eye view of the 
Noordzeekanaal and 
Noordhollandsch Kanaal, 
1860, by  Frans Buffa en 
Zonen Amsterdam
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< 2
Historical development of 
the Ducth Delta

Landscape design, urban design and hydraulic engineering as one

In the period from 1100 to 1700 a great deal of technology was used 
to transform the continuously changing natural landscape into a 
manmade landscape suitable for urbanization. As a result the landscape 
became a hydraulic system of dikes, dams, water retention areas and 
mills (Hooimeijer, Meyer, & Nienhuis, 2005). “The freakishness and 
variability of the intermediary landscape between the mainland and 
the sea have been increasingly brought under control and transformed 
into a relatively stable system” (Hooimeijer, Meyer, & Nienhuis, Atlas of 
Dutch water cities, 2005, p. 13). Of great importance in this process was 
the invention of the mill in 1076, enabling people to use wind power 
for drainage. Later on the improved mill even made it possible to pump 
water upwards and thus to drain lakes (Bangma, et al., 2010).
 The cities in this technology based landscape show a very close 
relation between urban design and hydraulic engineering. Most Dutch 
cities can be considered as water cities , as they originated as a coastal 
city, river city or polder city. In these cities the main urban structure was 
a composition of hydraulic engineering works. Canals and waterways 
as the most important traffic infrastructure, dikes to protect against 
flooding and a dam as water level regulating element and main public 
area (Hooimeijer, Meyer, & Nienhuis, 2005).
 In the 17th century waterways even formed a very comfortable 
regional (public) transport network connecting the cities to each other. 
This marks the trading interests amongst the cities and shows that there 
was a collective regional water system (Hooimeijer, 2006).

(Hydraulic) Technology takes over

When industrialisation kicks off in the Netherlands after 1850, the civil 
technical transformation of the landscape shifts into high gear. The 

1300

The great cultivation

1864

The steam engine

1970

Post war rebuild

1665

The first drained lakes

1945

Industrial revolution, 

modern times

2008

Present
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< 3
Dikebreach of the Sint An-
thonisdijk near Amsterdam 
in 1651, by Willem Schellinks

< 4
The manufacturing of 
fascine mats for the Afsluit-
dijk, 1930

introduction of the steam engine around 1840 makes it possible to drain 
large lakes, like the Haarlemmermeer in 1852, the first polder drained 
using steam power only (Bangma, et al., 2010). With new available 
sources of energy, like steam, electricity and petrol, the train and car 
become the new dominant way of transport. Waterways and canals 
lose their function in the traffic network and many are filled in. At the 
same time other waterways are built, like the North Sea Canal in 1876, 
passing straight through the dunes. After the city walls are demolished 
cities expand on a large scale, accommodating space for new industrial 
activities and population growth (Bangma, et al., 2010).
 Before the industrialization the water structure is still a dominant 
element in the Dutch delta, even though the landscape is very much 
manmade. Water has a regulating role in the urbanization pattern: 
cities are mostly situated next to the water, they are interwoven by 
water systems of canals and outlet waterways and they are connected 
by water networks of canals. After the industrialization this role has 
been taken over by the new train- and motorway networks. The total 
amount of water surface has decreased a lot and cities are no longer all 
orientated towards the water (Hooimeijer, Meyer, & Nienhuis, Atlas of 
Dutch water cities, 2005).
 While on both the regional scale and the scale of the city water 
had lost its role of traffic infrastructure, at the same time hydraulic 
engineering had made it possible to protect the land against water 
using hydraulic technology only. It is no longer necessary to use water 
in a regulating role in urban design. Drainage of land was of course 
still necessary for the making of new city districts, but the systems 
were mostly made as underground systems, with only a small amount 
of surface water. Urban design and hydraulic engineering became 
segregated disciplines. As Hooimeijer (2007) explains: “The more the civil 
engineers could solve, the less water management was a spatial task.” 
Technicians were able to offer urban designers a layer of sand, a tabula 
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rasa, which they were happy to work on in order to draw an ideal urban 
plan (Hooimeijer, Meyer, & Nienhuis, Atlas of Dutch water cities, 2005).

A comeback of water in cities

A new interest in the element of water on the scale of the city and 
the landscape arose in the seventies and eighties. On the scale of the 
landscape this renewed interest in water was caused by social protests 
against the disappearance of ecological valuable environments and 
protests against dike reinforcements in the river area, as the cultural 
and historical value of these areas was not always taken into account. 
On a city level the renewed interest in water is triggered by a new focus 
on the search for ‘identity’ of the city, as water was considered as an 
element that could contribute to identity. Furthermore, there were large 
parts of former harbour areas in cities that were empty, as the harbour 
companies moved out of the city. These areas could be redeveloped as 
‘internal urban expansion’, mainly for residential purposes, where the 
emphasis laid on the recreational quality of water.
 In the nineties a series of floods in the river area of the Netherlands 
were a reminder of the importance of protection against water and, 
together with predictions of climate change, have started a transition 
in the relation between urban design and hydraulic engineering 
(Hooimeijer, Meyer, & Nienhuis, Atlas of Dutch water cities, 2005).

< 5
Pumping station near Vol-
lenhove 
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< 6
Lay-out of the water 
management system in the 
Netherlands

A technocratic approach to water management in the Netherlands has 
resulted in the water management system we have today. This system 
is there to make sure that we have the right amount of water, at the 
right time, in the right place, of the right quality. A system which is both 
ingenious and vulnerable… 

The basic principles

The water system works according to the following basic principles:
1. All the water that flows into the country by streams and rivers, 
together with the rainwater, must be discharged into the sea. While 
the relief in the high-lying east and south of the Netherlands makes 
rainwater naturally flow towards the sea, in the flat low-lying areas 
below sea-level we need all kinds of technical tools to drain the water: 
weirs, locks, pumping stations, dams and dikes.
2. During the process of discharging, we must make sure that the 
water is divided well amongst all water users. Having the right amount 
of water, at the right time, on the right place is important, as many 
sectors depend on this water. 
3. And finally, we must keep seawater at bay. At all times we must 
protect ourselves from flooding, using dikes, dams, dunes and the 
Delta Projects. Without these flood defences and comprehensive water 
management structure, the Netherlands would not be inhabitable 
(Rijkswaterstaat, 2011).

From gateway to control panel

The natural landscape of the delta has been transformed from a gateway 
for water into a water control panel: with the many pumping stations, 
sluices, dams, dikes and weirs put in place, we are able to able to redirect 
river water from the Rhine and the Meuse to wherever we want it to be. 

INGENIOUS, BUT VULNERABLE

The Dutch water system today

Wadden Sea and 
North Sea coastal 

zone

IJsselmeer area

Rivers and canals

Southwest Delta

Amsterdam-
Rijnkanaal

IJssel

Lek
Rhine

Scheldt
Meuse

Waal

Neder-Rijn

weir at 
Hagestein

weir at 
Amerongen

weir at Driel
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< 7
Safety level per dike-ring in 
the Netherlands. Amster-
dam is located in dike-rings 
13, 14, & 44.

This to make sure that we have sufficient water in the canals, rivers and 
lakes to allow shipping, the production of drinking water, for irrigational 
purposes, to combat saline intrusion of groundwater, to keep seawater 
at bay and much more (Rijkswaterstaat, 2011).

Main water system & regional systems

The water system in the Netherlands can be divided in a main water 
system of large rivers, canals and lakes and multiple regional systems 
comprising a dense network of ditches, streams and polders and outlet 
waterways. “The main water system and the regional water systems 
are interconnected at several locations. During dry periods, the main 
system feeds water to the regional system. While during times of 
excessive rainfall, the regional system drains into the main system.” 
(Rijkswaterstaat, 2011, p. 36). In the low-lying parts of the Netherlands, 
water is entered into the regional system to maintain a good water level 
in order to prevent subsidence of peat bogs. Flushing is also used to 
guarantee good water quality (Rijkswaterstaat, 2011).
 
Safety - dike rings

The Netherlands are divided into 57 dike-rings, in order to protect the 
country from floods from the sea, the main rivers and the IJsselmeer. The 
dike-rings are formed by primary water defences, like dikes, dunes, high 
grounds and constructions for water management (sluices and pumping 
stations). Each ring has a certain protecting level from flooding, based 
on a risk-approach (Gemeente Amsterdam, Dienst Ruimtelijke Ordening, 
2010). The standard is expressed in a probability per year that a critical 
water level will occur, for example 1:1,250 per year. The requirements for a 
flood defence structure in terms of height and strength are derived from 
that standard (Rijkswaterstaat, 2011).

1/10.000 a year

1/4.000 a year

1/2.000 a year

1/1.250 a year

13

14

44
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Interconnectedness

However ingenious this highly technical water control system is, it is also 
complex: everything is interconnected. There is a constant interchange 
between the different components of the system. As described in the 
document ‘Water management in the Netherlands’: “There is constant 
interchange: the river supplies water to the lake, the lake discharges 
water into the sea and the polder drains water into the lake, as well 
as absorbing it in the summer. The water level in the lake influences 
the seepage water and groundwater flows. In short, everything is 
interconnected.” (Rijkswaterstaat, 2011, p. 25). 
 The components of the system influence each other, they are co-
dependent and sensitive to transfer of problems: “This interconnected-
ness is the basis for management of our main water system. Under 
normal circumstances, it seems obvious that water in every component 
is at the level we want it to be and that it flows where it is needed. 
However, in periods of excess rainfall in our own country and in countries 
upstream, or during prolonged periods of drought, we have to constantly 
control and manipulate the system to continue serving all water-related 
interests.” (Rijkswaterstaat, 2011, p. 25).

“In the event of extremely low river discharges, every 
weir along the Neder-Rijn is opened and the sluice 
gates on the Haringvliet and Afsluitdijk remain 
closed, but that is all we can do to regulate or direct 
the distribution of water.

The same is valid for extremely high discharges, when 
we can do nothing else but open all the sluice gates 
as wide as possible.” (Rijkswaterstaat, 2011, p.36)

!
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< 8
Indication of possible 
change of weather condi-
tions between the refer-
ence period of 1981-2010 
and 2085, based on the 
KNMI’14 Climate Scenarios 
for the Netherlands

2
To accomplish this goal, 
CO2 emissions from the 
industrialized countries 
need to be reduced by 80 
percent by 2050.

Global developments of climate change, soil subsidence and resource 
depletion will affect our climate, our water system and therefore the basic 
fundament and functioning of our (water) cities. Especially delta cities are 
vulnerable: while they continue to grow and put pressure on the space left 
for water, their position close to water is both a treasure and a threat.

Climate change

The world is getting warmer. According to NASA, the average global 
temperature has risen 0.87 degrees Celsius between 1880 and 2015 (NASA, 
2015). Consensus is growing stronger that global warming is caused by 
human activity, namely by burning fossil fuels and deforestation. Exactly 
how much the global temperature will rise is uncertain. Predictions made 
by the IPCC vary from four to six degrees by the end of this century, if we 
continue on the current path of CO2 emissions. A four-degree temperature 
rise would have all kinds of consequences for example for the world food 
supply and the water safety of countries. Therefore, the goal set during the 
2009 United Nation Climate Change Conference in Copenhagen is to limit 
the global temperature rise to two degrees by 2100 (Bouman, 2014)2.
 The KNMI has made four climate scenarios for the Netherlands until 
2085, depending on global temperature rise and shifts in global air flow 
patterns. These scenarios do not only describe the average climate, but 
also extremes that can be expected. Overall, we are predicted to have 
more extreme weather conditions. In all four scenarios temperature will 
rise, mild winters and hot summer will occur more often, precipitation 
and extreme precipitation will increase in winter and the intensity of 
extreme downpours in summer will increase as well. In two out of the 
four scenarios we are expected to have dryer summers. In all scenarios the 
sea level will rise, due to melting polar ice caps. The tempo of sea level rise 
strongly depends on the global temperature rise (KNMI, 2014). The glaciers 
are melting as well, there will be less snow and meltwater. Since the past 

AND HOW THEY AFFECT THE LOW LANDS

Global developments

rise of average temperature
+ 1.3 / + 3.70 0C

rise of rainfall average
 + 5 / + 7 % 
increase of intensity

increased evaporation
+ 2,5 / + 10 % 

sea level rise at North Sea Coast
+ 25 / + 80 cm

lager peaks in river water dis-
charge volumes
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< 9
Natural subsidence and 
subsidence by drainage

decades the Rhine is changing from a meltwater river with a reasonably 
constant flow into a rainwater river with less discharge during summer 
and more during winter (Reh, Steenbergen, & Aten, 2007). 

Soil subsidence

In many deltas the soil subsides. In the Netherlands this is caused by both 
natural processes and the actions of men. Shifting continental plates make 
the east and south of the Netherlands go up, while the north and west 
are moving down. Drainage of peat landscapes in the lowlands enforces 
this process of subsidence, as lowering the ground water table causes 
peat to oxide and the soil to set (Hooimeijer, Meyer, & Nienhuis, 2005; 
Rijkswaterstaat, 2011). 

Resource depletion

Resource depletion is the consumption of a resource faster than it can be 
replenished (Resource depletion, 2016). Resources are being depleted on a 
worldwide scale. Three important ones are described here.
 Fossil fuels are non-renewable. At the moment oil still accounts for 
40 percent of the world’s energy production, yet at some point oil will 
become scarce (The World Counts, 2016). Gas supplies we are likely to have 
for another 100 to 200 year, coals for 200 to 300 year. Though this strongly 
depends on our willingness to (pay for) the extraction of such resources 
from the soil (Bouman, 2014). Once fossil fuels become scarcer, they will 
become more expensive. The production of energy from non-renewable 
fossil fuels can be replaced with more sustainable energy such as wind and 
solar power. Though the energy transition from non-renewable fossil fuels 
towards renewable energy is going slowly.
 Phosphate is an essential nutrient in the production of food, it is the 
base of chemical fertilisers. Phosphate as a raw material can only be gained 

natural subsidence:
west: -0.1 m per 100 years
east: +0.1 m per 100 years

subsidence by drainage

drainage 

subsidence

high ground
water tables
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< 10
Urban population growth 
predictions of the world 
and Amsterdam 

in mines in a handful of countries, like China and Morocco (Wageningen 
UR, n.d.). The Global Phosphorus Research Initiative (2016) predicts that 
we could run out of phosphorus in 50 to 100 years unless new reserves are 
found. This could become a problem even bigger than the energy-problem, 
since there are no alternatives for phosphate, and without phosphate there 
is no food (Wageningen UR, n.d.). The Netherlands, like the rest of Europe, 
imports phosphate in the form of fertiliser. Whilst if we would recollect 
phosphate from wastewater, we could become a phosphate export-country 
(Gemeente Amsterdam, 2011; Goossens, 2014).
 For many people water does not seem like a depletable resource.
Given the hydrologic cycle, water is a renewable resource: all the water 
there ever was is still there. However, when such quantities are used that 
exceed the capacity of the system to renew itself, it becomes a problem. 
Most groundwater aquifers have taken thousands of years to fill, yet some 
are depleted in a matter of decades (Pearlstein, 2011). From all the water 
there is on the planet, only three percent is freshwater. In the Netherlands 
fresh water is very unlikely to become scarce: we have a large supply of 
ground and surface water. Though this is not the case in other countries. 
And even in the Netherlands, climate change will alter the amount of 
water entering the country through rivers and rain (Hajer & Dassen, 2014).

Urbanization in deltas

The earth population grows rapidly: from 7,4 billion people today to over 
8 million people by 2025, and around 9 billion by 2040 (The World Counts, 
2016). At this moment half of these people live in cities, and expectations 
are that by 2050 this will be 70 percent. Most of these cities are situated 
in deltas. Delta cities are very successful because of a fertile landscape and 
strategic position close to water. Yet, their proximity to water also makes 
them vulnerable to flooding. Continuing urbanization along rivers will put 
extra pressures on delta cities, including the cities in the Dutch low lands.

Global urban population:
+ 2.3 billion people by 2050
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+ 100.000 people by 2035

“Groundwater, especially in aquifers that don’t replenish at a high rate or at 
all, is the equivalent of oil: it is not going to come back, it’s a resource that 
you deplete and then it’s gone.”  
Eva Gladek, founder of Metabolic, in Tegenlicht (Goossens, 2014).
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< 11 - 14
Possible consequences of 
a changing climate for the 
Neherlands

3
During this cloudburst in 
two hours over 150 mm of 
rain flooded streets, base-
ments and shops in the city 
of Copenhagen.

Bearing in mind the limits of our water system, climate change and 
extreme weather conditions pose a number of challenges to the Dutch 
low lands: water safety, excess of water, but also drought and heat. 
Though the biggest challenge might be to create public awareness and 
thereby public support for both prevention and adaptation.

Water safety

Throughout centuries the Dutch low lands have been ravaged by the 
sea and rivers. If a dike breaches, our water safety is at stake. This 
can have disastrous consequences, like it did during the North Sea 
Flood in 1953. The rising sea level, but also higher levels of river water 
discharge increase the risk of a flood that would affect water safety. 
(Rijkswaterstaat, 2011).

Excess of water

In the document ‘Water Management in the Netherlands’ 
(Rijkswaterstaat, 2011, p. 41), excess of water is defined as “the collective 
term for situations in which we are faced with large amounts of water 
in the form of precipitation or groundwater, but without it endangering 
our lives.” Excess of water can be a nuisance, for example when streets 
are flooded with water. It can be upsetting, when your cellar fills with 
water. It can even cause great material damage to cities, for example, in 
Copenhagen when one single cloudburst on July 2th 2011 caused close to 
one-billion-euro worth of damage3 (Rasmussen & Hauber, 2013). Though 
lives are not at risk and it most cases the problem is temporary.
 Flooding by rain is often due to a combined effect of heavy rainfall 
and high river water levels. High river water levels make it hard to pump 
out water, especially from low-lying areas where water gathers. Excess of 
water by groundwater is a consequence of insufficient drainage in areas 

WATER SAFETY, FLOODING, DROUGHT & HEAT

Challenges

Water safety

Flooding Drought

Heat
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< 15
WATERLICHT at Muse-
umplein: a dream land-
scape about the power and 
poetry of water, by 
by Studio Roosegaarde, 
2015

< 16
Public awareness, political 
action and funding are 
trapped together in a vi-
cious circle, making it hard 
to prevent climate change, 
or even act on the predicted  
consequences

with high ground water levels. However, at the base of both problems 
lies the insufficient ability to store rainwater, due t0 intensive use of 
land, increase of paved surface and reduced storage capacity. Rising sea 
levels in particular and excessive levels of outer water in general will 
increase the problem, as it will make it harder to discharge water from 
upstream areas. Soil subsidence increases the chance of flooding as well, 
as the water level and ground level will more rapidly coincide with one 
another (Rijkswaterstaat, 2011).

