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Module outline

Chapter 1
Introduction to Integrated Water Resources Management

Chapter 2
The Concepts of Integrated Water Resources Management

Chapter 3
Water Resources Management in Drylands

Chapter 4
Planning and Implementation of Integrated Water Resources Management (WRM)
Chapter 5
Management Responses to Global Challenges in WRM

Chapter 6
Integrated Water Resources Management in
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Course description

This course covers the following topics: Introduction to integrated water resources management which includes the global water resources availability and the major challenges and potential; Definitions, concepts, needs and principles of integrated water resources management; Hydrology and water resources of the drylands, water harvesting for drought management, small scale water harvesting of the drylands; Water resources planning and implementation; Matching demand and supply of water resources, water demand management and estimation, water allocation; and  Emerging issues in IWRM and IWRM in Ethiopia.
Course aims

The course of integrated water resources management provides students with comprehensive knowledge and skill relating to various water resource problems, fundamentals of the water cycle, hydrology and water use trends and categories necessary for water resources planning, planning process, its implementation activities and its various theoretical bases. It also provides an introduction to the political and institutional context of water resources protection and management, to introduce the various planning and evaluation tools as well as their applicability and usefulness. 
Learning outcomes

At the end of this topic, the students will be able to:

· Define various water resource problems;

· Describe fundamentals of the water cycle, hydrology and water use trends and categories necessary for water resources planning;

· Discuss the planning process, its implementation activities and its various theoretical bases;

· How to understand the political and institutional context of water resources protection and management;

· Distinguish the various planning tools as well as their applicability and usefulness;

· Evaluate component(s) of specific water resource planning project. Describe the concept and importance of deficit irrigation under water scarce condition;

· Manage an irrigation system by integrating the disciplines of soils and agronomy.

Instruction methodology

The instructional methodology will follow the Tell me, Show me and Let me try it approach:

· Tell me

· Lectures on concepts, principles, practices and approaches of irrigation agronomy.

· Show me

· Demonstration of  the theoretical concepts using facts and figures, exercises, computer software packages, case studies, instructional videos, maps, etc;

· Field excursion and discussion.

· Let me try it

The students will be given the opportunity to apply the knowledge and skill they acquired from the tell me and show me sessions through:

· Assignments;

· Group work;

· Projects and case studies;

· Report writing and presentations.
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1. Introduction: the major global challenges

1.1 Water resource challenges

· Global water resource: 1,386 million Km3.

· 97%: saline sea/ocean water; and

· 3%: freshwater:

· 87% not accessible (Glaciers and inaccessible groundwater); and

· 13% accessible (0.4% of total).(UN World Water Development Report, 2003)

The limited accessible freshwater, mainly found in lakes, rivers, wetland and soil moisture, is however under pressure as a result of natural factors and human activities.

1.1.1 Decreased availability

Climate change is having a significant impact on weather patterns, precipitation and the hydrological cycle, affecting surface water availability, as well as soil moisture and groundwater recharge. Figure 1.1 presents the variations in river discharge of the various continents during the last century. As it can be seen, the flow shows a decreasing pattern especially in Africa and Asia where the population growth is higher. For instance, the average annual flow of the Nile at Aswan has declined from 110 billion m3 during 1870 – 1899 to 84 billion m3 at the moment as a result of variations in rainfall.

[image: image4.emf]
Figure 1.1 Variation in river flow by continent during the twenty century (UNEP, 2005)

Global warming and related climate changes are predicted to significantly influence the water environment in the coming decades. Impacts on freshwater resources that can be confidently predicted include:

· River basins strongly influenced by snow or glacier melting, peak stream flows will occur earlier in the year, winter runoff will increase, summer runoff will decrease, and flooding events will become more intense. These changes are already occurring in several drainage basins in Eastern Europe, Central Asia and Canada.

· Lakes are particularly vulnerable to climate change due to their dependence on climatic variables such as precipitation, evaporation, wind conditions and ice formation. Many such lakes have shrunk as a result of the climate change.

· Sea level rise will cause greater saline intrusion in coastal aquifers. Low-lying islands are particularly vulnerable, with the mean global sea level predicted to increase by 0.09 – 0.88 m by 2100 compared with 1990 (UNEP, 2005). 

· In arid and semi-arid regions, especially in Africa, higher warming (1.5 times) is expected throughout the continent and all seasons compared with global average thereby increasing evaporation. For instance, almost 85% of the total volume of most reservoirs is lost by evaporation in Burkina Faso. Mean annual rainfall is expected to decrease in most of the continent except in East Africa where an increase might occur. In addition, an increase in frequency and intensity of extreme events, including floods and droughts, is also predicted. 

It is useful to distinguish three different types of water depending on their occurrence in

the water cycle (Falkenmark, 1995)

· “white water” = rainfall and that part of rainfall which is intercepted and immediately evaporates back to the atmosphere

· “green water” = soil moisture in the unsaturated soil layer, stemming directly from rainfall, that is transpired by vegetation

· “blue water” = water involved in the runoff, consisting of surface water and groundwater (below the unsaturated zone).

The problem is further exacerbated by increased and over-abstraction of the surface and groundwater resources. As it can be seen in Table 1.1, the withdrawal of blue water has increased nearly three times over 50 years alone. The current global water withdrawal is estimated at 3,830 Km3 of which 2,664 Km3 (70%) is used for agriculture, including losses. The net evapotranspiration from irrigation is 1,570 Km3, while the remainder of the 7,130 Km3 used is directly from rain. About 1,000 Km3 of the 3,830 Km3 withdrawn originate from groundwater. Globally, about 80% of agricultural evapotranspiration is directly from green water, with the rest from blue water sources.
Table 1.1 Trends of global water withdrawal (Source:  FAO 2006a)

	Sector
	Annual water withdrawal

	
	1950
	2000

	
	In Km3
	In %
	In Km3
	In %

	Agriculture
	1100
	79
	2664
	70

	Industries
	200
	14
	785
	20

	Municipalities
	100
	7
	381
	10

	Total
	1400
	100
	3830
	100


The problem of over-abstraction in surface water is mostly tied to upstream diversions and reservoir constructions. Changes in the flow regime were principally attributed to the development of large dams.  The reservoir storage capacity has quadrupled between 1960 and 2000 changing the natural flow of rivers. Notable examples of substantive reductions in large major river flows can be found around the world and are becoming source of conflicts between upstream and downstream users. Approximately 60% of global freshwater flows and 50% of the earth’s land surface is located within 263 international river basins. More than 40% of the world’s population lives within these international river basins. Some of the basins suffering from this reduction are Niger (Africa); Colorado and Rio-Grande (North America/Mexico); Ganges, Brahmaputra, Jordan, Tigris and Euphrates (Asia). For instance, in the Ganges-Brahmaputra river system, Bangladesh receives 90% of its stream flow from its upstream neighbours (India and Nepal). However, more than 30 dams, barrages and river diversions have been constructed upstream, reducing dry season flows in Bangladesh by up to 60%.(UN World Water Development Report 2, 2006)

As a result of this over-abstraction of surface water, lakes and inland sea areas are also decreasing dramatically in size and volume around the globe.  For example, the discharge of the Chari-Logone River, which is the major inflow for Lake Chad, has decreased by 55% over the last 40 years resulting in a reduced size of the lake. Another classic example is the case of the Dead Sea in the Middle East. In 1933, freshwater inputs to the Dead Sea averaged 1.37 km3. Since then, the overexploitation of water resources and the construction of dams and canals in the catchment area have reduced the annual flow to less than 0.2 km3.As a result, the surface area of the Dead Sea has reduced by over one-third, and its water level has dropped by over 20 m and continues to fall by up to 1 m per year.(UN World Water Development Report 2, 2006)

Groundwater over-abstraction represents a special situation as the visual evidence is typically less obvious and the effects are more difficult to recognize and react to. When water withdrawals from an aquifer system exceed the long-term rate of replenishment, water tables lower and water resources are said to be ’mined’. This is a common problem in many regions on all continents that have low rainfall and rely on groundwater for irrigated agriculture and domestic uses. Groundwater pumping from aquifers has increased globally, particularly during the second half of the twentieth century. While this has produced a number of important benefits, some have been sustainable over only relatively short periods. In some of the major breadbaskets of Asia, such as the Punjab in India and the North China Plain, water tables are falling 2 – 3 m a year. In addition, the majority of aquifers in the Jordan region are over-exploited and the water tables have fallen as rapidly as 0.6 m/year. The wealthier farmers can continue to drill deeper boreholes with larger, more expensive pumps, but poor farmers are unable to do so. The falling of groundwater levels also causes the shallow drinking water wells of poor communities to run dry. Deepening these wells is very costly and beyond the resources of the poor. 

The overall impact is a decrease per capita availability of fresh water especially in Africa (Figure 1.2).

[image: image5.emf]
Figure 1.2 Per capita fresh water availability in various water scarce regions (UNEP, 2005)

1.1.2 Sedimentation

Sediments occur in water bodies both naturally and as a result of various human actions. When they occur excessively, they can dramatically change our water resources. Sediments occur in water mainly as a direct response to land-use changes and agricultural practices, although sediment loads can occur naturally in poorly vegetated terrains and most commonly in arid and semiarid climates following high intensity rainfall. Error! Reference source not found. provides an overview of the principal sources of excessive sediment, while Error! Reference source not found. summarizes the major impacts of these sediment loads would have on aquatic systems and the services that water resources can provide.
Table 2.2 Principal sources of sedimentation

	Source
	Cause
	Impact

	Agriculture
	Poor farming with excessive soil loss
	· Increased soil erosion

· Sediment and pollutants are added to streams

· Irrigation systems maintenance cost increased

	Forest land, grazing land, road construction
	· Deforestation

· Overgrazing

· Poor rehabilitation efforts
	· Increases runoff

· Increased erosion


Table 3.3 Impacts of sedimentation on aquatic systems and water services

	Sector
	Impacts of sedimentation

	Major rivers and navigable waterways
	Decreases water depth making navigation difficult or impossible

	Aquatic ecosystems
	Affects the survival of aquatic habitats by

· decreasing light penetration
· delivering higher suspended solids concentrations
· releasing toxic agricultural and industrial chemicals


	Water supply rivers, lakes and reservoirs
	· increased pump/turbine wear and subsequent maintenance cost

· reduced water supply availability and suitability

· additional treatment for usability and subsequent increased cost

	Hydropower/irrigation dams
	· reduced reservoir capacity and service life

· reduced service delivery capacity

· increased pump/turbine wear and subsequent maintenance cost

· silted tunnels and canals and increased cost of dredging

· increased overall maintenance cost


1.1.3 Pollution

Humans have long used air, land and water resources as ‘sinks’ into which we dispose of the wastes we generate. These disposal practices leave most wastes inadequately treated, thereby causing pollution. This in turn affects precipitation, surface waters and groundwater, as well as degrading ecosystems.

Impacts of pollution on precipitation (Acid rain)

Atmospheric contamination from industrial plants and vehicle emissions leads to dry and wet deposition. This causes acidic conditions to develop in surface water and groundwater sources and at the same time leads to the destruction of ecosystems. Acid deposition impairs the water quality of lakes and streams by lowering pH levels (i.e. increasing acidity).

Impacts of pollution on surface water

Surface water pollution risk is a widespread problem particularly in developing nations. There are generally two types of surface water pollution, namely, point sources (PS) and non-point sources (NPS). Point source pollution is commonly linked to end-of-pipe releases from industry and municipal wastes. Its control is more direct and quantifiable and in many developed countries its mitigation has been linked to treatment achieving lower contaminant concentrations before discharge. On the other hand, non-point source pollution occurs when contaminants from diverse and widely spread sources are transported by runoff into rivers, lakes, wetlands, groundwater and coastal areas. This type of pollution is more difficult to address as there are a large number of sources, for example, varied agricultural areas all of which are using pesticides and nutrients.

Impacts of pollution on groundwater

The practices of urbanization, industrial development, agricultural activities and mining enterprises by most of the Nations of the world have caused groundwater contamination (Figure 1.3). Groundwater is actually less vulnerable to human impacts than surface water. However, once polluted, cleaning it up (remediation) takes a relatively long time (years), is more technically demanding and can be much more costly.

[image: image6.emf]
Figure 1.3 Primary sources of groundwater pollution(Foster et al., 2002).

Some global facts about pollution (UN World Water Development Report 2, 2006)

· About 2 million tonnes of waste are dumped every day into rivers, lakes and streams.

· One litre of wastewater pollutes about eight litres of freshwater. 

· Currently, there is an estimated 12,000 km3 of polluted water worldwide and if pollution keeps pace with population growth, the world will effectively lose 18,000 km3 of freshwater by 2050 –almost nine times the total amount currently used each year for irrigation, which is by far the largest consumer of the resource.

1.2 Increasing food demand

According to the United Nations, the present world population stands at about 6.892 billion and with an average annual growth rate of 1.2%, this population is estimated to reach 8.108 billion in 2025 (Error! Reference source not found.). Currently, about 850 million people are undernourished of which 815 million are in the developing countries representing 17% of the population of these countries. The share of undernourished people in the developing world varies from about 10% in the Near East, North Africa, Latin America and the Caribbean regions to almost 33% in Sub-Saharan Africa. Unfortunately, population growth is expected to be high in these nations. The increase in the numbers of mouths to be fed and the improving diet requirement is increasing the food demands. The main challenge in this regard remains how to increase the global food production in general and in the developing countries such as Africa in particular. The problem could even be more severe in the least developed countries of the arid and semi-arid regions, as the marginal and erratic rainfall in these areas renders rainfed agriculture generally unreliable. Under such circumstances, irrigation development may be taken as a primary means for realizing a sustainable agricultural production. Many countries, including Ethiopia, apply irrigation as an important means of achieving food self-sufficiency. Besides, it could also be used as a means of surplus production if there is no limitation of water and land resources. Water resources development has been the focus of Governments to address the twin problem of food insecurity and water scarcity.

Table 4.4 Population growth of different regions (UN Report, 2003)

	Region
	2010 population
	Rate of annual increase

in %
	2025 projected population

	
	in 106
	Average
	Range
	in 106

	World


	6,892
	1.2
	0.2 – 2.3
	8,108

	Asia
	4,157
	1.2
	0.5 – 1.9
	4,845

	Africa
	1,030
	2.4
	1.0 – 2.7
	1,412

	Europe
	739
	 0.0
	- 0.2 – 0.3
	747

	Latin America and Caribbean
	585
	1.3
	1.1 – 1.6
	668

	USA
	309.6
	0.6
	0.6
	351.4

	Oceania
	37
	1.1
	0.6 – 2.8
	45

	Canada
	34.1
	0.4
	0.4
	39.7


However, the main challenge of the world in general and of arid and semi-arid areas in particular in the endeavour of meeting the growing food demand is the adverse environmental impacts resulting from poor irrigation management. In many irrigation schemes in arid and semi-arid areas, crop yields are reduced and even land is abandoned due to environmental hazards such as waterlogging, salinity, erosion and sedimentation of reservoirs. For instance, about 20% of the world’s irrigated lands are currently affected by irrigation induced salinity (Table 1.).  According to FAO (2002), about 0.25–0.5 million ha of irrigated land is lost from production every year as a result of salt buildup.

Table 1.5 Global estimates of secondary salinization in the world’s irrigated lands (Ghassemi, et al., 1995)

	Country
	Cropped area

in 106 ha
	Irrigated area

in 106 ha
	Percent of irrigated to cropped area


	Salt-affected land in irrigated area

in 106 ha
	Percent of salt-affected to irrigated land

	China
	97
	44.8
	46.2
	6.7
	15.0

	India
	169
	42.1
	24.9
	7.0
	16.6

	Commonwealth of independent states
	233
	20.5
	8.8
	3.7
	18.1

	United States
	190
	18.1
	9.5
	4.2
	23.0

	Pakistan
	21
	16.1
	77.5
	4.2
	26.2

	Iran
	115
	5.7
	38.7
	1.7
	30.0

	Thailand
	20
	4.0
	19.9
	0.4
	10.0

	Egypt
	3
	2.7
	100.0
	0.9
	33.0

	Australia
	47
	1.8
	3.9
	0.2
	8.7

	Argentina
	36
	1.7
	4.8
	0.6
	33.7

	South Africa
	13
	1.1
	8.6
	0.1
	8.9

	Subtotal
	843
	158.6
	18.8
	29.7
	18.7

	World1
	1474
	227.1
	15.4
	42.5
	19.0


1 = calculated using the average value of the share of salt-affected land in the 11 surveyed 
countries, which cover nearly 70% of the world’s irrigated land

1.3 Water supply and sanitation problems

Supply of clean water and sanitation services are one of the major global concerns since they directly affect human health. However, the current global situation in general and in the developing world in particular is not encouraging.

Global sanitation coverage rose from 49% in 1990 to 58% in 2002. However, some 2.6 billion people, half of the developing world and 2 billion of whom live in rural areas, live without improved sanitation. Sanitation coverage in developing countries (49%) is only half that of the developed world (98%). The situation is severe in sub-Saharan Africa where sanitation coverage in 2002 was a mere 36%, up 4% from 1990.

Today more than 2 billion people are affected by water shortages in over 40 countries, of which about 1.1 billion had no access to clean water. Half the population of the developing world are exposed to polluted sources of water that increase water related disease incidences.

Generally, water related diseases are among the worst killers in developing countries and the poorest segments of the population are often hit hardest. About 80% of diseases in the developing world are caused by contaminated water. Unfortunately, a child dies from a water-related disease every 8 seconds while about 6000 people, mostly children under the age of five, die from diarrhoeal diseases daily. 
1.4 Ecosystem challenges

Biological diversity is in rapid decline in all the world’s major biomes. While rates of loss differ between regions and biomes, loss of biodiversity is greatest among freshwater dependent species-almost twice as fast as for marine and terrestrial species (Figure 1.4). While the index fell by some 40% between 1970 and 2000, the terrestrial index fell by about 30%, the freshwater index by about 50%, and the marine index by about 30%. This has happened because biodiversity associated with inland waters is concentrated within limited areas, because many inland water dependent species are especially vulnerable to changes in environmental conditions, and because freshwater is subject to rapidly escalating threats from land-based impacts as demands placed on water to meet growing populations and rising development pressures.

Many factors contribute to biodiversity change. The most important direct drivers of biodiversity loss are habitat change (land use change, physical modification of rivers, water withdrawal from rivers), climate change, invasive alien species, species overexploitation, and pollution.

[image: image7.emf]
Figure 1.4 Global trend of living index of biodiversity. (Source: MEA 2005b)
1.5 Increase in competing needs and water governance challenges

Increased competition

While water quantity and quality continues to worsen, water demand (competition) increases between development sectors (agriculture, human supply, industry, energy, ecosystem maintenance, etc.) and users (upstream and downstream). Figure 1.5 presents the increasing global trend of competition in water withdrawals by various sectors in the last century.

Governance crisis

Sectoral approaches to water resources management have dominated in the past and are still prevailing. This leads to fragmented and uncoordinated development and management of the resource. Generally, water management is fragmented among various users, institutions and physical aggregation levels, with little regard for solving conflicts and competition.
[image: image8.emf]
Figure 1.5 Global trend of sectoral competition for blue water withdrawals for human use     (Source:  Shiklomanov 2000)

Assignment Chapter 1

Write the major water resources challenges in your locality context? Report the assignment after a week with a maximum of 2 pages, single spaced and Times New Romance.

2. The concept of Integrated Water Resources Management

2.1 The need, principles and definition of IWRM

The major global challenges discussed in Chapter 1 clearly imply the need of integrated approach in the development and management of water resources. Major issues may include:

· Securing water for people;

· Securing water for food production;

· Developing other job creating activities;

· Protecting vital ecosystems;

· Dealing with variability of water in time and space;

· Managing risks;

· Creating popular awareness and understanding;

· Forging the political will to act;

· Ensuring collaboration across sectors and boundaries. 

The two most commonly referred guiding principles of integrated water resources management are the Dublin Statement and the Rio Declaration. 

The four Dublin guiding principles 

· Freshwater is a finite and vulnerable resource, essential to sustain life, development and the environment.

· Since water sustains life, effective management of water resources demands a holistic approach:
· linking social and economic development with protection of natural ecosystems;
· resource yield has natural limits;
· upstream – downstream user relations; and
· holistic institutional approach.
· Water development and management should be based on a participatory approach, involving users, planners and policymakers at all levels.

· Real participation:
· participation is more than consultation;
· achieving consensus in planning and implementation; and
· creating participatory mechanisms and capacity.
· Women play a central part in the provision, management and safeguarding of water.

· Involvement of women in decision making;
· Women as water users;
· IWRM requires gender awareness.
· Water has an economic value in all its competing uses and should be recognized as an economic good.
· Past failure to recognize the economic value (versus social value) of water has led to wasteful and environmentally damaging uses of the resource.
· Managing water demand through economic instruments (implementing affordable price, cost recovery) is an important way of:
· achieving efficient and equitable use; and 
· encouraging conservation and protection of water resources. 

The Rio declaration
Two important sections concerning IWRM:

· Water as an integral part of the ecosystem, a natural resource, and a social and economic good, whose quantity and quality determine the nature of its utilization;

· Integration of land and water related issues at various levels: local, sub-basin or basin.

Summary of key IWRM principles

· Water source and catchment conservation and protection are essential.

· Water allocation should be agreed to between stakeholders within a national framework.

· Management needs to be taken care of at the lowest appropriate level.

· Capacity building is the key to sustainability.

· Involvement of all stakeholders is required.

· Efficient water use is essential and often an important “source” in itself.

· Water should be treated as having an economic and social value.

· Striking a gender balance is essential.
Definition of IWRM 

· A process which promotes the coordinated development and management of water, land and related resources:

· In order to maximize the resultant economic and social welfare in an equitable manner;
· Without compromising the sustainability of vital ecosystems.
· What are the ultimate goals of the process?

· Economic efficiency/development;
· Social equity; and
· Environmental sustainability.
· How?

· Through promotion of coordinated approach: Integration.
2.2 The concept and major pillars of “Integration”

Integrated water resources management should take appropriate account of important environmental sustainability, economic, social and political dimensions (Error! Reference source not found.).
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Figure 2.1 Dimensions of water governance (Source: Tropp, 2005)

Social dimension

The social dimension points to the equitable use of water resources. Apart from being unevenly distributed in time and space, water is also unevenly distributed among various socio-economic strata of society in both rural and urban settlements. How water quality and quantity and related services are allocated and distributed have direct impacts on people’s health as well as on their livelihood opportunities. 
Currently, 1.1 billion people lack sufficient access to safe drinking water and 2.6 billion people lack access to basic sanitation. Slum dwellers (those living in poverty stricken part of a city) have very limited access to safe water for household uses compared to middle or high income household in the same city.  Similarly, water for food production often benefits large-scale farmers than small-scale farmers.

Economic dimension

The economic dimension draws attention to the efficient use (including prioritizing) of water resources and the role of water in overall economic growth. Water use efficiency in developing countries is very low in both urban and rural areas, and there is great room for improving the water situation through improved water distribution and management.

Political dimension

The political empowerment dimension points at granting water stakeholders and citizens at large equaldemocratic opportunities to influence and monitor political processes and outcomes. At both national and international levels, marginalized citizens, such as indigenous people, women, slum dwellers, etc., are rarely recognized as legitimate stakeholders in water-related decision-making. Empowering women, as well as other socially, economically and politically weak groups, is critical to achieving more focused and effective water management and to ensure greater equity.

Environmental sustainability dimension

The environmental sustainability dimension shows that improved governance allows for enhanced sustainable use of water resources and ecosystem integrity. Focus should be given to the linkage between landuse (intensification of agriculture, urbanization, industrialization, etc) and surface and groundwater quantity and quality.

Implementing an IWRM process is a question of getting the “three pillars” right: 

· Moving toward an enabling environment of appropriate policies, strategies and legislation for sustainable water resources development and management; 

· Putting in place the institutional framework through which the policies, strategies and legislation can be implemented; and 

· Setting up the management instruments required by these institutions to do their job.

Error! Reference source not found. illustrates the three major pillars of IWRM. Governments play a key role in the implementation of such IWRM framework. They must also be the main regulators and controllers in the water sector with its associated infrastructure. Further, governments promote improvements in the public sector, regulate private sector involvement, and decide on market mechanisms. But “water is everybody’s business” – a resource to be managed at the lowest appropriate level. It is governments working with civil society that must raise awareness of the importance of improved water resources management among policy makers and the general public. Dialogues will take place between the many stakeholders involved including government, civil society and the private sector. Governments can only exercise their responsibilities of good water governance if they involve all relevant national (and if appropriate also regional/transboundary) stakeholders in the dialogue when the framework is developed and implemented. Governments must also ensure empowerment of the poor, not least poor women, as a precondition for their meaningful participation in IWRM contributing to poverty reduction. Without stakeholder support, government efforts to implement the framework will be frustrated.
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Figure 2.2 The “three pillars” of Integrated Water Resources Management (Jønch-Clausen,

2004)
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The following toolbox, prepared by the Global Water Partnership, can be used as a general guide for the development and implementation of an Integrated Water Resources Management.
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Al Policies — setting goals for water use, protection and conservation.

This part of the framework deals with water policies and their development. Policy development gives an opportunity
for setting national objectives for managing water resources and water service delivery within a framework of overall
development goals

A2 Legislative framework — the rules to follow to achieve policies and goals.

The required water laws covers ownership of water, permits to use (or pollute) it, the transferability of those permits,
and customary entitlements. It underpins regulatory norms for e.g. conservation, protection, and priorities

A3 Financing and incentive structures — allocating financial resources to meet water needs.

‘The financing needs of the water sector are huge, water projects tend to be indivisible and capital-intensive, and
many countries have major backlogs in developing water infrastructure. Financing approaches and incentives are
required to achieve the development goals.

B INSTITUTIONAL ROLES

BI Creating an organisational framework — forms and functions.

Starting from the concept of reform of institutions for better water governance, the practitioner needs to create the
required organisations and institutions — from transhoundary to basin level, and from regulatory bodies, to local aut-
horities, civil society organisations and parterships

B2 Institutional capacity building — developing human resources.

Upgrading the skills and understanding of decision-makers, water managers and professionals will take place in all
sectors, and capacity building for regulatory bodies and for empowerment of civil society groups will need to be
undertaken.

C  MANAGEMENT INSTRUMENTS

C1 Water resources assessment — understanding resources and needs.

Asset of tools are assembled to assist water resources assessiment, starting with the collection of hydrological, physio-
graphic, demographic and socio-economic data, through to setting up systems for routine data assembly and reporting
C2 Plans for IWRM — combining development options, resource use and human interaction.

River, aquifer and lake basin planning entail a comprehensive assembly and modelling of data from all relevant dom-
ains. The planning process must recognise social, economic and environmental needs using a range of assessment
tools

C3 Demand management — using water more efficiently.

Demand management involves the balancing of supply and demand focusing on the better use of existing water
withdrawals or reducing excessive use rather than developing new supplies

C4 Social change instruments — encouraging a water-oriented civil society.

Information is a powerful tool for changing behaviour in the water world, through school curricula, university
courses on water and professional and mid-career training. Transparency, product labelling and access to information

are other key instruments

C5 Conflict resolution — managing disputes, ensuring sharing of water.
Conflict management has a separate focus as conflict is endemic in the management of water in many places and

resolution models must be at hand

C6 Regulatory instruments — allocation and water use limits.

Regulation in this context covers water quality, service provision, land use and water resource protection. Regulations
are key for implementing plans and policies and can fruitfully be combined with economic instruments

C7 Economic instruments — using value and prices for efficiency and equity.

Economic tools involve the use of prices and other market-based measures to provide incentives to all water users to
use water carefully, efficiently and avoid pollution

C8 Information management and exchange — improving knowledge for better water management.

Data sharing methods and technologies increase stakeholder access to information stored in public domain data
banks and effectively complement more traditional methods of public information





2.3 Benefit of IWRM to sectors

Ecosystem

· a voice for environmental needs in water allocation 

· raising awareness among other users of the needs of ecosystems 

· more attention to an ecosystem approach to water management 

· protecting upper catchments, pollution control, and environmental flows

· safeguarding common resources such as forests, wetlands and fishing grounds on which communities depend

Agriculture

· implications for agriculture of water use by other sectors considered in the management process

· rational decision making on water use in which costs and benefits are considered

· more effective use of water within the sector and hence increased returns

· multi-purpose water resource development and cross-sectoral recycling (e.g. use of reclaimed municipal wastewater for irrigation) 

Water supply

· increased security of domestic water supplies

· reduced conflicts between water users

· increasing recognition of the economic value of water leading to more efficient use

· increased use of water demand management

· improved waste management considering environmental effects and human health and hygiene

2.4 The basic planning unit and concluding remarks

· Terminology:

· Drainage basin/Catchment: the area of land over which the water drains to a single outlet; 
· Watershed: either the equivalent of a drainage basin, or the delineating points (divide) where water flows to two different outlets; and 
· River basin: the drainage basin for a river system. 
· Water follows its own boundaries: the river basin, lake-basin, or groundwater aquifer. 
· Analyses and discussions of water allocation between users and ecosystem would make sense when addressed at basin level. 

· Hence, a lot of the “integration” in IWRM takes place at basin scale: local catchment or aquifer, multi-state, multi-country/trans-boundary river basin.
To conclude, Integrated Water Resources Management requires a paradigm shift of thinking, such as:

· From fragmentation to integration

· Sectoral to cross-sectoral integration.

· From single-risk assessment to multiple-risk assessment

· Water supply and sanitation risks;

· Agricultural risks;

· Aquatic environment risks;

· etc.

· From conflict to prioritizing

· When there is competition for water resources, it brings into the open the need to justify the allocation of water to one user rather than to another. 

· This value assessment should take into account both the benefits and the negative impacts. 

Assignment Chapter 2

Summarize and present any paper (published material) related to the concept and principles of IWRM. Report should be PPT for 10 minutes. 

3. Water Resources Management in Drylands

3.1 Hydrology of the drylands: the case of sub-Saharan Africa

Livelihood security in Eastern and Southern Africa is strongly dependent on rainfall distribution and land management practices among smallholder farmers. Over 95% of the food producing sector is based on rainfed agriculture. The major challenge for the rural communities, representing up to 80% of the population in certain countries, is to improve the productivity of the arable land and the available water resources.
Drylands are characterised by a low annual rainfall concentrated to one or two short rainy seasons. Rainfall varies from 400 - 600 mm in the semi-arid zone, and has an approximate range of 200 - 1000 mm from the dry semi-arid to the dry sub-humid zone. The length of growing period (LGP) ranges from 75-120 days in the semi-arid zone, and 121 – 179 days in the dry sub-humid zone. Daily potential evapotranspiration (PET) levels are high, ranging from 5 - 8 mm/day (FAO, 1986). This gives a total PET for the growing season of 600 - 900 mm, which explains the limited water surplus recharging aquifers and rivers.
Rainfall is highly erratic, and most rain falls as intensive, often convective storms, with very high rainfall intensity and extreme spatial and temporal rainfall variability. The result is a very high risk for annual droughts and intra-seasonal dry spells. Statistically in a semi-arid region, severe crop reductions caused by a dry spell occur 1-2 out of 5 years, and total crop failure caused by annual droughts once every 10 years. This means that the poor distribution of rainfall over time often constitutes a more common cause for crop failure than absolute water scarcity due to low cumulative annual rainfall. This is why it is important to distinguish between droughts and dry spells. An agricultural drought occurs when the cumulative plant available soil water is significantly lower than cumulative crop water requirements, i.e., there is absolute water scarcity. A dry spell occurs as short periods of water stress, often only a couple of weeks long, during crop growth. Such short periods of water stress can have a serious effect on crop yields if occurring during water sensitive development stages such as flowering (Rockstrom and de Rouw, 1997).
With 67.6% of its area categorized as arid and semi-arid, Ethiopia is one of the sub-Saharan Africa countries facing the problem (Table 3.1).

Table 3.1 Area coverage of moisture regimes of Ethiopia (Engida, 2001)

	Area
	Moisture regime
	Lakes
	Total

	
	Arid
	Semi-arid
	Sub-humid
	Humid
	
	

	
	
	DSA
	WSA
	DSH
	WSH
	
	
	

	In %
	38.8
	10.5
	18.3
	15.4
	9.9
	6.4
	0.7
	100

	In 106 ha
	42.9
	11.6
	20.2
	17.1
	10.9
	7.1
	0.7
	110


Note: 

DSA = dry semi-arid, WSA = wet semi-arid, DSH = dry sub-humid, WSH = wet sub- humid.

There is evidence showing that soil fertility constraints often constitute the primary limiting factor to crop growth also in drylands (Klaij and Vachaud, 1992, Penning de Vries and Djitèye, 1991). Stoorvogel and Smaling (1990) estimated that nutrient balances in farming systems in several countries in Eastern and Southern Africa are highly negative. For example, for the Kenyan highlands, the average annual losses were estimated at 73 kg/ha of N, 7 kg/ha of P and 51 kg/ha of K. Fertiliser use in sub-Saharan African agriculture is the lowest in the world, with an average of some 11 kg of fertiliser applied on average per harvested hectare. Developing countries apply an average of 62 kg/ha (FAO, 1995). Brouwer and Bouma (1997) concluded that one reason for such low fertiliser use is that farmers avoid investing in inputs due to high risks of crop failure as a result of droughts and dry spells.
Water scarcity in rainfed dryland agriculture is also caused by the large proportion of non-productive water flows in the water balance. The distinction between ”blue” and ”green” water flow in the hydrological cycle is a practical analytical tool for analyses of water flow partitioning on the local, regional or global scale (Falkenmark, 1995). ”Blue” water flow is the total runoff including the sum of surface runoff and groundwater recharge. ”Green” water is the return flow of water to the atmosphere as evapotranspiration (ET) which includes a productive part as transpiration (T) and a non-productive part as direct evaporation (Es) from the soil, lakes, and from water intercepted by canopy surfaces (Rockström, 1997).
Figure 3.1 gives an indication of the partitioning of rainfall into different water flow components in rainfed agriculture in sub-Saharan drylands. Soil evaporation accounts for 30 – 50% of rainfall (Cooper et al., 1987; Wallace, 1991), a value that can exceed 50% in sparsely cropped farming systems in semi-arid regions (Allen, 1990). Surface runoff is often reported to account for 10 – 25% of rainfall (Casenave and Valentin, 1992; Penning de Vries and Ditèye, 1991). The characteristics in drylands of frequent, large and intensive rainfall events, result in significant drainage, amounting to some 10 – 30 % of rainfall (Klaij and Vachaud, 1992). The result is that productive green water flow as transpiration in general is reported to account for merely 15 – 30% of rainfall (Wallace, J., pers. comm.). The rest, between 70 – 85% of rainfall, is “lost” from the cropping system as non-productive green water flow (as soil evaporation) and as blue water flow (deep percolation and surface runoff). Figure 3.1 indicates that there is a high risk of soil water scarcity in crop production, irrespective of spatial and temporal rainfall variability. Moreover, this scarcity is often human induced as a result of long-term land degradation.
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Figure 3.1 General overview of rainfall partitioning in farming systems in the semi-arid tropics of sub-Saharan Africa (Rockström, 2000)

The abovementioned reality generally points out the necessity to address water constraints together with soil nutrient constraints. It also suggests that different water harvesting technologies, which lower the risk for crop failure, can function as an entry point for successful efforts of increasing investments in soil nutrients.

3.2 Water harvesting strategies for drought mitigation

In a broader sense, water harvesting can be defined as a method of concentrating, storing and collecting surface runoff water in different mediums, for domestic or agricultural uses. A common straight-forward definition of water harvesting is the collection of runoff for productive use (Siegert, 1994).

Runoff can be collected from roofs or ground surfaces (rainwater harvesting) as well as from seasonal streams (floodwater harvesting) (Agromisa, 1997). The harvested runoff can involve different forms of surface runoff (sheet, rill, gully and stream flow) and the storage is either done above ground, in different systems of tanks, reservoirs or dams, or below ground in the soil. Water harvesting systems operate at different scales (household, field, and catchment) and can affect water availability at downstream locations. Methods for harvesting the runoff water can be distinguished after:

· source of the surface water: external or within-field catchments from sheet, rill, gully or stream flow;

· the method of managing the water: maximising infiltration in the soil, storing water in tanks/dams, inundating crop fields with storm floods; and

· the use of water: livestock, households, crop production and erosion management.

Erosion control measures are generally perceived as soil conservation measured (Thomas, 1997). These include all systems of runoff water management for regulation or disposal of excess runoff flow (e.g., cut-off drains). In reality, however, they also contribute to increase the recharge of water to the root zone and finally to the water table. Even though water harvesting practices can be efficient in increasing the plant available soil moisture in water scarce areas, each set of technologies obviously has a limited spectrum of utility. Figure 3.2describes the various climatic hazards and the corresponding water harvesting methods that can be used to tackle them. It also gives an indication of the technical and socio-economic implications of the different methods.
The major hydroclimatic hazards in dryland farming can generally be categorized into three (Figure 3.2). First, the problem of poor rainfall partitioning, where only a fraction of the rainfall is channelled to the root zone, coupled with within-field crop competition for moisture. Secondly, the high risk of periods of below optimal cumulative soil water availability during the growth season (i.e., not necessarily dry spells, but rather situations when soil water availability is below crop water requirements for optimal yields due to low cumulative rainfall levels). Finally, the high risk of intermittent droughts, or dry spells, hitting during critical growth stages of the crop (i.e., not necessarily a lack of cumulative soil water availability, but rather periodic water stress due to poor rainfall distribution).
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Figure 3.2 Water harvesting methods used under different hydroclimatic hazards and the relative socio-economic implications of implementing them in rural communities (Rockström, 2000)

The positive soil water effect of in-situ water conservation techniques is to concentrate within-field sheet runoff to the crop. In a semi-arid context, especially with coarse-textured soil with high hydraulic conductivity, this means that in-situ conservation offers little or no protection against the poor rainfall distribution. The effect is that the risk for crop failure is only slightly lower than without any measures. Under these measures, the farmer is still living completely at the mercy of the rain.

The use of external catchments for runoff collection immediately adds water to the field scale water balance. With flood irrigation systems in drylands where absolute crop water scarcity is common, yields can be improved substantially during years with reasonably good rainfall distribution. The farmer still lives at the mercy of the rain, but when it rains, the supply of water to the roots exceeds rainfall depths.

Storage systems offer to the farmer a tool for water stress control. Risks for crop failures are reduced, but investment costs and the need for know-how are high. However, these systems still depend to some extent on rainfall distribution. Even earth dams could be dry during drought years, and very little can be done to bridge a dry spell during the vegetative stage of a crop if no runoff producing rainfall events have fallen during germination.

It is important to note that the three main systems interact in a farming system. For instance, in-situ water conservation is often used within flood irrigation systems.

3.3 Small-scale water harvesting technologies: an overview
According to Mandel (1973) arid and semi-arid areas are characterised by the following conditions:

· annual potential evaporation is higher than the annual rainfall;

· precipitation occurs only during well-defined seasons and tends to vary from year to year;

· plant cover is limited, primarily by the availability of moisture;

· surface runoff occurs in the form of relatively large floods and at irregular intervals;

· groundwater replenishment is most favourable as a result of the outcrop sands, gravel and fissured rocks.

For instance, the climate of Tigray is mainly semi-arid and for the larger part of the region the main rainfall season (locally called Kiremti/Meher) is for three to four months during June to mid-September. During this season the region receives 80% of the total annual rainfall. The annual loss of water through the three major drainage basins during the rainy season is immense. The Tekeze, Mereb and Danakil are the major river basins in the region. About 9 billion m3 of runoff flows through the basins from Tigray every year (GebreMedhin and Kiflom, 1997 and Leul, 1994).

The construction of water harvesting structures such as dams and farm ponds is one of the possible interventions to store this runoff for various purposes such as irrigation, drinking water supply and recharging the groundwater aquifer. In addition, the diversion of perennial rivers, roof water harvesting and groundwater development can be implemented when applicable.

Surface and subsurface water are the two major sources of irrigation supply. This water has to be carried from the river, the reservoir, the lake or the groundwater to the field. This can be done in two different ways: 

· by gravity system if the water level of the river or reservoir is higher than the level of the fields in the irrigation scheme; 

· by using a pump to lift the water above ground level and then let it flow to the fields.


Figure 3.3
shows the tapping of water from a river or reservoir by gravity, and the pumping of water from a river, lake or groundwater.
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Figure 3.3 Schemes irrigated by various sources (Rami, 2003)
3.1.1 Surface water harvesting

2 Small earth dams

Small earth dams are constructed to harvest catchment runoff during the rainy season for either supplementary or complementary irrigation (Figure 3.4). Small earthen dam irrigation schemes generally consist of a catchment area, a reservoir, an earthen dam, and a command area (Figure 3.5). As a result of precipitation, water flows from the catchment area (1) to the reservoir (2); the reservoir supplies irrigation water (3) to the command area (4).
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Figure 3.4 Partial views of a catchment area and an earthen dam in Tigray (Eyasu, 2005)


[image: image16.emf]
Figure 3.5 Sectional view and major hydrological processes of small earthen dam irrigation schemes in Tigray, Ethiopia (Eyasu, 2005)

Site selection plays an important role for both the technical and social performance of water harvesting schemes. Accordingly, the site of the dam should be selected on the basis of both technical and social considerations. The issues to be considered are the condition of the catchment (hydrology and erosion) and reservoir (seepage and stability), the interest of the beneficiaries (public acceptance), the impact of the dam on the upstream/downstream users, the availability of land for irrigated agriculture and the availability of construction materials (Eyasu, 1996).

A detailed feasibility study about the hydrology and erosion of the catchment area including dependable mean annual rainfall, runoff, peak floods, and erosion rate has to be carried out for the development of sustainable dams and related schemes. Besides, the seepage characteristics of the selected reservoir site and the stability of the abutments and the construction material have to be analysed to justify the intervention.

Public acceptance of key decisions is also essential for equitable and sustainable water resources development. Acceptance emerges from recognising rights, addressing risks, and safeguarding the entitlements of the beneficiaries. Decision-making processes and mechanisms that enable participation by all groups of people, and result in the demonstrable acceptance of key decisions need to be implemented (World Commission on Dams, 2000).

3 Farm ponds

Unlike dams that store runoff water above ground behind an embankment, ponds are excavated holes in the ground (Figure 3.6).

[image: image17.emf]
Figure 3.6 Farmer fetching water from his plastic lined pond in Alamata, Tigray (Rämi, 2003)

In principle, water harvesting using household/farm ponds is a viable means of improving water supplies in rural areas as it is a low-cost technique within the means of the local population. The pond technology should be readily accepted by farming communities for many reasons: 

· it is directed towards solving a problem of primary concern to rural dwellers; 

· little capital expenditure is needed;

· labour requirements are low and can be constructed by either individual household or shared by the community;

· equipment and extension skills needed are low.

Use of farm ponds to store rainwater could supplement natural rainfall and make farming families less vulnerable to drought and therefore less dependent on outside help in harder times (Rämi, 2003). The idea is that the household ponds can be used for irrigation in the production of fruits, cash crops and vegetables, which would have to help the individual farmer to obtain additional income and increase household consumption. The farmers would have to start growing vegetables during the rainy season and use the ponds for supplementary irrigation. The ponds can also be used for rural water supply and sanitation purposes.

When water supply is not a limiting factor, pond capacity should generally be determined based on the household water demand (irrigation demand, human consumption and/or livestock consumption). However, in semi-arid and arid areas where water is a very scarce resource, the capacity is mostly dependent on the probable runoff volume that can be generated from the catchment.  

Once the total pond capacity is known, the net amount of water that can be used for the household consumption is estimated taking into account the evaporation and seepage losses.

One of the most important criteria in the construction of ponds is site selection. Topographic features must be carefully studied to eliminate the need for excessively large structures. The following aspects should generally be considered during the construction of farm ponds:

· excavate the hole in a suitable location. The size will depend on expected water yield and water demand;

· if silt accumulation can be expected, provide a silt trap to arrest the runoff before it is admitted to the pond;
· provide a spillway/overflow pipe to evacuate surplus water safely;
· to get the farm pond water-tight in heavy soils, soil compaction might be sufficient; in most soils, lining with brickwork, concrete masonry and cement plaster or with membrane materials will be necessary. Membrane materials are of synthetic rubber, PVC or polyethylene;

· protect water loss by constructing a roof, made of thatched material, corrugated iron or other material;

· the farm pond needs regular cleaning from sediment and debris.
4 Diversion structures

Diversion structures are constructed across a river for dual purpose, namely, to divert the river water to a command area and to raise the water level high enough for gravity flow of water. Weir is the most commonly used diversion structure to avoid the problems caused by fluctuating water levels in a river. During periods of high river discharges, water will flow over the weir. The water level upstream of the weir will show little variation during the year, and it will remain higher during the dry season than it would without the weir. Weir can either be a simple/temporary or permanent structure (Figure 3.7 and Figure 3.8).
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Figure 3.7 Simple weir made of local materials with a low section serving as a spillway (Rami, 2003)
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Figure 3.8 Permanent river diversion weir (Rami, 2003)
The most important factor in the selection of a suitable diversion site is the provision of water to the command area by gravity (i.e. elevation). In addition, other issues such as interest of the beneficiaries, distance from the command area, stability and impermeability of the foundation and river banks, width of the river and risk of sediment deposition need to be considered.  

3.1.2 Roof water harvesting

Harvesting rainwater from roof tops can give a reliable source of water during the dry season and is particularly suited to arid and semi-arid areas (Figure 3.9).
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Figure 3.9 Principles of roof water harvesting (Rami, 2003)
The following factors should be given due consideration in the calculation of the volume of runoff that can be collected from roofs:

· calculate size of the roof (roof catchment): measure length and width of the roof and multiply the measurements to get the area (m²) which is available for collecting water;
· calculate the amount of rainwater that can be harvested (m3): multiply average annual rainfall (m) (provided by meteorological or agricultural stations/offices) with m² of roof catchment;
· consider losses: -10 % (with  splash-guard) to - 20% (without splash-guard).
Once the volume of water that can be collected from the roof is determined, the cylindrical water tank (which is most commonly used) can be designed based on the following formula:

Vt = ( *r2 *h 
3.1

Where:

Vt
= volume of the tank (m3)

r
= tank radius (m)

h
= tank height (m)

Some of the precautions that need to be taken into account during the construction and operation of roof water harvesting tanks include:
· cover tank to prevent contamination and evaporation losses;

· allow for a man-hole for cleaning;

· clean the tank at least every five years.
3.1.3 Groundwater development

3.1.3.1 Shallow wells

There is water at some depth almost everywhere beneath the earth's surface. A well is a dug or drilled hole that extends deep enough into the ground to reach water. Wells are usually circular and walled with stone, concrete or pipe to prevent the hole from caving in. They are sunk by digging or drilling through one or more layers of soil and rock to reach a layer that is at least partially full of water called an aquifer. The top of the aquifer, or the level beneath which the ground is saturated with water, is called the water table. 

In general, there are two types of wells: hand-dug and drilled wells. The obvious difference between the two is the size of the holes. Hand dug wells are sunk by people working down in the hole to loosen and remove the soil. They need to be at least 1 meter wide to give people room to work. Drilled wells, on the other hand, are sunk by using special tools which are lowered into the ground and worked from the surface. These wells are normally less than 30 cm in diameter. 

Hand dug wells are the most common sources of water supply especially in developing countries. Rural communities have frequently employed hand-dug wells to increase the supply of water available for individual use. Using simple construction techniques and suitable materials, hand-dug wells can provide reliable sources of water and offer the following advantages: 

· since households/community are involved in the actual construction, it is "their" well, which they are more likely to maintain;

· equipment needed is light and simple and thus suitable for use in remote areas;

· construction techniques are easily taught to unskilled workers, thus cutting supervision time;

· with the exceptions of cement and reinforcing rods, the necessary materials are usually locally available, making it one of the cheapest methods of wells construction in a rural community;

· completed well provides a reservoir at the source which will accumulate and store water from aquifers that would otherwise be too weak to use. 

On the other hand, hand-dug wells present certain limitations: 

· 60 meters is usually the practical limit to the depth that can be reached, although most dug wells are less than 20 meters deep;

· construction is slow;

· extracting large quantities of water with motorized pumps is not feasible;

· hard rock is very difficult to penetrate and often can only be accomplished by blasting, which is slow, hard work;

· since it is difficult to penetrate very far into the aquifer, slight fluctuations in the water table often make hand-dug wells unpredictable and unreliable. 

Like the other water harvesting technologies, site selection is an important criteria in the construction of hand-dug wells. Selection of a suitable site for a well should be based on the following guidelines: 

· water bearing; 

· acceptable to the local community; 

· suitable to the sinking methods available; 

· not likely to be easily contaminated. 

It is not always possible for a site to meet all of these guidelines. Therefore, a site will need to be chosen which best approximates the guidelines, with particular emphasis on the likelihood of reaching water (Figure 3.10). Where there is an equal chance of reaching water at several different locations, the one closest to the users is preferable. 

Where is water likely to be found? 

A development worker can assist the community's effort to locate a likely site by collecting available information on local groundwater. In many countries, some information is available through appropriate ministries, water agencies, and international development organizations. 

Choosing the site for a well can be difficult, because easily available and abundant water can never be guaranteed. Even professionals, before a well is sunk, rarely know where they will reach water and how much will be available. However, there are a number of guidelines that can be very useful in providing information about possibly successful well sites. 

Where possible, a well need to be located near a past or present water source. By doing so, the water level can be reached at approximately the same depth as the other source. If no other sources exist or have ever been developed nearby, more caution is required in choosing a well site. Unless detailed geological information is available, it is best simply to look for the lowest spot nearby. Both surface and ground water are likely to collect here. In some cases, plants can be indicators of the presence of ground water. Care should be made not to build in a place so low that the well would be susceptible to flooding in heavy rain. 
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Figure 3.10 Possible well sites (Eyasu, 2008)
Figure 3.10 shows possible well sites. The advantage and/or disadvantage of the various locations are:

1. Limited water would be available at this site because the impermeable rock layer is close to the ground surface, allowing slight fluctuations in the water table to drastically affect water availability. 

2. Closest site to village and therefore the best site if it is possible to dig down far enough to reach water. 

3. At this site, there would be a better chance of reaching more water than at location 2, but the site is far from the village. 

4. This is the site where water is most likely to be reached by a well although it is some distance from the village. Because it is in the absolute bottom of the valley, it may be subject to flooding. 

Is the site acceptable to the local community? 

The community must accept the final site choice and be willing to use the well when it is completed. Only then will it benefit local residents. 

Is the site suitable to the available sinking methods? 

If the most likely site would require that the well penetrate a layer of rock, and if there are no tools available to do so difficult a job, the site is not an appropriate one. 

Is the well likely to be easily contaminated? 

The most important consideration here is that the well not be located within 15 meters of a latrine or other sewage source. This would also include not placing the well where it might be damaged or inundated by a flood or heavy rain. 

Figure 3.11 presents features of a good layout round a well.
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Figure 3.11Features of a good layout around a well (Eyasu, 2008)

3.1.3.2 Springs

Springs generally could be of (Figure 3.12):

· depression spring: due to topographic/push through effect;

· contact spring: discharges at the junction of the permeable and impermeable layers;

· fracture  spring: water escapes through a crack within the impermeable layer;

· artesian spring: a spring whose water issues under artesian pressure, generally through some fissure or other opening in the confining bed that overlies the aquifer;

· solution tabular spring: water contained in the solution cavities escape through the cavities.

[image: image39.wmf][image: image22.jpg]



Figure 3.12 Diagrams illustrating types of gravity springs. (a) Depression spring, (b) Contact spring, (c) Fracture spring and (d) Solution tabular spring (Carter and Hess, 1995)

Springs need to be protected from contamination and damage (Figure 3.13 and Figure 3.14).
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Figure 3.13Protected spring infiltration from back wall (Eyasu,2008) 
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Figure 3.14Protected artesian spring – infiltration from base of reservoir (Eyasu, 2008)
Assignment Chapter 3

How and why is the water resources management practice in dryland different as compare to wetlands or none dry areas? Report based on the techniques and concerns/concepts practiced in dry and non-dry areas. 

4. Planning and Implementation of IWRM
4.1 Introduction

The purpose of a water resources planning analysis is to inform and support decisions (Loucks, D. P., 2005).An output of the process will be an IWRM plan, endorsed and implemented by government.The plan may be more or less detailed depending upon the present situation in the country but will identify longer term steps that will be required to continue along a path to sustainability, social equity and efficiency of use. The participation of key stakeholders is very key for the success of the plan. A strategic approach must also be followed, which means to seek the solutions that attack the causes of the water problems rather than the symptoms (CapNet and GWP, 2005).

Understanding the underlying forces that cause water-related problems helps to build-up a shared water vision and commitment to make that vision come true. In that sense a strategy sets the long term framework for incremental action that moves towards sustainable use of water resources using IWRM principles.

Another feature of water strategy is the consideration of conflict. Management of water resources is a process characterized by the clash of competing and conflicting interests and viewpoints. The integrated approach to water resources management promotes enhanced dialogue, negotiation and participation mechanisms. Applying these principles in the strategy and the subsequent planning process bringstransparency to decision making, acknowledgement of trade-offs, and commitment to implementing the plans.Planning is a logical process which is at its most effective when viewed as a continuous cycle as it is shown inFigure4.1.
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Figure4.1The cycle for developing and adjusting an IWRM plan (CapNet and GWP, 2005)

4.2 Initiating the planning process

The triggers to start a planning process may be internal or external or a combination of both. The drive may come from outside the country by donors and international agencies offering assistance to promote sustainable management and development of water resources. At country level, many governments are aware of the problems that their own water sector is facing from issues such as pollution, scarcity, emergencies, competition for use and have identified action as a priority (CapNet and GWP, 2005).

Whatever the reason for government considering to embark on an IWRM planning exercise, there are several key activities:

· Obtaining government commitment;

· Establishing a management team; and

· Raising awareness on principles for achieving sustainable management of water resources (IWRM).

4.3  Obtaining government commitment

For a plan to be accepted and implemented it has to belong to government and be housed within the government structure from the outset. The development of commitment may be required beyond a single ministry if the expected changes are going to be far reaching. Revising water resources management systems impinges on all water users and threatens power of some influential ministries. Building the commitment of those ministries should be done at the outset or at least be a major start up activity of the work plan.

Indicators of government commitment include financial allocation to the planning process, leadership of the planning team, number of ministries and agencies involved in the decision to develop a plan.In addition, identification of key government organizations to be involved and establishing Steering Committee is also vital.

4.4 Establishing a management team

The key to effective performance is the establishment of a secretariat/coordinating body/ management team acceptable to stakeholders, with sufficient authority and resources to coordinate the activities. Team members normally include senior planners from relevant sector agencies for purposes of bringing different perspectives to bear on the planning process but may be comprised of consultants or seconded staff.

The role of the Team is to translate the requirements of the Steering Committee into practical measures for action, while at the same time informing the Steering Committee on progress and emerging key issues. The Team will be responsible for managing the participatory planning process and for guiding the activities required for preparation of the IWRM plan. Specific tasks of the team will include the following:

· Organize and coordinate the overall strategy process;

· Planning specific activities and meetings;

· Procuring expertise and resources;

· Support working groups and other committees;

· Act as a focal point for communication; and

· Ensuring political commitment.

Table 4.1
 presents the responsibilities of the Government, the Steering Committee, the Management Team and Facilitating Institutions in water resources planning. 

Table 4.1 Suggested breakdown of roles and responsibilities (CapNet and GWP, 2005)
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4.5  Awareness raising

The raising of awareness will continue throughout the planning process but at this point is targeted at key government officials who must be aware of the potential for impact and success before they will commit to the planning exercise based on IWRM principles.

The management team, once established, should also have full opportunity to be briefed about IWRM and be able themselves to convincingly explain the strategies and options that are available to improve management of water resources.

4.6  Work plan and stakeholder participation

This stage of the planning cycle addresses preparing for the work of producing the IWRM plan and therefore the expected outputs from this stage would be:

· A program of action with detailed work plan and means of funding is in place;

· Political will and support for the planning process is built;

· A framework for broad stakeholder participation is in place; and

· Capacity building activities to support the planning process are identified.

4.7  Development of the work plan

Work plan development involves the following three stages.

Defining the terms of reference

The mobilization phase is one of the key stages in the entire planning process, during which Terms of Reference (ToR) for the IWRM Plan itself will be established. It is important that the principal framework issues are carefully thought through, in terms of target areas, resources and finances required both to undertake the IWRM plan and to implement its recommendations. The ToR must be based on these considerations and provide a clear structure for further activities.

The ToR can either be developed in parallel with organizing the Management Team or as a principal task for the Team. It is often the case that the roles of the Team are specified within the ToR. It is important to remember that the ToR is intended as a reference document, providing a clear statement of need, scope and objectives. It thus serves to contain ground rules that govern the whole process. Typical components of the ToR include background information, strategic planning objectives, division of responsibilities, scope of work/tasks, work plan, reporting requirements, process management structure, budget and resources required, and supporting data, materials and information.

Acquiring resources and funding

The conduct of the planning process is also constrained by the budget allocated. The work plan, numbers of meetings workshops, use of consultants are limited by the funding as well as by other factors. Acquiring the financial, human and other resources required to implement the ToR should be completed before setting the work plan.

The work plan

The final stage in the mobilization process is to develop the Work Plan. Based on the requirements of the ToR, this will integrate the needs of the IWRM plan with the resources that have been assembled and will provide a detailed blueprint for specific actions and activity.

The work plan has to be prepared by the Team and/or any consultant hired for that purpose, and will form one of the principal outputs of the first stage. Typical areas to be covered by the work plan are:

· Briefing on tasks required;

· Work plan and methodology to be applied;

· Management and expert responsibilities;

· Key project delivery points; and

· Key meetings/seminars/communication mechanisms.

4.8  Political commitment

Political support and commitment is essential to the success of any change process and the highest level of political commitment is necessary if the resulting plan is anticipating changes across ministries or to legal and institutional structures.

Establishing with political leaders the need for sustainable management and development of water resources and an IWRM approach is an important first step. A respected political or social figurehead as a champion may also assist in creating awareness and drawing support to the process.

4.9  Stakeholder participation

A core principle of an IWRM approach to water management is stakeholder participation. Water is everyone’s business and for the success of water sector reforms it is important to know what the views and interests are of the stakeholders. Involvement of stakeholders has significant benefits such as:

· It can lead to informed decision-making as stakeholders often possess a wealth of information which can benefit the project;

· Stakeholders are the most affected by lack of water resources or poor management of water resources;

· Consensus at early stages of the project can reduce the likelihood of conflicts which can harm the implementation and success of the project;

· Stakeholder involvement contributes to the transparency of public and private actions, as these actions are monitored by the different stakeholders that are involved;

· The involvement of stakeholders can build trust between the government and civil society, which can possibly lead to lead to long-term collaborative relationships

There are four steps of stakeholder analysis and participation.

i
Identification of key stakeholders

The following questions should be considered in identifying the key stakeholders.

· Who are the potential beneficiaries?

· Who might be adversely impacted?

· Have vulnerable groups who may be impacted by the plan been identified?

· Have supporters and opponents of changes to water management systems been identified?

· Are gender interests adequately identified and represented?

· What are the relationships among the stakeholders?

ii
Assess stakeholder interests and the potential impact of the project on these interests

Once the key stakeholders have been identified, the possible interest that these groups or individuals may have in the project can be considered. Questions that you should try to answer in order to assess the interests of different stakeholders include:

· What are the stakeholder expectations of the plan?

· What benefits are likely to result from the project for the stakeholder?

· What resources might the stakeholder be able and willing to mobilize?

· What stakeholder interests conflict with IWRM goals?

iii
Assess stakeholder influence and importance

In the third step the task is to assess the influence and importance of the stakeholders that you identified in earlier steps. Influence refers to the power that the stakeholders have over a project. This power may be in the form of stakeholders that have formal control over the decision-making process or it can be informal in the sense of hindering or facilitating the plans acceptance or implementation. Importance relates to the question how important the active involvement of the stakeholder is for achievement of the project objectives. Stakeholders who are important are often stakeholders who are to benefit from the project or whose objectives converge with the objectives of the project.

In order to assess the importance and influence of the stakeholder, you should be able to assess:

· The power and status (political, social and economic) of the stakeholder;

· The degree of organization of the stakeholder;

· The control the stakeholder has over strategic resources;

· The informal influence of the stakeholder (personal connections, etc.); and

· The importance of these stakeholders to the success of the project.

iv
Outline a participation strategy

Stakeholders should be engaged at all critical steps in the process of developing the plan. These stages should be planned and the work plan should identify the timing, the purpose, the target stakeholders, the method and the expected outcome. The scale and strategy of stakeholder participation must be carefully determined as they contribute significantly to the cost. Methods may include:

· Stakeholder workshops, in which selected stakeholders are invited to discuss water issues;

· Representation in the management structure for the planning process;

· Local consultations ‘on the ground’;

· Surveys; and

· Consultations with collaborating organizations (such as NGOs, academic institutions, etc.).

4.10 Capacity building

The simplest way to address capacity building is to follow each component of the work plan with the question – do the people involved in this part of the plan have sufficient knowledge to be able to participate effectively? If not then take the necessary steps to raise their understanding, awareness, skills or competence. This starts right from the beginning with the knowledge of the politician and the skills of the management team. Capacity building needs will change as the plan moves to implementation and different skills are required.

4.11 Establishing the strategic vision

A vision is a statement that describes a future state. A vision of how the water resources are expected to be in about 15 – 20years’ time is a useful start to a planning process. It allows for a common appreciation to be built of the future avoiding concerns over present conflicts and systems. This common view of the future assists stakeholders to pull together and address difficult issues.

The achievement of sustainability in national development requires a strategic vision which is both long-term in its perspective and linking various development processes so that they are as sophisticated as the challenges are complex. A strategic vision for the sustainable development and management of water resources at the national level implies:

· Linking long-term vision to medium-term targets and short-term action;

· "Horizontal" linkages across sectors, so that there is a coordinated approach to development;

· "Vertical spatial linkages, so that local, national and global policy, development efforts and governance are all mutually supportive; and

· Genuine partnership between government, business, and community and voluntary organizations since the problems are too complex to be resolved by any group acting alone.

The output from this step of the planning process is a formal or informal statement of a water vision or water policy which embraces the principles of sustainable management and development of water resources. The following four steps should be followed in the development of a water vision:

· Examining existing water policies or vision for consistency with sustainable development;

· Ensuring sufficient understanding of IWRM;

· Incorporating the views of the Stakeholders; and

· Achieving political commitment to the vision or policy.

4.12 Situation analysis

The purpose of the situation analysis is:

· To examine the existing water resources management system in terms of the IWRM principles and the goal of sustainable development and management; and 

· To use the information to predict future adjustments necessary for an IWRM approach.

The output from the situation analysis is a report elaborating the progress with implementing improved management of water resources, the outstanding issues, the problems and some of the solutions. Prioritizing these problems, issues and solutions in terms of social, economic, environmental and political priorities is an important aspect of the report.

The report should adequately reflect the concerns and impacts of the present water management systems on users, development, the environment and society as a whole. The report should be shared widely and this means summarized as appropriate. The report should serve as an important indicator of the transparency of the process and the commitment of government to address the issue of sustainable management of water resources. The sharing of the report with politicians and other senior members of government helps to maintain political commitment, enlist their support for the solutions and action emerging, and create awareness of the implementation implications of the forthcoming plan.

While there is an emphasis on the participation of stakeholders this should not be done to the extent of ignoring the statistical aspects and quality of data. One challenge in the situation analysis is to get the balance between the analytical tasks and the stakeholder inputs. Multi-stakeholder specialists should design the information gathering and analysis processes themselves to ensure ownership of the strategy and its results.

4.13 Water resources situation analysis

The water resources situation analysis should examine the quantity and quality of both surface and groundwater as well as the potential for utilizing unconventional sources emanating from reclamation, re-use, recycling, desalination and water demand management. It should identify the pertinent parameters of the hydrological cycle, and evaluate the water requirement of different development alternatives. The analysis should pinpoint the major water resources issues and potential conflicts, their severity and social implications, as well as risks and hazards such as flood and drought. A summary of the main areas to be covered is given in Box 1.  For the purposes of IWRM planning care should be taken not to embrace an approach which is too technical but to emphasize on the management systems and the enabling environment for efficient, effective and sustainable use.
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Box 1: Scope of water resources situation analysis

Socio-economic aspects are important looking at the impacts of the present water management system on water users (including environment) and society as a whole. Water resources assessment for IWRM puts hydrology within a wider context of social and economic development issues such as urban growth, changing land-use patterns, environmental sustainability and transboundary issues.

4.14 Problem analysis and defining objectives

The situation analysis report should present the issues and problems and prioritize those requiring most urgent attention.A problem analysis should be expressed as far as possible in terms of the socio-economic and environmental or ecosystem impacts that have meaning to the decision-makers. Not all stakeholders may be able to relate to predicted changes in flows, water levels or pollutant concentrations. Some may want to know how much money is involved (e.g. crop production, repair costs), the rate of erosion, the relative change in fish population, or the number of people affected by flooding. Expressing outcomes in terms of socio-economic impacts makes it easier to relate the problems to the (socio-economic) development objectives that decision-makers have formulated for the particular region or system under consideration (Loucks, et. al, 2005).

Procedures of problem analysis:

· Priority issues in terms of significant and urgent water resources problems to be dealt with are identified by the stakeholders; and

· Grouped into a problem tree with cause and effect and identification of the underlying problems by asking the question “Why?”.

This approach enables to identify and address the main constraints and causes rather than the symptoms. The branch of a problem tree ends when it has identified a problem that the project will directly address (Wester, 2011). Three to four branches are usually developed. A problem tree of one of the Demand Driven Action Researches of the IRBM project is presented below.
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Figure4.2The  Problem tree designating the overall problem and the root underlying causes of the PATSIR project (Eyasu, et. al., 2011)

Once the problem tree is agreed up on, the next step is to reformulate the problems that can be tackled by the project in terms of objectives/targets (Wester, 2011).An objective tree can be used for this purpose. Please refer to the Group Work Module for details.

4.15 Prioritizing WRM problems

Once the problems are identified, the next issue would be to prioritize those requiring most urgent attention. This will require developing prioritizing criteria agreed by all stakeholders. The quantitative multi-criteria analysis andmodelling tools will be presented separately. However, this section will discuss the most important qualitative criteria used in prioritizing WRM problems.

Integrated water resources management should take appropriate account of important environmental sustainability, economic, social and political dimensions (Error! Reference source not found.).
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Figure4.3The  Dimensions of water governance (UNESCO, 2006)
Social dimension

The social dimension points to the equitable use of water resources. Apart from being unevenly distributed in time and space, water is also unevenly distributed among various socio-economic strata of society in both rural and urban settlements. How water quality and quantity and related services are allocated and distributed have direct impacts on people’s health as well as on their livelihood opportunities. 
Currently, 1.1 billion people lack sufficient access to safe drinking water and 2.6 billion people lack access to basic sanitation. Slum dwellers (those living in poverty stricken part of a city) have very limited access to safe water for household uses compared to middle or high income household in the same city.  Similarly, water for food production often benefits large-scale farmers than small-scale farmers.

Economic dimension

The economic dimension draws attention to the efficient use (including prioritizing) of water resources and the role of water in overall economic growth. Water use efficiency in developing countries is very low in both urban and rural areas, and there is great room for improving the water situation through improved water distribution and management.

Political dimension

The political empowerment dimension points at granting water stakeholders and citizens at large equal democratic opportunities to influence and monitor political processes and outcomes. At both national and international levels, marginalized citizens, such as indigenous people, women, slum dwellers, etc., are rarely recognized as legitimate stakeholders in water-related decision-making. Empowering women, as well as other socially, economically and politically weak groups, is critical to achieving more focused and effective water management and to ensure greater equity.

Environmental sustainability dimension

The environmental sustainability dimension shows that improved governance allows for enhanced sustainable use of water resources and ecosystem integrity.Focus should be given to the linkage between land use (intensification of agriculture, urbanization, industrialization, etc) and surface and groundwater quantity and quality.

Box 2 prepared by CapNet and GWP (2005) also presents a checklist of prioritizing criteria. It has` to be noted that the prioritized problems are key inputs for setting prioritized goals.
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Box 2 Checklist for prioritizing WRM problems

4.16  Establishing water management goals and strategies

The output from this stage of the planning cycle is a water resources management strategy with clear goals. The strategy should go beyond the actions needed to solve current problems or achieve short term objectives and establish a clear long term framework to achieve sustainable development and management of water resources.

4.17  Defining goals and targets

Goals describe how the vision might be achieved. Each goal should cover a given issue (problem or opportunity), address the main changes required to make the transition to sustainable development, be expressed in a way that is broad enough to encompass all aspects of the issue and ensure ‘buy-in’ by all relevant stakeholders, but also specific enough to allow measurable targets to be defined. The strategy should cover sufficient goals to address the main economic, social and environmental concerns of sustainable water resources management, but few enough to be achievable and comprehensible. Targets need also to be set as measurable indicators for checking the achievement of the goals set. Targets for each goal describe specific and measurable activities, accomplishments or thresholds to be achieved by a given date.

Key goals in IWRM may be drawn from the following major areas:

· International context: water resources shall be managed observing international agreements, conventions, global values and good neighbourliness which entails an equitable sharing of water and benefits of transboundary watercourses.

· National context: water resources shall be managed to support the achievement of national development goals such as poverty reduction, the millennium development goals and sectoral development goals within food production, energy production, industry and environment.

· Human and ecosystems’ context: water resources shall be managed in such a way that they are accessible for everyone, satisfy basic human needs and aquatic ecosystem requirements. These human needs and environmental requirements shall take priority during allocation of water resources.

· Management principles context: decentralisation of responsibilities to the lowest appropriate level, participatory management and decision making including gender mainstreaming, cooperative governance (across sectors and across agencies) and management within hydrological units (catchments).

· Financial sustainability context: full cost recovery within the management system and that users and polluters pay for the services. Charges and tariffs, subsidies, incentives and disincentives are key.

4.18  Strategy selection

Strategy seeks to meet certain goals through specific investments. The investment resources available and options to reach the goals have to be assessed and a program devised. A good planning should involve a careful and detailed investigation of the available land and water resources. The required financial, material and human resources and the means of acquisition including contingency plans in case of risks and uncertainties would also have to be clearly defined at this stage. Ambition should never override rational thinking during planning. Otherwise, actual achievement may not coincide with the plan (Eyasu, 2005).

Steps that can easily be implemented are often enough to begin the process of moving towards more sustainable water development and management. Strategy decisions have to be tested and adopted taking into account:

· Views of the stakeholders, including politicians;
· Feasibility of the strategy, including risks and uncertainties;
· Trade-offs; and
· Cost.
Box 3 below presents some of the cross-cutting questions that can be used in the assessment of a chosen strategy (CapNet and GWP, 2005).
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impact of freshwater management on coastal and marine environments?

« the sustainable use of groundwater?

LINKED TO HUMAN HEALTH

Does our strategy actively support:
better water development and management to reduce water-related diseases such as malaria,
schistosomiasis, and diarrhoeal diseases

=  improvement of sanitation in urban and rural areas?

= sustainable delivery of water and sanitation services for the poorest populations?

LINKED TO ECONOMIC DEVELOPMENT

Does our strategy:

- allocate water between sectors in a way that encourages economic development, while also considering
poverty reduction and environmental sustainability goals?

= create a macro-economic environment conducive to good water management?





Box 3 Cross-cutting issues that can be used in the assessment of a strategy

4.19 Preparation and approval of the plan

Following the agreement on a water resources management strategy the next step is to operationalise this into a plan which details what has to be done, by whom, when and using what resources. The production of a feasible, acceptable and relevant plan is the expected result of this step in the planning cycle. Box 4 presents the drivers, outputs and activities in the preparation and approval of IWRM plan.
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Box 4 Drivers, activities and outputs of the plan preparation and approval phase 

The prepared plan should be accepted by all stakeholders including government. At minimum an IWRM plan should address the following:

· