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University Copenhagen. This master thesis counts for 30 ECTS and has been ¢ arried out in the
period from the 1st of February to the 2nd of June 2016. This research was conducted in
combination with an internship at the headquarter of Waternet in Amsterdam. Chiara Farné Fratini

as supervisor from the Aalborg University and Eljakim Koopman as supervisor from Waternet gave

advice and help along the whole semester.

The main objective of this research is to develop a theoretical framework for cloudburst emergency
planning and give recommendations to urban areas around the world about the different elements
that are important in cloudburst emergency planning. With my work, | hope to show the academic

world the importance of the different identified elements of cloudburst emergency planning and

help cities around the world to prepare bet ter for upcoming cloudbursts and to limit the negative
effects of these events by increasing the resilience and reducing the vulnerability of cities around

the world in relation to cloudbursts.
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Executive Summary

Cloudburst happen more often due to climate change. And because of high percentages of pa ved
surfaces and because urban sewage systems are not designed to process this amount of extreme
precipitation, cities are specifically vulnerable. At the same time, other shifts and changes take

place, like citizen participation, changing patterns of gove rnance, digitalization of the society,

urbanization and increasing concentration of economic activities in urban areas.

The main objective of this research is to develop a theoretical framework for cloudburst emergency
planning and give recommendations to urban areas around the world about the different elements

that are important in cloudburst emergency planning. With my work, | hope to show the academic

world the importance of the different identi fied elements of cloudburst emergency planning and
help cities around the world to prepare better for upcoming cloudbursts and to limit the negative

effects of these events by increasing the resilience and reducing the vulnerability of cities around

the wo rld in relation to cloudbursts.

This is a grounded theory r  esearch, based on case studies: the cloudburst emergency management

in the cities of Amsterdam and Rotterdam. This is done by conducting interviews, studying
documents, doing observations and orga nizing a workshop. Furthermo re, the theoretical framework
for cloudburst emergency planning is advanced on the base of a literature review on resilience and

vulnerability and the outcomes of the empirical investigation.

The framework consists of four phas es: preparedness, event, response and recovery. The main
characteristic of cloudburst emergency planning is r esilience, which consists of four elements:
information and knowledge, organization, co llaboration and learning and application of new
knowledge. The aspects of information and knowledge are: awareness, expectations, geography of
the city, perspective for action, real -time information , resourcefulness and adaptation. In relation

to organization, the actors that should be involved are rainwater manage ment, local government,
emergency services, weather forecast, knowledge institutes, utility companies,  public transport and
citizens. The other aspects of organization are: willingness to act, balance prepared and
overprepared, clear roles within organizat ion, coping capacity, resourcefulness and efficiency and
responsive ness. The aspects of collaboration are: tasks and responsibilities, coordination and

information sharing.

The following recommendations are given for cloudburst emergency planning in an urb an context,

based on the theoretical framework and the empirical investigation:

- Make sure that informa  tion, organization, collaboration and learning are incorporated in the
different phases
- Involve all necessary actors, make sure they are aware of the risk and consequences of

heavy precipitation and are willing to act

- Know the tasks, roles, responsibilities and have perspective for action
- Know the physical and social geography of the city and have real -time information
- Find a balance between being prepared and being overprepared

- Coordinate actions and share information among actors and evaluate afterwards

Vi
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1. Introduction

The main aim of this research is to advance a theoretical framework for cloudburst emergency
planning ! that | started developing during my internship at the Municipality of Rotterdam in the fall

semester 2015 (De Graaf, 2016) . This framework aims at providing guidance to plan for cloudburst
emergency planning in urban areas. With this purpose, the concepts of resi lience 2 and
vulnerability 2 have been used in the process of developing the framework because they are central

to the academic debates on sustainable water management and disaster management (Miller etal. ,
2010). Inspired by a literature review on resilien ce and vulnerability, the central elements whose
investigation would improve the quality of the framework were identified. Therefore, this study
focuses on the elements dnformation and  knowledge § drganization 6 and d&ollaboration § because
these were fo und to be the most influential in tackling vulnerability and enhancing urban resilience.