Drought related problems 

A low amount of precipitation and river water discharge can affect many 
sectors. Low surface water levels could mean that there is not enough 
water for agricultural purposes. Low (ground) water levels can also cause 
problems with stability of dikes, engineering structures and foundations. 
Finally, not having enough water of the right temperature and quality 
can cause problems for power plants (as they need cooling water), 
drinking water inlet points have to be closed (Rijkswaterstaat, 2011).
 A special kind of drought related problem is salinization. The rising 
sea level pushes salt water up the rivers (external salinization). Though a 
larger problem is formed by internal salinization, where sea water rises 
up through the ground of the polders. In times of drought there can be 
a lack of fresh water to flush the system. This affects the agricultural 
sector, drinking water sector, energy sector and industrial sector, as the 
latter need fresh cooling water.  (Rijkswaterstaat, 2011).  

Heat

A warmer climate influences the liveability of cities. The average 
temperature in urban areas is higher than in the surrounding 
countryside, this is called the urban heat island effect. Heatwaves are 

PUBLIC AWARENESS

POLITICAL ACTION

FUNDING
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4
The Organisation for 
Economic Co-operation and 
Development

therefore experienced more strongly in the city. Heat in cities can be 
especially problematic for elderly (Kennisportaal ruimtelijke adaptatie, 
n.d.). Problems of heat are not directly related to the water system. 
Though measures that can help the city reduce the urban heat island 
effect can be integrated with measures to improve the water system. 
When we strive for integral solutions, heat should be taken into account. 

Public awareness

In 2014 the OECD4 reviewed the Dutch water management system and 
concluded that the system is good, but public awareness about the 
water system is very limited. “Dutch citizens take current levels of water 
security for granted. As a consequence, they tend to be less involved 
in water policy debates, to ignore water risks and functions when they 
develop property, and to be little concerned with water pollution. Their 
willingness to pay for a service they take for granted may erode in the 
future.” (OECD, 2014). Many are unaware what it takes to ensure a safe 
live behind the dikes, ensure good quality water runs from the taps of 
our homes and wastewater is collected. This is dangerous because the 
water system costs a lot of money. 
 The same goes for climate change, soil subsidence and resource 
depletion. The urgency of these problems is not always recognized 
by the wide public. It is hard to grasp the consequences of such long 
term developments, and to grasp the need to act on them today. While 
politicians need public support to be able to take measures both the 
prevention of these developments, as well as the adaptation of our 
environment to the consequences.
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NEW WAYS TO DEAL WITH WATER

< 17
Ruimte voor de Rivier, 2006

< 18
Strategy of retain, store and 
discharge in the Nationaal 
Waterplan 2009 - 2015

< 19
Multi-layer flood man-
agement approach from 
Nationaal Waterplan 2009 
- 2015

To be able to adapt the Netherlands and our water cities to possible 
future challenges of water safety, flooding, drought and heat, we need a 
new approach to water management. Just raising dikes and increasing 
the power of pumping stations will not be enough. According to 
Hooimeijer (2007) “The days of the use of pipes and pumps (the work of 
the civil engineers) are over. The water needs to be reintroduced into the 
urban design of cities.”

Water policy

Most Dutch water management policy documents already show a 
transition in their approach to water, searching for alternative solutions 
to ensure water safety and freshwater management. 
 In 2000 the Commission for Water Control in the 21th Century 
advised to make more room for water. They stated that we should retain 
water at the place where it falls as much as possible, then store it in 
surface water or other storage facilities, and only carry it away in the 
course of time if necessary. Water can be retained for example with green 
roofs, wadis, ponds and water squares. This way the peak load of heavy 
rainfall is delayed and the chance of damage limited. This vision of ‘retain, 
store and discharge’ became nationwide policy in the National Waterplan 
for 2009-2015 (Ministerie van Verkeer en Waterstaat, Ministerie van 
Volkshuisvesting, Ruimtelijke Ordening en Milieubeheer & Ministerie van 
Landbouw, Natuur en Voedselkwaliteit, 2009). 
 In the Dutch Room for the River Programme the river Rhine is given 
more space to be able to manage higher water levels. With measures 
such as relocating dikes, lowering the flood plain and enlarging the river 
forelands, the river is given space to flood safely. Moreover, the measures 
are designed to improve the quality of the surroundings of the river as 
well, to make them more attractive. The programme started in 2006 and 
will be completed approximately by 2016 (Ruimte voor de rivier, n.d.). 

Water policy and trends in the low lands
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< 20
Three basic thoughts  / 
standpoints / fundamental 
ideas on how our water 
system  should be in the 
future / relation water and 
urban design and planning

5
Multi-layer-flood manage-
ment: Layer 1: Preventive 
measures to limit the 
probability of a flood. Layer 
2: Limit the consequences 
of a flood through the 
spatial organisation of 
an area. Layer 3: Disaster 
and crisis management to 
make sure that, in case of a 
flood, there is an effective 
response

 The Deltaprogramme is the nationwide strategy to protect 
the Netherlands from flooding and make sure that there is enough 
freshwater. After being first published in 2010, the Deltaprogramme 
is brought up to date every year. This makes the plan adaptive, so that 
even though there are many uncertainties on climate change, the right 
measures can be taken at the right time. The Deltaprogramme also calls 
for comprehensive solutions. By connecting the tasks for flood risk and 
freshwater management with the ambitions of other parties, they search 
for solutions that serve multiple interests and coordinate various spatial 
developments. This is essential to arrive at (cost) effective solutions. 
The Deltaprogramme also supports the idea of ‘multi-layer-flood 
management’, in which besides prevention through dikes, also spatial 
configuration and the control of emergency situations play an important 
role5 (The Ministry of Infrastructure and the Environment & The Ministry 
of Economic Afairs, 2014). 

Trends

In literature and many new projects involving the future of the water 
system there are also other trends, which are not (yet) necessarily trans-
lated into policy. From these, three basis standpoints seem to stand out.

New balance of large scale, top down & small scale, bottom up solutions

Water management and water challenges involve all scale levels. Today 
water management is a task of the national government, provinces, 
municipalities and water boards. Large scale interventions are done on 
a national or regional level, involving for example dike enforcements, 
dredging of canals and water storage in the IJsselmeer. These large scale 
visions and strategies are important, though when it comes to some 
of the future challenges involving water, anyone can contribute to a 

NEW BALANCE 
TOP DOWN / BOTTOM UP 

SOLUTIONS

MAKING SUSTAINABLE 
WATER MANAGEMENT 

VISIBLE

WORKING WITH 
NATURE
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< 21
Sedum roof

< 22
Sand Motor, by 
Rijkswaterstaat and the 
province of Zuid-Holland, 
2011

< 23
Water Square Benthem-
plein, by De Urbanisten, 
2013

solution. Measures on the scale of the roof, building, garden or street 
can have a substantial effect. But how are we going to facilitate local 
measures and citizen participation? We need a new balance between 
large scale, top down and small scale, bottom up solutions.

Working with nature

Another new concept in water management is to try to work with nature, 
instead of against it. By better understanding natural processes, we could 
try to use nature’s force in our advantage. An example of this concept is the 
Sand Engine. As the sea erodes sand from the Dutch coast, every five year 
Rijkswaterstaat replenishes the shortfall by depositing sand on beaches 
and in the offshore area to keep the Netherlands protected against the 
sea. The Sand Motor is a peninsula on the coast near Ter Heijde made by 
Rijkswaterstaat and the provincial authority of Zuid-Holland in 2011. A large 
amount of sand was deposited in a single operation, to test the idea that 
nature will spread the sand along the coast to the right place. If the Sand 
Motor works as expected, sand replenishment off the Delfland Coast will 
be unnecessary for the next 20 years (Provincie Zuid-Holland, n.d.).

Making sustainable water management visible

By making sustainable water management visible, we can try to make 
water management an integrated part of the city. For example the Water 
Square designed by the Urbanisten is not only a cool square, it is also an 
important part of the water system. The square itself is a water basin, 
at times of heavy rainfall water is collected on the square to prevent the 
sewer from flooding. Such visible solutions can have a binding character 
in the neighbourhood. Maybe even involve and inspire people, and create 
more awareness of the water system.
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The historical development from the natural delta into a cultivated and 
urban landscape has resulted in a very technocratic water system.

The first reclamations around the year 800 started the transition from the 
wet, swampy and unpredictable, yet fertile natural delta into a cultivated 
landscape. The drainage of land made it accessible, workable and liveable, 
and thus increasingly valuable to its inhabitants, but is also caused 
significant soil subsidence. From then on, the land has to be protected 
from sea and river using dikes. We became locked in the landscape. 
 At first, urban development and water management went hand in 
hand. The ditches, canals, dams and dikes that were used to drain, control 
and protect the landscape, automatically became an integrated part of 
the cities within this landscape. Often, cities were morphologically, but 
also economically and culturally related to water. However, when the 
industrial revolution took off in the Netherlands, technology started 
taking over. Water lost its role as traffic infrastructure both inside and 
between cities and, at the same time, the level of hydraulic engineering 
technology became so high that water management issues no longer had 
to be implemented in the urban design. The drainage of land, supply of 
drinking water and collection and cleaning of sewage could be arranged in 
(underground) separate systems. Water management had become mainly 
a task of the hydraulic engineer.
 As a result, today we have a very technocratic water system, in which 
the delta is controlled by technology. The delta has been transformed from 
a gateway for water into a water control panel: with the many pumping 
stations, sluices, dams, dikes and weirs put in place, we are able to able to 
redirect river water from the Rhine and Meuse to wherever we want it to 
be. All water that enters the country through rain or rivers, is eventually 
drained into the sea. And while doing so, we make sure the water is 
distributed well to serve all water asking functions, and keep sea water at 
bay as much as possible.

Conclusion

< 24
The Dutch water system 
is based on diking and 
draining the landscape, and 
leaves little room for water

DIKING & DRAINING

HIGH % PAVED SURFACE
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The future of water management: integrating water into the city again

We need a new approach to water management. Just raising dikes 
and increasing the power of pumping stations will not be enough to 
deal with interlinking problems of climate change, soil subsidence, 
resources depletion and at the same time urbanization. Most Dutch 
water management policy documents already show a transition in their 
approach to water: a shift towards giving water back some of its space.  
Most documents call for adaptive and comprehensive measures: water 
management needs to be integrated in other plans for both the city 
and countryside, this makes water management measures more cost 
effective, while at the same time it can make our environment more 
attractive and improve ecological values.

Moreover, we need a renewed balance between large scale, top down 
and small scale, bottom up solutions. And last but not least: by making 
sustainable water management visible we can try to create more 
awareness of the water system. Integrating the water system naturally 
into the city, in such a way that it makes the city a more attractive place, 
can very much be a task for designers.

As a consequence of climate change, soil subsidence, depletion of resources 
and at the same time urbanization, the technocratic water system is likely 
to reach its limits.

However ingenious this highly technical water management system is, 
it is also complex and vulnerable: everything is interconnected. There 
is a constant interchange between river water, lake water, sea water, 
polder water and groundwater. The elements of the system influence 
each other, they are co-dependent and therefore sensitive to transfer 
of problems. Under normal weather circumstances the water systems 
works well, but under extreme conditions of excess rainfall or during 
prolonged periods of drought, we have to constantly manipulate the 
system to serve all the water-related-interests. According to climate 
change scenarios, when the global temperature rises, we are likely to 
have those extreme weather conditions which are hard for the water 
system to handle. In our system there is little room for water, and 
therefore little room to deal with consequences of climate change.

If we do not alter the water system, we are likely to experience problems of 
flooding, water inconvenience and drought.

In the Netherlands a changing climate can cause problems of flooding, 
water inconvenience, water shortages and salinization. Globally, a 
changing climate will have a serious impact on delta cities all over the 
world, because most delta cities are also facing soil subsidence. And 
while water problems often ask for solutions that need space, large scale 
urbanisation in the popular deltas is putting extra pressure on already 
pressured cities. Depletion of resources like water, oil and nutrients is a 
problem that will affect any city. 
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“Amsterdam was and remains a water city. That was not a planner’s 
choice, just a fact of life.” Jaap Evert Abrahamse, 2010 

Amsterdam is the ultimate example of a Dutch water city, with its canals 
and waterways for drainage and most important traffic infrastructure, its 
low lying extensions, the dikes to protect against flooding and of course 
the dam, as central element in the hydraulic structure and main public 
area of the city. As Abrahamse explains in his study about the Great 
Extensions of Amsterdam, there was no master plan of an ideal city at 
the base of the famous canal ring of Amsterdam, merely a pragmatic 
urban design. Water was a dominant factor in the Dutch landscape that 
had to be dealt with in the cities that arose in this landscape. 
 This chapter describes in depth how Amsterdam, as water 
city, came to be: how the rather wet and swampy, yet fertile natural 
landscape has been transformed by man into a profitable cultural 
landscape, and finally an urban landscape that provides a safe and 
pleasant living environment for its citizens.
 Differences in natural landscape, and therefore different reclamation 
methods, as well as technological developments in hydraulic technology 
and the water system of the city, has led to what can be called different 
‘urban ecologies’, described by Maurits de Hoog (2005) as urban areas 
with certain characteristics of landscape, urban design and architecture 
which are imbedded in building tradition, usability and identity.6  The 
first three urban ecologies described in this report are the dam city, canal 
city and peat city. These are all made on peat reclamations, though with 
different water systems. The fourth urban ecology are the polder cities, 
made in drained lakes. The final urban ecology is that of the harbour city, 
made on land infills in the IJ.

<< 25
Bird’s eye view of Amster-
dam, ca. 1538, by Cornelis 
Anthonisz

< 26
Schematic respresentation 
of the concept of  ‘urban 
ecologies’: how the natural 
landscape has been trans-
formed into the cultural 
landscape, and finally the 
urban landscape
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 De Hoog distinguishes 
in his analysis of Am-
sterdam four different 
urban ecologies, based on 
differences in the original 
landscape and cultivation 
method: the ‘gridstad op 
de veenplak’ (grid city on 
peat), the ‘waterstad in het 
IJ’ (water city in the IJ), the 
‘poldersteden in de droog-
makerijen’ (polder cities in 
lake-bed polders) and the 
‘woonparken’rond de linten 
(linear urban living parks).

THE ULTIMATE WATER CITY

Historical development of Amsterdam
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A vast landscape of peat hills

Around the year 800 A.D. the region of Amsterdam was a vast landscape 
of peat. On the west it was protected from the sea by a coastal landscape 
of sand dunes: a fairly firm, though not always effective barrier. Towards 
the east it was closed off by moraines in the Gooi. While the dunes and 
region of the Gooi already showed some signs of inhabitation, the vast 
peat landscape in between was still uncultivated and empty. Apart from 
the seasonal movement of shepherds with cattle, this marshy area was 
not inhabited (De Bont, 2014).
 The peat landscape consisted of a combination of different types 
of peat that formed slightly sloping peat hills. Eutrophic peat, rich of 
nutrients, was quite flat and flooded frequently by rivers that left thin, 
but nutrient layers of clay. Oligotrophic peat, poor in nutrients, could 
grow to about three to four meters above sea level. Mesotrophic peat 
formed a transition stage in between. Alongside a number of streams 
there were some clay-on-peat soils (De Bont, 2014). 
 A number of long and relatively high peat ridges divided the 
landscape in river basins.7 These peat ridges would later form important 
lines of orientation for the cultivation. Natural landscape relief gave 
shape to small streams flowing through the peat. There were a number 
of natural water drainage systems in the region, like the Amstel-Vecht 
system. Back then, the Amstel did not yet exist in its current shape. We 
might never know for sure, but according to De Bont, the river we now 
call the Amstel was formed by two separate peat streams, which he 
calls the noorder-Amstel and zuider-Amstel. The noorder-Amstel flowed 
northwards and ended presumably towards the east in the Almere. The 
zuider-Amstel flowed southwards, it began from what later becomes the 
Watergraafsmeer, and formed together with the Bullewijk, Holendrecht 
and Diem the most western drainage system of the northen peats in 
the river basin area of the Vecht. Natural water storage took place in 

< 27 - 29
From top to bottom: peat, 
clay & sand

7
The largest peat ridge is 
called the ‘Grote Hollandse 
Waterscheiding’. It ran 
straight through Noord-
Holland and formed the 
natural boundary between 
Waterland and Amstelland. 
There were also a number 
of smaller, secondary peat 
ridges.

PEAT, CLAY & SAND

The natural landscape
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a number of small lakes, called ‘meerstallen’, one of which would later 
become the Haarlemmermeer. Around the year 800 A.D. the IJ was not 
an open water, it was filled with peat. Over time this peat would slowly 
break down through oxidation, and sometimes it was broken down 
quickly by floods. At the beginning of the twelfth century the IJ was open 
water again (De Bont, 2014).

Oxidation

An important characteristic of peat worth mentioning is that it oxides. 
When water is drained out by natural causes, such as the shrinking of 
seas and the alteration of a river stream, or by hand of man during peat 
reclamations, peat comes in contact with air and oxides and settles. 
This process is a natural stop to the growth of peat. It is irreversible and 
causes significant soil subsidence (De Bont, 2014).

Regular floods

By the year 800 A.D. the Netherlands had assumed something like 
their present shape. Still the region of Amsterdam regularly flooded. 
Sometimes it was the North Sea that penetrated through the coastlines, 
other times the flood was caused by lakes or rivers. Nevertheless, it is 
on this swampy, constantly threatened grounds were centuries later a 
worldly famous trading city would rise (Burke, 1956).

< 30
Map of a reconstruction of 
the natural landscape of 
Amsterdam circa 800 A.D., 
just before the first cultiva-
tions began. The Canal 
District is placed on the 
map as a reference only.
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Before the wet, swampy peat landscape in the region of Amsterdam 
could be inhabited or used for agriculture, it had to be cultivated. 
This meant that excessive water had to be drained out. Over time 
this reclamation happened in three different ways: through peat 
reclamations, drained lakes and land infills. 

Peat polders (in Dutch: veenontginningen)

Around the year 1000. A.D. the transformation from the natural to 
cultivated landscape was in full action. Step one of the peat reclamation 
technique was to choose a reclamation base.8 This was often a river, 
or later on, a dike.9 The second step would be to dig ditches through 
which water could be discharged. These drainage ditches were dug on 
a regular distance on right angles to the reclamation base and were the 
basic element of a peat polder. They were not only for water discharge 
and water storage, but also served as a property line and as a ‘wet’ fence 
around reclaimed parcels. In the high grown oligotrophic peat, as well as 
in the mesotrophic peat, water would automatically flow down through 
the ditches. In flat, eutrophic peat this was a lot harder: it required 
culverts. As a final step in the reclamation the new plots would be 
closed off at the back and sides with embankments, so that water from 
bordering peat could not flow towards reclaimed parcels (De Bont, 2014).
 Peat polders offered very fertile grounds, because nitrogen, a 
natural fertiliser, was released through oxidation of peat. Farmers on 
peat polders could have a successful farm with both livestock and crops. 
Unfortunately, a few years after the first reclamations, problems started: 
as a consequence of oxidation and settlement, the soil subsided, even to 
the extent that the lands would be too wet for arable farming. On this 
wet land, farmers had to transform their business from mixed farming 
to cattle only. If the soil had subsided too much for habitation, farmers 
had to move their village to higher grounds. They would start a new line 

< 31 - 33
Schematic representation 
of a peat polder landscape, 
lake-bed polder landscape 
and land-infill landscape. 
For each type of landscape 
is indicated from bottom to 
top: the natural layer, cul-
tural layer and urban layer

8
For a long time it was 
thought that before oc-
cupation could take place, 
the whole area had to 
be protected with dikes. 
Though the areas with high 
grown peat were already 
inhabitable without dikes.

9
As the noorder-Amstel 
was located in between 
two large peat ridges, the 
area of Amsterdam was 
reclaimed with the Amstel 
as the reclamation base.

PEAT POLDERS, LAKE-BED POLDERS & LAND INFILLS

The cultural landscape

Peat polder landscape

Lake-bed polder landscape

Land infills
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of reclamations at the backside of the first reclamation.10 Every time the 
land subsided, farmers moved further and further into the peaty land. 
Because of the soil subsidence, water discharge would become more 
and more of a problem. Ever more ditches had to be dug to store the 
extra water. At a certain point dikes had to be made to protect the land 
against the sea and rivers. Around 1500 the entire area was too wet for 
arable farming, it was completely transformed into peat meadows. Over 
time land could only be drained with the invention of the windmill (De 
Bont, 2014).

Lake-bed polders (in Dutch: droogmakerijen & verveningen)

The first drained lakes in the region of Amsterdam were made at the 
beginning of the 16th century. A drained lake, also known as a lake-bed 
polder, is an area out of which water is drained to lower the water table, 
just like the peat polders. In contradiction to a peat polder, a lake-bed 
polder was originally a lake or another large open water. The first step 
in the creation of a dried lake is to enclose it with a ring dike and ring 
canal. Then a regular grid of ditches had to be made to pump water 
out of the land with the use of windmills. Later on, pumping stations 
driven by steam or electricity were used to do this job. Land that was 
reclaimed from lakes was usually used for agriculture, although over 
time it was used for recreational purposes and urbanization as well. A 
lake-bed polder can be distinguished from a peat polder by its pattern of 
cultivation: plots in a dried lake are often a lot larger than plots in a peat 
polder, and the grid a lot more regular and rational (De Hoog, 2005).
 Well known drained lakes in Amsterdam are the Watergraafsmeer- 
polder, the Bijlmermeerpolder and the Haarlemmermeerpolder. The 
Watergraafsmeerpolder was made from 1628 to 1629, at first for 
agriculture and later for recreation (‘buitenplaatsen’). The Bijlmermeer- 
polder was first drained in 1627, but had to be drained several times later 

< 34
Map of the cultural 
landscape of Amsterdam. 
It shows the different 
reclamation methods that 
were used between 1000 
A.D. and today.

10
Sometimes they made a 
second reclamation base, 
often called a ‘wetering’, 
like the Boerenwetering in 
Amsterdam

peat polders lake-bed polders

land infills ‘verveningen’
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< 35
Map of Amstellandt 
and the surroundings of 
Amsterdam, by Weesp, 
Naarden &c, 1749

on. By far the largest of them all, the Haarlemmermeerpolder was made 
in the nineteenth century using three large steam-powered pumping 
stations (Nederlands Architectuur Instituut, 2005).
 A special type of lake-bed polder is what is called in Dutch a 
‘vervening’. Many lakes in the Netherlands are not natural lakes, they 
were created in the process of winning turf. These man-made lakes 
would often be drained again to regain agricultural land. When such a 
lake is drained, it is called a ‘vervening’ (De Hoog, 2005).

Land infills (in Dutch: aanplempingen)

The final reclamation method is the one of the land infills. A land infill 
is created by raising the ground level of a part of a river or sea, to above 
the water level, by adding sand, dirt or silt from the harbours. This new 
land was made outside the dikes, it was added to the edge of the city 
and often the existing dikes would not be moved. Land infills were not 
made for agriculture, but to gain space for harbour activities, industrial 
activities or city extensions for housing. 
 All throughout its history Amsterdam has gained land through land 
infills. This happened in the Amstel, and, starting from the sixteenth 
century, in the IJ as well. For example, the Central Station is built on three 
islands that were made in the IJ (De Hoog, 2005).
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DAM CITY, CANAL CITY, PEAT CITY, POLDER CITY & 
HARBOUR CITY

Different methods that were used to cultivate the landscape in the 
region of Amsterdam have resulted in a number of urban ecologies. 
The dam-and-dike town, canal city and peat city arose on peat polders. 
The lake-bed polders became polder cities and the land infills along the 
IJ became the harbour city. As technology developed, so did the water 
system. The following chapter describes both the urban ecologies and 
development of the water system.

Pre-urban Amsterdam

The earliest inhabitation in the region of what is now Amsterdam took 
place since about 950 A.D., a bit further away from the river Amstel, 
where fishermen and craftsmen built there houses on higher grounds 
of peat ridges. Drainage of land caused the soil to set and subside, 
therefore the earliest inhabitants moved their homes further and further 
into the peat landscape, away from the Amstel (De Bont, 2014). In this 
stage Amsterdam can best be described as a small fishing village. The 
village had an agricultural character, the structure of parcels followed 
the cultivation ditches.

< 36
The cultivation and habita-
tion history of the centre 
of Amsterdam in three 
sections

The urban landscape

Zeedijk-Jodenbreestraat migration

movement of habitation(abandoned) habitation

dam (before 1275) direction of reclamation

Amsteldikes usage of riverbanks

1 1

2

1, 2

950 - 1100: pre-urban Amsterdam

Grote Hollandse Waterscheiding Secundary peat ridge

1100 - 1275: Amestelledamme

present: city centre of Amsterdam
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The watersystem of pre-urban Amsterdam

At the time of pre-urban Amsterdam, water in the Amstel was still clear. 
The Amstel was a life source for the village: water from the river was 
used as drinking water and fishermen could even catch fish in it.

- Drainage:  Water was drained from the land into to the Amstel  
 and IJ by digging agricultural ditches. Although these ditches  
 already altered the natural water system, at this time drainage still  
 happened in a natural way through gravity, without the use of  
 windmills.11 
- Drinking water supply: Drinking water was taken from the Amstel
- Wastewater: Waste and wastewater was disposed into the Amstel
- Water safety: Houses were built relatively safe on top of the high  
 grown peat 

< 37
The water system of pre-
urban Amsterdam

11
The influence of man on 
the natural water system 
might have already been 
significant. De Bont (2014) 
argues that the two 
separate streams of the 
noorder-Amstel and zuider-
Amstel had been connected 
with a canal, most likely 
this was done before the 
construction of the dam. 
The canal was dug to make 
the reclamation of the last 
piece of peat that lay in 
between the two parts of 
the Amstel possible.

LINEAR   Clean surface water goes into the city, is used, is disposed as wastewater

DECENTRAL   Each farmer is responsible for draining his own land

INTEGRATED   The Amstel and ditches are used for drainage, drinking water supply and as open sewer

SEMI-NATURAL   Controlled by men, though with the use of nature’s force



89

Amsterdam arose at the beginning of the thirteenth century, at the 
point where the river Amstel issued into the IJ. Through drainage of land 
the soil had subsided to the extent that water became a threat, while at 
the same time the sea level had risen (De Bont, 2014). Amsterdam was 
threated constantly by floods from the IJ, which at the time had an open 
connection to the South Sea. So one began to build a sea dike along the 
IJ for protection, curving inland near the Amstel. A dam was constructed 
as part of the sea dike, in between the end of the 11th and half way the 
13th century. This dam closed off the Amstel, and thereby controlled 
the city’s connection to the South Sea. This created an inner and outer 
harbour, respectively the Rokin and Damrak. Goods could be transferred 
here between seagoing ships and river boats (Reh, Steenbergen, & 
Aten, 2007). Amsterdam had become what Burke (1956) describes as a 
dike-and-dam town: a very characteristically Dutch town layout that 
originated at the site where a river or creek was dammed.12

 The dam was a central element of the hydraulic structure of the 
city, as well as the main public area, where main public buildings were 
situated and the market was held. The first dikes constructed along the IJ 
and Amstel became the first long streets of the city: the Nieuwendijk on 
the west and the Warmoesstraat on the east.13 The river was redirected 
along two new watercourses parallel to the Amstel leading to the IJ: the 
Oude Zijds Voorburgwal and the Nieuwe Zijds Voorburgwal (Burke, 1956).
 The small dike-and-dam town had a very strategic location for 
trading, as well as a profitable hinterland. And thus the town grew fast. 
At first the plots of the dam-and-dike town followed the pattern of 
agricultural plots. During the Middle Ages the city expanded on the lower
grounds lying between the Amstel and the parallel watercourses. Cross 
streets and alleys were developed, transforming the peat parcellation 
pattern into long, narrow blocks. Tradehouses and warehouses were 
situated alongside the water. Dwellings, shops and workshops along the 
secondary network of streets (Reh, Steenbergen, & Aten, 2007).

< 38
Amsterdam as a dike-and-
dam town

12
In his book ‘The Making 
of Dutch Towns’ Gerarld L. 
Burke analyses the origin 
and evolutions of towns 
in the Netherlands up to 
the end of the 17th century. 
He distinguishes several 
types of towns, like the dike 
town, the dike-and-dam 
town, the water town, the 
‘geestgrond’ town and high 
ground towns. Amsterdam, 
like Rotterdam and Zierik-
see, belongs to the category 
of dike-and-dam towns.

13
Today the Nieuwendijk and 
Warmoesstraat can still be 
recognized as dikes in the 
city, because their street 
level is much higher than 
that of the surrounding 
streets.

AMSTERDAM AS A DIKE-AND-DAM TOWN

The urban landscape
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< 39
The water system of the 
dike-and-dam town

As Amsterdam grows the water quality of the Amstel declines, though at 
the time of the dam-and-dike town the water in the Amstel is still clean 
enough to be used for drinking, in beer breweries and for other crafts.

- Drainage: Water was drained from the city and hinterland through  
 the canals into the IJ. Sluices in the dam were used to regulate the  
 water level in the city, the regional water system and the flushing of  
 the harbour and canals. The new watercourses were connected  
 to the IJ through outlet sluices in the dike. At first the system  
 of drainage was still naturally based, later windmills were used for  
 drainage.
- System to flush canals: The canals were flushed with water from  
 the  Amstel. Sluices in the Dam, the Oudezijds Kolksluis and   
 Haarlemmersluis were opened at ebb to let dirty water from the  
 canals flow into the IJ. At tide the sluices were closed to prevent  
 brackish water from the IJ to flow into the canals (Van Rooijen,  
 1995).
- Drinking water supply: Drinking water is taken from the Amstel
- Wastewater: Waste and wastewater is disposed into the Amstel
-  Water safety: The sea dike along the IJ and river dikes protect  
 Amsterdam against the sea and rivers.

WATER SYSTEM OF THE DIKE-AND-DAM TOWN

The urban landscape

LINEAR   Clean surface water goes into the city, is used, and is disposed as wastewater

DECENTRAL   Each town had its own dike / dam, though the creation of the dam, dikes and canals was a city-wide project

INTEGRATED   The Amstel and canals are used for drainage, drinking water supply and as open sewer

SEMI-NATURAL   Controlled by man, albeit with the use of nature’s force
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At the end of the sixteenth century Amsterdam grew rapidly, from a 
population of 30.000 inhabitants in 1570 to as much as 130.000 in 1635. 
This was the time of the Golden Age, in which Amsterdam developed 
into an international trading centre. Because of this rapid growth the city 
needed a large urban expansion plan (Reh, Steenbergen, & Aten, 2007).
 Amsterdam extended as what Burke calls a water town, or 
‘grachtenstad’ in Dutch, the type of town where Holland is famous for. As 
he explains, water towns are built largely upon land that was reclaimed 
from a marsh or lake. Often this type of town originated as a trading 
post built upon small pieces of ground that were slightly higher than 
the surrounding land, or on dikes made alongside a waterway. This was 
the high, dry core of the town. In prosperous times, increased trading or 
industrial activity forced the town to expand on the lower surrounding 
grounds. In their natural state, these grounds were quite unsuitable for 
urbanization. Important steps had to be made before any building was 
possible. This meant that one first had to reach consensus on the amount 
of new land needed, an elaborate extension plan had to be made to 
make optimal use of the newly acquired land, and then the land had to 
be extensively prepared. This last step required some serious engineering 
skills, because any surplus of water had to be removed from the land. This 
was done by digging canals: a wide encircling moat around the city, and a 
series of narrower, parallel drainage canals within the city. Excessive water 
was removed out of the canals with the use of sluices, and later windmills, 
maintaining a constant level of water in the canals themselves. Then the 
new land would be raised and consolidated above flood level with spoil, 
excavated from new canals, and sand that came from out of town. And 
last but not least, deep pile foundations had to be made for the major 
buildings, such as town halls and churches (Burke, 1956).
 As a result of in total four great extensions in between 1560 and 
1673, three very wide concentric canals were dug around the city: the 
Herengracht (1585), Keizersgracht (1593) and Prinsengracht (1622). They 

< 40
Amsterdam as a canal city

AMSTERDAM AS A CANAL CITY

The urban landscape
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were connected through a series of radial canals and streets. A new 
fortification was made as well, with a new encircling moat around it: 
the Singelgracht. Just like a ring canal of a polder, this canal formed 
the transition between the city and its surrounding landscape (Reh, 
Steenbergen, & Aten, 2007). Together the canals formed a street plan for 
characteristic long and narrow building blocks, accessible by road and 
water. The result was a very orderly and compact city, typical for a water 
town (Burke, 1956).
 The canals were fundamental in the water system of the water 
town. The primary function of the canals was drainage. But this was not 
all they were used for: spoil, gained through digging canals, was used for 
raising the ground level of new plots. And the encircling moat around 
the city was part of the city’s defence system, it acted as a defence moat. 
The canals were also the main traffic system, as ships were the main 
transportation mode for people and goods. The canals provided means 
of access to building frontages and ways of communication within 
the town. And finally water in the canals was used to extinguish fires, 
which significantly decreased the amount of catastrophes in the city 
(Abrahamse, 2010).



LINEAR   Clean surface water goes into the city, is used, is disposed as wastewater

SEMI-DECENTRAL   Drainage and water safety were arranged by the city, some things by citizens (rainwater collection)

SEMI-INTEGRATED   The canals are used for drainage and as open sewer, there are other systems for drinking water

TECHNOCRATIC  Controlled with the use of windmills and sluices

WORRIES OF A WATER CITY

Intermezzo

For centuries Amsterdam was troubled by three 
large issues related to water, namely water safety, 
low quality of canal water, and therefore the sup-
ply of drinking water (Abrahamse, 2010).  

Protection against floods
Water safety was always a big issue in Amster-
dam. The connection to the South Sea trough the 
IJ made the city vulnerable. The effects of the tide 
were noticeable even at the Dam square. When 
the water level of the IJ rose during the seven-
teenth century, the city needed to protect itself 

by constructing new embankments and dikes. 
According to Abrahamse: “The successful comple-
tion of new embankments and the adaptation 
of the existing bridges to the new dangers were 
two of the larger building projects undertaken 
by city at the time.” The Stadskering was built in 
between 1681 and 1683, for no less than 569.802 
guilders, far more the yearly budget for mainte-
nance in the city, which was 300.000 guilders.

Low water quality and the smell of decay
While the new embankments might have been 

1 The Goudbloemgracht, by Willem Hekking, 1850. This canal was closed in 1854 and became the Willemstraat.



was by far not big enough to flush the canals, not 
even a little. Especially during summer, the water 
level in the Amstel was lower than that in the IJ. 
Before the Great Extensions, the few canals of 
Amsterdam could be flushed by natural force with 
Amstel water. After the expansions, the water in 
the Amstel had to be divided over a larger amount 
of canals. The more canals were made: the bigger 
became the problem (Abrahamse, 2010).
 Many projects were initiated to improve Am-
sterdam’s water quality, both by the Council and 
opportunists. Early attempts included windmills 
for the circulation of canal water. The Council tried 
to the flush the canals regularly with water from 
the IJ, using ebb and flow of the tides. Sluices were 
opened at tide, and closed at ebb. They even con-
structed a large complex of locks and sluices in 
the Amstel, the Amstelsluizen, to prevent brackish 
water from flowing into the fields of Amstelland. 
This did not work: the oldest and most polluted 
water would just flow back into the city. Also 
strict regulations and control on dumping waste 
did not help, despite many inspectors. The only 
method that showed any results, although not 
nearly enough to make a difference, was dredg-
ing the canals regularly and waste collection on a 
daily basis (Abrahamse, 2010).
 The problem of water quality was hard to 
solve because at the time the water city of Am-
sterdam was very complex. With every extension 
of the city, the water system had to be adjusted. 
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Afb. 1. Schematische doorsnede van een vastgezette (l) en een nog drijvende kelder (r). 1 en 2 klamplagen binnenzijde kelderbak. 3 halfsteens buitenwand 
kelderbak, 4 bouwmmtr van het huis. 5 later aangebrachte betonmantel. 6 piunvulling. 7 afdekphivuizen. 8 stijl waarmee de kelderbak is vastgezet. 
9 kelderbalklaag. 10 grondwater, 11 basisrooster. 12 paal fundering. 3 Schematic section of a floating basement. On the  
left a floating basement that has been fastened, on the 
right one that can still float. By Dik de Roon, 2007 
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Afb. 2. Plattegrond Herengracht 386, circa 1674 (Philips Vingboons) 

geïnteresseerd was in technische innovaties. Zo paste hij bij-

voorbeeld al de spouwmuur toe . 7

Dat de afbeelding van Vingboons tot nog toe de enige beken-

de zeventiende-eeuwse tekening van een drijvende kelder is,

kan erop wijzen dat in die periode de drijvende kelder nog

geen brede toepassing kende. Toch moet kort hierna verande-

ring in deze situatie zijn gekomen, omdat het met name in

Amsterdam een oplossing bood voor een veel voorkomend

probleem. Opengebars ten keldervloeren leidden tot schade

aan opgeslagen goederen, die weer tot conflicten en claims

leidden. In 1701 besloot het stadsbestuur " fordonneren en te

statueren dat [...] geen kelders binnen den omtrek van de Y-

sluysen lager zullen mogen werden gelegt als uyterlijk tot op

een duym boven de Stads peil; en buyten gemelde Sluysen

dog binnen de Waterkeeringen niet lager dan tot op twee voe-

ten boven de zelve Stadspeyl". Bovendien moesten bestaande

huizen, waarin zich al een diepere kelder bevond, na een ver-

bouwing ook aan deze norm voldoen. Er werden flinke boetes

gezet op overtredingen en het niet melden van zulke verbou-

wingen. Uit de toevoeging , " . . .vvaarschouwende daar en

boven dat zo omtrent het intappen van 't Water als andre gele-

genheden geen regard altoos op Kelders contrarie desen aan-

gelegt of gelaten zal werden genomen . . . " lijkt af te leiden dat

er voordien onduidelijkheid had bestaan omtrent de eisen die

een diepe kelder aan het waterpeil stelde. 8

Vanaf 1701 was duidelijk dat de verantwoordelijkheid in het

vervolg bij de burgers lag. De drijvende kelder ontsnapte aan

de nieuwe regelgeving. Deze bood de mogelijkheid om toch

ruim onder het stadspeil een opslagvloer te realiseren zonder

constructief verband met het onroerende goed. Het is dan ook

goed mogelijk dat pas vanaf deze verordening de drijvende

kelder een bredere toepassing vond.

