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Summary

Introduction and research questions

Hospitals are part of the vital and vulnerable infrastructure in the Netherlands. Failure
of such infrastructure may have severe consequences on a national scale. The Dutch flood
risk management approach aims to prepare hospitals for floods through spatial adaptation.
However, the current policy does not prescribe concrete guidelines for consistent decision-
making and implementation of flood strategies to increase flood preparedness of hospitals.
The engagement of stakeholders in this process is also arbitrary. Hospitals are required to
have disaster preparedness plans, but the contents are not prescribed. In practice, hospitals
are often unaware of flood risk and, if considered, hospitals do not have the knowledge or
tools to make substantiated decisions on flood strategies.

The stated problems resulted in the main research question: How can flood preparedness
of hospitals in the Netherlands be assessed and improved? The main aim of this research is
to quantitatively assess the flood preparedness of hospitals to enable comparison between
flood strategies and to make recommendations on which stakeholders should be engaged
for the implementation of flood strategies and how this can be achieved.

Methodology

First, a literature study was conducted. In the literature, flood preparedness of hospitals
is defined as the anticipation and mitigation of flood disasters to reduce the loss of human
life. The literature study also identified four flood strategies that hospitals can implement
to improve their flood preparedness: “shelter in place with additional measures”, ”shelter
in place without additional measures”, “accept” and ”preventive evacuation”. Additional
measures may consist of spatial adaptation of the hospital, increasing stocks and staffing,
making emergency plans or discharging patients. Two hospitals were selected as cases: the
Reinier de Graaf Gasthuis (RAGG) and Erasmus Medical Centre (EMC). Flood scenarios that
threaten these hospitals were retrieved from the National Water and Floods Information
System (LIWO). A first round of interviews (called phase 1 interviews) was held with em-
ployees of these hospitals and a flood expert. In a second round of interviews (called phase
2 interviews), (former) doctors of the VieCuri Medical Centre (VCMC) with flood experience
were interviewed.

The phase 1 interviews, combined with the literature and a tour at the selected hospitals,
were used to identify flood preparedness indicators. Each indicator represents a set of hos-
pitals facilities and processes that are critical to the continuity on healthcare. The selected
indicators were evaluated through the phase 2 interviews. The flood preparedness indica-
tors, flood scenarios and phase 1 interviews were used to assess the flood preparedness of
the RdGG. Critical flood levels were assigned per hospital facility and for the suppliers. The
flood impact per scenario was subsequently derived by verifying whether the critical flood
levels were exceeded, which would result in failure. The hospital facilities were grouped per
flood preparedness indicator. It was assumed that if any of the hospital facilities belonging
to a flood preparedness indicator fails, that specific indicator fails. If any of the indicators
fail, it is assumed that the continuity of healthcare has failed (see Figure 1). This series
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system was used to quantify the flood impact of each flood scenario in terms of fatalities
among patients and types of costs to a hospital. These two factors depend on the flood
strategy implemented by a hospital. The result is an overview of the availability of each
flood preparedness indicator per flood scenario and the number of fatalities and types of
costs per flood strategy. The phase 2 interviews were used to evaluate mortality rates and
the classification of patients.
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Figure 1: Scheme of the proposed series system for continuity of healthcare at hospitals
containing examples of hospital facilities and flood preparedness indicators.

Based on the literature and phase 1 interviews, stakeholders that could be engaged for
the implementation of flood strategies were identified and organised per flood strategy.
The stakeholders” power, influence and attitude regarding the implementation of each flood
strategy was determined to obtain recommended actions for stakeholder engagement. Sub-
sequently, the current and desired level of stakeholder engagement was mapped. These
steps resulted in an overview of which stakeholder should be engaged per flood strategy.
The phase 2 interviews were used to obtain recommendations on how these stakeholders
can be engaged.

Results

Six different flood preparedness indicators were selected that together describe flood pre-
paredness of hospitals. The characteristics of the flood strategy “preventive evacuation”
significantly differ from the other flood strategies. Therefore, a different set of flood pre-
paredness indicators is selected for this and the other flood strategies. For preventive evac-
uation, the following flood preparedness indicators are selected:

* Availability of modes of transport for patients
* Having prepared emergency management plans
* Availability of sufficient and qualified personnel

7

For the flood strategies “shelter in place with additional measures”, “shelter in place without
additional measures” and ”accept”, the flood preparedness indicators below are selected:
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* Availability of critical equipment

* Having sufficient supplies in stock

* Availability of utilities

* Having prepared emergency management plans
* Availability of sufficient and qualified personnel

The methodology for quantitatively assessing hospitals’ flood preparedness was applied to
the RdGG and EMC. Four flood scenarios threaten RdGG. Two scenarios threaten the EMC
For all scenarios it was found that the continuity of healthcare is disrupted. Figures 2 and 3
provide an overview of the costs and fatalities per flood strategy for the RdGG and EMC
respectively. Comparing these figures, it becomes apparent that the number of fatalities for
the EMC is much higher than for the RdGG for every flood strategy. For the RdGG, more
expensive flood strategies result in less fatalities. For the EMC, this is only true if the flood
strategies ”shelter in place with additional measures”, “shelter in place without additional
measures” and “accept” are regarded. “Preventive evacuation” is more costly than “accept”,
but results in more fatalities.

Figure 2: Number of fatalities at the RAGG caused by the flood
scenario “Precipitation 10007, “Precipitation 100”, “Precipita-
tion 10” or “Regional 100” and costs per flood strategy.



Figure 3: Number of fatalities at the EMC caused by the flood sce-
nario ”Parksluizen 1” or ”Parksluizen 2” and costs per flood
strategy.

Table 1 contains the overview of which stakeholders should be engaged for the implemen-
tation of each flood strategy. During the phase 2 interviews two medical expert with flood
experience at hospitals shared their view on how relevant stakeholders could be engaged.
No consensus was found on a single “best” method. Instead, two methods were proposed:
enforcing engagement through legislation and creating awareness. These two methods for
stakeholder engagement contain aspects that are also mentioned in the literature (Olejniczak
et al., 2020): using the law, an incentive or providing information to steer decisions. Accord-
ing to the experts, the advantage of enforcing engagement through legislation is that, in
theory, success is guaranteed once the legislation comes into force. However, the experts
also mentioned that the costs of enforcement, the duration of implementing new laws and
the experience that hospitals already have to meet many obligations are downsides. The
stated advantage of creating awareness is that broad support is created, resulting in willing-
ness to be engaged. However, this method is said to be unpredictable and requires a lot of
time to succeed.
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Table 1: Overview of which stakeholders should be engaged per flood strategy.

