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ABSTRACT: The character of water resources development in the Netherlands is gradually
changing from building infrastucture towards an integrated water resources management.
Furthermore, it is observed that the past activities on water management concentrated
too much on the pure "water" aspect~ It is recommended that more attention is given to
the "water system approach".
The new water system approach is basedon the different functions of water, e.g.: for
agriculture, recreation, nature, transportation. It is acknowledged that there is a
streng relation between groundwater and surface water, and between water quantity and
water quality.
/
1. INTRODUeTION
1.1. General

.
I S ymposium on Shallow S ea and Low Land
Publisbed by the executive committee f or I nt erna t 10na
Research Institute on Shallow Sea and Tideland
Saga University
Honjyol, Saga 840
Japan

The Netherlands, which covers an area of
about 34,000 km2 , lies on the North Sea on
the nortb-western
European plain. The
country is the delta of three large rivers: Rhine , Heuse and Scheldt.
The Netherlands bas a cool maritime
climate, with monthly temperatures ranging
over the year from 2 to 17 °C.
The total yearly precipitation averages
750 mm of rain. Rain is not seasonal, but
ten- day periods without rain are not uncommon, and completely dry months occur.
The mean annual cycles of precipitation
and evapo-transpitration give rise to a
water surplus of 300 mm in the winter and
a deficit of 100 mm in the summer.
In drought years, the difference between
the amount of rain and evaporation becomes
large (e.g. 100 mm/month), and there is
not enough water for irrigat i on. Even in
average years, erop losses in areas without irrigation equipment cost about 1,000
mi llion guilders (±US$ 500 million).
More than 70% of the Netherlands is cultivated land, of which nearly two- thirds
is grassland used for feeding livestock.
Arabie farming for producing crops such
as cer eals,
potat oes and sugar- beets ,
accounts for about 20% of the total land.
Hor ticulture for
ra1s1ng vegetables,
fru i t s and flower s, accounts fo r about 4%.

Some vegetables
are raised in heated
glasshouses; these
crops require very
little land but have an extremely high
economie value.
Roughly half of the non-cultivated land
consists of woods, heath and dunes. They
have a small economie importance , but are
of great importance for nature conservatien and recreation.
The other half consists of buildings,
roads and surface water.
The Netherlands is one of the most densely populated countries in the world. lts
population of almost 15 million results in
an average density of about 450 inhabitants per km2 .
Despite the large fraction . of its land
devoted to agriculture, that sector of the
eçonomy engages only about 7% of the werkforce.
The
gross
national product of the
Netherlands is approximately 200 billion
guilders (± US$ 100 billion ), of which
some 7% is contributed by the agricultural
sector.
1.2. Landferm Regions

More than a quarter of its total land
ar ea lies below below mean sea level and
is protected from floodino by an ext ensive
system of dikes, many of them hundreds of
years old. Without these dikes, nearly
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half of the country of the country would
be permanently under water, or inundated
by tides and high river discharges with
such frequency as to be uninhabitable.
Water problems in the Netherlands differ
among regions and are effected by land
forms, i.e. (i) the Highlands, (ii) the
Lowlands, and (iii) the Delta, see also
Figure 1.
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LANDFORM REGIONS
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ground surface is less than 2 m +NAP and
constitute some 60\ of the country.
The land consists of polders and are
drained artificially. The polder is surrounded by dikes and-. a storage canal
("boezem"). Inside the polder is a system
of ditches and canals; the water level in
these is maintained at a "polder level"._
The water level control in the polder
requires caretul balancing of the twin
goals of eliminating excess water and
maintaining moist soil.
The groundwater in most of the Lowland
is saline or brackish. As a consequence,
water for dornestic use, industry and agriculture bas to come from surface water.
However, salt can also be a problem with
the surface water. Where seepage is extremely saline, ditches and storage canals
are flusbed with fresh water to reduce the
salinity and thus avoid erop damage.
The Delta region is below sea level and
is located in the soutb- western part of
the Netherlands, constituting some 10% of
the country. The region consists mostly of
estuaries, peninsulas and islands, formed
by repeated shifting of the outlets of the
Rhine, Heuse and the Scheldt.
In 1953, a North Sea storm flooded much
of the Delta region, inundating 130,000 ha
and killed several thousand people. In
reaction, the Delta Plan called for the
construction of a system of storm-surge
harriers, dams and
dikes
to proteet
against further flooding. The works have
been completed in 1986.