Drijvende kelders in Amsterdam

Tegenwoordig zijn drijvende kelders in de Amsterdamse bin-

nenstad met enige moei te als zodanig te herkennen, als

gevolg van ingrepen sinds ze werden vastgezet. Na de bouw

volgden door de jaren heen ingrepen om lekken te dichten en

funderingen te repareren. De verordening van 1701 speelde

Ajb. 3. Tekening drijvende kelder, 1768 (C. Hoeneker/SAA) 

4 Drawing of a floating basemnt, by C. Hoeneker, 1768

costly, at least they were effective. This could not 
be said for many attempts made to solve the 
second water issue: low quality of water in the 
canals. All throughout the time of the Great Ex-
tensions Amsterdam’s canals spread the smell of 
decay. Amsterdam could be smelt from kilometres 
away. The stench was caused by the pollution of 
canals, both by private homes and industries. Even 
though strictly forbidden, the canals were used as 

a public waste site: they were filled with dead ani-
mals, waste from slaughters, rotting vegetables 
and fish. They were also used as an open sewer: 
toilets, not yet connected to a sewer, were illegally 
emptied in the canals, instead of in the barges 
that were there especially for this purpose. In 
those parts of town that did have a sewer, waste-
water ended up directly in the canals as well. It 
did not help that the current in the river Amstel 

2 Stadsplattegrond, by Daniel Stalpaert, 1662. The seven differen water levels in the city and Buiten Amstel are   
coloured by Stalpaert.



stored in reservoirs in wooden barges at various 
places throughout the city. However, this water 
had to be paid for, by the bucket, and freezing 
temperatures in winter made transport to the 
city nearly impossible. Therefore, rainwater was 
collected throughout the city. Starting from the 
sixteenth century, every house had at least one 
underground rainwater reservoir in front of it. 
Churches and public buildings had one as well, 
from which water was sold for a low price. Though 
this solution was not ideal either: the amount of 
fresh water depended on the weather and the 
quality was often bad, since this water would 
have to pass roofs or streets before it was collect-
ed in reservoirs (Abrahamse, 2010). Starting from 
the second half of the seventeenth century, water 
was also stored in basements made especially for 
this purpose, about eighty of these have already 
been found in Amsterdam. Smaller basements 
underneath houses of the wealthy could contain 
about 5000 litres, but there were also large base-
ments underneath public institutions, that could 
contain up to 100.000 litres (Hell, 2007).
 Even until the nineteenth century attempts 
were made to dig wells deep enough to provide 
fresh water, but always in vain, since there simply 
was no fresh water that could be collected from 
underneath Amsterdam. Other plans include 
several ways to redirect water from the Vecht to 
Amsterdam, by canal, or aqueduct. Many people 
tried to come up with the perfect solution. 

8 Design of a saltwater basin south of the Mui-
dergracht, by Jan de Bray, 1688. Meant to improve the 
low water quality in the canals, by flushing them with 
water collected in the basin.

7 Design of a freshwater basin for the drinkingwa-
ter supply of Amsterdam, by Jan de Bray, 1688

After the four great extensions, the city was 
divided hydrologically into seven different 
areas, each with its own water level. According 
to Ambrahamse: “This situation created enor-
mous problems. Several attempts were made to 
equalise the city’s water levels, sometimes with 
disastrous results.” While most part of the city’s 
medieval extensions were eventually raised to 
the ‘stadspeil’ or ‘city level’, some areas, like the 
Jordaan, were developed at the lower polder level. 
Any alteration in the water level could cause 
basements in these areas to flood (Abrahamse, 
2010). The control of the water level in the city, 
and therefore the groundwater level, was a very 
delicate thing. If the ground water level was too 
high, it could cause basements floor to break 
through upwards pressure, which meant that 
stored goods would flood. If the ground water 
level was too low, wooden foundations started to 
rot. To protect merchandise from the fluctuating 
ground water level, starting from the seventeenth 
century some people constructed basements that 
were able to float. Until now, 26 of these floating 
basements have been found in the canal district 
of Amsterdam (De Roon, 2007).

Drinking water supply
Low water quality in the canals meant that 
drinking water had to be found elsewhere. Start-
ing from 1624, fresh water from the Vecht was 
brought to Amsterdam by boat, where it was

5 Water basement underneath a former boys hos-
pital in the Lauriersgracht in Amsterdam, could store 
up to 100.000 litre rainwater. 

6 Design for a water basement, by Abraham van 
der Hart, 1806
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The water quality in the canal city was very low. Water in the canals 
could not be used for drinking and the canals were hardly navigable. For 
centuries this was one of the biggest worries of Amsterdam. The city 
needed to adapt its water system. For centuries the city has been searching 
for new ways to supply fresh water, ways to make the water in the Amstel 
move again and ways to maintain a navigable depth in the canals. 

- Discharge: Water from a large part of Amstelland, but also rainwater  
 and household water was discharged through the canals. The canals
 also had a water storage function.14 However, the water level in
 the canals, and therefore the groundwater level, was not under 
 control. The Amstelsluizen were built to stabilise and equalise the 
 water level in the city, but the project failed (Abrahamse, 2010). To 
 prevent merchandise from flooding, some houses had a floating  
 basement (De Roon, 2007).
- System to flush canals: Many systems were designed to flush the  
 canals and improve water quality. The Council tried to flush the  
 canals with water from the IJ, against the current of the Amstel,  
 with extra power from windmills. The Amstelsluizen were built to  
 prevent brackish water entering the hinterland. This system did not  
 work: filthy water just ended up back into the canals (Abrahamse,  
 2010). 
- Drinking water supply: Fresh water from the Vecht was brought  
 to Amsterdam by boat and rainwater was collected in   
 (underground) reservoirs and water basements.
- Wastewater: Wastewater and waste was thrown into the canals.  
 Canals had to be dredged all the time. Waste was already collected  
 0n a regular basis, though not enough to prevent pollution of canals.
- Water safety: A city weir was constructed to protect the city from  
 storms from the South Sea and to better be able to control the  
 water level in the canals.

< 41
The water system of the 
canal city

14
The more the city grew, the 
more paved area and the 
bigger the need to store 
water.

WATER SYSTEM OF THE CANAL CITY

The urban landscape

9 The Amstersluizen, by Daniel Stoopendael, published in 1720

For example, painter Jan de Bray, who at the time 
needed some extra cash, designed a fresh water 
basin of 251 by 171 meter, the size of a whole build-
ing block. In this plan water would be transported 
from the Vecht to this basin by boat, of maybe 
even an aqueduct. Unfortunately for him, his plan 
ended up underneath a pile of other absurd plans 
(Abrahamse, 2010). 
 Whereas technical solutions were there to 
solve issues of drinking water supply and water 
safety, the low water quality in the canals could 
just not be solved at the time. By the end of the 

seventeenth century hundreds of thousands of 
guilders were spent on improving the city’s water 
quality, with little success. As Abrahamse (2010) 
concludes: “Successful technical innovations did 
not arrive until the nineteenth century. By that 
time, a large number of canals were filled in. Wa-
ter circulation was further facilitated by a huge 
pumping station located to the east of the city. 
Until that time, however, Amsterdam was referred 
to as ‘the beauty with a bad breath’.”
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Amsterdam as a pragmatic 
peat polder city

As industrialisation took off in the Netherlands, Amsterdam grew from 
224.000 inhabitants in 1850, to as much as 516.000 in 1900. Clearly the 
seventeenth century fortified canal city was no longer big enough. The 
demolition of the city’s fortification wall had already started in 1803, this 
enabled the city to grow. After 1860 the first dwellings appeared outside 
the Singelgracht. Slums and factories replaced windmills, summer 
homes and gardens outside the original city (Bangma, et al., 2010; Reh, 
Steenbergen, & Aten, 2007). 
 A number of designs were made to plan a large scale expansion. In 
these plans the smaller peat polders surrounding the city were included 
in the urban pattern of Amsterdam. After declining a plan made by city 
engineer Niftrik in 1866, the city accepted Kalff’s expansion plan in 1877. 
This plan was very pragmatic: it did not have a green, spacious layout 
with Paris-like boulevards like Niftrik’s design, instead it followed the 
pattern of the existing peat polder’s plots as much as possible. The 
plan had a basic layout, with efficient urban blocks and parcels. This 
simplified the acquisition of land, which made the development of the 
city susceptible for speculation (Reh, Steenbergen, & Aten, 2007). The 
new expansions became cheaply built neighbourhoods for workmen. 
The buildings were badly executed, foundations were not driven into the 
ground well enough and often the ground was not prepared properly. 
At the time it was standard to raise the ground only partially: streets 
were raised, plots were not. A lot of plots remained unbuilt. Some of 
these were transformed into English landscape parks, like the Vondel 
Park, Sarphatipark and Oosterpark (Reh, Steenbergen, & Aten, 2007). 
Unlike their surroundings, the ground level of these parks was never 
raised. Instead, ditches were replaced by an underground pipe, in Dutch 
called ‘polderriolering, the ground remained on polder level (Gemeente 
Amsterdam, Dienst Ruimtelijke Ordening, 2010).

AMSTERDAM AS A PEAT CITY

The urban landscape
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Amsterdam as a geometric 
peat polder city

The next large expansion on the south side of the city was designed 
by Berlage, in between 1905 and 1917. In contrast to the 19th century 
expansion plan made by Kalff, this Plan Zuid did not follow the existing 
structure of the peat polder. Since the end of the 19th century it was 
standard to raise the ground level in new building areas integrally 
instead of partially. A new pattern of streets and blocks could be 
designed on top of a layer of sand. In the design of Plan Zuid, increased 
traffic circulation played an important role: the city expansion had to be 
connected to the inner city by tram and car. Whilst Plan Kalff contained 
mostly standard building blocks and streets, with a few streets that 
were made more prominent, Berlage designed the main elements first, 
following the direction of waterways and streets in the surrounding 
landscape. This created a lot of variation in building blocks (De Hoog, 
2005). You could say, the structure of Plan Zuid is much more geometric 
than pragmatic.

AMSTERDAM AS A PEAT CITY

The urban landscape
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Technological progress in the industrial revolution changes the water 
system in cities drastically. With the invention of the train, tram and car, 
water is no longer the main mean of transportation. To improve the 
city’s hygiene, many canals are closed. With the use of steam power, 
Amsterdam finally is enabled to let clean water flow through the canals 
once again. Amsterdam becomes a modern city.   

- Water discharge: The construction of the Noordzeekanaal (1865 -  
 1876), with accompanying sluices, created one single water level  
 between the sluices at IJmuiden and the Oranjesluizen. This meant  
 that there was finally a stable water level in the city. Ebb and tide  
 were no longer noticeable, and the chances of high water levels due  
 to extreme weather were a lot less (Gemeente Amsterdam,   
 Dienst Ruimtelijke Ordening, 2010).
- System to flush canals: With steam power, water pumping station  
 Gemaal Zeeburg (1872-1879) enabled Amsterdam to pump water  
 from the IJ through the canals (from east to west). The water from  
 the canals is discharged through the Noordzeekanaal into the  
 Zuiderzee. This improved the water quality in the canals   
 tremendously (Gemeente Amsterdam, Dienst RO, 2010).
- Drinking water supply: A 23 kilometres long cast-iron pipeline  
 constructed by the Amsterdamse Duinwater Maatschappij in 1851  
 transported high quality water from the dunes to Amsterdam, here  
 it was distributed at several locations, where one could buy fresh  
 water for a cent per bucket (Groen, 1980).
- Wastewater: A sewege was installed to collect wastewater.15 At  
 first, sewage water was disposed directly into the IJ, later it was  
 transported to treatment plants, before being discharged into sur-
 face water (Gemeente Amsterdam Stadsarchief, 2001; Ouboter, 2013).
- Water safety: The construction of the Oranjesluizen closed off the IJ  
 from the South Sea. This improved water safety in Amsterdam.

15 
The first proper sewer that 
was installed in Amsterdam 
was the Lurnier-sewer in 
1870.  Faeces were collected 
in reservoirs, through a 
system of pipes, using 
under-pressure (most 
houses were not yet con-
nected to water supply). By 
selling processed waste as 
fertilizer, this system was 
supposed to finance itself. 
Though the return was low.
In 1907 a combined sewer 
was installed in the Jordaan 
and area outside the 
Singelgracht. Water was 
discharged via a long drain 
(the ‘smeerpijp’) into the 
South Sea. From then on, 
all new expansions were 
made with a sewer. In 1935 
acombined sewer was 
installed in the historic 
centre, within the Singel, 
though it was not until 
1982 that the installation 
of the combined sewer 
was completed in the canal 
belt, and the Smeerpijp 
was replaced with a water 
treatment plant. From the 
year 1923 most new urban 
expansions were made 
with a separated sewer 
and their own wastewater 
treatment plant . 

WATER SYSTEM AFTER THE INDUSTRIAL REVOLUTION

The urban landscape

LINEAR   Clean surface water and groundwater goes into the city, is used, is treated, is disposed as surface water

CENTRALISED   Drainage, drinking water supply and the sewer are arranged by the city, water safety on a national level

SEPARATED   There are different systems for drainage, the collection of wastewater and supply of drinking water

TECHNOCRATIC  Controlled by with the use pumping stations and sluices
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< 44
Amsterdam as a lake-bed 
polder city

Around the year 1930 Amsterdam had grown so much that the large 
lake-bed polders surrounding the city were the logical next location 
for expansion. Amongst the lake-bed polders that became a part of 
Amsterdam were Buiksloterham and Buikslotermeer in the north, in the 
south-east the Watergraafsmeer and Bijlmermeer, and in the west the 
Slotermeer, Lutkemeer and Ookemeer. In the south there were also the 
Bovenkerker Polder and Rietwijkeroord, where the soil had subsided as a 
result of peat cutting (Reh, Steenbergen, & Aten, 2007). 
 The Watergraafsmeer had already become a part of Amsterdam 
in 1921. Neighbourhoods in the Watergraafsmeer were constructed 
on polder level (NAP -5,40m). The agricultural ditches were replaced 
with underground pipes (in Dutch ‘polderriolering’). Even though there 
were concerns, there was no money to integrally raise the ground level, 
therefore, the groundwater level in this area lies only half a meter below 
ground level (Gemeente Amsterdam, Dienst Ruimtelijke Ordening, 2010). 
The construction of the Afsluitdijk in 1932 decreased the chance of 
flooding in Amsterdam. The city’s policy to raise ground level in new 
urban areas to above city water level was let go. The new standard in 
lake-bed polders was to raise ground level 1.2 to 1.3 meter above polder 
level. This means that the urban areas created in lake-bed polders lie 
substantially below sea level (Gemeente Amsterdam, Dienst Ruimtelijke 
Ordening, 2010). 
 Most of the new urban areas in lake-bed polders were part of 
the Algemeen Uitbreidingsplan (General Extension Plan), made by 
van Eesteren in 1934. This was a plan for the entire city in which he 
designed radial green zones based on the existing landscape. The urban 
transformation of the lake-bed polders became a somewhat separate 
urban design and planning challenge. The lake-bed polders were closed 
off from the rest of the city by their ring canals and ring dikes. On top of 
a layer of sand a new design could be made (Reh, Steenbergen, & Aten, 
2007).

POLDER CITIES IN AMSTERDAM

The urban landscape
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Since the sixteenth century, Amsterdam has expanded into the IJ, and 
continues to do so today. New land was created at the edge of the city, 
outside the dikes, through land infills. Often this new land was initially 
made to gain space for harbour activities and industrial activities. 
Though eventually, most land infills have become part of the city: as 
the city grows, the harbour moves further and further away and former 
harbour areas are transformed into new urban neighbourhoods (De 
Hoog, 2005).

< 45 
Amsterdam as a water city 
on the IJ

AMSTERDAM AS A HARBOUR CITY ON THE IJ

The urban landscape
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Overview of the historical 
development of 
Amsterdam’s water system

NATURAL SYSTEM

DECENTRAL  SYSTEM

TECHNOCRATIC “

IN
D

U
ST

RI
A

L
RE

VO
LU

TI
O

N

1851 1865 1870 1876 1879 1891

INTEGRATED SYSTEM

LINEAR SYSTEM CIRCULAR “ ?

SEPARATED “

1000 1500 1560 167314081200 1800 18231819

Pipeline 
for drinking water

Lurnier sewer

Delta formation by sediment of sea and rivers

Every town its own dike / dam

Canals for transport / drainage / sewer / drinking water Different systems for drainage, drinking water, sewer

Dike and drainage systems control nature

Gemaal Zeeburg

Noordzeekanaal

Noord-
Hollandsch

Kanaal
First peat 

reclamations

Canal DistrictDam & 
first dikes

First water windmill 
in Alkmaar

End 18th century:
first water pumping stations 

driven by steam

Around 13th century

Sluices IJmuiden
Oranjesluizen (1872)



117

Water City

Land infills

Peat polders

Lake-bed polders and ‘verveningen’

Dam City

Canal City

Pragmatic Peat City

Geometric Peat City

Amsterdam’s
urban ecologies

Polder Cities



119

This chapter explains different aspects of the water system of 
Amsterdam in more depth, namely the main water system, regional 
water system, water safety, the water supply system and finally the 
sewer system. Over time Amsterdam’s water system has become 
increasingly complex. However, one thing that makes the water system 
of Amsterdam unique has never changed: Amsterdam is a water 
junction. The city itself forms a link between the regional and main 
water system. Water enters Amsterdam from all directions.

A water-junction

Already during the Middle Ages water from the entire region of 
Amstelland was discharged into the IJ through the city of Amsterdam. 
The region of Amsterdam can be seen as a water-junction where the 
main water system meets the regional system. Unique about this 
situation is that, through the city canals, the Amstellandboezem forms 
an open connection with the main water system of the Amsterdam 
Rijnkanaal and the Noordzeekanaal. As Amsterdam’s municipality 
explains: the Amstel can be seen as a highway which discharges the 
excess water from the polders and peat meadows directly through the 
city into the IJ. From there the water goes to IJmuiden and the North Sea. 
In case of an emergency, the outlet water system can be closed off from 
the main system by closing the sluices and emergency locks (Gemeente 
Amsterdam, Dienst Ruimtelijke Ordening, 2010).

Amsterdam’s water system today
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< 47
Elements of the national 
water system that are 
of importance for water 
management in the region 
of Amsterdam

Two parts of the main, national water system are of great importance 
for the regional water management of the Amsterdam Metropolitan 
Region, namely the Amsterdam-Rijnkanaal together with the 
Noordzeekanaal, and the IJsselmeer area (Gemeente Amsterdam, Dienst 
Ruimtelijke Ordening, 2010).

