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1 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”. 

1.1 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. 
 

1.2 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 km² 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 ). 
 

 
Figure 2.1: Map of Kenya, with the Kitui district in dark. 
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2.2 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.  

2.3 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. 

2.4 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. 
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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).  
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3 Islamic Republic of Iran, Zayandeh Rud 
River Basin 

3.1 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). 
 

 
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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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). 

3.2 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 30oC in July, 
but are cool in winter dropping to an average minimum temperature of 3oC 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). 
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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 
22oC 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) 
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Figure 3: Comparison of climatic data: Esfahan and Kuhrang (Salemi et al., 2000) 
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3.3 Hydrology 

 
 

FutureWaterScience for Solutions 15/41 

3.3.1 Water supply 
The area of the Zayandeh Rud basin is some 41,500 km2. 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).  
 

 
Figure 4: Average monthly inflow, release and precipitation in Chandegan reservoir (Murray-Rust et al., 
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. 

 
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) 
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3.4 Socio-economical background 

3.4.1 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;  
c) 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). 

3.4.2 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). 



Working paper No. 1 September 2006 
 
 

3.5 Water management and institutional aspects 

3.5.1 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). 

3.5.2 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 Mirhab1; 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).  

3.5.3 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). 
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3.6 Annex 

3.6.1 Annex 1 

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

 
Table 4: Normal average monthly release from Chandegan reservoir  
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3.6.2 Annex 2 

Table 5: Cropping pattern in major irrigation systems in Zayandeh Rud basin 
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4 Netherlands 
 

4.1 Regional setting 
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4.2 Climate and hydrolohy 
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4.3 Water management and institutional aspects 
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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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