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1

1.1

1.2

Introduction

This report is the first working paper of the Project WatManSup. The full name of the project
is “Integrated Water Management Support Methodologies: a case study in Iran, Kenya and
the Netherlands”.

Background

The challenge to manage our water resources in a sustainable and appropriate manner is
growing. Water related disasters are not accepted anymore and societies expect more and
more that water is always available at the right moment and at the desired quantity and
quality. Current water management practices are still focused on reacting to events occurred
in the past: the re-active approach. At many international high level ministerial and scientific
meetings a call for more strategic oriented water management, the pro-active approach, has
been advocated. Despite these calls such a pro-active approach is hardly adopted by water
managers and policy makers.

Water managers and decisions makers are aware about the necessity of this
paradigm shift: from a re-active towards a pro-active approach, but are confronted with the
lack of appropriate methodologies.

To be prepared for the paradigm shift Integrated Water Management Support
Methodologies (IWMSM) are needed that go beyond the traditional operational support
tools. Note that these IWMSM are more than only tools, but include conceptual issues,
theories, combining technical and socio-economic aspects. The objectives of the Project
WatManSup are to combine different water management tools and test these tools for two
case study areas in Kenia and Iran.

The project is implemented by the Institute for Environmental Studies of the Free
University Amsterdam, one of the Dutch water boards Hunze en Aa's and the Dutch research
company FutureWater. The project is financially supported by Partners for Water as a joint
initiative of six departments of the Government of the Netherlands.

Working paper No.1

This working paper contains facts and figures about the three countries involved in the
WatManSup project. It is composed of parts of existing documents and is only intended for
internal use. In chapter 2 to 4 the case study areas in Kenya, Iran and the Netherlands are
treated subsequently. The last chapter gives an overview of the references used in this
document.
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2 Kenya

2.1 Regional setting
The Kitui District in the Easter Province is a semi-arid region situated 150 km eastern of
Nairobi (Figure 1). The total land area is approximately 20.000 km2 including 6.400 km?2 of
the uninhabited Tsavo National Park. The elevation of the district is between 400 and 1800
metres. The central part of the district is characterised by hilly ridges, separated by low lying
areas between 600 and 900 metres above sea level. Approximately 555.000 people inhabit
the district and the growth rate is 2.2 percent a year (DDP,2002 ).
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Figure 2.1: Map of Kenya, with the Kitui district in dark.
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2.2

2.3

2.4

Geography and climate

The area is characterised by rainy periods that are highly erratic and unreliable. It usually
falls in a few intensive storms (Nissen-Petersen, 1982). There are two rainy seasons, one
from April to June, these are the so-called ‘long rains’ and one from October to December,
these are the ‘short rains’. On average the precipitation in the Kitui District is around 900
mm a year, but there are large local differences in amount of precipitation due to
topography and other influences. The potential evaporation is high, 1800 to 2000 millimetre
a year.

Socio-economical data

In 1997 the income of 58 percent of the eastern districts was beneath the poverty line of 2
dollars a day (PRSP, 2001). This is one of the poorest regions of Kenya. The main economic
activity is rainfed agriculture (Census,1999). Irrigated agriculture only takes place on small
plots on the river banks. During prolonged dry periods the farmers are dependent on relief
food from donors. In 2004 and spring 2005 up to 50 percent of the inhabitants of Kitui
received food aid (FEWS-NET). Besides farming the main economic activities are charcoal
burning, brick making and basket breading.

Only 45 percent of Kenyans have access to clean water for domestic use and even fewer
have access to water that is fit to drink. In the Kitui district these numbers are even lower
only 6 percent of the inhabitants has access to potable water (DDP, 2002). Water is the
most essential development commodity in this area, the major sources are the ephemeral
rivers. Water scarcity forces women and girls to walk up 20 kilometres in dry periods to
water sources such as springs and scoop holes.

Water management and institutional aspects

The institutional framework surrounding the sand dam project comprises several actors on
various institutional levels. By means of interviews with representatives, information was
gathered concerning i.e. the responsibilities, the level of cooperation and the coordination
structure of the different actors. The results are presented according to the three
institutional levels: NGO level, community level and government level.

In the bottom-up approach practiced by SASOL, community participation plays an important
role. The organization only facilitates construction materials, knowledge and the required
funding, keeping the total costs as low as possible. The 8-step methodology includes formal
meetings, selection of the site and site-confirmation by SASOL. At the end of the pre-
constructive phase, the community selects a dam committee who is responsible for the
organization of the site and for the long-term utilization of the dam. During construction and
in the post-constructive phase several trainings are given. These sub-locational training
sessions cover subjects like project management, natural resource management and
catchment development. In some cases, Ex-change (a Dutch NGO) cooperates with SASOL,
by providing student teams to help the community with the construction of the sand dam.

At community level, the village elder and the newly formed dam committee fulfil the most
important roles. Being the official spokesperson for the community, the village elder is
approached first by SASOL to discuss the Sand Dam Project and its impacts. The
responsibilities of the village elder are overall supervision of the site, the participants and the
materials and the protection and utilization of the dam. The dam committee has very similar
responsibilities, including supervision of the site, organizing the community, and managing
and maintaining the sand dam. In cooperation with SASOL, the committee also sets up rules
and regulations for the construction period and for utilization and maintenance of the sand
dam after construction.

fFutureWater a1
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The highest institutional level is the Kenyan government. The various levels of government
(ranging from national to district) are not only regulatory institutions, but are also active in
setting up projects in sectors as agriculture, irrigation and health. This is mostly done
through extension officers who visit communities and give advice on various topics. For this
reason, the ministries could play a major factor in making the Sand Dam Project a success.
The Ministry of Water and Irrigation is responsible for the development of water resources,
and therefore closely connected to SASOL. Although the Ministry is aware of SASOL's
activities, there is little cooperation between the two parties; making the outcome of the
project less effective due to insufficient support and follow-up services from the Ministry.
The Water Act 2002 is a new policy concerning the management of the water resources. The
act supports a minimal role of the government and greater community participation. In the
near future, water user groups may become an important entity on district level and it is
recommendable that these groups work together with the dam committees.

Another important actor is the District Development Committee. Since 2002 the Kitui Sand
Dam Project is incorporated into the Districts Development Plan (DDP for 2002-2008).
Because of an increased awareness of SASOL's activities at the government, it is expected
that extension services to sand dam-communities will be better matched to their situation
(proper utilization of the resources).

10/41
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3

3.1

Islamic Republic of Iran, Zayandeh Rud
River Basin

Regional setting

Iran, or Persia, as it was known until 1935, is located in South West Asia. The 1,648,000 sq
km large country is bounded by Turkmenistan and the Caspian Sea, Afghanistan, Pakistan,
the Persian Gulf, the Gulf of Oman, Iraq and Turkey, see figure 1. Iran’s vast terrain consists
of barren desert in the east and center, and mountainous regions in the north and west.
Iran, with two of the world’s most arid deserts, Dasht-e-Kavir and Dasht-e-Lut, is one of the
most arid regions of the world, and suffers frequent droughts, floods and landslides. In
addition, due to its position in the Alpine-Himalayan mountain system, Iran is also subject to
numerous and often severe earthquakes (UNDP).

The Zayandeh Rud is the most important river in Esfahan Province in central Iran. Largely
fed by snowmelt from the Zagros Mountains it flows down into the basin which contains the
city of Esfahan (Figure 1). It is a closed basin with no outflow to the sea; the river
terminates in the Gavkhuni Swamp which is a natural salt pan (Salemi et al., 2000).

Az erbaijan Turkmenistan

+# Tehran

Afghanistan

Islamic Republic
ety of Iran

ﬁhan
ayandeh Rud

Basin

Saudi Arabia

A

Figure 1. Location of Zayandeh Rud basin, Iran (Unicef, Salemi et al.,, 2000)

The river has provided the basis for centuries of important economic activity, including the
growth and establishment of Esfahan itself as the former capital city of Persia. The region
has been able to support a long tradition of irrigated agriculture as well meet the domestic
needs for a substantial population. More recently large increases in industrial activity have
increased demand for water, and the Zayandeh Rud is showing typical signs of a river basin
under threat (Salemi et al., 2000).

The Zayandeh Rud basin covers 41,500 km2, with the main Zayandeh Rud running for some
350 km roughly west-east from the Zagros Mountains to the Gavkhuni Swamp. The basin is
closed, with no outlet to the sea (Figure 2). The Zagros Mountains, which form the natural
divide between the inland basins of Iran and the Persian Gulf, are the natural watershed for
much of Iran. Steep and rugged, and rising to 4548 m, they are of little importance
agriculturally and have not formed the basis for large settlements (Salemi et al., 2000).
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3.2
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Figure 2: Elevation in Zayandeh Rud River Basin (Salemi et al., 2000)

The Chadegan reservoir provides storage of winter and spring runoff and its releases are
used to regulate flows in the river. There is a series of diversion weirs along the river, and
numerous locations where urban areas and industry can extract water. The upper
catchment covers about 4,000 km2 or less than 10% of the total catchment. The upper
catchment is mountainous, with peaks rising to as much as 3,500 meters, and there is little
utilization of water upstream of the reservoir. There are natural forests in the upper
catchment although most of the higher land is barren (Murray-Rust et al., 2000).

