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ABSTRACT: The struggle for life in the originally inhospitable area of the Netherlands has gradually developed into a process of
land reclamation, thus creating the country in its present form. This could only be achieved by the perseverance and the ingenuity of
the people, the engineers and the scientists, and the vision of certain princes and ministers. Maintaining the hydraulic and geotechni
cal infrastructure of the country in the third millennium will require these same qualities in future generations.
RÉSUMÉ: La lutte pour l’existence des Pays-Bas, qui étaient à l’origine si inhospitaliers, s’est développé graduellement en un pro
cessus d’agrandissement des pays par la conquête de terres sur l’eau de la mer, des lacs et des rivières. Ceci n’était possible que par la
persévérance et l’ingénuité de la population, les ingénieurs et les scientifiques, et la prévision de certains princes et ministres. Les
mêmes qualités seront nécessaires dans les générations futures si l’infrastructure hydraulique et géotechnique doit être fonctionnelle
pendant le troisième millénaire.
1 INTRODUCTION
The reclamation of land in The Netherlands developed from an
individual struggle for a small relatively safe living area in the
first millennium, into a national planning effort at the end of the
second millennium. Social and economical institutions gradually
increased in complexity, while European history unfolded.

been determined by the interaction of man with nature, as indi
cated by a map of the area around the beginning of our era, see
Figure 2, when the ice from the last ice age had retreated. The
black dots indicate Roman towns or garrisons, the open circles
indicate man-made mounds (terps), used as safe havens by the

Figure 2. The N etherlands in Rom an times.

Figure 1. The Netherlands in 2000.

The present shape of the country is shown in Figure 1, indicating
a coastal area in the Northwestern corner of continental Europe,
dominated by being the delta of the rivers Rhine and Meuse, and
with various islands in the south and the north. The shape has
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local population. Although the general shape of the country can
be recognized, many areas are completely different. In this paper
the development of the country is described, together with the
engineering techniques that made it possible.
The situation at the beginning of the Christian era is taken as
the starting point, although it must be realized that this situation
followed a situation in the last ice age, which ended about 10000
years B.C., in which the sea level was much lower, with the
North Sea being dry, and the Rhine flowing into the sea ap
proximately near what now is the Dogger Bank. The rising sea

water table resulted in the shape of the country as shown in Fig
ure 2 at the beginning of the Christian era, when the Frisians in
habited large parts of this country, and it is reported in Dutch
folklore that people of German origin (the Bataves) entered the
country, by way of the Rhine. Around that time man started to
influence the further development of the country, resisting rising
sea water tables and land subsidence.
2 THE FIRST MILLENNIUM

erty. The first of these polder boards were Rhineland (1255)
around Leiden, and Schieland (1296) around Rotterdam. The
polder boards (in total more than 200) presently still play a major
role in maintaining the dikes and the canals, and in controlling
the quantity and the quality of the water, in their own region.
The national and provincial governments nowadays have some
coordinating powers, but the main authority still rests with the
polder boards. Only in times of emergency the provincial and na
tional governments may step in and assume responsibility for the
safety of the land and its population.

In the beginning of our era the Roman empire dominated West
ern Europe, including large parts of the Netherlands, roughly
speaking with the river Rhine as its Northern boundary. Pliny,
who visited the area North of the Rhine in the year 47, described
its inhabitants (the Frisians) as very poor people, sailors and fish
ermen, burning the mud that they dug from the ground with their
hands (peat). These people were reported too poor to pay taxes,
because they had to fight the sea as well as the Vikings. They
also resisted the Romans, refusing to pay tax to them, and push
ing them back to the Southern banks of the Rhine. Perhaps the
Romans also felt not much inclined to cross the marshes and the
mud to conquer a cold region in which it was sometimes hard to
distinguish between the sea or the land.

Figure 4. The N etherlands in the year 1000.

Figure 3. Terp near Hegebeintem .