By focusing on these elements before, during and after a cloudburst event 4, the negative effect on
urban areas can be mitigated. Because the concepts of resilience and vulnerability emerge from
different academic communities, they have not often been combined in previous research. But

according to Miller  etal. (2010), they can be linked successfully and complement each other.
Therefore, the following research question is developed:

How to plan for cloudburst emergency situations to increase resilience and reduce

vulnerability in a specific urban context?
The following sub questions are created to help answer this question:

1. Which information and knowledge is necessary for developing an effective plan to
handle vulnerability and increase urban resilience , how can this information be obtained
and how can this information be accessed?

2. Who should be involved in developing and implementing the plan? What are the

challenges for organizing collaboration among the relevant actors?

The topic of research is briefly introduced in this chapter. First, the context of the report is

introduced. This is broken down in three parts: global trends, urban areas and cloudbursts a nd the

Netherlands, @ Amsterdam and Rotterdam . Second , the theoretical framework for cloudburst

emergency planning is presented. Third , the academic and so cietal relevance are defined. To

conclude, the research design is giswetoreiapredentechen, the reportds
1.1 Context

1.1 .1 Global trends

Today, scholars are largely agreeing that several ecological and social shifts and changes are

taking place. Not only is the earthds cl i ofidghe societyhangi ng,
participation of citizens ©, changing patterns of governance, urbanization and the increasing

concentration of economic activities in urban areas are other trend s that are taking place at this

moment ( Bi ngham, Nabatchi, &  @ebsl 2082r yha, BlacR @& SRamorda2012;

Sassen, 2011) . Some say the society has changed to an information society (Webster, 2014) or

that this is a time of transition (Habermas, Cronin, & Pensky, 2006).



All of these trends are influencing flood risk manag ement (Jha etal. , 2012) . Some can be used to
improve it, f or example, the participation and commitment of citizens and the increasing

digitalization and information orientation of the society can be employed to generate data and

information about flooding and other water related problems (W ehn, Rusca, Evers, & Lanfranchi,
2015; White, Kingston, & Barker, 2010). Through the use of smartphones, social media and
internet, it becomes more and more easier to use citizens as a source of information of t hese

prob lems (RIONED, 2015a; W ehn etal. , 2015). Therefore, it is important to also consider their role
in water management and emergency planning so the functioning of these governmental tasks can

be improved.

1.1.2 Urban areas and cloudbursts

In relation to cloudbursts, cities are vulnerable places (Bulkeley, 2013). This vulnerability is even
exaggerating. While cloudbursts and other types of extreme precipitation are occurring more often

due to climate change, the percentage of paved surfaces and the density of cities are increasing
(see figure 1.1). This limits rainwater infiltration and therefore increases the chances on disruption

and damage (see figure 1.2) (Jha et al. , 2012). The amount of flooding and damage is mainly
influenced by the ty  pe of city district, density, the quality of the sewer system and the presence of

green and water (PBL, 2011). There are also other characteristics that make cities vulnerable.

Certain infrastructural systems, like underground transportation systems and tu nnels, are
vulnerable to flooding. Also, some other infrastructural systems rely on, are situated close to

and/or are linked to each other, so problems in one system can negatively influence other systems

and can potentially have high impacts in the socio -economic field (Bulkeley, 2013; EEA, 2012; Jha

et al. , 2012). In addition to that, the location of critical infrastructure 7 and vulnerable objects 8, like
important highways and hospitals, is often mainly planned on political and economic factors and by

the choice for their location, flooding has not been considered (White, 2008).

Urban flooding -
impervious surfaces
reduce the drainage of
rain water and increase
the risk for urban flooding

Mean percent soil sealing
of the urbanised area (UMZ)
of the core city

e 7-24

O  25-49
© 50-74
@ 75-100

Change in annual mean
number of days with
extreme precipitation
(>20 mm/day)

Bl -s0--50 %
-49--10 | 8
[s]
-0.9-1.0
1.1-5.0 %
Bl 51-131 E
|:| No data
I:l Outside data
coverage

Figure 1.1: Risk of urban flooding in Europe. Source: EEA, 2012. 2
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Figure 1.2: Percentage of paved surfaces and rainwater infiltration. Source:
Arnold & Gibbons, 1996.

