Versie 1

Circular Solutions
Part III: the Rainproof City

26-02-2016

Reinder Brolsma
Elgard van Leeuwen
Corine ten Velden

Inhoudsopgave
1 INTRODUCTION

3

1.1 SETTING
1.1.1 CLIMATE CHANGE
1.1.2 AMSTERDAM RAINPROOF
1.1.3 CASE AREA KOP GRASWEG - BUIKSLOTERHAM

3
3
4
5

2 REDUCING PLUVIAL FLOODING BY INVOLVING REAL ESTATE OWNERS

7

2.1 SOLVING PLUVIAL FLOODING ON PRIVATE PROPERTY AND PUBLIC SPACE
2.2 OPTIONS FOR STIMULATING WATER STORAGE INTERVENTIONS
2.3 WATER LABEL

7
7
8

3 METHOD

10

3.1 TOOLS
3.1.1 3DI HYDRAULIC MODEL
3.1.2 WATER BALANCE MODEL
3.2 LOCAL INTERVENTIONS

10
10
10
12

4 RESULTS

15

4.1 WATER BALANCE MODEL
4.2 3DI SIMULATIONS

15
19

5 RECOMMENDATION

25

5.1 WORKSHOP
5.2 RECOMMENDATIONS ON TOOLS
5.3 RECOMMENDATIONS ON MAKING THE CITY RAINPROOF

25
25
26

6 REFERENCES

27

i

1 Introduction
In the Netherlands pluvial flooding is in most cases prevented by the municipality by implementing
drainage systems in public space. In general drainages systems are designed such that rainfall events up to
20mm should not cause any damage. These rainfall events were estimated to occur once every 2 years. In
recent years we have seen multiple rainfall events with intensities that were much higher than this
normative rainfall event. This has led to the awareness that we should design our drainage systems and
also our land surface such that these extreme events do not cause significant damage. Due to climate
change rainfall intensities are expected to increase.
Design principles in the Netherlands are based on current climate conditions and do not account for
climate change. Although existing water systems are designed to be robust, increased extreme storms
(frequency as well as magnitude) may be expected to increase damage due to flooding, both in magnitude
and frequency. Solutions can be found in redesign of the drainage systems but this may come with
considerable costs. Therefore also reshaping the public space should be considered to increase the
capability of storing water in such a way that damage is kept to a minimum. It is interesting to realize that,
although frequently stated in the past, only now, since extreme storm events are more probable to occur,
spatial planning and water management become really interdependent. The question is how to deal with
that fact in a optimal way. Optimal in the sense of cost effective, but also in the way various stakeholders
including citizens and their properties are involved.
Precipitation falls both on private property and on public space. Rainfall that falls on roofs as well as on
paved gardens is drained directly by the drainage system. It could be argued that citizens can help to
prevent pluvial flooding by implementing storage measures on their property. But this first of all requires
so called water awareness of citizens. This study will demonstrate the effect of interactive modelling on a
high resolution to determine the effect of small scale measures (on the scale of private property) and
shows a way to build the required water awareness. Both are presented in the form of a case study for the
Buidsloterham, a redevelopment area in the city of Amsterdam.

1.1
1.1.1

Setting
Climate change
The latest climate change projections by the KNMI (Royal Netherlands Meteorological Institute 2014)
o
consist of 4 scenarios for 2050 and 2085. Two scenarios are based on a 1 C temperature increase (G) and
o
o
o
two scenarios on a 2 C increase (W) and 2 C and 4 C for 2085. For each of the scenarios a projection is
made with and a projection change in the circulation pattern on our atmosphere. As a consequence rainfall
intensity and frequency of extreme rainfall events is expected to increase.

Extreme daily rainfall volumes (T = 10 years) are expected to increase by 4-27 % in 2050. The maximum
hourly precipitation sum is expected to increase from 15.1mm/h by 5.5 to 25% and the number of days
with more than 20mm of rain will change from 1.7 days per year ranges from a decrease of -8.5% up to an
increase of 25%.
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Table 1.1 Projected change in precipitation due to climate change in the Netherlands for 2015 (KNMI, 2014)