E.4. Water Management Infrastructure
The flow of the rivers in the Netherlands are distributed and managed in a
variety of ways. A netwerk of weirs, baTriers, dams, rivers, canals and pumps
controls the movement of the surface waters. The most important of the features
are discussed below, see also figure 2.

Shortly after crossing the border ,
Rhine divides into three branches:
Lower-Rhine, the Waal and the IJssel.
Rhine is the major shipping artery
Western Europe.

The Lower-Rhine continues westwards. A
large movable weir at Driel, some 10 km
from the point where Lower-Rhine and

North Sea
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Figure 1. Landform regions.
The elevation of the Highlands ranges
from 2 m to 40 m +NAP (about mean sea
level) and constitutes some 30% of the
country. In most places the land surface
is slightly sloped.
There is a large
reserve of fresh
groundwater. Most of the rainfall reaches
the groundwater.
The natura! drainage
capacity is supplemented by a extensive
network of ditches to move the groundwater
more quickly to the main drainage system~
The surface water supply system in the
Highlands is not yet developed, so groundwater is used extensively for irrigation.
Even though the demand for irrigation
water bas been relatively
small (0.3
1/s.ha), the supply routes from the major
distribution system to the Highlands are
inadequate during dry periods.
The Lewlands are that
part of the
Netherlands where the elevation of the
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1.3. Sourees of Water
Precipitation provides some 25,000 million m3 of surface and groundwater per
year.
The major souree of surface water for
the Netherlands is the river Rhine, which
brings 70,000 million m3 per year, i.e.
about 67\ of the entire supply of fresh
water.
The Rhine is known as the "sewer of
Western Europe" , as industries along the
river contribute many different kind of
pollution. Most darnaging for the Netherlands is the river's increasing salinity,
and in dry periods salinity exceeds the
limits for municipal water supply and for
high quality agricultural production.
The Heuse is the main souree of surface
water in the south-eastern section of the
country and supplies 10 million m3 per
year. The water quality is good, but the
flow in the summer drops almost to zero.
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Figure 2. Water management system of the Netherlands.
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IJssel seperate, controls the amount of
water flowing among Lower-Rhine, IJssel
and Waal.
The Waal continues also westwards and
transports usually some 60% of the Rhine
flow.
The Amsterdam-Rhine
canal, mainly a
navigation canal, can withdraw water from
the Waal and can sent to the north to
augment the flows of the Lower-Rhine or to
the Northsea canal into the North Sea.
The Rotterdam Waterweg carries Rhine and
Meuse water into the North Sea and prevents salt water intrusion.
The Haringvliet Sluices are the escape
route for flood water of the Rhine and the
Meuse. When the flows are low, the sluices
are closed to keep back the salt wedge at
the Rotterdam Waterweg.
The IJssel flows north, discharging part
of the Rhine flow into the IJssel lakes.
These lakes, Markermeer (600 km 2 ) and IJsselmeer (1200 km 2 ) , are shallow fresh
water starage basins, from which the northern part of the country is supplied with
fresh water. The target water level is
lower in winter (at NAP - 0.40 m) than in
summer (at NAP - 0.20 m).
The Meuse is a navigation route and has
been canalized to allow navigation even in
the summer.
1.5. Water Management Agencies

The management of the large rivers,
canals and estuaries, as well as the construction and maintenance of the related
engineering works, is the responsibility
of the Ministry of Transportation and
Public Works.
The Netherlands is divided in twelve
provinces. Each of these has tasks regarding water management and works, comparable to those of the central government,
which they perform with some supervision
from the Ministry.
Unique to the water management system in
the Netherlands are the Water Boards ("waterschappen"). The purpose of the Water
Board is to manage one or more polders.
They construct and maintain the dikes,
oversee the quantity and quality of the
water used. Their budget is obtained from
the landowners, supplemented when necessary, by subsidies from the central or
provincial government.
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2. WATER MANAGEMENT PROBLEMS
2.1. Background