Especially in cities in developing countries, cloudbursts can have large consequences. In these

cities, a proper drainage system is not present, drains are sometimes removed for road

construction and/or the drains are poorly maintained and often clocked wi th waste (Satterthwaite,
Hugq, Pelling, Reid & Lankao, 2007). Examples of cities in developing countries that are vulnerable

for cloudbursts are Lagos (Nigeria), Buenos Aires (Argentina) and Bamenda (Cameroon)

(Satterthwaite et al ., 2007). The main problem caused by cloudbursts in these cities is localized
flooding caused by inadequate drainage (Douglas etal. , 2008).

The des ign and function of urban sewer systems in the developed world is good, but they do not
have the capacity to cope with the extreme ra infall from cloudbursts. Although heavy downpour

normally only causes rather small flooding with limited consequences, like disruption of traffic and
annoyance for pedestrians through pools on sidewalk and crosswalks, extreme precipitation can

cause large damage with higher costs (Ten Veldhuis & Clemens, 2010). Cloudbursts that happened
around the world, for example in Copenhagen in 2011 and in Amsterdam in 2014, increase
awareness in other cities that climate change adaptation 9 is very important, but also that it will not

be fast enough to make sure that a city can deal with a cloudburst without problems and negative

effects. For example, the City of London identifies surface water flooding caused by heavy

precipitation as the m  ost likely type of flooding (City of London Corporation, 2014). Cloudburst

emergency plans are necessary so it is clear what to do in this type of situations and to limit their

negative effects . In other words: to be able to deal with residual risk (Jha et al., 2012) . A plan can

help to organize the response and limit the consequences (IPCC, 2014 ; Jha et al., 2012 ).

Preparedness 19 for cloudbursts can limit the consequences, contribute to organize the response and
can help to assemble all the necessary and r elevant information to limit the effects of future events
(Perry & Lindell, 2003) . Until now, the only cities with a cloudburst emergency plan are Amsterdam

and Copenhagen. Extreme weather events can cause a window of opportunity for improved



organization for future events of this type ( Neess, Bang, Eriksen, & Vevatne, 2005; Van den Berg &

Coenen, 2012; White, 2013). Apparently, this is the case in these cities.

Changes in flood risk are driven by changes in climate, territory and socio -economic related
systems (Kundzewicz & Schellnhuber, 2004). The impacts and likelihood of urban rainwater

flooding and developments that influence it, positively or negatively, are summarized in figure 1.3.

This information in this figure is based on Bingham et al. (2005), EE A (2012), Jha et al. (2012),
KNMI (n.d. a) and White etal. (2010).

Lower likelihood of flooding:
- Depaving of surface and rainproof urban Higher likelihood of flooding:
layout - More severe and more frequent heavy

- Steer vital infrastructure and vulnerable downpour
objects away from flood risk areas - Increase in paved surfaces

- Improvements in the sewer system

Urban rainwater flood risk

Less serious impacts of flooding: More serious impacts of flooding:
- Effective preparedness, response and - Climate change
recoR - Urbanization

- Citizen participation - Concentrations of economic activity in urba
- Good weather forecasts areas

Figure 1.3: Impacts and likelihood of urban rainwater flooding (own figure).

1.1 .3 The Netherlands, Amsterdam and Rotterdam

Climate change

It is estimated that in the future, it will rain more often and also harder in the Netherlands. The
Royal Netherlands Meteorological Institute (KNMI) 11 indicates in its research that the rainfall
intensity will increase approximately 14 per cent in the Netherlands with every degree the

temperat ure in Celsius increases (Lenderink , Mok, Lee, & Van Oldenborgh, 2011). The
manifestation of extreme weather will thus also increase. It is expected that in the summer season,

the chances on heavy downpour events with an intensity of at least 20 millimeter s per hour will

increase but the number of days on which it rains will decrease (KNMI, n.d. a).