Season

Variable

Indicator

Global temperature increase:
Change vanair circulation pattern:
Winter

Precipitation

Spring
Precipitation
Summer Precipitation

Autumn Precipitation

1.1.2

Climate
Scenario Change of climate in 2050
1981-2010 (2036-2065)
= reference
GL
GH
WL WH
period
+1 °C
+1 °C
+2 °C
+2 °C
Low
High
Low
High
value
value
value
value
211 mm
3%
8%
8%
17%
89 mm
0.06
0.1
0.12
0.17

mean amount
10-day sum precipitation
exceeded once in 10 year
number days ≥ 10 mm
5,3 days
mean amount
173 mm
mean amount
224 mm
10-day sum precipitation
44 mm
exceeded once in 10 year
maximum hourly
15,1 mm/uur
precipitation sum per year
1,7 days
number days ≥ 20 mm
mean amount

245 mm

+9,5%
+4,5%
+1,2%
+1,7 to
+10%
+5,5 to
+11%
+4,5 to
+18%
7%

19%
+2,3%
-8%
+2,0 to
+13%
+7 to
+14%
-4,5 to
+10%
8%

20%
0.11
+1,4%
+3 to
+21%
+12 to
+23%
+6 to
+30%
3%

35%
0.09
-13%
+2,5 to
+22%
+13 to
+25%
-8,5 to
+14%
+7,5%

Amsterdam Rainproof
The Amsterdam Rainproof program (www.rainproof.nl) aims to make Amsterdam resilient to extreme
rainfall events. At the same time the program aims at making use of rainfall that is presently discharged.
The program aims at involving citizens, entrepreneurs and real estate owners, to make the city rainproof
by making them aware of the rainproof options that exist for the changes they make to their own
surrounding and buildings. Small scale solutions like permeable pavements, green roofs and green gardens
can contribute to prevent pluvial flooding.

Figure 1.1 Potential measures at house and neighbourhood scale (source: www.rainproof.nl)
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1.1.3

Case area Kop Grasweg - Buiksloterham
Buiksloterham will be developed to be Rainproof. For the case study we focussed on Kop Grasweg that is
part of the Cityplots development in Buiksloterham, Amsterdam (Figure 1.2). In this area apartment
buildings are projected that are built by private investors, social housing cooperations and groups of
private builders. The area will be developed to be relatively green.
The area will be developed rainproof and minimize runoff towards the surface water of the IJ. At this
moment the exact definition of rainproof for this area is not yet determined. It is however intended not to
construct a stormwater sewer system and drain stormwater on the surface.
Owners of the buildings are requested to contribute to making the area rainproof by creating water
storage. The roofs of the building are expected to be flat which makes them very suitable for water storage
and rainwater harvesting.

Figure 1.2 Kop Grasweg in current situation
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Figure 1.3 Early preliminary design of Kop Grasweg showing the locations of buildings and road infrastructure.
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2 Reducing pluvial flooding by involving real estate owners
2.1

Solving pluvial flooding on private property and public space
For Cityplots we assumed the composition of the area based on an interpretation of a part of the design
for Cityplots and the definitions in the “kavelpaspoorten” that state the maximum allowed building area
per plot (Figure 2.1). This results in the a high fraction of paved surfaces in the plot.

Paved,
20%

Public
35%
Green,
10%
Private
65%

Building,
70%

Figure 2.1 Estimated fractions of public and private space of Cityplots (left). Composition of private property (right).

2.2

Options for stimulating water storage interventions
In this study we tested a tool to show the effect of water storage, or Rainproof options in their context to
prevent pluvial flooding.
Creating water storage on private property requires an investment, while the benefits are hardly felt by
the owners. Because of this lack of benefits, implementation of water storage interventions are not
expected to implemented without stimulus.
Involving owners or real estate can be achieved in different ways:
 Awareness, education, inspiration, motivation
 Subsidies
 Legislation
All activities to convince real estate owners to implement water storage measures on their own property
should start with education and inspiration. Most owners are not aware of the options they have to
contribute to solving pluvial flooding if they are aware of any pluvial flooding problem at all. Not only the
owners, but also the sector that is responsible for roof construction, gardening and drainage should be
made aware of the problem of pluvial flooding and the options there are to contribute to solving the
problem.
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Legislation is a very effective way of stimulating water storage on private property. For green roof, Mees
(2013) has shown that the obligation of implementing green roofs on flat roofs in Stuttgart and Basel has
dramatically increased the surface area of green roofs. Legislation should be preceded by a phase of
education, motivation and subsidies. The legislative obligation of creating storage on private property has
not yet been applied in the Netherlands.
Subsidies or tax rebate on can be used to motivate owners to take measure at their property. The subsidies
or rebate can be obtained from other interventions that need not to be implemented by other
stakeholders (e.g. no expansion of sewer capacity) or avoided risk. Subsidies are less effective than
legislation. Special attention has to be paid to what is stimulated by the subsidy. Attempts of creating
water storage by subsidizing green roofs, has in the past led to a large surface area of green roofs with
hardly any effective storage capacity.
In the case of Buiksloterham Waternet started by creating awareness of Rainproof solutions. In the future
obligation of water storage related to in “kavelpaspoorten” is considered as an option.