The central and lower portions of the valley are natural arid and sub-arid areas. Steep
mountain ranges rise up out of the valley floor, but the majority of the landscape consists of
gently sloping alluvial fans with dry streambeds where there are occasional flash floods in
rare storms. The natural vegetation here is sparse thorn bush and drought resistant grasses,
and there is a high percentage of bare rock and soil (Murray-Rust et al., 2000).

The basin terminates in the Gavkhuni Swamp which is a natural salt pan. Much of the area
surrounding the swamp is sandy and there are extensive dune areas just east of the swamp.
Water entering the swamp area is extremely saline, with EC values as high as 30 dS m-1
during periods of low flow (Salemi et al., 2000).

Climate

The basin has a predominantly arid or semi-arid desert climate. Rainfall in Esfahan (Figure
3), which is situated at an elevation of 1800 m, averages only 130 mm per year, most of the
rainfall occurring in the winter months from December to April. During the summer there is
no effective rainfall. Temperatures are hot in summer, reaching an average of 30°C in July,
but are cool in winter dropping to an average minimum temperature of 3°C in January.
Annual potential evapotranspiration is 1500 mm, and it is almost impossible to have any
economic form of agriculture without reliable irrigation (Salemi et al., 2000).

12/41
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The climatic conditions in the mountains are markedly different, as shown by data from
Kuhrang which lies just to the west of the Zayandeh Rud catchment (Figure 3). Situated at
an elevation of almost 2300 m, precipitation averages 1500 mm, much of it in the form of
snow, and snow remains on the ground throughout the winter, only melting when
temperatures warm up from April onwards. Winter temperatures are normally below freezing
for weeks at a time, although summers are pleasant with average maximum temperatures of
22°C in July (Salemi et al., 2000).

Most runoff originates from the mountains surrounding the basin, particular in the Zagros
range, and most of this runoff is in the form of snowmelt rather than direct runoff from
precipitation. This is illustrated by data from Kuhrang meteorological station (elevation 2285
m), located to the west of the Zayandeh Rud basin, presented in Table 1. More than 89% of
the precipitation occurs between November and March, with an annual average of 70 days
of precipitation. Of these 70 days about 55 experience snowfall rather than rainfall, and with
cold winter temperatures that may not rise above freezing for weeks at a time, most
precipitation remains in the form of ice and snow until temperatures rise in April (Murray-
Rust et al., 2000).

The effect of spring snowmelt is that peak discharges are experienced during the time of
year when agricultural demand for water is also rising. This has enabled irrigation to become
an important economic activity for some centuries, and was the basis for the historical
importance of Esfahan several hundred years ago (Murray-Rust et al., 2000).

Table 1: Average climatic conditions, Kuhrang (elevation 2285 meters) 1987-1996 (Murray-Rust, 2000)

Air Temperature (oC) Precipitation

Ave. Ave. Ave. Monthly Wet Days with
Maonth Maux. Min. Daily Total Days Snow
October 18.5 4.5 11.5 47.3 5.6 0.1
Naovember 11.9 0.1 6.0 191.2 8.6 3.6
December 4.9 -6.5 -0.8 2495 12.0 10.4
January 0.5 -11.5 -5.5 2046 12.9 124
February 2.6 -8.9 -3.1 250.3 13.2 12.6
March 5.6 -4.3 0.6 344.3 15.8 13.0
April 121 1.7 6.9 147.6 11.5 2.0
May 19.8 7.3 13.5 52.2 7.3 0.1
June 26.3 10.7 18.5 0.9 1.0 0.0
July 29.9 14.2 221 1.0 1.0 0.0
August 29.8 13.8 21.8 1.2 0.7 0.0
September 257 9.5 17.6 1.8 0.9 0.0
Year 15.6 2.5 9.1 1492.0 70.5 54.2
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3.3

331

Hydrology

Water supply

The area of the Zayandeh Rud basin is some 41,500 km?. However, only the area upstream
of the Chadegan reservoir makes any significant contribution to the stream flow. The total
water supply in the basin is augmented by the diversion of water from the Kuhrang River
into the upper reaches of the Zayandeh Rud. Two diversion tunnels in operation since 1986
can deliver 540 million cubic meters of water a year while a third tunnel, expected to be
ready in a few years, will deliver a further 250 million cubic meters of water annually. Inflow
and release in the Chandegan reservoir show a consistent annual pattern (Murray-Rust et

al., 2000).

The main period of runoff is from March to July when there is more than 150 million cubic
meters of inflow into the reservoir in each month, peaking in April and May when average
inflows exceed 300 million cubic meters (over 115 m3/sec). In contrast, winter discharges
are very low even though this is the period of maximum precipitation in the catchment and
from August to February, inflows average less than 100 million cubic meters. Total average
inflow is approximately 1700 million cubic meters per year, see also Annex 1 (Murray-Rust et

al., 2000).

Besides the river supply the local people also use the groundwater in a large scale. On basin
level the total ground water use is estimated on 3500 MCM per year (compared to 1500
MCM/yr water release from Chandegan Dam). The bulk of this water is used for agricultural
production. In the irrigation districts near the Zayandeh Rud river the groundwater use is
high because aquifers are shallow (10-50m) and groundwater is easy accessible

(Hoogesteger van Dijk, 2005).
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2000)
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3.3.2 Water demand

With annual potential evapotranspiration in the order of 1500 mm, it is almost impossible to
practice any reliable agriculture in the Zayendeh Rud basin without irrigation. It has only
been in the past few decades that irrigation has been developed in the form of large-scale,
integrated systems with proper devices for conveyance, distribution and measurement of
irrigation flows. The location of the main irrigation systems and the diversion weirs serving
them are shown in Figure 5, while the main data on the irrigation systems are presented in
Table 2.

/Main Structures ™|

1 Regulating dam
2 Pole Zamankhan
3 Pole Kaleh

4 Nekouabad

5 Musiyan

& Pole Chom

\7 Varzaneh v

Nekouabad
Right

[ E—
0 50 km100

Figure 5: Main irrigation systems and regulating structures in the Zayandeh Rud basin (Murray-Rust et
al., 2000)

Table 2: Main features of the irrigation systems in Zayandeh Rud basin (Murray-Rust et al., 2000)

Name of System Date of Designed Design Length of Length of
Construction | Command Discharge Main Canal Secondary
Area (ha) (m'/sec) (km) Canals (km)
a) Old Systems
Nekouabad Right Bank 1970 13,500 13 353 45.0
Nekouabad Left Bank 1970 48,000 45 59.4 76.6
Abshar Right Bank 1970 15,000 15 335 38.0
Abshar Left Bank 1970 15,000 15 36.0 33.0
b) New Systems
Borkhar 1997 36,000 18 29.0 | Not completed
Rudasht Left & Right In Progress @ 47,000 50 209.2 | Not completed
Mahyar In Progress 24,000 10 120.0 | Not completed

Note: " Rudasht is an ancient system being replaced with a new system
All new systems have conjunctive use of surface water and groundwater

/a1 FAFutureWater
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3.4

34.1

3.4.2

Socio-economical background

Population

History of Iran goes back to the earliest days of civilization. It was in 550 B.C. that Persians
and the Medes together made Iran. In the next thousand years Iran will be the most
powerful country of the ancient world. This period of ancient civilization, which gave the
country its language, came to an end with the Arab conquest and the Islam entered the
country in the 7th century A.D (UNPD).

Islam is the official religion; about 90% of Iranians are Muslims of the Shiite sect. The
remainder, mostly Kurds and Arabs, are Sunnis. Colonies of Zoroastrians at Yazd, Kerman,
and other large towns. In addition to Armenian and Assyrian Christian sects, there are Jews,
Protestants, and Roman Catholics. The principal language of the country is Persian (Farsi),
which is written in Arabic script (UNDP). In addition to the local population, Iran has over
the past two decades, hosted one of the largest refugee populations in the world. The
estimated number of these refugees, mostly from war-torn Afghanistan and Iraq, has varied
between two and four million (UNPD).

With an estimated population of 71.4 million, Iran (or Persia) is the most populous country
in the middle-east region. The population growth is 1.1% in 2006 (CIA). In the Zayandeh
Rud river basin the population grew from 1.1 million people in 1966 to 3.9 million in 1996.
Esfahan populates about 2 million of the people. Another 900.000 people live in the other
cities along the river and 1 million people are rural residents, living in the 1212 villages in
the basin (Morid, 2004).

Iran continues to experience a transition from a traditional rural-based society to a
semi-industrialized country and faces many challenges which include:
a) high unemployment (generally estimated to be above 25 per cent);
b) a distorted distribution of income and;
¢) inequality of opportunity
Although poverty is officially set at 18 per cent of the population, 16.5 million people can be
considered as living under the relative poverty line (Unicef).

Developments in education have been positive. In 2001 the literacy rate of the population
aged over six years of age has reached 80.4 per cent (85.1 per cent of men and 75.6 per
cent of women). The urban-rural gap has also narrowed to about 14 per cent (86.25 per
cent of urban population versus 72.4 per cent of the rural). There are, however, still
noticeable differences among and within Iranian provinces. The net enrolment ratio is above
97 per cent and is almost equal among girls and boys (Unicef).

Economy

With a Gross Domestic Product of US$110 billion, Iran is the second largest economy in the
region. It is also the second largest Organization of the Petroleum Exporting Countries
(OPEC) oil producer and has the world's second largest reserves of gas (Unicef). Besides
crude and refined petroleum, Iran’s chief exports are textiles, fruits, nuts, hides, and iron
and steel. Its chief imports are machinery, metals, military supplies, food, and chemicals.
Traditional handicrafts such as carpet weaving and the manufacture of ceramics, silk, and
jewellery are also important to the economy.

About 10% of the land in Iran is arable; agriculture contributes just over 20% to the
gross national product and employs a third of the labor force. The main food-producing
areas are in the Caspian region and in the valleys of the northwest. Wheat, the most
important crop, is grown mainly in the west and northwest; rice is the major crop in the
Caspian region (UNDP).

fFutureWater 17741
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3.5

3.5.1

3.5.2

3.5.3

Water management and institutional aspects

Esfahan Water Authority

Regulation of water resource exploitation and distribution is the responsibility of Esfahan
Water Authority (EWA) that is supervised by the Ministry of Energy. This institute is
responsible for surface and groundwater management in the basin. Within the irrigation
sector the responsibility of the EWA extends to the outlet level. Water distribution in tertiary
and lower level channel networks gets coordinated by the Esfahan Agriculture Authority
under the supervision of the Ministry of Jihad and Agriculture (Morid, 2004).

Council for water distribution

Before the drought the EWA was responsible for taking decisions on water distribution to the
different irrigation systems and for all the other uses determining how the dam was
operated and how much water the different intakes were able to extract from the river. In
2000 however, because of the drought and the growing tensions about water distribution
and use, a council was created to take decisions over water distribution. The council is
formed by five members who are: a representative of the Regional Water Office (EWA)
representing the Ministry of Energy; a representative of the Regional Irrigation Office of the
Ministry of Jihad and Agriculture; a representative of the Mirhab'; a farmer representative
and a representative of the provincial government.

This council meets on a monthly basis to decide how the water will be managed and
distributed. Once the decisions have been taken in the council the EWA is responsible to
carry these out. The creation of the council has helped the EWA to get a wider support by
society now that it is supported by a council in which several sectors are represented. This
shift has not developed without conflicts. For instance the environmental groups have been
pushing hard to get water liberated for the environment while agriculturalists have created a
great lobby for getting water freed for agriculture and the urban use keeps on expanding.
There are even claims from cities outside of the Basin.

The EWA has vested a lot of hope in the construction of the third diversion tunnel and in
better years of higher precipitation, yet it is conscious that in the near future a severe and
sustained water scarcity can appear as usable good quality groundwater resources get
reduced little by little, population keeps on increasing and ever more claims are made on the
water resources (Hoogensteger van Dijk, 2005).

Water users

Agriculture remains the largest single user of water in the basin despite increased demands
from other users of water. The data on extractions show that in a typical year as much as 90
% of water released from Chadegan reservoir is diverted into irrigation systems. Although
there are also substantial return flows to the Zayandeh Rud they are of lower quality than
the diverted water and may not be suitable for downstream users.

Esfahan is the second city of Iran with a population of some 2 million people. In recent years
the Province has seen a significant industrial expansion with steel mills, refineries, cement
works and a host of smaller industries established along the Zayandeh Rud. As in most other
countries, industry is more able to pay for water than farmers, so there is a potential for
decreased supplies for irrigated agriculture. Similarly, urban demand is rising annually not
merely through population growth but also because more affluent people consume more
water per capita.

Finally, and increasingly important, is the growing concern with environmental degradation,
with pressure to maintain higher base flows to dilute pollutants so that acceptable water
quality standards are maintained (Salemi et.al, 2000).

18/41
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3.6

3.6.1

Annex

Annex 1

Table 3: Summary of monthly inflow data into Chandegan reservoir 1989-1998 (in miflion cubic

meters)
Month Average flow Standard Coefficient of Maximum Minimum
Deviation Variation
October 47.9 16.6 0.35 89.4 26.2
November 65.9 31.8 0.48 120.0 337
December 80.2 55.6 0.69 235.9 38.0
January 67.3 244 0.36 106.5 37.0
February 75.2 26.5 0.35 119.1 37.3
March 155.8 82.0 0.53 3104 524
April 325.6 05.1 0.29 466.8 183.2
May 353.2 107.3 0.30 572.8 2249
June 235.6 62.3 0.27 368.3 140.6
July 158.6 38.6 0.37 285.0 79.2
August 01.2 43.3 0.47 198.2 39.1
September 54.6 27.3 0.50 127.1 29.1
Annual 1711.2 412.3 0.24 2504.9 1134.1

Table 4: Normal average monthly release from Chandegan reservoir

Average Monthly Releases (mill.cu.meters)

Month | Average Std. Dev. Variance
Oct 1437 40.9 28.5
Nov 122.3 43.9 35.9
Dec 103.8 57.4 55.3
Jan 314 15.9 50.8
Feb 19.1 4.0 21.0
Mar 443 25.1 56.6
Apr 130.5 23.5 18.0
May 206.6 17.7 8.6
Jun 217.6 12.5 5.7
Jul 203.5 18.1 8.9
Aug 201.5 19.8 9.8
Sep 179.0 16.0 89
Annual 1579.0 2151 13.6

fFutureWater
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3.6.2 Annex 2
Table 5: Cropping pattern in major irrigation systems in Zayandeh Rud basin
Crop Calendar Nekouabad Abshar Rudasht Borkhar Mahyar
Crop Planting Harvest Area  Percent Area  Percent Area  Percent Area  Percent Area  Percent
Date Date (ha) (ha) (ha) (ha) (ha)
a) Winter
Wheat Nov Jun 21832 355 14587 435 18062 38.4 13000 36.1 1528 17.0
Barley Nov May 4982 81 1857 55 3539 7.5 4000 1141 719 8.0
Onion Oct Jun 8118 13.2 1061 3.2 0 0.0 0 0.0 0 0.0
Fodder Oct Jun 4920 8.0 1226 3.7 0 0.0 0 0.0 0 0.0
b) Summer
Rice Jun Oct 150086 244 0 0.0 0 0.0 0 0.0 0 0.0
Potatoes Feb Jun 5744 9.3 0 0.0 0 0.0 0 0.0 0 0.0
Vegetables  Mar Oct 12054 19.6 4100 12.2 0 0.0 21580 6.0 0 0.0
Corn Jun Oct 0 0.0 973 29 839 1.8 1450 4.0 450 5.0
Cotton May Nov 0 0.0 0 0.0 2228 4.7 150 0.4 0 0.0
Melon May Jul 0 0.0 0 0.0 1970 4.2 0 0.0 0 0.0
Sunflowers  Apr Sep 0 0.0 0 0.0 0 0.0 1700 4.7 0 0.0
Millet Jul Oct 0 0.0 0 0.0 0 0.0 0 0.0 2246 25.0
c) All year
Sugarbeet All year 1599 26 2416 7.2 7241 15.4 2600 7.2 1078 12.0
Orchards All year 6863 11.2 0.0 0 0.0 0 0.0 0 0.0
Alfalfa All year 7380 12.0 3189 9.5 1677 3.6 1600 4.4 450 5.0
Grapes All year 0 0.0 0 0.0 0 0.0 0 0.0 719 8.0
Actually Cropped Area (ha) 88498 29409 35556 26650 6471
Canal command Area (ha) 51500 33554 47000 36000 8987
Annual Cropping Intensity 143.9%a 169.7 87.6%a 104.4 757%a 94.6 74.1%a 85.7 72.0%a 105.0
Winter Cropping Intensity 90.6 725 64.9 58.9 50.0
Summer Cropping intensity 79.1 31.8 29.7 26.8 55.0

*includes area irrigated by tubewells as well as the surface irigation system

* Ratio of actual cropped area to canal command area

Source: Ministry of A griculture, Esfahan Province
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4 Netherlands

4.1 Regional setting

Geography

Thés chapter deals with the situation of the
Nezherlands in noveb-west Ewrope. It pays
attention to te geological structars sud
thae soils, Laveal sese v alvn an fmportan:
issne fu thes geagrapivical description.

