4~-rx-OVERDRUK
N R. 104

Ii YDROIAOGICAL EFFECTS OF URBANIZAT1ON IN
THE NETHERLANI)S
by
Ir. F.C.Zuidema

lJrercjtuI( u i tAlvdrolo p ical eIfI

urIiII,sLion i.s tud i es and relinris In hvdrollpg%- ,

Paris. The llnewo Ires,. 1171

It

4.

2 Hydrological effects of urbanization in
the Netherlands

F. C. Zuidema
Ij sselmeerpolders Development Authority,
Lelystad

ffvdro/ogïcal ejteas of urbanizarion (Studies and reports in hydrology. 18)
Paris, The Unesco Press, 1974

in 2'ojuct ion
A-

11-2.1 INTRODUCTION
iinong the densely populated countries of Western Europe, the Netherlands occupy a special
place because it is one of the smallest it has a very high population density.
The geographic situation in the deltaic area of the rivers Rhine and Meuse means that
important water interests exist in the fields of economy, trade, traffic, transport, nature
and recreation, in additjon to domestic and industrial demands. It is dear that all these
interests should be examined in relatiori to future urban development of the country.
Before considering the hydrological effects of urbanization in detail, some general aspects of urban areas are considered, based on the Second Report on physical planning in the
Netherlands (Dutch Government, 1966). A Third Report is now in preparation for publication
in 1975/1976. Before this is published, however, a nuinber of ideas and questions will be disCussed in 1973/1974 in several orientation notes. On December, 28, 1973, the Government produced the 'orientation note on physical planning' (Dutch Government, 1974) to parliament,
which can be considered as part of the Third Report. Its main aims are generally to prevent
and solve spatially conflicting claims, to remove social problems caused by the physical
structure and to improve the quality of living conditions. Recent developments in physical
Planning need to consider first the methods used, and secondly, the question of whether the
objectives and the framework of the physical structure must be changed. New social, economic
and physical constraints lead to a confrontation between various aims, for exaniple, between
environmental protection and economic growth. In relation to urbanization the objectives of
the physical planning policy will be:
- a better distribution of population, employment and of welfare facilities over the
Country.
- a concentration of the buildings in the urban zones (deconcentrated into centres with
more accent on concentration than was proposed in the Second Report on physical planning); development of new towns, where necessary.
- the development of regional urban structures with a variety of living conditions,
(environmental differentiation).
- a greater integration of living and working areas to reduce travel except where industries would cause a nuisance.
- an increase in the number of people living in city centres.
- the promotion of public transport and the provision of reasonable traffic communications
by highways, especially between centres of economic activity.
- the conservation of the central areas between urban zones, between regional urban areas
and inside these regional urban areas (i.e. buffer-zones).
- the fight against nuisance by air, water and soil pollution and by noise.
It is emphasized that the physical planning policy alone will not be able to achieve these
aims; the policy must be translated into the criteria and procedures needed to speed up its
implementation before too much inadequate development occurs.
The orientation notes will also consider developments in water management, water demands
and water supply (for domestic and industrial use), and electric power, particularly with respect to the shortage of cooling water.
11-2.2 SOME PASSAGES FROM THE SECOND REPORT ON PHYSICAL PLANNING IN THE NETHERLANDS (1966)
11-2.2.1 Some bases for the development of residential areas
Physical planning takes place against a background of tension between the present and the future. The measureswhichthe Government must take to achieve a harmonious development reguire,
on the one hand, attention to the needs and trends of the present, and, on the other hand, sufficient flexibility to enable unknown changes in the future to be possible.
This polarity is very apparent when the requirements to be fulfilled by residential areas
are forinulated, and it emerges in almost any discussion on the subject. One person sets out
the requirements on the basis of the housing needs of the present generations, while another
stresses the importance of development continuing along sound lines in the long-term.
Both viewpoints are logical: taking care of the future without taking care of the present
has a very adverse effect on the weli-being of current generations, while it is an obvious
responsibility of Government to act with regard to the future. Whether the two vlewpoints,
which may not lead to the same result, can be fairly reconciled is open to discussion.
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trend of the urban'ization process

11-2.2.2 Conciusion
Good design of urban areas depends on close adherence to those requirements which man considers his residential environment should fulfili. These requirements vary a great deal, and
future residential environments will,therefore, also have to vary considerably. At present
greater attention is needed to the provision of one-family houses in the suburbs, where the
advantages of town life can be combined with those of the quiet residential atmosphere outside
of a city.
Because of the justified continuation of urbanization, a certain degree of concentration
is unavoidable and the large numbers (110 000) of new dwellings* that are required in new residential areas every year, constitutes a compelling factor in this respect. During continued
concentration, however, the emphasis should be placed on good development of residential centres around the urban areas. In this way it will be possible to provide the inhabitants with
good services and in the long-term, adequate comxnunications, public transport and an attractive
residential environment, where the experience of living 'out of town' can stili be enjoyed.
This style of urbanization is also attractive from an economic point of view and is preferred
to substantial decentralization because many costs tend to be lower. In addition demands made
on space are minimized while stili fulfilling the present needs.
11-2.3 THE TREND OF THE iJRBANIZATION PROCESS
11-2.3.1 Character of the process
Although urbanization results from a very complicated social process, it usually takes place in
a certain order. At firstthis order produces a hierarchic structure of centres, and in the
longer term as a growth of the centres in a characteristic ratio of number and size.
In the original, largely agrarian society of the Netherlands, the structure of centres
was simple; a close network of villages within a walking distarice of only a few kilometres, a
large nuinber of small service producing centres,** and only a few large cities. The present
structure of centres in the north of the country still clearly illustratthis pattern.
Even today the pattern dexnonstrates the origins of the pattern. Some places appeared to
be better situated than others and consequently they expanded a littie faster. Facilities not
required daily were concentrated there and transport facilities improved further, leading to
the formation of a regional service centre of greater size and complexity than the other centres.
The same process also takes place today, although partly influenced by social requirements.
For example, although originally the expansion of industry and services and the accompanying
migration to the cities, strengthened the regional centres, increased mobility and the widespread availability of power and modern communications has nieant that more places can now be
developed into centres of employment than was possible when industrialization began.
The effect of changes in housing needs on the pattern of the centres is not so dear;
commuting by villagers to work in the city does not strengthen their structure. However, if
the suburbs are absorbed into the city, then viewed nationally, the existing structure would be
strengthened.
Another very important aspect of the present situation is the acceleration of the urbanization process; expansion which once took centuries can now take place in a period pf ten
years.
11-2.3.2 Population concentrations
Figure 8 gives the possible distribution of the major concentrations of population in the
country in about the year 2000. This projection is based mainly on demographic and economic
predictions, though an ef fort has been made to strengthen the existing structure. In this way
the future urban structure discussed in section 11-2.3.1 is most likely to be compatible with
future developnent needs.
* 1972 and near future: 150 000 dwellings.
** Since 1966 the growth of these small centres around the cities has been very fast, and has
had an adverse effect on the landscape.
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Figure 8. Likely distribution of the major concentrations of population in the year 2000.
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Figure 10. Urbanization pattern of the Netherlands in relation to neighbouring countries.

