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Mr Rector, Members of the Board of Governors,
Members of the Scientific, Technical and Administrative Staffs,
Participants of the Courses of UNESCO-IHE
and all of you who do me a great honour of being present here today.
Ladies and Gentlemen,
Dear Friends.

Framework
On March 18, 1993 I presented my inaugural address in this same
room. By that time the title of my presentation was one word shorter,
namely the word planning. I worked for the IJsselmeerpolders
Development Authority and we were primarily responsible for the
reclamation and development of the IJsselmeerpolders. We were
fully aware that we only could do this in the right way when we
properly would take into account the key aspects of management and
sustainability of the results of our work. Now, nineteen years later,
I realise much better than by that time the major role of planning
in the broad sense and its crucial interaction with the other aspects
of the cycle of Land and Water Development. I like to present this
as the umbrella for my valedictory address.
I like to give you an example to illustrate the importance of the
interaction between planning, including policy making, and followup. Over the past decade there have been many conferences on climate change and its possible impacts. In the case of land and water
development this concerns especially increase in extreme rainfall
and river discharge, sea level rise and flooding. In the meantime
globally 80 - 90% of the new buildings and infrastructure have been
implemented in flood prone areas. Although this looks contradictory
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it can be justified when in conjunction adequate measures are being
taken in the field of drainage and flood protection. Unfortunately
this is generally not the case, resulting in increased damage and
number of casualties when an extreme event occurs.
Land and water development is the technology of adapting and
managing land and water resources for specific forms of land use.
The need for land and water development in rural areas is in principle caused by increase in population, especially in the emerging
countries improvement in standards of living, among others resulting in changes in diet, compensation for loss of agricultural land
and in several cases reduction in existing yield levels. For urban
and industrial areas, the need is caused by the rapid development
of such areas all over the world.
During my term the Core Land and Water Development has
primarily been responsible for education, research and capacity
building. The learning objectives of the education were:
• to give our participants in-depth understanding and specific
knowledge of the latest concepts and theories of land reclamation, land consolidation, irrigation, drainage and flood protection technologies for sustainable development, as well as of the
cross-sectoral linkages with wider aspects of society, economy
and the environment;
• to make them familiar with the latest hydrologic and hydraulic
engineering methods and to apply these in planning, design,
implementation, operation and maintenance of irrigation, drainage
and flood protection schemes, independently or in multidisciplinary teams;
• to enable them to identify and evaluate land and water development options for different land uses and assess their technical,
economic, institutional and environmental feasibility;
• to enable them to engage in or advise project developers, system
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managers and water users on participatory development and
management, as well as on modernisation of irrigation, drainage
and flood protection schemes;
• to promote that they acquire knowledge and understanding
of contemporary research issues in the field of land and water
development;
• to enable them to formulate research questions, articulate research
methodologies, develop study plans, and adequately communicate
research results and conclusions in written and oral forms to a
wide variety of audience.
The research of our Core focused on four research lines:
• hydraulic structures and hydraulic systems;
• environmental impacts of hydraulic works;
• institutional and socio-economic aspects of system management;
• integrated lowland development and management.
We did this under rapidly changing conditions as once expressed
by Lester Brown in the annual report of 1996 of his Institute:
The pace of change in our world is speeding up, accelerating to the point
where it threatens to overwhelm the management capacity of political
leaders. This acceleration in history comes not only from advancing
technology, but also from unprecedented world population growth, even
faster economic growth, and the increasingly frequent collisions between
expanding human demands and the limits of the earth’s natural systems.
Lester R. Brown, 1996
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Steampower pumping station De Lijnden. One of the three
pumping stations by which the Haarlemmermeer in the
Netherlands was drained in the middle of the nineteenth century
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Population, its growth and
its standard of living
Basis for our activities is the worlds’ population and its growth as
illustrated in Table 1 and Figure 1. In our work we generally use a
distinction in developed, emerging and least developed countries1.
The developed countries house almost one billion people and there
is only a marginal population growth. The least developed countries
are home to nearly 800 million people and there is a rapid population
growth resulting in an estimated duplication by 2050. The emerging
countries house almost 5 billion people (74% of worlds’ population).
There is a significant population growth, resulting in an expected
30% increase by 2050.
Table 1. Continents and types of countries ranked according to population density with reference to arable land (after Schultz et al., 2009a; data
UNDP Population Reference Bureau).
Continent/
Type of country

Total
area in
10 6 ha

Arable
land in
10 6 ha

Total population
in million

Population density in persons/km2
with reference to
total area

arable land

2010

2050

2010

2050

2010

2050

Asia

3,180

572

4,020

5,220

126

703

164

913

Africa

3,040

225

965

1,890

32

429

62

840

Europe

2,300

301

731

700

32

243

30

233

America

4,250

391

901

1,170

21

230

28

299

Oceania
World

852

53

35

50

4

66

6

94

13,600

1,540

6,670

9,020

49

433

66

586

293

Developed

3,200

372

956

1,090

30

257

34

Emerging

8,340

1010

4,920

6,350

59

487

76

629

Least developed

2,080

155

798

1,580

38

515

76

1020

Developed countries. Most of the countries in Western and Central Europe, North America and some countries in Central and South
America, the larger countries in Oceania and some countries in Asia. Emerging countries. Most of the Eastern European countries
(including Russia), most countries in Central and South America, most countries in Asia (including China, India and Indonesia), and
several countries in Africa. Least developed countries. Most countries in Africa, several countries in Asia, 1 country in Central America
and most of the smaller countries in Oceania.
1
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In the developed countries, most of the urbanisation has already taken
place, but still an increase in the urban population may be expected.
In the emerging countries a significant increase in urban population
is expected from 2.4 billion at present to 4.4 billion by 2050 (Figure
2a). On the other hand in the same period the rural population is
expected to reduce in the developed and emerging countries and to
increase only slightly in the least developed countries (Figure 2b).
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Figure 1. World population
growth (after Schultz et al., 2009a; data UNDP
Year
Population Reference Bureau).
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Figure 2. Development of urban (a) and rural (b) population in the three
different types of countries and at the global scale (Schultz, 2011a).
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Water resources development
Since thousands of years people have tried to make use of water
and to protect themselves against it. Until about the 17th century
various projects were implemented at a local scale, without a clear
recognition of the phenomena involved and of the side effects. Still
today the direct influence of man’s water management activities
concerns less than 1% of the water resources on earth, the fresh
water lakes, water courses, and groundwater (Table 2). However,
the side effects of man’s activities influence almost all the accessible waters on earth. Due to this we are more and more concerned
about the sustainability of our activities. In the past we did not have
Table 2. World water resources; renewable periods are calculated as the
mean volume divided by the mean flux (UNESCO, 2006).
Location

Ocean
Groundwater (gravity and capillary)
Predominantly fresh water
Soil moisture

Volume
(103 km3)