21 Siooation and elevation

The Mecherlands, having a land area of
a|:l||mxim:]l1’:|.}" 344 000 i'Lh'lz, is situared a]u:ng the
Morth Sea in north-west Europe (Figure 2.1). The
rotal territory, incloding inland labees, éstuaries
andl territongl sex, amounts to 41 160 km?. The
Metherlands comprises the deleas and former
flond plains of the dvers Rhine, Meuse and
Scheldr (Figure 2.2):

The western and nocthern parts have an elevation
varying between slighely above and abour & m
below mean sea level (mesl) and have lizde relief
except for the coaseal dunes. The lowest poin,
east of Rorrerdam, is 6.7 m below mosl. Abour
23% of the lind area lies below m.sl. In the
absence of dunes and dikes more than 65% of
the country would be flooded ar high sea and
high river levels (Figure 2.3). In general che
Metherlands slope from south-east o norch-wese,
The highest poine (322 m above m_s1) is found
in che hilly rezion of the south-east where the
tational bowndaries of the Netherlands, Belgium
and the Federal Republic of Germany meet. The
central pare of the country north of Amhem is
slightly hilly with & maximum altitude just over
100 m shove ms, |,

Figure 2.1

2.2 Geology and saile

Throughour much f the counery Tertiary and
Mesoroic deposits are sitated at grear deprh.
The anly nurcrops occur ar shallow depths in the
south-castern and castern areas. The marine clay
layers of Tertlary age are found ac a depth of
abour 400 m ard act a5 an impermeable base o
the groundwarer aguifer system. Mearly every-
where the Te l.'rii.lr_'f and Mesozoic formations are
covered by Pleistocene and Holoceae deposits,
This is illustrated in Chapter 3 (Figure 3.6),
where a E‘,mlngil.ﬂl 11:rr|:|'-;1|.-e is pm-,s:'n_[td.

Cokchmant ama

(7] Sehadeh 23 360 lam?

[ Mewse 33 008 bn?
[0 Rbiree 180 000 b’

Fignre 2.2

Fraris.

The Netberlands, part af Furope

Whrtar chwide
—— Foom

— B

Catchmens aveas of the wivers fivne,
Mevre and Scheld
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The greenhouse area, located berween Rotrerdam and The Hague. is quite famous
and produces a wide range of vegetables and flowers. The Aalsmeer region, south of
Amsterdam, is famous for its flowers, Fruit-growing is concentrated in the south-
west, the south-cast and in the areas berween the large rivers and the new polders
around Lake IJssel.

Demegraphy

The population of the Metherands
amaunts to 157 million {1997} against
a mere 5.1 million ot the turn of the
century, Over the past decads the
arnual natural increase averaged 4 per
1 000. The present population dansity
hos an overage of 460 pesple per km?,
Fifhy percent of the people live in fhe
very densely populated western part of
the cauntry, the sercalled Rondstad,

In Janwary 1997 the fotal warking
population amounted to 6.8 million of
which &% were unemployed. The
number af people working in the various

The breakdoum af the narisnal income (market prices)

over the pavices sectors in § 997
(Mattonal! Bureau of Staristics)

sechar in NLG =107
1 agricubure, forastry,
fishing 20.0
2 mining and quaring,
manufaciuring 156.4
3 construciion 35.5
4 trade, tourism ?4.0
5 fransport, communication 47.9
& gevernment, defence,
educatian 65.5
7 servica sechor 2522
B joxes 62.9
2 inberest 277
10 Furaign income 8.2
natianal incems 7171

21.8

134

352

seciors of the BOOMOATY has chu'ngad
drastically since 1900, In that year 31%
worked in the agriculiural sector, 34% in
industry ane 34% in the trade and
service sectors, In 19973 the figures were
4%, 25% and 71% respectively,

The naticnal income of the Metherlonds
amaunted in 1997 ta mare than NLG
717 140 millicn (NLG = Metherlands
Guilders). The distribution af this amount
amanyg the various sechors is given in the
Table. The naticnal income per capita
amaounts to NLG 44 000,

The economy of the Metherlands has a
lang standing and prenounced
international orientation. For
cenfuries the interast has lain in
foreign trode and the transfer
of knowledge to industry. f has

% to be stated that the discovery
and exploitation of netural gas
are pnrﬁl:u|ur|'_.r important far

2.8 the Dutch economy. Unkl 1970
the trode bolonce was
negative. However, this was

50 transformed by the large
expart of natural gas from

&7 1970 onwards. In 1997 the
total volue of impuried Emds

B amaounted fo MLG 295 980
millian, whereas the value of

8.8 exported produck emounted to

3.9 MLG 321 420 million. This

] resulted ina 1-.|..|rp||.|$ af MIG

25 440 million,

100.0
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D B influsros of the rivers
0 irfuence of the s [ 1ot vulrenable dar flooding

Fignor 2.3 The veslnerability of the Netherleneds
Jor flooding

At the surface in the south-westem, western,
northern and central river districes, mainly loamy
and c]a}'n:jr macerial of marine and fAuviatile
origin dominates, ogether with some pear soils
{partly covered with marine and fluviarile
sediments) and fine sands {see also Figure 3.3),
In rime the drawdewn of the groundwarer table
by drainage works has caused shinlage and
oxidation of the clay-pear soil by several metres
in the westerns, norchern and river areas. This
makes the NMetherlands vulnerable o storm
surges and river flonds. The soils in the castern
and southern parts of the Netherlands mainly
consist of fine loamy sand (cover sand), medium
and coarse sand (often gravel). In the south, sile
and sile loam (loess) ocour.

2.5 Land use

As shown in Table 2.1 more than 70%: of the
total land area consist of culdivated land, of
which almest two thirds are pastures and the
remainder is used as arable land and for
horticulre, Since 1950 the area of cultivared

land has decreased, Woodland and uncultivated land rogether account for no more
than 13% and urban and induserial areas for almost 17% of the wral land area.
Arable farming is mainly found on the fertile, well-drained marine clay soils in the
north and south-western parts of the country and in the recently reclaimed polders.
The most impartant crops are cereals, poratoes, sugar beet and corn.

Livestock farming is usually located on clay and pear soils where dairy farming

predominates. Mixed farming is radicionally practised on the sandy soils in the east

and south of the Netherlands, Many of these farms specialize in pig and poulry

farming {factory farming).

Tialie 2.7 Fand wie in the Netherlands in 1994 (Central Burean of Stariies)

land area fkm?] %
Cultivated land 23 833 Fo2
Wizadbane 3041 s
Uncultivates lane (heath, dunes, stch 1 438 4.1
Builhlp areas (indl, roack, elc) 5595 165
Total land oreo 33907 100.0

Haorriculture is pracused in many

behind the dunes around Leiden and Haarlem, although nowadays bulbs are grown

in many other regions wo.

areas, Most well-knrown are the bulb fields

dngutu rewate rScience for Solutions
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42 Climate and hydrolohy

3  Climate and hyl:lrulu 4 g

This elaprer gives the characteristios of the elineate, surface warer and
granndsater in the Netherlaeds, The trawsbonndary vivees Rline and Meuse
play an impartant vole in the bydvology of this coumtry.