The Amsterdam-Rijnkanaal and Noordzeekanaal

The Amsterdam-Rijnkanaal and the Noordzeekanaal are of great 
importance for shipping connections between IJmond, Amsterdam 
and Germany and for regional water management. Through these two 
canals water from the regional system is discharged into the sea, using 
the sluices and pumping stations at IJmuiden. About 60 percent of the 
water in the Amsterdam-Rijnkanaal and Noordzeekanaal is delivered 
directly by the regional water system. Water from the Markermeer, as 
well as a large area in Flevoland and a large area to the east of Utrecht 
can be discharged indirectly into the Noordzeekanaal, through the inlet 
Oranjesluizen (locks) near Schellingwoude. 
 During dry periods extra water for the Amsterdam-Rijnkanaal can 
be supplied at Wijk bij Duurstede and Schellingwoude, depending on 
the water levels of the Waal and the Markermeer. Water can also be 
withdrawn from the Amsterdam-Rijnkanaal for regional water supply 
and drinking water purposes, and as cooling water for powerplants in 
Amsterdam and Utrecht. In prolonged periods of drought, water from 
the Amsterdam-Rijnkanaal is also used to combat salinization of the 
polders in the province of Zuid-Holland. Maintaining a navigable water 
depth must always be taken into account.
 The Noordzeekanaal has a saltwater gradient from IJmuiden to 
the connection with the Amsterdam-Rijnkanaal, caused by the many 
ships locked at IJmuiden. On the one hand the transition between salt 
and fresh water provides the Noordzeekanaal with unique ecological 

Main system
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regional water system
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Noordzeekanaal
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< 48
Noordzeekanaal, by Van der 
Stok, 1886

characteristics. On the other hand, the amount of salt water entering 
the system has to be controlled carefully. Because of a drinking water 
inlet point in the Amsterdam Rijnkanaal, the saltwater incursion is not 
allowed to advance further into the canal (Gemeente Amsterdam, Dienst 
Ruimtelijke Ordening, 2010; Rijkswaterstaat, 2011).

The IJsselmeer area

The IJsselmeer area consists of the lakes IJsselmeer, Markermeer, IJmeer 
and the Randmeren. The main function of this system of lakes is to 
discharge water from the river basins of the IJssel, Vecht and Eem into 
the sea. The IJsselmeer area is also an important nature reserve and the 
largest freshwater basin in Europe. During dry periods this water system 
works as a buffer: it provides a huge amount of water to many of the 
northern parts of the Netherlands, namely Friesland, Groningen, as well 
as the northern part of Noord-Holland and large parts of Drenthe and 
northwest Overijssel.
 In winter, excess water from the Markermeer is often discharged 
to the IJsselmeer. While in summer, water from the Markermeer is 
used to flush the Noordzeekanaal, depending on the water level in the 
Markermeer. In spring and autumn the direction of the water discharge 
changes depending on weather conditions and water levels. Excess 
water from lake IJsselmeer is discharged into the Wadden. Finally, also 
the Amsterdam canals can be flushed by water from lake IJmeer, let in at 
Zeeburg (Rijkswaterstaat, 2011).
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< 49
The regional water system 
of Amsterdam

The regional water system of the Amsterdam Metropolitan Region 
consists of a dense network of water defences, polder waters and outlet 
waters, which include the canals inside the city, waterways between 
cities and lakes. A polder is an area in which the water level is controlled, 
it is closed off from outer water by a dike. Water that enters the polder, 
as rain or seepage water, is either used, stored, or pumped out. First into 
the outlet water (in Dutch: boezem), then discharged into the sea. An 
outlet water is a network of ditches, canals or lakes which are connected 
to each other and in which a certain water level is maintained. The water 
level in an outlet water is higher than in a polder (Gemeente Amsterdam, 
Dienst Ruimtelijke Ordening, 2010; Rijkswaterstaat, 2011).
 There are a number of outlet water-systems in the region of 
Amsterdam: the Amstellandboezem (water level NAP -0.40 m, which 
includes the stadsboezem), the Rijnlandboezem (water level NAP -0.40 
m) and the Waterlandse boezem (water level NAP -1.50 m). The water 
level and water quality in the outlet waters is regulated by locks, weirs 
and water pumping stations. Principally the outlet waters of Amsterdam 
are in open connection with each other and the main water system, 
though if necessary they can be closed off by the locks and (emergency) 
defences weirs (Gemeente Amsterdam, Dienst Ruimtelijke Ordening, 
2010). These many regional water defences and compartment defences 
therefore form a secondary protection against floods. 
 Locks and sluices are also used to control the water quality of the 
canals. When the percentage of oxygen in the canals is low, they are 
flushed with water from the IJmeer. Water is let in by Gemaal Zeeburg, 
preferably when water levels in the IJmeer are high and it is not 
necessary to use pumps. A numer of locks along the Amstel and IJ are 
then closed, to let fresh water flow through the canals from east to west, 
to be discharged into the Noordzeekanaal. These days the canals are also 
connected to the sewer. This means that they have to be flushed less 
frequently (Gemeente Amsterdam, Dienst Ruimtelijke Ordening, 2010).

Regional system
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< 50
Dikes in the region of 
Amsterdam

16
Waterlandse Zeekering: 
Schellingwouderdijk, 
Nieuwendammerdijk and 
Buiksloterdijk. Amster-
damse Stadskering: 
Haarlemmerdijk, Zeedijk en 
Zeeburgerdijk

The city of Amsterdam is located in three dike-rings: 13, 14 and 44. Most 
parts of the city lie within dike ring 13 and 14, with a high safety level of 
1:10,000. This means that, statistically, only once every 10.000 years the 
water level exceeds the limit of the dikes. Dike ring 44 has a relatively low 
safety level of 1:1,250. Parts of the city centre and the former harbours 
are located in this dike-ring. Amsterdam is protected from sea -and large 
rivers- by the dunes, defences at IJmuiden, dikes along the Markermeer/
IJmeer (including the Houtribdijk), Oranjesluizen and the Lekdijk. These 
defences can be called the front doors. A second line of defence is formed 
by the elevated harbours, water defences along the Noordzeekanaal and 
Amsterdam-Rijnkanaal, the Waterlandse Zeekering and Amsterdamse 
Stadskering.16 The many regional water defences surrounding the polders 
protect Amsterdam against a flood from for example the Amstel, the 
Gaasp and the ring canal of the Haarlemmermeer. Regional defences that 
lie in urban areas have a safety level of 1:1,000.
 According to the municipality of Amsterdam, Amsterdam is 
relatively safe. Amsterdam is not located directly near dangerous 
waters, the ‘front doors’ meet the current norms and the second line of 
defence protects a large part of the inner city and hinterland. The many 
emergency defences and compartment defences in the regional system 
limit damage in case of a flood. Still there are some points of concern. 
First, the area within dike ring 44 is no longer ‘just’ a harbour area. 
Large parts are already transformed into urban areas. Second, some of 
the old water defences potentially form a weak link in the system. For 
example, the Amsterdamse Stadskering, once build at the edge of the 
city, is now completely built upon. The fourteen historical sluices within 
the Stadskering have to be closed by hand or boat, making it hard to 
close them quickly and even harder to assess their current condition. At 
the moment the Stadskering suffices, but it will be hard to improve its 
standards if necessary in the future, especially because of its historical 
value (Gemeente Amsterdam, Dienst Ruimtelijke Ordening, 2010).

Water safety
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< 51
The water supply system of 
Amsterdam

Drinking water for the Amsterdam region is produced in two locations. 
The Amsterdamse Waterleiding Maatschappij in Leiduin treats 70% of 
the drinking water for the region. Because the water supply in the dunes 
is not big enough to produce all this drinking water, water that is treated 
in the dunes was extracted in Nieuwegein from the Lekkanaal (which 
is a part of the Amsterdam-Rijnkanaal). After pre-treatment, this water 
is transported from Nieuwegein to Leiduin and some industrial water 
users. In Leiduin the pre-treated water undergoes its final treatment step 
to become drinking water. The dunes are used in this process as a natural 
physical barrier for bacteria and viruses. In the dunes lies a strategic 
water supply for two to three months. 
 The other 30% of the drinking water is treated in Weesperkarspel. 
Here they use seepage water from the Bethunepolder near Maarssen. If 
necessary, extra water can be extracted from the Amsterdam-Rijnkanaal.
 From the water treatment companies, the drinking water is 
distributed to the inhabitants of Amsterdam, either directly or through 
a set of reservoirs in the city. Waternet uses seven pumps and about 
200.000 kilometres of pipeline for the distribution of drinking water in 
Amsterdam (Gemeente Amsterdam, Dienst Ruimtelijke Ordening, 2010).
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< 52
The sewer system of Am-
sterdam

The sewer system transports domestic and industrial wastewater, 
as well as excessive rainwater, through an underground network 
of pipes and pumps to a wastewater treatment plant (in Dutch: 
rioolwaterzuiveringsinrichting, RWZI), where it is treated before it is 
discharged back into surface water. In about 75 percent of the city a 
separated sewer system has been installed. In this system rainwater is 
collected in a different set of pipes than wastewater. Relatively clean 
rainwater can flow directly into the closest body of surface water, 
while wastewater is transported to a treatment plant. The centre of 
Amsterdam, including the Canal District and most of the nineteenth 
century extensions, still has a combined sewage system. Relatively clean 
rainwater is collected together with wastewater in the same piping 
system and transported to a treatment plant. One disadvantage of this 
old system is that in case of heavy rainfall, when the limits of the sewer 
are exceeded, dirty sewage water ends up in surface water or basements. 
To prevent pollution of the canals about 40 underground basins have 
been installed in Amsterdam to temporarily store excessive sewage 
water (Claassen, Uittenbroek, & Hartog, 2013; Gemeente Amsterdam, 
Dienst Ruimtelijke Ordening, 2010).
 Amsterdam currently has two wastewater treatment plants: RWZI 
Amsterdam West and RWZI Westpoort, built in 2005 and 2006. Both 
treatment plants are located in the Western Harbour Area and discharge 
treated water into the Noordzeekanaal. Steps are taken in the sewer 
system towards a circular economy, just like in the original Lurnier 
sewer. Phosphate is gained from sewer material, although not yet on a 
large scale. Moreover, both water treatment plants in Amsterdam are 
located close to the Afval Energie Bedrijf, where energy is generated by 
processing waste. This enables a collaboration: parts sewer waste, as well 
as methane that is released through processing spoil from the sewer, 
will be burned in the AEB to generate energy and heat ( Mirabell Mulder: 
Waste Water Management, n.d.).

Sewer system
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< 53
Ground level in Amsterdam 
(peilgebieden)

< 54
Section of Amsterdam. Ver-
tical scale exaggerated

>> 55
Bird’s-eye view of Amster-
dam’s water system today
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North Sea canal, Amsterdam Rhine canal
Lake IJmeer

Locks and weirs at IJmuiden and ...

Amstel, ditches, city canals, ...

Surface water, dikes. pumping stations, locks

Drinking water supply, sewer, storage basins
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SUBTERRANEAN SYSTEM
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WATER SAFETY, FLOODING, HEAT & DROUGHT

The following chapter describes Amsterdam’s vulnerability to problems 
of water safety, flooding by rain and seepage, heat and drought.

Challenges
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< 56
Schematic overview of the 
flood scenarios as formu-
lated by the municipality of 
Amsterdam and Deltares

< 57
Overview of the flood 
risks involved in the flood 
scenarios

17
Amsterdam is not located 
directly near outer waters, 
Amsterdam’s front doors 
meet the current norms, 
Amsterdam has a second 
line of defence in the form 
of the elevated harbours 
and Stadskering, and water 
defences in the regional 
system limit damage in 
case of a flood.

As explained in the previous chapter, Amsterdam can be considered 
as relatively save.17 However, in case one of the dikes does breach, 
the consequences are severe for large parts of the city. Together with 
Deltares the municipality of Amsterdam has examined the risks involved 
in a flood. They have formulated four flood scenarios, published in ‘De 
Waterbestendige Stad’. Figure 59 shows the possibility of a flood for each 
scenario, as well as the predicted impact in terms of victims and material 
damage.
 A flood from either the North Sea or the Lek will have the largest 
impact in terms of victims and material damage. In both cases the 
Watergraafsmeerpolder, the banks of the IJ and the Western Harbours 
will flood. In case of a flood from the Lek, the Bijlmermeerpolder will 
flood as well. However, the possibility of a flood from IJmuiden is very 
small, the sluices at IJmuiden have a very high protection level. The 
chance of a flood from the Lekdijk is considerably larger. Potential 
damage caused by a flood from the Markermeer is limited. A flood from 
the regional system on the other hand can cause a considerable amount 
of damage and casualties. Such a flood can potentially happen more 
frequently than floods form the main system, because the regional 
system has a lower protection level. Floods from the regional system 
must therefore seriously be taken into consideration.
 There are a number of areas in the city that are vulnerable to 
flooding. The lake-bed polders are vulnerable because they lie below 
sea level. In the Bijlmermeer, Watergraafsmeer and Buikslotermeer the 
water level can reach up to two meters: a life threatening situation. In 
the Westelijke Tuinsteden, which also lie below sea level, the water level 
reaches 0.5 to two meters. The harbour (Westelijke Havengebieden) is 
vulnerable because it is situated ‘outside the dikes’. It does lie within 
dike ring number 44, but this dike ring has a lower protection level 
than the rest of the city. A flood in the harbour could potentially spread 
dangerous chemicals close to the city. The former harbour areas at the IJ 

Water safety

Location of 
breach

Chance

Casualties

Damage

* Assuming a short reaction time, whereby only is responded after the Lekdijk has breached

Affected 
areas

IJmuiden

1:10.000

100-500

1-5 billion €

Westelijk Havengebied
IJ-oevers
Tuindorp-Oostzaan
Watergraafsmeer

Lekdijk

1:1.250

100-500*

1-5 billion €

Zuid-Oost
Watergraafsmeer
IJ-oevers
Tuindorp-Oostzaan
Westelijk Havengebied

Markermeerdijk

1:10.000

0-10

0-10 billion €

Buikslotermeer

Regional system

1:1.000

0-100

0-1 billion €

Low-lying polders
Westelijke Tuinsteden

Doorbraak bij IJmuiden

Doorbraak bij Lekdijk

Doorbraak in regionaal systeem

Flood from regional systemFlood from IJmuiden

Doorbraak bij IJmuiden

Doorbraak bij Lekdijk

Doorbraak in regionaal systeem

Flood from Lekdijk

Doorbraak bij IJmuiden

Doorbraak bij Lekdijk

Doorbraak in regionaal systeem

< 0.5 m water depth (fordable)

> 2 m water depth (life-threatening)

0.5 - 2 m water depth (safety on first floor)
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< 58
Water saferty analysis 
of the region of Amster-
dam. Indicated area those 
areas that are vulnerable to 
flooding

are vulnerable as well, whilst they are now being transformed into living 
areas. Even the old city centre is not completely safe, since the old city 
weirs are no longer up to date. Though here the water level will remain 
below 0.5 meters.
 A point of attention is the location of vital infrastructure. A lot of 
vital infrastructure is located in vulnerable areas, like the Academisch 
Medisch Centrum, sewer treatment plants, the highway A2 and chemical 
industry. (DHV, DE URBANISTEN, Deltares, & Gemeente Amsterdam, 
Dienst Ruimtelijke Ordening, 2010).

2 m
waterlevel in the low-lying polders 
during a flood

0.5 m
waterlevel in the city 
centre during a flood

€ 0 - 1,000,000,000
damage predicted in the region of Amsterdam in case of a flood in the regional system

< 0.5 m water depth

> 2 m water depth
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Flooding by rain

< 59
Rainproof analysis of Am-
sterdam

18
WOLK: Wateroverlastland-
schapskaart. In the WOLK 
model two assumptions are 
made, namely that twenty 
mm of rain per hour can be 
processed in the sewer and 
surface water has infinite 
water storage capacity. 
WOLK does not include 
problems with private 
gardens and ‘polderrioler-
ingsbemanling’.

Amsterdam has already experienced problems with rain several times 
over the past few years. A cloudburst in 2014 flooded the highway A10, a 
number of streets and a train station (Veel wateroverlast in Amsterdam, 
2014). Although there has not been severe damage (yet?), this should 
make us wonder: how rainproof is Amsterdam?
 An initial city wide analysis of Amsterdam’s vulnerability to flooding 
was made by engineering firm Tauw. This analysis shows that ten to 
twenty percent of Amsterdam is vulnerable to water damage in buildings, 
especially at certain spots in the city centre. In the city centre this 
percentage even rises to 40 (Claassen, Uittenbroek, & Hartog, 2013). Figure 
61 shows the results of this analysis. It clearly indicates the distinction 
between the city centre, including the nineteenth century extensions, and 
the rest of the city: while most of the periphery of the city is rainproof, the 
city centre is likely to experience problems with rainwater.
 To conduct this analysis Tauw developed a flooding map 
named WOLK. It provides very detailed insight into what happens 
in Amsterdam during a cloudburst. Based on two maps, the AHN 
(Actueel Hoogtebestand Nederland) & GBKA (Grootschalige Basiskaart 
Amsterdam), the WOLK model simulates a cloudburst of 60 and 100 mm 
per hour. It shows flow paths of rainwater on streets, as well as where 
rainwater accumulates and might cause problems.18

 An interpretation of the results of WOLK indicates two points of 
attention in the city centre. Firstly, there are a number of specific spots 
in the city centre that are highly problematic, like the Nieuwezijds 
Voorburgwal and Rokin. For any reason, the street level of these spots 
is lower than the surrounding areas. During a cloudburst water from 
surrounding streets will flow towards these low lying areas, where it 
accumulates into a flood. Secondly, there is a common problem in the 
city centre with the accumulation of rainwater between two bridges, as 
between two bridges the street level is also lower than the surrounding 
area.

40 % 25 %

€ 1,000,000,000

of the buildings in the centre is 
vulnerable to water damage

of Amsterdam still has a mixed 
sewer

damage caused by a single cloudburst in Copenhagen

0 % rainproof

mixed sewage

100 % rainproof
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< 60
Rainwater accumulation 
map, made with the WOLK-
model of Tauw

 The city centre’s vulnerability to floods can be explained by 
the high building density, the high percentage of paved surface and 
local settlements of soil. An unevenly subsiding soil can cause small 
inequalities of the street level, to which water can always find its way 
(Habes, Huizer, Lesterhuis, & Van der Jagt, 2014).
 In the city centre the consequences of a cloudburst are worsened 
by the dated sewer system. If the mixed sewer is overflown during a 
cloudburst, filthy wastewater flows straight into the canals. To prevent 
this the municipality has installed 40 underground basins to temporarily 
store excessive rainwater. However, these basins do not prepare the city 
for the rainwater volumes of a cloudburst. 
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< 61
Seepage in the region of 
Amsterdam

In lake-bed polders water has to be drained out constantly in order to 
maintain dry feet. Only a small percentage of the water that is pumped 
out of the polders is precipitation, for example in the Bijlmermeerpolder 
this is only one percent. Most of the water that is drained out of the 
polders is seepage water that causes high ground water levels. This 
seepage water comes from surrounding peat areas and from deeper 
layers of soil that transport groundwater (De Hoog, 2005). 
 Figure 63 shows in which areas of Amsterdam the seepage goes 
upward, and in which areas downward. Again there is a contradiction 
between the high ‘dry’ core and the low-lying extensions. The city centre 
deals mostly with downward seepage, while the lake-bed polders, which 
lie below sea level, have to deal with upward seepage.
 A specific problem related to seepage is salinization. In the region 
of Amsterdam salt water enters the system at the sluices of IJmuiden, as 
ships enter the harbour (external salinization). Though a larger problem 
is formed by internal salinization, where sea water rises up through 
the ground of the polders (Gemeente Amsterdam, Dienst Ruimtelijke 
Ordening, 2010).