% of total
vol. in
hydrosphere

% of
freshwater

vol.
recycled
annually
(km3)

renewal
period years

1,338,000
23,400*

96.5

505,000

2,500

1.7

16,700

10,530

0.76

30.1

1,400

16,500

1

16.5

0.001

0.05

24,064
21,600
2,340
83.5
40.6
300

1.74
1.56
0.17
0.006
0.003
0.022

68.7
61.7
6.68
0.24
0.12
0.86

176.4
91.0
85.4

0.013
0.007
0.006

0.26

Marshes and swamps

11.5

0.0008

0.03

2,294

5

River water

2.12

0.0002

0.006

43,000

16 days

Biological water

1.12

0.0001

0.003

Water in atmosphere

12.9

0.001

0.04

600,000

8 days

1,386,000

100

35,029.2

2.53

Glaciers and permanent snow cover
• Antarctica
• Greenland
• Arctic Islands
• Mountainous regions
• Ground ice (permafrost)
Water in lakes
• Fresh
• Salt

Total volume in hydrosphere
Total freshwater

2,477

9,700

25
30

1,600
10,000

10,376

17

100

* Excluding groundwater in the Antarctic estimated at 2 million km3, including freshwater of about 1 million km3
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to bother so much about this, but increasing population pressure,
changes in food production practices, and mining, or even exhaustion of resources have increased our concern.
Nearly all the precipitation falling on the land is derived from
the oceans. Only 10% of it originates from evapo(transpi)ration from
the land. Within the hydrological cycle there is a branching cycle of
water diversion, including water consumption through irrigation,
domestic and industrial water supply and drainage - expressing the
influence of man (Figure 3). An important unit in these cycles is the
river basin. Water balances and possible changes by man’s activities
play an important role. Water balances of river basins may show
large differences. For example, discharges range from only 14% of
the precipitation for the Nile River to 70% for the Orinoco River.
Initially, water balances and the influence of man’s activities were
only taken into account from a water quantity point of view; in

Water vapour in the
atmosphere above land

Water vapour in the
atmosphere above ocean

Water vapour
Interchange

Precipitation

Intake of
water

Evaporation

Water users

Evaporation

Precipitation

Water consumption

Drainage

Branching cycle
Land

Runoff
into ocean

Ocean

Figure 3. Scheme of the hydrological cycle with the branching cycle
(Rodda and Matalas, 1987).
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some cases salt balances were made as well. Nowadays, there is an
increasing requirement to include all relevant quantity and quality
aspects of the water balances. This needs to result in an approach for
land and water development programmes that they are technically
and economically sound, and will result in sustainable development
and exploitation of water resources.
In relation to land and water development programmes, the
meteorological factors precipitation and evapo(transpi)ration are
of special importance. In case the difference between precipitation
and evapo(transpi)ration is negative, it determines the need for irrigation. In case of a surplus, it is decisive for the amount of water
to be discharged. Short-term rainfall extremes are important in the
design of drainage and flood management schemes. Depending on
the ratio between rainfall intensity and infiltration capacity of the
soil, all rainfall can infiltrate, or part of it is stored on the surface
and may cause overland flow. In urban areas infiltration is much
lower than in rural areas, as part of the soil is ‘covered’ by streets,
houses and squares. In relation to groundwater, the unsaturated
zone and the saturated zone can be distinguished. The conditions
in the unsaturated zone, like actual moisture content, wilting point,
field capacity and saturation are of importance for the growth of
dry food crops. Related to water management soils show a wide
variety. For example, the porosity may range from 45% for clay to
5% for limestone, and the permeability from 200 m/day for gravel
to 0.04 m/day for clay. These differences influence the suitability
of the various soil types as well as the design criteria for irrigation
and drainage schemes.
All rain water that falls on the earth and is not evaporated, transpired, or withdrawn artificially, contributes to the flow of rivers.
Dependent on different components, like size of the river basin,
slope in the terrain and soil texture, discharge to the rivers differs.
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Depending on man’s activities, quality and quantity of water that
enters the rivers may differ as well. Both quantity and quality of
the river water will determine if it is useful for irrigation, domestic
or industrial water supply.

11

Global food production
At present the global food production is more or less sufficient to
fulfil the needs (Core Group Theme 2.2, 2012). Present problems
with food shortage are mainly related to distribution and regional
imbalance. The global food production is realised at a cultivated area
of about 1.5 billion ha, which is 12% of the total land area. During
the last decades, a very substantial global increase in agricultural
production has been realised, amongst others by introduction of
High Yielding Varieties of rice (HYV) and improvement of water
management systems. Over the period 1999 - 2008 the developed
countries had an export surplus of about 7.6% of their cereal production. The emerging countries were net cereal importers, but only at
the marginal level of 2.6% compared to their own production. The

1,600
1,400
1,200
1,000
800
600
400
200
0
-200

Developed countries

Pr. in million ton

Emerging countries

Pr. in kg/inhabitant

Least developed countries

NTS in million ton

NTS in kg/inhabitant

Figure 4. Some characteristic average data with respect to cereal
production. Pr. = production, NTS = net trade surplus (+) export, (-) import
(data Food and Agricultural Organisation (FAO))
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least developed countries have imported on average 4.4% of their own
production, or received it as food aid (Figure 4). However, because
of the increase in population and in consumption per person, there
is the requirement to achieve duplication in cereal production in
the next 25 - 30 years. This would have to be obtained by realising
higher yields - where possible double, or even triple cropping - at
existing agricultural lands and/or reclamation of new land. In addition a significant increase in livestock will be required. There is
a common understanding that 80 - 90% of the increase will have
to come from existing agricultural land and only 10 - 20% from
land reclamation.
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Developments in
flood prone areas
Lowland, flood prone areas2 are by their physical conditions generally sensitive areas with a high ecological value. Therefore they are
basically unsuitable for development. However, due to the in many
cases strategic location and/or suitability for agricultural production
there is often a tremendous pressure to develop these areas for various
types of land use, especially in densely populated countries. Due to
this there is an increase in buildings, water management facilities
and infrastructure, as well as improvement in agriculture and value
of crops. In quite some cases urbanisation and industrialisation is
taking place in originally agricultural lands. Due to this the value
of property, buildings and infrastructure has significantly increased
and will further increase in future. The urbanisation process in
flood prone areas has far-reaching consequences for impacts on
hydrological regimes, water management and flood protection.
Flooding is not necessary devastating, it can also be very beneficial if people are used to live with flood and can make use of it,
for example for agriculture or fisheries.
Although developments in flood prone areas of developed
countries may be characterised by stabilisation, or small growth of
population, there is still significant growth in value of public and
private property. In several of these countries significant flooding
is still occurring, resulting in high damage, but generally a limited
number of casualties. In emerging countries developments may be
2