Historica!, the water management problem
in the Netherlands has been one of too
much water.
In an average year, the amount of rainfall exceeds the water that evaporates by
250 mm, the seepage
in the lowlands
amounts to 200 mm, and the annual inflow
of the Rhine and Meuse, if it could be
retained and spread uniformly over the
land, would cover a depth of some 2000 mm.
Over the years, an extensive and complicated system has been built to give proteetion against excess water.
The land, especially in the lower parts,
contains a dense netwerk of subsurface
drainage pipes and drainage canals to
remove excess rain and seepage water.
Dikes, weirs and locks control the rivers.
With the completion of the Delta Works, a
system of dams and dikes protects the land
against North Sea storms.
In recent years, the attention has turned to several new water problems: too
little water and too much pollution.
2.2. Water Quantity Problems

The future demand for fresh water is
expected to exceed the supply in some dry
years.
In most places, the supply of surface
water is sufficient, except in limited
periods during dry years, when there is
competition not only among such users as
agriculture, power plants and shipping,
but also among different regions.
In a few places, localized shortages of
surface water occur in normal summers,
e.g. in the highlands of the country,
which have limited routes by which water
can be supplied.
The growing demand for the limited supply of groundwater is leading to increased
competition among its users: agriculture ,
nature
preserves,
industry,
drinking
water, etc.
Although the problem of excess water is
generally under control, the flood risk
around the IJssel lakes remains. Because
of their large size and shallow depth,
these lakes are sensitive to wind setup
and to waves.
When extra water will be stored in the
IJssel lakes as to decrease shortages, the
flood risk of the surrounding land will
increase at the same time. Furthermore,

higher levels in the IJssel lakes will
additional pumps to drain the surrounding
polders.
2.3. Salinity Problems

Salinity i s a long-standing and serieus
problem in the Netherlands , one that i s
particular acute in times of water shortage.
There is saltwater intrusion from the
sea into the lowlying part of the Netherlands through
estuaries, harbours and
shipping locks, and
also
by seepage
through the subsoil.
For instance, the Rotterdam Waterweg
carries water from the Rhine and the Meuse
into the North Sea. During periods of low
discharges, the denser salt water of the
North Sea is forced under the lighter
fresh water in the form of a "salt wedge",
which may penetrate tens of kilometers
inland.
The most important intake point treatened by the salt wedge is the inlet at
Gouda on the Holland IJssel. This inlet
provides the water supply for the midwestern section of the country.
To be effective in fighting the salt
wedge, the flow through the Rotterdam
Waterweg has to be more than 600 m3/s.
However, this flow cannot always be guaranteed in a dry summer.
The major souree of fresh water, the
river Rhine, is itself increasingly saline
because of waste salt dumped in the river,
by particularly the French potash mines.
For instance, the average Rhine flow was
only 1350 m3 /s in 1976, with periods when
the chloride concentratien exceeded 400
ppm. Damage to salt-sentive crops begins
at levels of 200 ppm.

Eutrophicat i on ,
i.e.
the
excessive
growth of algae , is the most pressing and
widespread water quality problem in the
Netherlands , because the water contains
sufficiently high conceatrations of the
nutrients, such as phosphorus. An sudden
very heavy growth of algae {"algae bloom")
is undesirable because it can have a toxic
effect on dornestic animals, may clog filters, and can cause the water to taste and
smell foul.
Eutrophication is particularly troublesome in a hot and dry summer , because i t
provides the algae not only with a higher
concentration of nutrients but also with a
greater amount of sunlight.
Thermal pollution is another important
water quality problem in the Net herlands.
This problem arises primarily when electrical generating plants extract large
amounts of cooling water from rivers and
canals, and then discharge large amounts
of heat as they return the water.
2.5. Sediments

The Rhine transport not only water to
the Netherlands but also sand and silt. A
part is deposited in the river channels
and has to be dredged to keep harbours and
navigation routes open. Some 65 million m3
per year are removed from the harbours.
The sediments are often serious polluted
by oil, heavy metals, etc. The polluted
material threat ens the aquatic ecosystem
and poses environmental problems when the
dredged material is disposed or in water
or on land.

3. POLICY AHALYSIS OF WATER MANAGEKENT
3.1. PAWN Project

2.4 . Water Quality Problems

The greater part of the effending pollutants are not generated domestically but
are imported from outside the Netherlands,
virtually by the Rhine.
In principe, this imported pollution can
be dealt with by international initiatives, such as the recent treaties, or by
river management, e.g. concentrating the
Rhine flow on a single path to the sea
when the quality is poor.
Action on dornestic pollution is still
important because it can lead to very high
local concentrations and hence cause greater damage.