2.3

Water label
One possible way to highlight the positive effects of retention measures in the private space is called the
Water Label, similar to the energy label for houses which is legally obliged. Water Label is an initiative of
De Waag Society, a group of professionals in the field of urban water. The idea is to highlight the possible
effect of small-scale measures in a web portal in a clear manner.
In Figure 2.2 themes are indicated for classifying interventions on private property. The idea is that
residents introduce measures in the system and that the website based on this input will calculate a
retention score. The scores are then translated into a tag class that is made visible in a graphical map of
the area. The figure below shows an impression of the presentation of the scores.

Invullen scoretabel
INPUT

Grootheid

eenheid

Algemeen

Perceel
Dak
Riolering
Voortuin
Achtertuin
Juiste aansluiting afvalwater

oppervlak
oppervlak
Type
oppervlak
oppervlak
type aansluiting

m2
m2
gemengd riool / regenwaterriool / infiltratieriool / bodeminfiltratie
m2
m2
onbekend / goed / foutief

Verharding

Verharding voortuin (oprit, looppad, etc)
Schuur/garage
Verharding achter (terras, looppad, etc

oppervlak
oppervlak
oppervlak

m2
m2
m2

Besparing

Dakberging passief
Dakberging met actieve regelaar
Tuinberging: Vijver
Tuinberging: Infiltratievoorziening >20mm
Regenton
Hergebruik
Besparende douchekop
Besparende vaatwasser
Besparende wasmachine

bufferende ruimte
bufferende ruimte
oppervlak
oppervlak
volume
volume
aanwezigheid
aanwezigheid
aanwezigheid

mm
mm
m2
m2
liter
liter
wel/niet
wel/niet
wel/niet

Figure 2.2 Possible retention measures and characteristics.
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Figure 2.3: Impression of waterlabel scores in a webportal.

Labelling of parcels is primarily meat to increase the awareness of citizens when it comes to the
importance of water retention measures. It simulates the citizen to think about a joint approach to the
prevention of flooding during extreme precipitation.
It could also address a second point that is interesting, whether differentiation in costs is technically
feasible. And if this is feasible, how do you cope with measures that are ineffective due to their location in
an area, which would make scoring more difficult. Furthermore, does this differentiation not counteract on
the enthusiasm of residents, who would like to contribute to implement water management measures
disregarding the efficiency at their location. This discussion is still in full swing.
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3 Method
3.1
3.1.1

Tools
3Di hydraulic model
3Di is a state of the art computational model to simulate flooding, both fluvial and pluvial. For the
hydrodynamic calculations, the Saint Venant equations are solved. An important innovation in 3Di is the
so-called quad-tree. The quad-trees are the computational grid cells for which a water level is calculated
each time step. The size of the computational grid-cells can differ per location in the computational grid.
Therefore the computational grid can be tailored to the situation: Coarse grid cells for the areas that need
lees detail (e.g. because it is very flat and the water level will be the same throughout the area) and fine for
the areas that need a high level of detail (e.g. for locations with elevation differences, such as dikes and
levees). An example of the quad-trees in 3Di is given in the figure below, where it can be seen that the
computational grid around the main rivers and canals is much finer than for the other areas.

Figure 3.1 Unstructured grid used in 3 Di hydraulic model

Another innovation in 3Di is the use of sub-grids. Although the computational grid might be very coarse,
the underlying data (such as the elevation data) can be very high resolution. The detail of these so-called
sub-grids is used in the computation. It is used for the visualization (low lying areas within a computational
grid cell are filled up first), but also to calculate local variety in bottom friction, or infiltration.
3Di also includes hydrological modelling. The hydrological modelling is based on a simple groundwater
model, which is coupled to the surface water model. The user can define if he wants to include the
hydrological modelling in the calculations.
This all combined results in very fast and accurate hydrodynamic calculations with realistic visualization.
The user also has the freedom to stop, alter and restart the model on the fly. This makes 3Di a handy tool
for fast testing scenarios of extreme events- e.g. what happens to overland flow when it starts pouring
rain?