3.1 General characteristics

Thie Nethedands is located in che temperate zone, bur due to strong maritime
influgnces its climaze is much milder chan average conditions at the 52°N lacide,
The annual average remperature in the centre of the couniry is between 9 and

10 °C, while the annual average temperature ar the 52°M larinude is close to 4 *C.
Apart from this large scale maritime, or rather oceanic effect, there is also 2 small
seale effect caused by bordering the North Sea. This results in marked gradients in
must climarological characeeristics within the fiest vens of kilomerres from the coast.
In a sense the climare of this rransition area may be called the coaseal climare, as
distinct from the inland climate, where gradients ate generally small. Tn Table 3.1
some elimarological characreristics of che coastal and inland elimae of the
Metherlands are compared. Dara are based on observations during the years

1961-1990,

Table 3.1 Seme {‘ERJ.‘?ME’JK‘E:.N! dmmrrr.lf:rfcr_.lrﬂr e mzr.-::.-m'ng.-':m":mrr'um D K’oq:.- el
Trewre Aivbase, based on uﬁwrﬁnurﬁr e Ir:.-.-:-r.-:.ﬂ' Toa] r 1990

e Kooy Temnie Ajrbase
{ceashel shofion) [irkand staticn]
Maan temparahre |°C)
January 27 14
JLlh.' 14.2 16.4
mhean daily lemperature amplilde {°C)
January 4.2 4.9
luly 59 59
Miean relafve hurnidih.' %3
January ] 20
July gl 7o
Mean annual dursfion af surshine [hr] 1581 1377
Mistn ennual wind speed ot 10 m over
flat oper terrain [m's) 7 4
Mizan precipitalion [mm)
onnual 757 -1
driest manth 40 48
wetist month #1 7

As expected the coaseal ares Is milder in winrer and cosler in summer, in
comparison to the inkand area, This means that the yearly amplitude of
temperature in the cosstal arcas is smaller than in the inland area. The same applics
o the daily temperanare amplitude. The differences berween chie coastal and inland
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Diapth (mmi
W 500 - 950
B 350- 200

Figrre 3.1

: climate are most pronounced in
oy B wind velocity and duration of
sunshine, The mone sunny
climare of the coastal arcas is of
course attracrive, but a5 one can
see in Table 3.1, ic is only ar the
cost of a much higher wind
speed. Relative humidioy is
nearly the same in both areas,

3.2 TPrecipitation
Aceording to the dara given in
Table 3.1, the coastal climare is
drier on an annual basis, than
the inland climare, However,
such a conclusion is not
generally valid, First of all,
precipitation amounts are
hlgh[}r variable, even ar time
scales of 30 years. This means
that 2 difference of some tens of
millimerres in the annual mean
amounts might well be
oppositely directed in another
30-year period. In Fact we have
na indication of a systemaric

BOG - 850 700 - 750 difference in precipitarion

?50‘ = ﬂm dmounts |.‘.||:t'.'.'|‘.‘l::|'|. rl'lc mﬂs[ﬂl
Mean swmnal precipitation in the Necherlands and inland areas, As Figure 3.1

shows, the pattern of mean

annual precipitation is somewhar more complex. Unfortunately, the figure is limired
o the area within the borders of che Netherlands, which makes the delineation of
certain features more difficult. In general che wettest areas coincide with the most
hilly regions of the east-central and far south of the country. It may be concluded
that these maxima are due to the orographic enhancement of precipitation. Other
local maxima of precipitation are less easy o interpret. ln some cases in the western
part of the country, the large cities of Rotterdam and Amsterdam mighr be the
cause. The areal average annual mean precipitaron in the Nethetlands is 750 mm
and nowhere in the counery do values deviate fram this by more than 10-15%.

80 km

While the areal vanation in prl:l:i]:-il;a.l:inn amaunts is small, the seasonal variation is
more pronounced (Figure 3.2), Early spring is the driest season in all parts of the
country. The wertest months are in the summer and late aurumn, bur again a clear
distincrion has o be made bevween the coast and the more inland part of the
country. The heaviest showers oceur in the inland in summer when surface
warming is greatest. In che coastal areas the maximum is clearly shifred ro the
months Ocrober and Movember, due 1o showers developing over the relarively
warm water of the North Sea.

d:EFutu rewate rScience for Solutions
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As far as the remporal variarion in precipitation
is concerned the following characteristics may
also be of importance. Interannual variahilicy is
quite large wit the lowest annual amouncs as
low 25 about 400 mm and the highest nearly

1 200 mm, Daily and hourly amounes are
usually mentioned according to their returmn
periods. The 24-hour values char are exceeded
on average once a year and once every 100 years
are 34 and 73 mum, respectively. For hourly
values and the same return periods these Hgures

Depl'hn‘wmrlmml

arc 14 and 39 min. o e T R T R
Jan Fab Mar Ape May Jun b Aug Sep Del Mav Dee

Finally it may be mentioned that abour 70% of :::cmimﬁm

all precipitation in the Metherlands falls with g

wind directions between south and north-west. Figure 3.2 Mean manshly precipivarion and the

Some 10% falls in the form of snow. reference crap evapotRIRIpiRTion

3.3  EBwapotranspiration

Moisture conditions are not only determined by the amount of precipitation, but also
by evaparation. Evaporation is governed by a number of meteoralogical facrors, such
as solar radiation, temperature, humidity and wind speed. The coastal arcas wich
mare solar radiation and higher wind speeds have higher evaporation rates than
i.n]and. 4Areas, even Lhuugh :in EUMIMEr ttmptTﬂ.tum Aarc ubuﬂ]l}r IUWCI'.. E\rapﬂra{iﬂn iﬁ
difficult to measure and estimares of actual evaporation are based on thearerical
tormulas concerning potential evaporation or rather evapotranspiration, since loss
of water to the atmosphere is composed of evaporation of warer surfaces or other
wet surfaces and transpiration from vegetal covers {grass, arable crops, trees).
According to the surface considered, evaporation or evaporranspiration may vary
considerably, For example, open water in the Netherlands may evaporate as much as
700 mm per year, while annual |osses from grass covered areas are several hundreds
of mm less. Evaporranspiration from other crops is often smaller and paved surfaces
have been found o evaporate only in the order of one or two hundred mm per year.

The mean annual evapotranspiration for the whele of the Netherlands is of che
order of 550 mm, with values closer to 600 mm in coastal areas and 500 mm
inland. As shown in Figure 3.2 the seasonal variation of evaparranspirarion is very
large, due 1o its dependence on solar radiation and temperarure. The values in
Figure 3.2 are based on the estimation of the so-called reference crop
evapotranspiration E.

The seasonal eycles of precipiration and evaporranspiration give rise to a water
surplus in winter and a moisture deficic in summer, Ar least this has been the case
in most years. On average, i the period berween Ocrober and March, a 51:rph|5 af
abour 300 mm is built up; the maximum deficic which aceumulates on average in
the months April to September is of the order of 100-150 mm. In individual years
conditions may be worse, however. In exceptionally dry years the maximum
summer deficit may be as large as 300 mm,
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3.4  Dry weather

The Netherlands is often called a rainy country, probably because of the large
number of days with (some) rain. Indeed, everywhere in the country and in all
menths of the year the number of dry days is equal ro or less than the number of
days with rain. The average of 750 mm precipitation is small in comparison to the
much larger amounts in mountainous arcas or the wopics. Also the duration of rain
at 6 to 7% of the time is certainly not significant, The point is that rainy days as
well as dry ones usually oocur in groups.

Statistically, at all stations in the Netherlands periods of 10 consecutive days of dry
weather occur every year, Every 5-6 years dry periods of at least 3 weeks oceur.
Such periods of dry weather are convenient for all rypes of activities and only
seldom cause a drought; these occur less than once in every ten years.

3.5 Natural variability and climare change

Apart from the effects of urbanization on climate other more large scale changes
due to human activities are possible and are, in fact, expected, Here we refer ro
global warming as a result of the increasing greenhouse effect. We cannor exclude
thar the climate data for the period 1961-1990, used here, have already been
affected by this process. On the ather hand we will never be able to prove thar such
is the case, due to the natural variabilicy of the climate. To give an example: when
comparing the precipitation amounts at the De Bilt station in the centre of the
country with comparable figures for the 30-year period 1931-1960 one can
conclude that the climate has become werter by nearly 40 mm. However, in view of
the very large interannual variability of precipitation (standard deviation of abour
150 mm) even 30-year averages in an unchanged climate are expected to vary
considerably (standard deviation of nearly 30 mm). So a difference of 40 mm
berween 30-year averages is not unlikely and far too small to be considered as an
indication of systematic climate change.

3.6 Landscape, soil and drainage

The general features of land and water in the Netherlands are characterized by the
shaping of soil and landscape in geologically recent times. Sedimentation during
the Pleistocene resulted in a vast and predominantly flac fluvial plain wich mainly
sandy soils, gencly dipping to the north-west. Depending on the transport capacity
of the subsurface, a stream pattern developed in the course of time, which is still
draining the excess water in large parts of the southern and eastern regions. The
presence of ice sheets during glacial periods strongly influenced the landscape of the
northern half of the counery. Deep valleys were scoured, either by melt warer, or by
the ice irself. Many of these valleys can be recognized in the present stream
patterns. The sandy material removed by the ice was pushed into ridges; the low
hills resulting are at present important groundwater recharge areas. Because of a
coarse textured soil and deep groundwater levels, these hills are less suited for
agriculture.

They have mostly been planted with forest, and are now nature reserves and
recreational areas. The glacial valleys were subsequently often filled with poorly
permeable sediments, vet remaining relatively low and wet arcas where pear layers
could develop. Sea levels rose by several tens of metres in the Holocene age, which
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led to the deposition of clayey 5 =
sediments on top of the = .
Pleistocene sand in a bread
coastal zone. Marshy areas
originated more inland because
of the rising groundwarer levels,
those areas being at the origin
of large raised bogs with peary

soils.