In a general but oversimplified way, the
problems identified above can be associated with the different landfarm regions.
The highlands has a particular problem
with shortages , the lowlands with salinity, the Delta with both.
Quality is a problem everywhere.

Facing these water management problems ,
the government of the Netherlands wanted
an analysis to help draft the first national water management law and to select the
overall water management policy.
The Ministry of Transportation and Public Works established the "Policy Analysis for the Water Management of the Netherlands (PAWN)" project in 1977, as a
- 65-
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joint research project of the Ministry,
the Delft Hydraulic Laboratorium and the
Rand Corporatien from USA.
Rand had extensively experience performing policy analysis studies, but had
limited knowledge on the water resources
problems. The opposite was true for the
Netherlands counterpart, who were experts
on water resources problems in delta's and
had little experience yet with policy
analysis.
Furthermore, it was experienced as very
fruittul to participate with foreign analysts with a fresh look on the very complex water management system of the Netherlands.
The PAWN project was a major activity
and lasted to 1983. It directly involved
about 1500 manmonths of effort, created
several dozen computer programs, and gathered and structured an enormous amount
of data.
The Institute of Management Sciences
presented the Management Science Achievement Award of 1984, to the government of
the Netherlands for its use of innovative
management science.
The primary objectives of the PAWN project
were:
- develop a methodology for assessing the
multiple consequences of water management poli ei es;
apply it to develop alternative water
management policies and to cernpare their
consequences;
- create a capability in the Netherlands
for further analyses.
3.2. Approach to Policy Analysis
During policy analysis, a number of
overall policies is designed to assess
their many diverse effects. Their effects
are presented in such a way that they are
visible and
comparable, thus enabling
policymakers to choose between policies
while knowing the consequences of the
choice.
A water management policy involves a mix
of "tactics". Each tactic is an action to
alter the current policy by:
technica! action,
i.e. modifying or
extending the infrastructure;
managerial action, i.e. changing the
operatien rules;
- pricing action, i.e. imposing a tax;
regulation action, i.e. changing the
laws.
The first two affect the supply of water,
-66-

the last two the demand.
Each kind of tactic offers many alternatives, e.g. technica! tactics could modify
the current infrastructure in hundreds of
different ways. Thus, it becomes impractical to evaluate the detailed consequences
of all of them.
Therefore, the analysis should be performed in a series of stages, see also
Figure 3. In the early stages, many possibie alternatives should be evaluated in
terms of a few major effects. In the final
stages, a few promising alternatives are
evaluated in terms of the full set of
potential effects.
In the "impact" assessment stage of the
analysis, various mathematica! models are
used to determine the effects of these
policies on the the water management system, the different users, the natural
environment, and the nation as a whole.
The policies are evaluated with a number
of different "scenario" assumptions, such
as the external supply of water, future
distribution
of
sprinkler irrigation,
future international treaties, the socioeconomie context.

Screening of
Alternatives

"iteration"

scenario
assumptions

system
assumptions

***** ******
* DECISION *~
* MAKING *
************

Figure 3. Stages of policy analysis.

3.3. Methodology to Policy Analysis
To analyse the pattern of tactics, policies and impacts, the PAWN project designed a system diagram, see Figure 4. Each
"box" represents a different mathematica!
model.
At the heart is the water distribution
model, which simulates the operatien of
the national and regional water distribution systems on a ten-day period, such as
the river flows, lake levels, shipping
depths,
pollution concentrations. This
model determines also the effects of all
these variables on various parts of the
problems.
Once the impacts of the alternatives
have been assessed, a major difficulty
still remains: synthesizing the impacts
and presenting them to the decisionmakers.
An approach is the eest-benefit analysis, which converts as many impacts as
possible to monetary terms. This approach
bas several major disadvantages for water
.management policy analysis, as it loses
considerable information, e.g. it suppresses that an alternative bas environmental
problems.