Flooding by seepage

upward seepage

downward seepage
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< 62
Spatial typologies in 
Amsterdam and how much 
they contribute to the 
urban heat island effect

Like in most large cities, temperatures in the city of Amsterdam are 
higher than in the surrounding countryside: the urban heat island effect. 
The publication Amsterwarm (Van der Hoeven & Wandl, 2013) by the 
Technical University of Delft gives us insight into the extent of the urban 
heat island effect in Amsterdam, and how the use of space in the city 
influences this effect. According to Van der Hoeven and Wandl, the urban 
heat island effect in Amsterdam is already significant. Measurements 
during the heat wave in July 2006 show that the surface temperature in 
Amsterdam was ten to twenty degrees Celsius higher than in Waterland, 
an area north of the city. During the night the air temperature was seven 
to nine degrees higher in the city than in Waterland. And finally, the air 
temperature in Amsterdam did not drop as much during the night as it 
did in Waterland: Amsterdam cooled down only a little during the night.
 Figure 64 shows to what extent the use of space in the city 
contributes to the urban heat island effect in Amsterdam. Based on surface 
temperature and building characteristics a number of typologies are 
made, from hot to cold, indicating the contribution of a certain area to the 
heat island. The surface temperature, and therefore the air temperature 
and the temperature of buildings in a city, is influenced mostly by the 
amount of pavement in an area: a lot of pavement makes the temperature 
rise. The amount of surface water also has a large effect on the surface 
temperature. Other indicators that can determine the surface temperature, 
although to a much lower extend, are the vegetation index, traffic surface, 
building envelop and amount of shade. In Amsterdam the urban heat 
island effect is stronger in the historical city centre and the nineteenth 
century extensions than in the surrounding parts of the city, as shown in 
figure 64. In the corresponding table we can see that the city centre has a 
large percentage of paved surface and traffic surface, and a relatively low 
vegetation index and percentage of surface water. As temperatures rise, 
due to climate change, the urban heat island effect can only increase. This 
can be problematic for example for old people that live in the city.
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< 63
Vulnerability of founda-
tions in Amsterdam to a 
decline in ground water 
tables.

In two out of the four KNMI’14 scenarios more dry summers are predicted. 
Drought can have multiple consequences. In the city of Amsterdam a 
decline in ground water tables can cause damage to buildings, because a 
large part of Amsterdam is built on wooden foundations. When ground 
water table declines these wooden beams oxide, as they come in contact 
with oxygen. Figure 65, derived from Kennisportaal Ruimtelijke Adaptatie, 
shows in which urban areas one can expect a high amount of wooden 
foundations, based on building-period and soil conditions. In this map the 
rural areas are not taken into consideration, however in these areas there 
can also be houses on wooden foundations, as well as the possibility of 
declining ground water levels.
 In clay and peat areas outside the city declining ground water 
levels can cause soil subsidence, as peat oxides and sets when ground 
water levels drop. In the current situation peat already subsides. The 
amount of subsidence in Amsterdam varies from 0 to 2 cm per year. In 
the case of climate change according to the KNMI’14 with dry summers, 
if the current ground water control is continued in the future, the total 
surface of soil where the subsidence is over 0.5 cm per year increases 
(Kennisportaal ruimtelijke adaptatie, n.d.).  
 Although not shown on the map, a water shortage can also cause 
problems for the agricultural sector, and energy sector. Crops can be 
damaged because of a shortage of irrigation water. Power plants in 
Amsterdam need cooling water from the Amsterdam-Rijnkanaal and 
Noordzeekanaal. A shortage of water will eventually influence the ability 
to produce energy. Natural areas are also affected by drought. They will 
adapt to new conditions and transform into areas of bare soil with moss 
and lichen. 

Drought

25 % van basiskaart

low risk of damage to foundations

high risk of damage to foundations



Harbour City

Dam, Canal & 
Peat City

Polder city

Water safety (sea)
Flooding (rain)
Drought (decay of wooden foundations)

Flooding (rain)
Drought (decay of wooden foundations)
Heat (increased heat island effect)

Water safety (rivers) 
Flooding (upward seepage)

High, dry core & low lying extensions
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< 64
Banner from the website of 
Amsterdam Rainproof

Since 2014 Amsterdam has a programme called Amsterdam Rainproof. 
This initiative was started by Waternet and the municipality of 
Amsterdam. Today it is a network of diverse institutions, that includes 
several knowledge institutions, neighbourhood initiatives, housing 
corporations, designers and many more. The focus of Amsterdam 
Rainproof is to make the city able to deal with heavy rainfall, and 
moreover, make better use of free rainwater as a resource. The 
programme is based on national and city-wide guidelines on how to deal 
with rainfall, like the nationwide policy of retain-store-discharge and 
the Structural Vision of Amsterdam 2040, which calls for making the city 
more rainwater resilient by stimulating measures such as green roofs for 
the collection of rainwater, and building water resilient, for example in 
the new neighbourhoods along the IJ. 
 With the slogan ‘every drop counts’, Amsterdam Rainproof shows 
what the municipality does to make to rainproof the city, and what 
you can do yourself. It focusses on small scale, bottom up solutions, 
public information and citizen participation. On the website citizens 
and professionals can see how they can contribute to making the city 
rainproof. A toolbox offers an overview of possible measures for water 
discharge, recycling, infiltration, storage and water robust building on the 
level of the building, roof, garden, street parks, and neighbourhood. The 
website also gives an overview of what’s already been done (Amsterdam 
Rainproof, 2016).

AMSTERDAM RAINPROOF

Amsterdam’s water policy
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Amsterdam is a water city: water was a main factor in the historical 
development of this city. However, when we talk about Amsterdam and 
possible weaknesses in its water system, we cannot speak of the entire 
city as one and the same thing. As hydraulic technology developed, 
different methods were used to cultivate the natural landscape in 
the region of Amsterdam. As the water system developed, multiple 
ways were used to transform the cultivated landscape into an urban 
one. This has resulted in multiple urban ecologies, that have multiple 
vulnerabilities related to changes in climate conditions. There is a clear 
contradiction between the high, dry core of peat reclamations and land 
infills, and the low lying extensions in drained lakes.

Vulnerabilities

The polder cities lie several meters below sea level. This makes them 
vulnerable to problems of water safety and flooding by upwards 
seepage. The harbour city, which includes both former harbour areas 
that have become a part of the city, and the current harbour, was created 
outside the dikes of the city. This makes the harbour city vulnerable to 
flooding from sea.
 The dam city, canal city and peat city are all made on peat 
reclamations of which the ground level has been raised to above the 
city’s water level (0.5 m+ NAP). This makes them far less vulnerable to 
water safety issues than the polder cities. These three urban ecologies 
are, however, vulnerable to flooding by rainwater, because of a high 
building density, and high percentage of paved surface. There is little 
room for water and rainwater cannot infiltrate into the soil. Due to local 
height differences in street level, rainwater can accumulate in low lying 
areas. In the canal city water for example accumulates in the areas in 
between two bridges, in the peat polder city water accumulates in the 
urban parks that were made on polder level. The outdated combined 

MULTIPLE ECOLOGIES, MULTIPLE VULNERABILITIES

Conclusion

< 65
High, dry core & low lying 
extensions
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sewer system in a large part of these urban ecologies makes the problem 
of flooding extra pressing. The high building density and paved surfaces 
also make the dam city, canal city and peat city vulnerable to heat and 
the wooden foundations make them vulnerable to drought as well.
 
Which measures where, and why

The policy of Amsterdam Rainproof is a very sound strategy. Although 
the focus is on rainwater, it also includes thoughts on building in a water 
robust way. What this strategy seems to lack is a good overview of which 
measures to take where, and why. With the analysis in this report, we can 
try to fill that gap and make a more complete strategy.

Make sustainable water management visible

One of the basic principles for future water management named in 
part one, was making sustainable water management visible. The 
many pictures and paintings in this chapter are meant to the richness 
the water system can have on the level of the built environment. This 
is where the technocratic approach to water in the Netherlands lacks. 
Making the water system a naturally integrated, visible part of the built 
environment is should be an important part of the strategy. 
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<< 66
“Winter Vreugde opden 
Amstel en ‘t gaan der 
Ysbreekers en der water-
schuiten”, etching by Jan 
Schenk after a drawing by 
Tieleman van der Horst, 
1730 - 1736, published by 
Petrus Schenk

< 67
Basic strategic principles

In order to prepare our cities for the challenges of climate change and 
make them more adaptive there are three basic strategic principles 
concerning the water system: defend, accept and utilise.

These basic strategic principles are meant not only to make our cities 
more resilient, but make them more adaptive as well. They slightly 
overlap and should always complement each other. Together they can 
form a strategy that can apply to many cities in the low lying part of the 
Netherlands. Depending on the specific challenges and opportunities of 
a city, emphasis should shift from one principle to another.

Defend: dike 2.0

Since we are dealing with existing cities on given locations, in some 
cases there will be no choice but to strengthen the defence against 
sea or river by raising the dikes. This does not mean that we should live 
behind a meters high dead wall that cuts of a city’s relation to water. By 
developing new types of dikes, with buildings on top, inside or around 
them, dikes can be used to improve our waterfront.

Accept: make room for controlled floods

In the future we will probably have to deal with a lot more water than 
we are used to right now. Instead of fighting this, we can also accept 
it. By making more room for water, we can allow certain areas to flood 
without bringing harm. By steering water to these places, and these 
places alone, other areas will not be affected. Along Dutch rivers this 
principle is already put in action with for example the use of inundation 
fields in the Room for the River Programme. In the city new urban 
developments can contain floating houses or floodable neighbourhoods, 
like Havencity in Hamburg. In existing urban areas water transport 

THREE BASIC STRATEGIC PRINCIPLES 

Adaptation

Utilise
Absorb, store, re-use (discharge)

Accept
Make room for controlled floods

Defend
Dike 2.0
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>> 68
Overview of problem 
analysis and strategy

streets can be designed to transport water to floodable parks or streets, 
like they did in Copenhagen.

Utilise: Absorb, store, re-use (discharge)

The next step after defending our cities and accepting new quantities 
of water in our living environment, is to use this water in our advantage. 
Instead of always draining water out of the landscape and our cities, we 
should regard water as a resource, by trying to absorb as much water as 
possible, store it, use it, and only discharge when necessary. This comes 
down to adding one step of ‘usage’, to the national policy of retain, store 
and discharge. The city, together with its surrounding landscape, should 
be a place where water can be stored in times when there is too much, 
and then recycled in times of drought.
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Intermezzo

One single cloudburst, 0n the 2th of July 2011, 
caused close to a billion-euro worth of damage 
in the city of Copenhagen. Over 150 mm of rain 
in two hours damaged houses, shops, critical 
infrastructure and threatened emergency 
services. Before the cloudburst Copenhagen had 
already started working on a Climate Adaptation 
Plan in 2009, inspired by cities as New York and 
Rotterdam. The cloudburst, also known as ‘the 
game changer’, made the urgency of preparing 
Copenhagen for bad weather very clear. 

Climate adaptation receives high political 
attention in Denmark today, both on a local 
and national scale. The Climate Adaptation 
Plan of Copenhagen will be implemented more 
quickly and a second plan has been made: The 
Cloudburst Management Plan.
 The first step in making plans was risk 
analysis. Rising sea levels will increase the risk of 
storm surges, but the most immediate threat in 
Copenhagen is that of increasing rainfall.

CLIMATE ADAPTATION IN COPENHAGEN

1 Copenhagen during the cloudburst in July 2011

Combine top 
down and bottom 

up solutions

Enforce existing 
(water) structures

Relate the city to 
its surrounding 

landscape

Make sustainable 
water 

management 
visible

Pro-active 
measures

Synergy with 
other plans



to delay water and parks to temporarily store
water (Rasmussen & Hauber, 2013).
 Inspiring about Copenhagen’s plans is how 
water management solutions are combined 
with improving the green and blue structure 
of the city. Whenever this is possible, solutions 
are selected that are above ground. Climate 
adaptation is seen as a way to create more 
quality of life in the city. 

MASTERPLAN 1 
CLOUDBURST FINGERS -  SAINT JØRGENS LAKE 
 

FACTS: 
 
The water level in Saint Jørgens Lake will be 
lowered approx. 3 m to create retention 
volume. 
 
 
Advantages  
•Robust solution for changes in future climate 
prognosis 
•High additional value for the city life 
•Highly visible solutions 
•High multi functionality 
•Inproved water quality in the northern part 
af Saint Jørgens Lake with increased flow of 
water into the lake 
 

 
Disadvantages    
Present function of Saint Jørgens Lake will 
disappear    
 
 
 
 

TERRAIN 

• Terrain is sloping towards the river 

valleys Grøndals Å and Ladegårds Å 

• Terrain peaks are: Frederiksberg and 

Nørrebro 

 

• Risk areas – low level areas: Inner 

Frederiksberg and Vesterbro 

 

Content slide, two columns with image 

HIGH 
LOW 

HIGH 

LOW 

4 Analysis of the micro-topography in catchment 
area Ladegårdsåen, Frederiksberg Ost and Vesterbro

5 Option one of two masterplans for catchment 
area Ladegårdsåen, Frederiksberg Ost and Vesterbro. 
The plan includes ‘cloudburst fingers’ (water transport 
streets and water retention roads) and a water reten-
tion lake

 In short, there are two types of measures in 
the plans made for Copenhagen: future-proofing 
the sewer, by separating rainwater from waste 
water, and adaptive measures. The adaptive 
measures are about redirecting excessive rain-
water to places in the city where it causes 
a minimum of disruption, like parks, sports 
grounds or open spaces. In these buffer areas 
rainwater can be stored until the capacity of the 
drainage system is recovered and water can be 
discharged again. Calculations have shown that 
storage in designated areas alone will not be 
enough to prevent flooding. Therefore, measures 
of storing water in the city will be supplemented 
by measures of discharging water to the sea.  
 To be able to make concrete climate 
adaptation designs, Copenhagen is divided in 
seven catchment areas. This division is based 
on micro-topography of the city, following the 
natural flow of water. For each catchment area 
an analysis has to be done about the flow of 
water: where does the water run? Which are the 
problem areas? For each area different solutions 
are possible.
 Unlike Amsterdam, there is very little 
surface water in the city of Copenhagen in 
the form of rivers or canals. Until now, there 
are plans for two cloudburst tunnels as new 
backbones in the water system of the city. These 
tunnels will be supplemented by cloudburst 
streets for water transport, retention boulevards 3 Copenhagen is divided in seven catchment areas

2 Flow routes in Copenhagen: the natural flow of 
water. All routes eventually end in the sea.
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< 69
Overview of the adaptation 
strategy for Amsterdam, 
its guiding principles and 
added values

For Amsterdam the focus should be on making room for water, storing it 
and utilising it. This way, Amsterdam can benefit from extreme weather 
conditions, rather than being threatened by them.

As shown by the analysis in Part B, the main challenges for Amsterdam 
are flooding by rain, water safety problems as a consequence of high 
river water levels and drought. By creating room for water and storing it 
in times when there is too much, and then utilising this water in times 
of drought, these problems are tackled at the same time. The strategy 
is therefore a base for climate adaptation as well as steps towards a 
more sustainable, circular city in which water is treated much more as a 
resource instead of an excess.
 In Amsterdam the threat from sea is less urgent. Amsterdam is not 
situated directly at sea, and it is likely to assume that Amsterdam’s ‘front 
doors’, namely the Lekdijk and locks at IJmuiden, will be maintained well 
by the Dutch government. Since a breach in one of these front doors 
would not only affect Amsterdam, but large parts of the Netherlands.

Guiding principles

Combine top down and bottom up solutions:
In future water management both large scale, top down visions and 
small scale, bottom up solutions are equally important. The Amsterdam 
adaptation strategy links national policy to the initiatives of citizens. By 
offering an overview of which type of solution can be effective on which 
type of location, the adaptation strategy can guide bottom up initiatives 
and take their effect to a next level.

Make sustainable water management visible
By selecting those measures that can make sustainable water 
management visible in the city, the adaptation strategy aims to bring 

ABSORB, STORE, RE-USE (DISCHARGE)

Amsterdam

MATTHEÆUSGADE - CLOUDBURST STREET 
 
 

MATTHEÆUSGADE - CLOUDBURST STREET 
 
 

MATTHEÆUSGADE - CLOUDBURST STREET 
 
 

6-8 Design of a cloudburst street, by Atelier Dreiseitl and Ramboll. 



183

the water system closer to the people and fill the current awareness-
gap on the importance and functioning of the water system. The water 
system has always been a fundamental and integrated part of the water 
city and should remain this way in the future. Water can make the city an 
attractive place to live in.

Synergy with other plans
If designed well, measures to improve the water system of the city can 
make the city an attractive place to live, improve ecological values and at 
the same time create economic and recreational opportunities. Synergy 
between water management and other plans make measures more 
cost effective. In other words, any plans undertaken in the city should 
take into account the water system, and measures to improve the water 
system should always add other values to the city as well. 

Enforce existing (water) structures
Amsterdam has an incredible network of existing water structures, both 
on the level of the city and the region. These structures have historical 
value and make the city and landscape beautiful. Any new plans should 
enforce these existing structures.  

Pro-active measures
Pro-active measures are better than reactive ones. 

Added value to the city

Through the guiding principles the adaptation strategy can add value to 
the city: improve the microclimate, increase biodiversity, create economic 
development opportunities, create recreational opportunities, enforce 
the city’s identity as a water city and make the city more attractive and 
liveable.
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To make Amsterdam climate adaptive and better able to absorb, store 
and re-use water, the existing water system has to be extended with 
a number of elements. The green wedges, including their lakes, should 
become an integrated part of the water system. Parks, streets, gardens 
and roofs will be added to the system in urban areas.

How the renewed system will work

In times of high river water levels, water should be stored on the land 
of green wedges and in lakes. In times of drought, water can be either 
used in the green wedges for agriculture, or transported to the city 
centre. Throughout the year rain should be retained where it falls by 
green roofs, gardens, streets and parks. Rain should also be collected 
and stored and even recycled in the future. In the event of a cloudburst, 
water that cannot be retained on roofs, in gardens or parks, will be 
transported through water transport streets / cloudburst boulevards to 
the backbones, and then to the IJ. The roofs, streets and parks that are 
added to the system will also reduce the urban heat island effect.