75

00 0 0

Figure 11. Map of the Netherlands with Provinces.
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The urban picture of the Netherlands

For sake of comparison, the distribution of major concentrations of population in 1960 is given in Figure 9 usirg the same symbols.
11-2.4 THE URB?N PICTURE OF THE NETHERLANDS
In the region alonq the North Sea, development is underway which increasingly involves the
Netherlands in the growth of an extensive complex of cities, industrial areas and ports in and
around the Rhine-Meuse-Scheldt Delta. The principal conurbations are the Randstad, the Rhine/
Ruhr and the aggiomerations in Belgium/North France (Figure 10). Partly because of these trends, urbanization in the Netherlands has to date been concentrated in an area south of the
Alkmaar-Arnhem reg.Lon (Figure 11). Because of dernographic and economie requirexnents an initial
general survey of the physical planning needs of the Netherlands has been made. Allowance has
been made for the Government's proposed policy for population distribution, which includes a
target figure of 3 million persons for the north. Together with the account given in section
11-2.3.2 of possible future distribution of the population, the survey will provide the starting point for the future urban pattern of the Netherlands.
11-2.4.1 Deconcentration into centres
In principal there are three possible patterns for future urbanization: increasingly widespread concentration; deconcentration into centres and widespread deconcentration*. All three
have their advocates both in the Netherlands and elsewhere; in the Netherlarids deconcentration
into centres has been chosen.
It was argued that future population density would not permit widespread deconcentration:
extensive redistribution is already giving rise to difficulties and would also remove future
recreational space. Increasing and widespread concentration on the other hand is incompatible
with present trends and housing needs, and should not, therefore, be considered.
Hence, only the second choice - deconcentration into centres - reinained and this is discussed below. In general though, the pattern envisaged maximised the possibilities for housing, working, recreation, transport, etc., while not restricting future physical planning of
the country more than is absolutely necessary. Both these aspects are essential in the present state of social development: weli-being requires freedom i.e. a range of possibilities to
chose from, and present rapid changes (both social and technical) demonstrate the need to maintain the greatest possible flexibility.
11-2.4.2 Future overall structure
The change in overall structure of the future development patterns for the Netherlands propOsed by the Government is indicated in Figure 12 and 13. When discussing this structure it is
impossible to pass over the rural areas as figures and show that highly and less urbanized
areas alternate. This is most evident in the south-west of the country, where urbanization is
greatest. 0fl the basis of present trends, four large urban zones are indicated:
The north wing (Alkmaar, Ijmond, Haarlem, Amsterdam, Zaan region, Gooi region, Utrecht,
Amersfoort, Utrechtse Heuvelrug, Veluwezoom, Arnhem, Nijmegen).
The sout1. wing (Leiden, The Hague, Delft, Schiedam, Vlaardingen, Rotterdam, Dordrecht).
The string of towns in the province of Brabant (Bergen op Zoom, Roosendaal, Breda,
Tilburg, Waalwijk, 's-Hertogenbosch, Oss, Eindhoven, Helmond), with to the west a
continuation on the islands of Zuid-Beveland and Walcheren (Goes, Middelburg, Flushing).
South and Central Limburg (Maastricht, Heerlen, Kerkrade, Sittard, Geleen, Roermond,
Venlo), forming part of the Belg ian-Dutch--German urban area (Luik, Aken).
Between these four zones thereis a large, littie urbanized and largely agrarian area.
The significance of such an area can be illustrated by the contents of the report 'The West cf
the Country', in considering the way in which the structure of urbanization in the Netherlands
can be organized to ensure an attractive residential and work environment. At the time this
led to a recommendation that the central area of the Randstad be protected against intensive

* Forms of urbanization such as development om a strip, star or concentric pattern have not
been taken into account.
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Figure 12. Density of the urban areas in 1960.
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urbanization. The Government adopted this recommendation and sought the co-operation of the
provincial adniinistrative bodies to ensure its iinplementation.
The four urban zones are not compact, and largely comprise a city region which bas been
extended to incorporate a large nuinber of green areas, which have been so blended with the
urban sphere that they must be regarded as belonging to the sub-urban area. Examples are the
natural country areas in the Gooi region and along the Utrechtse Heuvelrug, as well as the socalled buffer zones, which were introduced in the report 'The West of the Country'. They
refer to the separation of adjoining areas at those points where there is a risk of their
growing together. It is, in f act, considered advantageous for urban zones to consist of independent towns, aggiornerations and cities, particularly from the point of view of its inhabitants and the cultural-historical aspect. The separation by physical planning, of towns to
form separate geographical units, cari make ari important contribution to the preservation of
awareness of the culture and history of a town.
The data given in Table 11 of the density of the urban areas for today and for about the
year 2000 are based on the boundaxies indicated in Figures 12 and 13. Table 11 shows, for
exaniple, that the density of the string of towns in the provinces of North-Brabant about the
year 2000 will have become higher than the density of the north wing now.
Table 11. Numbers of inhabitants and population density in various parts of the Netherlands
in 1965 and 2000.