S UP P L Y

D E MA N D

external
supply

environment

treatment
plants
Rotterdam
salt wedge

==--

Clrinking water
companies
industries

I
I

WATER
DISTRIBUTION
MODEL

IJssel lakes

power plants

ship locks

~

groundwater
starage

agriculture

Figure 4. PAWN system diagram.

The approach selected for the policy
analysis in water management in the Ne-67-

shipping
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therlands bas been the "score card", see
Figure 5.
A score card is the table of impacts,
with shading added to indicate each alternatives' ranking. Impact values are summarized in their natura! units in a table,
each row representing one impact and each
column representing an alternative.
Decisienmakers can add their value judgements about the relative importance of
the different impacts, thereby weighing
and trading off the impacts to select a
preferred alternative, i.e. to make "the
decision".

Surface water sprinklers:
Groundwater sprinklers:
Groundwater priority to:

4. RESULTS OF PAVN PROJECT
4.1. Importance of Aqriculture
Some of the most important results of
the PAWN project for the water resources
management of the Netherlands are as follows.
The financial losses caused by damage in
dry years from water shortages and salinity and hence the potential benefits from
an improved water management policy, are
far greater for agriculture than for any
other sector.

CASE A
medium
low

CASE B
medium
low

4.2. Sprinkler Irriqation
Irrigation in the Netherlands is done
almost entirely by sprinklers. In 1976
which was the 2111 dry year , farmers sprinkled only about 13% of the land under cultivation, and used 475 million m3 of surface water and 300 million m3 of groundwater.
Only about half of the cultivated land
is eligible for surface water sprinKling,
i . e. has access to ditches and canals from
which farmers can draw surfac~ water for
sprinkler if they own the necessary equiprnent.
The number of sprinklers is increasing
annually and requires better water management.

CASE C CASE D CASE E
high
high
medium
low
high
medium
drink.w. drink. w. Agric.

ANNUAL NET BENEFITS, in million US$

MINIMUM SUMMER LEVEL IJSSELLAKES, in m+NAP

GROUNDWATER FOR DRINKING WATER, percentage
VlOLATION FREQUENCY OF POLLUTION:
BOD:
Provincial nodes
Nonprovincial nodes
Total phosphate: Provincial nodes
Nonprovincial nodes
Provincial nodes
Chloride:
Nonprovincial nodes

B B B

1::~~:·:~~~~~::~~:·:~~~~

On local level, the PAWN project screened plans of Water Boards to increase the
area eligible for surface wat er sprinkling
by building local distribution facilities.
The result showed that implementing 46
promising Water Board plans would produce
significant benefits for the country.

[3 [3 [3 [3 1::::~~~::11
45%
49%
90%
55%
27%
54%

46%
49111
90%
54111

27%
54%

46%
49%
90111
54111
27111

54111

45%
49%
90%
54%
28%
54%

46%
49111
90%
54%
28111
54111

4.3. National and Regional Systems
Other tactics involved expansion of the
national and regional water distribution
systems.
Sorne of them were large and very costly
works, with investments well over US$ 100
million and have been under consideration
by the government for many years. The PAWN
project found only one such expensive
tactic to be promising, i.e. to construct
a pipeline between the Heuse and the
glasshouse area in Delfland.

GROUNDWATER EXTRACTION, in million m3 /yr

DRINKING WATER PROJECTS, in number
ENVIRONMENTAL IMPACT OF THE
RECOMMENDED TACTICS (see section 4.3)

D D D D 1: : ~ : : 1
1::::~~~::1

Figure 5. Example of score card for 20111 dry year.
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For instance, in a moderate dry year,
agricultural losses are about US$ 900
million,
while
electricity generating
plants are in the second place with losses
of around US$ 1 million.
As a result, most of the technica! and
managerial tactics considered in the PAWN
project were designed to increase the
quantity and quality of water supplied to
agriculture.

Except for a few very inexpensive national tactics, most of the promising
tactics primarily affect a single region.
This suggests that the national water
management infrastructure is functioning
rather well, and that future water management analysis and policymaking should be
focused more on regional water management
problerns.