The first protection against the sea consisted of local mounds,
called ‘terps’ by the Frisians, on which the population built their
houses and their farms, and collected their cattle in the frequent
times of high water, see Figure 3. The church has been built on
the terp in a later age, of course. Many of these terps are stll in
existence, although the land has been protected against flooding
by sea dikes since about the thirteenth century.
During the first millennium the Dutch generally where on the
losing side in the battle against the sea. This can be observed by
comparing a map of the country around 1000, see Figure 4, with
an earlier map, Figure 2. The size of the Zuiderzee has increased,
in North Holland and Frisia the Wadden islands have broken
away from the mainland, and the Zeeland islands have become
much smaller. If this trend would have continued the Western
part of the country would probably have been lost to the sea.

Surrounding a certain region with dikes (a polder) created the
need for dewatering the low lying area, because water would ac
cumulate in it due to rainfall and leakage through the soil from
the surrounding areas or waterways. Where the land bordered the
sea or a river with a tidal water fluctuation, drainage could some
times be accomplished in a natural way by gates that were
opened only during low tide, thus draining the water from the
polder to the sea. In other areas, or when the level of the land
was too low for such tidal drainage, the water had to be pumped
out, for which purpose windmills were built, see Figure 5. The
technology needed for the construction of windmills of sufficient
capacity became available in this same period. This required the
construction of large wooden axes and cogwheels, to transfer the
forces from the wind driven wings to the water wheels, and the
design and construction of a system to rotate the cap with the
wings into the direction of the wind.

3 THE FIRST HALF OF THE SECOND MILLENNIUM
Just in time, around the year 1200 the process of protecting the
land against flooding by dikes started in Holland, Zeeland and
the Northern provinces of Groningen en Friesland, because of
the still rising sea level, the subsidence of the land, and the in
creasing population. This required sufficient social structure for
the people to realize that they had a common interest in investing
part of their labor into building dikes around a whole region (a
polder), and to maintain the system. The people protected by a
common system of dikes formed a regional governing body, the
waterschap (a polder board, chaired by the dike count), to which
the landowners contributed according to the size of their prop

Figure 5. W indm ills near Kinderdijk.

In order to drain the deeper polders it was soon realized that this
could be accomplished by first pumping the water into a canal,
thus accumulating the water from several (parallel) windmills,
and then pumping the water from the canal into a river, which
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would then transport the water to the sea. Thus the water passed
through several windmills, from which it was a small step to de
velop a pumping system of large lift by using three or four
windmills in series, see Figure 6.

attacks. The situation along the inner coast of the Zuiderzee was
particularly bad. The height of the dikes was usually determined
by the highest water level in recent history, and from a viewpoint
of statistics that is not a very safe criterion.
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Figure 6. Three w indm ills in series.

Protection of the land by building dikes put the natural reclama
tion by silt deposits from the river to an end. This silt was now
being deposited in the rivers (and in the sea) and created a living
for the dredging industry. Thus by starting the building of dikes
the Dutch condemned themselves to forever raising the dikes to
offset the rising water levels and land subsidence. To make mat
ters worse it was found that in many areas, especially in the
Western part of the country, nature had deposited thick layers of
peat, and this peat could very well be used for heating purposes.
Thus a process of cutting and burning peat was started, which re
sulted in a further lowering of the ground surface, and in many
cases peat cutting continued even below the groundwater table,
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Figure 8. The N etherlands around 1500.

It was realized by the local authorities, and by the provincial
governments, that serious protection measures were needed, to
prevent further damage and to repair the damage. An example
of the possibilities of gradual local repair is shown in Figures 9

Figure 7. Cutting peat below the w ater table.

creating lakes in the polders, see Figure 7. In later times many of
these lakes were again reclaimed, resulting in very deep polders.
4 FROM PROTECTION TO RECLAMATION
iO
In the middle of the second millennium the shape of the country
had somewhat stabilized, because in many parts further erosion
by the sea or the rivers was being prevented by dikes. The land
was still very much dominated by water, however, with many
lakes and inlets from the sea, sometimes far into the land, see
Figure 8. Some of these lakes had been created by the continu
ous cutting of peat, but many of the connections with the sea had
been created during storms, when the combined action of high
tides and wave attack damaged the protection that the people had
constructed. Only at the Western sea coast of Holland the system
of natural dunes had succeeded in successfully withstanding all

7

Figure 9. Dollard, 1277.