3.1.2

Water balance model
The effectiveness of green interventions on private property is determined by a water balance model that
contains most urban water balance components. Figure 3.2 provides an overview of the applied water
balance model that is focused towards extreme rainfall events.
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Figure 3.2 Overview of water balance components in water balance model.

Basically the urban area is divided in 5 different surface types:
- PR: Paved Roofs, i.e. buildings of which the floor level can be defined (partially) in or above the
groundwater level, these roofs can also act as green roofs;
- CP: Closed Paved, i.e. roads or other paved surfaces without infiltration possibilities;
- OP: Open Paved, i.e. roads or other paved surfaces with infiltration possibilities, varying from low (bricks)
to high permeable pavement;
- UP: UnPaved, i.e. unpaved areas varying from public parks to private gardens;
- OW: Open Water, i.e. the urban canal system.
In addition the model contains an unsaturated zone (UZ) bounded by a groundwater level (GW), which can
exchange water with the open water system (OW). When the storage capacity in the unsaturated zone is
completely filled the groundwater level exceeds surface level and water starts running off to the open
water (R_ow) when the defined storage capacity of the unpaved area is exceeded. The same occurs when
the defined infiltration capacity of the unpaved area is exceeded. When the defined unpaved interception
storage is exceeded water starts infiltrating into the unsaturated zone (I_uz). The unsaturated zone
exchanges water to the saturated zone either by percolation or by capillary rise (P_gw), depending on
defined soil type, moisture content, groundwater level and capacities of the the groundwater (P_gw).
Runoff water from paved areas can flow into a combined sewer system (MSS), a stormwater drainage
system (SWDS) or can be disconnected, flowing towards the unpaved area (R_up). The combined sewer
system discharges its water (Q_out) to the wastewater treatment plant (WWTP) up to a defined capacity.
The water exceeding this capacity flows to the open water (Q_ow), however also limited to a defined
capacity. The storm water drainage system discharges its water into the open water (Q_ow) up to a
defined capacity. When the discharge capacity of a sewer system is exceeded water is stored in the sewer
system. When their defined storage capacities are exceeded both sewer systems can overflow (SO),
resulting in water flowing overland into the open water. Finally the urban area can exchange water with
the atmosphere (P_atm, E_atm and T_atm), the deep groundwater (S_out) and with external surface
water systems (Q_out)
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3.2

Local interventions
In the demo session 6 possible interventions were used:
 Extensive green roofs
 Intensive green roofs
 Green roofs with drainage delay
 Private Green gardens
 Permeable pavement
 Water storage in surface depressions (behind rim)
Extensive green roof
An extensive green roof is a roof that is partially or completely covered with vegetation and a growth
medium up to 15cm (Figure 3.3). Due to the thin growth medium only a limited variety of plants can be
supported. Underneath the growth medium is a waterproofing membrane and often additional root
barriers and drainage and irrigation systems. Extensive green roofs are the lightest version of green roofs.
Often sedum of mosses are planted on these roofs. The water storage capacity is limited so they get
saturated quickly during a rainfall event after which additional rainfall runs off to another water system
without significant delay.
Annually the runoff reduction equals the evapotranspiration rate. Due to the limited storage capacity and
often low potential evapotranspiration rates of the planted plant species the evapotranspiration is low.
The cooling effect is therefore very limited and or even negative (Solcerova, in progress). Because the small
size of the species they do not provide shade.

Figure 3.3 Example of extensive green roof (source : http://www.greenroofs.com/projects)