Inhabitants
(millions)

Density/
sq. kin

Urban Zone
1965

North wing
South wing
String of towns province of North-Brabant
South and Central Limburg
District of Twente
Central Groningen/northern part of province
of Drenthe

around
2000

1965

around
2000

3.2
2.6
1.3
0.6
0.4

4.8
3.7
2.4
1.0
0.6

900
1500
500
1200
500

1200
2200
1000
1900
900

0.4

0.8

400

700

(Source: Secorid Report on Physical Planning in the Netherlarids (1966))
11-2.5 URBANIZATION INDICES
11-2.5.1 Population
Population growth is expected to continue in the coming decades, although as Table 12 shows,
the prediction for the year 2000 is considerably lower than that of sonie years ago.
Table 12. Total national population in millions of inhabitants. (Source: Central Bureau of
Statistics)
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1965

1969

1980

2000

12.5

12.8

15.8
14.4

20.7
17.9
17.1
16.0

Year in which
estimate was made

(1965)
(1970)
(1971)
(1973)

[Jza

t;

c)fl

flcL 1f

The numbers in Table 13 were also ohtained from the Central Bureau of Statistics and for
the year 2000 give the land occupancy and density for 20 million inhabitants.
Table 13. Nuxnber of communities (1965) and concentrations of population (2000)

Inhabitants

20 000 or more
S00000rmore
50 000 or more
65 000 or more
100 OCX) or more
125 OCx) or more
250 000 or more
500 000 or more

1 000 000 or more

Number of
Communities,
1965

Concentrations of Population,
2000

107

-

88

-

37

-

56

-

14
-

4
3

-

-

34
18
7 (The Hague,
Utrecht, Eindhoven, Arnhem, Twente,
Amsterdam, Rotterdam)
2 (Amsterdam,
Rotterdam)

Figures 12 and 13 show the distribution of the concentrations of population throughout
the Netherlands in 1960 and around the year 2000. These concentrations of population can
consist of towns, aggiomerations (several towns together), city regions (with one or two towns
or an aggiomeration or a combination of both as centre) or urban zones.
11-2.5.2 Land occupancy
The total area of the Netherlands is about 33 400 sq km if open inland water is inciuded.
In 1965 about 6½% of the total area of the Netherlands was built-up, and by the year
2000 this will probably increase to between 12% and 15% (including industrial areas). This
comparatively large area means the disruption of built-up areas is of great significance.
In 1965 the population density was 375 inhabitants per sq km. For a population of 16
million people by the turn of the century this figure would be about 480, for 18 million it
would be about 540.
11-2.5.3 Climatic and topographical distributions
There are no important climatic and topographical differences between the urban areas.
11-2.6 cHARACTER OF PRECIPITATION
11-2.6.1 Precipitation statistics
The annual average precipitation in the Netherlands over the period 1931-1960 is 742 mm.
The regions with the highest precipitation (>785 min) are:
the northern part of the province of Friesland (Figure 11);
the area west of the Pleistocene chain of hills called Hondsrug (Drenthe)
C.
the Pleistocene hilly region of the Veluwe (Gelderland);
the huis above 200 m altitude in the extreme southeast of the country;
small areas in the neighbourhood of Amsterdam and Rotterdam.
The highest average values are at Vaals (South Limburg) (863 mm) and at Apeldoorn (Veluwe)
(846 mm).
The regions with the lowest axnounts of precipitation (<700 mm) are:
the area east of the former Lauwerszee;
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the areas west and east of the northern part of the Ijssel lake;
parts of the province of Zeeland;
the area of the eastern part of the province of North-Branant and North and Central
Limburg.
The lowest average ainount is to be found at Roermond (Central Limburg) (656 mm).
These data are taken from K.N.M.I. (1968a and 1972)
Various studies have been made of the frequency distributions of rainfali, (K.N.M.I.,
1956-1965 and 1968a)
Frequency distributions of the total rainfail axuounts in periods of k consecutive days,
for k = 1, 2, 3, 5, 7, 10, 15, 30, 60, 90, 180, 360, 540, 720, 1080, 1800. These
distributions were derived from measurements at 24 stations in the Netherlands with
long period of observations.
Frequency distributions of the amounts of precipitation in periods of 5 to 660 minutes;
these distributions were derived only from measurements at De Bilt.
11-2.7 HYDI)L0GICAL EFFECTS RESULTING FROM WATER MANAGEMENT SYSTEMS
There are many examples of the hydrological effects resulting from water management techniques.
Some arbitrarily chosen examples are given in the following sections.
11-2.7.1 Sea water penetrationinland (Snijdelaar, 1970)
The second largest source of saline intrusion, after the Rhine, are open esturies and open
rivers. Because of the difference in density between salt and fresh water, seawater enters as
a saline wedge along the river bottom beneath the fresh water. Mixture of the fresh and saline waters takes place through turbulence produced by currents, tides, ships propellers and
irregularities in the channel profiles. The extent of saline intrusion at low water tide is
determined mairily by the volume, rate of river flow and water depth. Experiments have shown
that the salt gradient is inversely proportional to the third power of depth. Thus, in the
Rotterdamsche Waterweg, a waterway which has been deepened considerably over the last 10 to 15
years, the chloride-ion content at low river fiows does not diminish to an acceptable value
for many kilometers inland. Saline intrusion at high tide reaches approximately 10 km further
up river, and, as a result, various river abstractions along this waterway had to be abandoned.
To reduce the magnitude of the intrusion, it was decided to reduce the number of river
outlets to the sea, and to shorten the coastline; this was called the Delta Plan. This plan
serves other objectives as well, such as safeguarding the low-lying polder land, producing
fresh water reservoirs and assisting land development.
As both the Nieuwe Waterweg and the Nieuwe Maas remain openly connected to the sea, a
decrease in saline intrusion is obtained by raising the bottom of the two waterways, thereby
producing a steeper salt gradient which shortens the distance over which instrusion takes
place.
A third source of salt is formed by the locks situated on the coast a short distance
inland, which separate the salt water from the fresh. Again the difference in density causes
large quantities of salt to penetrate the fresh water behind the locks each tune a ship passes
through them. In fact, when the outer gates are opened the fresh water in the lock chamber
is displaced by sea water, and a second exchange occurs when the inner gates are opened. This
form of salt intrusion was recognized many years ago by 1-lenric Stevin, who suggested means
reducing the quantities entering. Today, salt intrusion is reduced by special sluice cons ructions, by pumping out the incoming sea water, and by the use of air bubble screens.
11-2.7.2 Dividing the functions of the waterways (Snijdelaar, 1970)
It will be obvious that shipping interest, particularly those at the large, increasingly
deeper and readily accessible ports which have good communications channels inland, conflict
with those of water management, as harbour developments promote saline intrusion of inland
waters. It is vital therefore that works designed to serve water management or shipping take
full account of each other, and provide safeguards for all the interests.
The main effort must therefore be to reduce saline intrusion, but whatever measures are
taken it will not be possible to eliminate it completely. In consequence, it is best to
separate water courses into those for carrying good quality water and those for shipping purposes.
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This principal of division of functions cannot be applied in the low-lying part of the
Netherlands because the situation there has in the past required watercourses to fulfill
simultaneously functions that are usually mutually conflicting. Normally, they are used for a
combination of shipping, dxaining off excess and frequently polluted water and for carrying
good quality water, and only a clivision into salt water near the sea and fresh water inland
will be effective. While this division must be strictly enforced, the construction of new
works should be based on the principle of complete division.
11-2.7.3 Integration of two main water supply systems
The water management structure of the Netherlands is based around the Rhine and Meuse with
their branches to the reservoirs in the southwest and to the open Rotterdamsche Waterweg, and
the Ijssel, which removes approximately 10% of the Rhine's total discharge, and the Ijsselmeer.
These two main components of the water management system must provide the future water resources
of the Netherlands.
To provide the necessary flexibility in the system, integration of its two principal
components is very necessary. By this means the distribution of available water to the various
supply areas can be revised, should their future water requirements change from those predicted.
Integration also provides security of water supply for economically important areas,
which need no longer rely on supplies from a single source; this security must be inciuded in
all future plans.
11-2.7.4 The effects of canalizing rivers
The canalization and regulation of the rivers Rhine and Meuse considerably improves their mayigability. However, because many bends in the rivers were removed, the area of the flood plain
on which water can be stored during high river levels in winter, was reduced. Further, xnaintenance of the f lood plain, river straightening and bed improvements lead to higher river levels
than before at certain places, and this resuits in more seepage into the polders along the
river-dikes. Thus, for exaxnple, in a polder near the Rhine, 10-15% more seepage can be expected.
11-2.7.5 Gravel extraction in the Meuse flood plain
Around Roermond (centre of Limburg) gravel is being extracted from the flood plain of the river
Meuse. Thus the storage capacity is not only increased but also used more frequently because.
the reduced levels of the plain are reached at lower water levels than before. Thus gravel
extraction has produced greater attenuation of the flood wave than before.
11-2.7.6 Influence of deep-drained,Arban areas in polders on saline seepage
Urbanization in Dutch polders often leads to a lower open water level and hence to a lower