The three major zones in the

Netherlands, characterized by

their top soil (Figure 3.3), are:

- elevared sandy areas,
geomorphologically formed
during the Pleistocene;

- areas of the most recent
coastal accretions, largely
covered by clayey soils;

- a relatively low transition
zone with peary soils.

The detailed drainage system in
the lowlands of the Necherlands
is almost entirely artificial and

80 km

M Sao clay 20,/30,/200
based on the discharge of excess Rivar cloy . of aquifers (mm//year)
water by pumping. Mast of the W9 Peoty soils Runoff through shallow kayers (mm/year]

surface pear layers have been = SL:;E;I,

excavated to supply fuel. Large

lakes were creared by rhis pear Figure 3.3 The major soil types of the Netherlands
mining in the coastal regions. aned mean annisl ranaff

Many lakes were larer reclaimed

and made into polders, having a clayey soil (see Chaprer 4}, The excavated raised
bogs in the higher regions were directly turned into agricultural land, drained by a
system of dirches and canals. The soils of the larter land consist mainly of sand, but
still with a large organic component.

Surfoce runcff imm fyeor)

The sandy regions were used for an extensive agriculture, leading ro a degradation
of the soils, such thar vast heathlands and bare soils with shifting sands developed.
The sitation changed after the introduction of fertilizers some 100 years ago.
Heathlands were turned into pastures and only the most infertile soils were planted
with trees. Land reclamarion in the sandy regions continued up to the midedle of
the 20th century, including extension and deepening of the natural stream systems
to drain the lowlands. The development still continues with the installation of tile
drainage systems,
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3.7 Surface water

Surface water plays an

important role in the discharge
‘ of excess warter, although in the

relatively elevared regions with
‘ sandy soils this role is different

from that in the coastal zones,

polder areas water levels are

IIr ' -I srtiﬁciai]}' Eﬁnmbﬂe\d h].r i

|l" ”a M“[ M I.IIri,. M| " \ L| |J Ahiose cosepadicre fo e low

"Elﬁ[rnj.n"sl'
o
_._.uu_n.LLJ.a.nJ.u.un.Ln_u_d_u.u_Ln.nuJ

Figure 3. i

1‘?’?1!

| | T &
T S S S ) R R T w'm (. forced discharge, but on higher

Year grounds the drainage of warter is
mostly by gravigy
Mean monthly discharge of the viver Aa The smaller warer courses in the

.‘i:!l'ld.]." r::ginn:i will even fall d.r_'.r
in normal summer periods, whereas most ditches in the polder areas remain
permanently filled. A varying but mostly small pordon of the precipitation excess
flows directly to the streams of the sandy regions; the majoricy of it infiltrates into
the scil and joins the groundwater. A part of this groundwarer flows quickly to the
drainage system, the remainder recharges the aguifers and reaches the draining
streams anly after 2 period of months or years, Due to che precipitation excess in
wineer periods and the warer deficic in normal summer months, the mean winter
runoff is in general 2 to 3 times greater than that in summer periods. Figure 3.4
shows the variadon in discharge over the period 1976 vo 1995 for the river Aa in
the southeen part of the councey. The summer lows and winter peaks are quite
pronounced bue they vary from year o year due o che differences in precipiration.
Almost no cxcess precipitation on the clayey soils of the coastal zone will percolate
towards the groundwarer in the aquifer system. Yer, an opposite flow of scepage
water will reach the surface water of the deep polders in the western and central
parts of the Netherlands to a maximum of 1 to 2 mm per day. This seepage water
originares from groundwater which is recharged by a regional How from the sandy
areas or by infiltration from higher lying river beds ar other surface warer. The
pumping stations, and formerly the windmills, of the polders have to pump the
excess water of the winter periods, as well as a possible secpage flow having mare
permanent features.

Table 3.2 T J';.z:géﬂ:, men and fmpest sbserved .gr.r'.tcﬁ'd.rgﬁ -::fn"m Rlvivie (T3] po 1995)
sl Mewge (191 ] o TS5)

River  upsiresm catchment area (km®} Discharges ot the Dutch border (m3/s)

highesl mean lowast
Rhire 180 000 12 500 [1926) 2200 &20
Mase 33 oon 3100 [1993) 230 o]

The rivers Rhine and Meuse are of great importance to the hydrology of the
Metherlands. The characrers of these two rivers are, however, quite differenr.
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The Meuse is a typical rain-fed river, with relarively high peak flows in winter and
generally low flows in summer, whereas the Rhine has 4 mixed character being
partly fed by rain and partly by snowmelt from the Swiss Alps. This produces ewo
significant seasonal flow peaks: one in the winter and a much lower one in the
summer originating from snowmelt, The ranges of observed discharges of these owo
rivers are shown in Table 3.2,

A warer balance of all water passing through the country in an average year, as well
as in the very dry year 1976, is shown in Table 3.3. The largest terms in the balance
are by far the inflow and outflow of the river Rhine. In former rimes, the river
warer only passed through the country, being a nuisance during high level periods.
But even in the recent years 1993 and 1995, the river Meuse inundated large areas
and Rhine water assumed dangerous levels, causing considerable economical
damage. On the other hand, the river water is used for different purposes at
present. Water is now abstracted from both rivers at a rate of some 16 000 millians m’
per year, foor irrigarion and the abarement of salt water intrasion in the pu-lder arcas
and for domestic and induserial use, Projects aimed at bringing Rhine and Meusc
water to the higher lying sandy regions suffering fram water deficits have been
realized or are under construction.,

Table 3.3 The warer balance of the Netherlands for an average year and a very dry year
(1976) fin mm and in 10 m)

Avaroge year Dry year [1976)

i 108 m? i 108 m?

In

precipitation 7a0 29 100 535 20 80D
Rhine |t the border) 1775 &% 000 1065 41 500
Mauzs (ot the border] 215 B 400 0 3 500
ather river inflows 75 3000 40 1 500
Tatal 2815 109 500 1730 &7 300
Out

avopatranspiration 350 21 400 528 20 500
elifferent uses 55 2 700 154 & 000
river outflow 2210 84 000 1 048 A0 800
Taitel 2815 10% 500 1730 67 300

3.8  Groundwater

The groundwater hydrology is controlled by the presence and the lithology of
unconsolidared sediments, deposited in a subsiding basin. The axis of the basin
dips to the north-wese (Figure 3.3), resulting in che largese thicknesses of the
Pleistocene and Holocene formations in the north-western part of the counrry,
Thick aquifer systems are present in the north-western pare. Aquifers are less
importane at the margins of the basin. Terdary and even older sedimenes are near

30/41 d:EFUtu rewate rScience for Solutions



September 2006 Facts and figures Kenya, Iran and the Netherlands

43 Water management and institutional aspects

9  Institutional and legal aspects

The legitimacy af water-related {ntervention was aind seill &s an impareant
dssne i thve Netherlands. This chapeer smmarizes the fustivneional structure
and the present competencies of the aurhavities chavged wich water isues. It
alia praviees brief informarion abour the water-velpved las in foree.

9.1 Warer administration and irs background

The Netherlands is a decenrralized unicary stare with three main hierarchical
administearive levels of water management: national, provinetal and regional
{Figure 9.1}, Ar each level there are bodies with specific responsibilities: legislative
and executive. A multiude of different departments or agencics is responsible for
the various secrors of public policy, each deriving its authority from legislation,
Whzer has plaved a dominant role in the course of Durch history. In che 12¢h
century local communities began to construct dikes to prevent flooding and control
the water Jevels behind the dikes. Following the construction of dams in the ridal
water courses in the 13th century, the local communities began to clect
representatives to the regional meetings where the common water management
affairs were discussed. These meerings formed the busis for the warer boards, The
elecrion system was (and still is) based on the rule that the exrent of inrerest defines
the levy paid the costs of water eonerol as well as participation in the administrative
body. Until today the water boards still exist as specific administrative units for
local and regional warer management. In the 20th century the level of participation
has been increased to include house owners, tenant farmers and residencs because
these caregories were interested in flood protection and regional management toa.
Sinee the warer boards take care of the warer quality based on che ‘polluter pays’
principle, representatives of households, industries and companies participate in the
administrative and execurive badies of the water baards.