Intensive green roof
An intensive green roof is a roof that is partially or completely covered with vegetation and a growth
medium between 15 and 50 cm depth. These can support a wider variety of plants and even small shrubs.
Underneath the growth medium is a waterproofing membrane and often additional root barriers and
drainage and irrigation systems. These roofs are heavier than extensive green roofs. More water can be
stored than in extensive green roofs. Annually the runoff reduction equals the evapotranspiration rate.
Due to the thicker growth medium they can store more water and only get saturated in extreme rainfall
events and long wet periods without significant evapotranspiration as is the case in winter. The
conductivity reduces the peak flow also during extreme events and long wet periods. Due to evaporative
cooling extra intensive green roofs can be 1-4 C cooler than the urban area around it. The roofs can hardly
carry trees of sufficient size to provide some shade.
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Figure 3.4 Example of intensive green roof (http://www.rotterdamarchitectuurprijs.nl/dakpark-1.html)
Green Roofs with drainage delay
A green roof is a roof that is partially or completely covered with vegetation and a growth medium.
Underneath the growth medium is a waterproofing membrane and often additional root barriers and
drainage and irrigation systems. A drainage delay structure is added to delay runoff from the roof. Due to
evaporative cooling the temperature above a green roof can be lower can above a traditional roof. To
provide this cooling effect sufficient water needs to be available to the plants on the roof.
Private green gardens
A residential or private domestic garden is the most common form of garden and is in proximity to a
residence. Gardens are often (partly) paved by impermeable or poorly permeable pavements to create
terraces and paths. Reducing the paved areas by creating more green enhances the infiltration capacity
and reduces runoff from gardens.
Permeable pavements
Permeable or porous or pavements include a range allows the movement of stormwater runoff through
the surface. In addition to reducing runoff, this effectively traps suspended solids and filters pollutants
from the water. Examples include roads, paths, lawns and lots that are subject to light vehicular traffic,
such as car/parking lots, cycle-paths, service or emergency access lanes, road and airport shoulders, and
residential sidewalks and driveways.
Surface storage in depressions in green areas
Storm water can be stored in depressions in the surface. Under normal circumstances this is known as
ponding, which is often unintended and not desired. However if ponds are designed to be in locations
where these do not cause inconvenience these can be very effective. In the Cityplots area a sitting rim that
is suggested in the area could the used to create the depression (Figure 3.5). The effect of these
depressions on reduction of the heat island effect is minimal.
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Figure 3.5 Example of water storage in depression and of sitting rim
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4 Results
4.1

Water balance model
The water balance model has been used to give a first impression of what citizens can achieve in making
Cityplots Rainproof. The effect of different interventions on private property has been investigated.
Cityplots will be a densely build area (Figure 4.1). This is based on an interpretation of a part of the design
for Cityplots (Figure 4.2) and the definitions in the “kavelpaspoorten” which state that 70% of the plots
may be built upon.

Figure 4.2 Design of Cityplot (source: www.buiksloterhamenco.nl)

To explore the effectiveness of interventions at private property four scenarios have been investigated
(Figure 4.3):
1. Business as usual
2. All roofs as green roofs with drainage delay (20 mm storage in growth medium and 50 mm
storage in drainage layer)
3. Unpaved area on private property from 7% to 18% by reduction of paved area from 13% to2%
4. Combination of scenario 2 en 3
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Figure 4.2 Different types of land use in baseline scenario and in both green scenarios.

The evapotranspiration in the green roof scenario and the green gardens scenario increases. Prior to
evapotranspiration this water is stored on the surface or in the growth medium. The water that
evapotranspires does not run off. The changes in the results are relatively small because of the way of
presenting this data. Water that is stored within the drainage layer is delayed and does reduce peak flow,
but the stormwater does partly runoff towards the sewer system.

Figure 4.3 Effect of the four landuse scenarios on the main hydrological fluxes.
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Due to the runoff delay and peakflow reduction pluvial flooding decreases. The reduction in recurrence
time of pluvial flooding is however more significant and reduces from once every two year in the baseline
scenario to once every ten year for the combination of green roofs and green gardens (Table 4.1).
Table 4.1 Recurrence time of pluvial flooding as a result of interventions

Scenario
Traditional garden and roofs

Recurrence time of pluvial
flooding (year)
2

Green roofs with drainage delay

7.5

Green gardens

2.3

Both

10
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4.2

3Di Simulations
To give an impression of what can be achieved in the Kop Grasweg area in Buiksloterham (Figure 1.2 and
4.5) we have explored a number of scenarios for this area with the 3Di hydraulic-hydrological model
(www.3di.nu). As explained in Section 3.1.2, the 3Di model can simulate (overland) flow very accurately,
and because of this level of detail, the effect of certain measures can also be assessed on a very detailed
level. Of course the accuracy of the model results is dependent on the available input data – the routing of
stormwater is highly dependent on the surface elevation and other input data. Given the fact that the area
and its design are still under development, a number of assumptions have been made regarding the layout
of the area. In the new design the ground surface and the position of the quay will be adjusted, and thus a
detailed modelling cannot be based on the existing national surface elevation model (AHN2; Figure 4.6). A
design has been provided that gives an estimate of the future ground surface of the Kop-Grasweg Area
(Figure 4.7). In order to convert this to a surface elevation model, the ground levels as indicated on the
sketch were manually interpreted, digitized and elaborated (Figure 4.8), and then interpolated in ArcGIS to
obtain the surface elevation model shown in Figure 4.9 & Figure 4.10.