The terms of flood and flooding may have a different meaning. In this address I use:
• flood. A temporary condition of surface water (river, lake, sea), in which the water level and/or discharge exceed a certain value,
thereby escaping from their normal confines. However, this does not necessarily result in flooding (Munich-Re, 1997);
• flooding. Overflowing or failing of the normal confines of a river, stream, lake, canal, sea or accumulation of water as a result of heavy
precipitation by lacking or exceedance of the discharge capacity of drains, both affecting areas which are normally not submerged
(Douben and Ratnayake, 2006).
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characterised by: rapid growth of urban areas resulting in removal
of storage areas in the direct surrounding and increase in discharge,
need for optimisation of flood protection measures related to increase
in value of protected properties and population growth, need for
modernisation of urban drainage and flood protection schemes
and the need of certain level of cost recovery from stakeholders.
Especially in flood prone areas in South and East Asia we may
observe a very rapid growth of cities in flood prone areas. During
past decades cities like: Bangkok, Dhaka, Hanoi, Ho Chi Minh
City, Jakarta, Manila, Osaka, Shanghai, Taipei and Wuhan have
transformed from less than one - two million inhabitants to more
than 10 million inhabitants (Figure 5). Increase in value of property
has been in general even more rapid.
In the period 2000-2009 floods created more than 50% of the
natural catastrophes, affected 95 million people per year and resulted in damage of about US$ 19 billion annually. Related to flood
management and flood protection four developments will deserve all
attention of those who are in charge of such measures along rivers,
as well as in coastal and deltaic areas: increase of population and
industrialization in deltaic and coastal areas, rapid increase in value
of property in urban and industrial areas, higher protection levels
for the rural area, because of higher quality agricultural production
and impacts of climate change.
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1950

2015

Figure 5. Cities with more than 5 million inhabitants in 1950 and 2015.
(Data source: U.N. Population Division).
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Plate indicating peak floods in the Yellow River, China and related
water levels showing the effect of sedimentation

17

A nation that fails to plan intelligently for the development and protection of its precious waters will be condemned to wither because of its
shortsightedness. The hard lessons of history are clear, written on the
deserted sands and ruins of once proud civilizations.
President Lyndon B. Johnson, 1968