In 1798 a national agency, the Rijkswaterstaat, was creared in order 1o administer
all water-relared affaire at 2 national level, Tn
the 19th century provincial water authaorities
were established and charged with the
supervision of the water boards and warer-
related issues of the municipalites,

9.2 Institutional struceure

Nutional fevel

The Netherlands is 2 constitutional
muonarchy with a parlismencary system, The
central Government, the executive, consiss
of the Monarch and the Ministers and is
called the Crown. Flowever, since the
Muomnarch is inviclable, the minisrers have
Full responsibility and supreme contral, The
ministers togecher form the so-called
Council of Ministers (the Cabinet), chaired
by the Prime Minister, which deliberares and Fogoy 85 The instivanstonsal struceine of vhe
decides an general Governmene policies, Metlerlfamds
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The Dusch padiament

= gt L = consists of the First Chamber
e .~ andthe Second Chamber of
8 el ] } ) 75and 150 members
[ ' i respectively. The Second
- 8 / ,r"’l J Chamber, the House of
f i [ | Represenratves, conerols and
= | approves the actual decisions

.§|| of the Government. The First
Chamber, the Senate, elected
by provincial represencatives,
is the house of refleetion and
has the power to approve or
reject a bill. The Second
Chamber provides the right
of amendment,

Legislative power is with the

; J Government and Pacliament

m f ‘..',..;"‘_3.- together. An act may transter

i ; the authority to issue decrees
and regulations to other
governing bodies, such as the

Crown, Ministers, provincial

authoricies, municipalities,

ug-=_-—-='= and waver boards. The
adminisceative rules given by
- E:!;?; ns the Crawn (in pracrice the
& Hydroulic siructures {slice Yook, storm surge barrier, pumping stetion relevant Minister), called
ot cambinctions of thess elemants] Cieders in Councl (Amvh)
Figure 9.2 State managed waters and infrasruciue are quite common in the

policy field of water and che
environment. They prevail over provincial orders. Provincial orders prevail over
arders of municipalities and water boards. The judiciary power includes the
Council of State {Raad van State) and the Supreme Coure {Hoge Raad). The
Chamber for Administrative Justice of the Council of State is the highest judicial
level responsible for administrative law, Next to this, the Council of Statc is the
most important advisory body to the Crown with regard to judicial topics. The
Supreme Court, and its subordinate courts are primarily responsible for the proper
execution of the civil and criminal law.

In water management three ministries have impoareant rasks, The Ministry of
Transport, Public Worls and Warer Management is responsible for flood prorection
and water management. The water directorate of this ministry, the Rijlkswaterstaar,
prepares national policy on Aood protection and water management. The
Rijleswaterstaat supervises the implemenration of the water policy by provinces and
water boards, This direcrorare alse has the operational responsibility for the stan:
managed waters and some water rerainiig STTUCIUFCS. Fig 9.2 represents the state
managed infrastructure,
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The Ministry of Housing, Spatial Planning and the Environment is respansible for
general environmenral policy; serting of warer quality standards and emission
standards; laws concerning air, soil and groundwater protection, waste, noise,
harmful substances, radiation, Environmental Impact Statements and excernal
safery; drinking water and sewerages and spatial planning (land use).

The Ministry of Agriculture, Mature Management and Fisheries is responsible for general
policy on agriculrure, nature management, fisheries, rural areas and owdoor recreation;
legislative policy concerning nature conservation with regard to species and areas.

Provincial level

The organization and tasks of the 12 provinces are ruled by the Province Act. The

adminiscrative bodies at provincial level are:

- the Provincial Council: the elected body of 43-85 members (depending on the
number of inhabitans):

- the Provincial Execurive: nominated by the Provincial Council from among their
meinhers;

- the Provincial Governor: chairman of the council and the execurive board,
nominated by the national Governmenr.

The water management at provincial level was formerly performed by the
provincial water management department. Recently these departments have merged
with the provincial environmental departments,

With the exception of the state managed infrastructure, the twelve provinces define
and supervise the responsibilides and activities related to flond protection and
water management.

Since the Follution of Surface Waters Act came into force in 1970, the provinces
to longer have virtual autonemy in specifying the tasks and competencies in water
management; the State now plays a leading role in the assignment of rasks and
competencies in qualitative surface water manggement. The same system was
continued in the Groundwater Act, the Warer Management Act, the Soil Protection
Act and the Flood Procection Act. The Water Board Act defines thart local and
regional flood protecrion and water management is excercised by the warer boards.
The provinces can make policies of their own but will also receive directives from
the national Government and have to ensure implementation by the municipalities
and warer boards,

Moreover the provinces coordinate the p-:;||':i:i|::i of the different secrors of
government, such as water management, envitonment, nature conservation,
housing, physical planning and transporr.

The provinces have creared the Interprovineial Platform, in which organizarion
common views and seatements of the provinces are formulated.

Regional and local level

Witer boareds

The water boards became the competent regional warer authorities in the
thirreenth cenrury. Since the fifteenth century the local embankments and polders
were administered by warer boards. Tn time thousands of warer boards cxisced.
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Afrer che storm surge disaster it 1953 the number of warer boards decreased

{see Tuble 9.1, The scaling up process can be illustrated by the provinee of

Groningen. The map of Figure 9.3 represents the 74 water Lroareds in [978 and the

four :r1u-_*|'3_‘|1'|:|1,-'1';1(:i;.|t warer boards in [996, The present i warer boards are

oreanized according to the Warer Boards Act. The water beard organization

Comprisss:

- the General Assembly, elecred by specific groups such as owners of real estate.
wastewarer dischargers, residents;

- the Executive, nominated by the Assembly;

- the Chief Exccutive, chairs both bodies and is nominated by the narional
Covernment.

Fadde 20 MNrempber of warer bowrds
Yeor 1944 1959 1978 1990 1%%48
Mumbar of water hoords 2500 1 Q00 400 129 &5

Whereas che central Government, and the governing bodies of the provinees and
municipalities are so-called ‘peneral demoeracies the waier boards are funciicnal
sovernmentzl bodies, The election of general democracies is based on the
principle ‘one man, one vore’. A funciional democracy such as the water board is
based on the rule ‘interest-payment-say’. The distribution of seats in the warer
board among landowners, residents and wastewater dischargers is defined by chis
cule. As the sicuation diffcrs in each region, the composition of the warer boards

varies. The provingial authorities define and supervise the tasks of the water
hoards under approval of the nuional Government. | e weater boards ars
responsible for flood protecion, and warer quantity and guality management in
their territory, in some cases together with the management of waterways, bridges
and roads. As many provincial borders do not coincide with the
hydralogical/hydraulic borders of the watet boards, interprovincial water boards
were created,

The vwarer boards are united in the Union of Water Boasds.

Maereddpalities

T'he casks and organizion of dic 300 municipalitics are governed by the

Municipal Act. Municipal organization comprises:

- the Municipal Council: an elected body of 7-45 councillors;

- the Municipal Exscutive: a number of Aldermen appoinied from among cheir
members by the Municipal Couneil.

The Mavor is chairman of both councils, is neminated by the national

Government and appointed by the Crown,

The water management tasl at municipal level is lirited to the management of

sewerape systems performed by the local public worls department. The

muricipalities promore their common views through the Netherlands Association

of Municipalites.
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Dirinfing water companics
Dirinking water supply is raken
care of by some 23 drinking
water supply companies.
Alchougl they have a
}t-r'wari;{td strucuure, the shares
are owned by public
authorities (provinces and
municipalities). The drinking
Wwiler Companies are united in
the Metherlands Waerworks
Assaciation (VEWIN].

9.3 Water legislation
There is 3 wide variery of
water legislation. Apart from
the fundamenral scatement in
the Constitution, che water
laws can be divided into five
categorics, The first one deals
with the institutional
Framework and the
organizational aspects, the

20 km

sccond one with aspects of
{integrated water] policy, the
third with aspeets of Woter board exisfing in 1979 “— } Province barder
[ Present interprovingial waler beard

infrascrueture, The fourth,

specific, category is drinking Figure 2.3 The dutegracion af water bowreds in the provinee af
water, and the fifth category Gramingen: the 78 water boarels existing in J979 ave
pays ateention to legislation frcorporared in the fimnr incegproviseisd water boards
related to water issucs, aof 1997

Fundanental statement

Article 21 of the Consticution of 1983 states that 'the inhabitability of the country
and the protection and improvement of the environment’ are public tasks. Not
only warer management bur also environmental management, narire Management
and physical planning are the responsibility of public administration,

fistivusional and organizational aspects

Clonitinusion

Article 133 of the Constitution defines the ereation, wrmination and regulation of
the responsibilities of the water boards. These duries are carried out by the
provinces.

Wiarer Adoinsssraiion Ace 1900
Among various different wpics, this Act includes one thar deals with the
CrgaAnizEation, casks and comperencies af the Rijlkswarersmaar.
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Wheter Baards Act {1992)

The Water Boards Act contains rules abour the creation of water boards by the
provinces, especially regulations concerning the composition of the Warer Boards
Council, the comperence to issue ordinances, and financing, The responsibilities and
competencics of the water hoards are direcred towards tasks given them by the
Provinges.

Aspects af integrated water policy

Water Management Aee (1985)

The Water Managemene Act defines the planning structure for water management
by the Government agencies at different levels and gives rules for the quantitative
management of surface warers.

It provides the following policy instruments: planning; permissions; registracion af
abstractions and discharges; water covenants; level decisions: and charges.