I

J

A few tactics are recommended in the PAWN
project for expansion of the national and
regional water distribution systems:
- to recycle water at the Maasbracht shipping loek. It reduces_the shipping losses on the canal, when there is not
sufficient flow to lo~k ships through
quickly;
- to construct a groin in the Rotterdam
Waterweg. It will reduce the Rotterdam
salt water wedge and will eliminate 75%
of the agricultural salinity losses in
the mid-west;
- to expand the supply capacity of the Van
Starkenborgh canal from 16 to 25 m3 / s.
Mainly the shiplock at Gaarkeuken is a
bottleneck in the route to northern
highland region (Groningen). It will
eliminate 60% of the agricultural losses
in an extremely dry year;
- to expand the supply capacity of the
Twenthe canal and the Overijsselsche
canal , to the north-eastern highland
region (Drente). It will eliminate 80111
of the agricultural losses in an extremely dry year;
- to build a water supply pipeline from
the Meuse t o the western lowland region
(Delfland). This tactic will enable upto
8 m3 / s of low salinity Meuse water to be
transportea to Delfland, an area in
which the most valuable crops in the
country are grown;
- to make the Grevelingen a freshwater
lake. This t actic will enable farmers to
obtain fresh water for sprinkling on
their crops. It requires construction of
an inlet to the lake to allow fresh
water to continually flush it, and implementation of a Water Board plan to
make water accessable to the farmers;
- to increase the canal capacities of the
Zuid-Willerosvaart by 15 m3 / s. This tactic will reduce the agricultural losses
in the south-eastern highlands by 85% in
an extremely dry year;
- to decrease the minimum level of the
IJssel lakes in summer from NAP - 0.20 m
to NAP - 0.50 m. This tactic will involve dredging the shipping lanes. It will
increase the storage capacity of the
lakes by about 50% increase or by 200
million m3 •
4.4. Managerial Strateqies

A managerial strategy design model was
constructed, using mathematica! programming techniques to find the mix of manegerial tactics that minimized the direct
economie losses to water users. These
tatics may change the rules controlling
day-to-day operation · of
the national
-69 -
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system of rivers, canals, lakes and reservoirs.
The results led to important conclusion
that "dilution is no solution to pollution".
There is no national strategy to redistribute water that will markedly reduce
the vialation
of pollution stardards,
although localized reductions might be
achieved. It argues tor a regional approach to pollution problems.
The PAWN project studied the ongoing policy to reduce the salinity of the Markermeer by flushing it with large quantities
(up to 70 m3 /s) trom the IJsselmeer. It
was discovered that such flushing leads to
cutbacks in extractions during dry summers, causing large agricultural shortage
losses. To change to a new strategy of
flushing more than 10 m3 /s only when the
lakes were at target level, would decrease
shortage losses for sprinkler irrigation.
The change would slightly increase the
salinity losses in nortb-western lowland
region (North Holland).
Surprisingly, the average value of storing water in the IJssel lakes is smaller
than the value of using the water to cool
the power plants.
However, the "average" value hides a
large variation. Decisionmakers may still
preter to store up water to avoid occasional, but catastrophic losses.
On basis of the managerial strategy
design model, a priority ordering could be
drawn up. The water uses could be ordered
in six groups, trom highest to lowest
priority:
1. satisfy the level control requirements
in the lowland region, and meet any
quality standard;
2. satisfy the surface water needs for
sprinklers in the highland region, and
establish
certain nominal flushing
rates for locks at which salt intrusion causes erop damage;
3. operate the Lower-Rhine flow as to
reduce the salt damage by the Rotterdam salt wedge;
4. use water fromn the IJssel lakes for
cooling the power plants;
5. raise the IJssel lakes to their maximum levels to meet possible future
needs for water;
6. use water for flushing, above the
nominal rates established in priority
nr.2.
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4.5 . Pricing and Regulation
The control by pricing and regulation
tactics refers mainly to the groundwater
use by agriculture, drinking water companies and industries.
The largest amount of groundwater can b~
saved by imposing quotas to restriet withdrawals. Imposing charges on groundwater
use by industry and drinking water companies saves little water.
The design of strategies for the agriculture is more difficult. Farmers extract
groundwater trom innumerable small wells
scattered about the countryside and it
will be very difficult to monitor their
extractions.
4.6. Pollution Control
The pollutants considered in the PAWN
project have been limited to salt, heat,
chromium, biochemica! oxygen demand (BOD)
and phosphate. The model used for the
pollutant transport througb waterways have
been very simple: pollutants are well
mixed tbroughout the cross section, without longitudinal ditfusion and an instantanous mixing in lakes.
The callibrated model had shortcomings,
stemming trom both the assumptions of the
model itself, and the quantity and quality
of the data.
In the analysis was calculated how water
management affects water quality at each
of the 92 nodes of the PAWN network. For
the impact assessment, a violation frequency of pollution was calculated, being
a "measure of compliance" with the water
quality standard. The results are included
in the scorecard, see figure 5.
4.7. Eutrophication Control
By itself, the current eutrophication
control strategy of phosphate reduction
will be largely ineffective because the
Netherlands
cannot
control the large
amounts of phosphate brought into the
country by the Rhine and the Heuse. In
addition, the bottorn sediments of eutrophic lakes are phosphorate-rich.
A single tactic will not solve the problem in any lake, and combinations of
tactics should be considered, such as
light dredging combined with reducing the
phosphate loading. However, because of
large teehoical uncertainties, field testing will be further necessary.