Figure 4.5. Satellite image of the Kop Grasweg area at present. The area to be developed is indicated by the black line.
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Figure 4.6. National elevation model AHN2 of Kop Grasweg, showing the current situation of the area.

Figure 4.7. Received data on the new surface elevation.
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Figure 4.8. Interpretation of the information from Figure 3 and transformation and addition of data points and lines in order to
be able to construct a surface elevation model by means of interpolation.

Figure 4.9. Interpolated surface elevation model of the Kop Grasweg area. For this modelling exercise the parcels were
elevated with ca. 50 cm relative to the surrounding ground surface, and the private terraces around the buildings as
indicated in a received design were elevated with ca. 20 cm relative to the surrounding ground surface.
Circular Solutions. Part III
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An impression of the effect of different measures
To give an impression of the effects of different Rainproof measures, a number of scenarios with different
measures have been calculated with the 3Di model. The scenarios are based on the preliminary design
outlines that we received, and our interpretation of these. The model results should thus merely be
interpreted as an impression, a sketch of what is possible when more accurate input data and carefully
crafted scenarios will become available. The proposed measures are:






Water storage on roofs (green or blue roofs)
Surface storage in green areas (behind sitting rim)
Combination of water storage on roofs and surface storage
Permeable pavement
Outlets toward surface water

We assumed a superficial stormwater drainage system as proposed by the designers; i.e. stormwater is not
drained by a sewer system. One of the issues in this area might be an imposed restriction concerning
drainage towards the surface water of the IJ. Without interventions, the area of Kop Grasweg will drain
largely directly on the IJ and the Tolhuis Channel. To visualize how much stormwater runs off, and to show
the effect of different measures, a no-flow boundary was implemented around the study area. This means
that water cannot leave the area as runoff, but only through infiltration, evaporation and interception
(similar to building a dike around the area); this way the accumulation stormwater can be compared
between the different scenarios.
In order to improve the current model schematization and the various scenarios, several data sources
should be checked with the designers and modified where necessary, most importantly the surface
elevation, the allotment and the boundary conditions. In addition, a number of detailed design scenarios
can be drafted together with the designers, consisting of different combinations of measures such as
greenbelts, permeable paving, green or water-storing roofs, elaboration of the water plaza concept, etc.
In the Figure 4.10 the model results of the different simulated scenarios are shown. The simulation was run
with a rainfall event of 25 mm/h for the duration of two hours (50 mm in total). For each scenario, three
figures are shown: on the left the interpolated surface elevation model of the study area on which the
simulated measures per scenario are indicated, in the middle the situation at the end of the rainfall event
(after approximately two hours), and on the right a composite of the maximum water depth per pixel that
1
is reached during the entire model run.
All interventions contribute to making the area rainproof. A comparison in effectiveness of measures is not
given as the dimensions of the interventions that were used for the simulation are indicative.

1

Maximum water depth per pixel: this means the corresponding time step can vary per pixel. This is thus not a ‘real’ situation,
but rather a composite raster of all maximum water depths as reached for each individual pixel during the model run.
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Figure 4.10. From top to bottom Effect of: Water storage on roofs (green or blue roofs); Surface storage in green areas (behind
sitting rim); Combination of water storage on roofs and surface storage; Permeable pavement and Outlets toward
surface water.
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5 Recommendation
5.1

Workshop
The aim of the workshop was to test the 3Di tool and the portal with different professional stakeholders in
an urban design process. The initial intend was to also invite citizens and groups of citizens who are
involved in building their own houses. However in the current case area these were not yet involved in the
planning process. Part of testing the tool was to get insight in the wishes of potential users.
Participants that were invited were from:
- Waternet (Municipal water management and Waterboard)
- Rainproof (Program for stimulating rainproof design)
- Hurks (Project development)
- Delva (Lanscape designe)
- De Alliantie (Social housing)
- Studioninedots (Urban designer)
- Amvest
The main components of the workshop were
Presentations rainproof interventions
Demonstration of results of the modelling
Discussion on results and how the tools can support the design process
Based on the results and the workshop the following recommendations have been made.