Stakeholder Shelter in place Shelter in place Accept Preventive
with additional without additional evacuation
measures measures

Hospital Executive
Board

Hospital personnel

Hospitals
receiving patients

Patients

Ambulance
services

Suppliers

Utility companies
Water boards
Municipalities

Safety regions

Engaged:
Not engaged:

Discussion

The flood preparedness of the RdGG and EMC have been assessed and recommendations on
which stakeholder should be engaged and how this could be achieved were made. The
most important remarks regarding the applicability and limitations of this research are dis-
cussed.

Two different equations were proposed to calculate the number of fatalities. One equation
was proposed for the flood strategies “shelter in place with additional measures”, “shelter
in place without additional measures” and ”accept”. The outcomes of this equation are
influenced most by the assumed duration of the flood and the mortality rate. A different
equation was proposed for "preventive evacuation”. This equation is most sensitive to the
mortality rate for successful and unsuccessful preventive evacuation.

The two selected hospitals have varying characteristics. Because the methods from this
research could be applied to these hospitals, they are expected to be applicable to other
hospitals too. However, by studying only two hospitals, the applicability of the method that
was developed could only be verified to a limited extent.

This research has made a number of scientific contributions. First, this studies proposed
six flood preparedness indicators that also take into account the dependency of hospitals
on services that are externally supplied. Furthermore, this research provides a detailed
overview of fatalities and cost estimations per flood strategy to facilitate decision-making of
flood strategies. This research also makes recommendations on which stakeholders should
be involved per flood strategy. In addition, medical experts who have experience hospital
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oods were asked for their view on how stakeholders could be engaged. These expert
opinions are a rst step towards creating a policy where relevant stakeholders are actively
engaged for the implementation of ood strategies at Dutch hospitals.

Conclusion

Essential hospital functions can be categorised based on the ood preparedness indicators.
The availability of these indicators during oods can be used to quantitatively assess ood
preparedness in terms of fatalities and types of costs. The results of the assessment can be
used to compare ood strategies that can be implemented to contribute to ood prepared-
ness. For theRdGG and EMC, "shelter in place with additional measures” yield the least
amount of fatalities and is therefore the "best” ood strategy. Stakeholders were identi-
ed per ood strategy, which showed that for every ood strategy, except for "accept”, at
least the Executive Board of a hospital, hospital personnel, water boards, municipalities and
safety regions should be engaged to realise the implementation of ood strategies. Experts
with lived experience recommended to engage stakeholders through legislation or creating
awareness. In conclusion, ood preparedness has been assessed, enabling decision-making
regarding ood strategies. By engaging the right stakeholders for the implementation of
these ood strategies, the ood preparedness of hospitals in the Netherlands can be im-
proved.

For future research, it is recommended to add more cases to verify whether the proposed
methods are generally applicable to Dutch hospitals. To estimate the number of fatalities per
ood strategy more accurately, it is recommended to calibrate the fatality equations based on
historical ood events at hospitals. Lastly, it is recommended to analyse the vulnerability of
the regional healthcare system to supplier failure during oods. It is suggested to consider
all scenarios that can ood suppliers and to prioritise suppliers that distribute supplies to
multiple hospitals.
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1. Introduction

1.1 Context

Functions such as electricity, drinking water, telecommunications, transport and healthcare
are part of the vital and vulnerable functions in the Netherlands. Failure of these functions
may result in severe consequences on a national scale (Kennisportaal Klimaatadaptatie, n.d.).
One of the causes for failure of these functions that has to be anticipated in the Netherlands is
oods. There are several types of oods in the Netherlands, illustrated in Figure 1.1. For this
research, breaches of primary and regional ood defences (type 6 and 5), high water at the
outer dyke area (type 7) and extreme precipitation (type 1) are considered. Approximately
47% of the Netherlands is protected against oods by primary ood defences. 62% of the
Dutch population (in 2022), or 10,9 million people, lives in this threatened area. If the
regional ood defences fail, approximately 20% of the Netherlands could be ooded. An
additional 4% of the Netherlands is outer dyke area that can be ooded, housing 75.000
people. Extreme precipitation can occur throughout the Netherlands. Floods of this type
usually occur due to high-intensity rainfall or large-scale and long-lasting rain events (Mens
et al., 2024).

Figure 1.1: Types of oods in the Netherlands. 1: Precipitation directly on the object. 2:
High groundwater level. 3: Overloaded sewage systems. 4: Over owing of regional
surface water. 5: Breach of regional ood defences. 6: Breach of primary ood defences.
7: Flooding of an outer dyke area (Klopstra & Kok, 2009).

Climate change leads to more extreme weather, which poses a risk to the water safety of
the Netherlands (Ministry of Infrastructure and Water Management, 2023a). To reduce the
risk of ooding, the multi-layer safety approach is used in the Netherlands (Figure 1.2). The
original approach contained three layers: prevention, mitigating consequences and spatial
planning. Recovery and water awareness were later added, bringing the total to ve layers
(Harbers, 2022):
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1. Prevention. By building ood defences, oods can be prevented.

2. Consequence mitigation or spatial planning. When a ood occurs, spatial planning
can mitigate the impact.

3. Crisis management. Through organisational preparation, further impact mitigation
can be achieved.

4. Recovery. Damage cannot always be prevented, which is why recovery is an important
aspect to consider.

5. Water awareness. Citizens should be aware of the ood risks that they are exposed to
and should know what they can do themselves to prevent problems with excess water.

Figure 1.2: The ve layers of multi-layer safety as proposed
by the Pluvial and River Flooding Policy Platform (Harbers,
2022).

The Delta Programme for Spatial Adaptation ( DPRA) is part of the multi-layer safety vision.
This programme aims to make the Netherlands resilient to heat, water shortages, excess wa-
ter and the effects of ooding by 2050 through spatial adaptation (Ministry of Infrastructure
and Water Management, 2023a). Regional stress tests are conducted in the context of the
DPRA to identify vital and vulnerable functions. After the stress tests, risk dialogues are
held to arrive at an implementation agenda for that region.

In 2021, extreme precipitation in Belgium, Germany and the southern part of the Nether-
lands caused high water levels in the river Meuse. This event lead to oods throughout
Limburg and to the evacuation of the vcmMmc in Venlo. This hospital is located adjacent to the
Meuse and is protected by a dyke. Before the construction of the dyke, the vcmc had been
ooded before in 1993 and 1995. In 2021 it was feared the dyke would over ow. Ultimately,
no ooding occurred, but the hospital was out of use for ve days. It took two days to
reopen the hospital because all installations had to be restarted and their correct function-
ing had to be veri ed (VieCurie Medisch Centrum, 2021; Wijkhuis & Van Duin, 2023). In
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the aftermath, the Pluvial and River Flooding Policy Platform (in Dutch: Beleidstafel wa-
teroverlast en hoogwater) was established. This platform recommended adding recovery
and water awareness to the multi-layer ood risk approach. The platform also urged to start
performing supra-regional stress tests (in Dutch: bovenregionale stresstesten) in addition
to the existing regional stress tests to identify the consequences of an extreme precipitation
event at the scale of the water system and possible cascade effects. Lastly, the platform pro-
posed to have "Water and Soil as Leading Factors” (in Dutch: "water en bodem sturend”).
This policy means that spatial planning is adjusted to (ground)water, instead of vice versa
(Harbers, 2022).