groundwater level (incidentally, about 75% of the Netherlands lies below sea level). Lowering
of the water level causes a larger saline seepage not only from the sea, but also upwards from
deep groundwater to the existing polders. This damages the grass yield, the water supplies for
cattle and the domestic water supply, as well as vegetables and flowers spray irrigated in the
suxnmer. To reduce saline seepage the inundation of uneconomic polders is under consideration,
particularly as the resulting lakes could be used for recreation.
11-2.7.7 Influence of the reclamation works in the Ijsselmeer on deep groundwater flow
The new polders in the Ijsselmeer substantially reduce grouridwater levels in the surrounding
area. The lakes of Eastern Flevoland prevent dehydration of the bordering lands which are
highly susceptible to drought. It is expected that the future Markerwaard will increase
saline seepage from the North Sea to the old deep polders in the province of Noord-Holland
(Figure 11) , and fresh water will be injected to minimize the damage to vegetables and other
crops.
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Water supply impact

11-2.8 WATER SUPPLY IMPACT
11-2.8.1

Urban public abstractions and independent industrial water abstractions

Increaslng population, industrialization and water consumption in the Netherlands and neighbou.ring countries have resulted in an increasing water demand and a deterioration in the
quality of the sources of water.
In 1967 water abstractions in the Netherlands were as shown in Table 14, and it is notable that the relative quantities obtained from groundwater and from suface water vary considerably in the provinces. In the low-lying western part of the Netherlands nearly no fresh
water is available, while in the eastern part and in the hilly regions of the Veluwe, adequat:u jroundwater is present.
The demand for water will increase in the future, and to meet this future demand a master
his recently (1972) been prepared as part of the Third Report on Physical Planning in the
We the ri ands.
In the master plan, demands for water in the year 2000 are estimated as shown in Table 15.
Table 15. Water demands for the year 2000, based on a population of

Water Demand
Domestic
Trade and Public Services
Industry
Agriculture
Leakage losses and flushing water
Total

17.1 million people.