•

•

4.8. Consequences of PAWN Project
PAWN project bas a great impact on the
water management in the Netherlands. It
defined the scope of the problem, identified the key parameters, and developed a
methodology for assessing the multiple
effects of water management policies.
It applied the methodology to the design
of alternative water management policies
for the Netherlands, and assessed the
effects of those policies.
PAWN contributed directly and indirectly
to the tormulation of the "(2nd) Note on
Water Management for the Netherlands", a
national policy document. Several existing
components of the national water management policy were changed, and several new
ones were adopted, such as:
- not to be any new national water management infrastructure;
- serious consideration of the 46 Water
Board plans for surface water distribution systems;
- serious consideration of a number of
regional technica! and managerial tactics, e . g. the new policies for flushing
Markermeer and Zoomlake;
- use of a regional approach to pollution
problem;
- use of a regional approach to eutrophication control;
- a new thermal standard for canals.

structural works are needed. The relation
between surface water use and groundwater
use was emphasized. The water qualitative
aspects could not been included yet.
The policy note "Living with Water" of
the Ministry of Transport,tion and Publi~
Works (1985) deve1ops the long-term vision
on the water resources management. It is
observed that the past activities on water
management concentrated too much on the
pure "water" aspects. It is recommended
that more attention is given to the "water
system approach".
5.2. Water System Approach
The concept of the water system approach
places the water system on a central
place. It acknowledges tbat there are more
functions than water distribution: · it is
also necessary to develop the water systems on ecological criteria.
The water system approach is based on
the consciousness that there is a strong
relation between the different functions
of water, e.g.: for aJriculture, recreation, nature, transportation.
Furthermore, it is acknowledged that
there is a strong relation between groundwater and surface water, and between water
quantity and water quality.
5.3. 3rd National Note on Water Management

5. INTEGRATED WATER RESOURCES MANAGEMENT
5.1. Earlier Development
The character of water resources development in the Netherlands is gradually
changing from building infrastucture towards an integrated water resources management.
The 1st National Note on Water Management (1968) focussed on the further development of water resources infrastructure.
Costs were of less importance.
The Note considered the IJsselmeer works
and the Delta works as one system, and
aimed on the realisation of the interconneetion of these works by a northsouth distribution system.
The 2nd National Note on Water Management (1984) was supported by the policy
analysis as developed by the PAWN project.
It is based on the cost - benefits relation of the water development and on the
multiple use of the water.
The Note concludes that no major intra-

The above policies are being laid down
in a new Note on Water Management for the
Netherlands. This Note is the third of a
series and will be submitted to the parUament in 1990.
The main objective of the new Note is to
specity that "the water systems have to be
managed and developed so that they satisfy
their
ecological
objectives
and
functions".
5.4. Concludinq Remark
It has been generally accepted that the
infrastructure for water management in the
Netherlands is sufficiently developed and
that all efforts should be concentrated on
the water resources management. This will
be based on an integral approach, considering not only the ground- and surface
water, and the water quantity and quality
aspects, but also the multiple functions
of the water, including nature conservatien and recreation.
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Such an integral water resources manage-

..
ment will be focus on further improvement
of certain aspects, such as:
- water regulation and organization,
- policy analysis and decisionmaking in
water management,
- real-time control.
It is obvious that new techniques have to
be developed and that new research bas to
be done.
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