2305

o

and 10, which show the situation near the mouth of the river
Eems in the North of the country. Figure 9 shows the damage
caused by the flood of 1277, which created the Dollard, an estu
ary in the mouth of the river. In the years from 1597 to 1924 the
local farmers pushed back the sea by gradually enclosing the
foreland just outside the dike, in which soil is deposited by the
river and the sea, by a new dike. In this way the land can slowly
be reclaimed from the sea. This process has been used also along
many other parts of the coast, especially in the North, and along
the islands in the South.

able amounts of creep, the subsidence of the soil continues prac
tically forever, especially if the farmers (through their polder
board) decide to lower the groundwater table some more in order
to obtain a stiffer soil, on which heavier equipment can be used.
Because the dikes are built on this subsiding soil, the dikes must
again be raised after some time, say twenty years, thus increas
ing the load on the subsoil, which will in its turn result in a re
newed subsidence. Dikes will gradually become higher and
wider, sometimes requiring the demolition of existing houses, or
at least spoiling the beautiful view over the river, see Figure 11.
Many former lakes in the Western part of the Netherlands
have been reclaimed since the sixteenth century, and the new
land produced in this way has been used, at least initially for ag
ricultural purposes. Later towns have been developed in these
areas as well, to accommodate the growing population. The larg
est of these lakes, the Haarlemmermeer, south of Amsterdam and
Haarlem, was reclaimed only in the nineteenth century, when
high capacity steam driven pumps became available. To illus
trate the widespread interest in such projects it may be men
tioned that one of learned societies, the Batavian Society of Ex
perimental Philosophy, of Rotterdam, sent some of its members
to England on an inspection tour of this new technique. As their
report was very favorable, it was decided to indeed drain the
Haarlemmermeer by three pumping stations using these new
machines. A vast land area was produced, originally used for
new farms, see Figure 12, but later also used to build Schiphol
airport, and many industrial and commercial facilities, close to
Amsterdam.

Figure 10. Dollard, 1924.

The sixteenth and seventeenth centuries were a Golden Age for
the Netherlands. The state developed into a Republic of United
Provinces, usually with a Prince of Orange as its head. This state
became economically and politically very strong, took posses
sion of large colonies in the East Indies, in South Africa and in
America, and fought its war of independence with Spain. Sci
ence and engineering also flourished with Simon Stevin being
both an outstanding mathematician and an able consultant on
military engineering to the Prince of Orange.
In the interior of the country lakes could be drained by pump
ing the water out with a number of windmills. The usual proce
dure was to surround the lake by a canal, into which the water
from the new polder was collected, not only during the reclama
tion but also later, to maintain the relatively low groundwater ta
ble in the polder in periods with much rain.
fy>
Figure 12. Haarlem m erm eerpolder.

5 RECLAIMING THE ZUIDERZEE

Figure 11. Dike along a river.

By lowering the groundwater table in the new polder the ef
fective stresses in the soil are of course increased, and this re
sults in a subsidence of the soil. Because the soil in many places
consists of soft clays and peat, and these soils exhibit consider-