Million m 3
1250 (1)
250 (1)
2150 (2) (3)
100 (1) (4)
300 (1)
4050

total public supply abstractions: 1900 million m 3
public supply abstractions: 1150 million m 3 , self-supplied industrial water
abstractions 1000 million m 3 .
excluding cooling water from surface water,expected cooling water demand from
surface water for electric power plants 57 x 10 m 3 /year, industry 13.10 m 3 /year.
this figure represents only the water supl by public water companies.
remaining agricultural demands 3300 x 10b m/year) i
n a dry summer.
z
/year
to reduce saline instrusion 10800 x 106
Table 15 shows that, for a population of 17.1 million persons, some 4000 million m 3 of
drinking water will be used by domestic, trade and agriculture in the year 2000. Factors
affecting domestic consumption were considered to be population increase, development of new
sanitary equipment, smaller sized families and a cbarige in attitude towards water use. Calculations of industrial water demands were based om the estimated increase of industrial
production, and took a water re-use factor into account. A check calculation, based on the
arnount of the land area to be occupied by industry (with the assumption that industrial
water demands per unit area will remain about the same) , gave the same result.
The report on future water demands also conciuded that because the Netherlarids has already been urbanized, the differences in water use by households in urban and rural areas is
insignificant.
The footnotes of Table 15 show that the total water supply from public water companies
will be about 3000 million m 3 by the year 2000, of which 2500 million m 3 will be highly purified water (drinking water quality), and 500 million m 3 will be partially purified water
(only usable in industrial processes).
Tables 14 and 15 show that future water demands will surpass the available groundwater
supply; thus the master plan contains several projects for artificially recharging the dunes
and the hilly Veluwe area, and for supply from surface water reservoirs.
The water supply measures planned will have a capacity greater than the estimated demand
of 4000 million m 3 per year, to give flexibility and a better choice of alternatives. A
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possible solution to the water supply problem is given in Figure3o in part III.
11-2.8.2 Present and expected public and industrial water supply problems
Considering the contents of the previous paragraph and accepting the present limitations of
their validity, the following future trends are expected:
Because of the size of installations required it is not expected that industries will
in future abstract new and large quantities of surface water, except for cooling
purposes; instead industries are likely to cali increasingly om the urban public
supply.
Special drinking water reservoirs will be sited where the salinity of the surface
water is likely to remain low. Some reservoirs are already in operation; two near
Rotterdam (Biesbosch and Beerenplaat) and smaller ones near Andijk and near Terneuzen.
Bigger reservoirs are planned in the Ijsselmeer (500 million m 3 ) and in the Grevelingen
(southwest Netherlands). By filling the reservoirs to the highest possible stage when
the infiow of good quality water is plentiful, drinking water requirements can probably
be met. However, because of the present poor water quality of the Rhine, the required
quality of drinking water cannot always be obtained; only a combination of storage in
special reservoirs and a reduction in the salt bad of the Rhine will ensure the quality of drinking water at all times.
For many years, surface water from the river Rhine has been infiltrated into the dunes
along the North Sea coast. In future this area will be too small for the required
storage and purification, and preliminary plans have therefore been made for the infiltration of water from the Rhine into the hilly regions of the Veluwe.
Research and experiments on the desalination of sea water for use as drinking water
are under way. The flash evaporation method is used at Rotterdam, at Terneuzen
(southwest Netherlands) and on the island of Texel in the Waddensea. The reverse
osmosis method is stili at the experimental phase, and while the electrodialysis
method is being used by a brewery, some problems with the mernbranes, which are very
sensative to solid boads, stili remain.
All these points clearly demonstrate that both water demands and economic considerations
play a major part in the development of new techniques and in decisions om the application of
alternative solutions.
11-2.9 FLOODING EFFECTS
Three main differences can be identified between runoff from an urban area and from an area
with fewer paved surfaces:
runoff in an urban area will have higher peak flows due to the large paved surface
and the relatively 10w storage capacity.
the more stringent requirements for drainage from e.g. groundwater levels, during
and after house building, compared with those for agricultural land, will give higher
discharges.
the higher discharges can interfere with runoff from other paved and unpaved areas,
and with the discharge of domestic and industrial waste water in separate or combined
sewer systems.
Research om items 1 and 2 is taking place in several urban areas (see section 11-2.14,
Water balance inventories).
At present the following criteria are used in areas of development (Blok and Dorfmeijer,
1972).
Stormsewer siZe is based on a discharge of 90 litres/sec/ha, using a minimum storm
duration of 15 minutes, a storage of 7 or 8 mm is used for combined sewers and about
3 mm for a separate storm system. These criteria give am estimated design frequency
of one in one year failure.
Combined sewer systems should not overflow more than 5 times per year (previously 7
to 10 times). By accepting an average of 5 overfbows yearly the storage of the system can be reduced by 7 or 8 mm.
Sewer water will be drained off into special storage basins (90% of urban devebopment)
and/or into existing open waterways which have been enlarged (10% of urban development)
Storage basins reduce urban runoff to a value which is acceptable to existing waterways
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within the rural area. It is advantageous for the size of the storage basins to be
inodified as the residential sector grows; otherwise the larger waterways required for
the ultimate development would be needed when development starts.
The required storage in existing open waterways is based on a design frequency of one
in ten years exceedence, which in the Netherlands represents a rainfail of 40 mm in
180 minutes, combined with a one in one year discharge from the surrounding rural areas.
This criterion is applied for the suxnmer as well as for the winter, though it is noted
that winter runoff from rural areas is twice the runoff in summer for the frequency
quoted. In addition to the above criteria the storage basin design is based 0n: - a storage om paved surfaces of 3 mm;
- a storage in a combined sewer system of 7 or 8 min;
- an excess capacity at the sewer pumping station of 0.8 mxn/hour to ensure that the
sewer system can be emptied with 10 hours;
- a minimum waterdepth of 1 metre;
- that one third of the total open water storage is available after 24 hours.
The size of a storage basin will be about 1.5 times larger for a separate sewer system
compared with a combined sewer system.
Generally, an open water area of 2-4% of the total urban area will be sufficient for
surface water storage.
d. While the design frequency for a pumping station in a polder is one failure per year,
the puxnping station for a sewer system must cope with four times the discharge of
waste water.
Finally, in the north of the country considerable subsidence of the soil, due to the removal of natural gas, has been observed; on the island of IAmeland subsidence was 280 min and in
the city of Groningen some 500 mm. Subsidence of this extent can lead to flooding.
11-2.10 POLLUTION EFFECTS
It is generally expected that urbanization, industrialization and mining wiil lead to a c3ntinually greater pollution of water and air if no preventative action is taken; only general
trends in pollution effects are given in this section.
For decades in the Netherlands, many investigations have taken place and much information
has been collected to record changes and to indicate when action should be taken. Unfortunately, it is difficult to derive firm conciusions from the resuits of these studies, as they
are diverse and mostly short term. There are, however, some data on the rivers Rhine and
Meuse over a series of many years (Kooien, 1973). Organic, inorganic and thermal aspects of
pollution have produced some important legal considerations which were accepted by the Government in 1970.
11-2.10.1 Organic, inorganic and thermal aspects
Annual changes in weather conditions influence the extent of pollution; thus fluctuations ir
river flow greatly influence the water quality of the rivers Rhine and Meuse, which constitute
the majority of the surface waters in the Netherlands. This water is used as a source of drinking water, in agricultural areas (both for water supply and for fiushing Out saline intrusion)
for fisheries, as industrial and cooling water, etc. The big lakes, which are fed by the above
two great rivers, and are, therefore, generaily polluted, have problems of algal growth, which
depends on meteorological conditions. Nearly every area of surface water in the Netherlands
could suffer from algal blooms, the causative nutrients originating from the rivers Rhine and
Meuse, due to heavy pollution from countries upstream. Local discharges of waste water or
effluents from purification plants add further to the nutrient content.
Recent studies have led to the concentration of new purification plants, catering for
several urban areas, into one large plant, near surface water with a good self-purification
capacity. This policy is based om financial, economical and technical considerations as well,
as om the need to protect smaller areas of water where even a discharge of a purified effluent night be too much. Town and Country Planning and ease of enlarging the plant encourage
this policy. In the case of an urban area near Arnhem, the treatment works have been designed
for 1980, (20% more capacity than needed at present), but the sewerage is sufficient to meet
requirements in the year 2000. Obviously the policy of concentration of plant requires the
whole aggiomeration to be viewed as the main issue, rather than individual local interest5.
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Considerable increases in the production of poultry, pork and beef have led to problems