5.2

Recommendations on tools
Designers can fit in all kinds of measure to temporarily store stormwater. Based on the design of the
surface level and expert judgement they can make a first estimation of the hydraulic functioning of the
system. However, such estimations do not explicitly take into account the spatial dependence of the
efficiency of measures. It matters a lot where exactly, in the context of a water system, a measure is
projected. Therefore, the place and dimensions of measures cannot be estimated properly without a
detailed hydraulic model.
Effectively creating robustness also requires a very explicit formulation of the water management goals, in
the form of a performance indicator holding measurable water-related quantities. In practice,
performance indicators and objectives are not well defined. An example is the ‘principle’ not to ‘export’
problems downstream, in this case to the river Het IJ. Although this principle is still valid, it is unlikely that
the design for the project area will have a significant effect on a water body as Het IJ and cause problems
downstream. We found out that also for the process of formulating more explicit objectives, detailed
hydraulic modelling can be helpful, to find out what you want and you often need detailed insight in what
is possible. Interactive modelling can play an important role here.
In the case of Kop Grasweg the project developers and social housing organisation seem to be willing to
implement Rainproof design principles. Costs regarding implementation and maintenance have not yet
been addressed. It can be expected different stakeholders (project developers, water board, municipality)
have different views on the most effective and sustainable water system and probably on the way that
should be determined. A framework or tool that is trusted by all parties to test the design is in this case
very important.
Also in the design process it can be helpful when this framework or tools are available and can be used to
test the design and discuss the results and iteratively search for more effective solutions. Because the
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storage requirement is partly a result of the design the design process itself is not linear but iterative. This
makes an easy exchange of data between the design software and the hydraulic models an important
requirement.

5.3

Recommendations on making the city rainproof
Make Rainproof more explicit
Rainproof is an approach for coping with extreme rainfall and prevent pluvial flooding. It seems that it has
not yet been determined when an area is indeed rainproof. A more quantitative definition of Rainproof
similar to a water storage assignment should be clear early in the process to facilitate the designer in the
design process. They need to know how much stormwater is required to be stored so that they can fit this
into their design and how excess stormwater should be dealt with. However the assignment is often not
known at the start of the design process. The storage requirement is a result of both the rainfall event that
needs to be coped with as well as the proposed urban design. This last issue makes the process iterative.
Show effect of alternative scenarios
Many interventions can be implemented to make the area rainproof. In this study we investigated the
effect of implementing green roof, permeable pavements, water storage in depression grass area and
greening of gardens. All measures are effective in reducing pluvial flooding. In this case combination of
interventions is required to prevent flooding during an extreme event of 50mm in two hours. The optimal
solution is of course not only a water management problem but involves many other aspects, like mobility,
attractiveness, investment and maintenance. Different scenarios should be discussed with the relevant
stakeholders.
Differentiate between everyday operation and extreme events
Waternet has the ambition to solve pluvial flooding by interventions to store stormwater locally. For the
Buiksloterham it can be disputed that the surface water to which stormwater is drained (the IJ and
Noordzeekanaal) has a large storage capacity and drainage of the Buiksloterham will cause no significant
increase in surface water level. Also the timescale at which water levels will increase in the IJ and river
Amstel as a result of a rainfall event is much slower than the water level rise that may occur as a result of a
rainfall event in Buiksloterham.
A motivation for Rainproof development of the area can come from a circular approach to the water
system where use and reuse of stormwater are key components. Examples for which stormwater can be
used are irrigation, flushing of toilets, washing machines and fire fighting. Thereby the drinking water
demand of the area can be reduced. Another argument to store water locally is for drought prevention.
Water that is infiltrated into the subsurface can be used by vegetation for transpiration in dry periods. This
can contribute to reduction of the air temperature in summer and thereby reducing the heat island effect.
Increase awareness of Rainproof solutions and stimulate it
It is questionable that awareness of pluvial flooding and the need for making the city Rainproof among
citizens is sufficient for investing in Rainproof solutions at their own property. Some methods that can be
taken are: increase awareness of the problem and solutions, stimulate it financially or even impose it for
new and re-developments. Next to that implementing measures by citizens can be stimulated by making
visible online, on a map what measures citizens have taken by a score like water label, and what other
options are available for making their property Rainproof.
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