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Preface

The Netherlands has a remarkable tradition when it comes to managing water. Living in a
delta area close to sea level has meant finding ways of coping with a multitude of water-
related problems such as floods, soil subsidence, rising river levels and water shortage. The
experience of living with water has been a continuous motivating force for the Dutch to find
new ways of managing water resources.

Climate change is threatening security, economy, quality of life and ecology in the Nether-
lands. With rising sea levels, a subsiding ground level and increasing variation between wet
and dry seasons, the Dutch once again face the challenge to keep the Netherlands safe and
liveable. The government has a duty of care regarding the management of natural water sys-
tems and the safety of residents from flooding. In the Netherlands these tasks are, to a large
extent, allocated to waterschappen, regional water authorities.

Current water management practices are being reconsidered because the sea defenses and
canalised rivers, which have until now formed the basis for the measures that guaranteed
the countryds wa tngersuficent forrthe future.ar e no | o

A structural change to Dutch water management will be necessary for the coming centuries.
That is why the Dutch government requested a committee of national and international ex-
perts, known as the Delta Committee, to present advice on protecting the coast and the en-
tire low-lying part of the Netherlands against the consequences of climate change. The
Netherlands must be made climate proof for the long term: safe against flooding, while still
remaining an attractive place to live and work, for investment and recreation. The Delta
Committee has developed an integrated vision for the future extending to 2100 and even
beyond. The committee has also made concrete recommendations for the short and medium
term because direct action is needed.

This report presents an overview of water management in the Netherlands today together
with the outlines and examples of water management in the future.

I hope you will enjoy reading it.

J.M. de Vries

Vice-chairman Unie van Waterschappen
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General Introduction

Throughout the centuries, the Netherlands has had to defend itself against the threats of wa-
ter by constructing dikes and dams, canalising rivers and creating more land for economic
activities. Sealing off the country from the threats of the sea and rivers was a major effort
and gave the country international status in the field of innovation and high tech civil engi-
neering solutions for water management. The Netherlands had managed to live and work
with its surface level below mean sea level.

The Royal Netherlands Meteorological Institute, KNMI, frequently reports new weather re-
cords. Even the usually phlegmatic Dutch have not failed to notice that climate is changing.
The impact of climate change is weakening Dutch resilience to water threats. Major research
programmes studied the country®& vulnerability to climate, both in geographic terms and per
economic sector.They found that climate change is threatening security, economy, livelihood
quality and ecology. With rising sea levels, subsiding ground levels, ongoing urbanisation
and increasing variation between wet and dry seasons, the Netherlands faces new chal-
lenges. A new approach to adaptation is necessary. This adaptation will emphasise spatial
solutions and a risk based approach, as well as technical innovations. Furthermore plans will
be set up and carried out dhe Dutch way6 by consulting all the main stakeholders, including
public participation, and using our decentralised water management system.

This report describes the history of water management in the Netherlands, its organisation
and past and future challenges in water management. Chapter 1 focuses on the geography,
history and organisation of decentralised water management and indicated the challenges
we face.

Chapter 2 provides an overview of today® water management and addressed the issues of
flooding, water quality, water scarcity and ground water. Recent developments and legisla-
tion were described.

In Chapter 3 we focus on the Drivers for change, like climate change, urbanisation and other
pressures on land use.

And last but not least, Chapters 4 and 5 describe our response to the challenges we face.
In Chapter 4, the key word is risk management. Chapter 5 provides several examples of re-
sponse to the challenges. Conclusions are given in Chapter 6.
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Geography, water system, land use and climate

Geography and water system of the Netherlands

The Netherlands has a fascinating geography. Situated along the North Sea in north-western
Europe, it consists of a land area of approximately 34,000 km? (Figure 1.1). The total terri-
tory, including inland lakes, estuaries and territorial sea, amounts to 41,160 km?. Nearly a
quarter of its territory is below mean sea level and more than 65% of the country would flood
if there were no dunes and dikes (Figure 1.2). The lowest point, east of Rotterdam, is 6.7 m
below sea level. More than 70% of our GDP is generated below sea level. This is also where
most of the 16 million people live.

The Netherlands above and below sea level =
—

~ v
dunes and beach 200 m r K .

between 0and 1m

- below sea level
|

Figure 1.1 The Netherlands, part of Europe. Figure 1.2 The Netherlands above and below sea level.

The Netherlands lies in the delta of the rivers Rhine, Meuse, Scheldt and Ems and is one of
the 40 world& largest deltas (Figure 1.3). Fifty million people live in the basins of these four
rivers in Belgium, Germany and the Netherlands. The Dutch delta is similar to deltas such as
the Nile in Cairo, the Mississippi in New Orleans and the Yangtze in Shanghai. The major
advantages of deltas are that they contain the best agricultural land in the world (important
for the world®& food supply) and that they house important inland- and coastal wetlands, with
high biodiversity.

