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The National Flood Risk  
Analysis for the Netherlands

The project Flood Risk in the Netherlands has mapped 

the current flood risk – both economic and societal risk – 

throughout the Netherlands.

 

This publication explains the risk approach taken, presents 

key findings, and summarizes for each levee system the 

probability of flooding, the consequences of flooding and 

the risks. It also describes how the risk approach was used 

to determine new legal safety standards for flood defences 

in the Netherlands.

 

The project is an initiative of the Ministry of Infrastructure 

and the Environment, the Association of Dutch Water 

Authorities and the Association of Provincial Authorities. 

The national water authority Rijkswaterstaat implemented 

the project in close collaboration with water authorities, 

provincial authorities, engineering consultancies and 

research institutions.
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Preface

A large proportion of the Netherlands lies below sea level, and several major 

rivers flow through it on their way to the sea. This makes about 60% of 

the country susceptible to flooding. Protection from high river discharges 

and storm therefore remains vital for millions of Dutch people and for our 

economy.

The Netherlands is protected by approximately 3500 kilometres of primary 

flood defences. But the work on flood defenses is never finished in a delta, 

and we will need to continue to invest to ensure we remain protected in the 

future.

We also have to accept that things can go wrong, however. The possibility of 

flooding can never be ruled out. So we need to be well prepared, aware of 

the risks of flooding and have evacuation plans available.

The national flood risk analysis in the Netherlands project has made a 

valuable contribution to this effort, mapping the current flood risk in the 

Netherlands. This helps us to take well-founded measures in the confidence 

that they will offer the Netherlands maximum protection, minimising the 

likelihood that flooding will cause fatalities, losses and disruption to society.

This publication contains a summary of the results achieved in close collabo-

ration between the Dutch Water Authorities, the provincial authorities and 

national water authority Rijkswaterstaat. The project drew on the expertise 

the Netherlands possesses and on the latest scientific knowledge. Thanks 

to the efforts of all involved, all the levee systems in the Netherlands have 

been analysed, giving us a ’snapshot’ of the current levels of flood risk 

nationwide.

The extensive knowledge and insights generated by this large-scale project 

provided important input for upgrading Dutch flood protection policy in 

the Netherlands. This information has already been used by the Delta 

Programme, in its recommendations on new flood protection standards. 

This information will also be used to adapt the formal flood risk assessment 

tools (WTI2017) and to prioritise and design levee reinforcements. Optimum 

collaboration between central government, water authorities, provincial 

authorities, engineering consultancies and research institutions will be 

vital to ensure that the Netherlands remains the best protected delta in the 

world.

Melanie Schultz van Haegen

Minister of Infrastructure and the Environment

Peter Glas

Chair, Association of Dutch Water Authorities

Josan Meijers

Board member, Association of Provincial Authorities

Preface
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Credits

Since the storm surge in 1953 and consequent flooding there has 

been a revolution in thinking on flood protection, whereby the costs 

of levee reinforcement are weighed against the reduction in flood 

risk. The Flood Risk in the Netherlands project has for the first time 

comprehensively mapped flood risk throughout the country.

The risk approach combines the probability of flooding and 

its consequences to give the flood risk, expressed in terms of 

economic risk, individual risk and societal risk.

The Flood Risk in the Netherlands project has produced new 

insights into factors affecting flood protection. They have been 

used to develop new flood protection standards, a new set of 

assessments tools for flood defences and new design rules, and to 

prioritise reinforcement projects.

Flood Risk in the Netherlands calculated the probability of 

flooding and the flood risks for 58 levee systems, producing a 

large quantity of facts and figures, which have been summarised 

in a factsheet on each levee system, giving a snapshot of how the 

Netherlands is protected from flooding in 2015. 
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From reactive response 
to proactive protection 

The Netherlands has often suffered from floods. The usual response was to 

strengthen the levees, taking the highest observed water level as the reference 

point. The Storm Surge of 1953 prompted a revolution in thinking, and since 

that time stricter requirements have applied to the Netherlands’ flood defences, 

whereby the costs of reinforcements are weighed against the reduction in flood 

risk. The Flood Risk in the Netherlands project has produced a consistent flood 

risk map based on a comprehensive study involving information on the flood 

defences and the consequences of flooding.
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Introduction

In a delta where several major rivers flow into the sea, 

protection from flooding is vital. Over the years, the 

 people of the Netherlands have protected themselves 

from flooding in a variety of ways.

The Netherlands in its current form, protected from flooding 

by levees, dams and dunes, came about as a result of 

responses to past flood events.

From frequent flooding…

The formation of the Netherlands was not a smooth process. 

Over the centuries there have been countless floods, some 

more dramatic than others. The Storm Surge of 1953 was 

the last major flood to hit the Netherlands. The govern-

ment immediately appointed a committee of experts, 

known as the Delta Commission, to advise on a response. 

The Commission recommended that the Delta Project be 

launched to provide robust protection from storm surges in 

the southwest of the country.

… to a new flood protection philosophy

The Delta Commission also advised that stricter require-

ments be introduced for flood defences. Areas where the 

impact of flooding could be expected to be greatest would 

be subject to the strictest standards. The Delta Commis-

sion underpinned its proposed standards by weighing the 

costs of reinforcements against the reduction in flood risk. 

It was not yet possible to calculate flood risk for each region 

because of insufficient data on levees and the hydraulic 

loads caused by high water levels and waves, and because 

computers did not yet have enough capacity.

Flood Risk in the Netherlands

Now, over sixty years after the Storm Surge of 1953, the 

National Flood Risk Analysis in the Netherlands (VNK) 

project has put the ideas of the Delta Commission into 

practice. For the first time, the threat posed by high water 

levels and waves, the strength and height of flood defences 

and the possible impact of flooding in all parts of the Neth-

erlands have been subjected to an integrated analysis. This 

has provided insight into the reliability of and weak points in 

our flood defences, allowing the flood risk to be calculated 

and possibilities for reducing it to be identified, and making 

basic information available for political and administrative 

decisions on the desired level of protection and on future 

investments in our flood defences.

Guide for the reader

This publication outlines the development of protection 

from flooding and how our ideas on flood protection have 

developed. The risk approach developed in the VNK project 

is then explained. The key lessons learnt are also discussed. 

The publication ends by setting out the results of the 

project: a summary of the probability of flooding, conse-

quences and risks for each levee system.
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From reactive response to proactive protection

Protection from peak water levels as a response to flooding

The course of the rivers and the impact of the sea have 

had a major role in shaping the Netherlands. The first in-

habitants of the region sought out the higher ground and 

built their homes there. Around 2500 years ago they be-

gan to actively protect themselves from floods, and were 

thus able to inhabit and farm a larger portion of the land. 

Northern Netherlands and Lake IJssel  
(IJsselmeer) region

The earliest signs of protection from high water levels can 

be found in the northern Netherlands. From around 500 BC 

hundreds of dwelling mounds, or ‘terps’, were built there. 

The inhabitants also began stacking sods of clay to form 

low earthworks. Local village and monastery communities 

would build these ‘dikes’ around small fields. This eventu-

ally produced contiguous lines of flood defences: the levee 

systems (known as ‘dike rings’ in Dutch). These systems 

became so large that individuals and small communities 

could no longer build and maintain the levees themselves, 

so water authorities were established in the Late Middle 

Ages. Nevertheless, flooding still occurred on both a minor 

and a major scale.

All Saints’ Flood

One dramatic flood event was the All Saints’ Flood of 1170, 

which created the Marsdiep channel, turning both Texel and 

Wieringen into islands. It also created an open link between 

the North Sea and Almere lake, which became the Zuyder 

Zee. Over the centuries many storm surges and floods 

occurred in the Zuyder Zee. The response was often to rein-

force the levees, but sometimes a flooded area was simply 

relinquished to the sea.

From the 19th century engineers studied the possibility 

of closing off and draining the Zuyder Zee. Their motive 

was mainly to create land; protection from flooding and a 

shorter coastline were secondary considerations. At the 

insistence of public works minister Cornelis Lely it was 

decided in 1913 that the Zuyder Zee should be closed off and 

drained. However, the First World War delayed matters.

Zuyder Zee Flood

The plans were revived again after the Zuyder Zee Flood 

of 1916, when many of the levees around the Zuyder Zee 

breached and a huge area was flooded. The disaster mainly 

caused damage to property, but 16 people lost their lives 

on the island of Marken. The flood accelerated the decision-

making process, and in 1918 it was decided that the Zuyder 

Zee project should start.

Zuyder Zee project

The Zuyder Zee project was built between 1920 and 1975. 

The construction of the Afsluitdijk barrier shortened the 

coastline considerably, transforming the Zuyder Zee into 

Lake IJssel. The Northeast Polder and Flevoland were also 

created. The original plan also included the creation of 

the Markerwaard polder, and Houtribdijk levee was built in 

preparation. The Markerwaard plan was eventually shelved, 

however. Thanks to the Zuyder Zee project, floods like that 

of 1916 are now less likely.
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Rivers area

The water was also highly dynamic in the rivers area. The 

rivers would regularly change course, and the impact of 

this is still visible in the soil structure along the rivers today. 

Levees were originally built perpendicular to the river to 

guide water away from the land upstream and back to the 

river. When these levees no longer proved adequate, they 

were connected to form long, contiguous flood defences. 

Nevertheless, levee breaches and flooding remained 

common.

Pannerden Canal

The building of the Pannerden Canal in the early 18th 

century allowed more control over the rivers. The idea 

was to guide more water from the Upper Rhine to the 

Lower Rhine and IJssel rivers. At first, there was too much 

water in the canal and levee breaches were frequent along 

the Lower Rhine. Measures were taken in the late 18th 

century, including the building of the Byland Canal, and the 

Pannerdensche Kop river bifurcation. Since then, the river 

Waal has drained roughly two-thirds of the water from the 

Upper Rhine and the Pannerden Canal one third.

Spillways, canalisation and normalisation

Despite this, flooding was still a regular occurrence in the 

rivers area. A number of spillways were therefore built in the 

early 19th century. The drainage capacity of the rivers was 

also improved with the construction of groynes, the Maas 

and Waal rivers were separated and levees were heightened. 

As a result, meltwater and peak water flowed away better. 

Thanks to these interventions, the incidence of flooding in 

the rivers area was much lower than in previous centuries.

1926 floods

The last major flood in the rivers area was in 1926 after 

sand boils formed behind the levees causing embankments 

to give way and allowing water to flood over them. Cracks 

appeared in many levees. There was also flooding along the 

branches of the Rhine and the Maas. The rate of discharge 

in the river at Lobith was the highest ever measured: 12,850 

cubic metres per second. During the critical high water 

events of 1993 and 1995 a maximum flow of 12,000 cubic 

metres per second was measured.

1784

Pannerdensche Kop
Permanent separation  
of river flows

1170

All Saints’ Flood
Formation of  
Zuyder Zee

1421

St. Elizabeth Flood
Formation of  
Biesbosch

1707

Pannerden Canal
Connecting Upper  
and Lower Rhine
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From reactive response to proactive protection

The southwestern delta

The southwestern delta has been hit by storm surges which 

caused floods on many occasions. This area is threatened 

both by high tides at sea and by high river water levels. The 

islands of Zuid-Holland and Zeeland have regularly changed 

shape.

St. Elizabeth Flood

One of the best known flood events is the St. Elizabeth Flood 

of 1421. The levee breaches and flooding caused devastation 

in Zeeland and Zuid-Holland. An estimated 2000 people 

were killed. In Zeeland, attempts were made to protect the 

land by building secondary levees, which gave the water less 

room, so it had to flow away through narrow sea inlets at 

high tide. As a result there were regular levee breaches and 

floods, inundating dozens of villages over the centuries. New 

levees were built after every flood.

Storm Surge of 1953

The Storm Surge of 1953 was the last major flood in the 

southwestern delta, which inundated large areas of the 

southwest. There were 1835 fatalities and some 2000 

square kilometres of land flooded. The Delta Commission 

was established immediately after the disaster to make 

plans to prevent anything like it happening ever again. The 

ports of Antwerp, Ghent and Rotterdam must remain acces-

sible, however. The Commission recommended closing off 

a number of sea inlets, shortening the coastline by around 

700 kilometres. On the basis of these recommendations, the 

decision to build the Delta Project was taken in 1955.

Delta Project

The Algera barrier in the Hollandsche IJssel came into 

service in 1958, protecting the densely-populated Rand-

stad region from future flooding. This was followed by the 

damming up of the Veerse Gat and Zandkreek, and the 

construction of the Haringvliet locks (1970) and Brouw-

ersdam. The most innovative part of the project was the 

Eastern Scheldt storm surge barrier (1986). The barrier 

has a large number of openings that are closed only at 

times of extreme water levels. The levees and dunes were 

also reinforced in a number of places. Finally, two storm 

surge barriers were built, the Hartel barrier was built at 

Spijkenisse and the Maeslant barrier at Maassluis.

1953

Storm Surge
Led to  
Delta Project

1993-1995

High water events
Large-scale evacuation  
of Betuwe region

1958-1986

Delta Project
Sea inlets closed off and  
compartmentalised 

1916

Zuyder Zee Flood
Led to Zuyder Zee  
Project

1920-1975

Zuyder Zee Project
Afsluitdijk barrier 
built, polders created

1926

Floods in rivers area
Last major flooding  
in rivers area
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Statutory flood protection standards

The Water Act of 2009 currently defines standards for protec-

tion from flooding for each levee system. The boundaries of 

levee systems do not always coincide with administrative 

boundaries. 

The legislation sets a frequency (the exceedance probability) 

for each levee, denoting the water level that the flood defences 

must be able to withstand. For instance, the primary flood de-

fences of the Zuid-Holland levee system (dike ring 14) must be 

able to withstand water levels that occur with an annual prob-

ability of 1/10,000. The proctection level depends on the nature 

of the threat (river, sea, lake), the size of the protected area and 

the economic value in the area.

The map shows the levee systems in the Netherlands and the 

formal flood protection standards defined in 1996 in the Flood 

Defences Act, which has now been superseded by the Water Act 

of 2009.

Standard frequency (annual)

n n   1 : 10,000

n n   1 : 4,000

n n   1 : 2,500

n n   1 : 1,250

n n   1 : 500

n n   1 : 250

Revolution in thinking, a scientific approach 

The Delta Commission set up after the Storm Surge 

recommended stricter standards for protection from 

flooding. The Commission argued that the costs of rein-

forcement would be offset by the reduction in flood risk. It 

took years before enough was known about the strength 

of levees, the load caused by high water events and the 

consequences of flooding to be able to calculate the flood 

risks for each levee system. The VNK project was the 

first to perform comprehensive calculations for the entire 

country. 

The Delta Commission weighed the costs of reinforcements 

against the reduction in flood risk they would achieve. 

However, in the 1950s it was difficult to properly calculate 

the likelihood that a flood defence would breach, since there 

was insufficient information about the strength of levees.

New flood protection philosophy

The Delta Commission therefore introduced a simplified 

method that only considered water levels. A flood defence 

would have to protect against a certain high water level. 

This was a new way of looking at flood protection. Whereas, 

in the past, levees would be raised to 50 centimetres above 

the highest previously known water level, from now on 

levee reinforcements would be based on the probability 

that a certain high water level would occur. Rather than 

responding to flooding after it occurred, the focus would 

shift to proactive protection.

The Delta Commission proposed formal design water 

levels that the levees would have to withstand. The highest 

standard was proposed for the west of the country, where 

the impact of flooding would be greatest because this was 

the region with the highest economic value. Flood defences 

there would have to be able to withstand a design water 

level with an anual probability of 1/10,000. This standard 

was based on economic considerations. Lower standards 

were proposed for the rest of the Netherlands. The Delta 

Commission looked only at the flood defences along the 

coast, but flood protection standards were later also 

proposed for the river levees.
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From reactive response to proactive protection

Professionalism

The Delta Commission’s recommendations prompted a 

large-scale levee reinforcement programme. This broadened 

and deepened knowledge of the strength of flood defences 

and the load they were exposed to. The government estab-

lished the Flood Defences Technical Advisory Committee 

(TAW), which later became the Expertise Network for Flood 

Protection (ENW). This boosted the development of knowl-

edge about the protection offered by flood defences and 

their design, management and maintenance. The new ideas 

led to greater professionalism among those who managed 

the levees (water authorities and Rijkswaterstaat). The 

thousands of water authorities that existed at the time of 

the Storm Surge gradually merged into larger, more profes-

sional organisations. There are currently 24 water authori-

ties in the Netherlands (2014).

Statutory framework

Years later, protection from high water events was also 

given a legal basis in the Flood Defences Act of 1996. The 

ongoing process of assessing, improving and managing is 

also laid down in law, as are the tasks and responsibilities of 

the authorities involved (central government, water authori-

ties and provincial authorities). The law stipulates that the 

manager of the levees must assess their safety. The Minister 

of Infrastructure and the Environment issues new assesse-

ment rules and hydraulic boundary conditions for each 

round of assessment in the Statutory Assessment Instru-

ments (WTI). These can be changed in response to climate 

change (sea-level rise or changes in discharges) or man-

made changes in the river bed or the seabed. The results of 

the assessment are reported to the Minister, who informs 

parliament, which provides funding. Water Authorities must 

improve any flood defences in such a way that they comply 

with the flood protection standards.

Risk approach in detail

Thanks to technical research we know much more about 

the loading of flood defences, how strong they are and the 

consequences of a breach. Computers have also become 

more powerful and can perform more complex calculations. 

Gradually, calculation techniques have been improved and 

tested. As a result, we are now much better able to estimate 

the flood risks in the Netherlands.
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The VNK project has implemented the risk approach by 

mapping the current flood risk in 58 levee systems in the 

Netherlands.

The probability of flooding calculated in the project cannot 

be compared with the standards currently laid down in law. 

These are based on the exceedance probability approach, 

and specify the load that must be considered in the assess-

ment. Each levee cross-section has to be strong enough to 

withstand the load. The probability of flooding denotes the 

likelihood that a levee will breach at some point, allowing 

flooding to occur. Although the principle of the approach 

based on the probability of flooding is simple, the calcula-

tion itself can be very complex.

The analyses performed in the VNK project have increased 

our understanding of the mechanisms that determine 

whether or not a flood defence fails. It was found that the 

levees in the Netherlands are actually more likely to be too 

narrow than too low. Levees can give way before the water 

overtops them. The failure mechanism known as piping 

(internal backward erosion) has been found to be more 

important then previously thought. Another important 

new insight is the ‘length effect’, the phenomenon whereby 

the probability of a levee failure is higher, the longer the 

levee. This has to do with the variability in the structure of 

the soil in the Netherlands and changes in hydraulic loads 

due to independent sources of loading (sea-river and wind 

direction. The potential consequences of flooding were also 

found to differ significantly, both between and within levee 

systems.

The map opposite gives the annual expected value for 

economic losses per hectare, known for short as the 

economic risk. The expected value is the product of the 

probability and the consequences of flooding. The risk is 

relatively high in built-up areas and lower in rural areas, 

assuming equal probability. The map is an example of the 

result of calculating flood risk.

The VNK project
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From reactive response to proactive protection

Economic risk  (€/ha/year)

≤  10

 100

 1,000

 2,500

≥ 5,000

Economic risk

The map shows the annual expected value for economic losses per 

hectare, one of the measures of risk calculated in the VNK project. 

The economic risk depends heavily on the economic value of an 

area. Population clusters and industrial areas can clearly be seen 

on the map, as these areas have high economic value.
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Risk approach explained

The Flood Risk in the Netherlands Project applied the risk approach to the 

entire country, analysing the probability of levee breaches and the possible 

consequences of a flood. The high water load, strength and height of flood 

defences and the potential impact of flooding have been considered for the 

first time in conjunction, giving us a spatial distribution of flood risks in the 

Netherlands.

2
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The consequences of flooding:

The consequences (losses and fatalities) are 

determined for every breach.

Risk is a combination of probability and consequences. 

VNK has identified flood risk in each levee system, de-

termining the probability that certain parts of the flood 

defences (various sections of levee and dune, and hydrau-

lic structures) will fail, and the potential consequences 

should this occur (economic losses and fatalities).

The probability and consequences of failure are not the 

same throughout a levee system. The flood risk can there-

fore vary considerably within a single levee system. We have 

learnt which failure mechanisms make a major contribution 

to the probability of a levee breach, what areas are vulner-

able and how the flood risk can be minimised most effec-

tively by prevention. This chapter explains the risk approach 

in more detail, illustrating it on the basis of levee system 5, 

Texel.

Dealing with uncertainty

We never know exactly when and where a flood defence 

structure will fail. There are too many uncertain factors, 

such as the maximum loading and strength of the structure. 

We can however use models and statistics to determine a 

probability of occurrence for all possible combinations of 

uncertain load and uncertain strength at which the flood 

defences would fail. This probabilistic approach allows us 

explicitly to incorporate uncertainties concerning the values 

for load and strength in our levee safety assessment.

Elements in the risk approach

Risk Probability Consequences

The probability of flooding:

The probability of a breach is determined for 

each part of a levee system.

The risk of flooding:

The probability of flooding and the associat-

ed consequences are combined for each part 

of the levee system. Together, this combina-

tion gives the flood risk.

=x
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Risk approach explained

A protected area has a contiguous line of flood defences. 

They may be levees, dunes or retaining walls.

Sometimes the flood defences are concealed in the land-

scape or incorporated into the industrial of an urban area. 

Hydraulic structures such as locks, pumping stations and 

flood gates are built at locations where water has to be 

piped in or drained away, or people and goods have to pass. 

These structures are special elements in the flood defences. 

Some of them are open at certain times and have to be 

closed during high river discharges or storm surges.

Failure mechanisms

Flood defences can fail in all kinds of ways. VNK has calcu-

lated the failure probability of the main failure mechanisms; 

they are shown in the illustration below.

Probability of flooding

Overflow and overtopping

Overflow and overtopping can 

damage the landside slope of 

the levee. If this exposes the 

core of the levee it will erode, 

which can lead to a breach. Or 

the inner slope can saturate 

and slide.

Shearing of the  

landside slope

The inner slope of a levee can 

shear due to the pressure of 

the water against the levee 

during high water events. The 

probability of this happening 

depends heavily on the subsur-

face: if it includes weak peat or 

clay layers, there is a greater 

probability of shearing.

Erosion due to  

revetment damage 

If the facing of the levee is dam-

aged, erosion can occur. This 

failure mechanism is particularly 

relevant in areas where large 

waves can occur, such as along 

the coast, estuaries and large 

lakes. In the rivers area the prob-

ability that waves will be powerful 

enough to damage and erode the 

levee is much lower. Saturation 

and slope instability remains 

possible.

Piping, backward internal 

erosion

If a high water level persists 

for a long time water can flow 

under the levee. If the water 

washes sand along with it, flow 

channels or ‘pipes’ can form, 

undermining the structure. This 

causes the levee to subside and 

lose its flood defence capability.

Levee failure mechanisms
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Dune erosion

Dunes erode during storm 

events. This does not pose any 

danger to the hinterland unless 

the erosion extends to the edge 

of the dune. The probability 

that a protected area will flood 

due to dune erosion is relative-

ly low. Dunes are generally so 

Dune failure mechanisms wide that it is highly unlikely 

that they will be breached 

during a storm. Furthermore, 

millions of cubic metres of 

sand are nourished on the 

coast every year, so the 

probability of a dune breach 

has reduced considerably in 

recent years. 

Overflow and overtopping

 

Overflow and overtopping can 

contribute to the failure of hy-

draulic structures in two ways. 

The water pouring over the 

structure can cause parts of it 

to collapse, with a chance that 

the entire structure will give 

way. The influx of water can 

also cause such a rise in the 

water level in the water system 

behind it that the secondary 

defences subsequently fail.

Failure to close

 

A hydraulic structure must be 

closed during high water events 

so that the entire flood defence 

system is intact. Human error 

can disrupt the closing process. 

It is important that the struc-

ture is closed in time. If water 

is already pouring through it is 

often difficult or impossible to 

close it.

Outflanking, seepage and 

piping under structures 

During sustained periods of 

high water levels due to seep-

age flow channels carrying 

sand can form under or along 

the structure (internal back-

ward erosion), weakening the 

link with the levee or weakening 

the structure’s foundations.

Structural failure

Flood defences are generally 

very robust. However, parts 

may give way as a result of a 

major difference in the water 

levels on either side of the 

structure. A ship colliding with 

the structure can also weaken 

it. Failure of a flood defence 

structure can lead to a breach.

Hydraulic structure failure mechanisms

Calculating the probability of flooding

Flood defences fail when the load caused by the water is 

greater than the strength of the defences. VNK has calcu-

lated the probability that this will occur. The calculation 

involves two steps:

1. Divide flood defences into homogenous stretches 

A levee system consists of all kinds of flood defences. In the 

VNK project each system was first divided into homogenous 

stretches of some 250 to 1500 metres. Hydraulic structures 

like locks and pumping stations were treated as separate 

parts.