In the seventeenth century Hendric Stevin (Simon’s son) already
made some plans to reclaim the Zuiderzee, in order to protect
Amsterdam and all the other towns and villages around the
Zuiderzee from floods. At that time the project was beyond the
technical and economical possibilities, however. Near the end of
the nineteenth century and in the beginning of the twentieth cen
tury discussions increased, and several proposals were being
studied. One of the main proponents was the civil engineer Cornelis Lely, who was also a politician, and became Minister of
Public Works in 1915 on the condition that the government
would develop plans to reclaim the Zuiderzee. The plans re
ceived support by an unfortunate event: in 1916 a flood occurred
close to Amsterdam, with a substantial area north of the town be
ing under water. This created the public momentum needed to
push the plan, see Figure 13, through parliament. Lely’s plan in
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eluded a long dike from the northern tip of Holland to Friesland,
the closure dike (Afsluitdijk), so that the length the coastline
would immediately be shortened from about 200 km to 30 km.
The Zuiderzee would become a lake, the IJsselmeer, in which

dam the water levels would increase by about 1 meter. Thus ad
ditional works were needed, to increase the level of the sea dikes
of Frisia and North-Holland.
Building the closure dam took about 8 years, and was com
pleted in 1932. In order to drain the water flowing into the newly
formed lake, the IJsselmeer, from the river IJssel, one of the
main branches of the Rhine, the dam contained two sets of outlet
sluices, named after Hendric Stevin and H.A. Lorentz. In the law
passed by parliament the building of the closure dam was sepa
rated from the reclamation of the polders. The first and smallest
polder, the Wieringermeer in the north of the lake, was com
pleted at the time of completion of the dam. The second polder,
the North-East-Polder, was completed in 1942, when the second
world war prevented its further development. Actually, many
people found refuge in the inhospitable muddy area of the pol
der.
Figure 15 shows a view of the former island Schokland, a
former fishing village that has now been incorporated into one of
the new polders. The former sea dike can be seen in the back
ground, behind the sheaves of com. It will be clear that the rec
lamation of the polders has had an enormous influence upon the
social and economical life in such communities.
The largest polder, Flevoland, was completed in two parts, in
1957 and 1968. As with the other polders, its original aim was to
be used for agricultural purposes. Upon completion the polders
have also been used to build new towns (Emmeloord, Lelystad,
Almere), and to develop industrial estates. Some parts have also
been assigned for parks and nature reserves.

Figure 13. Zuiderzeepolders and closure dike.

large new polders could be reclaimed in relatively quiet and
shallow water.
Technically the most challenging part of the project was the
construction of the closure dike. It was realized that this would
be very difficult, because the basin of the Zuiderzee has a very
large storage volume, filled and emptied during each tide in the
Northsea. By narrowing the entrance of the basin very high cur
rents would be generated in the remaining gaps, and these would
be difficult to close. Also, the influence of closing off the
Zuiderzee from the sea might have a large influence on the con
ditions in the Waddensea to the north of it, and perhaps also on
the stability of the islands. In order to study all these effects a
study committee was installed, headed by H.A. Lorentz, winner
of the 1902 Nobel prize, and the most celebrated scientist of the
country. For the analysis of the influence of building the closure

Figure 15. The form er island o f Schokland.

The fourth polder, the Markerwaard, may never be completed
because it is now realized that a vast water area also can be of
great value to the country, as a fresh water reserve, and for rec
reational purposes.
6 THEDELTAPLAN

Figure 14. Closing the last gap, 1930.

Dam on the water levels to its north it was necessary to develop
the first tidal computations. It appeared that in the vicinity of the

Although some people may have thought that, after completion
of the Zuiderzee Works, the Netherlands had definitely won its
struggle against the sea, many experts realized that in other parts
of the country, especially in the south-westem part, in the prov
ince of Zeeland, the dikes were not high enough to withstand a
really severe storm (Van Veen, 1962). On the first of February
1953 such a severe storm indeed happened, and many dikes in
Zeeland and South-Holland collapsed. The mechanism of failure
was very simple: water flowed over the crest of the dikes, eroded
the inner slope, and then this slope collapsed. The dikes were
simply not high enough. Several polders in which the dikes had
been somewhat raised, perhaps because of a cautious supervisor,
were saved from flooding.
The damage was enormous, almost 2000 people lost their
lives, and many thousands of houses were destroyed, together
with the infrastructure of the area. The rest of the country reacted
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Figure 18. Storm surge barrier in the O osterschelde.