Also, extreme precipitation occurs more often somewhere in a city than on a set location in that

city. How larger the size of the city, how higher the chanc es are on heavy downpour (Overeem,
2014). On average in the Netherlands, a cloudburst happens once in ten years at a certain spot

(KNMI, n.d. b).



In the Netherlands, the standard definition of a Aantal dagen met 50 mmidag of meer in de zomer (juni juli augustus)

cloudburst is at least 25 millimeters of rainfall 14 -
within an hour or when it rains ten millimeters or 15 -
more in five minutes, set by the Royal Netherlands : n._ . J{ —-jtJ(’—
Meteorological Institute (KNMI, n.d. b). il Lm 1 JW U
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Netherlands. The cha nces on flooding and other Figure . 4: Total of days per yeal
problems related to rainwater will increase (RIONED, Qzltiir:f;egﬁﬂfealkwas ‘;‘f;’}sﬁjﬁj‘rﬁ;ﬂﬁsmfﬂﬁiﬁ?ﬁogica,
2015b). Institute in the Netherlands. On top . during the
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throughout the year

Multilevel safety Source: KNMI, n.d. c.

The Netherlands has a strong tradition of water management and flood prevention. In the past,

these professions were mainly focused on sea - and river flooding and on prevention (Vis, Klijn, de
Bruijn, & van Buuren, 2003) . Therefore, the attention for emergency organization and disaster
management 2 in relation to flooding is under developed in comparison to these other concepts.

The government imp  lemented a new concept , multilevel safety,  to change the focus of attention.

Multilevel safety is a concept for water safety and flood risk
management, introduced by the national government of the
Netherlands (Oranjewoud & HKV Lijn in Water, 2011). The concept

consists of three levels, which are: prevention, spatial planning and -

organization and emergency management (see figure 1.5)
(Rijksoverheid, 2009). Combinations of actions on these three
different layers can limit the effects of flooding (Oranjewoud & HKV

Lijn in Water, 2011). The concept of multilevel safety can help to

incr ease water safety when measures in the first layer are not

possible or will take a long time (Oranjewoud & HKV Lijn in Water, Figure 1.5 : Multilevel

safety. Level 1: prevention;

2011). The second and third layer can be used to manage residual level 2: s ustainable spatial

. . . planning and -organization;

risk (Ministerie van Verkeer en Waterstaat, 2008). and level 3 emergency
management.

The third lay er is focused on limiting the consequences of residual Source: Oranjewoud & HKV

Lijn in Water, 2011.
risk (Ministerie van Verkeer en Waterstaat, 2008). Research

concluded that taking some rather inexpensive emergency management measures in level three
can increase resilience, reduce the amount of dama ge and be a useful addition to the measures
taken on the other levels (Oranjewoud & HKV Lijn in Water, 2011). Being well prepared is
important for effective management during an emergency event, which can limit damage and

victims (Ministerie van Verkeer en Waterstaat, 2008). Because risk is central in this concept, it is



possible to choose measures that fit to the local

characteristics  (Oranjewoud & HKV Lijn in Water, 2011). R 2
An institutional barrier for the implementation of the * ) - A ‘
concept is that the actors mainly focus on the prevention e )
part and therefore, the other aspects like preparedness, ‘
;

response and recovery receive very limited attention / : e el
(Van der Most, H., de Wit, S., Broekhans, B., & Roos, I; i L
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W., 2010 in: Raad voor de leefomgeving en Dentioad 9L
infrastructuur, 201 1). Cloudburst emergency Hmdmdm e S =
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Amstel, Gooi and Vecht are both using the concept. AGV
Figure 1.6: Location of Amsterdam and

thinks it is important to translate the concept of Rotterdam in the Netherlands. Map made with
. . . google maps.

multilevel safety to specific projects to become future

proof (Waterschap Amstel, Gooi en Vecht, 2015) an d the Municipality is using it in the process of

location choices for vulnerable objects (Municipality of Amsterdam, 2011).
Amsterdam

Amsterdam is the biggest city and
the capital of the Netherlands, with
833,625 inhabitants ( CBS, 2016 ). It
is located in the western, lower
parts of the country (see figure
1.6).