Water management
Man can manage and use the water by several measures, like hydraulic
structures, irrigation, drainage, water supply and protection. Water
can be ‘polluted’ by man in several ways, like solid or liquid wastes
from agriculture and industries, domestic wastewater, and discharge
of cooling water. For many centuries water management was mainly
focused on water quantity control, by water supply or drainage. In
an increasing number of countries nowadays we may speak about
water quantity and water quality control, although at different levels
of service, more or less dependent on the respective standards of
living. Quite some countries have made the step to integrated water
(resources) management in their practice. Important in the design
of water management systems is that in the present-day practice,
aspects of risk and uncertainty are incorporated in the designs.
One accepts that at one time in some period there can be a failure.
The smallest water management unit is a field. The water management strategy at this level would have to focus at maintaining
the groundwater table at an appropriate level for particular soil,
climate and land use conditions. The analysis is mainly related to the
hydraulic response of the water management system and the solute
transport in groundwater and open water. The factors influencing
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the composition and dimensions of a water management system are
meteorology, land use, soil, (geo)hydrology, water quality, reclamation, modernisation and management of outside water. Based on
these factors, the level of service required and a proper investigation
of side effects, water management systems can be designed. What
also can be observed is that water management in many regions
is becoming more adapted to diversification in land use, and not
exclusively anymore for agricultural use.
The types of land use and their distribution over an area can
influence part or the entire water management system. There are
several systems of parcelling out, which easily can be distinguished
in the landscape. They generally form the basis for the layout of the
water management system. The choice between cultivation of rice
or dry food crops will have a direct influence on the parcelling, as
well as on the dimensions of the water management systems. The
same holds true for the farm sizes and farming systems that are
envisaged in an area. They strongly determine the attractiveness
of the environment for the stakeholders and thus the success of a
scheme. The level of service that may be expected from the water
management system has to fit in such an approach.
Developments depend on the physical conditions at a given
place. In my country the Netherlands, for example, the first water
management activities aimed at draining waterlogged lands. This
was followed by providing a certain safety against floods, which
was initially realised by making artificial mounds and in a later
stage by building dikes. Then came the stage of agricultural water
management, which implied discharge of excess water during winter
and to a certain extent water level control during summer. Later it
also included the provision of water for the higher areas. In the 20th
century, after the Second World War, we ran into a wide variety of
water quality problems, which drew much attention in the 1970s
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and 1980s. In the 1990s, attention was drawn to a wider concept of
water management, called ‘integrated water management’. In this
concept, account is taken of all functions waters fulfil, including
those of nature and environment, so that these functions can be
secured on the long-term. This approach was even more stressed by
the European Water Framework Directive. Since then the water in
the Member States needs to be treated as an ecosystem and we have
to take care that our measures will not deteriorate the environment
(European Commission, 2000).
Irrigation
For many centuries, irrigation has enabled societies to produce
sufficient food. Traditionally, surface water was diverted to make
a better use of it or groundwater was taken from shallow hand-dug
wells. An irrigation system may be composed of an inlet structure, a
main irrigation system and a field irrigation system. Due to irrigation,
accumulation of salt may occur in the root zone of the crops, which
affects agricultural yields. In case the groundwater is brackish and
at shallow depth, capillary rise may supply still more salt to the root
zone. To control salinity, an additional amount of irrigation water in
excess of the consumptive use may have to be applied to leach the
salts from the root zone. The leachate generally has to be removed
by a drainage system and may cause problems for the downstream
water users. Since the 1950s there has been a more than three-fold
expansion in world’s irrigated area, which has strongly contributed
to the situation that the overall food supply in the world meets the
need. It has also resulted in some typical problems that will need
careful attention and effort to prevent and solve them. I would like
to mention the following problems:
• in arid and semi-arid regions: waterlogging and salinisation,
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mining of groundwater resources, negative impacts of new developments for downstream water users and complicated water
right situations;
• in temperate humid and humid tropical regions: polluted drainage
water due to salinisation or the use of fertilisers and pesticides,
water shortages downstream of rivers, trans-boundary problems
in river basins.
The design and construction of the inlet structure has always been
given substantial attention, and a rich experience is available all
over the world. In addition to the hydraulic properties of the inlet
structure, the sediment control functions are of crucial importance
to get an optimal benefit of the inlet water and to prevent sediment
accumulation in the irrigation canals as much as possible. Regarding
the main irrigation system some less successful developments may
be mentioned. All the tools are available to design such systems, like
all kind of formulas and computer programmes for steady and non
steady flow, data base systems, Geographic Information Systems
(GIS) and Computer Aided Design (CAD). All these tools may result
in sound designs and construction. However, the word sound needs
to be interpreted carefully. It does not only mean that the system has
to be technically sound, but it especially refers to the level of service
that can be realised. In fact, the construction of any infrastructure for
irrigation or drainage does not yield benefits. The benefits only arise
when the structure is operated and maintained properly, enabling the
farmers to get a good yield from their crops. Over the years there
have been important innovations in field irrigation systems. All
kinds of micro irrigation systems have been developed. At present
these systems cover about 42 million ha (International Commission
on Irrigation and Drainage (ICID)). In this respect also the climate
control in greenhouses has to be mentioned. In fact it is the most
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advanced field irrigation system. However, this system has also
caused tremendous side effects through the discharge of polluted
drainage water. Nowadays, the drainage water of greenhouses can
be monitored and mixed with fresh water and fertilizers to reach
the required quality and recycled.
Generally, the installation, maintenance and operation of field
irrigation systems is the responsibility of the farmers. This may
imply that large investments have been made by a government for the
design and construction of the inlet structure and the main system,
whereas the benefits have been only marginal as the farmers did
not even know which benefits they could get, and how these could
be obtained. When a farmer does not install or maintain his field
irrigation system properly, he and maybe also his neighbours will
not get the envisaged amounts of water. The insufficient attention
that has been paid in quite some places to the field irrigation system
has caused an insufficient overall performance of several irrigation
systems.
Methods are now available to enable optimization in the design of
irrigation systems. Two types of optimization may be distinguished:
optimization of the actual water application by preventing overirrigation, controlling salinisation, or optimal under-irrigation and
optimization of the use of irrigation water in a river basin, partly
through distribution of irrigation water to the various schemes, and
partly through the use of water over various types of users, like
drinking water, irrigation water, hydropower and navigation. For
irrigation with groundwater there is the optimization of the exploitation of a groundwater resources system. For all these possibilities of
optimization there are computer models and information systems.
However, reliable data needed for their input are not always available. Another problem may be the absence of a legal framework
and a supporting control mechanism to get optimal use effected.
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Testfield for under irrigation for Teff in Ethiopia
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Because of this problem the overall performance may be less than
could be expected in the water resources framework.
Construction aspects of irrigation systems may refer to the structures in a system, construction equipment, equipment to control the
operation of the systems and the equipment to maintain the systems.
All this equipment is available in a wide range of possibilities,
ranging from manual to fully automated control, construction and
water application. Developments will not stop and new equipments
and materials will become available, leading to cheaper and more
efficient construction and operation. However, the basic problem is
not availability, but selection of appropriate equipment for the local
conditions. Especially the application of control equipment has to
be prepared very carefully with the stakeholders, as the operation of
this equipment directly influences their benefits. Any imbalance in
water supply will easily result in damaged structures and equipment.
In the traditional irrigation systems, water rights have developed
over a very long period. This has brought a kind of a balance in
the areas giving each user a more or less clear picture of his rights
and the amount of water he may expect. The operation of modern
surface irrigation systems is often a complicated matter, as many
of these systems are of a size and a layout that the traditional water
rights can not properly be applied anymore. This has frequently
resulted in tensions, cutting of bunds and dikes, and all other
kinds of activities that negatively influenced the functioning of
the systems. In this respect irrigation with groundwater results in
smaller management problems, as the relation between the system
and the benefit is quite clear to the farmers. However, in this case
the mining of groundwater may easily occur.
Of importance for maintenance are frequencies and activities.
Maintenance frequencies can be divided in routine (once or a few
times per year), periodic (once every five to twenty-five years), emer-
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gency and upgrading or modernisation. The maintenance activities
focus on shape, dimensions and flow resistance. The frequency of
routine and periodic maintenance varies from country to country,
and within a country from region to region. Important factors are
climate, soil type, growth rate of the vegetation, functions and
dimensions of the system, size of the area, budget, and policy of
the irrigation authority.
At large scale modernisation of irrigation systems in going-on.
It concerns the formulation of new objectives for the systems,
which are in line with the developments and needs. The measures
aim at improving the physical infrastructure, operation and maintenance activities, management as well as institutional measures.
Problems in operation, maintenance and management arise when
the socio-economic aspects are insufficiently taken into account
in the designs. It is easy to blame the stakeholders that they do not
make use of nicely designed and constructed systems in the way
as was foreseen. In my opinion, in such cases we also may have to
blame the designer for the fact that the needs of the stakeholders
were insufficiently taken into account in the designs.
Drainage
A drainage system may be composed of a field drainage system, a
main drainage system and an outlet. The objectives of drainage are
to create well-drained arable land, and/or to prevent soil salinisation.
Three types of drainage can be distinguished: crop-season drainage,
in areas with a rainfall excess during the cropping period, off-season
drainage, in areas with rainfall excess in the non-cropping season
and salt drainage, the prevention and combat of soil salinisation in
irrigated areas. In flat areas, the water level at the outlet governs the
hydraulic head available for the drainage flow. It also determines
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whether the area can be drained by gravity or requires pumping.
In 1940, Hooghoudt published his well known analytical solution of flow of groundwater to field drains. After him, many other
scientists improved and extended Hooghoudts work. Nowadays, with
the help of computers, practically each drainage flow problem can
be solved. In the calculation, distinction has to be made between
determinations of drain depth and drain spacing, and the required
transport capacity of the drains. The optimal drainage may vary
considerably, depending on the local economic conditions and
agricultural standards. Recent developments focus on integrated
computer models which simulate the moisture regime in the saturated and unsaturated zone in relation to water supply and drainage,
evapotranspiration and climatic parameters. The results, expressed
in moisture and oxygen availability, are then evaluated in terms of
crop development and yield.
The primary function of the main drains is to receive water from
the field drainage system and convey it to the outlet. The design of
a main drainage system may be divided into selection of type and
layout of the system, and determination of the hydraulic dimensions of the components. From the hydraulic characteristics of the
field drains, the amount of water to be evacuated can be derived to
obtain the required degree of water control. The discharge capacity
of the main drainage system is normally such that a prescribed water
level is not exceeded during a certain time at a certain chance of
occurrence. This, together with the accepted velocity in the different
parts, determines the cross-sections. The outlet capacity depends
very much on the admissible storage. Two design approaches may
be followed: the traditional empirical design and optimization. In
the latter approach, investments and operation and maintenance
costs of the drainage system are compared with the yields and
damage that can be expected in relation to the functioning of the
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system. Discharge sluices are applied when due to variation in water
levels of receiving water bodies drainage might be hampered. The
propagation of abnormally high sea levels, in combination with
the effects of river floods, is an important factor in the design of
such structures. In case the outer waters cause a prolonged period
of impeded drainage, additional measures, such as pumping, are
needed to ensure adequate drainage. As the outlet may be part of a
flood protection system of an area it needs to be constructed in such
a way that it does not weaken the protection function. A drainage
pumping station may have to operate from a few days annually, to
more extended periods. In some situations, need for pumping may
develop gradually by increased requirements, or due to subsidence
or rise of the mean sea level. While extreme short term runoff
provides the basis for determining pumping capacity, seasonal
distribution of rainfall and runoff may have considerable effect in
the final analysis and yearly runoff is useful in estimating annual
operating costs. Agricultural production strongly depends on the
drainage system performance, which on its turn is governed by the
quality of operation and maintenance. The level of and relationship
between the main elements of the drainage system would have to
be determined such that an optimal system is created. In this way
annual cost of construction, operation and maintenance of the system
as well as yield reductions and damage are kept to a minimum.
Construction aspects of drainage systems may refer to the materials that are used and to the machines and equipment for the actual
construction, operation, maintenance and monitoring. Also in this
case a wide range of materials and equipment is available, and many
new developments may be mentioned like improved installation and
construction techniques, improved equipment for the maintenance
of drains and automation in the operation of the systems. Structures
in main drains refer to weirs, bridges and culverts, but also to bank
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and bed protection. Outlet structures can be a drainage sluice, a
gated culvert, or a pump. Pumps suited to most drainage conditions
must operate efficiently while moving comparatively large quantities
of water at low heads. They also may have to handle substantial
amounts of sediment and trash. Several machines and instruments
have been developed to establish a proper construction or installation
of drains. The equipment may be divided in: dredging equipment,
excavation machines for drainage, equipment for construction control, ancillary machinery and equipment, maintenance machinery
and equipment for inspection of drains. For the control of aquatic
vegetation in open drains three types of approaches are available:
mechanical, chemical and biological.
The need for maintenance of drainage systems differs fundamentally from that of irrigation systems. Generally, maintenance
of irrigation systems has to be executed just before the start of the
irrigation season and/or during this period. The irrigation water
is supplied in more or less known quantities, whereas it is generally obvious to the farmers or the authority in charge that without
maintenance the crops will suffer from inadequate water supply. The
maintenance of drainage systems is of a more preventive nature. It
has to be executed before a, to a certain extent unknown, wet period
during which the drains have to fulfil their function. The amount
of drainage water to be stored and transported may vary considerably, and the damage resulting from insufficient drainage may arise
much later than the occurrence of the wet period. Maintenance can
either aim at removing the cause of insufficient drainage system
performance or at preventing this from happening. In the first case
a proper monitoring is required, in the latter a schedule is needed,
indicating the maintenance activities and their planning.
It seems straightforward that maintenance should be considered
the responsibility of the farmers. However, if this is realistic depends
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very much on the local conditions. In situations with a long drainage
tradition and/or where drainage gradually developed from small,
farm scale to larger scale, maintenance can be organized according
to this approach. In situations where drainage systems were developed and installed by the government and then made available to
the farmers, it seems neither realistic that in the initial stages the
farmers will able to maintain the entire system, nor that they can
cover the cost for an agency that could be responsible for the maintenance. On the other hand it is also not realistic to expect that the
government remains fully responsible for the entire maintenance
forever. Therefore, in order to safeguard a sustainable functioning
of the system, a framework would have to be available in such a
way that after a certain initial period the farmers will be able to
execute or fund the maintenance of the entire system themselves.
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Water management
for food production
With respect to water management related to agricultural production
there are broadly speaking three agro-climatologic zone’s, being:
temperate humid zone, arid and semi-arid zone and humid tropical
zone. In addition, in principle, four types of cultivation practices
may be distinguished, being:
• rainfed cultivation, without or with a drainage system;
• irrigated cultivation, without or with a drainage system.
Dependent on the local conditions different types of water management with different levels of service will be appropriate. In the
temperate humid zone agriculture generally takes place without
a water management system, or with a drainage system only.
Supplementary irrigation may be applied as well. In the arid and
semi arid zone agriculture is normally impossible without an irrigation system. Drainage systems may be applied as well for salinity
control and prevention of waterlogging. In the humid tropical zone
generally a distinction is made in cultivation during the wet and
the dry monsoon. During the wet monsoon cultivation is generally
possible with a drainage system only, although quite often irrigation is applied as well to overcome dry spells. In the dry monsoon
irrigation is generally required to enable a good yield.
At about 1.1 billion ha agricultural exploitation takes place without
a water management system (Table 3). From this area 45% of the
food production is being obtained. Presently irrigation covers 300
million ha, i.e. 18% of world’s arable land and is responsible for 40%
of crop output. It uses about 70% of waters withdrawn from global
river systems. About 60% of such waters are used consumptively,
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the rest returning to the river systems. Drainage of rainfed crops
covers about 130 million ha, i.e. 9% of world’s arable land. In about
60 million ha of the irrigated lands there is a drainage system as
well. From the 130 million ha rainfed drained land about 15% of
the crop output is obtained (Schultz et al., 2005a).
Table 3. Role of water management in agricultural cultivation practices
in the different continents (Schultz et al., 2005).
Continent/
Type of country