1.2 Problem de nition

The Dutch ood risk management approach (see Section 2.2) aims to achieve ood prepared-
ness for vital and vulnerable functions, such as hospitals, through spatial adaptation. How-
ever, the risk dialogues used for this purpose are unstructured (Kennisportaal Klimaatadap-
tatie, 2021). There are no prescriptions for the involvement of certain stakeholders, such
as hospitals (see Section 2.2). No method exists to systematically decide on which ood
strategies (see Section 2.3) should be implemented to guarantee the ood preparedness of
hospitals. The same applies to the decision of which stakeholders should be involved in the
implementation of these ood strategies (see Section 2.4.3).

Hospitals are required by law to have disaster preparedness plans, but the required con-
tents are not specied. The quality of hospitals' disaster preparedness is qualitatively
assessed through self-evaluation and intercollegiate assessment (Landelijk Netwerk Acute
Zorg, 2024). As aresult, Dutch hospitals are not adequately prepared for disasters (Blanchette
et al., 2023). Flood risk, for example, is often neglected by hospitals. Because hospitals
do not have qualitative tools to compare ood strategies, they cannot make substantiated
choices about ood coping strategies (Kolen, 2013; Van Eijk, 2022; World Health Organi-
zation, 2017). Hence, in practice, investments for ood risk management are rarely made
(Kolen et al., 2017).

If a hospital is expected to be unable to maintain the continuity of healthcare, risking patient
safety, the decision is made to evacuate (McGinty et al., 2017). In the Netherlands, this ood
strategy has been proven to be possible for one threatened hospital. However, up to eleven
hospitals can be simultaneously ooded in the Netherlands. In that scenario, hospitals,
along with the local population, are unlikely to be able to leave the threatened area in time
(Kolen, 2023). Other researches also indicate that evacuation is not always the preferred
strategy, but deciding which strategy is "best” in speci ¢ situations is an ongoing matter
(Kolen, 2013; McGinty et al., 2017; Zane et al., 2010).

In summary, hospitals in the Netherlands are not adequately prepared for oods. There
are no guidelines on how to determine which ood strategies should be implemented at
hospitals and how stakeholders should be involved in the implementation.

1.3 Research objectives and scope

The goal of this research is to overcome the problems stated in the previous section by
developing a quantitative method to assess hospital ood preparedness, with the aim of
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enabling hospitals to decide on ood strategies. Furthermore, this research aims to obtain
information on which stakeholders should be engaged for the implementation of each ood
strategy considered and to make recommendations on how stakeholder engagement can be
achieved.

This research is limited to the policy for improving the ood preparedness of hospitals in
the Netherlands. More speci cally, it makes recommendations on methods that could be
used to decide between ood strategies and on methods to engage stakeholders. However,
it does not prescribe the content of the results. In this line of thought, the execution phase
is excluded.

It should be acknowledged that causes for oods may be different for certain regions of
the Netherlands (e.g. caused by storm surges, extreme river discharges, etc.). For this
research, oods caused by precipitation events and breaches in primary or regional dykes are
considered. These different types of causes of oods may result in varying recommendations
with regards to ood strategies for hospitals, depending on the region.

The methods of this research are intended to be applicable to Dutch hospitals. Other types of
vital and vulnerable infrastructure are not considered in this research. Causes of disasters,
different from oods, that can disturb healthcare continuity are beyond the scope of this
study.

1.4 Research guestions

The main research question is:
How can ood preparedness of hospitals in the Netherlands be assessed and improved?

To answer this question, several sub-questions (SQg are formulated.

SQ1 Which ood preparedness indicators are relevant for contributing to the choice of ood
strategies implemented by Dutch hospitals?

SQ2 What is the ood impact on Dutch hospitals given their level of ood preparedness?

SQ3 Which stakeholders should be involved per ood strategy in the process of implement-
ing ood strategies for Dutch hospitals?

SQ4 How can relevant stakeholders be engaged for the implementation of ood strategies
according to experts with lived experience?

To address the research gaps corresponding to the problems stated in Section 1.2, rst,
ood preparedness indicators will be identi ed that together indicate the level of ood
preparedness of a hospital. Based on the level of ood preparedness, the ood impact
can be assessed per ood strategy, allowing comparison of ood strategies. Then, it is
researched which stakeholders should be engaged to implement ood strategies at hospitals.
Finally, medical experts who have experience with hospital oods are asked about their
view on how stakeholders could be engaged. These experts work on the interface between
healthcare and ood risk management. Therefore, their interdisciplinary perspective is a
valuable contribution to this research.
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Chapter 2 contains the literature review. Concepts fundamental to this research are intro-
duced in this chapter. Chapter 3 describes the methodology for this research. The cases,
ood scenarios and interviews are introduced. In Chapter 4 the ood preparedness indica-
tors for hospitals are selected. In Chapter 5, the impact of oods on hospitals is quanti ed
with the help of the ood preparedness indicators. In Chapter 6, stakeholders are selected
per ood strategy for the implementation of these ood strategies. The applicability of the
proposed methods is discussed in Chapter 7. In Chapter 8, the nal conclusions are drawn
and recommendations for further research are given.



2. Literature review

This chapter elaborates on the research problems and gaps introduced in Section 1.2. First,
ood preparedness of hospitals is de ned in Section 2.1. Section 2.2 discusses policies of
the Dutch government that are aimed at ood protection of the Netherlands and hospitals

in speci c. In Section 2.3, the four ood strategiesthat are used throughout this thesis are
introduced. Previous studies and their ndings and limitations are discussed in Section 2.4.
Research gaps are identi ed and the concept of ood preparedness indicatois introduced.
Finally, Section 2.5 summarises the research gaps.