The city is famous for its canals in
the historical city center
(Municipality of Amsterdam, 2011).

Originally, the city was quite
compact, but expanded greatly
after the 1860s because of large

population growth due to high

economic activity in the harbors

Figure 1.7: Map building age Amsterdam. Brown: before 1860; orange:
1860 -1919; yellow: 1920 -1945; green: 1946 -1965; blue: 1966 -1990;

f and purple: after 1990.
Amsterdam Waterbestendig, 2010). Source:  http://maps.amsterdam.nl/bouwjaar/?LANG=en

(see figure 1.7) (Programma

In the past, a lot of the land has been filled with sand and therefore, most of the residential area s
are located around NAP % (see figure 1.8). The filling was necessary, because the soil in Amsterdam
was peat, which is very soft and moist (Municipality of Amsterdam, 2012). In relation to flood risk,

the filling with sand has also been beneficial. Becau se most parts of the city are now located above


http://maps.amsterdam.nl/bouwjaar/?LANG=en

the surface water levels, rainwater can flow directly from the neighborhoods in the surface water,

without having to be pumped. Also, more rainwater can infiltrate in sand than in peat.

The city faces the ch allenge to realize 70,000 more houses within the city boundaries in 2040
(Municipality of Amsterdam, 2011; Programma Amsterdam Waterbestendig, 2010). Therefore, the
density of the city will increase, which in combination with increased extreme precipitatio n due to

climate change causes a challenge to make the city rainproof and limit damage (Waternet, 2015a).

Geuzenveld Bos en Lommer Centrum

Amsterdam-Rijnkanaal

Amstel

Osdorperpolder Sloterplas Vondelpark

Flevopark IUsselmeer

NAP

Sm

-10m -

-15m

Figure 1.8 : Soil composition Amsterdam. Yellow: fill sand; light green: South Sea clay; purple: peat;
green: Amstel clay; blue: mudflat sediment; orange: Pleistocene sand deposits; and light blue: water.
Source: Municipality of Amsterdam , 2012 .

Organization water management in f T Zijkanaa!'
Amsterdam :
Amsterdam is locat ed on the catchment
areas of three  water authorities: water
authority Amstel, Gooi and Vecht (AGV),

Hoogheemraadschap van Rijnland

S At

(HHVR) and Hollands Noorderkwartier . i Diemen A& ‘,vf_.‘.—;-':"«"'(b
(HHNK). HHNK only manages the ; /}f*'vs\}\“
regional waters in the northern , more Figure 1.9: Borders of the Municipality of Amsterdam and the
different water authorities in the region. Black line: Municipal

rural part of Amsterdam. HHVR has only boundary; b lue: Hoogheemraadschap Amstel, Gooi en Vecht;

. red: Hoogheemraadschap Hollands Noorderk wartier ; green:
two small areas in Amsterdam (a part Hoogheemraadschap van Rijnland (own figure).
of a lake and of an industrial area) for which it is responsible. The rest of the reg ional waters are
managed by AGV (Programma Amsterdam Waterbestendig, 2010) (see figure 1.9).
The Municipality of Amsterdam and the water authority Amstel, Gooi and Vecht (AGV) both have
their executive function in the field of water management combined in the water cycle company
Waternet ¥ (Waternet, 2015a). In Amsterdam, this company is responsible for drinking water,
wastewater and surface water, but in the end, the Municipality and the water authority still have
the responsibility for the tasks executed by Waternet (Programma Amsterdam Waterbestendig,
2010; Waterschap Amstel, Gooi en Vecht, 2015). By combining these water management tasks in
one organization, all aspects can be taken care off in coherence (Waternet, 2015a). It is the first
organization i n the Netherlands where this is done (Waternet, 2015a). Both the water authorities
and the Municipality, as well as Waternet, are public authorities. The organization of the public

space, in relation to rainwater, is still part of the Municipality of Amste rdam.