Water management practice in % of the arable land
No system

Drainage *)

Irrigation **)

Asia

56

10

34

Africa

92

2

6

Europe

74

18

8

America

73

17

11

Oceania

90

4

5

World

70

12

18

Developed countries

64

25

12

Emerging countries

70

8

22

Least developed countries

86

3

11

*) In total about 130 * 10 6 ha rainfed and 60 * 10 6 ha drainage of irrigated areas
**) Irrigation may include drainage as well

With respect to the actual water management it is important who
are really the actors (Figure 6). Responsible are government, irrigation and drainage agencies and farmers. This implies that in
order to achieve sustainable solutions these three parties have to
agree on their role and share in water management in a region. All
others contribute. They are needed and have a function for various
reasons, but by the end of the day they are not responsible.
We may expect the following future directions in water management for food production: integrated water management, developments in irrigation and drainage, integrated planning, sustainable
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development and acceptable environmental impacts. In addition to
what was already stated before with respect to the developments
in irrigation and drainage I like to give some background on these
directions. In the rainfed areas without a water management system
some improvements can be made by water harvesting, and river basin
management. Such measures may undoubtedly help to improve the
livelihood of poor farm families. There is, however, no way that the
cultivated area without a water management system can contribute
significantly to the required increase in food production. Due to this
the share of irrigated and drained areas in food production will have
to increase. This will result in a shift to the contribution to the total
food production towards the areas with a water management system.
It will be extremely difficult to achieve this in an environmentally
sustainable way, especially in the emerging countries.

RESPONSIBLE		

Government

Policy,
legislation,
national waters

Agencies

Main and
distributary
systems

CONTRIBUTING

Consultants
Contractors, manufacturers
Universities, schools
Research institutes
Banks, donors

Farmers

Field systems

Int. organisations, NGO’s
Farmers associations

Figure 6. Actors in agricultural water management (Schultz et al., 2005a).
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In relation to the improvement and expansion of irrigation and
drainage there are certain specific issues that deserve our attention.
With respect to this we see that in the developed countries a lot has
already been achieved, but that especially in the emerging countries
several issues need to be solved and that significant efforts will be
required from the parties concerned (Figure 6) to find sustainable
solutions. It regards especially: required increase in water productivity (Perry, 2007) and water saving, institutional reforms in the