in the discharge of waste water, the poliution of the soil by manure, and leaching of minerals
through the soli to the surface water. The greatest concentrations of these industries are
found in the eastern and southern parts of the Netherlands where only small streams exist.
Welmeisfelder (1972) describes some water management aspects of cooling water supply from
which the foliowing passage has been taken:
'Because of the abundance of large, open waters, cooling for electric power plants with
surface water was and is stili the normal practice in the Netheriands, due to possibilities,
to economical considerations and to landscape protection. Future electrical energy demands
due to the increasing population and the increasing use per capita, however, require many
more, large power piants. The capacity of the plants will be much more than that of those
already existing (for exanple: 10-fold). In spite of the apparent abundance of surface water,
the provision of those plants with cooling water will be a real big problem because of a multi-.
tude of other, already existing functions of rivers and lakes, and because of the negative
effects of too much rising temperature on the water quality and the aquatic life. The
quantities required for cooling purposes are so large that possible sites offering the required
cooling water with a minimum of conflict with other water management functions must be given
priority. The availability of cooling water might, in this case, be a factor which over-rides
other factors such as landscape aspects, recreation areas, residential areas, distances to
consumer areas, high-voltage transmission lines, attainableness for heavy transport, etc.
Painstaking analyses in time and space, especially of the hydrological aspeets of the 8vailable
surface water, are required in order to evaluate the possibilities of site.'
'Besides the water management aspects, attention must be paid to the biological aspects
of cooling water (Anon., 1971). Investigations in the field and in the laboratory have been
undertaken to ensure the safety of these aspects to the maximum extent possible. The Inter national Commission for Protection of the Rhine against Pollution proposed to limit the rise
in temperature of the river water, due to discharges of calories, to 3 degrees Celsius. For
supplemental electricity requireinents, building of cooling towers is an alternative. Also
generating electricity at places where no river water is used for cooling, for example alongside the greater lakes, is a possibility. The Dutch Board of Ministers adopted these rules.'
11-2.10.2 Pollution from urban sewer systems
In the past most new sewer systems in towns and villages take both storm water and waste water.
At present there is a growing view that the frequency of combined system overflows should be
reduced to 5 or 6 times per year; further, the need to purify storm water in a separate system is under discussion. It is expected that oil and other pollutants, such as detergents,
will adversely influence the quality of open waterways.
In the new town of Lelystad a rather high, variable phosphorus content in the storm sewer
has been measured. This is probably caused by detergents used in the cleaning of cars om the
streets. Possible methods of improving water quality include the installation of settling
basins or pumping storm water into the foul sewer for treatment at night at the purification
plant.
It is well known that storm water overflows frequently carry a considerable quantity of
siudge; by making a number of assumptions the BOD of storm water has been roughly computed,
(Eggink and Hulshof, 1968).
11-2.10.3 Disposal of solid waste from livestock
At farms most organic matter is cycled in a closei
a number of livestock markets this circie is not closed, and sludge t.reatinerit is necessary.
At present, the surplus sludge is normally drained and dumped with domestic disposals; in future both are likely to be burned.
11-2.11 MICRO-SCALE CLIMATIC EFFECTS
It is well known that the micro-climate of urban areas differs from that of the country. Four
physical mechanisnis contribute to the effect, (Munn, 1966).
1. The natural radiation balance is disturbed by changes in the properties of the underlying surface. Vegetation is replaced by large areas of concrete and brick.
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Built-up areas are obstacles to the wind, changing the natural flow and turbulence of
of air.
The water vapour balance in a city is upset by the change from moist to dry surfaces.
The city emits heat, water vapour and pollution to the atmosphere. In addition, traffic is a source of local turbulence.
In the Netherlands the Institute for Meteorology and Oceanography of the University of
Utrecht and the Physical Geographical Laboratory of the University of Amsterdam are investigating the urban climate in co-operation with the K.N.M.I. (Royal Netherlands Meteorological
Institute). The first made a survey of the climate of the city of Utrecht, particularly with
respect to the distribution of temperature and, in co-operation with the Netherlands Laboratory
• for Air and Space (NCR), studied the effect of high buildings on the wind; the resuits will be
published in the near future. The second institute is studying the climate of Amsterdam in
• relation to its surroundings and a summary of the resuits obtained to date are given below,
(Zuylen, 1971 and 1973).
To Enable these data to be evaluated it is first necessary to summarize general opinion om
this topic, as discussed in the climatological literature, inciuding Munn, 1966; Alissow,
Drosdow and Rubinstein, 1956; Geiger, 1961 and Katzer, 1956; Zuylen, 1971 and 1973.
A. The Air Temperature. This climatic element has higher values for urban areas than for
country. The difference for the annual average temperature varies between 0.5 and 2
degrees centigrade, (Alissow, Drosdow and Rubinstein, 1956) due to the following
factors:
A much smaller latent heat flux because the rain falling on the paved area quickly
runs off to the sewer system and snow is removed from the streets by snow shovels.
Accordingly the precipitation hardly gives rise to evaporation.
The physical properties (such as albedo, specific heat and thermal conductivity)
and the structures of the urban surface differ. The heat capacity and the thermal
conductivity of urban rnaterials generally exceed those of a natural surface and the
daytime heat storage is therefore greater than in the case of pasture. Moreover,
in an urban area there is a layer several metres thick with radiation absorbing
surfaces, of which several are perpendicular to the sun's rays. At night, the
stored daytime heat is released from buildings and pavements, resulting in higher
air temperatures than occur in the country.
The energy generated by combustion processes (house heating, factories, cars and
human metabolism). In Vienna the artificial heat supply per annum is one-sixth to
one-quarter that provided by direct solar radiation, and in Berlin the ratio is
one-third, (Kratzer, 1956).
The pali of dust and carbon dioxide over a city influences not only the incoming
solar radiation (especially the ultraviolet rays) by increasing flux divergence,
but also reduces the outgoing longwave radiation. In Boston solar radiation in the
city averaged 15% less in the suburbs, and in Toronto, Canada the solar radiation
averaged 3% higher on Sundays than on weekdays. In winter the ultraviolet radiation in the centre of Leicester, England amounts to 70% of that om the outskirts,
(Geiger, 1961). This characteristic warmth of a city is called the urban heat island, the size and intensity of which changes from day to day. It is a maximum at
night and as for most climatological elements there is evidence of a weekly cycle.
B. The Water Vapour Content of the Air. The urban water vapour pressure is generally
lower than that of the country because the precipitation is quickly removed as storm
water. Because the air temperature is normally higher, it can be understood that the
relative humidity will be lower; for American cities it has been found that the difference is 8% in suxnmer, while in winter this is reduced to 2%, (Zuylen, 1971) , because
of the emission of water vapour by combustion processes.
C. Cloudiness and Precipitation. Of the factors affecting cloudiness and precipitation,
two factors in particular differ between urban and rural areas. First, in the urban
atmosphere, there is an abudance of condensation and freezing nuclei. Second, the
city heat island induces a convection cell which stimulates rising air currents.
Several investigators have found a weekly cycle that is thougitto be related to human
activities. For instance, for Paris, (Zuylen, 1971 and 1973), and for Rochdale,
England, (Alissow, Drosdow and Rubinstein, 1956), there is convincing evidence that
the amount of precipitation during working days exceeds that of weekends.
D. The Wind. Because of the relatively high aarodynamic roughness, the mean wind velicity
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in the city is Lower than in the country. In Moscow, the annual average run of wind
in the city was 0.9 m/sec, less than at a nearby rural station. Moreover, during
periods of calm weather the city heat island may iriduce a country breeze, which in
turn creates upward currents over the city itself.
The urban-country weather relations for Amsterdam have been studied by comparing a rural
and a city observation station, (Zuylen, 1971 and 1973). The rural conditions are indicated
by the station Oude Wetering, 20 kin outside Amsterdam, towards The Hague. Here the climate
is not complicated by local orographic features because the western part of the Netherlands
consists of the alluvial plain of the Rhine. Data on the temperature and the moisture content
of the air in the city are taken from the observation station in the Hortus Botanicus in the
centre of Amsterdam, while precipitation is measured by recording gauges in a westerly suburb
(Sloterplas), in the centre (Hortus Botanicus) and the east side of the city (pumpinq station,
Zeeburg)
The air temperature (at 2.2 m above ground level).
The monthly average daytime texnperature in the city is 0.3 to 0.50C higher than that
at Oude Wetering; at the maximum temperature the difference is 0.1 to 0.3 0C and at
the minimum temperature 0.8 to 1.5 0C higher.
The energy generated by human activities in 1970 is estimated to be 16 x 10 15 calories,
inciuding energy from:
power stations
combustion of natural gas
Combustion of fuel oil and coal
road traffic
incineration of refuse
Total