Figure 1.3 The Netherlands, delta of 4 international basins.
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The Rhine and Meuse rivers are vital to the hydrology of the Netherlands (Figure 1.4). The
characteristics of the rivers are, however, quite different. The Meuse is a typical rain-fed riv-

er, with relatively high peak flows in win-
ter and generally low flows in summer.
Discharges at the Dutch border range

w’ jemiddelde afvoer

from 0 m*/s to 3100 m¥s, with an aver- R
age flow of 230 m%/s. N i)
iy 4N AV HRE
2000 -4+ \\J/:
The Rhine has a mixed character being B ndesa /[ j
partly fed by rain and partly by snow melt ki ! I
from the Swiss Alps. This produces two mr I

significant seasonal flow peaks: one in
winter and a much lower one in the
summer originating from snow melt.
Rhine discharges at the Dutch border
range from 620 m%s to 12.500 m*/s with
an average flow of 2.200 m?/s.

. ! aLuxeml:;:‘ireg;
Besides the Delta character of the coun- .
try, the Netherlands is frequently asso-

ciated with polders. A polder is a low-

Ny Saarbriicken

lying tract of land enclosed by embank- gt

ments known as dikes, which forms an ;"“"“"f'i’“’
artificial hydrological entity. The first [
polders were constructed in the 11" cen- 0

tury. The Dutch have a long history of
reclaiming marshes and fenland, result-
ing in over 3,000 polders nationwide.
About half of the polder surface within
northwest Europe is located within the
Netherlands.

< grens stroomgebied

Figure 1.4 Catchment areas of Rhine and Meuse.

Land use in the Netherlands

More than 70% of the total land area consists of cultivated land, of which almost two thirds
are pastures. The remainder is used as arable land and for horticulture. The most important
crops are cereals, potatoes, sugar beet and corn. Livestock farming is usually located on
clay and peat soils where dairy farming predominates. Mixed farming is traditionally prac-
tised on the sandy soils in the east and south of the Netherlands. Many of these farms spe-
cialise in pig and poultry farming. Since 1950 the area of cultivated land has decreased.
Woodland and uncultivated land together account for no more than 13% and urban and in-
dustrial areas for almost 17% of the total land area.

The Netherlands plays a major role in the global economy and is an attractive place in which
to live and invest. The economy has a long standing and pronounced international orienta-
tion. For centuries, interest has lain in foreign trade and the transfer of knowledge to indus-
try. Nowadays people work in sectors such as fishery, agricultural sector, industry and trade
and service sectors.

For survival, the Dutch had to be inventive and developed a highly sophisticated method of
living with water. The high population density (465 people/ square kilometre) combined with
an economy largely related to transport, navigation and ports results in pressure on space
and the environment which has to be managed carefully. The Netherlands has excellent wa-
terways with a 3500 km network of rivers and canals to transport goods by barges. The
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Netherlands is the natural entrance to much of Europe because it is situated at the mouth of
the rivers Rhine, Meuse and Scheldt. While most people in the Netherlands live below sea
level and urbanisation is increasing, adaptation and mitigation for the effects of climate
change are becoming more and more important. In several locations, experiments have
started for innovative constructions like floating houses.

Recent policy efforts have been aimed at combining functions of surface waters (e.g. water
supply, transport, nature) with recreation and tourism. Water related recreation such as
beaches, sailing, wind surfing and canoeing are economically important. Nature in the Dutch
delta includes mudflats, salt marshes, inland seas, lakes and islands. The original, natural
delta landscape contained woodlands, reedy marshes and peat bogs, much of which have
been lost in the fight to create more space for economic activities in the Netherlands. The
most important remaining tidal wetland is the Wadden Sea in the north of the country. This
wetland reserve is internationally important because millions of water wading birds use it
every year during their migration from Northern Europe, Asia and Africa to forage and recu-
perate.

Climate in the Netherlands
The sea is the major factor in determining the climate of the Netherlands. All over the coun-
try, average winter temperatures are just above 0°C and the average summer temperatures
are about 16°C. During heavy storms, average wind velocities of 25 m/s have been regis-
tered. The average monthly precipitation shows a rather strong yearly cycle; the driest
months are February, March and April, the wettest are July and August. An annual precipita-
tion of 880 mm per year is measured. In very dry years, 400 mm has been measured and in
very wet years precipitation of well over 1100 mm
was registered. Especially in summer, convective
precipitation of 10 to 20 mm can fall in less than
half an hour. The system of water management is
designed for both wet and dry years and for deal-
ing with the water from summer showers.