Figure 16. The flood o f 1953 near Oudesluis.

immediately, and because the plans had been studied for many
years, a comprehensive solution, the Deltaplan, could be agreed
upon in parliament very soon, in 1954. This plan consisted in
closing most of the estuaries in the south of the country, taking
care, of course, to maintain the possibility to discharge large
amounts of Rhine water into the sea, and to maintain the open
entrances from the sea to the harbours of Rotterdam and Ant
werp. The main purpose was to shorten the coastline, consisting
of a great many of dike sections, maintained by many regional
polder boards, by the construction of a number of large (and suf
ficiently high !) dikes, to be maintained by the national authori
ties, see Figure 17.

The Delta works not only consisted of closing the estuaries in
the south, but included also the raising of the dikes along the
Westerschelde, the estuary leading the port of Antwerp, and a
number of secondary dams between the various islands, which
were needed to physically separate the estuaries before they
could be closed off at their mouths. These secondary dams now
are used as traffic links, and as internal beaches.
Another important part of the Deltaplan was to protect the
heart of Holland, say the area between The Hague, Amsterdam
and Rotterdam, from inundation from the south. This was partly
done by constructing a barrier in one of the rivers, the Hollandsche IJssel, east of Rotterdam, which was completed in 1958.
The remaining contribution to the safety of the towns and vil
lages in the West should be obtained from raising the levels of
the dikes in the area of Rotterdam and Dordrecht. In this closely
built-up and densely populated area this would have been very
complicated, and therefore it was decided in the 1980’s to build
a storm surge barrier also in the approach channel of the port of
Rotterdam, near Maassluis. This barrier, see Figure 19, which
was completed in 1995, will be closed only about every ten
years, when a high river discharge coincides with a very high

Figure 17. Deltaplan.

The Deltaplan has changed the structure of the province of
Zeeland dramatically. From an area of isolated islands, with
connections to the rest of the country by ferry, it has been trans
formed into an easily accessible modem region. And although it
was foreseen that the area would be very suitable for many more
purposes than farm land, such as industrial and commercial de
velopments, it has also been found that the region now contains
many beautiful fresh water lakes, and easy access to the sea, so
that it is ideally suited for water sports.
One of the major achievements of the Delta Works is the con
struction of the storm surge barrier in the Oosterschelde, number
8 in Figure 17. Although it was originally planned to close off
this estuary by a dam, it was later realized that the tidal effect in
the estuary, and its salt water character, might be environmen
tally more valuable, and it was decided to build an “open dam”,
a storm surge barrier, consisting of a large number of gates, that
are closed only in times of very high sea water levels, see Figure
18.

Figure 19. M aeslantkering in the N ieuw e W aterweg.