The planning structure of this Act is of major importance because it presents an
integrarion of national and provincial plans based on the Pollution of Surface Waters
Act, the Groundwater Act and the Warer Management Act irself. It also includes
statutory cross-references with spatial planning and emvironmental planning.

Pollution of Surface Wasers Act (1970)

The main objective of this Act is the pollution conerol of all surface waters for which
it provides a framework for 2 wwo-track policy: the reduction of emissions and the
improvement of water quality {emission approach). The instruments of the act are:
the issue of discharge permissions; the serring of standards; and the use of levies.

Oin the emission side it is forbidden to discharge into water unless a permission is
given,

There is 2 levy on discharges, especially organic waste and heavy metals, which is
used to recover the costs for wasiewater purification and subsequent discharge. The
primary permitring authorities are the national Government or the provinces, which
delegare their responsibilities o the water boards.

The Pollution of Scawaters Act is a special Act which was made for the North Sea
area (1975).

Crrasendipater Act {1981)

The Groundwater Act covers all abstractions by means of pumping works. The
provincial government is responsible for the instruments provided by the Act. These
are: abstraction permissions; abstraction registration; duty to report and levies. All
shstractions of more than 10 m¥/hour usually require a permission.

This Act concerns groundwarer quantity only, although qualitative aspeces arc
incorporated where the recharge of aquifers is concerned. Other qualicy aspects are
dealr wirh in the Soil Protection Act.

Soel Protection Ace (18987)

The act contains a general duty to prevent, and if necessary, to clean up soil and
B y P

proundwater pollution. This Act provides the structural basis and the necessary
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administrarive inscraments for the implementation of the soil and groundwarer
protection policy. Lt should be noted thar, anticipating this act, a Soil Clean-up
Interim Act already became operative in 1983 for the regularian of soil clean-up
operations. The latter was incorporated in the Soil Procecrion Act in 1994,

The Sail Protecrion Ace distinguishes two levels of protection: a general level and a
specific level. Both protection levels differ from each other only in the level of
acceptable risk for soil pollution caused by cereain activities.

The general prorection level is formed by regulatory measures set by the national
Governmene. These rules concern the regulation of activities that may lead to
pollution or impairment of soil and groundwater, and the formulation ol soil
guality standards.

To illustrate the system of the orders in Council, the administrative rules given by

the Crown, the orders based on this law are given below:

- application and spreading of manure on soil (1987}

- discharge of liquids into soil and groundwater (1990)

- application and spreading of sewerage sludge and organic houschold waste
(compost) on soil (1991}

- dumping of solid waste materials (1993)

- storage of petrachemical products in underground ranks (1993)

- artificial recharge of aguifers (1993)

- eaching standards for building materials produced from recycled waste (1995)

In addition to the general protection level, a specific protecrion level must be
implemented in soil protection and in groundwarer protection areas used for water
supply. In these areas potentially harmful activities are either not tolerable or
additional preventive measures are necessary. The acceptable risk level of pollution
is lower in these arces. At present, the groundwater protection areas cover abour |
400 km?, i.e. approximarely 4% of the MNetherlands.

Since 1994 the regulations concerning soil and groundwarer protection areas are
part of the Environmental Protection Act,

Legitlation concerning sewerage collection and reatiment

Sewerage management is not regulated by formal legislation, but by provingial and
municipal ordinances. In the Environmenral Protection Act an obligation is puc an
the municipalities ro prepare sewerage plans,

Acts COMEEFRIR J4 f r.m'aer} ér{ﬁw.tmr:m'e

Aer m.r_rcfrnjug State m.-zmigm" i-;r'-]mn‘m‘ru."f {es)

All acriviries which are not in line with the normal use of stare managed infrastrucrure
is subject to a licence: e.g, cables, wires and pipes in navigation canals, rivers and dikes.

Act on polders ane exmfanmen (19041

This Act requires a permission to be granted by the Ministry of Transport, Public
Works and Water i"w’[nnn.gtmfnr (Rijlswarerscaar) for p.-:g_]:}_'uning land from the sea,
estuaries and rivers,

ae
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Bivers Aer (1908}

The Rivers Act serves the ‘interests of public streams and rivers’, Undil recendly, this
rather vague formulation included mainly the protecrion against river flooding by
safe discharge of water and ice. For all acrivities in the summer and winter bedding
thar increased the high water levels, ‘hydraulic compensation’ is required before a
permission is granted. In 1991 the scope of the Rivers Act was expanded to include
ather interests such as narure, landscape and recreation.

Delra Ace (1938)
This Act farmulaces the principles for the protection of the Netherlands against
storm sutges by closing estuaries and reinforcement of the dikes and dunes.

Dielta Act major rivers (1995)

The 1993 and 1995 tiver floods gave risc to this specific act, enabling
strengthening of 150 km river dikes along the major rivers in the period 1995-
1996, The Act replaced the usual cumbersome time consuming procedures
prescribed in 19 laws by one single decision and one possibility to appeal. Thanks
to this emergency act the weak dikes were strengthened in time.

Flaoel Protection Act (1997]

In a sinking country threatened by rising sea and river levels, it is necessary to
maintain the flood protection level achieved by the Delra Plan and by dike
strengthening,

The Act conrains a ‘finger on the pulse’ mechanism, by which each dike authority
has to report about the conditions of its dikes every five years. The reports of the
dike authorities are stepwise summarized by the provincial and narienal
Governments and sent to Parliament. The Act also contains regulations abour the
present dike strengthening,

Legislation for drinfing water

Legislation with regard to drinking water supply can be found in several acts and
regulations because different aspects are concerned: source, quality and protection
of the raw material as well as production and disribution. Drinking water has two
main sources: groundwater and surface water. Relevant acts are: the Groundwarer
Act, the Soil Protection Act and the Warer Management Act. These last acts create
the conditions for water resources development and protection.

Dvinking Water Supply Ace (1958)

This act is directly concerned with the provision of warer and its quality and regulaces
the supervision of the water producing and discributing companies in the interest of
public health. Tt coneains regulations on supply conditions, quality seandlards,
organization and planning.

Legislation related to water issues

For the performance of the water autherities, relared water legislation is also of the
utmost importance. Here the legisladion in the field of spatial planning and
environmental and nature protection is mentioned.
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Sparial Planning Acr (1965)

The Netherlands has a well established system of sparial planning on three levels of
administration, based on the Town and Country Planning Acr of 1963, as
amended in 1983. The municipalities mzke the most binding and couneey plans in
which the porential uses of all areas are indicated. The provinces adopt regional
plans and the national Government issues 2 policy document on spatial planning ar
a nartional level almose every ten vears.

Envivenmental Protection Ace (1993)

The first Dutch legislation concerning the enviranment was the 1875 Nuisance
Act. Businesses or private individuals need licences for acrivities hindering the
acrual use of space, water and soil. The licences prescibed conditions to be
respected. Since 1970, several environmental aces have been introduced dealing
with water, air, soil, waste products, ete.

The basis for integrated environmental legislation was laid by the 1979 General
Environmental Provisions Ace which in tuen formed che basis of the Environmental
Protection Act which came inte operation in 1993. This act provides the legal
frameworlk for the environmental plans and programmes of central government,
the provinces and the municipalities and lays down the regulatary procedures for
planning and permissions.

The environmental aspects of a grear number of induserial acrivities are regulared
on basis of the Environmental Pratection Act.

Narwre Conservation Ace (1967)

This act provided extra protection o ecologically important areas by designing
natural monuments. Large arcas of the Wadden Sea and the Rhine-Meuse-Scheldr
delra have been given this starus. Presently this Act is being replaced by a new one,
which will introduce nature reserve planning and in which most protective
measures will be allocated to the provineial level,
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4.4

Waterboard Hunze and Aa’s

Waterboard Hunze en Aa's is responsible to ensure a safe environment regarding water management
for the north-eastern part of The Netherlands. Waterboard Hunze en Aa's is the operational water
manager for the area and at the same time responsible for strategic water decisions. The management
area is 213,000 ha and is home for 420,000 inhabitants. Currently, Waterboard Hunze en Aa's is
evaluating its long-term strategic mission including preparation for climate change. More data on
Waterboard Hunze en Aa’s can be found in Table 1.

Table 4.1: Data waterboard Hunze en Aa’s

Surface area 213,000 ha
Highest point + 27 m NAP
Lowest point - 3 m NAP
Length sea dike 28 km
Length other dikes 500 km
Length canals 3525 km

Soil types Clay, sand, peat

Catchment Part of the Eems-catchment (15%)
Inhabitants 420,000

Staff 375

Location Map (Hunze en Aa’s = red)

Figure 4.1: Soil types Waterboard Hunze en Aa’s (green = clay, yellow = sand, orange = peat, blue =

water)
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