4824 x 1012 cal.
4158
3500
2210
673
II

15365 ,: 10

12

cal.

The area of Amsterdam is 4240 ha; together with factory, dock and store sites, the
artificial energy producing area is estimated to be about 5500 ha. Thus the energ
generated is equivalent to a heat flux of 0.05 langley/min. Cl langley = 1 cal/cm)1
For the year 1970 the solar radiation, at the meteorological station de Bilt, averaged
0.16 langley/min, and at den Helder (a port in the extreme northwestern part of the
Netherlands), 0.18 langley/min, for December 1970 these values were 0.030 and 0.033
langley/min respectively. It can be concluded, therefore, that in winter the energy
generated by human activities exceeds the solar energy in Amsterdam. The ratio between the artificial heat supply and the solar radiation per annum is one-third, the
same value as Kratzer (1956) calculated for Berlin.
The water vapour content of the air.
The water vapour content of the air is represented by observations at 14.00 M.E.T.
Unlike the general trend the relative humidity of Ainstedam is similar to that in
Oude Wetering, and is, in fact, slightly higher in spring and autumn. This may be
due to the relatively large area (2000 ha) of open water (harbours, canals) in
Amsterdam.
Cloudiness and precipitation.
No weekly cycle in the precipitation data of Amsterdam-West has been found. Comparing
precipitation data from the central observation station (Hortus Botanicus) with those from stations to the west and east of the city shows a greater precipitation distributed fairly evenly over the year. Two maxima in the daily precipitation pattern are •
also observed, one in the afternoon and one during the night. The maximum in the afternoon is most marked at inland observation stations, because atmospheric stability
is then minimal. At stations near the coast a nightly maximum is also observed,
especially in summer, due to showers originating above the sea during the night. It
appears that at Amsterdam both effects are emphasised by the urban conditions.
The wind.
Wind data are recorded hy a cup anemometer installed 10 n:etres above the roof of the
building of the Geographical Institute. It is intended to compare the data with those
recorded at Schiphol Airport about 5 kin out of Amsterdam.
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11-2.12 EFFECTS OF MINING ACTIVITIES
Two effects of mining activities have already been mentioned in preceeding sections:
- subsidence of the soil surface as a result of the exploitation of natural gas; this may affect the height of dans.
- gravel exploitation in the f lood plains of the river Meuse, which lead to an attenuation of
f lood waves.
11-2.13 EFFECTS OF OTHER WATER-BODY USES
The effect of water front development and water traffic in the esturaries near Rotterdam
on saline intrusion is discussed in section 2.7.
The recreational requirements for water are: dear, without odour and without taste; moreover for swinuning, bacteriological reliability is required. Due to the difference in water
quality of new and future lakes in the Delta-area (Zealand, South-Holland) provisions for
recreation have been carefully distinguished.
11-2.14 WATER BALANCE INVENTORIES
Progress on special studies is as foliows:
11-2.14.1 Studies of a working group on urban runoff
Aided by a computer, about 6600 storms that occurred at de Bilt (Royal Netherlands Meteorological Institute near Utrecht) over a period of 12 years were transformed to a series of storms, the dry period between which was less than 20 hours. Based on a sewer storage of 4, 5,
6, 7 and 8 mm, the frequency, duration and quantity of overflows can now be computed as a
function of time.
In 1973, a Working Group on runoff coefficients of urban areas in the Netherlands published a preliminary report, from which the following conclusions have been derived:
- the quantity of runoff during overflows from a sewer system in a flat area can be predicted
reasonably accurately; in sloping areas this prediction is stili impossible.
- on the basis of available data the effects of discharges at several points into open water ways can generally be computed.
- storage basins can be reliably designed.
- there is a need for further research om:
the runoff coefficients of the various kinds of paved surfaces;
the surface storage of streets;
the influence of the lag om the infiow hydrograph and the outflow hydrograph, for flat as
well as sloping areas;
precipitation data from several observation stations, for periods greater than 12 years.
11-2.14.2 Research on urban hydrology in the new town of Lelystad
To overcome the l:initations of empirical raethods, research on urban hydrology is taking place
in the new town of Lelystad in one of the Ijsselmeerpolders. The project is co-operative between the IjsselmeE?rpolders Development Authority at Lelystad and the Agricultural University
of vageningen. To determïne the infiow and outflow criteria for storm sewers and subsurface
drainage systems In urban areas, a number of research areas of different types have been selected, varying in size from 0.7 to 4.0 ha. The existence of separate sewer systems for surface water from pa'red areas, for subsurface runoff, and for domestic and industrial waste water,
provides an opporl:unity for extensive investigations.
To date four reseach catchrnents have been equipped with instruments:
a residential area of 2.0 ha area with a paved area of 44%;
a car park of 1.0 ha area;
a shopping centre of 3.0 ha area with special attention to the runoff from small and
large fla: roof s;
two flat :oofs of 250 and 350 sq m.
In these areas precipitation, the discharge in both storm sewers and subsurface drainage,
and groundwater level are measured either continuously and/or at intervals between 13 and 27
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seconds depending on changes in the variables; soil moisture is measured perioclically by neutron probe.
Analysis of rainfall data from 115 storms showed a high correlation between three ground
level gauges. A more detailed investigation with more than 500 rainstornis confirmed these resuits (Berg, 1973). Attention will be paid to changes in this correlation when short time intervals with the rainstorms are considered. By eliminating the storage of the storm sewer system and using data from the residential area, the inlet hydrograph for the area has been computed
to give information about the time lag between rainfail and infiow.
Further research should laad to the development of design criteria for storm sewers in catchrnents with different percentages of paved areas.
11-2.15 HYDROLOGICAL RESEARCH IN RELATION TO NATIONAL