Vision and ambition for Amsterdam

The Municipality has the ambition that in 2020, the city can cope with a cloudburst with an

intensity of 60 mm per hour, without damage to houses and vital infrastructure. 20 mm will be

processed by the sewer system and 40 mm will be temporarily retained and stored in both public

and private space (Waternet, 2015a). The vision for 2040 is that extreme precipitation is not

causing damage or nuisance and that the citizens of Amsterdam do not take good water

managementf or granted (Waternet, 2015a) . The O6acceptable | evel
by the Municipality (Waternet, 2015a). Amsterdam Rainproof informs citizens and makes them

aware that they also play a role in the management of rainwater. Both public and p rivate space is

used to prevent flooding by extreme precipitation (Waternet, 2015a). Therefore, these am bitions

are a responsibility of  all citizens of Amsterdam (Waternet, 2015a).

The water authority Amstel, Gooi and Vecht has the ambit ion to cooperate m ore with the
Municipality and the Safety R egion ¢ in disaster management (Waterschap Amstel, Gooi en Vecht,
2015). The water authority also wants to work together with knowledge institutes, other
governmental bodies and private companies on innovations and involve citizens and local

businesses in solving water related problems (Waterschap Amstel, Gooi en Vecht, 2015).

Sewer system in

Amsterdam

The biggest part of the

sewer system in

Amsterdam is a separated

system, around 75 per cent

(see figure 1.10). The ¢
combined system is mainly

located in the older parts of

the city (see figures 1.11 &

1.12). Since 1923, the

collection of sewage water

and rainwater is separated ol b

(Waternet 2015a). Excess
Figure 1.10: Sewer system in Amsterdam. Purple: combined system; green:

rainwater Is tranSported separated system. Source: Programma  Amsterdam Waterbestendig, 2010.

through the combined

sewer system to a wastewater treatment plant or through the separated system to surface water

or infiltration facilities (Waternet, 2015a). Because infiltration of rainwater in the ground is difficult
because of the composition of the soil, surface water is often used to store the water (Waterschap

Amstel, Gooi en Vecht, 2009).

The plot owner is in principle responsible for processin g rainwater on his own property (Waternet,
2015 a), which is defined by the law ( Waterwet, 2009 ). Subsequently, the municipality takes care
that the plot owner can discharge the rainwater which he cannot process himself (Waterschap

Amstel, Gooi en Vecht, 20 09). Ther efore, when new houses are built or existing houses are



remodeled, it needs to be possible to store 10 to 20 millimeters rain on plot level (Programma

Amsterdam Waterbestendig, 2010).

Figure 1.11:Sewer  system city center Am sterdam. Figure 1.12: Sewer system city area f
Brown: combined system; blue: rainwater syst em Amsterdam. Blue: rainwater system; red:
(ownmap ). sewage system (own map).

The sewer system in Amsterdam is designed for heavy downpour with an intensity of 20
millimeters  per hour, which has a return period of 2 years ' (Programma Amsterdam
Waterbestendig, 2010). The sewer system is thus not designed to cope with cloudbursts and other
types of extreme precipitation. Another problem is that the functioning of the sewer system is

influenced by the compacting of the soil (Waternet, 2015a). The capacity of the sewer system is

rather high but limited. Therefore, not all the rainwater c an be processed via the sewer system in
extreme situations. In these situations, surface water is important in preventing and limiting

problems due to heavy downpour (see figure 1.13).

Precipitation Rl kel

—> EOINLIGE RS CINE ———> Sewage
treatment plant

— Separated system

\

Drinking water mmmd Urban surface water pyg Regional surface
l water / rivers / sea

—> Ground water <

Figure 1.13: Water cycle Amsterdam. Based on: Waternet, 2015a.

' The heavy downpour with a return period of 2 years is a standardized rainfall event that is presented in the

6Gui deline sewer system (Leidraad Riolering)d (RI ONED, 2004)
as a standard to test the functioning and capacity of sewer systems. Return periods are specific for each

climatologic area (Jha et al. , 2012). However , t he rainfall in this standard rainfall event is almost the same as

the Danish return period of 10 years that is use d for designing sewer sys tems (see Bentzen ( 2014),
Kgbenhavns Brandvaesen (2012) and RIONED (2004) . See RIONED (2004) for more information on this

standard.

and