2.1 De ning ood preparedness of hospitals

Preparedness for disasters in the context of healthcare is the knowledge and capacity to
"anticipate effectively, respond to and recover from the impacts of likely, imminent or cur-
rent hazard events or conditions” (World Health Organization, 2015, p. 132). This de nition
of preparedness is similar to the de nition of resilient healthcare systenby Rentschler et al.
(2021), who also state that such a system should be able to maintain its core functions and
protect human life during a disaster. According to Van Beek et al. (2015), ood prepared-
ness of hospitals is de ned as being prepared for oods or extreme precipitation events that
may threaten patient safety or the operations of the hospital. World Health Organization
(2015, p. 7) elaborates on the safety aspect of hospitals during crises: the services of a hospi-
tal should "remain accessible and functioning at maximum capacity” throughout disasters.
The recurring aspects of these de nitions are combined and yield a de nition of ood pre-
paredness of hospitals that will be used in this research. Flood preparedness of hospitals is
de ned as the anticipation and mitigation of ood disasters to reduce the impact on the core
functions of hospitals during and directly after the ood event with the goal of protecting
human life.

2.2 Flood risk management approach in the Netherlands

To ensure that the Netherlands remains safe for decades to come, new safety standards for
ood defences were added to the Water Act in 2017. As of 1 January 2024, the Water Act
has been merged with other acts into the Environment and Planning Act (Dutch: Omgev-
ingswet). This act contains almost all laws regarding water. It speci es the responsibilities of
government agencies with a water management function. These agencies are Rijksoverheid!,
provinces, water boards? and municipalities. The Environment and Planning Act also stip-
ulates that the Delta Programme Commissioner, the head of the National Delta Programme,

1The Rijksoverheid, or central government, is the part of the government that works on national level. Ministries
are part of the Rijksoverheid.
°The Netherlands has 21 water boards. They are responsible for water management in their region.
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must publish a Delta Programme every year. The Delta Programme has three main themes:
water safety, fresh water and spatial adaptation. Parts of the Delta Programme are high-
lighted to provide context of the Dutch ood risk management approach in the Netherlands
and to address the policy gap related to determining and implementing ood mitigating
measures at hospitals in the Netherlands.

2.2.1 Flood Protection Programme

The Flood Protection Programme (HWBP) is part of the Delta Programme for Water Safety.
The water boards and Rijkswaterstaat (RwS) collaborate to execute the dyke reinforcements
for the HWBP. The predecessor, namedHWBP-2, is nearly nished. The current HWBP started
in 2014. By 2050 all ood defences should meet the safety standards. Once the reinforcement
is completed, for people living behind dykes, the chance of death caused by a ood is
1/100.000 per year or lower, depending on the consequences of a ood. It is the largest dyke
reinforcement programme since the Delta Works, comprising 1500 km of dykes and more
than 400 structures (Ministry of Infrastructure and Water Management, 2023b).

2.2.2 Delta Programme for Spatial Adaptation

Not only is there a focus on ood prevention in the Delta Programme, the DPRA focusses on
spatial adaptation to minimise the impact of oods when they occur. Also heat stress and
droughts are considered. The goal is to realise a climate-resilient and water-robust spatial
planning. The yearly updated DPRA contains the progress and plans for the Delta Decision
for Spatial AdaptationPreferential Strategieand Delta Plan for Spatial Adaptation

2.2.3 Delta Decision for Spatial Adaptation

The Delta Decision for Spatial Adaptation is a national framework that contains ambitions
regarding spatial adaptation that apply to the whole of the Netherlands. Every six years,
the framework is reassessed and updated accordingly. The ambitions are translated into
regional speci ¢ Preferential Strategies. These give direction to the measures that are to be
developed as part of the Delta Plan for Spatial Adaptation.

2.2.4 Delta Plan for Spatial Adaptation

The Delta Plan for Spatial Adaptation describes what measures will be implemented and the
corresponding planning. The Netherlands has been divided into 45 working regions where
the Rijksoverheid, provinces, water boards and municipalities cooperate to accelerate the im-
plementation of spatial adaptation. The region have to conduct stress tests every six years to
identify vulnerabilities of objects and functions regarding the themes water nuisance, heat
stress, droughts and oods. Information is collected on the effects of climate change and
predicted problems with regard to vulnerable objects and functions. Special attention is
paid to the identi cation of vital and vulnerable functions. On a national level, 13 vital and
vulnerable functions are distinguished. Access to healthcare is one of them. Then, risk dia-
logues are held among government agencies and other local stakeholders. The aim of these
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dialogues is to raise awareness, to determine which risks are acceptable and to develop mea-
sures. Subsequently, these measures are then put on the implementation agenda (Ministry
of Infrastructure and Water Management, 2023a). It is not prescribed how the stress tests
and risk dialogues should be conducted. The available time and work capacity determine
how extensive and thorough this process will be (Kennisportaal Klimaatadaptatie, 2021).
Therefore, consistency in the involvement of objects and stakeholders across different work-
ing regions cannot be guaranteed. Therefore, there is no consistent process for determining
and implementing ood mitigating measures for hospitals.

2.3 Flood strategies used by hospitals

When there is a ood threat, the available information is based on weather forecasts and
predicted water levels. Due to uncertainty in the prediction models, it is uncertain whether
a ood will occur and where it would take place. As a result, the threatened area is likely to
be larger than the ooded area. Consequently, only a part of the threatened hospitals will be
ooded. The time available between the detection of the threat and the onset of the ood is
used to initiate ood strategies to reduce the impact of a possible ood. Therefore, hospitals
use ood strategies more often than they are ooded. These ood strategies may also have a
negative impact. However, this impact is accepted because ood strategies reduce the impact
of oods, which may possibly be greater than the impact of ood strategies (Kolen, 2023).
Flood strategies that are typically used by hospitals are "preventive evacuation”, "shelter in
place with additional measures” and "shelter in place without additional measures” (Balsari
et al., 2016; Kolen, 2023; McGinty et al., 2017). These ood strategies are described in detalil
in this section. As mentioned in Section 1.2, deciding which ood strategy is "best” can be
different per hospital and is an ongoing matter. Section 2.4 addresses what is known in the
literature about deciding between these ood strategies.

Preventive evacuation

This ood strategy is initiated when there is a ood threat, before the ood occurs. All
patients and staff leave the threatened hospital and are relocated to other hospitals that are
not threatened. Two factors determine the success of preventive evacuation: the size of
the threatened area and the available time for evacuation. The size of the threatened area
determines how many hospitals are simultaneously threatened. In the Netherlands, up to
eleven hospitals may be simultaneously ooded, assuming that only one breach can occur
simultaneously (Kolen, 2023). The number of simultaneously threatened hospitals may be
much higher, because it is uncertain where the breach will occur. Due to this uncertainty,
many of these threatened hospitals are expected to evacuate preventively, although not all of
these hospitals are ooded. Hospital patients are vulnerable and often need special vehicles
(such as ambulances) to be safely evacuated. If multiple hospitals are simultaneously evac-
uating, these resources have to be divided, resulting in a slower evacuation process. Besides
hospitals, other people will also want to leave the threatened area at the same time, using
the same infrastructure. This may lead to congestion and may further slow the evacuation.
The accessibility of the non-threatened area also in uences the evacuation progress. The
amount of available time depends on when ood warnings are given. The evacuation frac-
tion indicates what fraction of the evacuees is able to get to a safe area before the onset of
the ood. Depending on these factors, preventive evacuation is not always viable. Especially
for densely populated areas with a large number of hospitals the evacuation fraction is rel-
atively low (Kolen, 2013). It should be noted that evacuation, even if successful, remains a
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risky undertaking for patients and can cause death (McGinty et al., 2017).