< 71
Renewed water system of 
Amsterdam

Renewed water system
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< 72
Locations of the sections 
made along the Amstek

The multiple urban ecologies in Amsterdam are likely to face different 
water problems but can also offer different opportunities. Therefore, 
the adaptation strategy requires an area specific approach. To put 
the strategic principles in action and demonstrate what Amsterdam’s 
renewed water system can look like, possible measures are presented in 
four sections that represent the different urban ecologies of Amsterdam: 
the green wedges, the polder cities, the pragmatic and geometric peat 
polder city and the canal city. The area of the dam city is elaborated 
in more depth. Together this offers an integrated perspective of 
Amsterdam as a climate adaptive water city.

From dam to wedge

In the sections we will follow the Amstel from the edge of the city to 
its very heart, as this will lead us past all different urban ecologies of 
Amsterdam. A second reason why the sections are made along the 
Amstel is that this river is a fundamental part of Amsterdam’s water 
system: it is the backbone of the water city. Along the Amstel lie all 
kinds of opportunities for an adaptive water system. Strengthening the 
qualities of the Amstel as a structural blue and green element from 
dam to wedge would be a great starting point in becoming a climate 
adaptive city. It could offer Amsterdam development opportunities for 
a lively waterfront with beautiful, recognizable public spaces that have 
recreational and ecological value, reinforcing the experience of the water 
system and history of the water city. 
 Moreover, along the Amstel are already many initiatives and 
developments to improve the quality of public space. There is a vision 
to improve the Amstelwedge, a newly proposed street profile for the 
Weesperzijde, and of course the Red Carpet on the Damrak and Rokin. 
The Amstel as urban park from dam to wedge could offer more structure 
to these developments.

FOUR INTEGRATED PERSPECTIVES

Along the Amstel

Section 1: 
Amstel Wedge

Section 2: 

Geometric peat city & 

Polder city

Section 3: 

Pragmatic peat city
Section 4: 

Canal city



The Amstel Wedge

Strategy: the green wedge as climate buffer zone between 
the city and its surroundings 

Preservation of valuable 
landscape

Seasonal water storage 
in lakes

4

3

4. Landscape preservation

The Landscape of Rembrandt is 
historical valuable peat meadow 
landscape and should be preserved 
as it is

Wetlands

Peak storage2

1

1. Wetlands 2. Peak storage 3. Lakes

Water from the Amstel and water 
from the city can be buffered, 
stored and treated in wetlands in 
the green wedge.

At the moment the transition area 
between the city and the wedge 
is very undefined. With all kinds of 
small functions being placed from 

the city into the wedge, the border 
zone between the city and wedge 
is at risk of becoming a cluttered 
‘no mans land’.  Giving the green 
wedge a function as climatologic 
buffer for the city could bring the 
opportunity to redevelop some of 
these areas into areas where
improvements to the water system 

are combined with recreation and 
nature, as well as ‘living in green’. 

In case of extremely high river 
water levels this area becomes an 
inundation field. This will only take 
place in case of an emergency, with 
a chance of 1/100 years, since the 
rest of time this area is farmland / 
cattle

Lakes can store water by allowing 
for a flexibel water level, and ad-
justing the lakes design for this.



Geometric peat city

Polder city

Challenges: flooding by rainwater, heat
Strategy: absorb and small scale storage

Challenges: water safety from rivers
Strategy: multi layer defence

Green and blue roofs 4

4. Green roofs 4. Water roofs 5. Amstel quay

Green roofs retain rain where it 
falls. At the same time they have a 
cooling effect their surroundings 
and the roof itself, they increase 
biodiversity and improve air quality. 
During heavy rainfall their retention 
effect is limited. 

Water roofs temporarily store rain-
water, to discharge it to the sewer 
on a more convenient time. Some 
water roofs are used to cool build-
ings as well. Both goals can be met 
when the water roof is automati-
cally pumped empty just before a 
rain shower. 

By transforming the quays of the 
Amstel into an urban park, with 
slow traffic, wide views over the 
water and space for people, recrea-
tion and culture, the Amstel will 
be recognizable as the important 
element of the water system that is 
is, connecting dam to wedge. 

Water retention street

Amstel quay
2

1

5

3

1. Water retention street 2. Infiltration gardens 3. Water retention square

A water retention street with wadi 
can temporatily store rainwater, 
and transport it as well. Landscape 
elements of a bioswale can remove 
silt and pollution from runoff water.

Trough unpaved areas water can 
infiltrate into the soil and replenish 
the ground water table

A water retention square can tem-
porary store rainwater, for example 
in underground crates, or in above 
ground water basins, like the Water 
Square in Rotterdam.



Pragmatic peat city

Challenges: flooding by rainwater, heat
Strategy: absorb and small scale storage

Infiltration 
gardens

Amstel quay

7

6

4. Water roof 5. Small scale water storage 6. Amstel quay

Water roofs temporarily store rain-
water, to discharge it to the sewer 
on a more convenient time. Some 
water roofs are used to cool build-
ings as well. Both goals can be met 
when the water roof is automati-
cally pumped empty just before a 
rain shower. 

Water reservoirs and ponds can 
store rainwater, so that it can be 
used to flush to toilet or water the 
garden.

Throughout the city, the quays 
of the Amstel can take on differ-
ent shapes. Parked cars and boots 
should be moved to open up the 
view over the river.

1. Water retention square 2. Central delay park 3. Water transport street

Water retention square

Water roof

Small scale 
water storage

Water transport street

Central delay park

1

4

5

3

2

A water retention square can tem-
porary store rainwater, for example 
in underground crates, or in above 
ground water basins, like the Water 
Square in Rotterdam.

The parks in the pragmatic peat 
polder city already collect rainwa-
ter, because their groundlevel was 
never raised like the surrounding 
streets. By designing the parks in 
such a way thay they can collect 
even more (for example with a flex-
ible water level in ponds), they can 
prevent other parts of the city from 
flooding. 

During a cloudburst, a water trans-
port street will transport water to 
a backbone of the water system, in 
this case the Amstel. There will be 
a small layer of water in this street, 
but with good design the street 
can still be used as normal. An 
example of a design of such a street 
is included in the intermezzo about 
Copenhagen.



Canal city

Challenges: flooding by rainwater, heat
Strategy: make better use of the canals

3. Small scale water storage 4. Amstel quay

Water reservoirs and ponds can 
store rainwater, so that it can be 
used to flush to toilet or water the 
garden.

Small scale 
water storage

Amstel quay

3

4

1. Disconnect drainpipes 2. Green roofs 2. Water roofs

By detaching the rainwater drain-
age systems of buildings from 
the sewer, the sewer will not be 
overflown during heavy rainfall. 
Rainwater can be discharged 
through the canals.

Green roofs retain rain where it 
falls. At the same time they have a 
cooling effect their surroundings 
and the roof itself, they increase 
biodiversity and improve air quality. 
During heavy rainfall their retention 
effect is limited. 

Water roofs temporarily store rain-
water, to discharge it to the sewer 
on a more convenient time. Some 
water roofs are used to cool build-
ings as well. Both goals can be met 
when the water roof is automati-
cally pumped empty just before a 
rain shower. 

Green and blue roofs 

Disconnect drainpipes

2

1
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FROM ROCKHARD PAVED CENTRE TO ADAPTATION EXAMPLE

< 73
Bird’s-eye view of the 
dam city

Up until this day the medieval centre of Amsterdam remains the 
morphological and functional heart of the water city, but it has become 
a heart of stone, since the majority of canals in this part of town has 
been filled in. This makes the dam city vulnerable to rain. A flood in 
this area would not only cause a lot of material damage, it would also 
disgrace the Netherlands as water management specialist. That is 
why in this report the dam city has been selected for a more detailed 
elaboration of the strategy. To deal with excessive amounts of rain, an 
alternative solution is proposed in the form of a decentralized system 
of water basins: a way to make sustainable water management visible, 
make water a prominent feature of the dam city again, and to create an 
asset for Amsterdam as climate adaptive water city.

Flooding by rain

In theory the canal system is a very rainproof urban design: excessive 
rainwater could easily be discharged through the canals, although 
in the dam city many canals have been closed. At the end of the 19th 
century two large canals of the Nieuwe Zijde were closed to improve 
the accessibility of the medieval centre for modern traffic, namely the 
Nieuwezijds Voorburgwal and Nieuwezijds Achterburgwal. This created 
two large holes in the canal system. Considering the systems main func-
tion is to discharge water from the Amstel to the IJ, it still performs well. 
However, it is in the light of climate change that problems are foreseen.
 The closed canals, but also a lack of green spaces and high building 
density leave little permeable surfaces in the dam city. Already today 
rainwater can hardly infiltrate into the soil. If in the future we are to face 
more and heavier precipitation, this can cause floods of rainwater. This 
problem is worsened by the outdated combined sewer system in this 
area: if the sewer cannot process the large amounts of rain, excessive 
sewer water flows into the canals where it causes pollution.

Dam city

Damrak

Rokin Spui
Nieuwezijds
Achterburgwal /
Spuistraat

Nieuwezijds Voorbugwal
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< 74
Nieuwezijds Voorburgwal 
with the townhall, by Gerrit 
Adriaensz Berckheyde, 1686

< 75
Nieuwezijds Voorburgwal 
before it was closed in 1884

< 76
Nieuwezijds Voorburgwal 
as it is today, with the tram-
line that was made in 1903

 If Amsterdam were to be hit by a cloudburst, an extreme event that 
theoretically happens once in 100 years, certain areas of the dam city 
are likely to flood. In the event of a cloudburst 50 – 100 mm of rain per 
hour pours down from the sky. Only 20 mm per hour can be processed by 
the sewer, the rest end up in the streets. Now, 80 mm of rain might not 
seem like an issue, but due to local height differences in street levels, this 
water can locally accumulate to as much as one meter.
 Map x, based on height map AHN2 , shows the micro topography 
of the dam city. The dikes and dam that were once created to protect the 
city against the sea still stand out as elements considerably higher than 
their surroundings. Also the quay of the Singel, and the bridges crossing 
the canal, together with the streets running towards these bridges, are 
considerably higher.
 Map x is based on the WOLK analysis made by Tauw. It shows how 
water flows from higher areas towards low lying areas, and to what 
extend water accumulates in these low lying areas. Here it can cause 
damage, especially to the parking garage and former canal buildings 
that still have basements. What we can see on this map is how a pattern 
of dikes, the dam, quays and bridges creates a number of catchment 
areas, or ‘bathtubs’, in which water is collected.
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78
Rainwater accumlation in the dam city

77
Height map of the dam city

NieuwendijkDamBridges across canal
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< 79
Water consumption per 
person per day in a stand-
ard household in 2013. Total  
consumption is 118,9 liter 
per person per day.

< 80
Table indicating for which 
part of the total water con-
sumption per household 
drinking water is required, 
and for which part could 
be replaced with water of 
lesser quality

A new system of water basins

One solution to the problem of flooding would be to enlarge the sewer, 
but this would be a very costly one. The volumes of water that have to 
be processed during a cloudburst are far bigger than the amounts of 
rain we are used to. Adapting our sewer to a cloudburst would mean 
entire new sewer dimensions. It would also mean that we are literally 
putting our investments underground where no-one can see them. 
Therefore, this project proposes to find space for water elsewhere: in 
a decentralised system of water basins, which collect rainwater and 
thereby function as a cloudburst emergency system, as well as locations 
of storage and recycling of rainwater. 
 These water basins will be visible and tangible elements of the 
water system, making sustainable water management visible and an 
asset for Amsterdam water city, with which the Netherlands can display 
its knowledge of water management. These basins will also be a next 
step towards a more circular city. By locally detaching rainwater from 
the combined sewer, sewer water will be less diluted with relatively 
clean rainwater. At the RWZI it will then become easier and more energy 
efficient to extract valuable resources like phosphate.
 By harvesting rainwater and recycling it, we can moderate our 
consumption of valuable drinking water. At the moment, in the vast 
majority of buildings in the Netherlands we have only one standard of 
water, which is drinking water. To create this high quality of water, we 
dip into our groundwater resources, or we use surface water, and we 
invest energy in the treatment. We use quite a lot of this water: in a 
standard household we use about 120 litres per person per day (Vewin, 
2013). As shown by figure x, 93% of this water could be replaced with 
water of a lesser quality. 
 Rainwater is relatively clean and contains little calcium. After a 
mechanical treatment, rainwater can be used for flushing the toilet, 

43.2 %  -  shower

28.4 %  -  toilet

12.0 %  -  washing clothes, machine

4.4 %  -  sink

3.0 %  -  other

2.9 %  -  dishes, hand

1.7 %  -  dishes, machine

1.5 %  -  bath

1.2 %  -  consumption coffee, tea & water

0.8 %  -  washing clothes, hand

0.8 %  -  food preparartion

51.4 l

33.8 l

14.3 l
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drinking 
water
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treatment none

black water

mechanical

grey water

mechanical

black water

mechanical
& biological

black water

mechanical
& biological
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blackgrey

personal hygiene 43% x

washing machine 13% x x

toilets 30% x x x

quality after usage

house cleaning & 
watering the garden

7% x x x

consumption & 
dishwasher

7% x
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< 81
Calculation of rainwater 
volume per catchment area

>> 82

washing clothes and even for personal hygiene, like taking a shower. 
For this treatment technical systems exist that can be installed in 
small buildings like a dwelling or company. These systems often 
include a reservoir for the storage of untreated water, a membrane 
filter, a reservoir for treated water and a UV-light (for example Intewa 
rainwater-systems). The membrane filter removes bacteria, viruses and 
salt under high pressure. The UV light eliminates harmful bacteria (Mijn 
Waterfabriek, n.d.).
 Note that the decentralized system of water basins does not 
account for a completely circular water system on the scale level of 
the building. Any building connected to the water basins will still be 
connected to the drinking water supply network. And after usage, water 
will still be transported through the sewer to the RWZI as usual. It is not 
easy to treat black water to the quality of drinking water, or even water 
that can be used for personal hygiene. In professional water treatment 
plants, it is usually that last step in which relatively clean water becomes 
drinking water that costs a lot of effort and energy. Also the rules and 
laws on the quality and control of drinking water are very strict, for 
self-evident reasons. A totally circular water system on the level of the 
building is therefore more interesting in the countryside, where it is 
expensive to connect every single dwelling to the standard network. In 
the city it is more interesting to consider the level of the building block, 
neighbourhood, urban ecology of even the city when you think about 
circular systems.
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Streets Streets
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City-vorming Extreme rainfall

Water loses its transportation function, some ca-
nals in the city centre are filled in. Holes appear in 
the system, though this is not a problem, as water 
can still be discharged to the IJ.

In the event of extreme rainfall, rain is expected to 
accumulate in some of the former canals in the city 
centre, due to hight differences in the street level.

The natural water system Dike-and-dam town / Canal city

The Amstel discharges water to the IJ. The Amstel is closed off to form an inner and outer 
harbour. Dikes, together with the dam, protect 
Amsterdam against the IJ and South Sea. Canals 
discharge water from the Amstel, city and hinter-
land to the IJ.
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Dam city: 

Challenge: flooding by rainwater
Strategy: system of water basins
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The collection and recycling of water can be a beautiful thing

<< 83
Isometric view of the water 
basin

< 84
Festa del Lago di Piazza 
Navona, by Giovanni Paolo 
Pannini, 1756. For alomst 
two centuries every satur-
day and sunday the Piazza 
Navona was flooded with 
water to offer the city’s 
inhabitants some freshness 
and entertainment. 
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< 85
Bird’s-eye view of the 
Tabakspanden and sur-
roundings

< 86
The Tabakspanden before 
demolition, on the left the 
‘Slangenpand’

>> 87 - 90
The Tabakspanden in de-
cember 2016

The location of the water basins is based on the micro topography of 
the city: water flows towards the lowest point of its catchment area, 
so that is where the water basins will be. The specific location selected 
for this project is a large plot with a number of buildings called the 
Tabakspanden, located directly behind the Royal Palace on the Dam.

Tabakspanden

The Tabakspanden are a number of buildings on several plots that over 
time were joined together. In the first half of the 20th century these 
plots were bought by Hendrik Tabak, who became home-owner of 
many buildings in Amsterdam. In the eighties the Tabakspanden were 
occupied by squatters and for decennia the Tabakspanden were the 
home base of the squatters movement in Amsterdam. After years of 
deterioration the Tabakspanden are now owned by housing cooperative 
De Key, who ordered the evacuation of the buildings in 2015 (De Key, n.d.; 
Van Leeuwen, 2015).
 The Tabakspanden are selected by the municipality of Amsterdam 
as one of ten key projects of Project 1012. With Project 1012 the 
municipality of Amsterdam wants to take on crime and deterioration 
of the city centre. De Key has already started the renovation and partial 
demolition of the Tabakspanden, rebuilding them into apartments and 
offices. This report offers an alternative plan, not meant as a criticism 
towards existing plans, simply designed from a different perspective: 
that of the adaptation strategy.

TABAKSPANDEN 

Plot
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<< 91
Cathcment area E

Catchment area E

The Tabakspanden are located in catchment area E. The calculation 
in table 81 shows the amount of rainwater that is estimated to fall in 
this area during a cloudburst, and thus the minimum volume required 
for a water basin in this catchment area. This rougly corresponds with 
a volume of 18 x 18 x 3 meters. The site of the Tabakspanden offers a 
relatively large plot, especially when you think of the water basin as 
something that could be a few stories high or deep. This means that the 
water basin can be combined with other (public) functions, which makes 
it an integral assignment. This also distinguishes the water basin from a 
water square. In the compactly built dam city are few large public spaces, 
there would be little to no room for a water square. The water basins 
have to fit inside the existing urban tissue, without losing valuable 
investment space.
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< 92
Snow Hotel, Seoul. De-
signed by Archigroup MA 
and 1990 uao, 2014

< 93
Daily water consumption 
per building type

The primary function of the water basin is to collect rainwater and 
prevent flooding during a cloudburst. Though additional functions - in 
this case a hotel, wellness and nightclub - are just as important, because 
they can truly make the basin a part of the city.

The additional functions for the water basin are chosen based on 
the following criteria. First, the building should have a function that 
requires a lot of water, so that rainwater collected through the basin 
can be recycled. Second, the function should have a public character: the 
water basin is an innovative and interesting part of the water system 
that we want to show to the public. And last but not least, the building 
should have a function that suits the history of the place, a history of 
the squatters movement, with cultural activities, and a somewhat raw 
character. 