2. Calculate failure probability of each stretch

VNK calculated the failure probability of every part of the 

levee system on the basis of statistics for the loading and 

strength of the defence, using models that described the 

failure behaviour of the flood defences. 

The length effect

If the weakest point of a levee is not precisely known, 

there is a low probability that it will fail first at any given 

point. The failure probability anywhere in the levee system 

is therefore greater than the probability that the levee 

will breach at a particular location. The longer the flood 

defences, the greater the probability that the levee will fail 

within that section. This principle is known as the length 

effect. The magnitude of this effect varies from one failure 

mechanism to another. Since the height and loading of 

the flood defences varies little over longer distances, the 

weakest point in terms of overtopping is often easy to 

identify. The length effect for overflow and overtopping is 

therefore relatively small. A levee extends over a large area 

of ground, however, and the subsoil composition can change 

every 100 metres. The exact spot where piping will occur is 

therefore difficult to predict. As a result, the length effect 

associated with this failure mechanism is greater.
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Failure probability on Texel

The 28 kilometres of North Sea coast on Texel 

are protected by dunes, while the 26 kilometres 

of Waddenzee coast are protected by levees. 

The flood defences also include several hydraulic 

structures.

The dunes on Texel are relatively safe. The prob-

ability of a breach occurring there is lower than 

1/100,000 per year.

The flood defences along the Waddenzee coast 

are less secure. The probability that a breach will 

occur here is 1/270 per year.

 

Contribution to probability differs between  

failure mechanisms

The VNK study found that the various parts of a levee 

system (levees, dunes and hydraulic structures) do not all 

contribute to the same degree to the total failure probability 

of the system.

In the case of levees, piping plays a much greater role in the 

probability of flooding than was previously assumed.

Dunes and hydraulic structures, on the other hand, do not 

generally contribute substantially to the failure probability 

of a levee system. A method has therefore been developed 

that, with little effort, allows parts of the system that may 

make a substantial contribution to its failure probability to 

be pre-selected.

Failure probability per levee section (annual)

n n   < 1/10,000

n n   1/4,000 - 1/10,000

n n   1/2,000 - 1/4,000

n n   1/1,000 - 1/2,000

n n   1/500 - 1/1,000

n n   > 1/500
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Consequences of a levee breach 

Flood risk is not only determined by the probability of a 

flood, but also by the consequences.

A flood can threaten human life and property and have 

a major impact on society. The location of the breach, 

the ground level and the land use in the area behind the 

defences are all important factors. Raised features in the 

landscape such as railway lines, roads and regional defences 

influence flood propagation patterns and the speed with 

which the area is inundated. Computer models have been 

used to determine the various flood scenarios and associ-

ated flood characteristics such as water depth, velocity 

and rise rate. These factors affect the scale of losses and 

number of fatalities in the event of a levee breech.

Types of flood pattern

When a levee breaches, the water flows into the area 

behind at that point. The water will flow through the area 

in a certain way, depending on the location of the breach, 

and the size and elevation of the area. This determines the 

consequences of the flood. Floods in different types of area 

are described on the opposite page.
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Sloping surface area

Flat polder type

Variable

Areas with a sloping surface area are found 

mainly along rivers. Elevation decreases gradu-

ally in the river’s direction of flow. If the defences 

upstream breach, the water will flow through the 

protected area to the lower-lying part (see breach 

at Keent). A breach further downstream will 

cause the partial filling of the area upstream (see 

breach at Heusden).

Some areas experience variable flood behaviour, 

causing only part (possibly just a small part) of 

the area to be inundated. Variation in elevation 

and the presence of regional defences or raised 

roads and railways are the key determining fac-

tors. 

Flat polders with very little slope and no large 

linear objects.

Flat polders will always be entirely inundated, 

irrespective of where the levee breaches. The 

consequences of a flood are virtually unrelated to 

the exact location of the breach.

Breach at Brakel. Maximum water depth.

Breach at Heusden, water depth after 1 day.

Breach at Katwijk. Maximum water depth.

Breach at Heusden, water depth after 12 days.

Breach at Rotterdam. Maximum water depth.

Breach at Keent, water depth after 12 days.Breach at Keent, water depth after 1 day.

Breach at Hurwenen. Maximum water depth.

Water depth
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n n   ≥ 7 m

Water depth
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n n   4 m

n n   5 m

n n   ≥ 7 m

Water depth

n n   0.1 m 
n n   1 m
n n   2 m

n n   4 m

n n   5 m

n n   ≥ 7 m
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Economic losses

The economic losses caused by a flood include direct 

damage to capital goods such as homes, infrastructure and 

loss of business in the affected area, and indirect losses 

because economic activity outside the affected area also 

comes to a standstill. Total economic losses depend on 

whether vulnerable capital goods are located in the flooded 

area.

Fatalities

The number of fatalities caused by a flood is calculated 

on the basis of the number of people living in the area 

combined with the flood characteristics such as the velocity 

and rise rate of the water. The number of fatalities can 

sometimes be reduced significantly by evacuating people. 

The effectiveness of preventive evacuation depends on the 

predictability of flooding, the capacity of the infrastruc-

ture and the circumstances in which the evacuation has to 

take place, such as weather conditions and general panic. 

Various scenarios have therefore been developed for the 

effectiveness of an evacuation.
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Water depth

n n   0,1 m 
n n   1 m
n n   2 m

n n   4 m

n n   5 m

n n   ≥ 7 m

Flood behaviour on Texel

A breach in the primary flood defences on Texel 

would cause part of the island to flood. Which 

part would depend on the location of the breach. 

The illustrations show what would happen in the 

event of a breach at one of the four most likely 

locations.

The breaches are caused by a storm at sea. If one 

of the breaches were to occur, the load caused 

Losses and fatalities on Texel

The losses caused as a result of the breaches 

in the primary flood defences could run into the 

hundreds of millions of euros. The precise amount 

depends on the location of the breach and the 

impact of the flood water. The number of fatalities 

could be as much as several dozen, depending on 

the breach location, the impact of the water and 

the effectiveness of any evacuation.

by the storm would not be affected at the other 

locations. A further breach might therefore occur 

at another location. Several breaches might thus 

potentially occur as the result of one storm.

Due to the variable flood behaviour on Texel, the 

consequences of multiple breaches would be 

greater than those of a single breach. The flood-

ing pattern for the four breaches illustrates this.

Breach of sea wall at  

Prins Hendrikpolder.

Breach of sea wall at  

Oudeschild.

Breach of Oostdijk levee. Breach of sea wall at  

De Eendracht polder.

Multiple breaches.
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Finally, flood probabilities and consequences were com-

bined to give flood risks.

Three measures of risk were considered: economic risk, 

individual risk and societal risk.

Economic risk

The economic risk is the annual expected value of economic 

losses, expressed in euros per year. This figure can be used 

as a measure of the value of the economic risk in cost-

benefit studies, which weigh up the investments in flood 

protection against the reduction in flood risk as a result of 

these investments.

Individual risk

The individual risk (IR) gives a spatial image of the loss-of-

life risk in a protected area. This risk is the annual prob-

ability that an imaginary person at a particular place in the 

protected area will die as a result of flooding in the area. 

The evacuation possibilities are considered. This figure 

gives an idea of the current level of flood protection. The 

IR is independent of the actual presence of people in the 

protected area. The IR can be used to make decisions 

concerning prevention, spatial planning and emergency 

management / crisis management.

Societal risk

The loss-of-life risk considers the number of deaths as a 

direct result of a flood. Large numbers of fatalities can 

be expected in areas where lots of people live, or where 

a very large area may be flooded in a single event. A rare 

flood with a large number of fatalities has a greater societal 

impact than much more frequent, smaller incidents. This is 

expressed in the form of societal risk. It is shown in a graph 

illustrating the probability that 1, 10, 100, 1000 or 10,000 

fatalities will occur.

Probability and consequences combined to give risk
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Economic risk  (€/ha/year)

≤  10

 100

 1,000

 2,500

≥ 5,000

Societal risk on Texel

The graph shows the probability that 1, 10, 100 or 

1000 fatalities will occur on Texel. The probability 

that a group of at least 10 people will die on Texel 

as a result of flooding on the island is approx. 

1/75,000 a year.

Economic risk on Texel

The economic risk for Texel is approx. 0.5 million 

euros a year. The geographical distribution of this 

risk shows major differences. The villages have 

a relatively large risk because of their high eco-

nomic value; the risk of economic loss is smaller 

in rural areas. The part of the island immediately 

behind the levees along the Waddenzee has a 

relatively large risk because of the greater prob-

ability of a breach in these defences.

Individual risk on Texel

There are major differences in IR on Texel. The 

part of the island immediately behind the levees 

along the Waddenzee coast has a fairly high IR, 

partly as a result of the relatively high probability 

that these defences will breach, and the flood 

pattern.
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Insights and applications

The Flood Risk in the Netherlands project (VNK) has shown that it is possible to 

calculate the probability of flooding and the associated risks on a nationwide 

basis. VNK has produced a range of new insights into the factors affecting flood 

risk. This chapter describes these new insights, and also looks at how they are 

now being used in practice to protect the Netherlands from flooding in a more 

efficient way.

3
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Flood Risk in the Netherlands

The VNK risk analyses show major differences in flood 

risk across the Netherlands. The current flood protection 

standards are not the same throughout the country. The 

requirements for flood defences along the coast are cur-

rently stricter than those in the upstream rivers area. For 

example, the standards for the Randstad conurbation and 

the island of Texel are stricter than those for the Betuwe 

and Land van Maas en Waal regions.

The differences in the current standards only partly explain 

the differences in flood risk, however. There are often major 

differences within a protected area, in fact, even though 

the same requirements currently apply to every part of a 

levee system. There are various reasons why the variations 

in flood risk are much greater than one might expect on the 

basis of the current standards. For example, the conse-

quences of flooding often vary considerably between and 

within levee systems. Cascade effects can occur, whereby 

a flood in one levee system also leads to flooding in one or 

more adjacent systems. Piping, a failure mechanism that 

plays a key role in the rivers area, in particular, has also 

turned out to be more important than previously assumed.

The coast is relatively safe…

People often think that the flood risk is greatest along the 

coast. The Storm Surge of 1953, the unpredictable nature 

of storm surges and the concern that an inland town like 

Amersfoort might one day end up as ‘Amersfoort-on-Sea’ 

have reinforced this idea. VNK has however shown that the 

flood risk behind the dunes is often quite small. The prob-

ability that a dune will breach is generally very low, since 

the dunes are very wide. This is due partly to good coastline 

management: every year millions of cubic metres of sand 

are replenished along the coast to recharge the dunes and 

counter coastal erosion. In recent years a number of weak 

spots along the coast have been specifically reinforced. The 

dunes and the beach at those locations have been widened 

significantly to minimise the likelihood of a dune breach.

… but the risks are relatively great along the rivers

The standards that flood defences along the rivers must 

currently comply with are less strict than those along the 

coast. The VNK risk analyses have shown that the flood risk 

in the rivers area is relatively high. Levee breaches along 

the rivers could inundate very large areas, causing huge 

damage. The flood water could reach several metres in the 

smaller dike ring areas and in the downstream parts of elon-

gated, sloping areas. In addition, the probability of flooding 

in the rivers area is relatively high. This is because of the 

narrow levees, the subsoil composition and the relatively 

long duration of high water events.

The risks can also vary sharply within a protected area

The flood risk not only varies a great deal between 

protected areas, but also within them. Differences in the 

elevation of the land and the compartmentalising effect of 

secondary flood defences can cause big differences in the 

maximum water depths, velocity and rise rate of the water. 

The economic value is not the same throughout a protected 

area, and the population is often concentrated in towns 

and villages. Furthermore, the probability of a levee breach 

varies.

The individual risk shown for the protected areas in the 

Randstad conurbation considers system effects. This is the 

effect whereby a levee breach in one levee system has an 

impact on the probability of flooding in another. This effect 

is explained further on the following pages.
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Risk map

The risk map shows the current individual risk (IR) in 2015 once the levee improve-

ment programme HWBP2 and the ‘Room for the Rivers’ programme have been 

implemented. The IR is the annual probability that an imaginary person at a particular 

place in the protected area will die as a result of flooding in the area. The evacuation 

possibilities are considered. Green areas on the map indicate that the location is a 

relatively low-risk area, red and dark red locations are relatively high-risk areas. The 

differences in IR are particularly striking, not only between levee systems but also 

within some systems. It is important to remember that these risks are determined 

above all by the physical properties of a protected area, and are not affected by the 

number of people actually in the area.

Individual risk (annual)

≤ 1·10-8

1·10-7

1·10-6

1·10-5

1·10-4

≥ 1·10-3
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VNK has mapped flood risk in the Netherlands by consi-

dering the flood risks in individual levee systems indepen-

dently of other levee systems. It is not certain that this 

is entirely appropriate, however. There are several areas 

where a flood in a levee system would be quite likely to 

have an impact on surrounding systems.

The effect whereby a levee breach has an impact on 

flooding in another levee system is known as a system 

effect. A system effect can manifest itself in different ways. 

A levee breach can reduce the flow of water downstream, 

causing the water level to decrease and reducing the risk of 

flooding there. But the opposite is also possible: water might 

flow through the levee breach into a neighbouring levee 

system because the flood defences intended to separate the 

levee systems fail. This cascade effect has been illustrated 

on the basis of the links between the protected areas in the 

Randstad.

Cascade effects in the Randstad

A levee along the river Lek breaches and the water flows 

through area 15 (Lopikerwaard and Krimpenerwaard) and 

area 44 (Kromme Rijn), loading the category C defences 

that separate the two areas from area 14 (Zuid-Holland). 

These are the flood defences along the canalised Hollandse 

IJssel river, the Lek Canal, the Amsterdam-Rhine Canal, the 

North Sea Canal, the Hollandsche IJssel between Krimpen 

aan den IJssel and Gouda, and dry compartmentalising 

defences like Meerndijk. These are likely to have only a 

limited flood defence capability. A breach in the defences 

along the Lek in area 15 and area 44 would then give rise 

not only to losses and fatalities in those protected areas, but 

also in area 14. From the perspective of flood risk manage-

ment, these three protected areas are therefore one system.

Lekdijk crucial

It has long been believed that the management of flood 

risk in Zuid-Holland province is determined above all by 

the North Sea coast, the Nieuwe Maas and the Nieuwe 

Waterweg ship canal near Rotterdam. However, it turns out 

that the safety of area 14 is affected above all by cascade 

effects that might occur in the event of a breach in the 

northern Lekdijk around area 15 and area 44, and any 

subsequent failure in the flood defences separating the 

areas (category C defences).

The flood defences along the Nieuwe Maas, Nieuwe 

Waterweg and North Sea coast have little impact of the 

flood risk because of their low failure probability. This 

means that it is the northern Lekdijk, which is not part of the 

category-A defence structures encircling area 14, that play a 

crucial role in determining flood risks in the eastern part of 

levee system 14.

Cascade type of flooding

a ac c

Cascade effect

A breach in a category-A flood defence eventually loads 

category-C flood defences, which are not designed to with-

stand such water levels. As a result the areas behind these 

levees are also threatened.

rivercanal
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14 44

Consequences of a breach in the flood defences at Katwijk. Consequences of a breach in the flood defences by the river Lek at 

Amerongen.

Individual risk without system effect. Looking at the interaction between levee systems reveals that 

the eastern part of protected area 14 (Zuid-Holland) is subject to 

greater flood risk.
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The VNK results show that piping plays a much greater 

role in the probability of flooding and in flood risk than 

overflow and overtopping, for example, particularly in the 

rivers area. It is therefore not so much the height of the 

levees in the rivers area that is a problem; the width of 

the levee actually has more impact on the likelihood that 

a breach will occur.

Piping, internal backward erosion is the failure mechanism 

whereby water flows under the levee carrying sand with it, 

thus undermining the levee. It can occur at times of high 

water levels in the outer waters (river, sea, lake or canal), 

as a result of which the water level there rises higher than 

the level within the protected area. This difference causes 

groundwater to flow. If the flow reaches a certain rate the 

water carries sand with it, creating small channels in the 

earthwork. The channels can expand, eventually connecting 

the water on either side of the levee or dam. The levee 

subsides into the cavities created, causing a breach. Parts of 

the levee may slide. The levee will then give way before the 

water spills over it. The figure shows how piping works.

Theory and practice

Since piping occurs in the subsurface it is difficult to identify 

spots where it might potentially happen. One of the first 

indications that the mechanism is developing is the forma-

tion of sand boils on the land side of the flood defence. 

However, not every boil leads to piping.

Boils are regularly observed in levees. During the high water 

event of 1993, for example, some 120 boils were observed, 

40 of them along the Rhine, 40 along the Waal, 30 along the 

IJssel and 10 along the Maas. During the high water event in 

1995, around 180 were observed, many of which had been 

seen in 1993, though some were new. The majority of the 

boils were at known critical locations. The occurrence of 

boils was attributed to a newly dug berm ditch combined 

with a deep sand pit, transection of a clay layer in a probing 

If the water level in the river rises, the underlying 

sand layer in the embanked area exerts more pres-

sure on the covering clay layer. This can cause the 

covering layer to burst open.

If the water flows fast enough to carry grains of 

sand with it, a cavity forms under the levee; this is 

known as a pipe.

The water can now flow through and cause a boil 

behind the levee.

The pipe weakens the levee, causing it to subside and 

perhaps eventually to breach.

1 2

3 4

Piping more important than previously though
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survey, buried sand bars and stream beds, concessions 

in the width of the berm when levee improvements were 

carried out and excavation of the landside slope. The boils 

were dealt with by placing sandbags around them, causing 

the boil to fill with water and thus creating counter-pressure. 

The water level in the ditches behind the structure can also 

be raised or berms can be created.

The boils observed during the high water events of 1993 and 

1995 did not cause the flood defences to fail. The piping was 

halted by the measures taken. However, the fact that piping 

can lead a flood defence to breach is supported by a number 

of historical descriptions of the mechanism. For example, 

the breach in the Heidijk levee at Nieuwkuijk in 1880, and 

the levee breaches at Tholen in 1894 and Zalk in 1926 can be 

attributed to piping. The mechanism is also known to have 

occurred in other countries. For instance, a levee failed due 

to piping during the Hurricane Katrina floods in New Orleans 

(USA) in 2005. 

The calculations performed for the VNK project show that 

piping is mainly a significant factor in the levees along 

the major rivers. This is consistent with field observations 

during the high water events of 1993 and 1995. The local 

soil structure in the rivers area often consists of a thin 

impermeable layer of clay or peat on a sandy substrate. The 

precise structure can vary greatly, partly because of the 

many shifts that have occurred in the course of the rivers. 

Sensitivity analyses show that this uncertainty in the values 

of various soil parameters can lead to major differences in 

failure probability. Furthermore, high water events in the 

rivers area tend to continue for a sustained period. This 

combination of factors makes the likelihood that piping will 

occur much greater in the rivers than along Lake IJssel or 

the coast, for example.
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Every protected area is surrounded by flood defences. 

Most are levees and dunes, but sometimes protection 

from flooding is provided by a structure such as a lift 

lock, a drainage sluice or a flood gate. The VNK project 

has shown that hydraulic structures rarely contribute 

substantially to flood risk.

Hydraulic structures are robust flood defences. They are 

often overengineered to ensure they do not have to be 

replaced too frequently, as they are expensive to build. The 

map opposite shows the position of the hydraulic structures 

examined in the VNK project. Those with a low probability 

of failure are indicated with a small green dot, those with 

a high probability of failure with a red dot. The map clearly 

shows that the majority of hydraulic structures offer excel-

lent protection.

Where hydraulic structures do make a substantial contribu-

tion to flood risk, their relatively high failure probability is 

almost always associated with the possibility that the struc-

ture will not be closed in time during a high water event. 

Once water starts flowing through the structure, it is often 

impossible to close it. Humans are generally the weakest 

link. Frequent drills are therefore performed to practise 

closing hydraulic structures, in order to minimise the likeli-

hood of human error.

The VNK project has developed a method that quickly allows 

potentially high-risk hydraulic structures to be identified. 

Detailed failure probability analyses need only be performed 

for these structures. This screening method was devised on 

the basis of insights produced by dozens of failure prob-

ability calculations. Thanks to this screening method, unnec-

essary calculation work can be avoided and attention can be 

focused on the risk-determining structures. VNK screened 

around 1000 hydraulic structures using this method, and 

calculated the failure probability of around 400.

Hydraulic structures are robust
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Hydraulic structures

The map shows the failure probability of the hydraulic structures examined 

in the VNK project. Generally speaking, these structures are robust: the 

probability that a hydraulic structure will fail during a high water event, is 

low. A higher failure probability was however calculated for some structures, 

partly as a result of the potential for human error in the closing process. 

Given the fact that the levees in which these structures are situated often 

have an even higher failure probability, the structures themselves have a 

limited impact on the flood risk in the levee systems concerned.

Failure probability per hydraulic structure (annual)

< 1/10,000

1/4,000 - 1/10,000

1/2,000 - 1/4,000

1/1,000 - 1/2,000

1/500 - 1/1,000

> 1/500
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The VNK project has mapped flood risk in the Nether-

lands. The results and insights of the project have already 

been put into practice, to develop new flood protection 

standards and new statutory assessment tools that can 

be used to determine whether flood defences comply with 

the new standards.

VNK has also provided information to help prioritise the 

reinforcement of hundreds of kilometres of flood defences, 

and the methods and figures from the project have been 

used to develop new design rules for levees.

New standards

The government has proposed changes to the legal stand-

ards for flood protection, partly in response to the growth in 

the population and the economy over the past few decades. 

This has mainly affected the level of the standards. The 

government has indicated that everyone should at least be 

provided with the same level of protection from flooding: 

the basic protection level.

From insights to practical applications

When legal standards are revised, both the level of the 

standard and the type of standard will change. The stand-

ards currently laid down in law are defined as exceedance 

probabilities for water levels that flood defences must be 

able to withstand. But it is difficult to define what exactly 

constitutes enough protection. The new standards are 

defined as maximum permissible probabilities of flooding, 

i.e. requirements concerning the probability that things 

will actually go wrong. This makes a much more direct link 

between the requirements that flood defences must meet 

and tolerable risk.

The law currently stipulates one standard for each levee 

system. The studies performed by VNK show, however, that 

the consequences of flooding can vary sharply within and 

between protected areas. This can clearly be seen in the 

Gelderse Vallei (levee system 45). This area lies between 

the Utrechtse Heuvelrug ridge and the upland moors of the 

Veluwe. To the south it is bordered by the Nederrijn river 

and to the north by the Eem and the Zuidelijke Randmeren 
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Breach in Grebbedijk.Breach in levees along  

Zuidelijke Randmeren and Eem.

Individual risk prior to  

reinforcement of Grebbedijk.

Individual risk after  

reinforcement of Grebbedijk.

lakes. This levee system has a sloping surface: in the south 

the land is some 10 metres higher than in the north. If the 

levee in the low-lying north were to breach, the water would 

not penetrate far into the area. The consequences would 

therefore be limited. But a breach in the Grebbedijk in the 

higher-lying south would allow water to flow into the entire 

area, and the whole of the protected area would inundate.

Aligning the level of protection more closely with the 

consequences of a levee breach would allow flood risk to 

be reduced to the desired level in a more targeted manner, 

thus saving costs. This can be achieved by no longer setting 

standards for each levee system, but for each stretch of 

levee. From this perspective, it makes more sense to apply 

stricter standards to the Grebbedijk than to the levees along 

the Eem and the lakes. A stronger Grebbedijk would reduce 

flood risk much more than a reinforced levee in the north of 

the area.

A range of consequences of flooding also exists in the 

Randstad conurbation. Here, the system effect between 

protected areas comes into play. VNK has mapped the 

impact of the system effect on flood risk, and found that the 

consequences of flooding emanating from the Nederrijn/

Lek would not be limited to levee system 15 (Lopikerwaard 

and Krimpenerwaard) or levee system 44 (Kromme Rijn); 

the effects would in fact extend into levee system 14 (Zuid-

Holland), penetrating deep into the Randstad. The new 

standards for flood defences along the Nederrijn/Lek take 

account of this effect.

The examples illustrate why different standards will be intro-

duced for some stretches of levee. It is clear that defining 

these stretches will require a customised approach. The new 

standards will give rise to a different set of levee reinforce-

ment measures than those required under the current 

standards. VNK has helped identify the costs by drawing 

up nationwide cost estimates. Levee dimensions have also 

been defined for some locations to ensure they comply with 

the new standards, and an assessment has identified which 

major hydraulic structures may need to be reinforced.

New levee assessment

The law not only prescribes new flood protection standards, 

it also stipulates that management authorities must assess 

levees. Central government defines parameters and rules 

for the tests in the Statutory Assessment Instruments (WTI). 

The introduction of a new type of standard means new 

instructions have to be developed for the testing of flood 

defences. A new set of statutory instruments (WTI2017) 

has been under development since 2012. From 2017 flood 

defences will be assessed using WTI2017, based on the new 

flood probability standards.

WTI2017 will build on VNK. Though the test models will be 

both broader and more refined, in essence the approach 

and the calculation methods will be virtually identical. The 

knowledge, data and experience derived from the VNK 

project are therefore being used as much as possible in the 

development of the new instruments. The link between the 

two programmes can clearly be seen in the use of data on 

the strength of flood defences from VNK.

Levee system   45  Gelderse Vallei

Individual risk (annual)

≤ 1·10-8

1·10-7

1·10-6

1·10-5

1·10-4

≥ 1·10-3

Water depth

n n   0.1 m 
n n   1 m
n n   2 m

n n   4 m

n n   5 m

n n   ≥ 7 m
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Although the focus is often on developing instruments, 

experience in the VNK project has shown that organisational 

factors deserve at least as much attention. The project 

sought to strike a balance between the development of rules 

and procedures, and the development of professionalism, 

knowledge and experience among the parties involved 

(clients, contractors and specific experts). The knowledge 

developed has been shared among all participants, creating 

support for the new approach.

The technical and organisational lessons of VNK and the 

support created by working with the risk approach in VNK 

are being used in the development of the new instruments 

in WTI2017.

Prioritising levee reinforcements

The levee sections that fail the assessment must be rein-

forced. They will therefore be incorporated into the Flood 

Protection Programme (HWBP). It is already clear that many 

hundreds of kilometres of levees will need to be reinforced 

over the next few years. They cannot all be tackled at once, 

as the task is simply too great. Priorities therefore have to 

be set. VNK helped HWBP develop a simplified prioritisation 

method. Possibilities for prioritising measures on the basis 

of the new standards are currently being considered, using 

the results from VNK. Measures could, for example, be prior-

itised on the basis of their impact on flood risk, ensuring 

the most effective are carried out first. However, they could 

also be prioritised on the basis of cost-effectiveness, or 

the current degree of non-compliance with the standard. 

The method of prioritisation can be determined for indi-

vidual levee systems, or for multiple systems. The eventual 

programming will also be based on other factors, of course, 

including technical and budgetary constraints.

New design practices

To ensure that flood defences now being designed do not 

immediately meet the new standards, a new set of design 

tools has been developed (Ontwerpinstrumentarium 2014). 

These tools anticipate the new standards, thus helping to 

avoid high costs when they are implemented. The design 

tools are partly based on the new insights from the VNK 

project and the probabilistic methods used in the project. 

Since VNK has calculated probabilities on a large scale, the 

safety factors used for designing levees can now be tight-

ened up. The tools will undergo further development as they 

are used over the next few years.

Prompted by the findings of the VNK project, a great 

deal more attention will be given to piping in both levee 

assessment and design. This failure mechanism has been 

subjected to a great deal of study both in the VNK project 

and elsewhere. The Expertise Network for Flood Protec-

tion (ENW) published a report entitled ‘Piping: Reality or 
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Prioritising measures in and between 
levee systems

Levee reinforcements cost many billions of euros. However, the 

annual budget does not allow all the necessary measures to 

be carried out at once. The results of VNK allow reinforcement 

measures to be prioritised on the basis of cost-effectiveness, 

weighing up the benefits (reduction in flood risk) against the 

costs of reinforcement. This cost-benefit analysis can then be 

used not only to prioritise measures in individual levee systems, 

but between several levee systems.

X

Y
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Insights and applications

Calculation Error?’ (2010), which endorses the VNK project’s 

recommendations on piping and suggests that the tradi-

tional testing and design rules might not offer sufficient 

protection. New requirements are currently being drafted, 

and until they are published much stricter design rules will 

be applied to ensure that new levee reinforcements provide 

enough protection. A survey of piping has been launched 

across several projects in the HWBP, as part of the search 

for cost-effective measures. Practical solutions are being 

sought for many kilometres of flood defences, considering 

not only traditional measures such as widening levees 

but also measures like installing sheet piling and use of 

geotextiles.

Smarter investment, more efficient protection

VNK has shown the potential of a risk-based approach to 

flood protection by calculating the probability of flooding 

and the risk associated with flooding for the entire country. 

Virtually all Dutch engineering consultancies, water authori-

ties, provincial authorities and central government have 

gained experience of risk analysis in the project. This has 

paved the way for the introduction of standards based on 

the probability of flooding and targeted protection from 

flooding throughout the Netherlands. Hundreds of millions 

of euros are spent on maintenance of flood defences every 

year. VNK has shown that reinforcement measures do not 

all have the same impact on flood risk. By better aligning 

the required level of protection with the consequences of 

flooding, and always using the most cost-effective meas-

ures, the yield on investments in flood protection in the 

Netherlands can be significantly increased.

With these results, VNK has laid the foundations for smart, 

efficient flood protection in the Netherlands, which will allow 

it to remain the world’s best-protected delta in the future.
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Facts and figures

Facts and figures

VNK has calculated the probability of flooding and flood risks for 58 levee 

systems. This produced a large quantity of facts and figures which have been 

presented in the form of tables, graphs and diagrams. Presenting these facts  

and figures for individual levee systems gives a spatial impression of flood 

protection in the Netherlands in 2015.

4
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Facts and figures

The Flood Risk in the Netherlands project has mapped the 

flood risks in 58 levee systems. The results of the analyses 

have been compiled into reports on each individual levee 

system which have been published online at www.helpdesk-

water.nl. This publication presents a summary of the results 

in the form of tables, maps and fact sheets, providing a 

concise overview of the results of the project for each levee 

system.

Key statistics on the 58 levee systems are given in the table 

below. They include the length of category-A flood defences 

analysed, the number of hydraulic structures in these flood 

defences, the land area and the population in the protected 

area. The map on the page opposite shows where the levee 

systems are located.

Levee system

No. Name

Length 

of cat. A 

defences 

(km)

No. of 

hydraulic 

structures

Surface 

area (ha)
Population

1 Schiermonnikoog 13.1 1 880 1020

2 Ameland 36.7 3 3250 3560

3 Terschelling 27.7 3 2300 4700

4 Vlieland 2.3 2 281 1100

5 Texel 26.0 10 12,700 14,300

6 Friesland en Groningen 230.0 42 494,000 1,100,000

7 Noordoostpolder 56.0 14 50,100 60,200

8 Flevoland 95.0 11 97,400 244,600

9 Vollenhove 46.0 27 58,200 88,600

10 Mastenbroek 47.5 13 9540 32,000

11 IJsseldelta 32.4 74 13,700 47,800

12 Wieringen 32.0 6 22,500 20,800

13 Noord-Holland 153.0 146 153,600 1,010,900

13a IJburg 12.0 5 185 15,500

13b Marken 8.6 2 240 2050

14 Zuid-Holland 41.0 17 224,200 3,591,000

15
Lopiker- en 

Krimpenerwaard
48.0 26 31,400 201,500

16
Alblasserwaard en 

Vijfheerenlanden
86.2 24 39,200 212,800

17 IJsselmonde 62.0 36 12,600 360,000

18 Pernis 5.2 2 160 4300

19 Rozenburg 8.1 7 300 14,000

20 Voorne-Putten 71.0 22 19,500 155,400

21 Hoekse Waard 69.4 31 24,500 83,100

22 Eiland van Dordrecht 37.1 18 4920 104,800

24 Land van Altena 46.3 13 16,300 51,100

25 Goeree-Overflakkee 44.4 7 22,600 46,500

26 Schouwen-Duiveland 59.9 3 21,900 33,600

27 Tholen en Sint-Philipsland 52.9 5 13,900 23,100

28 Noord-Beveland 25.7 2 7750 6570

29 Walcheren 47.5 11 19,900 113,300

Levee system

No. Name

Length 

of cat. A 

defences 

(km)

No. of 

hydraulic 

structures

Surface 

area (ha)
Population

30 Zuid-Beveland West 63.0 11 26,100 70,600

31 Zuid-Beveland Oost 50.0 8 7560 18,900

32 Zeeuws-Vlaanderen 74.8 17 71,900 108,900

34 West-Brabant 47.3 22 73,700 387,300

34a Geertruidenberg 10.0 4 350 7060

35 Donge 28.5 11 12,500 97,600

36
Land van Heusden/ 

De Maaskant
102.0 53 66,600 421,600

36a Keent 4.4 1 110 61

37 Nederhemert 1.3 - 91 33

38 Bommelerwaard 49.0 21 10,900 45,700

39 Alem 4.8 1 94 450

40 Heerewaarden 11.5 12 290 1220

41
Land van Maas  

en Waal
88.0 25 27,900 251,900

42 Ooij en Millingen 17.3 7 3430 14,200

43
Betuwe, Tieler- en 

Culemborgerwaarden
170.8 22 62,600 330,000

44 Kromme Rijn 56.4 27 63,800 656,300

45 Gelderse Vallei 38.5 35 37,300 262,300

46 Eempolder 7.3 15 970 8640

47
Arnhemse- en 

Velpsebroek
15.3 19 2020 75,700

48 Rijn en IJssel 52.2 44 36,300 187,700

49 IJsselland 32.9 19 8700 20,100

50 Zutphen 13.0 14 4060 42,100

51 Gorssel 24.0 9 6470 10,700

52 Oost-Veluwe 63.0 16 31,000 110,800

53 Salland 83.0 96 40,900 205,500

65 Arcen 5.0 25 470 2200

68 Venlo-Velden 15.6 121 850 24,430

87 Meers 5.5 3 165 1500

Total 2657.4 1206 1,975,131 11,011,694
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Haarlem
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Scale of probability Scale of consequences

Ameland Terschelling Vlieland Texel Friesland en 

Groningen

NoordoostpolderSchiermonnikoog

1 2 3 4 5 76

Current probabilities and risks in individual levee systems

The results of the VNK project became available over a 

six-year period. The first results date from 2009, the most 

recent from 2014. A number of developments occurred 

over this period. Not only has insight into the techniques 

and principles applied progressed, various flood protection 

programmes have also been fully or partially implemented.

During the VNK project, for example, various levee improve-

ment projects forming part of the HWBP programme and 

the Room for the Rivers programme were completed, or 

were worked out in such detail that a design is available. The 

measures to lower water levels in the Room for the Rivers 

programme were also completed or fleshed out to the 

extent that their impact on risk is already known. In order to 

give an up-to-date picture of flood risk in the Netherlands, 

and in individual levee systems, the results for all levee 

systems have been translated to the situation in 2015, when 

HWBP and Room for the Rivers will be complete. The results 

presented in the table below and in the fact sheets may 

therefore differ from results presented in the individual 

levee system reports.

The table refers to flood probabilities in each individual 

levee system.

Levee system
Probability of 
levee failure

(annual)

Probability of 
dune failure

(annual)

Probability of 
hydraulic structure failure

(annual)

Probability of
flooding
(annual)

Economic  
risk

(M€ / year)

Loss-of-life 
risk

(n / year)

Societal risk
(annual probability of 10, 100 

or 1000 fatalities)

Overflow and 
overtopping

Landside slope 
stability

Bursting and 
piping

Strength of 
revetment

 Dune erosion
Overflow and 
overtopping

Reliability of 
locks

Underseepage 
and outflanking

Strength and 
stability

10 100 1000

1 Schiermonnikoog 1/100,000 1/160,000 ≈ 0 1/720 1/12,000 ≈ 0 1/720 ≈ 0 ≈ 0 1/350 0.1 0.002 ≈ 0 ≈ 0 ≈ 0

2 Ameland ≈ 0 ≈ 0 ≈ 0 1/22,000 1/20,000 ≈ 0 ≈ 0 ≈ 0 ≈ 0 1/10,000 0.01 < 0.001 ≈ 0 ≈ 0 ≈ 0

3 Terschelling 1/130,000 1/23,000 1/25,000 1/3300 ≈ 0 ≈ 0 1/13,000 ≈ 0 ≈ 0 1/2100 0.1 0.002 1/8400 ≈ 0 ≈ 0

4 Vlieland ≈ 0 ≈ 0 1/260,000 1/910 1/2400 ≈ 0 1/86,000 ≈ 0 ≈ 0 1/660 0.02 0.0004 ≈ 0 ≈ 0 ≈ 0

5 Texel 1/67,000 ≈ 0 1/700 1/1600 1/110,000 ≈ 0 1/180,000 1/620 1/770,000 1/270 0.2 0.01 1/74,000 ≈ 0 ≈ 0

6 Friesland en Groningen 1/840 1/2600 1/260 1/2100 - 1/180,000 1/12,000 1/3200 1/41,000 1/180 22.2 1.2 1/420 1/730 1/1800

7 Noordoostpolder 1/1200 ≈ 0 ≈ 0 1/4700 - ≈ 0 1/25,000 1/15,000 ≈ 0 1/1000 4.5 0.2 1/1000 1/1500 ≈ 0

8 Flevoland 1/770 1/640,000 1/2200 1/4300 - 1/9000 ≈ 0 1/77,000 ≈ 0 1/550 16.6 0.7 1/520 1/520 1/11,000

9 Vollenhove 1/120 1/110,000 1/140 1/6100 - 1/99,000 1/6500 1/980 ≈ 0 > 1/100 6.3 0.2 1/270 1/1800 ≈ 0

10 Mastenbroek 1/4300 1/2900 1/380 ≈ 0 - ≈ 0 1/970 1/7000 1/11,000 1/240 3.2 0.1 1/680 1/7600 ≈ 0

11 IJsseldelta 1/1400 ≈ 0 1/5200 1/310,000 - 1/69,000 1/1800 1/370 1/18,000 1/260 3.1 0.1 1/360 1/2500 ≈ 0

12 Wieringen 1/42,000 ≈ 0 1/630 1/17,000 - ≈ 0 1/370,000 1/71,000 ≈ 0 1/580 3 0.1 1/680 1/3400 ≈ 0

13 Noord-Holland 1/7400 1/900,000 1/970 1/3600 1/5200 1/600,000 > 1/100 1/1400 1/130 > 1/100 12.1 0.4 > 1/100 1/2800 1/53,000

13a IJburg 1/750,000 ≈ 0 ≈ 0 ≈ 0 - ≈ 0 ≈ 0 ≈ 0 ≈ 0 1/750,000 0.0001 0.0001 ≈ 0 ≈ 0 ≈ 0



47

Facts and figures

   

Flevoland Vollenhove Mastenbroek

8 9 10

Wieringen Noord-Holland IJburgIJsseldelta

11 12 13 13a

Levee system
Probability of 
levee failure

(annual)

Probability of 
dune failure

(annual)

Probability of 
hydraulic structure failure

(annual)

Probability of
flooding
(annual)

Economic  
risk

(M€ / year)

Loss-of-life 
risk

(n / year)

Societal risk
(annual probability of 10, 100 

or 1000 fatalities)

Overflow and 
overtopping

Landside slope 
stability

Bursting and 
piping

Strength of 
revetment

 Dune erosion
Overflow and 
overtopping

Reliability of 
locks

Underseepage 
and outflanking

Strength and 
stability

10 100 1000

1 Schiermonnikoog 1/100,000 1/160,000 ≈ 0 1/720 1/12,000 ≈ 0 1/720 ≈ 0 ≈ 0 1/350 0.1 0.002 ≈ 0 ≈ 0 ≈ 0

2 Ameland ≈ 0 ≈ 0 ≈ 0 1/22,000 1/20,000 ≈ 0 ≈ 0 ≈ 0 ≈ 0 1/10,000 0.01 < 0.001 ≈ 0 ≈ 0 ≈ 0

3 Terschelling 1/130,000 1/23,000 1/25,000 1/3300 ≈ 0 ≈ 0 1/13,000 ≈ 0 ≈ 0 1/2100 0.1 0.002 1/8400 ≈ 0 ≈ 0

4 Vlieland ≈ 0 ≈ 0 1/260,000 1/910 1/2400 ≈ 0 1/86,000 ≈ 0 ≈ 0 1/660 0.02 0.0004 ≈ 0 ≈ 0 ≈ 0

5 Texel 1/67,000 ≈ 0 1/700 1/1600 1/110,000 ≈ 0 1/180,000 1/620 1/770,000 1/270 0.2 0.01 1/74,000 ≈ 0 ≈ 0

6 Friesland en Groningen 1/840 1/2600 1/260 1/2100 - 1/180,000 1/12,000 1/3200 1/41,000 1/180 22.2 1.2 1/420 1/730 1/1800

7 Noordoostpolder 1/1200 ≈ 0 ≈ 0 1/4700 - ≈ 0 1/25,000 1/15,000 ≈ 0 1/1000 4.5 0.2 1/1000 1/1500 ≈ 0

8 Flevoland 1/770 1/640,000 1/2200 1/4300 - 1/9000 ≈ 0 1/77,000 ≈ 0 1/550 16.6 0.7 1/520 1/520 1/11,000

9 Vollenhove 1/120 1/110,000 1/140 1/6100 - 1/99,000 1/6500 1/980 ≈ 0 > 1/100 6.3 0.2 1/270 1/1800 ≈ 0

10 Mastenbroek 1/4300 1/2900 1/380 ≈ 0 - ≈ 0 1/970 1/7000 1/11,000 1/240 3.2 0.1 1/680 1/7600 ≈ 0

11 IJsseldelta 1/1400 ≈ 0 1/5200 1/310,000 - 1/69,000 1/1800 1/370 1/18,000 1/260 3.1 0.1 1/360 1/2500 ≈ 0

12 Wieringen 1/42,000 ≈ 0 1/630 1/17,000 - ≈ 0 1/370,000 1/71,000 ≈ 0 1/580 3 0.1 1/680 1/3400 ≈ 0

13 Noord-Holland 1/7400 1/900,000 1/970 1/3600 1/5200 1/600,000 > 1/100 1/1400 1/130 > 1/100 12.1 0.4 > 1/100 1/2800 1/53,000

13a IJburg 1/750,000 ≈ 0 ≈ 0 ≈ 0 - ≈ 0 ≈ 0 ≈ 0 ≈ 0 1/750,000 0.0001 0.0001 ≈ 0 ≈ 0 ≈ 0
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Voorne-Putten Hoekse Waard Eiland van 

Dordrecht

Land van AltenaRozenburg

19 20 21 22 24

Marken Zuid-Holland Lopiker- en 

Krimpenerwaard

Alblasserwaard 

en Vijfheeren- 

landen

IJsselmonde Pernis

13b 15 16 17 1814

Levee system
Probability of 
levee failure

(annual)

Probability of 
dune failure

(annual)

Probability of 
hydraulic structure failure

(annual)

Probability of
flooding
(annual)

Economic  
risk

(M€ / year)

Loss-of-life 
risk

(n / year)

Societal risk
(annual probability of 10, 100 

or 1000 fatalities)

Overflow and 
overtopping

Landside slope 
stability

Bursting and 
piping

Strength of 
revetment

 Dune erosion
Overflow and 
overtopping

Reliability of 
locks

Underseepage 
and outflanking

Strength and 
stability

10 100 1000

13b Marken 1/7000 ≈ 0 ≈ 0 ≈ 0 - ≈ 0 ≈ 0 ≈ 0 ≈ 0 1/7000 0.01 0.0001 ≈ 0 ≈ 0 ≈ 0

14 Zuid-Holland 1/34,000 ≈ 0 1/95,000 1/170,000 1/44,000 ≈ 0 ≈ 0 ≈ 0 ≈ 0 1/16,000 0.3 0.1 1/16,000 1/17,000 1/59,000

15 Lopiker- en Krimpenerwaard 1/1300 1/4800 1/300 1/710 - 1/18,000 1/12,000 ≈ 0 ≈ 0 1/170 30.3 1.5 1/170 1/280 1/6600

16 Alblasserwaard en Vijfheerenlanden 1/1700 1/480 1/100 1/82,000 - 1/60,000 1/11,000 ≈ 0 ≈ 0 > 1/100 118.9 8.2 > 1/100 > 1/100 1/510

17 IJsselmonde 1/15,000 1/16,000 1/1600 1/4500 - ≈ 0 ≈ 0 1/520,000 ≈ 0 1/990 1 0.2 1/1800 1/11,000 1/16,000

18 Pernis ≈ 0 ≈ 0 ≈ 0 ≈ 0 - ≈ 0 ≈ 0 ≈ 0 ≈ 0 1/590,000 0.0008 0.001 1/590,000 1/590,000 ≈ 0

19 Rozenburg ≈ 0 ≈ 0 ≈ 0 1/7000 - ≈ 0 ≈ 0 ≈ 0 ≈ 0 1/7000 0.1 0.1 1/7000 1/7500 1/140,000

20 Voorne-Putten 1/9900 1/220 1/460 1/310 ≈ 0 ≈ 0 1/21,000 ≈ 0 1/240,000 1/100 12.9 1.2 1/100 1/210 1/670,000

21 Hoekse Waard 1/11,000 1/38,000 1/420 1/5700 - ≈ 0 1/42,000 1/300 1/300,000 1/170 0.6 0.1 1/790 ≈ 0 ≈ 0

22 Eiland van Dordrecht 1/40,000 1/4700 1/1100 1/6300 - ≈ 0 ≈ 0 1/11,000 ≈ 0 1/710 0.1 0.02 1/35,000 1/64,000 1/140,000

24 Land van Altena 1/3800 1/300 1/460 1/120,000 - ≈ 0 1/3900 1/310,000 ≈ 0 1/160 17.5 0.6 1/190 1/650 1/48,000

25 Goeree-Overflakkee 1/7500 1/260,000 1/390 1/5500 ≈ 0 ≈ 0 1/24,000 ≈ 0 ≈ 0 1/340 0.03 0.001 1/500,000 ≈ 0 ≈ 0

26 Schouwen-Duiveland 1/1800 1/83,000 1/140 ≈ 0 1/51,000 ≈ 0 ≈ 0 1/4000 ≈ 0 1/120 2.1 0.3 1/280 1/1000 ≈ 0

27 Tholen en Sint-Philipsland 1/6300 1/200,000 1/600 ≈ 0 - ≈ 0 ≈ 0 ≈ 0 ≈ 0 1/550 0.1 0.03 1/1200 1/15,000 ≈ 0

28 Noord-Beveland 1/140,000 1/33,000 1/76,000 ≈ 0 ≈ 0 ≈ 0 ≈ 0 ≈ 0 ≈ 0 1/20,000 0.004 0.0001 ≈ 0 ≈ 0 ≈ 0

29 Walcheren 1/2300 1/180,000 1/5300 ≈ 0 1/260,000 1/3800 1/9200 ≈ 0 1/110,000 1/1000 0.2 0.03 1/4500 1/51,000 1/240,000

30 Zuid-Beveland West 1/7300 1/960 > 1/100 ≈ 0 - ≈ 0 1/270,000 ≈ 0 ≈ 0 > 1/100 6.4 1.5 > 1/100 1/4000 1/14,000

31 Zuid-Beveland Oost 1/15,000 1/5300 1/5900 ≈ 0 - ≈ 0 ≈ 0 1/65,000 1/440,000 1/2300 0.2 0.03 1/2500 1/7300 ≈ 0

32 Zeeuws-Vlaanderen 1/1700 1/32,000 1/130 1/570 1/680,000 1/8400 1/2900 1/11,000 ≈ 0 1/110 1.1 0.1 1/900 1/3500 ≈ 0

34 West-Brabant 1/3900 1/110 1/140 1/4500 - ≈ 0 1/17,000 ≈ 0 1/7200 > 1/100 1 0.02 1/2900 ≈ 0 ≈ 0

34a Geertruidenberg 1/930 ≈ 0 1/290 1/8000 - ≈ 0 ≈ 0 ≈ 0 ≈ 0 1/220 1 0.03 1/1200 ≈ 0 ≈ 0

35 Donge 1/5600 1/19,000 1/380 1/300,000 - ≈ 0 ≈ 0 ≈ 0 ≈ 0 1/350 1.1 0.05 1/1100 1/14,000 ≈ 0

Scale of probability Scale of consequences
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Goeree-

Overflakkee

Schouwen-

Duiveland

Tholen en 

Sint-Philipsland

Noord-Beveland Walcheren

26 27 28 2925

Zuid-Beveland 

West

30

Zuid-Beveland 

Oost

Zeeuws-

Vlaanderen

West-Brabant Geertruidenberg Donge

31 32 34 34a 35

Levee system
Probability of 
levee failure

(annual)

Probability of 
dune failure

(annual)

Probability of 
hydraulic structure failure

(annual)

Probability of
flooding
(annual)

Economic  
risk

(M€ / year)

Loss-of-life 
risk

(n / year)

Societal risk
(annual probability of 10, 100 

or 1000 fatalities)

Overflow and 
overtopping

Landside slope 
stability

Bursting and 
piping

Strength of 
revetment

 Dune erosion
Overflow and 
overtopping

Reliability of 
locks

Underseepage 
and outflanking

Strength and 
stability

10 100 1000

13b Marken 1/7000 ≈ 0 ≈ 0 ≈ 0 - ≈ 0 ≈ 0 ≈ 0 ≈ 0 1/7000 0.01 0.0001 ≈ 0 ≈ 0 ≈ 0

14 Zuid-Holland 1/34,000 ≈ 0 1/95,000 1/170,000 1/44,000 ≈ 0 ≈ 0 ≈ 0 ≈ 0 1/16,000 0.3 0.1 1/16,000 1/17,000 1/59,000

15 Lopiker- en Krimpenerwaard 1/1300 1/4800 1/300 1/710 - 1/18,000 1/12,000 ≈ 0 ≈ 0 1/170 30.3 1.5 1/170 1/280 1/6600

16 Alblasserwaard en Vijfheerenlanden 1/1700 1/480 1/100 1/82,000 - 1/60,000 1/11,000 ≈ 0 ≈ 0 > 1/100 118.9 8.2 > 1/100 > 1/100 1/510

17 IJsselmonde 1/15,000 1/16,000 1/1600 1/4500 - ≈ 0 ≈ 0 1/520,000 ≈ 0 1/990 1 0.2 1/1800 1/11,000 1/16,000

18 Pernis ≈ 0 ≈ 0 ≈ 0 ≈ 0 - ≈ 0 ≈ 0 ≈ 0 ≈ 0 1/590,000 0.0008 0.001 1/590,000 1/590,000 ≈ 0

19 Rozenburg ≈ 0 ≈ 0 ≈ 0 1/7000 - ≈ 0 ≈ 0 ≈ 0 ≈ 0 1/7000 0.1 0.1 1/7000 1/7500 1/140,000

20 Voorne-Putten 1/9900 1/220 1/460 1/310 ≈ 0 ≈ 0 1/21,000 ≈ 0 1/240,000 1/100 12.9 1.2 1/100 1/210 1/670,000

21 Hoekse Waard 1/11,000 1/38,000 1/420 1/5700 - ≈ 0 1/42,000 1/300 1/300,000 1/170 0.6 0.1 1/790 ≈ 0 ≈ 0

22 Eiland van Dordrecht 1/40,000 1/4700 1/1100 1/6300 - ≈ 0 ≈ 0 1/11,000 ≈ 0 1/710 0.1 0.02 1/35,000 1/64,000 1/140,000

24 Land van Altena 1/3800 1/300 1/460 1/120,000 - ≈ 0 1/3900 1/310,000 ≈ 0 1/160 17.5 0.6 1/190 1/650 1/48,000

25 Goeree-Overflakkee 1/7500 1/260,000 1/390 1/5500 ≈ 0 ≈ 0 1/24,000 ≈ 0 ≈ 0 1/340 0.03 0.001 1/500,000 ≈ 0 ≈ 0

26 Schouwen-Duiveland 1/1800 1/83,000 1/140 ≈ 0 1/51,000 ≈ 0 ≈ 0 1/4000 ≈ 0 1/120 2.1 0.3 1/280 1/1000 ≈ 0

27 Tholen en Sint-Philipsland 1/6300 1/200,000 1/600 ≈ 0 - ≈ 0 ≈ 0 ≈ 0 ≈ 0 1/550 0.1 0.03 1/1200 1/15,000 ≈ 0

28 Noord-Beveland 1/140,000 1/33,000 1/76,000 ≈ 0 ≈ 0 ≈ 0 ≈ 0 ≈ 0 ≈ 0 1/20,000 0.004 0.0001 ≈ 0 ≈ 0 ≈ 0

29 Walcheren 1/2300 1/180,000 1/5300 ≈ 0 1/260,000 1/3800 1/9200 ≈ 0 1/110,000 1/1000 0.2 0.03 1/4500 1/51,000 1/240,000

30 Zuid-Beveland West 1/7300 1/960 > 1/100 ≈ 0 - ≈ 0 1/270,000 ≈ 0 ≈ 0 > 1/100 6.4 1.5 > 1/100 1/4000 1/14,000

31 Zuid-Beveland Oost 1/15,000 1/5300 1/5900 ≈ 0 - ≈ 0 ≈ 0 1/65,000 1/440,000 1/2300 0.2 0.03 1/2500 1/7300 ≈ 0

32 Zeeuws-Vlaanderen 1/1700 1/32,000 1/130 1/570 1/680,000 1/8400 1/2900 1/11,000 ≈ 0 1/110 1.1 0.1 1/900 1/3500 ≈ 0

34 West-Brabant 1/3900 1/110 1/140 1/4500 - ≈ 0 1/17,000 ≈ 0 1/7200 > 1/100 1 0.02 1/2900 ≈ 0 ≈ 0

34a Geertruidenberg 1/930 ≈ 0 1/290 1/8000 - ≈ 0 ≈ 0 ≈ 0 ≈ 0 1/220 1 0.03 1/1200 ≈ 0 ≈ 0

35 Donge 1/5600 1/19,000 1/380 1/300,000 - ≈ 0 ≈ 0 ≈ 0 ≈ 0 1/350 1.1 0.05 1/1100 1/14,000 ≈ 0
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Heerewaarden Land van Maas 

en Waal

Ooij en 

Millingen

Betuwe, Tieler- 

en Culemborger- 

waarden

Kromme Rijn Gelderse ValleiAlem

39 40 41 42 43 4544
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Levee system
Probability of 
levee failure

(annual)

Probability of 
dune failure

(annual)

Probability of 
hydraulic structure failure

(annual)

Probability of
flooding
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Economic  
risk

(M€ / year)

Loss-of-life 
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(n / year)

Societal risk
(annual probability of 10, 100 
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Overflow and 
overtopping
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Bursting and 
piping

Strength of 
revetment

 Dune erosion
Overflow and 
overtopping

Reliability of 
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Underseepage 
and outflanking

Strength and 
stability

10 100 1000

36 Land van Heusden/De Maaskant 1/1700 1/70,000 > 1/100 1/3600 - 1/25,000 1/780 1/4700 1/3000 > 1/100 16.6 0.3 1/180 1/1600 ≈ 0

36a Keent 1/8300 1/9900 1/580 ≈ 0 - ≈ 0 ≈ 0 ≈ 0 ≈ 0 1/550 0.01 0.001 ≈ 0 ≈ 0 ≈ 0

37 Nederhemert ≈ 0 1/310,000 1/6100 ≈ 0 - ≈ 0 ≈ 0 ≈ 0 ≈ 0 1/6000 0.001 < 0.0001 ≈ 0 ≈ 0 ≈ 0

38 Bommelerwaard 1/3300 1/60,000 1/1900 1/7100 - 1/7100 ≈ 0 1/16,000 1/7200 1/1500 3.5 0.1 1/1500 1/3800 ≈ 0

39 Alem 1/13,000 ≈ 0 1/18,000 ≈ 0 - ≈ 0 ≈ 0 ≈ 0 ≈ 0 1/7400 0.01 0.001 1/12,000 ≈ 0 ≈ 0

40 Heerewaarden 1/2700 1/280,000 1/1800 1/120,000 - 1/2900 1/58,000 1/510,000 ≈ 0 1/1200 0.03 0.002 1/13,000 ≈ 0 ≈ 0

41 Land van Maas en Waal 1/1900 1/13,000 1/450 1/65,000 - 1/11,000 1/7500 ≈ 0 1/22,000 1/370 16 0.4 1/400 1/980 1/51,000

42 Ooij en Millingen 1/4500 1/830,000 1/450 1/300,000 - 1/14,000 1/44,000 ≈ 0 ≈ 0 1/410 2.9 0.1 1/410 1/3200 1/1,000,000

43 Betuwe, Tieler- en Culemborgerwaarden 1/1300 1/200 > 1/100 1/19,000 - 1/13,000 1/15,000 ≈ 0 ≈ 0 > 1/100 176.4 3.7 > 1/100 > 1/100 1/1100

44 Kromme Rijn 1/2600 1/32,000 1/270 1/2400 - 1/2000 1/7200 1/160,000 1/490,000 1/200 31 0.6 1/240 1/410 1/17,000

45 Gelderse Vallei 1/12,000 ≈ 0 1/200 1/360,000 - 1/160,000 ≈ 0 1/1900 1/480,000 1/180 37.9 0.8 1/280 1/280 1/2800

46 Eempolder ≈ 0 ≈ 0 ≈ 0 ≈ 0 - ≈ 0 ≈ 0 ≈ 0 ≈ 0 ≈ 0 < 0.0001 < 0.0001 ≈ 0 ≈ 0 ≈ 0

47 Arnhemse- en Velpsebroek 1/5800 ≈ 0 1/6200 ≈ 0 - ≈ 0 1/32,000 ≈ 0 1/290,000 1/2700 1 0.04 1/2700 1/10,000 1/410,000

48 Rijn en IJssel 1/6700 1/200,000 1/570 1/11,000 - 1/31,000 1/35,000 1/170,000 1/220,000 1/530 6.4 0.2 1/630 1/1900 1/48,000

49 IJsselland 1/3200 ≈ 0 1/670 1/49,000 - 1/6300 1/6800 1/31,000 1/2800 1/460 0.8 0.01 1/4300 ≈ 0 ≈ 0

50 Zutphen 1/1200 ≈ 0 1/1900 1/47,000 - 1/8400 1/14,000 1/14,000 1/54,000 1/730 1.5 0.04 1/1100 1/11,000 1/1,000,000

51 Gorssel 1/2400 1/58,000 1/2300 1/24,000 - 1/120,000 1/320,000 ≈ 0 1/310,000 1/1300 0.04 0.0003 ≈ 0 ≈ 0 ≈ 0

52 Oost-Veluwe 1/2200 1/22,000 1/140 1/23,000 - ≈ 0 ≈ 0 ≈ 0 ≈ 0 1/140 3.6 0.05 1/980 ≈ 0 ≈ 0

53 Salland 1/660 1/12,000 1/130 1/14,000 - 1/3500 1/1600 1/980 1/15,000 1/110 26.4 0.5 1/150 1/990 ≈ 0

65 Arcen > 1/100 1/900 > 1/100 1/530 - ≈ 0 ≈ 0 > 1/100 ≈ 0 > 1/100 1.9 0.03 ≈ 0 ≈ 0 ≈ 0

68 Venlo-Velden > 1/100 1/1300 > 1/100 ≈ 0 - ≈ 0 ≈ 0 > 1/100 ≈ 0 > 1/100 10.5 0.2 1/230 ≈ 0 ≈ 0

87 Meers > 1/100 > 1/100 1/2700 1/2300 - ≈ 0 ≈ 0 ≈ 0 ≈ 0 > 1/100 2 0.1 ≈ 0 ≈ 0 ≈ 0

Scale of probability Scale of consequences



51

Facts and figures

Eempolder Arnhemse- en 

Velpsebroek

Rijn en IJssel

46 47 48
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49 50 51 52 53 68 8765

Levee system
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levee failure

(annual)
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risk
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Loss-of-life 
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(n / year)
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Overflow and 
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piping

Strength of 
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 Dune erosion
Overflow and 
overtopping
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locks

Underseepage 
and outflanking

Strength and 
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10 100 1000

36 Land van Heusden/De Maaskant 1/1700 1/70,000 > 1/100 1/3600 - 1/25,000 1/780 1/4700 1/3000 > 1/100 16.6 0.3 1/180 1/1600 ≈ 0

36a Keent 1/8300 1/9900 1/580 ≈ 0 - ≈ 0 ≈ 0 ≈ 0 ≈ 0 1/550 0.01 0.001 ≈ 0 ≈ 0 ≈ 0

37 Nederhemert ≈ 0 1/310,000 1/6100 ≈ 0 - ≈ 0 ≈ 0 ≈ 0 ≈ 0 1/6000 0.001 < 0.0001 ≈ 0 ≈ 0 ≈ 0

38 Bommelerwaard 1/3300 1/60,000 1/1900 1/7100 - 1/7100 ≈ 0 1/16,000 1/7200 1/1500 3.5 0.1 1/1500 1/3800 ≈ 0

39 Alem 1/13,000 ≈ 0 1/18,000 ≈ 0 - ≈ 0 ≈ 0 ≈ 0 ≈ 0 1/7400 0.01 0.001 1/12,000 ≈ 0 ≈ 0

40 Heerewaarden 1/2700 1/280,000 1/1800 1/120,000 - 1/2900 1/58,000 1/510,000 ≈ 0 1/1200 0.03 0.002 1/13,000 ≈ 0 ≈ 0

41 Land van Maas en Waal 1/1900 1/13,000 1/450 1/65,000 - 1/11,000 1/7500 ≈ 0 1/22,000 1/370 16 0.4 1/400 1/980 1/51,000

42 Ooij en Millingen 1/4500 1/830,000 1/450 1/300,000 - 1/14,000 1/44,000 ≈ 0 ≈ 0 1/410 2.9 0.1 1/410 1/3200 1/1,000,000

43 Betuwe, Tieler- en Culemborgerwaarden 1/1300 1/200 > 1/100 1/19,000 - 1/13,000 1/15,000 ≈ 0 ≈ 0 > 1/100 176.4 3.7 > 1/100 > 1/100 1/1100

44 Kromme Rijn 1/2600 1/32,000 1/270 1/2400 - 1/2000 1/7200 1/160,000 1/490,000 1/200 31 0.6 1/240 1/410 1/17,000

45 Gelderse Vallei 1/12,000 ≈ 0 1/200 1/360,000 - 1/160,000 ≈ 0 1/1900 1/480,000 1/180 37.9 0.8 1/280 1/280 1/2800

46 Eempolder ≈ 0 ≈ 0 ≈ 0 ≈ 0 - ≈ 0 ≈ 0 ≈ 0 ≈ 0 ≈ 0 < 0.0001 < 0.0001 ≈ 0 ≈ 0 ≈ 0

47 Arnhemse- en Velpsebroek 1/5800 ≈ 0 1/6200 ≈ 0 - ≈ 0 1/32,000 ≈ 0 1/290,000 1/2700 1 0.04 1/2700 1/10,000 1/410,000

48 Rijn en IJssel 1/6700 1/200,000 1/570 1/11,000 - 1/31,000 1/35,000 1/170,000 1/220,000 1/530 6.4 0.2 1/630 1/1900 1/48,000

49 IJsselland 1/3200 ≈ 0 1/670 1/49,000 - 1/6300 1/6800 1/31,000 1/2800 1/460 0.8 0.01 1/4300 ≈ 0 ≈ 0

50 Zutphen 1/1200 ≈ 0 1/1900 1/47,000 - 1/8400 1/14,000 1/14,000 1/54,000 1/730 1.5 0.04 1/1100 1/11,000 1/1,000,000

51 Gorssel 1/2400 1/58,000 1/2300 1/24,000 - 1/120,000 1/320,000 ≈ 0 1/310,000 1/1300 0.04 0.0003 ≈ 0 ≈ 0 ≈ 0

52 Oost-Veluwe 1/2200 1/22,000 1/140 1/23,000 - ≈ 0 ≈ 0 ≈ 0 ≈ 0 1/140 3.6 0.05 1/980 ≈ 0 ≈ 0

53 Salland 1/660 1/12,000 1/130 1/14,000 - 1/3500 1/1600 1/980 1/15,000 1/110 26.4 0.5 1/150 1/990 ≈ 0

65 Arcen > 1/100 1/900 > 1/100 1/530 - ≈ 0 ≈ 0 > 1/100 ≈ 0 > 1/100 1.9 0.03 ≈ 0 ≈ 0 ≈ 0

68 Venlo-Velden > 1/100 1/1300 > 1/100 ≈ 0 - ≈ 0 ≈ 0 > 1/100 ≈ 0 > 1/100 10.5 0.2 1/230 ≈ 0 ≈ 0

87 Meers > 1/100 > 1/100 1/2700 1/2300 - ≈ 0 ≈ 0 ≈ 0 ≈ 0 > 1/100 2 0.1 ≈ 0 ≈ 0 ≈ 0
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Key features

Management authority/ies Fryslân water authority

Length of category-A defences 13.1 km

No. of hydraulic structures 1

Surface area 880 ha

Population 1020

Flood risks Societal risk

Annual probability of flooding 1/350

Annual economic risk € 0.1 million

Ave. losses per flood event € 40 million

Annual loss-of-life risk 0.002

Ave. no. of fatalities per flood event < 1

VNK in fact sheets

The Flood Risk in the Netherlands project has mapped flood 

risks in 58 levee systems. The results of the analyses are 

summarised here in fact sheets on each individual system, 

presenting a brief and concise overview of the results per 

levee system.

The fact sheets include a short description of the protected 

area and the results of the analyses. A further explanation 

of the content of the fact sheets is given below.

Circle in heading

The circle in the heading represents the risk: the thickness 

of the blue semi-circle indicates the scale of the probability 

and the thickness of the orange semi-circle indicates the 

scale of the consequences.

Key features

The levee system is described on the basis of a number 

of concepts and key figures. The water authorities are 

mentioned, along with key statistics like the length of 

primary category-A flood defences, the number of hydraulic 

structures in these flood defences, the land area and the 

population of the protected area. A small map indicates the 

geographical position of the levee system.

Flood risks

Once the levee system has been characterised the main 

results of the risk analysis are presented. They include the 

annual probability that a section in the levee system will 

fail, resulting in a flood in the protected area. The economic 

risk is then given, expressed in euros per year, and the 

loss-of-life risk in terms of number of fatalities per year. The 

average losses and average number of fatalities in the event 

of a flood are also presented. This gives an idea of the scale 

of the economic losses in euros and the number of fatali-

ties in the event of a levee breach. Finally, the societal risk 

for the levee system is given. This indicates the probability 

of a flood with N or more fatalities, and is thus an indicator 

of the societal disruption. This risk is expressed as an ‘FN’ 

curve.

For reasons of consistency with the background reports, the 

figures have not been rounded off.

Characteristics

The fact sheet includes a brief description of the levee 

system in question, considering one or more specific 

aspects of the system, such as its history, how it relates to 

other systems and any particulars that have a bearing on 

the probability of flooding and the flood risks.

Visual representation of flood risk

Besides the figures and the societal risk represented as 

an FN curve, each fact sheet includes two maps showing 

the main results of the VNK project. The first shows the 

failure probability of the flood defences. This not only shows 

authorities where the strong and weak points in the system 

are, but also provides guidance for current levee improve-

ment programmes and a basis for devising and prioritising 

measures.

The second map presents the individual risk (IR). This is the 

annual probability that an imaginary person at a particular 

place in the protected area will die as a result of flooding 

in the area, taking the possibilities for preventive evacua-

tion into account. This risk metric is the basis for the new 

standards for flood protection being developed in the Delta 

programme. The exceedance probability standards for 

levees in current law will be replaced by a probability of 

flooding standard based on a risk approach, which indicates 

both the probability and the consequences of flooding. 

The new approach is also linked to the principle of a basic 

protection level for everyone who lives and works in an area 

protected by levees, dunes and dams. The requirement is 

based on the principle that the IR in the protected area may 

not exceed 1·10-5 a year.

The IR is calculated for each district and shown on the map 

in squares measuring one hundred by one hundred metres. 

This is particularly visible in the smaller levee systems.
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n n   < 1/10,000

n n   1/4000 - 1/10,000

n n   1/2000 - 1/4000

n n   1/1000 - 1/2000

n n   1/500 - 1/1000

n n   > 1/500

Individual risk (annual)

≤ 1·10-8

1·10-7

1·10-6

1·10-5

1·10-4

≥ 1·10-3

Characteristics

Schiermonnikoog is one of the Frisian 

Islands. The area was created some 

10,000 years ago as a result of sea level 

rise at the end of the last ice age. The 

rising water caused islands to move 

southwards over the centuries, creating 

the mud flats for which the area is known.

For a long time Schiermonnikoog was 

attached to the Frisian mainland. The 

island formed in the thirteenth century. 

The current geography of the island has 

been influenced by several major storm 

surges. It is shifting gradually to the east 

due to erosion and land accretion.

Levees were built in the late 19th century. 

More recently, the flood defences have 

been reinforced at various locations.

Levee system

  

Key features

Management authority/ies Fryslân water authority

Length of category-A defences 13.1 km

No. of hydraulic structures 1

Surface area 880 ha

Population 1020

Flood risks Societal risk

Annual probability of flooding 1/350

Annual economic risk € 0.1 million

Ave. losses per flood event € 40 million

Annual loss-of-life risk 0.002

Ave. no. of fatalities per flood event < 1

1 Schiermonnikoog
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n n   < 1/10,000

n n   1/4000 - 1/10,000

n n   1/2000 - 1/4000

n n   1/1000 - 1/2000

n n   1/500 - 1/1000

n n   > 1/500

Individual risk (annual)

≤ 1·10-8

1·10-7

1·10-6

1·10-5

1·10-4

≥ 1·10-3

Characteristics

Ameland is one of the Frisian islands. 

This area has always been dynamic. Tidal 

channels have regularly shifted, as have 

the boundaries of the mud flats and salt 

marshes and the positions of the islands 

themselves. A number of major storm 

surges, including the All Saints’ Flood 

of 1170, have had a major impact on the 

current geography of the island.

The inhabitants started building levees on 

the island in 1000. The current situation 

is defined mainly by the levees built in the 

19th and 20th centuries. More recently, 

the levees have been reinforced in several 

locations.

1 10 100 1000 10,000 100,000

Key features

Management authority/ies Fryslân water authority

Length of category-A defences 27.7 km

No. of hydraulic structures 3

Surface area 2300 ha

Population 4700

Flood risks Societal risk

Annual probability of flooding 1/2100

Annual economic risk € 0.1 million

Ave. losses per flood event € 140 million

Annual loss-of-life risk 0.002

Ave. no. of fatalities per flood event 4

  

Key features

Management authority/ies Fryslân water authority

Length of category-A defences 36.7 km

No. of hydraulic structures 3

Surface area 3250 ha

Population 3560

Flood risks Societal risk

Annual probability of flooding 1/10,000

Annual economic risk € 0.01 million

Ave. losses per flood event € 97 million

Annual loss-of-life risk < 0.001

Ave. no. of fatalities per flood event 2

Ameland2
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n n   < 1/10,000

n n   1/4000 - 1/10,000

n n   1/2000 - 1/4000

n n   1/1000 - 1/2000

n n   1/500 - 1/1000

n n   > 1/500

Individual risk (annual)

≤ 1·10-8

1·10-7

1·10-6

1·10-5

1·10-4

≥ 1·10-3

Characteristics

Terschelling is one of the Frisian islands. 

The area was created as a result of sea 

level rise at the end of the last ice age 

(approx. 10,000 years ago). The rising 

water caused islands to shift southwards 

over the millennia, creating the mud flats 

for which the area is known.

In the Middle Ages the sand bank known 

as De Schelling merged with the island to 

the east, Wexalia, creating Terschelling. 

The island has since been shaped by a 

number of major storm surges.

The current situation on the island is 

defined mainly by the levees built in the 

19th and 20th centuries. More recently, 

the levees have been reinforced in several 

locations.

The population centres West aan Zee 

and Midsland aan Zee, consisting mainly 

of holiday lets, and the village of West-

Terschelling, are not protected by levees. 

The idea is to move the boundary of the 

primary flood defences so that the levee 

system also protects these locations.

  

Key features

Management authority/ies Fryslân water authority

Length of category-A defences 27.7 km

No. of hydraulic structures 3

Surface area 2300 ha

Population 4700

Flood risks Societal risk

Annual probability of flooding 1/2100

Annual economic risk € 0.1 million

Ave. losses per flood event € 140 million

Annual loss-of-life risk 0.002

Ave. no. of fatalities per flood event 4

3 Terschelling
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n n   1/4000 - 1/10,000

n n   1/2000 - 1/4000
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Individual risk (annual)
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Characteristics

Vlieland is one of the Frisian islands. This 

area, created as a result of sea level rise 

at the end of the last ice age, is highly 

dynamic, and the islands there regularly 

shift position. The island of Vlieland 

separated from the Frisian mainland, 

along with Texel, in the 13th century. The 

northern part of Texel, Eierland, was once 

part of Vlieland. It was separated from 

Vlieland when the Eierlandse Gat channel 

formed. Changes in the sea currents have 

gradually eroded the west side of the 

island. The inhabitants started building 

levees on the island in 1000. The current 

situation there is defined mainly by the 

levees built in the 19th and 20th centu-

ries. More recently, the levees have been 

reinforced in several locations.

Since the primary flood defences only 

surround the old village in the eastern 

part of Vlieland, a number of built-up 

areas – extensions to the village towards 

the northeast and east, and holiday 

homes to the northwest of the village – 

are not protected. The idea is to move the 

boundary of the primary flood defences 

so that the levee system also protects 

these developments.

1 10 100 1000 10,000 100,000

No. of fatalities

  

Key features

Management authority/ies Fryslân water authority

Length of category-A defences 2.3 km

No. of hydraulic structures 2

Surface area 281 ha

Population 1100

Flood risks Societal risk

Annual probability of flooding 1/660

Annual economic risk € 0.02 million

Ave. losses per flood event € 10 million

Annual loss-of-life risk 0.0004

Ave. no. of fatalities per flood event < 1

Key features

Management authority/ies Hollands Noorderkwartier water authority

Length of category-A defences 26.0 km

No. of hydraulic structures 10

Surface area 12,700 ha

Population 14,300

Flood risks Societal risk

Annual probability of flooding 1/270

Annual economic risk € 0.2 million

Ave. losses per flood event € 70 million

Annual loss-of-life risk 0.01

Ave. no. of fatalities per flood event 2
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n n   < 1/10,000

n n   1/4000 - 1/10,000

n n   1/2000 - 1/4000

n n   1/1000 - 1/2000

n n   1/500 - 1/1000

n n   > 1/500

Individual risk (annual)

≤ 1·10-8

1·10-7

1·10-6

1·10-5

1·10-4

≥ 1·10-3

Characteristics

Texel is the largest of the islands off the 

north coast of the Netherlands, and is 

situated in the province of Noord-Holland. 

It was formed from two islands: southern 

Texel, which was created by the All Saints’ 

Flood of 1170, and Eierland to the north. 

Planting and fencing broadened the dunes 

on the northwest coast of Texel. A ‘sand 

dike’ was built to connect the two islands.

Tourism is an important economic activity 

on Texel. Almost a million people visit the 

island each year. The island can accom-

modate a maximum of 60,000 at one 

time.

Key features

Management authority/ies Fryslân water authority

Length of category-A defences 2.3 km

No. of hydraulic structures 2

Surface area 281 ha

Population 1100

Flood risks Societal risk

Annual probability of flooding 1/660

Annual economic risk € 0.02 million

Ave. losses per flood event € 10 million

Annual loss-of-life risk 0.0004

Ave. no. of fatalities per flood event < 1

  

Key features

Management authority/ies Hollands Noorderkwartier water authority

Length of category-A defences 26.0 km

No. of hydraulic structures 10

Surface area 12,700 ha

Population 14,300

Flood risks Societal risk

Annual probability of flooding 1/270

Annual economic risk € 0.2 million

Ave. losses per flood event € 70 million

Annual loss-of-life risk 0.01

Ave. no. of fatalities per flood event 2
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6 Groningen en Friesland

  

Key features

Management authority/ies Fryslân water authority, Noorderzijlvest water authority
Hunze en Aa’s water authority

Length of category-A defences 230.0 km

No. of hydraulic structures 42

Surface area 494,000 ha

Population 1,100,000

Flood risks Societal risk

Annual probability of flooding 1/180

Annual economic risk € 22.2 million

Ave. losses per flood event € 3.9 billion

Annual loss-of-life risk 1.2

Ave. no. of fatalities per flood event 210
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Individual risk (annual)

≤ 1·10-8

1·10-7

1·10-6

1·10-5

1·10-4

≥ 1·10-3

Characteristics

Levee system 6 protects an area of 492,900 hectares, 

making it the largest in the Netherlands. The area comprises 

a large proportion of the provinces of Groningen and 

Friesland, and a small part of Drenthe province. The flood 

defences in this system protect the areas behind from 

flooding from Lake IJssel (IJsselmeer), the Waddenzee, and 

the Eems and Dollard rivers.

Some 1.1 million people live in this area in various towns 

and cities including Groningen, Leeuwarden, Harlingen, 

Heerenveen, Drachten, Lemmer, Sneek, Delfzijl and 

Veendam. The protected area also encompasses a lot of 

farmland. The area is also known for natural gas production 

and transport.
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n n   < 1/10,000

n n   1/4000 - 1/10,000

n n   1/2000 - 1/4000

n n   1/1000 - 1/2000

n n   1/500 - 1/1000

n n   > 1/500

Individual risk (annual)

≤ 1·10-8

1·10-7

1·10-6

1·10-5

1·10-4

≥ 1·10-3

Key features

Management authority/ies Zuiderzeeland water authority

Length of category-A defences 95.0 km

No. of hydraulic structures 11

Surface area 97,400 ha

Population 244,600

Flood risks Societal risk

Annual probability of flooding 1/550

Annual economic risk € 16.6 million

Ave. losses per flood event € 9.2 billion

Annual loss-of-life risk 0.7

Ave. no. of fatalities per flood event 400

Characteristics

The Noordoostpolder was created 

under the Zuyder Zee Act of 1918, 

which provided for land reclama-

tion to enhance flood protection and 

increase food production. The legislation 

opened the way for the creation of the 

IJsselmeerpolders (Wieringermeerpolder, 

Flevoland and Noordoostpolder) and the 

construction of the Afsluitdijk barrier. 

The impoldering of the Noordoostpolder 

began in the 1930s.

In late 1939 the levee between Lemmer 

and Urk was closed, from which point on 

Urk was no longer an island. The levee 

on the southern edge of the polder near 

Schokkerhaven was closed in 1940, and 

pumping work in the polder commenced. 

The polder was eventually pumped dry in 

September 1942. The Noordoostpolder 

has been part of Flevoland province since 

1986.

Noordoostpolder

   

Key features

Management authority/ies Zuiderzeeland water authority, Fryslân water authority, 
Reest en Wieden water authority    

Length of category-A defences 56.0 km

No. of hydraulic structures 14

Surface area 50,100 ha

Population 60,200

Flood risks Societal risk

Annual probability of flooding 1/1000

Annual economic risk € 4.5 million

Ave. losses per flood event € 4.5 billion

Annual loss-of-life risk 0.2

Ave. no. of fatalities per flood event 170
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n n   < 1/10,000

n n   1/4000 - 1/10,000

n n   1/2000 - 1/4000

n n   1/1000 - 1/2000

n n   1/500 - 1/1000

n n   > 1/500

Individual risk (annual)

≤ 1·10-8

1·10-7

1·10-6

1·10-5

1·10-4

≥ 1·10-3

Characteristics

Flevoland came about as a result of the 

Zuyder Zee Act of 1918, which provided 

for the creation of the IJsselmeerpolders 

(Wieringermeerpolder, Flevoland and 

Noordoostpolder) and the construction 

of the Afsluitdijk barrier. It consists of 

two large polders: Oostelijk Flevoland and 

Zuidelijk Flevoland, which were originally 

separated by the Knardijk. 

Flevoland was impoldered in two phases. 

The eastern section (Oostelijk Flevoland) 

came first (1957), and the southern part 

(Zuidelijk Flevoland) was reclaimed just 

over ten years later (1968). While the 

flood defences were being built around 

Zuidelijk Flevoland the Knardijk levee 

provided flood defences for Oostelijk 

Flevoland. The Knardijk’s current flood 

defence function is to limit the damage 

to part of Flevoland in the event of a 

breach in the primary flood defences. The 

protected area known as Flevoland is part 

of the province of Flevoland.

Flevoland

   

Key features

Management authority/ies Zuiderzeeland water authority

Length of category-A defences 95.0 km

No. of hydraulic structures 11

Surface area 97,400 ha

Population 244,600

Flood risks Societal risk

Annual probability of flooding 1/550

Annual economic risk € 16.6 million

Ave. losses per flood event € 9.2 billion

Annual loss-of-life risk 0.7

Ave. no. of fatalities per flood event 400
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n n   < 1/10,000

n n   1/4000 - 1/10,000

n n   1/2000 - 1/4000

n n   1/1000 - 1/2000

n n   1/500 - 1/1000

n n   > 1/500

Individual risk (annual)

≤ 1·10-8

1·10-7

1·10-6

1·10-5

1·10-4

≥ 1·10-3

Key features

Management authority/ies Groot Salland water authority

Length of category-A defences 47.5 km

No. of hydraulic structures 13

Surface area 9540 ha

Population 32,000

Flood risks Societal risk

Annual probability of flooding 1/240

Annual economic risk € 3.2 million

Ave. losses per flood event € 780 million

Annual loss-of-life risk 0.1

Ave. no. of fatalities per flood event 20

Characteristics

The majority of the area protected by 

levee system 9 is in Overijssel province; 

a small portion of it is in the province of 

Drenthe. The primary flood defences in 

the system protect the Kop van Overijssel 

area from flooding by the Overijsselse 

Vecht river, Zwarte Meer lake and the 

Zwarte Water river. One interesting part 

of the water defences along Zwarte 

Water is Stenendijk levee near Hasselt. 

This retaining wall, a kilometre long, 

is Medieval, making it the oldest brick-

work flood defence structure in the 

Netherlands. It was built and maintained 

by local residents themselves, each 

person being made responsible for their 

own section of wall, and is consequently a 

patchwork of different types of brickwork. 

The structure was not entirely fit for 

purpose, incidentally.

In the early 19th century the levees at 

Zwartsluis and Hasselt breached due to a 

combination of storm conditions and poor 

maintenance at several locations.

Vollenhove

   

Key features

Management authority/ies Groot Salland water authority, Reest en Wieden water authority, 
Fryslân water authority

Length of category-A defences 46.0 km

No. of hydraulic structures 27

Surface area 58,200 ha

Population 88,600

Flood risks Societal risk

Annual probability of flooding > 1/100

Annual economic risk € 6.3 million

Ave. losses per flood event € 440 million

Annual loss-of-life risk 0.2

Ave. no. of fatalities per flood event 13
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n n   < 1/10,000

n n   1/4000 - 1/10,000

n n   1/2000 - 1/4000

n n   1/1000 - 1/2000

n n   1/500 - 1/1000

n n   > 1/500

Individual risk (annual)

≤ 1·10-8

1·10-7

1·10-6

1·10-5

1·10-4

≥ 1·10-3

Characteristics

Levee system 10 protects a Medieval 

polder situated between the IJssel and 

Zwarte Water rivers in Overijssel province. 

The polder is protected by several levees, 

including the Kamperzeedijk, which was 

built before the 14th century, making it 

one of the oldest flood defence structures 

in the Netherlands. It marks the border 

with Kampereiland, the unembanked area 

that was regularly flooded by the Zuyder 

Zee in the past. A number of ponds can 

still be seen along the levee, created as a 

result of several levee breaches.

One of the most severe floods in 

Mastenbroek polder was the great flood 

of 1825, when Kamperzeedijk failed in 

several locations and the polder was 

completely inundated during a storm 

surge.

Mastenbroek

   

Key features

Management authority/ies Groot Salland water authority

Length of category-A defences 47.5 km

No. of hydraulic structures 13

Surface area 9540 ha

Population 32,000

Flood risks Societal risk

Annual probability of flooding 1/240

Annual economic risk € 3.2 million

Ave. losses per flood event € 780 million

Annual loss-of-life risk 0.1

Ave. no. of fatalities per flood event 20
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n n   < 1/10,000

n n   1/4000 - 1/10,000

n n   1/2000 - 1/4000

n n   1/1000 - 1/2000

n n   1/500 - 1/1000

n n   > 1/500

Individual risk (annual)

≤ 1·10-8

1·10-7

1·10-6

1·10-5

1·10-4

≥ 1·10-3

Key features

Management authority/ies Hollands Noorderkwartier water authority

Length of category-A defences 32.0 km

No. of hydraulic structures 6

Surface area 22,500 ha

Population 20,800

Flood risks Societal risk

Annual probability of flooding 1/580

Annual economic risk € 3.0 million

Ave. losses per flood event € 1.8 billion

Annual loss-of-life risk 0.1

Ave. no. of fatalities per flood event 53

Characteristics

Levee system 11 is located in the estuary 

of the river IJssel, protecting an area 

that lies partly in Overijssel province and 

partly in Gelderland. The levee system is 

bordered to the west by Vossemeer and 

Drontermeer lakes and to the south by 

the Veluwe upland heath.

As recently as 1926 the majority of the 

area was flooded after a levee breach at 

Zalk. Since the area was still regularly 

flooded by the Zuyder Zee at the time, 

many houses had been built on dwelling 

mounds and damage was limited.

As part of the Room for the Rivers 

project, the low water channel of the 

IJssel is being excavated and a high-

water channel is being dug. The high-

water channel transects levee system 11, 

connecting the river with Drontermeer 

lake. This is necessary to guarantee flood 

protection in the area in the future. The 

measures should be complete by 2019.

IJsseldelta

   

Key features

Management authority/ies Groot Salland water authority, 
Vallei en Veluwe water authority

Length of category-A defences 32.4 km

No. of hydraulic structures 74

Surface area 13,700  ha

Population 47,800

Flood risks Societal risk

Annual probability of flooding 1/260

Annual economic risk € 3.1 million

Ave. losses per flood event € 810 million

Annual loss-of-life risk 0.1

Ave. no. of fatalities per flood event 35
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n n   < 1/10,000

n n   1/4000 - 1/10,000

n n   1/2000 - 1/4000

n n   1/1000 - 1/2000

n n   1/500 - 1/1000

n n   > 1/500

Individual risk (annual)

≤ 1·10-8

1·10-7

1·10-6

1·10-5

1·10-4

≥ 1·10-3

Wieringen

   

Key features

Management authority/ies Hollands Noorderkwartier water authority

Length of category-A defences 32.0 km

No. of hydraulic structures 6

Surface area 22,500 ha

Population 20,800

Flood risks Societal risk

Annual probability of flooding 1/580

Annual economic risk € 3.0 million

Ave. losses per flood event € 1.8 billion

Annual loss-of-life risk 0.1

Ave. no. of fatalities per flood event 53

Characteristics

Levee system 12 is in Noord-Holland 

province. It protects the former island of 

Wieringen and the Wieringermeerpolder, 

which was created under the Zuyder Zee 

Act of 1918. This legislation provided 

among other things for the creation of the 

IJsselmeerpolders (Wieringermeerpolder, 

Flevoland and Noordoostpolder) and the 

construction of the Afsluitdijk barrier.

In 1924 the island of Wieringen became a 

peninsula when the Amsteldiep channel 

was closed off. This was followed by the 

construction of the Afsluitdijk barrier 

(work on which commenced in 1926, and 

was completed in 1932) and of the levee 

from Den Oever to Medemblik in 1929. The 

Wieringermeer was drained in 1930; the 

process took six months.
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Key features

Management authority/ies Hollands Noorderkwartier water authority

Length of category-A defences 153.0 km

No. of hydraulic structures 146

Surface area 153,600 ha

Population 1,010,900

Flood risks Societal risk

Annual probability of flooding > 1/100

Annual economic risk € 12.1 million

Ave. losses per flood event € 400 million

Annual loss-of-life risk 0.4

Ave. no. of fatalities per flood event 14

Noord-Holland13
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Individual risk (annual)

≤ 1·10-8

1·10-7

1·10-6

1·10-5

1·10-4

≥ 1·10-3

This levee system includes the Westfriese Omringdijk. 

Around 1250 farmers in West Friesland decided to do 

something about the encroaching water by connecting their 

dwelling mounds (or terps) with small levees. This eventually 

led to the closing of the Westfriese Omringdijk in 1320. The 

levee is the earliest example of land reclamation and dike-

building on a large scale in the Netherlands.

Characteristics

The area protected by levee system 13 more or less coin-

cides with the part of Noord-Holland province to the 

north of the North Sea Canal. The area is surrounded by 

levees and dunes along Markermeer lake and Lake IJssel 

(IJsselmeer), the Waddenzee and the North Sea (Noordzee). 

The Hondsbossche and Pettemer sea defences near Petten 

are well known. In the Middle Ages the dunes there were 

destroyed by a storm surge, creating a gap in the dunes that 

had to be repaired every time there was a heavy storm. In 

1880 a levee was built there. It has been raised and widened 

several times. In 2004 this sea defence structure was 

deemed one of the ‘weak links’ along the Dutch coast.
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n n   < 1/10,000

n n   1/4000 - 1/10,000

n n   1/2000 - 1/4000

n n   1/1000 - 1/2000

n n   1/500 - 1/1000

n n   > 1/500

Individual risk (annual)

≤ 1·10-8

1·10-7

1·10-6

1·10-5

1·10-4

≥ 1·10-3

Key features

Management authority/ies Hollands Noorderkwartier water authority

Length of category-A defences 8.6 km

No. of hydraulic structures 2

Surface area 240 ha

Population 2050

Flood risks Societal risk

Annual probability of flooding 1/7000

Annual economic risk € 0.01 million

Ave. losses per flood event € 40 million

Annual loss-of-life risk 0.0001

Ave. no. of fatalities per flood event 1

Characteristics

IJburg is one of the most recent levee 

systems in the Netherlands. It consists 

of several artificial islands in the munici-

pality of Amsterdam (Noord-Holland 

province). The surface of the islands lies 

between 1.5 and 2 metres above NAP.

Given the elevation of the protected area 

relative to the normative high water level, 

it is highly unlikely that the flood defences 

will breach. Localised flooding may occur 

as a result of water spilling over the levee 

when there is a specific combination of 

storm conditions and a certain water 

level.

The societal risk associated with this levee 

system is not shown. The likelihood of a 

large group of deaths due to flooding on 

IJburg is very small.

IJburg

   

Key features

Management authority/ies Waternet

Length of category-A defences 12.0 km

No. of hydraulic structures 5

Surface area 185 ha

Population 15,500

Flood risks Societal risk

Annual probability of flooding 1/750,000

Annual economic risk < € 100

Ave. losses per flood event < € 1 million

Annual loss-of-life risk 0.0001

Ave. no. of fatalities per flood event < 1
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n n   < 1/10,000

n n   1/4000 - 1/10,000

n n   1/2000 - 1/4000

n n   1/1000 - 1/2000

n n   1/500 - 1/1000

n n   > 1/500

Individual risk (annual)

≤ 1·10-8

1·10-7

1·10-6

1·10-5

1·10-4

≥ 1·10-3

Marken

   

Key features

Management authority/ies Hollands Noorderkwartier water authority

Length of category-A defences 8.6 km

No. of hydraulic structures 2

Surface area 240 ha

Population 2050

Flood risks Societal risk

Annual probability of flooding 1/7000

Annual economic risk € 0.01 million

Ave. losses per flood event € 40 million

Annual loss-of-life risk 0.0001

Ave. no. of fatalities per flood event 1

Characteristics

The former island of Marken is in the 

Gouwzee. The island was created in the 

12th century due to peat erosion, as a 

result of which Marken lost its link to the 

mainland.

During the great flood of 1916 (the Zuyder 

Zee Flood) 16 people lost their lives on 

the island, and many more were made 

homeless. This disaster was one of the 

factors behind the Zuyder Zee project, 

which included plans for the creation of 

the Markerwaard polder. The idea was to 

make Marken part of the polder. A levee 

was therefore constructed linking Marken 

to the mainland in 1957. It was eventu-

ally decided not to turn Markermeer lake 

into a polder, so Marken is now a penin-

sula. The island is part of Noord-Holland 

province.

13b
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Key features

Management authority/ies Schieland en de Krimpenerwaard water authority, 
De Stichtse Rijnlanden water authority, Rijnland water authority, 
Delfland water authority, Waternet, Rijkswaterstaat

Length of category-A defences 41.0 km

No. of hydraulic structures 17

Surface area 224,200 ha

Population 3,591,000

Flood risks Societal risk

Annual probability of flooding 1/16,000

Annual economic risk € 0.3 million

Ave. losses per flood event € 4.7 billion

Annual loss-of-life risk 0.1

Ave. no. of fatalities per flood event 1500
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Individual risk (annual)

≤ 1·10-8

1·10-7

1·10-6

1·10-5

1·10-4

≥ 1·10-3

Characteristics

Levee system 14 is one of the largest in the Netherlands. 

The area it protects covers almost 225,000 hectares and 

has a population of around 3.6 million. It encompasses 

59 municipalities, including the cities of Rotterdam, 

Amsterdam, The Hague, Haarlem, Leiden and Delft, and 

covers parts of Zuid-Holland, Noord-Holland and Utrecht 

provinces.

The protected area is very important to the Dutch 

economy, as 65% of the country’s GNP is generated there. 

A large proportion of the area lies below sea level. In 

Haarlemmerpolder, Alexanderpolder and Zuidplaspolder the 

surface is as low as 4 to 6 m below NAP. The lowest point in 

Europe – NAP -6.76 m – is in Nieuwerkerk aan den IJssel.
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n n   < 1/10,000

n n   1/4000 - 1/10,000

n n   1/2000 - 1/4000

n n   1/1000 - 1/2000

n n   1/500 - 1/1000

n n   > 1/500

Individual risk (annual)

≤ 1·10-8

1·10-7

1·10-6

1·10-5

1·10-4

≥ 1·10-3
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K R I M P E N E R W A A R D

L O P I K E R W A A R D

Key features

Management authority/ies Rivierenland water authority

Length of category-A defences 86.2 km

No. of hydraulic structures 24

Surface area 39,200 ha

Population 212,800

Flood risks Societal risk

Annual probability of flooding > 1/100

Annual economic risk € 118.9 million

Ave. losses per flood event € 9.5 billion

Annual loss-of-life risk 8.2

Ave. no. of fatalities per flood event 660

Characteristics

Levee system 15 encompasses 

Lopikerwaard and Krimpenerwaard. The 

boundary between these two polders is 

also the boundary between the prov-

inces of Utrecht and Zuid-Holland. The 

protected area is bordered to the south 

by the river Lek and to the north by the 

Hollandsche IJssel. Krimpenerwaard was 

affected by the Storm Surge of 1953. 

At Oudekerk aan den IJssel the water 

struck a 40-metre gap in the Hollandse 

IJsseldijk, and two people drowned. 

Another four drowned in Stormpolder, 

which was completely surrounded by 

water. In response to the events of 1953, 

in 1958 a movable storm surge barrier – 

the Algerakering – was built in the lower 

estuary of the Hollandsche IJssel river 

near Krimpen aan den IJssel to defend 

the area against extreme water levels in 

the future.

Lopiker- en Krimpenerwaard

   

Key features

Management authority/ies Schieland en de Krimpenerwaard water authority, 
De Stichtse Rijnlanden water authority, Rijkswaterstaat

Length of category-A defences 48.0 km

No. of hydraulic structures 26

Surface area 31,400 ha

Population 201,500

Flood risks Societal risk

Annual probability of flooding 1/170

Annual economic risk € 30.3 million

Ave. losses per flood event € 5.1 billion

Annual loss-of-life risk 1.5

Ave. no. of fatalities per flood event 250
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n n   < 1/10,000

n n   1/4000 - 1/10,000

n n   1/2000 - 1/4000

n n   1/1000 - 1/2000

n n   1/500 - 1/1000

n n   > 1/500

Individual risk (annual)

≤ 1·10-8

1·10-7

1·10-6

1·10-5

1·10-4

≥ 1·10-3

Characteristics

The landscape and the levees in this 

area were created in the 13th century. 

Alblasserwaard polder and, to a lesser 

extent, Vijfheerenlanden are traditional 

Dutch landscapes, with wide drainage 

channels and rows of perfectly preserved 

windmills. The original land reclamation 

and parcelling structure in the area, with 

its associated water management system 

and many characteristic features such as 

dike roads, embankments, levees, duck 

decoys, historic farms and long stretches 

of housing along either side of the road 

are well preserved.

Alblasserwaard and Vijfheerenlanden 

have been hit by flooding due to levee 

breaches many times since the first levees 

were built. The last time this occurred was 

during the Storm Surge of 1953, when 

large parts of the area were inundated. 

Various improvements have been made 

since then.

Alblasserwaard en Vijfheerenlanden

   

Key features

Management authority/ies Rivierenland water authority

Length of category-A defences 86.2 km

No. of hydraulic structures 24

Surface area 39,200 ha

Population 212,800

Flood risks Societal risk

Annual probability of flooding > 1/100

Annual economic risk € 118.9 million

Ave. losses per flood event € 9.5 billion

Annual loss-of-life risk 8.2

Ave. no. of fatalities per flood event 660
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n n   < 1/10,000

n n   1/4000 - 1/10,000

n n   1/2000 - 1/4000

n n   1/1000 - 1/2000

n n   1/500 - 1/1000

n n   > 1/500

Individual risk (annual)

≤ 1·10-8

1·10-7

1·10-6

1·10-5

1·10-4

≥ 1·10-3

Key features

Management authority/ies Hollandse Delta water authority

Length of category-A defences 5.2 km

No. of hydraulic structures 2

Surface area 160 ha

Population 4300

Flood risks Societal risk

Annual probability of flooding 1/590,000

Annual economic risk € 800

Ave. losses per flood event € 480 million

Annual loss-of-life risk 0.001

Ave. no. of fatalities per flood event 380

Characteristics

Levee system 17 is a highly urbanised area 

in Zuid-Holland province, encompassing 

Rotterdam-Zuid, Barendrecht, Ridderkerk, 

Hendrik-Ido-Ambacht, Zwijndrecht, 

Heerjansdam, Rhoon, Poortugaal and 

Hoogvliet.

The protected area has a population of 

approx. 360,000. It is criss-crossed by 

vital infrastructure, like the A4, A15, A16 

and A29 motorways, the Betuwe freight 

rail link and the high speed rail link. The 

flood defences sometimes blend into their 

surroundings, forming part of the fabric 

of a road, while other parts stand along-

side but separate from the infrastructure.

IJsselmonde

   

Key features

Management authority/ies Hollandse Delta water authority

Length of category-A defences 62.0 km

No. of hydraulic structures 36

Surface area 12,600 ha

Population 360,000

Flood risks Societal risk

Annual probability of flooding 1/990

Annual economic risk € 1.0 million

Ave. losses per flood event € 1 billion

Annual loss-of-life risk 0.2

Ave. no. of fatalities per flood event 240
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n n   < 1/10,000

n n   1/4000 - 1/10,000

n n   1/2000 - 1/4000

n n   1/1000 - 1/2000

n n   1/500 - 1/1000

n n   > 1/500

Individual risk (annual)

≤ 1·10-8

1·10-7

1·10-6

1·10-5

1·10-4

≥ 1·10-3

Characteristics

Levee system 18 surrounds the old village 

of Pernis and protects an area of some 

160 hectares, with a population of around 

4300. Pernis – traditionally a farming 

village – was probably established in the 

13th century. In 1934 it became part of 

the municipality of Rotterdam. Docks 

have been built around the village since 

the 1930s: first Eemhaven to the east 

and, later, oil terminals (Eerste & Tweede 

Petroleumhavens) to the west.

While Eemhaven largely handles 

containers, the Petroleumhavens are 

dominated by the petrochemical industry, 

and include a number of oil refineries, 

including Shell Pernis. As a result, Pernis 

is a household name in the Netherlands. 

The development of the docks has meant 

that the village is now almost completely 

surrounded by the port of Rotterdam.

Pernis

   

Key features

Management authority/ies Hollandse Delta water authority

Length of category-A defences 5.2 km

No. of hydraulic structures 2

Surface area 160 ha

Population 4300

Flood risks Societal risk

Annual probability of flooding 1/590,000

Annual economic risk € 800

Ave. losses per flood event € 480 million

Annual loss-of-life risk 0.001

Ave. no. of fatalities per flood event 380
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n n   < 1/10,000

n n   1/4000 - 1/10,000

n n   1/2000 - 1/4000

n n   1/1000 - 1/2000

n n   1/500 - 1/1000

n n   > 1/500

Individual risk (annual)

≤ 1·10-8

1·10-7

1·10-6

1·10-5

1·10-4

≥ 1·10-3

Key features

Management authority/ies Hollandse Delta water authority

Length of category-A defences 71.0 km

No. of hydraulic structures 22

Surface area 19,500 ha

Population 155,400

Flood risks Societal risk

Annual probability of flooding 1/100

Annual economic risk € 12.9 million

Ave. losses per flood event € 1.3 billion

Annual loss-of-life risk 1.2

Ave. no. of fatalities per flood event 120

Characteristics

Levee system 19 protects the former 

island of Rozenburg in the river Maas. 

Most of the protected area, approx. 300 

hectares, is taken up by the village of 

Rozenburg, with around 14,000 inhabit-

ants. Rozenburg used to be connected to 

Voorne-Putten (levee system 20), the two 

of them forming the Briel Levee System. 

The creation of Brielse Meer lake and the 

Voedingskanaal and Hartelkanaal canals 

split the system in two.

Levee system 19 in its current form 

came about due to the development 

of extensive industrial sites and port 

facilities including Europoort, Botlek 

and Maasvlakte since the 1960s. As a 

result of these developments, the village 

of Rozenburg is now almost completely 

encircled by the port of Rotterdam.

Rozenburg

   

Key features

Management authority/ies Hollandse Delta water authority

Length of category-A defences 8.1 km

No. of hydraulic structures 7

Surface area 300 ha

Population 14,000

Flood risks Societal risk

Annual probability of flooding 1/7000

Annual economic risk € 0.1 million

Ave. losses per flood event € 740 million

Annual loss-of-life risk 0.1

Ave. no. of fatalities per flood event 720
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n n   < 1/10,000

n n   1/4000 - 1/10,000

n n   1/2000 - 1/4000

n n   1/1000 - 1/2000

n n   1/500 - 1/1000

n n   > 1/500

Individual risk (annual)

≤ 1·10-8

1·10-7

1·10-6

1·10-5

1·10-4

≥ 1·10-3

Characteristics

Levee system 20 lies in the province of 

Zuid-Holland between Haringvliet inlet, 

the Spui and Oude Maas rivers and Brielse 

Meer lake, directly to the south of the 

Rijnmond industrial and port develop-

ment. The area was created from the 

former islands of Voorne and Putten. 

Prior to 1200 Voorne was attached to 

Flakkee, which is now part of the area 

protected by levee system 25, Goeree-

Overflakkee. In 1216 a storm surge 

breached the natural dune coast creating 

a channel that eventually developed into 

the Haringvliet inlet and Hollandsch Diep. 

Levees were built around Voorne in the 

13th century. The Bernisse river separated 

Voorne and Putten.

The islands joined as the Bernisse silted 

up. Voorne-Putten has strong economic 

ties with Rotterdam and its port, and is 

therefore part of the Rotterdam metro-

politan region.

Voorne-Putten

   

Key features

Management authority/ies Hollandse Delta water authority

Length of category-A defences 71.0 km

No. of hydraulic structures 22

Surface area 19,500 ha

Population 155,400

Flood risks Societal risk

Annual probability of flooding 1/100

Annual economic risk € 12.9 million

Ave. losses per flood event € 1.3 billion

Annual loss-of-life risk 1.2

Ave. no. of fatalities per flood event 120
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n n   < 1/10,000

n n   1/4000 - 1/10,000

n n   1/2000 - 1/4000

n n   1/1000 - 1/2000

n n   1/500 - 1/1000

n n   > 1/500

Individual risk (annual)

≤ 1·10-8

1·10-7

1·10-6

1·10-5

1·10-4

≥ 1·10-3

Key features

Management authority/ies Hollandse Delta water authority

Length of category-A defences 37.1 km

No. of hydraulic structures 18

Surface area 4920 ha

Population 104,800

Flood risks Societal risk

Annual probability of flooding 1/710

Annual economic risk € 0.1 million

Ave. losses per flood event € 80 million

Annual loss-of-life risk 0.02

Ave. no. of fatalities per flood event 12

Characteristics

Levee system 21 lies at the boundary 

between the rivers area and the delta, 

which is tidal. It can therefore be regarded 

as one of the Zuid-Holland islands, or as a 

river meadow (waard).

Initially, the eastern part of the area 

was part of the Groote or Hollandsche 

Waard (now known as the Biesbosch). 

The western part belonged to the former 

island of Putten. The Hoeksche Waard 

in its current form was created after the 

Saint Elizabeth Flood of 1421 inundated 

the area, radically changing the water-

courses in the delta. After the flood, only 

a few polders and levees remained.

The embankment of the Hoeksche Waard 

largely took place between 1538 and 

1653. In the following 150 years levees 

were built along some marshes beside the 

Haringvliet and Hollandsch Diep inlets and 

the levee system emerged in its current 

form.

Hoeksche Waard

   

Key features

Management authority/ies Hollandse Delta water authority

Length of category-A defences 69.4 km

No. of hydraulic structures 31

Surface area 24,500 ha

Population 83,100

Flood risks Societal risk

Annual probability of flooding 1/170

Annual economic risk € 0.6 million

Ave. losses per flood event € 110 million

Annual loss-of-life risk 0.1

Ave. no. of fatalities per flood event 10
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n n   < 1/10,000

n n   1/4000 - 1/10,000

n n   1/2000 - 1/4000

n n   1/1000 - 1/2000

n n   1/500 - 1/1000

n n   > 1/500

Individual risk (annual)

≤ 1·10-8

1·10-7

1·10-6

1·10-5

1·10-4

≥ 1·10-3

Characteristics

Levee system 22 is on the ‘Island of 

Dordrecht’ in Zuid-Holland province. 

The island is surrounded by the Boven-

Merwede and Nieuwe-Merwede river 

system, Hollandsch Diep, and the 

Dordtsche Kil and Oude Maas rivers; it is 

transected by the Wantij river.

Initially, Dordrecht lay in the Groote or 

Hollandsche Waard river meadow, now 

known as the Biesbosch. The Eiland 

van Dordrecht was created after the 

Saint Elizabeth Flood of 1421 inundated 

the area, radically changing the water-

courses in the delta. For centuries the 

Eiland van Dordrecht was a patchwork 

of districts, polders, fiefdoms, country 

estates, hamlets, villages and the town of 

Dordrecht.

Major infrastructural links currently cross 

the island. The A16 goes from Moerdijk 

Bridge in the south to the Drecht Tunnel in 

the north. The second important arterial 

route is the N3, which goes from the A15 

to the Kil Tunnel, via Papendrecht Bridge. 

This tunnel connects the island with the 

Hoeksche Waard, and the Hollandse 

Biesbosch, part of the Biesbosch National 

Park, lies to the north.

Eiland van Dordrecht

   

Key features

Management authority/ies Hollandse Delta water authority

Length of category-A defences 37.1 km

No. of hydraulic structures 18

Surface area 4920 ha

Population 104,800

Flood risks Societal risk

Annual probability of flooding 1/710

Annual economic risk € 0.1 million

Ave. losses per flood event € 80 million

Annual loss-of-life risk 0.02

Ave. no. of fatalities per flood event 12
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n n   < 1/10,000

n n   1/4000 - 1/10,000

n n   1/2000 - 1/4000

n n   1/1000 - 1/2000

n n   1/500 - 1/1000

n n   > 1/500

Individual risk (annual)

≤ 1·10-8

1·10-7

1·10-6

1·10-5

1·10-4

≥ 1·10-3

Key features

Management authority/ies Hollandse Delta water authority

Length of category-A defences 44.4 km

No. of hydraulic structures 7

Surface area 22,600 ha

Population 46,500

Flood risks Societal risk

Annual probability of flooding 1/340

Annual economic risk € 0.03 million

Ave. losses per flood event € 10 million

Annual loss-of-life risk 0.001

Ave. no. of fatalities per flood event < 1

Characteristics

Levee system 24 is in the province of 

Noord-Brabant. The area is surrounded by 

the Boven-Merwede river to the north, the 

Afgedamde Maas former distributary to 

the east, the Bergsche Maas river to the 

south and the Biesbosch to the west.

In the past Land van Altena flooded 

regularly; the last flood occurred in the 

late 19th century. This prompted the 

damming of the Maas between Heusden 

and Woudrichem, creating the Afgedamde 

Maas. The Maas estuary was moved to the 

Amer when the Bergsche Maas was dug. 

As a result of this, the Maas no longer 

emptied into the sea via the Waal, but via 

the Amer and Hollandsch Diep.

No reliable substrate data are available to 

calculate the failure probability in terms 

of inward macrostability. The societal risk 

indicated and the map of individual risk 

are based on the management authority’s 

impression of the inward stability of the 

flood defences. The levee system report 

includes a number of sensitivity analyses 

to supplement this information.

Land van Altena

   

Key features

Management authority/ies Rivierenland water authority

Length of category-A defences 46.3 km

No. of hydraulic structures 13

Surface area 16,300 ha

Population 51,100

Flood risks Societal risk

Annual probability of flooding 1/160

Annual economic risk € 17.5 million

Ave. losses per flood event € 2.8 billion

Annual loss-of-life risk 0.6

Ave. no. of fatalities per flood event 88
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n n   < 1/10,000

n n   1/4000 - 1/10,000

n n   1/2000 - 1/4000

n n   1/1000 - 1/2000

n n   1/500 - 1/1000

n n   > 1/500

Individual risk (annual)

≤ 1·10-8

1·10-7

1·10-6

1·10-5

1·10-4

≥ 1·10-3

Characteristics

Levee system 25 protects the island of 

Goeree-Overflakkee in Zuid-Holland. 

The original island was created when a 

number of small islands set amongst tidal 

channels were connected as levees were 

built and polders formed between them. 

These islands eventually joined up to form 

the island of Goeree-Overflakkee.

The island has regularly been hit by 

flooding over the centuries. It was particu-

larly badly affected by the Storm Surge 

of 1953. Almost the entire island was 

inundated and 481 people lost their lives, 

around a quarter of the total number of 

fatalities caused by the disaster.

Goeree-Overflakkee

   

Key features

Management authority/ies Hollandse Delta water authority

Length of category-A defences 44.4 km

No. of hydraulic structures 7

Surface area 22,600 ha

Population 46,500

Flood risks Societal risk

Annual probability of flooding 1/340

Annual economic risk € 0.03 million

Ave. losses per flood event € 10 million

Annual loss-of-life risk 0.001

Ave. no. of fatalities per flood event < 1
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n n   < 1/10,000

n n   1/4000 - 1/10,000

n n   1/2000 - 1/4000

n n   1/1000 - 1/2000

n n   1/500 - 1/1000

n n   > 1/500

Individual risk (annual)

≤ 1·10-8

1·10-7

1·10-6

1·10-5

1·10-4

≥ 1·10-3

Key features

Management authority/ies Scheldestromen water authority

Length of category-A defences 52.9 km

No. of hydraulic structures 5

Surface area 13,900 ha

Population 23,100

Flood risks Societal risk

Annual probability of flooding 1/550

Annual economic risk € 0.1 million

Ave. losses per flood event € 60 million

Annual loss-of-life risk 0.03

Ave. no. of fatalities per flood event 17

Characteristics

Levee system 26 protects the island 

of Schouwen-Duiveland in Zeeland. 

Numerous floods have left their mark 

on the island during its history. Over the 

centuries, storm surges have claimed 

many lives and entire villages have 

been wiped off the map. The village of 

Borrendamme, for example, which once 

lay to the west of Zierikzee, disappeared 

under the waves in the All Saints’ Flood 

of 1532.

During the All Saints’ Flood of 1570 the 

village of Claeskinderkerke, which lay 

between Renesse and Brouwershaven, 

also disappeared. The Storm Surge of 

1953 inundated almost the entire island. 

There were 534 deaths, almost a third of 

the total number caused by the disaster.

Schouwen-Duiveland

   

Key features

Management authority/ies Scheldestromen water authority

Length of category-A defences 59.9 km

No. of hydraulic structures 3

Surface area 21,900 ha

Population 33,600

Flood risks Societal risk

Annual probability of flooding 1/120

Annual economic risk € 2.1 million

Ave. losses per flood event € 260 million

Annual loss-of-life risk 0.3

Ave. no. of fatalities per flood event 37
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n n   < 1/10,000

n n   1/4000 - 1/10,000

n n   1/2000 - 1/4000

n n   1/1000 - 1/2000

n n   1/500 - 1/1000

n n   > 1/500

Individual risk (annual)

≤ 1·10-8

1·10-7

1·10-6

1·10-5

1·10-4

≥ 1·10-3

Characteristics

Levee system 27 protects the former 

islands of Tholen and Sint-Philipsland 

in Zeeland. The two islands have had 

polders for many centuries, as can still 

be seen in the pattern of levees, and also 

in the number of strips of land between 

dikes (‘inlagen’) and ‘cart fields’, created 

when levees were built long ago, and 

the evidence of former creeks and levee 

breaches. Tholen formed when five indi-

vidual islands (Schakerloo, Scherpenisse, 

Poortvliet, Sint-Maartensdijk and 

Stravenisse) joined up between the 

13th and 16th centuries as levees were 

built and polders formed. Today, Sint-

Philipsland consists of the 17th- and 

18th-century polders around the village 

of the same name (Oude Polder van Sint-

Philipsland and Henriettepolder), and the 

19th-century Anna Jacobapolder. Prins 

Hendrikpolder and Abram Wissepolder 

were created in the 20th century. The 

Storm Surge of 1953 and the subsequent 

Delta project and construction of the 

Scheldt-Rhine canal (Schelde-

Rijnkanaal} were the last major events to 

impact on the original landscape.

Tholen en Sint-Philipsland

   

Key features

Management authority/ies Scheldestromen water authority

Length of category-A defences 52.9 km

No. of hydraulic structures 5

Surface area 13,900 ha

Population 23,100

Flood risks Societal risk

Annual probability of flooding 1/550

Annual economic risk € 0.1 million

Ave. losses per flood event € 60 million

Annual loss-of-life risk 0.03

Ave. no. of fatalities per flood event 17
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n n   < 1/10,000

n n   1/4000 - 1/10,000

n n   1/2000 - 1/4000

n n   1/1000 - 1/2000

n n   1/500 - 1/1000

n n   > 1/500

Individual risk (annual)

≤ 1·10-8

1·10-7

1·10-6

1·10-5

1·10-4

≥ 1·10-3

Key features

Management authority/ies Scheldestromen water authority

Length of category-A defences 47.5 km

No. of hydraulic structures 11

Surface area 19,900 ha

Population 113,300

Flood risks Societal risk

Annual probability of flooding 1/1000

Annual economic risk € 0.2 million

Ave. losses per flood event € 210 million

Annual loss-of-life risk 0.03

Ave. no. of fatalities per flood event 35

Characteristics

Levee system 28 protects the island of 

Noord-Beveland in Zeeland. The island is 

surrounded by the North Sea (Noordzee), 

the Eastern Scheldt (Oosterschelde) and 

Veerse Meer lake, and is connected to 

the mainland by three causeways and a 

bridge. The island is completely flat and 

lies 1 metre above sea level.

The first levees were built around 

AD 1000 and by the mid-12th century 

the island was completely embanked. 

Nevertheless, many floods have occurred 

there over the centuries. During the Saint 

Felix Flood of 1530 the whole of Noord-

Beveland was inundated, and several 

years later the All Saints’ Flood washed 

away all the buildings on the island. The 

levees were then reconstructed and the 

island impoldered again.

The island reached its current size in 

1850. During the Storm Surge of 1953 

a levee breach at Colijnsplaat on the 

northern side was only just averted. The 

levees on the south side did however 

breach in several places. Compared with 

the other islands hit by the flood, Noord-

Beveland was not too badly affected; only 

part of the island flooded.

Noord-Beveland

   

Key features

Management authority/ies Scheldestromen water authority

Length of category-A defences 25.7 km

No. of hydraulic structures 2

Surface area 7750 ha

Population 6570

Flood risks Societal risk

Annual probability of flooding 1/20,000

Annual economic risk € 0.004 million

Ave. losses per flood event € 80 million

Annual loss-of-life risk 0.0001

Ave. no. of fatalities per flood event 3
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n n   < 1/10,000

n n   1/4000 - 1/10,000

n n   1/2000 - 1/4000

n n   1/1000 - 1/2000

n n   1/500 - 1/1000

n n   > 1/500

Individual risk (annual)

≤ 1·10-8

1·10-7

1·10-6

1·10-5

1·10-4

≥ 1·10-3

Characteristics

Levee system 29 protects the former 

island of Walcheren in Zeeland. 

Walcheren is surrounded by the North 

Sea (Noordzee), the Western Scheldt 

(Westerschelde) and Veerse Meer lake. 

For a long time, the area remained unin-

habited because of frequent flooding. 

From the Middle Ages, however, farmers 

built on small mounds to protect them-

selves from flooding.

From the 11th century the island was 

gradually impoldered and from the 12th 

century villages and towns began to 

appear. Towns like Middelburg, Veere and 

Vlissingen rapidly gained in importance 

from the 14th century thanks to their 

good accessibility from the sea. However, 

the area regularly flooded, and was also 

hit by the All Saints’ Flood of 1570.

During the Second World War the Allies 

bombed the Westkapelle sea wall and 

other levees to force German soldiers 

out of their positions. Dozens of people 

were killed. It was not until early 1946 

that Walcheren was drained again, using 

cofferdams for the first time. The island 

was spared to some extent during the 

Storm Surge of 1953.

Walcheren

   

Key features

Management authority/ies Scheldestromen water authority

Length of category-A defences 47.5 km

No. of hydraulic structures 11

Surface area 19,900 ha

Population 113,300

Flood risks Societal risk

Annual probability of flooding 1/1000

Annual economic risk € 0.2 million

Ave. losses per flood event € 210 million

Annual loss-of-life risk 0.03

Ave. no. of fatalities per flood event 35
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n n   < 1/10,000

n n   1/4000 - 1/10,000

n n   1/2000 - 1/4000

n n   1/1000 - 1/2000

n n   1/500 - 1/1000

n n   > 1/500

Individual risk (annual)

≤ 1·10-8

1·10-7

1·10-6

1·10-5

1·10-4

≥ 1·10-3

Key features

Management authority/ies Scheldestromen water authority

Length of category-A defences 50.0 km

No. of hydraulic structures 8

Surface area 7560 ha

Population 18,900

Flood risks Societal risk

Annual probability of flooding 1/2300

Annual economic risk € 0.2 million

Ave. losses per flood event € 520 million

Annual loss-of-life risk 0.03

Ave. no. of fatalities per flood event 77

Characteristics

Levee system 30 is part of the former 

island of Zuid-Beveland in Zeeland. From 

the 11th century Zeeland was gradually 

impoldered by levees built on higher 

ground beside sea inlets. Some already 

embanked areas were lost as a result of 

numerous floods, including the Saint Felix 

Flood of 1530 and the All Saints’ Flood 

of 1570. One well-known example is the 

‘Verdronken Land van Zuid-Beveland’, 

where many villages and the town of 

Reimerswaal were lost. From the late 16th 

century the building of levees allowed 

present-day Zuid-Beveland to emerge 

between the Eastern and Western Scheldt 

(Oosterschelde and Westerschelde).  

The construction of the canal through 

Zuid-Beveland in 1866 split the former 

island into two levee systems: levee 

system 30 (Zuid-Beveland West) and 

system 31 (Zuid-Beveland East).

Zuid-Beveland West

   

Key features

Management authority/ies Scheldestromen water authority

Length of category-A defences 63.0 km

No. of hydraulic structures 11

Surface area 26,100 ha

Population 70,600

Flood risks Societal risk

Annual probability of flooding > 1/100

Annual economic risk € 6.4 million

Ave. losses per flood event € 190 million

Annual loss-of-life risk 1.5

Ave. no. of fatalities per flood event 45
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n n   < 1/10,000

n n   1/4000 - 1/10,000

n n   1/2000 - 1/4000

n n   1/1000 - 1/2000

n n   1/500 - 1/1000

n n   > 1/500

Individual risk (annual)

≤ 1·10-8

1·10-7

1·10-6

1·10-5

1·10-4

≥ 1·10-3

Characteristics

Levee system 30 is part of the former 

island of Zuid-Beveland in Zeeland. From 

the 11th century Zeeland was gradually 

impoldered by levees built on higher 

ground beside sea inlets. Some already 

embanked areas were lost as a result of 

numerous floods, including the Saint Felix 

Flood of 1530 and the All Saints’ Flood 

of 1570. One well-known example is the 

‘Verdronken Land van Zuid-Beveland’, 

where many villages and the town of 

Reimerswaal were lost. From the late 16th 

century the building of levees allowed 

present-day Zuid-Beveland to emerge 

between the Eastern and Western Scheldt 

(Oosterschelde and Westerschelde).  

The construction of the canal through 

Zuid-Beveland in 1866 split the former 

island into two levee systems: levee 

system 30 (Zuid-Beveland West) and 

system 31 (Zuid-Beveland East).

Zuid-Beveland Oost

   

Key features

Management authority/ies Scheldestromen water authority

Length of category-A defences 50.0 km

No. of hydraulic structures 8

Surface area 7560 ha

Population 18,900

Flood risks Societal risk

Annual probability of flooding 1/2300

Annual economic risk € 0.2 million

Ave. losses per flood event € 520 million

Annual loss-of-life risk 0.03

Ave. no. of fatalities per flood event 77
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n n   < 1/10,000

n n   1/4000 - 1/10,000

n n   1/2000 - 1/4000

n n   1/1000 - 1/2000

n n   1/500 - 1/1000

n n   > 1/500

Individual risk (annual)

≤ 1·10-8

1·10-7

1·10-6

1·10-5

1·10-4

≥ 1·10-3

Key features

Management authority/ies Brabantse Delta water authority

Length of category-A defences 47.3 km

No. of hydraulic structures 22

Surface area 73,700 ha

Population 387,300

Flood risks Societal risk

Annual probability of flooding > 1/100

Annual economic risk € 1.0 million

Ave. losses per flood event € 60 million

Annual loss-of-life risk 0.02

Ave. no. of fatalities per flood event 1

Characteristics

Levee system 32 protects an area that 

lies largely in Zeeland, plus a small area 

in Belgium. VNK only covered the Dutch 

part of the protected area. The levee 

system was created by the impoldering 

of former saltings and mud flats in the 

Scheldt estuary. The impoldering process 

was led largely by the former monas-

teries in Flanders. Most of the polders 

were created during the 17th and 18th 

centuries.

The many impoldering processes of the 

past have made this protected area highly 

compartmentalised. Largely because of 

this, Zeeland-Flanders remained relatively 

unaffected by the Storm Surge of 1953.

Plans have been developed to reverse 

the impoldering of the Hedwigepolder to 

create new conservation areas in compen-

sation for measures needed to keep 

the Scheldt open to shipping bound for 

Antwerp. This process will be combined 

with the inundation of the Prosperpolder 

on Belgian territory.

Zeeuws-Vlaanderen

   

Key features

Management authority/ies Scheldestromen water authority
Rijkswaterstaat

Length of category-A defences 74.8 km

No. of hydraulic structures 17

Surface area 71,900 ha

Population 108,900

Flood risks Societal risk

Annual probability of flooding 1/110

Annual economic risk € 1.1 million

Ave. losses per flood event € 120 million

Annual loss-of-life risk 0.1

Ave. no. of fatalities per flood event 9
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n n   < 1/10,000

n n   1/4000 - 1/10,000

n n   1/2000 - 1/4000

n n   1/1000 - 1/2000

n n   1/500 - 1/1000

n n   > 1/500

Individual risk (annual)

≤ 1·10-8

1·10-7

1·10-6

1·10-5

1·10-4

≥ 1·10-3

Characteristics

Levee system 34 is in the west of 

Noord-Brabant province. The protected 

area originally consisted of marine clay 

covered with peat. Flooding in the 13th 

century meant the area again came under 

the influence of the sea. Thereafter, it was 

gradually surrounded by levees.

The last impoldering operations took 

place in around 1860, creating the area 

as it is today. The protected area is 

surrounding by flood defences along 

Hollandsch Diep estuary and the Amer 

river to the north, and the Volkerak, 

Scheldt-Rhine Canal (Schelde-Rijnkanaal) 

and Markiezaatsmeer lake to the west. 

The area was hit hard by the Storm Surge 

of 1953, but the Delta Project launched 

in response greatly enhanced flood 

protection in the area protected by levee 

system 34. As a result of the closing off 

of the Volkerak, Haringvliet and Nieuwe 

Waterweg, these bodies of water are no 

longer under the influence of the North 

Sea. This has significantly reduced the 

hydraulic loading on the flood defences 

along the Volkerak and Markiezaatsmeer.

West-Brabant

   

Key features

Management authority/ies Brabantse Delta water authority

Length of category-A defences 47.3 km

No. of hydraulic structures 22

Surface area 73,700 ha

Population 387,300

Flood risks Societal risk

Annual probability of flooding > 1/100

Annual economic risk € 1.0 million

Ave. losses per flood event € 60 million

Annual loss-of-life risk 0.02

Ave. no. of fatalities per flood event 1

34
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n n   < 1/10,000

n n   1/4000 - 1/10,000

n n   1/2000 - 1/4000

n n   1/1000 - 1/2000

n n   1/500 - 1/1000

n n   > 1/500

Individual risk (annual)

≤ 1·10-8

1·10-7

1·10-6

1·10-5

1·10-4

≥ 1·10-3

Key features

Management authority/ies Brabantse Delta water authority

Length of category-A defences 28.5 km

No. of hydraulic structures 11

Surface area 12,500 ha

Population 97,600

Flood risks Societal risk

Annual probability of flooding 1/350

Annual economic risk € 1.1 million

Ave. losses per flood event € 390 million

Annual loss-of-life risk 0.05

Ave. no. of fatalities per flood event 17

Characteristics

Levee system 34a is in Noord-Brabant 

province. Until the 1980s the area was 

protected by levee system 34 (West-

Brabant). The construction of the 

Amertak canal separated this levee 

system from levee system 34. The 

Amertak links the Amer to the Wilhelmina 

Canal, and was dug to divert shipping 

from the river Donge, and from the town 

of Geertruidenberg.

The levee system mainly protects 

Geertruidenberg and an area of agricul-

tural land to the west. The town has an 

old centre with ramparts and a moat, 

with newer developments beyond. The 

Amercentrale, a power station that 

supplies electricity to a large part of the 

southern Netherlands stands outside the 

protected area, beside the Amer. 

Geertruidenberg

   

Key features

Management authority/ies Brabantse Delta water authority

Length of category-A defences 10.0 km

No. of hydraulic structures 4

Surface area 350 ha

Population 7060

Flood risks Societal risk

Annual probability of flooding 1/220

Annual economic risk € 1.0 million

Ave. losses per flood event € 220 million

Annual loss-of-life risk 0.03

Ave. no. of fatalities per flood event 7
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n n   < 1/10,000

n n   1/4000 - 1/10,000

n n   1/2000 - 1/4000

n n   1/1000 - 1/2000

n n   1/500 - 1/1000

n n   > 1/500

Individual risk (annual)

≤ 1·10-8

1·10-7

1·10-6

1·10-5

1·10-4

≥ 1·10-3

Characteristics

Levee system 35 lies along the Bergsche 

Maas between Geertruidenberg and 

Den Bosch in Noord-Brabant province. 

Part of the protected area (Overdiepse 

Polder) has been designated an inunda-

tion area as part of the Room for the 

Rivers programme. The primary flood 

defences have been moved to the south 

of the polder, on the northern bank of the 

Oude Maasje river. The polder has been 

made suitable to function as a buffer zone 

when water levels in the river are high. 

Any objects that might impede the flow of 

water have been removed. Residents and 

businesses in the inundation area have 

devised a plan involving artificial mounds 

(terps) to keep the polder suitable for 

agriculture. Several terps have been 

constructed to allow farmers to continue 

farming.

Donge

   

Key features

Management authority/ies Brabantse Delta water authority

Length of category-A defences 28.5 km

No. of hydraulic structures 11

Surface area 12,500 ha

Population 97,600

Flood risks Societal risk

Annual probability of flooding 1/350

Annual economic risk € 1.1 million

Ave. losses per flood event € 390 million

Annual loss-of-life risk 0.05

Ave. no. of fatalities per flood event 17

35
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n n   < 1/10,000

n n   1/4000 - 1/10,000

n n   1/2000 - 1/4000

n n   1/1000 - 1/2000

n n   1/500 - 1/1000

n n   > 1/500

Individual risk (annual)

≤ 1·10-8

1·10-7

1·10-6

1·10-5

1·10-4

≥ 1·10-3

Key features

Management authority/ies Aa en Maas water authority

Length of category-A defences 4.4 km

No. of hydraulic structures 1

Surface area 110 ha

Population 61

Flood risks Societal risk

Annual probability of flooding 1/550

Annual economic risk € 0.01 million

Ave. losses per flood event € 6 million

Annual loss-of-life risk 0.001

Ave. no. of fatalities per flood event < 1 

Characteristics

Levee system 36 is on the left bank of the 

Maas between Boxmeer in the east and 

Waalwijk in the west. High ground lies to 

the south of the protected area, which 

is situated in Noord-Brabant province. 

It consists mainly of agricultural land, 

and includes several large towns such as 

Den Bosch and Oss, a number of places 

with a relatively large population, such 

as Rosmalen, Drunen, Cuijk, Grave and 

Boxmeer, and many villages.

The elevation of this protected area grad-

ually decreases downstream, by some 15 

m in total. If the Maasdijk levee breaches 

upstream, the water will flow towards 

lower-lying land around Den Bosch. If high 

water levels in the Maas are combined 

with a high discharge rate in the streams 

that drain into the Maas via Den Bosch, 

this could threaten the town.

Land van Heusden/De Maaskant

   

Key features

Management authority/ies Aa en Maas water authority

Length of category-A defences 102.0 km

No. of hydraulic structures 53

Surface area 66,600 ha

Population 421,600

Flood risks Societal risk

Annual probability of flooding > 1/100

Annual economic risk € 16.6 million

Ave. losses per flood event € 1.5 billion

Annual loss-of-life risk 0.3

Ave. no. of fatalities per flood event 24
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n n   < 1/10,000

n n   1/4000 - 1/10,000

n n   1/2000 - 1/4000

n n   1/1000 - 1/2000

n n   1/500 - 1/1000

n n   > 1/500

Individual risk (annual)

≤ 1·10-8

1·10-7

1·10-6

1·10-5

1·10-4

≥ 1·10-3

Characteristics

Levee system 36a protects a small area 

between the Maas and a former meander 

of the river. The area originally belonged 

to the municipality of Balgoij and Keent in 

Gelderland province. The Maas flowed to 

the south of the village of Keent and also 

formed the border between Gelderland 

and Noord-Brabant.

As a result of the normalisation of the 

Maas, the meander was cut off from the 

main river in 1938. Afterwards, Keent lay 

on the left bank of the canalised river, in 

Noord-Brabant province, and its connec-

tion with Balgoij was severed. At times 

of high water levels the only connection 

with the ‘mainland’ is the bridge to the 

area protected by levee system 36, built 

in 2008.

Keent

   

Key features

Management authority/ies Aa en Maas water authority

Length of category-A defences 4.4 km

No. of hydraulic structures 1

Surface area 110 ha

Population 61

Flood risks Societal risk

Annual probability of flooding 1/550

Annual economic risk € 0.01 million

Ave. losses per flood event € 6 million

Annual loss-of-life risk 0.001

Ave. no. of fatalities per flood event < 1 

36a
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n n   < 1/10,000

n n   1/4000 - 1/10,000

n n   1/2000 - 1/4000

n n   1/1000 - 1/2000

n n   1/500 - 1/1000

n n   > 1/500

Individual risk (annual)

≤ 1·10-8

1·10-7

1·10-6

1·10-5

1·10-4

≥ 1·10-3

Key features

Management authority/ies Rivierenland water authority

Length of category-A defences 49.0 km

No. of hydraulic structures 21

Surface area 10,900 ha

Population 45,700

Flood risks Societal risk

Annual probability of flooding 1/1500

Annual economic risk € 3.5 million

Ave. losses per flood event € 5.4 billion

Annual loss-of-life risk 0.1

Ave. no. of fatalities per flood event 140

Characteristics

Levee system 37 protects the polders 

around the hamlet of Bern. The polders 

were initially in Noord-Brabant province. 

The Bergsche Maas was dug around 1900, 

putting Bern, along with the surrounding 

polders on the Bommelerwaard, on 

the Gelderland side of the Maas. The 

Bergsche Maas was dug as part of a 

programme to shift the estuary of the 

Maas, under legislation passed on 26 

January 1883. It provided for the Maas 

to be closed off between Heusden and 

Woudrichem, and the estuary to be moved 

to the Amer, ensuring the Maas river 

would enter the sea via the Amer river 

and Hollandsch Diep.

Nederhemert

   

Key features

Management authority/ies Rivierenland water authority

Length of category-A defences 1.3 km

No. of hydraulic structures -

Surface area 91 ha

Population 33

Flood risks Societal risk

Annual probability of flooding 1/6000

Annual economic risk € 0.001 million

Ave. losses per flood event € 5 million

Annual loss-of-life risk < 0.0001

Ave. no. of fatalities per flood event < 1

37
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n n   < 1/10,000

n n   1/4000 - 1/10,000

n n   1/2000 - 1/4000

n n   1/1000 - 1/2000

n n   1/500 - 1/1000

n n   > 1/500

Individual risk (annual)

≤ 1·10-8

1·10-7

1·10-6

1·10-5

1·10-4

≥ 1·10-3

Characteristics

Levee system 38 is in the south of 

Gelderland province and is bordered by 

the Waal river to the north, the Maas to 

the south and east and the Afgedamde 

Maas to the west. People began building 

river levees in the area around the 12th 

century, and by the early 14th century 

the system was complete. Between the 

17th and 19th centuries there was regular 

flooding as a result of levee breaches. To 

prevent further flooding, a great deal of 

work was performed in the Gelderland 

rivers area in the 19th century, including 

the separation of the Maas and Waal.

In 1856 the connection between the Waal 

and the Maas to the northeast of the 

Bommelerwaard was completed when the 

Sint-Andries Canal opened. In 1904 the 

section of the Maas between Heusden 

and Woudrichem was dammed up and the 

Bergsche Maas was dug, in order to make 

flooding in the Bommelerwaard a thing of 

the past.

Bommelerwaard

   

Key features

Management authority/ies Rivierenland water authority

Length of category-A defences 49.0 km

No. of hydraulic structures 21

Surface area 10,900 ha

Population 45,700

Flood risks Societal risk

Annual probability of flooding 1/1500

Annual economic risk € 3.5 million

Ave. losses per flood event € 5.4 billion

Annual loss-of-life risk 0.1

Ave. no. of fatalities per flood event 140

38

Nederhemert

Hedel

Kerkdriel

Heusden

Loevestein Brakel

Zaltbommel Rossum

Afgedamde 
Maas

Waal

Maas

1 10 100 1000 10,000 100,000

1/10

1/100

1/1000

1/10,000

1/100,000

1/1,000,000E
xc

ee
da

n
ce

 p
ro

ba
bi

lit
y 

(a
n

n
u

al
)

No. of fatalities

Levee system

Failure probability per levee section (annual)



96

n n   < 1/10,000

n n   1/4000 - 1/10,000

n n   1/2000 - 1/4000

n n   1/1000 - 1/2000

n n   1/500 - 1/1000

n n   > 1/500

Individual risk (annual)

≤ 1·10-8

1·10-7

1·10-6

1·10-5

1·10-4

≥ 1·10-3

Key features

Management authority/ies Rivierenland water authority

Length of category-A defences 11.5 km

No. of hydraulic structures 12

Surface area 290 ha

Population 1220

Flood risks Societal risk

Annual probability of flooding 1/1200

Annual economic risk € 0.03 million

Ave. losses per flood event € 40 million

Annual loss-of-life risk 0.002

Ave. no. of fatalities per flood event 3

Characteristics

Today’s levee system 39 protects the 

village of Alem and the surrounding 

polders. Initially this area lay in Noord-

Brabant province. In the 1930s the area 

was cut off from Noord-Brabant when a 

meander in the Maas was closed off, and 

it came to lie on the Gelderland side of the 

river. This was part of a package of meas-

ures to allow the Maas river to drain more 

quickly. The most important of these were 

the cutoffs between Grave and the Blauwe 

Sluis (‘Blue Lock’), which shortened the 

course of the river from 56.5 kilometres 

to 37.5 kilometres. Straightening the Maas 

not only had a great impact on Alem. 

Keent, which had been part of Balgoij in 

Gelderland, ended up on the other side of 

the river, in Noord-Brabant province.

Alem

   

Key features

Management authority/ies Rivierenland water authority

Length of category-A defences 4.8 km

No. of hydraulic structures 1

Surface area 94 ha

Population 450

Flood risks Societal risk

Annual probability of flooding 1/7400

Annual economic risk € 0.01 million

Ave. losses per flood event € 50 million

Annual loss-of-life risk 0.001

Ave. no. of fatalities per flood event 10
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n n   < 1/10,000

n n   1/4000 - 1/10,000

n n   1/2000 - 1/4000

n n   1/1000 - 1/2000

n n   1/500 - 1/1000

n n   > 1/500

Individual risk (annual)

≤ 1·10-8

1·10-7

1·10-6

1·10-5

1·10-4

≥ 1·10-3

Heerewaarden

   

Key features

Management authority/ies Rivierenland water authority

Length of category-A defences 11.5 km

No. of hydraulic structures 12

Surface area 290 ha

Population 1220

Flood risks Societal risk

Annual probability of flooding 1/1200

Annual economic risk € 0.03 million

Ave. losses per flood event € 40 million

Annual loss-of-life risk 0.002

Ave. no. of fatalities per flood event 3

Characteristics

Levee system 40 is in the Gelderland 

rivers area, between the Maas and the 

Waal. Heerewaarden originally consisted 

of two small islands, and the Maas and 

Waal were connected here. This regularly 

caused problems downstream in the 

Maas at times of high discharge rates in 

the Waal. To prevent this, the relatively 

high-lying islands were linked in the early 

20th century by the building of various 

structures, including the Heerewaardense 

Afsluitdijk barrier, which connect the 

Land van Maas en Waal area with the 

Bommelerwaard, forming one of the most 

important divisions between the Maas and 

Waal rivers.
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n n   < 1/10,000

n n   1/4000 - 1/10,000

n n   1/2000 - 1/4000

n n   1/1000 - 1/2000

n n   1/500 - 1/1000

n n   > 1/500

Individual risk (annual)

≤ 1·10-8

1·10-7

1·10-6

1·10-5

1·10-4

≥ 1·10-3

Key features

Management authority/ies Rivierenland water authority

Length of category-A defences 17.3 km

No. of hydraulic structures 7

Surface area 3430 ha

Population 14,200

Flood risks Societal risk

Annual probability of flooding 1/410

Annual economic risk € 2.9 million

Ave. losses per flood event € 1.2 billion

Annual loss-of-life risk 0.1

Ave. no. of fatalities per flood event 41

Characteristics

Levee system 41 lies to the west of 

Nijmegen in Gelderland province, between 

the Maas and Waal rivers. The area 

made national news headlines during 

the extreme high water levels of 1993 

and 1995. While in 1993 the high levels 

occurred only in the Maas, in 1995 the 

Rhine also reached extremely high levels. 

There were doubts about the strength of 

the river levees, and over 200,000 people 

and animals were evacuated from the 

Land van Maas en Waal and the Betuwe as 

a precaution. Eventually, the levees held 

and the residents were able to return to 

their homes. These events led to the Delta 

Project for the Major Rivers and the Room 

for the Rivers programme.

Land van Maas en Waal

   

Key features

Management authority/ies Rivierenland water authority, 
Rijkswaterstaat

Length of category-A defences 88.0 km

No. of hydraulic structures 25

Surface area 27,900 ha

Population 251,900

Flood risks Societal risk

Annual probability of flooding 1/370

Annual economic risk € 16.0 million

Ave. losses per flood event € 5.9 billion

Annual loss-of-life risk 0.4

Ave. no. of fatalities per flood event 150
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n n   < 1/10,000

n n   1/4000 - 1/10,000

n n   1/2000 - 1/4000

n n   1/1000 - 1/2000

n n   1/500 - 1/1000

n n   > 1/500

Individual risk (annual)

≤ 1·10-8

1·10-7

1·10-6

1·10-5

1·10-4

≥ 1·10-3

Characteristics

Levee system 42 protects an area that 

lies largely in Germany. As a result, the 

flood defences on German territory are 

also important for the protection of the 

Dutch part of the system. The Dutch and 

German authorities work together to 

manage and coordinate flood protection 

measures. They also collaborate closely 

on disaster response in the event of 

flooding.

Initially, the IJssellinie system of water-

based defences lay in this area. It was 

constructed in the 1950s to protect the 

Netherlands from possible Russian inva-

sion by deliberately flooding part of the 

eastern Netherlands. The system became 

redundant in the 1960s and it was decided 

that the various structures should be 

dismantled. The remains can still be seen 

in the landscape.

Ooij en Millingen

   

Key features

Management authority/ies Rivierenland water authority

Length of category-A defences 17.3 km

No. of hydraulic structures 7

Surface area 3430 ha

Population 14,200

Flood risks Societal risk

Annual probability of flooding 1/410

Annual economic risk € 2.9 million

Ave. losses per flood event € 1.2 billion

Annual loss-of-life risk 0.1

Ave. no. of fatalities per flood event 41

42

Nijmegen

Millingen

Ooij

Beek

Lent

D U I T S L A N D

Waal

1 10 100 1000 10,000 100,000

1/10

1/100

1/1000

1/10,000

1/100,000

1/1,000,000E
xc

ee
da

n
ce

 p
ro

ba
bi

lit
y 

(a
n

n
u

al
)

No. of fatalities

Levee system

Failure probability per levee section (annual)



100

Betuwe/Tieler- en Culemborgerwaarden

   

Key features

Management authority/ies Rivierenland water authority

Length of category-A defences 170.8 km

No. of hydraulic structures 22

Surface area 62,600 ha

Population 306,700

Flood risks Societal risk

Annual probability of flooding > 1/100

Annual economic risk € 176.4 million

Ave. losses per flood event € 9 billion

Annual loss-of-life risk 3,7

Ave. no. of fatalities per flood event 190

1 10 100 1000 10,000 100,000

43

Arnhem

Nijmegen

Elst

Huissen

Culemborg

Leerdam

Nieuwegein

Tiel

Kesteren

Geldermalsen

Zaltbommel

T I E L E R W A A R D

C U L E M B O R G E R W A A R D B E T U W E

Nederrijn
Lek

WaalLinge

Linge

1/10

1/100

1/1000

1/10,000

1/100,000

1/1,000,000

D
ie

fd
ijk

n n   < 1/10,000

n n   1/4000 - 1/10,000

n n   1/2000 - 1/4000

n n   1/1000 - 1/2000

n n   1/500 - 1/1000

n n   > 1/500

E
xc

ee
d

an
ce

 p
ro

b
ab

ili
ty

 (
an

n
u

al
)

No. of fatalities

Levee system

Failure probability per levee section (annual)



101

Individual risk (annual)

≤ 1·10-8

1·10-7

1·10-6

1·10-5

1·10-4

≥ 1·10-3

Characteristics

Levee system 43 lies to the east of levee system 16 

(Alblasserwaard & Vijfheerenlanden); the two areas are 

separated by the Diefdijk levee. This levee, which also forms 

the boundary between Gelderland and Zuid-Holland prov-

inces, is intended to prevent the area protected by levee 

system 16 from flooding when system 43 floods. The Diefdijk 

has breached a number of times in the past. One of these 

breaches created the ‘Wiel van Bassa’, the largest such pool 

in the Netherlands. The Dalem spillways were constructed 

in the 19th century to reduce the load on the Diefdijk and 

prevent flooding. These three structures in the Waalbandijk 

in levee system 43 to the east of Gorinchem have a total 

length of 700 m. In the event of a levee breach in system 

43 the spillways can be put into operation to guide water 

coming in from upstream to the Waal river.
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Kromme Rijn

   

Key features

Management authority/ies Waternet, 
De Stichtse Rijnlanden water authority

Length of category-A defences 56.4 km

No. of hydraulic structures 27

Surface area 63,800 ha

Population 656,300

Flood risks Societal risk

Annual probability of flooding 1/200

Annual economic risk € 31.0 million

Ave. losses per flood event € 6.3 billion

Annual loss-of-life risk 0.6

Ave. no. of fatalities per flood event 130
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Individual risk (annual)

≤ 1·10-8

1·10-7

1·10-6

1·10-5

1·10-4

≥ 1·10-3

The area protected by the levee system is bordered to the 

east by the high ground of the Utrechtse Heuvelrug ridge. 

The defence capacity of the category-C defences is likely 

to be limited, as a result of which flooding could progress 

from one levee system to an adjacent one. Breaches in the 

category-A defences in levee system 44 could therefore 

lead to losses and fatalities not only in levee system 44, but 

also in levee system 14 in Zuid-Holland province.

Characteristics

Levee system 44 is in the provinces of Utrecht and Noord-

Holland. The area is bordered to the west by the North Sea 

(Noordzee), to the north by Gooimeer and IJmeer lakes and 

to the south by the Nederrijn/Lek river. The primary flood 

defences in the Kromme Rijn levee system consist of three 

more or less separate parts, each with its own load system: 

the northern part, with flood defences along Gooimeer 

and IJmeer; the southern part with defences along the 

Nederrijn/Lek; and the western part that consists of the lock 

complex at IJmuiden (North Sea). These category-A primary 

flood defences are linked by category-C flood defences 

along the North Sea Canal and the Amsterdam-Rhine Canal.
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n n   < 1/10,000

n n   1/4000 - 1/10,000

n n   1/2000 - 1/4000

n n   1/1000 - 1/2000

n n   1/500 - 1/1000

n n   > 1/500

Individual risk (annual)

≤ 1·10-8

1·10-7

1·10-6

1·10-5

1·10-4

≥ 1·10-3

Key features

Management authority/ies Vallei en Veluwe water authority

Length of category-A defences 7.3 km

No. of hydraulic structures 15

Surface area 970 ha

Population 8640

Flood risks Societal risk

Annual probability of flooding < 1/1,000,000 ha

Annual economic risk < € 100

Ave. losses per flood event € 230 million

Annual loss-of-life risk < 0.0001

Ave. no. of fatalities per flood event 5

Characteristics

Levee system 45 is sandwiched between 

the Nederrijn river to the south, the 

Veluwe upland heath to the east, the 

Utrechtse Heuvelrug ridge to the west 

and the Eem river and Eemmeer and 

Nijkerkernauw lakes to the north.

The area protected by the levee 

system gradually slopes down from the 

Grebbedijk levee in the south to the 

polders in the north; the total differ-

ence in elevation is some 10 metres. The 

combination of the elevation and the type 

of hydraulic loading means there are two 

flood scenarios for this levee system. A 

breach in the Grebbedijk to the south 

would lead to flooding in the entire area, 

whereas flooding following a breach in 

the levees along Eemmeer and Randmeer 

lakes would extend no further than the 

polders to the north of Amersfoort. The 

economic losses following a breach in 

the Greddedijk would be in the order 

of 10 billion euros, while the losses 

after a breach in the Eemmeer or 

Randmeerdijken would be in the region 

of 20 to 50 million euros. As a result of 

this combination of major consequences 

and high probability of a breach in the 

Grebbedijk, the flood risk in this system is 

completely dominated by this levee.

Gelderse Vallei

   

Key features

Management authority/ies Vallei en Veluwe water authority

Length of category-A defences 38.5 km

No. of hydraulic structures 35

Surface area 35,100 ha

Population 262,300

Flood risks Societal risk

Annual probability of flooding 1/180

Annual economic risk € 37.9 million

Ave. losses per flood event € 6.8 billion

Annual loss-of-life risk 0.8

Ave. no. of fatalities per flood event 150
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n n   < 1/10,000

n n   1/4000 - 1/10,000

n n   1/2000 - 1/4000

n n   1/1000 - 1/2000

n n   1/500 - 1/1000

n n   > 1/500

Individual risk (annual)

≤ 1·10-8

1·10-7

1·10-6

1·10-5

1·10-4

≥ 1·10-3

Eempolder

   

Key features

Management authority/ies Vallei en Veluwe water authority

Length of category-A defences 7.3 km

No. of hydraulic structures 15

Surface area 970 ha

Population 8640

Flood risks Societal risk

Annual probability of flooding < 1/1,000,000 ha

Annual economic risk < € 100

Ave. losses per flood event € 230 million

Annual loss-of-life risk < 0.0001

Ave. no. of fatalities per flood event 5

Characteristics

Levee system 46 protects a small polder 

in the middle of the country, around the 

village of Eemnes in Utrecht province. 

The area is protected from flooding from 

the river Eem and Eemmeer lake by the 

Wakkerendijk/Meentdijk levee. This levee 

was breached in 1916 during the Zuyder 

Zee Flood; it was repaired again after 

the disaster. When the Zuyder Zee was 

closed off in 1932 the load on the levee 

was reduced considerably and the crest 

was lowered in the years following. No 

major work has since been carried out on 

the levee.

The societal risk for this levee system is 

not shown, as the probability that large 

numbers of fatalities would occur in the 

Eempolder as a result of a breach in the 

Wakkerendijk/Meentdijk is very small.
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n n   < 1/10,000

n n   1/4000 - 1/10,000

n n   1/2000 - 1/4000

n n   1/1000 - 1/2000

n n   1/500 - 1/1000

n n   > 1/500

Individual risk (annual)

≤ 1·10-8

1·10-7

1·10-6

1·10-5

1·10-4

≥ 1·10-3

Key features

Management authority/ies Rijn en IJssel water authority

Length of category-A defences 52.2 km

No. of hydraulic structures 44

Surface area 36,300 ha

Population 187,700

Flood risks Societal risk

Annual probability of flooding 1/530

Annual economic risk € 6.4 million

Ave. losses per flood event € 3.4 billion

Annual loss-of-life risk 0.2

Ave. no. of fatalities per flood event 100

Characteristics

Levee system 47 in Gelderland province 

lies at the point where the IJssel river 

splits off from the Nederrijn. It protects 

the urban area of Arnhem and Velp, so the 

flood defences consist largely of parallel 

and embankment structures. At the 

beginning of the 21st century the Kleefse 

Waard was added to the protected area. 

This former river meadow on the right 

bank of the Nederrijn was raised in the 

1920s, creating land safe from flooding 

where an industrial area was established. 

The new embanked area covers some 

104 hectares of industrial site, mainly for 

heavy industry.

Arnhemse- en Velpsebroek

   

Key features

Management authority/ies Rijn en IJssel water authority

Length of category-A defences 15.3 km

No. of hydraulic structures 19

Surface area 2020 ha

Population 75,700

Flood risks Societal risk

Annual probability of flooding 1/2700

Annual economic risk € 1 million

Ave. losses per flood event € 2.7 billion

Annual loss-of-life risk 0.04

Ave. no. of fatalities per flood event 100
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n n   < 1/10,000

n n   1/4000 - 1/10,000

n n   1/2000 - 1/4000

n n   1/1000 - 1/2000

n n   1/500 - 1/1000

n n   > 1/500

Individual risk (annual)

≤ 1·10-8

1·10-7

1·10-6

1·10-5

1·10-4

≥ 1·10-3

Characteristics

Levee system 48 lies partly in the prov-

ince of Gelderland and partly in Germany. 

As a result, flood defences on German 

territory are also important for the safety 

of the Dutch part of the protected area. 

The Dutch and German authorities coordi-

nate flood protection measures, and liaise 

on disaster management and response in 

the event of extreme high water levels.

The most recent disaster in this area 

occurred in 1926. At the time the winter 

levee did not extend along the entire 

length of the Oude IJssel, as a result 

of which the river flooded the low-

lying land around Angerlo, Lathum and 

Westervoort. The then regional flood 

defences at Pannerden also breached as a 

result of the high water levels in the Oude 

Rijn, causing more limited flooding, since 

the defences on the southern bank of 

the Oude Rijn (the current regional flood 

defences) held. 

Rijn en IJssel

   

Key features

Management authority/ies Rijn en IJssel water authority

Length of category-A defences 52.2 km

No. of hydraulic structures 44

Surface area 36,300 ha

Population 187,700

Flood risks Societal risk

Annual probability of flooding 1/530

Annual economic risk € 6.4 million

Ave. losses per flood event € 3.4 billion

Annual loss-of-life risk 0.2

Ave. no. of fatalities per flood event 100
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n n   < 1/10,000

n n   1/4000 - 1/10,000

n n   1/2000 - 1/4000

n n   1/1000 - 1/2000

n n   1/500 - 1/1000

n n   > 1/500

Individual risk (annual)

≤ 1·10-8

1·10-7

1·10-6

1·10-5

1·10-4

≥ 1·10-3

Key features

Management authority/ies Rijn en IJssel water authority

Length of category-A defences 13.0 km

No. of hydraulic structures 14

Surface area 4060 ha

Population 42,100

Flood risks Societal risk

Annual probability of flooding 1/730

Annual economic risk € 1.5 million

Ave. losses per flood event € 1.1 billion

Annual loss-of-life risk 0.04

Ave. no. of fatalities per flood event 27

Characteristics

Levee system 49 is in the Achterhoek 

region of Gelderland province, to the 

east of the IJssel and Oude IJssel rivers, 

between Doetinchem, Doesburg and 

Zutphen. The land here was drained when 

levees were built in the 13th and 14th 

centuries. The shallow bed of the IJssel 

led to regular high water events, however, 

as a result of which a broad strip along 

the IJssel between Doesburg and Zutphen 

would be flooded. After major flooding in 

1809 it was decided that a spillway should 

be constructed at Baak, along with other 

measures. Until 1955 this spillway deter-

mined the water management regime to 

the south of Zutphen. During the 1950s, 

however, it became redundant due to the 

construction of several pumping stations 

and dams. The flood defences were also 

improved at that time, and the spillway 

was closed off when it was no longer 

needed.

IJsselland

   

Key features

Management authority/ies Rijn en IJssel water authority

Length of category-A defences 32.9 km

No. of hydraulic structures 19

Surface area 8700 ha

Population 20,100

Flood risks Societal risk

Annual probability of flooding 1/460

Annual economic risk € 0.8 million

Ave. losses per flood event € 370 million

Annual loss-of-life risk 0.01

Ave. no. of fatalities per flood event 5
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n n   < 1/10,000

n n   1/4000 - 1/10,000

n n   1/2000 - 1/4000

n n   1/1000 - 1/2000

n n   1/500 - 1/1000

n n   > 1/500

Individual risk (annual)

≤ 1·10-8

1·10-7

1·10-6

1·10-5

1·10-4

≥ 1·10-3

Zutphen

   

Key features

Management authority/ies Rijn en IJssel water authority

Length of category-A defences 13.0 km

No. of hydraulic structures 14

Surface area 4060 ha

Population 42,100

Flood risks Societal risk

Annual probability of flooding 1/730

Annual economic risk € 1.5 million

Ave. losses per flood event € 1.1 billion

Annual loss-of-life risk 0.04

Ave. no. of fatalities per flood event 27

Characteristics

The flood defences in levee system 50 

protect the historic Hanseatic town of 

Zutphen and the village of Warnsveld in 

the province of Gelderland from flooding 

by the river IJssel. The last floods in this 

levee system were in 1926. After a very 

cold November with lots of snowfall, 

December 1925 was warmer and wetter. 

As the snow melted the water level in 

the branches of the Rhine and Maas rose 

rapidly, causing large parts of the rivers 

area around the Waal, Maas and IJssel to 

flood in January 1926. Zutphen, too, was 

flooded.

The water reached extremely high 

levels again in 1993 and 1995. The water 

reached the quayside in Zutphen, but the 

town did not flood. In January 2011, again, 

high water levels meant the flood gates in 

levee system 50 had to be closed.
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n n   < 1/10,000

n n   1/4000 - 1/10,000

n n   1/2000 - 1/4000

n n   1/1000 - 1/2000

n n   1/500 - 1/1000

n n   > 1/500

Individual risk (annual)

≤ 1·10-8

1·10-7

1·10-6

1·10-5

1·10-4

≥ 1·10-3

Key features

Management authority/ies Vallei en Veluwe water authority

Length of category-A defences 63.0 km

No. of hydraulic structures 16

Surface area 31,000 ha

Population 110,800

Flood risks Societal risk

Annual probability of flooding 1/140

Annual economic risk € 3.6 million

Ave. losses per flood event € 500 million

Annual loss-of-life risk 0.05

Ave. no. of fatalities per flood event 7

Characteristics

Levee system 51 is a small system 

protecting some 6500 hectares on 

the east bank of the river IJssel. The 

protected area lies partly in Gelderland 

and partly in Overijssel province, and is 

largely rural. It has a population of almost 

11,000 spread over a number of villages, 

including Gorssel, Eefde and Epse.

There has been no flooding in levee 

system 51 in the recent past. The last 

floods in this system occurred in January 

1926 as a result of extreme snow- and 

rainfall in the Rhine catchment. The water 

reached high levels in 1993, 1995 and 

2011, rising as high as the quayside, but 

there was no flooding.

Gorssel

   

Key features

Management authority/ies Rijn en IJssel water authority

Length of category-A defences 24.0 km

No. of hydraulic structures 9

Surface area 6470 ha

Population 10,700

Flood risks Societal risk

Annual probability of flooding 1/1300

Annual economic risk € 0.04 million

Ave. losses per flood event € 50 million

Annual loss-of-life risk 0.0003

Ave. no. of fatalities per flood event 1
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n n   < 1/10,000

n n   1/4000 - 1/10,000

n n   1/2000 - 1/4000

n n   1/1000 - 1/2000

n n   1/500 - 1/1000

n n   > 1/500

Individual risk (annual)

≤ 1·10-8

1·10-7

1·10-6

1·10-5

1·10-4

≥ 1·10-3

Oost-Veluwe

   

Key features

Management authority/ies Vallei en Veluwe water authority

Length of category-A defences 63.0 km

No. of hydraulic structures 16

Surface area 31,000 ha

Population 110,800

Flood risks Societal risk

Annual probability of flooding 1/140

Annual economic risk € 3.6 million

Ave. losses per flood event € 500 million

Annual loss-of-life risk 0.05

Ave. no. of fatalities per flood event 7

Characteristics

Levee system 52 lies partly in Gelderland 

and partly in Overijssel province. This 

overwhelmingly agricultural area is 

transected by the A1 and A50 motor-

ways and the Apeldoorn-Deventer and 

Apeldoorn-Zutphen rail links.

The last flooding in the area protected 

by this levee system was in 1926, as a 

result of levee breaches in Brummen and 

Voorst. The flooding was restricted to a 

fairly small area, probably because the 

Baak spillway immediately to the south of 

Zutphen was opened to lower the water 

level in the river IJssel.
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n n   < 1/10,000

n n   1/4000 - 1/10,000

n n   1/2000 - 1/4000

n n   1/1000 - 1/2000

n n   1/500 - 1/1000

n n   > 1/500

Individual risk (annual)

≤ 1·10-8

1·10-7

1·10-6

1·10-5

1·10-4

≥ 1·10-3

Key features

Management authority/ies Peel en Maasvallei water authority

Length of category-A defences 5.0 km

No. of hydraulic structures 25

Surface area 470 ha

Population 2200

Flood risks Societal risk

Annual probability of flooding > 1/100

Annual economic risk € 1.9 million

Ave. losses per flood event € 40 million

Annual loss-of-life risk 0,03

Ave. no. of fatalities per flood event 1

Characteristics

The primary water defences in levee 

system 53 protect the Salland region from 

flooding by the IJssel, Zwarte Water and 

Overijsselse Vecht rivers. The protected 

area is in Overijssel province and is mainly 

rural, with some large towns like Zwolle 

and Deventer. The protected area gradu-

ally slopes downwards in the direction 

of flow of the river. If the upstream flood 

defences along the IJssel breach, the 

water will flow to the lower-lying areas 

around Zwolle.

If at the same time the water in the IJssel 

and Overijsselse Vecht were to rise to 

high levels, this might threaten the town 

of Zwolle. The area did not flood during 

the last major flood event in the IJssel 

valley in January 1926.

Salland

   

Key features

Management authority/ies Groot Salland water authority

Length of category-A defences 83.0 km

No. of hydraulic structures 96

Surface area 40,900 ha

Population 205,500

Flood risks Societal risk

Annual probability of flooding 1/110

Annual economic risk € 26.4 million

Ave. losses per flood event € 3 billion

Annual loss-of-life risk 0.5

Ave. no. of fatalities per flood event 60
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n n   < 1/10,000

n n   1/4000 - 1/10,000

n n   1/2000 - 1/4000

n n   1/1000 - 1/2000

n n   1/500 - 1/1000

n n   > 1/500

Individual risk (annual)

≤ 1·10-8

1·10-7

1·10-6

1·10-5

1·10-4

≥ 1·10-3

Arcen

   

Key features

Management authority/ies Peel en Maasvallei water authority

Length of category-A defences 5.0 km

No. of hydraulic structures 25

Surface area 470 ha

Population 2200

Flood risks Societal risk

Annual probability of flooding > 1/100

Annual economic risk € 1.9 million

Ave. losses per flood event € 40 million

Annual loss-of-life risk 0,03

Ave. no. of fatalities per flood event 1

Characteristics

Levee system 65 is in the northeast of 

Limburg province, along the Maas. It is 

bordered to the north, east and south 

by high ground where no flood defence 

structures have been built. To the west 

are levees that protect the village of 

Arcen (in the municipality of Venlo) and 

the surrounding farmland from flooding 

by the river Maas.

After the high water events of 1993 and 

1995 embankments were built along the 

Limburgse Maas. They were finally desig-

nated ‘primary flood defences’ in 2006.
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n n   < 1/10,000

n n   1/4000 - 1/10,000

n n   1/2000 - 1/4000

n n   1/1000 - 1/2000

n n   1/500 - 1/1000

n n   > 1/500

Individual risk (annual)

≤ 1·10-8

1·10-7

1·10-6

1·10-5

1·10-4

≥ 1·10-3

Key features

Management authority/ies Roer en Overmaas water authority

Length of category-A defences 5.5 km

No. of hydraulic structures 3

Surface area 165 ha

Population 1500

Flood risks Societal risk

Annual probability of flooding > 1/100

Annual economic risk € 2.0 million

Ave. losses per flood event € 70 million

Annual loss-of-life risk 0.1

Ave. no. of fatalities per flood event 2

Characteristics

Levee system 68 is in the northeast of 

Limburg province and encloses an area of 

some 860 hectares, with a population of 

around 25,000. The area is bordered to 

the west by the Maas and to the east by 

high ground.

The flood defences in levee system 68 

were constructed after the high water 

events of 1993 and 1995, and extend for 

over 15.5 kilometres. The crest currently 

stands at a level with an exceedance rate 

of approx. 1/50 per year. The embank-

ments were finally designated ‘primary 

flood defences’ in 2006.

Venlo-Velden

   

Key features

Management authority/ies Peel en Maasvallei water authority

Length of category-A defences 15.6 km

No. of hydraulic structures 121

Surface area 850 ha

Population 24,430

Flood risks Societal risk

Annual probability of flooding > 1/100

Annual economic risk € 10.5 million

Ave. losses per flood event € 430 million

Annual loss-of-life risk 0.2

Ave. no. of fatalities per flood event 8
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n n   < 1/10,000

n n   1/4000 - 1/10,000

n n   1/2000 - 1/4000

n n   1/1000 - 1/2000

n n   1/500 - 1/1000

n n   > 1/500

Individual risk (annual)

≤ 1·10-8

1·10-7

1·10-6

1·10-5

1·10-4

≥ 1·10-3

Meers

   

Key features

Management authority/ies Roer en Overmaas water authority

Length of category-A defences 5.5 km

No. of hydraulic structures 3

Surface area 165 ha

Population 1500

Flood risks Societal risk

Annual probability of flooding > 1/100

Annual economic risk € 2.0 million

Ave. losses per flood event € 70 million

Annual loss-of-life risk 0.1

Ave. no. of fatalities per flood event 2

Characteristics

Levee system 87 is in the south-

west of Limburg province, along the 

Grensmaas river. The levee system 

protects the villages of Meers and Kleine 

Meers (municipality of Stein) and the 

surrounding farmland. A secondary 

channel is being created through the 

levee system as part of the Maas project. 

It will provide drainage at times of high 

water levels. This will cut the village of 

Maasband off from the rest of the levee 

system, and it will therefore be protected 

by a new levee system.

The future situation for the levee system 

around the villages of Meers and Kleine 

Meers was used to identify the flood risks 

associated with levee system 87.
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Glossary

Berm – An extra widening on the land or water side of the 

levee to give it extra support, prevent sand boils and reduce 

wave action and/or overtopping.

Boil – A place where upwelling occurs.

Breach – A hole in the flood defence structures caused by 

overloading.

Caisson – A concrete structure that can be floated to a 

particular site and lowered onto its foundation. They are 

generally used in hydraulic engineering as a breakwater or 

key wall. They are also used for closing breaches in levees 

and/or dams.

Canalisation – Measures aimed at regulating the water 

level in a river for the benefit of shipping, by constructing 

movable weirs and locks.

Cascade effect – The flooding of one levee system from 

another; domino effect (see also system effect).

Controlled flooding – Deliberately allowing an area to flood.

Crest – The highest point of a levee.

Drainage sluice – A hydraulic structure that can be used to 

drain water from inside the protected area and at the same 

time retain outer waters.

Dune – Body of sand (sometimes with flood defence struc-

tures) for the purpose of holding back water.

Dune erosion – Failure mechanism in dunes associated with 

erosion of the dune during storm events.

Economic losses – Losses directly or indirectly caused by 

the disruption of economic processes.

Exceedance frequency – The average number of times that 

a certain value is reached or exceeded in a certain period.

Exceedance probability – The probability that the 

maximum permissible level will be reached or exceeded.

Expected value – The probability-weighted sum of all 

possible outcomes.

Failure – An exceedance of the ultimate limit state (ULS) 

leading to flooding. 

Failure mechanism – A particular manner in which a flood 

defence may fail.

Flood propagation – The spatial and temporal progression 

of a flood.

Flood protection standard – Requirement that primary 

flood defences must meet, expressed as the average annual 

probability that the highest water level that the primary 

flood defences intended to directly retain outer waters must 

be able to withstand will be exceeded, taking into account 

the factors determining water-retention capacity.

Flood risk – Combination of the probability and conse-

quences of flooding. The consequences are expressed in 

terms of losses or fatalities. The risk may be expressed in 

various ways, including societal risk and individual risk.

Flood scenario – A unique combination of failing and non-

failing levee system segments that leads to flooding in all or 

part of a protected area.

Hydraulic structure – A structure or installation that 

performs one or more specific water management func-

tions. Examples include locks and pumping stations, 

designed to retain water, control water and guide shipping.

Individual risk – The probability that a person who is 

continually present at a certain spot within a levee system 

will die as a result of flooding. The calculation of indi-

vidual risk also incorporates the potential for preventive 

evacuation.

Landside slope – The sloping surface of the levee facing 

away from the water.

Length effect – The phenomenon whereby the failure prob-

ability of a flood defence structure increases with the length 

being studied. This results from the fact that, the greater 

the length considered, the greater the probability that there 

will be a weak spot.

Levee section – Part of a flood defence structure with 

statistically homogeneous strength properties and loads.

Levee system – A system of flood defences and/or high 

ground that encircles an area (known as a ‘protected area’), 

protecting it from flooding.

Levee system segment – Part of the levee system within 

which the location of the breach has no significant impact 

on the flood pattern and the damage caused.

Loss-of-life risk – The risk of dying: the probability of being 

killed at a certain place as a result of flooding (in this case).

Maas project – Large-scale infrastructural project to 

reduce the risk of flooding in the catchment of the river 

Maas in Limburg, Noord-Brabant and Gelderland.

Management authority – The authority that manages the 

primary flood defences structure.
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Mud flats – New land on the water side of the levee covered 

with vegetation that does not flood often.

NAP – Amsterdam Ordnance Datum

Normalisation – All interventions designed to curb the 

unpredictable behaviour of a river, make it navigable and 

ensure that the water flows more quickly.

Normative water level – Design water level.

Outer waters – Surface waters whose water level is 

directly impacted by the water level at sea, in the major 

rivers, or in Lake IJssel or Markermeer lake.

Outflanking – The flow of water along a hydraulic structure 

in the flood defence system, carrying sand and earth with it. 

This can cause loss of stability in the structure.

Overflow – The phenomenon whereby water flows over the 

levee crest because the water level is higher than the levee 

crest.

Overtopping discharge – The average quantity of water 

passing over a flood defence structure due to wave action 

per metre per unit time.

Parallel structure – A structure such as a cofferdam, 

retaining wall or sheet piling.

Piping – The phenomenon whereby channels form in an 

earthwork as a result of erosion.

Primary flood defence – Flood defence (levee, dune, 

hydraulic structure, dam) along the sea coast, a major river 

or lake that provides protection against major flooding.

Probabilistic analysis – An analysis whereby failure prob-

abilities are calculated.

Probability of flooding – The probability that an area will 

flood because the water defences around it (the levee 

system) fails in one or more places.

Protected area – An area that is protected from flooding by 

a system of flood defences and/or high grounds.

Riverside slope – The sloping surface of the levee facing 

towards the water.

Room for the Rivers programme – Programme comprising 

various projects designed to give the water more room, 

reducing the probability of flooding.

Sand boil – An upwelling of water that transports sand.

Scenario probability – The probability that a flood scenario 

will occur.

Secondary levees – Levees built behind a primary flood 

defence to protect the hinterland from flooding in the event 

of a breach in the primary flood defence.

Seepage – The groundwater flow caused by the difference 

between the water levels on the landside and the waterside 

of the levee.

Slide – Displacement of all or part of a levee. The term is 

used in the failure mechanism ‘slide on landside slope’.

Societal risk – Risk metric that refers to the probability of a 

certain number of fatalities being exceeded.

Spillway – A hydraulic structure most commonly found in 

river levees designed to regulate high water levels in the 

river, thereby preventing or minimising critical water levels 

and flooding.

Static head – The difference in the water level between 

two points, for example the two sides of a flood defence 

structure.

Storm surge – Extremely high water level caused by a 

storm.

System effect – An effect whereby a breach in one levee 

system either reduces the load on or causes flooding in 

another levee system (cascade or domino effect). A system 

effect therefore concerns the interaction between two or 

more levee systems.

‘Terp’ – Artificial dwelling mounds created mainly in the 

northern Netherlands to offer a dry refuge at times of high 

water levels.

Tidal rivers area – The rivers area fed by the Rhine and 

Maas to the west of the line Schoonhoven – Werkendam – 

Dongemond, including Hollandsch Diep and Haringvliet, but 

excluding the Hollandsche IJssel.

Underseepage – Internal erosion caused by seepage under 

a hydraulic structure in the flood defence system, carrying 

sand and earth. This can cause loss of stability in the 

structure.

Upstream rivers area - The rivers area fed by the Rhine 

and Maas to the east of the line Schoonhoven – Werkendam 

– Dongemond. The water levels there are not affected by the 

North Sea tides.

‘Wiel’ – A place where a deep cavity has formed after a 

levee breach because the water flowed through the breach 

with great force, hollowing out the ground. A new levee 

is then built around it. Also known as a ‘waai’ in the rivers 

area, as a ‘kolk’ elsewhere in the Netherlands and, around 

Amsterdam, as a ‘breek’. The largest is the Wiel van Bassa 

near Leerdam.

Winter levee – The levee along a river designed to prevent 

flooding of the areas behind at times of high water flow. 

Unlike the summer levee, the winter levee is high enough to 

withstand the normative water level. The winter levee there-

fore only needs to defend against flooding at times of high 

discharges; in ordinary circumstances the summer embank-

ments retain the water.
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