Shelter in place with(out) additional measures

Another ood strategy is to shelter in place. The hospital is prepared for the ood by
moving people and equipment to higher oors of the hospital where the ood cannot reach.
However, this ood strategy can still lead to harsh conditions within the hospital, posing

a threat to vulnerable patients. Therefore, it may be decided to take additional measures.
Such ood mitigating measures may consist of (Kolen, 2023; Van Beek et al., 2015):

» Spatial adaptation of the hospital to reduce damage. This can consist of permanently
relocating equipment to higher locations, waterproo ng the hospital, constructing
(temporary) ood barriers or adding redundant equipment. For example, after re-
peated ooding from the river Meuse, a dyke was constructed to protect the vcMC
(Van Beek et al., 2015). At the hospital in Tampa (Florida), temporary ood barriers
were installed outside the hospital to protect the hospital against Hurricane Milton
(Toussaint, 2024). Alternatively, ood barriers can also be installed in doorways. The
Slingeland Hospital in the Netherlands used sandbags and pumps to combat ooding
caused by a heavy precipitation event (NOS, 2024). At the EMC, doorsteps are elevated
to prevent water from easily owing into or through the hospital (HKV lijn in water,
2017). Lastly, the Meander Medical Centre in the Netherlands has placed all critical
equipment above the expected ood level (Van Beek et al., 2015). Each of these spatial
adaptation measures has the goal to reduce the recovery time after the ood.

* Increasing stocks and staf ng to be able to continue functioning independently for a
longer period of time.

» Making emergency plans for the rescue or resupply of the hospital, reducing the time
that patients are exposed to harsh conditions.

« Discharging patients who are healthy enough to be independent of acute medical care,
reducing the number of patients in the hospital that is affected by the ood.

Accept

Another ood strategy may be to accept hospital ooding. No efforts are made to prepare
the hospital or its patients for the ood. Although it is not realistic to expect hospitals to
have no emergency plans at all, it can be argued that hospitals without emergency plans
regarding oods have adopted this ood strategy. This ood strategy can be seen as a
benchmark to compare other ood strategies.

Four ood strategies that are typically used by hospitals are considered for this research:
"preventive evacuation”, "shelter in place without additional measures”, "shelter in place

with additional measures”, and "accept”. These ood strategies are used to increase the
ood preparedness of hospitals. In the next section, it is discussed how previous studies

assess ood preparedness and decide on ood strategies.

2.4 Previous studies

2.4.1 Assessment of hospitals' ood preparedness

To nd literature on assessment of hospitals' ood preparedness, the following search query
was used in Scopus:
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TITLE-ABS ( ood* AND hospital* AND (" ood impact” OR index OR preparedness ) )

This query lead to the identi cation of 143 documents, of which 4 documents were selected
based on title and abstract. Additional documents were provided by experts. The sources
used by the researches that were found were used to identify additional documents.

In the area of ood risk management, several previous studies used indicators to assess
ood risk and impact for an area or building. In these studies, a set of indicators is de ned
that together can model a ood-related concept, such as urban ood resilience (Batica &
Gourbesville, 2014), ood susceptibility (Miranda et al., 2023), ood risk (Phongsapan et al.,
2019) and hospital disaster preparedness (World Health Organization, 2015). These indica-
tors are assessed separately and are subsequently aggregated, resulting in a single overall
score. For instance, to quantify preparedness of hospitals for serval types of disasters, the
Hospital Safety Index (HsI) was developed (World Health Organization, 2015). The HSI con-
sists of 151 indicators that are assessed by experts. As a result, scores per indicator and an
aggregated safety score are obtained. Therefore, theHs! yields a comprehensive overview of
hospital disaster preparedness (including ood preparedness). In general, using indicators
to assess ood risk and impact enables making speci ¢ recommendations on improvement
and effective resource allocation (Phongsapan et al., 2019; World Health Organization, 2015).
However, regarding the HsI, the assessment of the extensive set of indicators has to be car-
ried out by a well-trained multidisciplinary team that requires full access to a hospital. This
makes the application of the HsSI impractical (Lamine et al., 2023). In addition, the tool con-
siders a wide range of disasters making the tool less suitable for speci cally assessing ood
preparedness of Dutch hospitals.

Another study investigated the ood preparedness of hospitals in the Netherlands (Van
Beek et al., 2015). A case study and questionnaires were conducted to identify critical hos-
pital facilities and their location within the hospital building. By comparing the elevation of
the hospital facilities and expected ood depths it was determined which facilities can get
ooded. Recommendations were made for spatial adaptation of hospitals, but the recom-
mendations do not take into account which measure best suits a particular ood strategy.
Furthermore, it is not taken into account which stakeholders would be needed to imple-
ment these spatial adaptation measures. The research underlined that the availability of
access roads and externally provided facilities (such as supplies, personnel and utilities) is
a prerequisite for critical hospital functions to remain available. However, these externally
provided facilities were not further considered.

That the ood impact as a direct consequence of ooding at the hospital is already quite
well-researched is con rmed by another research (Kolen et al., 2017). The probability of
occurrence of water depths at a certain location is, for example, summarised in ood risk
pro les (see Section 3.3). It should be emphasised that hospitals function in a network
(Kolen et al., 2017). So in addition to direct consequences, hospitals can experience indirect
consequences from oods even though the hospital itself is not ooded. Certain supplies
are delivered multiple times a day to a hospital. In addition, hospitals often buy medical
supplies in bulk to save money. Many hospitals are simultaneously affected if such a supplier
is ooded. The ooding of suppliers can disrupt the delivery of food or medicines, for
instance, jeopardising the continuity of healthcare at hospitals. The cascade effects due to
the failure of other parties in this network, such as suppliers, have not been mapped by
previous studies.

Flood preparedness of hospitals has been analysed in previous studies. The applicability
of indicator-based assessment in the area of ood risk management has been proven and
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has already been applied to hospitals. What is lacking is a set of indicators that is relevant

for assessing ood preparedness of hospitals in the Netherlands. In this research, this set of

indicators is referred to as ood preparedness indicator¥hrough considerate selection of these
ood preparedness indicators, this research regards both direct and indirect ood impact.