Hotel

Hotels use a lot of water. As indicated in table x, 300 to 600 litres of water 
are used in a hotel per day per bed, while a standard household uses 
about 120 litres per person per day. In luxury hotels a part of the lavish 
experience are frequently changed towels and bed sheets, and an inviting 
bathroom with large tub and shower. All this abundance of course costs 
a lot of water and can be seen as a waist of precious water and energy 
sources. Some hotels therefore promote conscious use water by offering 
their guests eco-friendly options like changing bed sheets less often 
(Weyel, 2015). In this project however a hotel is designed where guests 
are invited to take a nice long shower or bath, since we will be using 
rainwater that would otherwise have been flushed away in the sewer. 
 Another reason to design a hotel around the water basin is that in 
hotels traditionally the primary function of spending the night was mixed 
with additional functions of a more public character. The Grand Hotel 

HOTEL, WELLNESS & CLUB

Function & program

Category Average daily water consumption (in liters)

home for elderly per bed 100 - 150

nursing home per bed 250 - 300

hospital

hotel

office

restaurant

school

per bed

per bed

per employee

per customer

per student

300 - 700

300 - 600

20

20

5 - 20
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< 94
The Sehlter, an under-
ground club in a former 
bomb shelter in Shanghai

< 95
Banos Arabes, Aire de 
Barcelona

>> 96
Program of demands

that arose at the end of the 19th century for the upcoming bourgeoisie 
would include things like a grand central hall, restaurant, café, library, 
reading room or a space for festivities. These were impressive spaces with 
a certain grandeur, that were open for the public. This enabled the hotel 
to become a part of urban life, and therefore enabled guests to mingle 
with local aristocracy. In the second half of the 20th century hotel chains 
were developed for mass tourism, focussed mainly on sleeping. Since the 
beginning of the 21st century, the typology of the grand hotel has made 
a re-entrance in the form of the urban hotel. Hotels should be unique 
public spaces for urban living, that offer more than just comfortable, 
standardized accommodation. It is common again for hotels to have a 
number of public functions, often designed around a certain theme, like 
the Intel Art Design Hotel and the Conservatorium Hotel (Beurskens, 2010). 
 The large water consumption and semi-public character make a 
hotel the perfect building to demonstrate the new water system. A living 
room of the city, a place where both locals and tourists can meet and 
experience the water system.

Wellness

In luxury hotels it is quite common to have a wellness centre. The hotel 
designed in this project will have a large one, which will also be open for 
people who are not staying in the hotel. The wellness centre emphasizes 
the water-character of the building, and will be a place where rainwater 
is recycled.

Nightclub

To give the underground spaces around the basin a worthy function, 
a nightclub is added to the program. This club will have a certain raw 
atmosphere that links to the place’s history of squatters.
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HOTEL

ARRIVAL SERVICES / HOUSEKEEPING ROOMS

TREATMENT 1 TREATMENT 2STORAGE

HORECA NIGHT-CLUB 

HORECA

UTILISE DISCHARGE

UTILITARIAN

Central hall / loungeReception

Storage

Loundry

Installations

Workshop

Kitchen

Office Storage

Fridge

Installations

Dishes

Storage Storage

Staff room

Dressing room, 
shower, 
toilet, 

lockers

Staff 
entrance Supply entrance

Luggage 

Main 
en-

trance

Toilet

Ward-
robe

Cafe / Restaurant Bar

Reservoir

Cloudburst-reservoir
1000000 l / 1000 m3

Entrance, 
wardorbe

Entrance, 
wardorbe

Toilets

Toilets

Lounge / 
VIP area

Toilets Toilets Pantry

Collection point in roof

Collection point from street

Filter

Connection to toilet, shower, 
washing machine and tap for cleaning 

(no connection to drinkwater taps)
Connection to sewer

Overflow connection to canal or sewer

Filter

Hallways, 
stairs, 

elevators

Short stay:
20 x 21 m2
16 x 40 m2
2 x 65 m2

Long stay:
8 x 50 m2

EVENTS 

EVENTS BAR CLUB

Multifunctional space
/ winter garden

Bar Club

Uv-light & 
Membrane filter

WELLNESS

POOL WELLNESS GYM

Pool
exterior

Pool
interior

Yoga /
fitness
space

Wellness 
treatments

Entrance, 
wardrobe

Saunas

Dressing rooms, toilets

Lunch bar
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< 97
Atrium with compluvium 
and impluvium, House of 
the Vettii, Pompeii

Water storage buildings from all over the world show us that the 
collection and storage of water can be a beautiful thing; it can be a 
fundamental part of culture. Architecture in which the water system is 
an integrated part of design and is based on basic physical principles, 
can have an appealing logic and self-evidence to it.

References

Inspiration for the design was found in architectural typologies for water 
storage buildings that originate from many ancient societies where 
the collection and storage of water was, and sometimes still is, a very 
fundamental part of culture. Most of these examples originate from 
cultures that had to do with a dry climate, like Afghanistan and Turkey, or 
climates in which periods of rain alternate with long periods of drought, 
like India. Inspiring examples are also found in Amsterdam itself, where 
before we got the network of pipelines for drinking water that we have 
today, the collection and storage of rainwater was very common.
 Some of these buildings are designed especially for the collection 
and storage of water, like the Basilica Cistern in Istanbul, the Chahar 
Suc Cistern Complex in Herat. They are always combined with other 
functions: the stepwells in India give access to groundwater, but are 
also a place for social gathering, bathing, washing clothes and religious 
rituals (Livingston, 2002). These buildings are more than just reservoirs; 
they are beautiful places that are a part of the culture.  
 The Roman urban villa is not designed for water itself, but the 
collection of water is an integrated part of the design and functioning 
of the entire house. Through clever design, the roman house makes full 
use of water. Water is collected through sloping roofs, the compluvium, 
into a shallow basin, the impluvium. From there it seeps through a layer 
of sand into an underground reservoir, which keeps it fresh and cool for 
drinking. On hot days the impluvium would be filled with water to cool 

WATER STORAGE ARCHITECTURE

Typology
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< 98
Water reservoir underneath 
the impluvium of a Roman 
urban villa

the house through evaporation. 
 What all these buildings have in common is that their design with 
water is based on basic physical principles. Water is collected through 
gravity, filtered with sand, and used for cooling. Today we can choose to 
use high tech solutions for this (pumping, air conditioning). Though the 
integration of basic physical principals in the design, gives a building a 
certain natural logic that is very appealing. When truly integrated in a 
design, the collection and storage of water can be a beautiful thing.

Design statement

Today we can choose to use high tech solutions to collect, store and treat 
water. To meet the right demands of water quality, to a certain extend 
we will have to and are happy to do so. However, the design for the water 
basin in Amsterdam will be based as much as possible on basic physical 
principles, preferring low tech design solutions over high tech ones, to 
make the water system visible and an integrated part of the architecture 
of the building.
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< 99 - 101
Chahar Suq Cistern Com-
plex, Herat, Afghanistan, 
1634: Remained a vital 
source of water for inhabit-
ants of the Old City until 
the 1970s. A brick dome 
that spans nearly 20 m over 
a square reservoir, which 
was damaged by war and 
restored in 2005-2008 as 
a space for cultural events  
(Boostani & Leslie, 2007). 

< 102- 104
Left & right: Chand Baori 
Stepwell, Rajasthan, India. 
Middle: Ujala Baoli, Madhy 
Pradesh. With 3,500 narrow 
steps, the Chand Baori is 
one of the biggest step-
wells in the world, said to 
be built between 800 and 
900 A.D. The main purpose 
of a stepwell is access to 
groundwater (Livingston, 
2002).

< 105 - 107
Left & middle: Agrasen Ki 
Baoli, New Delhi. Right: Ra 
Khengar. Some stepwells 
are more linear in organisa-
tion, with a clear route 
down to the water.  With 
areas of shade there is 
space for stopping and 
socialising during the task 
of collecting or using water 
(Livingston, 2002).

< 108 - 110
Basilica Cistern, Istanbul, 
Turkey, 6th century: 
140 M long, and 70 m wide 
and 9 m high, designed to 
service the Great Palace 
and surrounding buildings, 
it was able to store up to 
80,000 cu metres of water 
delivered via 20km of aque-
ducts from a reservoir near 
the Black Sea. Today it is a 
museum (Cultur Co., 2014).



Intermezzo

Just like in Amsterdam, in Venice the supply 
of drinking water was a great challenge in 
medieval times. Venice is located a lagoon, in 
which water is brackish, and porous soil made it 
impossible to dig wells to supply potable water. 
People in Venice had to find another way to 
safeguard their water supply.

 And so they did: as early as in the fifteenth 
century, Venice had a very professional system 
for the collection of rainwater on streets. As 
Pieper explains: “… all the lanes and squares 
were paved with stone blocks, between which 

the rainwater could not seep away, and in this 
manner the entire expanse of public open 
spaces in the city was converted into a gigantic 
rainwater collector. As far as possible, the water 
was not led off into the canals, but the gradients 
of the lanes and open spaces were arranged in 
such a manner that it flowed together in the 
public squares” (Pieper, 1992, p. 30). On these 
squares rainwater flowed into cisterns that were 
excavated underneath the squares. The cisterns, 
about two meters deep and with sides of eight 
to twelve meters, not only collected rainwater, 
they treated it as well. Rainwater was collected 

RAINWATER COLLECTION IN VENICE

1 Square with an underground cistern for the supply of drinking water
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< 111, 112
Neemrana Baoli, Neemrane, 
Rajasthan, India

< 113
Rani ki Vav Baoli, Gujarat, 
India

2
Sectional sketch by Jan Pieper, 
illustrating the functioning of a 
Venetian cistern

1 Well column with drinking 
 water, built of bricks
2 Rain water inlet
3 Clay packing which seals 
 the filter and cistern against 
 brakish water of the lagoon
4 Filter sand
5 Alluvial bottom of lagoon
6 Rain
7 Filtered water

on four points of the square, it then entered a 
filter bed of sand, where it seeped through until 
it reached a perforated well pipe. From there it 
could be drawn up from the well.  
 Over 6000 cisterns were documented 
in 1857. Today there are only about 600 left, 
and they are nog longer in use (Carpanese, 
Eulisse, & Jaber, 2012). However, they are still 
very recognisable in public space. The wells and 
surrounding squares were made out of marble 
and beautifully ornamented, “this technical 
installation, which grew entirely out of the need 

of the location, ultimately developed into the 
characteristic decorative form of for public open 
spaces in Venice.” (Pieper, 1992, p. 31)
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< 114
Detail of bird’s-eye view 
of Amsterdam, by Cornelis 
Anthonisz, 1544

In the oldest part of Amsterdam, the area inside the Singel, it is mostly 
the medieval urban structure that is of great value. The width of the 
characteristic narrow plots unifies the diverse architecture into a 
balanced streetscape. 

Urban structure and tissue

The medieval historical centre of Amsterdam is of great value: it is 
the buffer zone of the Unesco World Heritage Site the Canal District, 
and declared by the city of Amsterdam as a protected conservation 
area (Gemeente Amsterdam, 2016). The architectural mix of old and 
new, monumental and non-monumental, includes buildings of great 
quality and buildings that are of far lesser value. In the medieval centre 
of Amsterdam it is mostly the medieval morphological structure that 
is interesting. Any new building project in this area should take this 
morphological structure into account. 
 The medieval morphological structure has a beautiful logic when 
you understand its relation to the water system. The structure of the 
historical centre is formed by the former Amstel, river dikes and two 
parallel watercourses (burgwallen). Along these lines the main roads 
were formed. Cross connections were made in between the main roads 
in the form of small streets and alleys, often following the original 
agricultural ditches. The contrast between this elongated main structure 
and secondary cross structure of narrow streets and alleys is a quality 
of the inner city (Gemeente Amsterdam: Bureau Monumenten & 
Archeologie, 2009).
 Another characteristic and quality of the medieval city are the 
deep and narrow plots, which make for a fine urban tissue. Already from 
the sixteenth century Amsterdam has been a very compactly built city, 
where the size of the home or shop was the prevailing module for the 
urban tissue. On the Oude Zijde this structure of fine urban tissue is 

EMBEDDING IN THE MEDIEVAL URBAN STRUCTURE

Morphology
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>> 115
Situation, scale 1:500

>>> 116 - 122
Floor plans, 500

still intact. On the Nieuwe Zijde however, the scale of the urban tissue 
has changed drastically during the time of ‘city-vorming’. Considerable 
upscaling in both building size and infrastructure took place here in 
between 1850 and 1940. The ‘burgwallen’ were filled in, a new street 
was made (Raadhuisstraat) and medieval plots were joined together 
to build new buildings of a much bigger size. The fine urban tissue has 
partly been replaced with tissue of a much bigger scale, sometimes even 
an entire building block was replaced by one plot. The merged plots 
cloud the image of the medieval city. It sometimes resulted in great 
pieces of modern architecture, but sometimes only in a loss of urban 
quality. Because in Amsterdam it is the characteristic width of about 
6 meter, the size of the first allotment of land, that unifies the diverse 
architecture into a balanced streetscape (Gemeente Amsterdam: Bureau 
Monumenten & Archeologie, 2009).

Design statement

In the Vision ‘Gebiedsadvies Middeleeuws Stadshart’ (2009) the 
municipality of Amsterdam advocates to, in case of demolition and 
rebuild, repair the medieval structure of narrow plots and urban 
coherence. In correspondence with this vision, the design of the water 
basin will fit the medieval structure of narrow plots. At the same time, it 
will host a program that fits the 21st century. 
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Floor -1Floor -2
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1st FloorGround floor
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3rd Floor2nd Floor
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4th Floor
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The water system of the water basin in twofold: during rain showers 
water is collected from the roof and streets into reservoirs, during a 
cloudburst the entire central basin fills up with water.

Streets and roofs

In this building water is collected in two ways: through the roofs and 
from the street. Water flows from the street, through canals along 
the stairs, into a collection basin. Water from the roofs is collected in 
the same collection basin. After treatment this water is stored into a 
clean water reservoir, from which it can be pumped through the entire 
building. 

Cloudburst

In the event of a cloudburst the central basin is filled completely 
with rainwater. Only a part of this water is used to fill the clean water 
reservoirs. The rest will be pumped out to the sewer within 24 hours, 
because you never when the next cloudburst may occur. 

< 123
Schematic drawing of  
water system. Top: during a 
cloudburst. Bottom, during 
regular rain amounts of 
rain

COLLECT, FILTER, STORE, TREAT & USE

Water system
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>> 124
The development of 
facades in the Netherlands 
over centuries

Over centuries a certain architectural language developed in Amsterdam 
and its environs that, originally, was influenced a great deal by water: 
careful detailing of the façade was meant to prevent rainwater from 
seeping through, while at the same time the façade was constructed 
light enough to make sure it could be carried by the wet, swampy 
grounds of Amsterdam.

Overhang, ‘waterlijst’ and niches

The architectural language that developed in Amsterdam was a logical 
answer to the climate and soil conditions of the Dutch low lands, as well 
as available resources and materials. According to Zantkuijl, details of 
the medieval façade were predominantly designed to keep rainwater 
away from the façade. Wooden houses were often made with an 
overhang, from which rainwater would drip straight down instead of 
into the façade and windows. Facades made of stone would often have a 
‘waterlijst’, which had the same function as the overhang: let water drip 
straight down instead of over the brickwork. The ‘waterlijst’ also spread 
water over the façade more evenly. Niches were another way to protect 
the stone façade against rain, while at the same time they reduced the 
weight of the building.

The cornice and pilasters

During the renaissance, Dutch building style was influenced by that 
of the Greek and Roman. Yet, it were mostly the elements that fitted 
a pragmatic design that Dutch architects and craftsmen chose to 
incorporate. The ‘waterlijst’ was further developed and accentuated as 
the cornice. The niches and bays became pilasters. This can be seen as 
an accentuation of pragmatic details through ornamentation (Zantkuijl, 
1975-1991).

Water and details
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Middle Ages -
wooden house:
overhang

Middle Ages - 
earliest stone facades: 
‘waterlijst’ & niches

Hollandse Renaissancec:
waterlijst, cornice, pilasters

Classicism:
pilasters, topgevel
(betere kwaliteit steen)
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Design statement

This design follows Amsterdam’s architectural language of ‘waterlijsten’, 
nisches and pilasters, because it is a natural way of visibly incorporating 
the water system in a design. 
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SCALE 1:200

Drawings

< 
Street facade

>> 
Ground floor
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> 
Third Floor
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> 
Longitudinal section
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> 
Section AA
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> 
Section BB



277

> 
Section CC
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“Cities are the crucible of civilisation. They have been expanding, 
urbanisation has been expanding at an exponential rate at the last 
200 years so that by the second part of this century the planet will be 
completely dominated by cities. Cities are the origins of global warming. 
Impact on the environment, health, pollution, disease, finance, economy, 
are all problems that are confronted by having cities. … The tsunami of 
problems that we are facing in sustainability questions are actually a 
reflection of the exponential increase of urbanisation across the planet. … 
However, cities, despite having this negative aspect to them, are also the 
solution. Because, cities are the vacuum cleaners, the magnets that have 
sucked op creative people. Creating ideas, innovation, wealth and so on.”

Geoffrey West, TED Talk, 2011

This message of Geoffrey West is both alarming and hopeful. 
What’s alarming is that the formidable challenges we face worldwide, 
like climate change, resource depletion and exponential urbanization, 
make it quite clear that there is huge task for cities. In the field of 
urbanism, we need to take long term thinking about the planet into 
account.

What’s hopeful is that there is a world full of creative people, that can 
take on the challenge. This task, in my opinion, is very interdisciplinary. 
To move towards sustainable cities, urban design and the built 
environment must be combined with knowledge of energy, waste, 
water, ecology and much more. Here lies as task for urban designers and 
architects, to integrate these various disciplines and develop creative, 
persuasive solutions.
  
The fundament of the Dutch water city holds a long tradition of water 
management, urban design and architecture acting as one. Today 

Reflection
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the canal system of Amsterdam would be an inspiring example of 
interdisciplinary design, back then, it was the only way to deal with the 
soil- and climate conditions Amsterdam was built upon: the dikes, dam 
and canals protected the city from the sea, and transformed the swampy 
ground in an inhabitable, and very profitable one. The canals also made 
for a beautiful city, that still appeals to people today.

Over time and technological progress in hydraulic engineering, the water 
system and means of transportation, the intertwined relations between 
water management, urban design and architecture has become more 
and more diffused. Throughout the project I have come to believe that 
with the disappearance of parts of the water system underground, a part 
of the identity of the water city has disappeared as well.

The stepwells of India, the water collection system in Venice, and 
water basements in Amsterdam are all inspiring examples that show a 
certain self-evidence in sustainability, that is embedded in culture. Their 
sustainability is rooted in typology, rather than in high tech solutions or 
in life-cycle of buildings. Personally, I believe that by designing solutions 
that are naturally integrated in the build environment, that are visible 
and close to people, perhaps it is possible that we find this self-evidence 
in sustainability that might just be what we need. 
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Amsterdam, like many cities in the Dutch low lands, is a 

water city: water played a fundamental role in the origin, 

development, morphology and success of the city. 

And like many delta cities all over the world, it continues to 

grow, leaving less and less space for water. In times of cli-

mate change this puts pressure on the water system, while 

at the same time predictions of global changes in weather 

conditions alter the flow of water entering city, giving it a 

lot to swallow, sometimes literally. 

This graduation report explores the history, richness and 

beauty of Amsterdam as a water city, as well as its vulnera-

bilities in the light of climate change. This leads up to an 

adaptation strategy and design of a water basin in the heart 

of the water city, in which water is regarded as a resource 

instead of an excess, to let Amsterdam benefit from extreme 

weather conditions rather than being threatened by them.

Water needs to be a fundamental part of the water city 

again. Searching for a sustainable model of the water city, 

this graduation report explores a new balance of water ma-

nagement, urban design and architecture. 