Congratulations for three chairmen of Water Users Associations
in the tidal lowlands in the Musi Delta, South Sumatra, Indonesia,
who have just obtained their legal documents
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direction of stakeholder controlled management and government
support for modernisation and reclamation, increased stakeholder
participation, transfer of systems, or of responsibilities, modernisation and cost recovery. With respect to this it is of importance that
in these countries a significant part of the irrigation and drainage
systems is more than thirty years old. While most of the increase
in food production will have to come from existing cultivated
land, the issue of modernisation, including the related institutional
reforms and cost recovery aspects will deserve major attention in
the coming decades. The economic and financial questions that
arise with respect to irrigation and drainage system management
transfer concern especially: determination of best modernisation
options, modernisation cost, resulting cost and efforts for operation
and maintenance of the modernised systems, full cost recovery, or
sustainable cost recovery, cost sharing and capacity to pay (Tardieu,
2005). With respect to the modernisation of irrigation and drainage systems in emerging countries Governments are increasingly
funding programmes and projects from their own budget and not
anymore through donor funding. In fact more or less two tracks have
developed in these countries, being government budget funding
predominantly focusing on the increase in food production and the
improvement of the standard of living in the rural area, and donor
support and funding with a strong focus on poverty alleviation.
Transfers of systems, or of responsibilities are especially taking
place in emerging countries in Asia, Central and South America
and in Central and Eastern European Countries. These transfers
may require quite different approaches. In the emerging countries
there is generally a farmer population and until recently the main
responsibility for operation and maintenance was in most cases in
the hands of the Central Government. In such cases the transfers
concern the transfer of responsibility and may be of ownership of
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parts of the systems from the government to farmers (Figure 7). In
the European countries with a transition economy, specific problems
concern: the layout of the systems - which is mostly based on the
former large-scale type of agricultural production - the transfer of
irrigation system management from the traditional government
agencies towards water management agencies and water users associations, the funding of modernization and resulting operation
and maintenance, lack of good governance, unaffordable pumping
systems and environmental degradation. In some of the countries
there is even not a clear farmer population. These issues make the
transfer process quite complicated.

MODERNIZATION

OPERATION AND MAINTENANCE

Government
Policy and legislation
Projects of National importance
Funding by Government
Government Budget and
loans from development banks

Government
Policy and legislation
National waters and major structures
Funding by Government
Recurrent Budget

Agencies
Main and distributary systems
Funding by government and farmers
based on an agreed sharing of costs
Government budget, loans form
Development or private bank, farmers

Agencies
Main and distributary systems
Funding by farmers
May be Government subsidy
Funding by farmers
May be Recurrent Government Budget

Farmers
Field systems
Funding or by their labour
May be with Government subsidy
Government subsidy, loans from
private banks, their own money or labour

Farmers
Field systems
Funding or by their labour
Their own money or labour
May be loans by private banks

Figure 7. Responsibilities and funding options for modernization and
operation and maintenance of systems when they have been modernised
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Regarding the economic and financial aspects of irrigation management transfers in European countries with a transition economy three
aspects are of special importance: government policy on agriculture
and rural development, required area of agricultural lands and the
part of these lands where irrigation and/or drainage can by applied
under the new conditions, to find solutions that result in sustainable irrigation and drainage system management after transfer. It
also has to be realised that in several of the countries a complete
agricultural reform is required, before irrigation or drainage system
management transfer can be successfully planned and implemented,
while in these countries the farmers are still quite uncertain about
their future and therefore not in a position to commit themselves
to responsibilities that they cannot afford.
Especially in the arid and semi-arid zone the required increase in
water productivity and water saving is a very important issue, while
in quite some systems mining of ground and surface water resources
is going on. Technologically many solutions are available, but the
problem is often how the available solutions can be implemented
under the specific conditions of the different systems.
Irrigation and drainage are no isolated activities. They play a
role in societies and have to be treated, also taking into account
such issues. Therefore of importance are links between irrigation,
drainage and flood protection, and food security, rural development
and livelihood and basin wide planning for integrated development
and management. With respect to the first issue up to about 2000
there was a major complication created by the low world market
prices for cereals, which were significantly hampering development.
For certain basic crops the price development since 1985 is given
in Figure 8. Especially the price for rice has shown a dramatic drop
up to 2001. Since then the prices have been rising, at first gradually
and around 2008 significantly. This has brought them at a level that
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is three times as high as around 2001. The present prices make it
relatively easy to find adequate economically feasible solutions and
investments for agricultural water management, provided that the
increases exceed the increase in production cost.
With respect to irrigation in the context of basin wide planning
the required increase in storages, either surface water reservoirs,
or groundwater reservoirs, plays an important role, especially in
the emerging countries.
All land and water development projects have side effects. The
challenge has been and will be to keep the negative environmental
impacts at an acceptable level and to support positive environmental
impacts as far as reasonably possible. Of special importance are:
controlled application of fertilisers and pesticides, quality criteria
and quality control for drainage waters, prevention of waterlogging and salinization and prevention of depletion of surface and
groundwater resources.

Price in US$/ton

800
600
400
200
0
1985

1990

1995
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2010

Year
Wheat

Maize

Rice

Figure 8. Development of world market prices for certain important basic
crops (data International Monetary Fund (IMF).
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Increased yields per ha can be achieved by better water management, application of fertilisers and pesticides, soil treatment
practices, new varieties and genetic manipulation. The last type of
measures, however, is still subject to quite some debate about its
acceptability. However, there are upper limits to each of these possibilities. Especially the application of fertilisers and pesticides has
to be done in a controlled way in order to prevent harmful effects
on the environment.
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Inlet of irrigation water from Tarbela Reservoir, Pakistan, through
a tunnel to Pehure High Level Canal
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I don’t think anybody anticipated the breach of the levees.
They did anticipate a serious storm.
But these levees got breached.
And as a result, much of New Orleans is flooded.
And now we are having to deal with it and will.
George W. Bush, 2005