2.4.2 Flood strategy decision-making

To nd literature on ood strategy decision-making, the following search query was used in
Scopus:

TITLE-ABS ( ood* AND hospital* AND ( strategy OR measure* ) AND ( decide OR decision* OR
compar*))

In total, 71 documents were identi ed through this query. Based on title and abstract, 1
source was selected. Additional documents were suggested by experts to increase the num-
ber of useful sources. The bibliography of the identi ed documents led to the identi cation

of more sources.

Besides assessing ood preparedness of Dutch hospitals with ood preparedness indicators,
it is desirable to compare ood strategies (see Section 2.3) and decide which is preferable for
a speci ¢ hospital. In the literature, there is a decision guide for hospital evacuation (Zane
et al., 2010). This guide suggests self-assessment of hospitals to decide between evacuation
and shelter in place. The self-assessment is supported with a list of questions pertaining
to the vulnerability of critical hospital facilities. The decision process is summarised in a
ow chart. However, this guide is not specic to ood disasters and only considers evac-
uation and sheltering in place. In addition, the guide does not allow for comparison of
ood strategies. Research looking at the ood strategy decision process in hospitals dur-
ing Hurricane Sandy suggested that data on morbidity and mortality associated with the
stay or go decision would allow decision makers to better assess risks, aiding hospitals in
the decision-making process (McGinty et al., 2017). Previous studies looked at quantitative
comparison of ood strategies for hospitals in the Netherlands (Kolen, 2013, 2023). The
number of expected fatalities was calculated per ood strategy with optimistic and pes-
simistic assumptions about the number of affected people and the mortality rate. Although
the calculation allowed for comparison of ood strategies, it remains conceptual and is not
applied to an existing hospital.

Deciding on ood strategies has previously been researched. Quanti cation of ood impact
per ood strategy enables hospitals to compare ood strategies and decide on the most
preferable option. Although calculations have been made in previous reports for illustrative
purposes, quantitative comparison of ood strategies has not yet been applied to specic
hospitals.

2.4.3 Stakeholder engagement and hospitals’ ood preparedness

To nd literature on stakeholder engagement to improve ood preparedness, the following
search query was used in Scopus:

TITLE-ABS( ( ood* AND ( stakeholder* OR collaborative* OR engagement* ) AND hospital* ) )

This search query resulted in 36 sources from which, based on title and abstract, one source
was selected. Various search queries with similar terms were used, which yielded no new

11
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useful results. Experts provided additional sources. Furthermore, the bibliography of rele-
vant sources was used to further expand the number of papers.

In the collected literature, it was found that a knowledge gap exists at hospitals in terms
of knowledge about the local impact of oods. Therefore, hospital employees cannot make
informed decisions about ood preparation (Van Eijk, 2022; World Health Organization,
2017). In many hospitals, the knowledge of spatial and organisational factors, such as the
vulnerability of hospital buildings and the redundancy of hospital resources, must be ex-
panded. Many authors state that ood preparedness is necessary for hospitals to mitigate
the effects of ood disasters and that ood preparedness must be achieved through the
engagement of external experts, among others, from the eld of ood risk management
and spatial planning (Adelaine et al., 2016; Krause et al., 2023; Ministry of Infrastructure
and Water Management, 2023a; Rattanakanlaya et al., 2021; Van Eijk, 2022; World Health
Organization, 2017). However, other studies found that when the number of disciplines
involved increases, social complexity arises (Bergman & Beehner, 2015; Den Heijer et al.,
2023). People from different disciplines will have different roles, views and responsibilities

in a framework. Furthermore, dependence on speci c individuals (e.g. ood experts) during
disasters makes disaster response unreliable (Adelaine et al., 2016). Nevertheless, despite its
complexities, an integrated approach can overcome separated policy approaches, providing
better solutions and facilitating their implementation (Cumiskey et al., 2019).

To combat the impact of oods on hospitals, the literature suggests that ood preparedness
is necessary. To achieve ood preparedness, it is recommended that stakeholders from dif-
ferent disciplines are involved, in addition to hospitals. However, in the literature it is not
discussed which stakeholders should be engaged to improve ood preparedness of hospi-
tals, indicating a research gap. The small number of articles identi ed with the search query
supports this nding. This research focusses on which stakeholders should be engaged to
achieve ood preparedness of hospitals in the Netherlands. In addition, medical experts
who have experience with hospital oods are asked for their view on how stakeholders
could be engaged for the implementation of ood strategies, providing an interdisciplinary
perspective.

2.5 Summary of research gaps

Several research gaps have been identi ed in this chapter. Firstly, the Dutch ood risk man-
agement approach does not contain clear guidelines on how to determine which ood strate-
gies should be implemented at hospitals to improve their ood preparedness and which
stakeholders should be engaged for implementation. The literature was used to identify to
what extent these gaps have been addressed. Indicators have previously been applied to
assess disaster preparedness of hospitals. However, there is no set of indicators to assess
ood preparedness of hospitals. In addition, most studies have mainly considered the direct
impact of oods when analysing ood preparedness, disregarding the indirect impact. The
literature suggested that quanti cation of ood impact enables comparison of ood strate-
gies. However, such calculations have not been applied to speci c hospitals, considering
four different ood strategies. Furthermore, many sources recommend engaging stakehold-
ers from different disciplines to improve ood preparedness, but which stakeholders should
be engaged per ood strategy has not been addressed. Moreover, how these stakeholders
could be involved for the implementation of ood strategies at Dutch hospitals has not been
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explored. This research addresses these gaps by answering the research questions from
Section 1.4.
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3. Methodology

This chapter explains the methodology used for this research. First, the research setup is
presented (Section 3.1). Then, cases for the case study are selected and introduced (Sec-
tion 3.2). The corresponding ood scenarios and its source are discussed (Section 3.3). Next,
the phase 1 and phase 2 interview methods are explained (Section 3.4). The methodology
for the stakeholder analysis is explained (Section 3.5). Then, the selection process for ood
preparedness indicators is explained (Section 3.6). Subsequently, it is described how the
ood preparedness of hospitals can be quantitatively assessed (Section 3.7).

3.1 Research setup

In this section, the expected outcomes from the research questions are listed and the corre-
sponding research setup is described. The type of research determines for a large part the
research setup that is followed. This research's type is brie y analysed.

This section describes how each sub-question is answered. An overview of the expected re-
sults per study and for each sub-question is listed in Table 3.1. Figure 3.1 shows a schematic
overview of the research setup. It indicates the order of the research, what processes are ex-
ecuted in parallel, which processes depend on each other and shows how the sub-questions
are answered. This scheme will be described below.

Table 3.1: Expected research outcomes.

Expected outcome

Main A method for quantitatively assessing the ood preparedness of hospitals in

research  the Netherlands along with recommendations on the engagement of stake-

question  holders for the implementation of ood strategies.

SQ1 A selection of ood preparedness indicators that are critical to the continuity
of healthcare at hospitals.

SQ2 A method for assessing the ood impact on hospitals in the Netherlands.

SQ3 A description of relevant stakeholders per ood strategy for the implementa-
tion process of ood strategies chosen by hospitals, structured by their power,
interest and attitude.

SQ4 Experts' views on stakeholder engagement methods and their pros and cons.

14
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Figure 3.1: Scheme of the research setup. The steps in this gure are described in this section.

Cases: Two hospitals are selected as cases for the case study. As part of the case study,
phase 1 interviews and tours of hospitals are held. The information obtained from this is
used throughout the chapters. The case study serves as a tool for obtaining an overview
of ood preparedness indicators (Chapter 4, SQJ). It is also used to develop an assessment
method for ood preparedness of hospitals (Chapter 5, SQ2. Additionally, it yields an
overview of stakeholder groups (Section 3.5, SQ3). The cases are introduced in Section 3.2
and the phase 1 interviews and tours are introduced in Section 3.4.1.

Select ood preparedness indicators: Several sources are used to identify ood prepared-
ness indicators of hospitals. Flood scenarios are accessed via thalwo (in Dutch: Landelijk
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Informatiesysteem Water en Overstromingen) to obtain information about factors such as
ood depth, the evacuation fraction and accessibility. The data from the LIwO can be ac-
cessed through the following url: https://basisinformatie-overstromingen.nl/#/maps. Lit-
erature on the continuity of healthcare in the context of oods, ood strategies, redundancy
and critical services in hospitals are consulted. The phase 1 interviews are conducted with
emergency management and logistics employees from hospitals and with a ood risk expert
to complement the information found in the literature on ood preparedness indicators. The
selected ood preparedness indicators were evaluated through the phase 2 interviews. This
part of the research answers SQland is elaborated in Chapter 4.

Assessing hospitals' ood preparedness: The assessment of hospitals' ood preparedness
is applied to the cases. The illustrative power of the cases make the assessment insightful.
The ood preparedness indicators obtained from SQ1 and the ood strategies are pivotal
inputs to this process. The assessment is able to show how (in)direct impact of oods
is inuenced by the ood preparedness indicators, how ood impact can be quanti ed
and which ood strategies are consequently at hand for hospitals to maintain continuity of
healthcare. This answers SQ2 and makes up Chapter 5. The assessment and underlying
assumptions are evaluated. Historical case data could also be used for validation, but then
it can only be validated whether the recorded ood impact, given the implemented ood
strategies, corresponds with the predicted impact. The ood impact given other variations
of ood strategies is unknown and therefore cannot be validated. Thus, limited validation
can be achieved through this method. Therefore, expert interviews are used.

Stakeholder analysis and engagement: For SQ3stakeholder groups are identi ed through
the cases, the literature and government websites and documents. These stakeholder groups
are described and organised in a power-interest-attitude matrix ( PIA matrix ). The current and
desired degree participation are analysed. The stakeholders are then selected if they have
high power and interest and if they are relevant for the implementation of ood strategies.
Selected stakeholders are organised per ood ood strategy. This part of the research an-
swers SQ3and this content can be found in Chapter 6. It can be executed in parallel with the
parts belonging to SQ1and SQ2 Subsequently, the phase 2 interviews are used to identify
the view of experts with lived experience regarding stakeholder engagement methods. This
answers SQ4and is described in Chapter 6.

3.2 Selecting cases

3.2.1 Selection criteria

Cases are used to understand the current response to ood risk at hospitals and to explore
hospitals' vulnerabilities, methods for selecting ood strategies and the network of stake-
holders. For this research, two cases are selected, which allows for variation in a number
of hospital characteristics. The variation enables comparison and should be regarded as a
rst step towards providing solutions that can bene t all Dutch hospitals. Given the time
frame available for this research, it was decided to look into only two hospitals more in
depth, rather than analysing many hospitals, but super cially. The hospitals to be analysed
are therefore of great in uence to this research. The selection criteria for this "purposeful
sampling” are discussed below.

e Country: Only Dutch hospitals are considered.
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» The type and severity of the ood threat: Both of these factors may vary, based on a
hospital's location within the Netherlands. For instance, there may be different causes
of oods. As stated in the scope (Section 1.3), oods caused by precipitation events
and breaches in primary or regional dykes are considered. The origin of the ood has
implications for the predictability of a ood. In the Netherlands, riverine oods are more
predictable than coastal oods. River discharges can be predicted by forecasting rainfall
in the catchment area of a river and later on by measuring upstream discharges (Strijker
et al., 2023). Coastal oods have a higher probability of being unforeseen (Kolen, 2013).
The predictability determines the amount of time available for evacuation, which has
a signi cant in uence on the evacuation fraction of an area (Kolen, 2013). To enable
comparison, it was decided to select hospitals that have a similar cause of ooding.

» The number of simultaneously threatened hospitals:  This aspect is determined by area
in which a hospital is situated. If many hospitals are threatened simultaneously, it is
more dif cult for an individual evacuating hospital to nd hospitals in the vicinity that
are able to take up patients. In addition, resources for evacuation, such as ambulances,
have to be divided over multiple hospitals. This slows down the evacuation process and
may affect the viability of the ood strategy "preventive evacuation”. Therefore, one of
the selected hospitals must be ooded on its own, while the other must have at least one
other simultaneously ooded hospital.

e The location within a ooded area: This aspect affects the accessibility of a hospital.
A hospital that is located in the middle of a large ooded area is less accessible than a
hospital that is situated near the edge of a ooded area. This characteristic must be similar
for both cases.

e The size of the hospital (in terms of patient capacity, number of employees and oor
area) and whether it is a university hospital:  Characteristics of university hospitals are
that they conduct research and have a larger number of specialised departments compared
to a regular hospital. In addition, they obtain grants for their research, meaning they
have increased funds compared to other hospitals. For these reasons, university hospitals
are also expected to have a more complex internal organisational structure and a more
extensive network of stakeholders when compared to non-university hospitals. To be able
to compare how these characteristics in uence the implementation of ood strategies, one
university and one non-university hospital is selected.

» Previous ood experience: Previous experience with oods may result in investments in
ood preparedness, because of lessons learnt during the ood. Only few hospitals in the
Netherlands have ood experience. Therefore, it is not a prerequisite for selection.