water level in the sea. Under normal conditions the two parts of
the barrier are stored in the large caissons on the two sides of the
canal, thus guaranteeing free access to the harbour area.
7 SAFE AT LAST?
A permanent safe situation can perhaps never be obtained.
Changing natural conditions in the environment, human influ
ences on the river basin and the structures, and perhaps also hu
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man neglect and error, may endanger a protecting structure, es
pecially if it has been safe for a generation.
This has been evident when the water levels in the rivers
Rhine and Meuse were exceptionally high in early 1993 and
early 1995. The strength of the dikes along the rivers was known
to be below the generally accepted criteria in many locations.
However, discussion on the best way to satisfy those criteria, at a
minimal cost to the natural and the built environment, had not
yet lead to acceptable plans. This process was suddenly acceler
ated when extremely high water levels in the rivers threatened
the safety of the dikes, resulting in the beginning stages of fail
ure and a hundred thousand people being evacuated. The clear
danger created enough general momentum to accelerate the deci
sion process, and in a few years the weakest spots in the river
dikes were all repaired.
The memory of the critical situations in recent decades has
stimulated a reconsideration of the safety of the land under the
dynamic conditions of the natural environment and land use. Im
portant factors in this respect are the following.
The design of a dike includes decisions about its height, its
shape, such as the two slopes, and the mechanical properties of
the dike material. From a theoretical viewpoint it may seem that
various possibilities can be considered as equivalent. A relatively
low dike might be safe if its strength is so large that the slope
can withstand the erosion by overflowing water. This is not a re
alistic alternative, however, because high water usually occurs at
night, perhaps accompanied by a storm, and it will be very diffi
cult for the authorities to convince people that everything is un
der control if water is flowing over the dike or the concrete wall.
It must be concluded that the height of the dike is of primary im
portance, and should be well above the highest possible water
level.
Dike levels along the sea coast of the Netherlands are now
being designed by a statistical extrapolation of water level his
tory, such that a storm occurring only once every 10000 years
can be withstood. This level happens to be more than 1.00 meter
above the water level recorded in February 1953, and therefore is
considerably higher than all previous records. The level of the
river dikes is determined from the maximum discharge of the
river Rhine that may occur once every 1250 years. It is consid
ered that the criterion for the river dikes can be based on a
somewhat higher frequency of occurrence than the sea dikes, be
cause in the case of a flood in the Rhine there is a considerable
warning time (several days), so that emergency measures can be
taken, perhaps even including evacuation of the population.
When a dike is of sufficient height, its shape and material
properties should of course be such that the dike will not fail if
the water level almost reaches the crest of the dike. This requires
a good geotechnical design procedure, taking into account the
possibility of sliding failures, the variable groundwater level in
the dike, and the drainage of water at the toe of the interior slope.
Possible failure mechanisms to be considered are a slip failure of
the slopes, internal erosion of the dike material by piping, local
failure of the slopes, and uplift of a clay layer on the downstream
side of the dike by high pore water pressures in a deeper sand
layer.
Maintenance of the dike system also requires a regime of fre
quent inspection of the dikes, including early warning systems of
local damage, and a provision for emergency powers in case of
sudden high water levels.
It should be realized that in a state of emergency the authori
ties need not remain passive observers of the natural phenomena.
In case of a local weak spot in a dike it may be possible to raise
the level by sand bags, or even by emergency structures, and the
rise of the groundwater table in a dike may be retarded by cov
ering the outer slope of a dike by impermeable plastic sheets, as
was done in 1995 in several places in the Netherlands. Also, the
stability of a dike may be improved in a short time by dumping
sand on the inner slope, creating an improvised berm. Of course,
this requires enough working space, and it is possible only if the
dike is accessible.
2309

8 LONG TERM CONSIDERATIONS
For the future it is important to realize that the conditions in a
river basin and in a delta continuously change, by climate
changes, by changes of the soil properties, and by human influ
ences.
The classical Dutch way of building dikes along the rivers is
to build small dikes, the summer dikes, along the main river
channel, to leave an overflow area (the foreland) outside these
dikes, and to build higher dikes, the winter dikes, bordering the
foreland. These higher dikes are functional only in case of high
river discharges. In the Rhine this usually occurs at the end of
winter, when the snow in the river basin melts. The foreland area
may be used as a pasture for cattle, as a camping ground in
summer, or for certain industrial activities that allow for occa
sional flooding. As these areas have attractive locations, near the
river, communities may be tempted to use part of them to build
houses as well. One single housing project only marginally re
duces the total storage capacity of the river forelands, but taken
together, the combination of many such projects may signifi
cantly reduce the storage capacity of the river basin. This effect
may be enlarged by the faster discharge of rain storms to the
river by gradually building up the land, replacing woodlands by
townships, industrial estates, roads, etcetera. All these effects
lead to higher water levels at the same discharge.
It is now realized that the trend of gradually reducing the
area available for the rivers should be reversed in the future.
Rather than building houses in the winter bed of a river, the river
should be given some more space, for instance by widening and
deepening the winter bed, or by using old branches of the river
for overflow purposes. It will be very difficult to recreate suffi
cient new storage volume in the future, although this may be
combined with the increasing need for recreational areas.
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