Drainage and flood protection
In urban areas water may have different roles, being: temporal
storage and transport of surplus rainwater, aesthetic function and
recreational function. First priority is generally given to the drainage
function of the urban watercourses. However, this function can be
very well combined with the aesthetic and recreational functions,
if these aspects are taken into account in the design of the urban
watercourses. This can be done, for example, by including urban
water in parks, or other recreational areas, or incorporating the
water in the lay out of housing areas.
The drainage design standards for urban areas are generally
significantly higher than those for systems in rural areas, as the
period between precipitation and the resulting drainage is much
shorter, which is caused by the large percentage of paved surfaces
in an urban area. Another important reason for this is that the
value of public and private property per hectare in an urban area is
many times the value per ha in a rural area. This also implies that
urbanisation in a rural area generally results in an increased input
to the surrounding rural watercourses. This requires provisions
in these water management systems in order to cope with such
inputs. However, the responsibility for the water management of
these systems is generally with another agency than the municipal-
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ity that is in charge for the urban water management. Therefore,
due to the rapid urbanisation that is on-going especially in the
emerging countries, increasingly problems occur to achieve an
adequate overall water management where the interests of both
the urban and rural community are being served at the required
level of service.
Another aspect related to urban growth and water management is
the required increase in domestic and industrial water supply. This
growth is estimated to increase two to three times in the next 25
years. In several countries this has already resulted in water shortages and increased competition with the water use for irrigation.
Most of the domestic and industrial water is discharged untreated to
the open water courses, which can cause heavy pollution in densely
populated areas. Therefore wastewater treatment and where possible
recycling are needed at a large scale. In fact such developments are
still in their initial stages and a lot of work will have to be done to
create sustainable conditions.
In low-lying areas, man often has to protect himself against water
by controlling the river, or by building dikes. Flood protection may
cause side effects of a hydraulic and morphological nature, whereas
elimination of the overland flow may result in a rise of the river
flood levels and changes in the sediment transport. With respect
to actual measures for flood protection a distinction can be made
between structural and non-structural measures:
• structural measures: dams, dikes, storm-surge barriers, etc. In
fact it concerns physical provisions to reduce the risk of flooding;
• non-structural measures: flood forecasting, flood warning, flood
mapping, evacuation plans, land use zoning, etc.
Dikes can be divided into sea dikes, river dikes and dikes along
canals and inland waters. In the past, the crest height of a dike was
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determined by the highest known flood level. Little was known
about the relationship between the cost of preventing flooding
and the cost of the damage that might result from it. In modern
design, use is made of knowledge about forces acting on a dike, the
strength of its structural elements and probabilistic design methods.
The occurrence of extremely high water levels can be described
adequately in terms of frequency. However, the curves of extreme
water levels, based on a relatively short period of observations, have
to be extrapolated into regions far beyond the field of observation.
Therefore the dike can never be designed in such a way that the risk
of failure can be excluded.
Flood protection measures can best be developed based on the
so-called safety chain, which consists of five components: pro-action,
prevention, preparedness, response, aftercare. Pro-action concerns
removal of structural causes of disasters in order to prevent that
they occur. One can think of removal of abandoned structures and
buildings, ‘illegal’ developments in the floodplain or river foreland,
giving room to the river by lowering the river bed, removal of dike
sections and replacement of dikes inland, making by passes, etc..
Prevention concerns the measures to prevent accidents and disasters, and reduction of consequences if they nevertheless occur. One
could think of: flood forecasting and flood warning, as well as of
the structural measures that in principle can be taken. Preparedness
may involve measures to be sufficiently prepared to combat disasters
when they would occur, temporal structural measures (sandbags),
evacuation, refugee mounts, communication, medical aid, food and
drinking water supply. Response may concern the actual combat
of accidents and disasters, in fact controlled implementation of the
preparedness measures during a calamity. Finally after care may
concern activities with result that effects of accidents and disasters
will be repaired as fast as possible and enable affected persons to
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get back to a ‘normal’ situation and relations as soon as possible,
cleaning, repair, reconstruction, initial aid to those that are hit, and
reactivation of public services and economic activities.
Especially the rapid urbanisation in flood prone areas in the
emerging countries has resulted in the situation that the level of
flood protection is generally far below the economic optimum (actual
levels between chances of occurrence of 1 - 5% per year). In such
cases there is serious risk of loss of a large number of human lives
and serious damage when an extreme event would occur. Costs of
physical solutions are generally unaffordable for governments of
these countries. Developments in the least developed countries may
be characterised by similar processes as in the emerging countries,
although at a slower speed.
During the past years there have been quite some debates regarding the possible impacts of climate change on respectively: rise of
the mean sea level, change in river regimes and increase in peak
discharges of rivers, increase of droughts and increase in average
annual rainfall and in peak rainfalls. Although such developments
may be occurring, it is of importance that the possible changes in
design standards for water management and flood protection schemes
due to the above mentioned impacts of climate changes are generally
in the order of magnitude of 10 - 30% over the forthcoming century.
Locally there may be exceptions that can have more far reaching
consequences, for example when drainage by gravity would have to
be replaced by drainage by pumping. The impacts of man induced
changes in land use - increase in population, increase in value of
public and private property and increase in value of crops – however, are in the order of magnitude of 100 - 1,000% per century.
Therefore these increases would have to dominate significantly the
issue of climate change in decision-making on water management
and flood protection measures. So far this has generally not been the
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case. The effect that the increase in value of property may have on
design standards for flood protection is indicated in Figure 9. This
figure shows in essence that when the value of property in an area
is increasing the optimal level of safety would have to increase as
well. In this example from a chance of occurrence of about 4% per
year in 1960 to a chance of occurrence of 0.1% per year in 2010.
This would mean significant investments in flood protection, just to
maintain the economic optimal level. In this theoretical example the
increase in number of people in the flood prone area has even not
yet been taken into account. Therefore critical issues with respect
to flood protection will be:
• countries need a development strategy for short, medium and
long term perspectives;
• strong Central Government for policy development, standards,
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Figure 9. Interactions between design frequency, costs and damage
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laws and supervision;
• integrated flood management packages, especially for densely
populated flood prone areas need to be carefully developed and
implemented;
• responsibility and funding for operation, maintenance and
management of water management and flood protection as much
as possible with the stakeholders. Therefore development of
improvement works would have to be done in close consultation
with them.
The development and implementation of such plans is urgently
required. As with agricultural water management (Figure 6) it is
useful to realise who are the players in the field of urban drainage
and flood protection and what are their roles.
A special aspect in coastal areas is land subsidence, which may
have significant consequences for water management and flood
protection. It may imply that drainage by gravity in time will have
to be replaced by drainage by pumping.
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We are concerned about the natural disasters that hit us.
However, a significant part of these disasters are only so
disastrous while we started to live on volcanoes, on active
faults, along subsiding coasts and in floodplains of rivers.
Salomon Kroonenberg, 2006

Land and water development
The above shows that there is a great need for land and water development, aiming at the improvement of the living and production
conditions in rural areas, land reclamation, and development of
urban and industrial areas with related facilities. The development
programmes may strongly differ in type and scale. Answers to the
following crucial questions determine the living conditions of the
stakeholders for many decades: what will be the need for development,
which level of service will be required, what will be the role of the
government and what will be the side effects of the development.
As the land and water development specialist has to work within
this framework, I like to review some aspects on these four questions, especially from a technical point of view.
In each development programme, area and time scales may be
distinguished. For rural development, the area scales comprise:
field, project, local, region, country, and global. The time scales
comprise: one season, one year, the lifetime of elements of a project, one generation, one century. For urban development projects a
similar review can be made. The area scales would be in this case:
house/building, quarter, village/town, region, country, and global.
The time scales are similar to the scales for the rural area, although
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at the different levels, other important aspects may arise. Related
to every level, different questions arise and need to be solved in a
balanced way in order to realise sustainable programmes.
In conjunction with the scales, different stages may be distinguished, being: policy development, project identification, prefeasibility, feasibility, design, construction, operation, maintenance
and management, and upgrading, or modernisation. In each stage

Headwork of one of the main canals of the Gezira Irrigation Scheme
in Sudan
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a different detail of information and a type of study, planning and
design is required. In the preparatory stages, the level of service
and the side effects have to be taken into account in such a way that
systems are constructed, for which a proper operation, maintenance
and management can be expected. Society changes, and therefore
programmes have to be designed in such a flexible way, that after a
number of years upgrading or modernisation will be easily possible.
The need for development
The need for development in rural areas is generally determined by
the need to increase and/or to rationalize food production. In other
words, there is a direct link between the investments to be made
and the benefits to be expected. These benefits generally include
the increase in yields, but may also be expressed in a more efficient
production by better transport facilities, or an improved marketing
system. This direct link enables planners to identify which investments may be justified. Land and water development programmes
for rural areas have been generally purely agricultural development
projects. Increasingly also other land uses, like recreation and nature
conservation, are integrated in the plans. From a technical point of
view, the questions to be solved refer to the water management system, the infrastructure, the drinking water supply and sewerage and
required facilities. As all physical structures need to be maintained,
all these questions have to be taken into account from a design point
of view, and from an operation and maintenance point of view.
Investments in urban areas are generally justified by the need
for areas for living, industry, and/or commercial development. In
this case government investments generally have to be repaid by
the sale of land, or through taxes. These projects are more complex
than projects for rural areas, as many more components have to be

48

developed and integrated. Another essential difference is that investments per square metre are much higher in urban areas than those
needed in rural areas. From a technical point of view the questions
to be solved refer to the preparation of building sites, foundation
aspects, storage and removal of surplus rainwater, water supply
for green areas, infrastructure, drinking water supply, sewerage
and required facilities. The operation and maintenance of public
facilities is generally the responsibility of the municipality, who
will levy taxes to enable the financing of these works.
The required level of service
The success of a programme is strongly determined by the creation of an environment, that is attractive for the stakeholders to
initiate and continue the envisaged activities. On the one hand
this means, that the programme has to be attractive. On the other
hand it implies that it can be maintained adequately. In the design
of water management systems for rural areas, the determination
of the required level of service is a complicated matter, as the
interaction between water management and crop yield is difficult
to quantify. Insight in the sustainability of such systems requires
first of all insight in the expected crop yield, farm practices and
the capacity of the farmers to contribute to the required operation
and maintenance activities.
In urban areas, investments in property are generally that high,
that investments in urban water management, and if required flood
protection are easily justified. Here, however, the level of service
also concerns various recreational facilities, like parks and sport
fields, to make living in the urban area attractive.
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The role of the government
In most land and water development programmes the government
plays an important role, as she initiates developments that fit in her
development policy, and by preventing unwanted developments.
Concerning the technical aspects, she is in charge for land use, or
development plans, the required legal framework, standards concerning the functioning of systems, and the actual implementation.
Different levels in the government will play different roles.
The side effects of development
Each development will result in side effects. In many cases these
side effects have caused a lot of trouble. It is the responsibility of
the organisation in charge of the development, to identify possible
side effects and to prevent the negative ones as much as possible.
This can be realised by adapted design, and by establishing a legal
framework and control mechanism. Some typical side effects are
impact on the existing (geo)hydrological regime, damage to existing
natural values, and pollution of air, soil and water. Especially this last
aspect has resulted in many problems, leading to substantial costs
afterwards for cleaning what was polluted. To prevent negative side
effects as much as possible, many countries and donor organisations
demand an environmental impact analysis and appropriate measures.
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Inlet secondary canal Sunsari Morang Irrigation Scheme in Nepal
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Epilogue
I come to the conclusion of my valedictory address. As long as
population growth, increase in standards of living, urbanisation and
industrialisation go on, increasingly water management and flood
protection provisions will be required. A lot has been achieved,
however, a lot will have to be achieved in future to create and
maintain living conditions, to produce food at a sustainable basis
and to create acceptable living conditions in flood prone areas.
The scarce resources still available and the harm done by inadequate development activities forces us to approach new developments
with utmost care. In these conditions land and water development
specialists, have to operate. Many tools are available to enable to do
the work, whereas we can be sure that new tools will be developed.
With respect to the available means, one has to be prepared to make
large investments, both in physical infrastructure and in human
resources development. With regard to the environmental impacts
of land and water development programmes, we have to accept that
they will have a strong impact on the existing environmental regime.
Although we carefully have to approach this aspect, we also have to
be aware of the new environmental values that may be developed
within the framework of our programmes.
In this valedictory address I have tried to illustrate the importance
of a balance between planning, implementation, management and
sustainability of projects. Some aspects deserve special attention,
because they are strongly determining the sustainability of irrigation, drainage or flood protection schemes. The most important
aspect refers to the level of service and the capacity to pay. A water
management or flood protection scheme has to be designed in such
a way, that the stakeholders are able and are willing to contribute to
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at least the required operation and maintenance. When this can not
be established, the scheme will not be sustainable. This requires that
during the design phase a good insight has to be obtained about the
required operation and maintenance, related to the design alternatives, and the capacity of the future stakeholders to get this done.
Mr Chairman, Members of the Board of Governors,
I has been an honour for me to serve for almost twenty years as
Prof. Land and Water Development in this interesting institute.
Professor Szöllösi-Nagy, rector of UNESCO-IHE, dear András,
I have served under four rectors. I like to thank you and your predecessors for the inspiring leadership and for giving me the room
to develop the education and research of my Core in the way that I
considered the best for our students in light of their future role in
the least developed and emerging countries.
As a young engineer I was appointed by the IJsselmeerpolders
Development Authority. My work in the IJsselmeerpolders as well as
many missions abroad, have convinced me of the importance of a solid
scientific background in the preparation and planning of land and water
development projects. I like to express my gratitude to Rijkswaterstaat
to have enabled me to try to transfer the obtained knowledge to an
audience that will be involved in future land and water development
and management programmes and projects all over the world.
I am proud of the record of more than 200 Diploma Course and
Master of Engineering graduates, 190 Master of Science graduates
and 14 PhD graduates, with 11 still to complete.
Dear fellow land and water development specialists,
We live in a rapidly changing world. Our profession is intended
to support sustainable developments and a controlled use of the
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scarce land and water resources. While most of our works changes
an existing environment, we often have to work in controversial
situations. I wish you wisdom in your work and I hope that I have
given a small contribution to your efforts. I especially wish my
successor, Charlotte de Fraiture, and the staff of the Core Land and
Water Development all the success in the coming period.
Dear Colleagues, Staff of the institute,
Although my appointment has always been on a part time basis, I
really felt part of you and I thank you for your cooperation and our
work together for the developing world.
Participants of the Courses of UNESCO-IHE,
Your stay at UNESCO-IHE will not only enable you to become
better acquainted with the way of thinking and developments in
science, but also creates a splendid opportunity to make friends in
many countries. While the world is becoming smaller and smaller,
this is a substantial positive side effect.
Dear Irene, Miriam and Bas, Remko and Sonja, Femke and Ramon
As you know the best of all, my life has been very busy. Thank you
for your support and understanding. There is a good chance that it
will be more quit in future. I look forward to it.
Ladies and Gentlemen
As a Dutchman, so strongly interested in the role of water for our
living conditions, it was a great honour for me to be enabled to try
to contribute my small part to sustainable developments at several
places in the world.
Thank you for your kind attention.
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