» Practical considerations: Data availability from previous studies and reports, experience
with oods and accessibility through the personal network are pros when selecting cases.

3.2.2 Case introduction: Reinier de Graaf Gasthuis

The st hospital that was selected is the RdGG. The RdGG is a non-university hospital that
located in Delft, in the province of South Holland. This is part of the central coastal area
of the Netherlands (see Figure 3.2). What makes this hospital special is that it was built
entirely new in 2015 and that ood scenarios were taken into account during the design.
It has a total capacity of 481 beds, of which 12 are intensive care (C) beds. The hospital
has approximately 2600 employees and a oor area of 56.500n? (MultiBel, 2022; Nationale
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Intensive Care Evaluatie, 2023; Stevens Van Dijck, n.d.). TheRdGG can be ooded due to a
breach in the regional dyke system or by precipitation events. For both types of oods result
in a con ned ooded area with ood depths of less than 1 metre at the hospital location.
The ood scenarios are discussed more extensively in Section 3.3. The hospital cannot be
ooded as a result of a breach in a primary dyke. No other hospitals are simultaneously
threatened by oods and no densely populated area is ooded. The hospital is located close
to the edge of the ooded area. The hospital has no signi cant ood experience.

3.2.3 Case introduction: Erasmus Medical Centre

The second hospital that was selected it the EMC. The EMC is a large university hospital
in Rotterdam, also located in the province of South Holland. After the completion of the
most recent expansion in 2017, the hospital has approximately 1200 beds (of which 56 are
IC beds), 14.000 workers and 400.000rh of oor space (HKV lijn in water, 2017). The hos-
pital is located close to the river Meuse. Floods originate from storms at sea and extreme
river discharges. A ood is caused by a breach at the Parksluizen, a lock in the (primary)
dyke. Assuming one ood scenario will occur at the same time, up to 3 other hospitals will

be simultaneously ooded: the Erasmus Medical Centre Cancer Institute, Erasmus Med-
ical Centre Sophia Hospital and Franciscus Gasthuis Internal Medicine Outpatient Clinic.
However, multiple breaches along the coastal area are expected to occur before a breach
occurs at Parksluizen. The primary ood defence protecting the EMC was built before the
Maeslant barrier was constructed and is therefore designed for higher water levels than it is
currently exposed to (HKV lijn in water, 2017). Because an extreme storm at sea could also
cause breaches in different places along the coast, 33 hospitals are simultaneously threat-
ened (Kolen, 2023). Flood scenarios are discussed in more detail in Section 3.3. Th&MC
has not experienced signi cant oods. However, its ood risk has previously been analysed.
And through contacts from the Pandemic & Disaster Preparedness Center (PDPC) additional
information can be acquired from the Frontrunner Project "Pandemic lessons for ood disaster
preparedness”
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Figure 3.2: Location of the RdGG and EMC.

Table 3.2: Characteristics of theRdGG and EMC.

Characteristic RAGG EMC

City Delft Rotterdam

Flood origin Regional dyke breach & Primary dyke breach
precipitation

# simultaneously 0 33

threatened hospitals

University hospital No Yes

Beds (C) 481 (12) 1200 (56)

Employees 2600 14.000

Floor area [m?] 56.500 400.000

Previous ood None None

experience
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The RAGG case will be elaborated in this research. TheEMC case is analysed to a lesser extent.
The cases are used to see to what extent recommendations regarding ood strategies may
vary based on certain hospital characteristics. Neither hospital has experience with oods.
However, as described, it is reasonable to think that there is enough information available
to be valuable cases to this research. In addition, the hospitals are located in the vicinity of
Delft, allowing visits to the hospitals and conversations with hospital staff in person. To add

a broader view, phase 2 interviews (Section 3.4.2) will be held with (former) staff from the
VCMC, a hospital with repeated and recent ood experience.

3.3 Flood scenarios and risk pro les

3.3.1 Data from the LIWO

The data used comes from the LIwo, from 2023. It is presented in maps of ood scenarios
and ood risk pro les. The ood scenarios describe the water levels that result from extreme
precipitation, high water levels and breaches of primary or regional dykes. The ood risk
pro les show the frequency of occurrence of the ood depth at the chosen location in the
Netherlands. It is a collection of all ood scenarios that can occur at that location. The ood
probabilities are given as the yearly chance of experiencing a ood.

A conservative calculation method is used for the ood risk pro les. The safety standards
for ood defences use the probability of exceeding a certain governing water level as the
failure probability. However, it is recognised that the actual failure probability is smaller
because of factors that are unaccounted for. Additionally, system behaviour and emergency
measures are disregarded. An example of system behaviour is that the ood caused by
failure of one dyke leads to the failure of a second dyke. Governing water levels and ood
processes are not adjusted for breaches elsewhere. However, for ood scenarios of regional
dykes, full interdependency has been assumed. If a breach occurs, the boezent will drain,
resulting in lower water levels, thus reducing the chance that another breach occurs. To
account for this, the LIwO uses a failure probability that is ve times smaller than the norm
(HKV lijn in water, 2020).

3.3.2 Reinier de Graaf Gasthuis ood scenarios

There are four ood scenarios that threaten the RdGG. Table 3.3 and Figure 3.3 show the
ood risk pro le at the location of the  RdGG. The scenario names, predicted water levels and
their probability of occurrence are stated. The ood impact is discussed in Chapter 5.

Table 3.3: Flood scenarios for the current situation at the RdGG.

Scenario name Flood depth [m]  Water level probability
Precipitation 10 0,15 1/9,8

Precipitation 100 0,30 1/83

Precipitation 1000 0,50 1/330

Regional 100 0,76 1/500

1A boezem stores water from a polder before it is discharged.
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Figure 3.3: Flood risk pro le of the RdGG.

Breach in regional dyke

The “Regional 100" ood scenario results from a breach in a regional dyke. Figure 3.4 shows
how the region around the hospital is affected. Because a regional dyke system is breached,
the extent of the ood and the ood depth are limited. Therefore, the hospital remains rela-
tively easily accessible once ooded. The RdGG is the only hospital threatened and ooded
by this scenario. Therefore, rescue efforts can all be focused on theRdGG. Usually, such
breaches occur suddenly. In such cases, there is no time available for preventive evacua-
tion. If the ood can be predicted, based on the stated ood conditions, it is expected that
the entire hospital can be evacuated. The exact breach location cannot be identi ed from
the LIwO data. However, this is not strictly necessary, since the impact is relevant for this
research. According to the LiwO, the probability of exceedance of the dyke's water level
norm is 1/100. As previously discussed, this results in a failure probability that is ve times
smaller: 1/500.
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