AND REGIONAL

PLANNING

In section 11-2.1 it was mentioned that several orientation notes will treat various aspects of
the physical planning of the Netherlands: further that in hydrology and water management considerable efforts and research will be necessary. Recently the solution of the problems of water
distribution, total water management planning and even physical planning is being approached by
means of modelling techniques. In this section three examples are described briefly.
11-2.15.1 A national water management model (Oudshoorn and Rutgers, 1973; Rijkswaterstaat,1973)
The government note "The Water Management of the Netherlands" (1969) gives a rough estimate of
the available quantity of water in a fictive dry year and the total water demand in the year
2000. To obtain optimum regulation and distribution of water over the country, more detailed
calculations have to be done for a number of successive years, both in respect of the required
water quality and quantity. From a comparison of demanci and supply the expected timing, location and magnitude of water deficiencies can be found. When these figures are known, measures
can be taken to prevent the occurrence of the estimated deficiencies, and these considerations
are the basis of a national water management model.
Because of the extent and complexity of the computation a mathematical model must be used.
In outline the model is a network of branches and junction points. At each junction point the
water balance of demand and supply will be computed for a series of different flow conditions.
In this way the effects of many climatic conditions which influence the quantity and quality of
the sources can be related to the demands for domestic, industrial and agricultural water. In
addition the influence of man's activities on the supply from each junction point can be found.
At present the model is under construction.
11-2.15.2 A regional water management model (Colenbrander and van de Nes, 1974)
In 1970 a long term multidisciplinary research progranime was set up in the province Gelderland
to study the integrated approach to the solution of hydrological and economical problems related to various kinds of land use and various management techniques for water resources. The
aims of the study are to find a scientific basis for an optimum management of the present surface water and groundwater in the province Gelderland, with respect both to quantity and quality. Thus, all aspects of water management will be optimized to reach the procedure giving
the greatest social benefits, and it is dear that social-economic studies have an important
place in this research programme. The water management aspects of most interest are: drinking and process water for domestic use, industry and agriculture; water control (especially
the control of the water level) in rural and urban areas; nature conservation and landscape;
outdoor recreation (inciuding angling); transport and purification of waste products and
shipping.
The main model is an optimization package to integrate all aspects of water management.
Sub-models are divided into economic or demand models and hydrological or supply models.
Quantitative aspects of the management of groundwater and surface water can be modelled by
considering the interactions between meteorology, cropping, unsaturated and saturated ground
water and open water. In the qualitative approach BOD and the oxygen content are the main
factors. Relations between these two components and discharge, flow velocity and water depth
forins a link between quantitative and qualititive water management.
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11-2.15.3 A regional urban planning model
'Midden Randstad' is the open rural area within the broad urban arc formed by Utrecht, Amsterdam
and Haarlem to the northwest and by Leiden, The Hague, Rotterdam and Dordrecht to the southwest.
Realizing that the urban sprawl resulting from population growth must not erode the whole
area of the 'Midden Randstad' the future structure for growth in both the urban and rural areas
must be planned cornprehensively, with policies for greater growth in the western, very densely
populated part of the country relative to other parts.
To tackle this problem, a study started in 1971 to identify a development strategy which
• would enhance the urban environment of the Randstad in terms of its quality and variety of form,
• while simultaneously safeguarding the open character of the 'Midden Randstad'.
The methodology of the study ha.s been based on an activity-allocation model for an area,
• which inciudes the rural 'Midden Randstad' and the urban arc, in tandem with another model for
the 'Midden Randstad' area only. For both models the potential surfaces analysis should be apptied, though at different scales. This method is essentially a systematic scoring technique, in
which for each area of land a quantitative value is given to a particular factor (including hydrological factors). Because modelling techniques are based on computer application, a geographical zoning systen should be defined; data therefore have to be expressed in standard guantitative forms.
One of the principle factors which will infludence the recommended strategy deals with environmental issues and to a lesser extent hydrological and/or water resources issues. They
will include adequate utilities for ground and surface water drainage, avoiding harmful pollution, balancing the growing water demands and possible water supplies and facilities to conserve the natural environment.
This moellin.g approach, which is in the first operational phase of its development, leads
to the following recominendation: the results of hydrological surveys and studies should be incorporated at the beginning of regional planning. This can be done by formulating absolute
constraints for use in the activity-allocation models (for instance, of the Lowry-type) and by
measuring the hydzological factors which are important for any kind of existing or future land
use. This may result in a more balanced regional development of land use in accordance with
the objectives of the entire community.
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