,-f"""'"h

The Netherlands is a country that is historically
associated with water management. Nowadays
almost 70% of the economic activities in the Neth-
erlands are situated in the western part of the
country and below sea level, in the area that could
be flooded by sea or rivers if there were no dikes.
Almost 9 million people live in these areas. If there
were no flood defences, two third of the Nether-
lands would be threatened by sea or river (figure
1.5). That makes the Netherlands very susceptible
to climate change.

Figure 1.5 Blue areas are threatened for flooding
by sea or river.
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Some facts & figures related to water in the Netherlands

A Population of the Netherlands: 16 million

A Population density: 465 people / km? on average

A Major urban district: d&kandstadd which includes Amsterdam, Rotterdam and The Hague
A Highest point: 322m above mean sea level at the Vaalserberg
A Lowest point: 6.76 below mean sea level at Nieuwerkerk aan de |Jssel

A Proportion of the country® GDP generated below sea level: 70%

A Average rainfall: 880 mm/year

A Reference evapo-transpiration: 500 mm/year

A Primary flood defences: 3500 km in total, consisting of 1430 km of river dikes, 1017 km
dikes around lakes and 430 km sea dikes and 260 km dunes for coastal defence

Sources: Water in the Netherlands 2004-2005 and Riool in Cijfers 2005-2006

History of Dutch water management

The history of Dutch water management started in around the 9th century. The period until
the 13th century is marked by the loss of big portions of land. At that time, the only defence

against flooding was to live in higher dwelling places
called derpend At the same time, reclamation of peat-
lands started in the west of the country. This caused
a considerable drop in water level and consequently
land subsidence. In particular, lands below sea level
were threatened by flooding from the sea. Regular
floods claimed many victims and continued to do so
for centuries. One of the most well known examples
of a storm surge flood in the Netherlands is the Saint
Elizabeth& flood in November 1421. During this
storm, the dikes of the polder &rote Waarddwere
breached at several points and the larger part of this
polder was flooded. An inland sea was the result and
more than 20 villages were destroyed. In the follow-
ing centuries the area was silted and reclaimed for
agricultural use and for residential areas by building
new dikes and levees. A major part is still known as
one of the last fresh water tidal areas and famous
nature park: the @iesboschd

Figure 1.6 Historic map of the Netherlands.
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The Dutch continued their efforts to conquer water by building dikes for the peat-lands as
well as for the densely populated clay areas inland. Behind the dikes and closure dams, the
embankment of small areas was started. From these small inner areas, called polders, the
excess water was artificially removed and brought to the former tidal inlet or creek. The first
artificial drainage tools were hand and horse driven mills, but their capacity was very limited.
The introduction of the windmill between 1250 and 1600 came just in time to ensure a con-
tinuous use of the subsiding agricultural land and was also used for the drainage of lakes. At
the same time, it was costly to
maintain the dikes and sluices.
To share the costs and respon-
sibilities of maintenance, com-
munity groups were established,
which were the predecessors of
the later waterschappen. In a
community, every farmer was
responsible for a certain part of
the dike. In a later period, the
waterschappen started to main-
tain the dikes themselves to en-
sure a certain quality, and the
farmers just paid water taxes.

Figure 1.7 Dutch windmill.

In the 17th and 18th century, the economic Golden Age, the Dutch started large scale land
reclamation. The modernisation of Dutch society resulted in achievements such as the Haar-
lemmermeer, an 18,000 hectare lake which was pumped dry. This was where Schiphol air-
port was built. The first large scale engineering project in the 20th century was closing the
Zuiderzee. Closing the open connection from the North Sea to the centre of the Netherlands
would reduce the risk of flooding.

Yet the war had still not been won and water continued to lay claim to the land every now
and again, such as during the catastrophic floods of 1953. The Flood Disaster in 1953 was a
rude awakening for the country. The fatal combination of a north-westerly storm and spring
tide resulted in the inundation of large parts of the provinces of Zeeland and South Holland.
Over 1800 people died and the flood caused enormous damage to houses and property.
Only one conclusion could be drawn: the country was not safe. Measures to prevent a repeti-
tion of the disaster were put forward in the

form of the Delta Plan. The dikes in the

provinces Zeeland and South Holland had

to be raised to a specific delta level: they

had to be capable of withstanding storm

surges as much as one and a half metres

higher than those during the notorious

storm in 1953. The Netherlands built the

Delta Works and earned the reputation as

a country which had won the war against

the sea, rescuing a large part of its terri-

tory from its grasp.

Figure 1.8 Delta works.
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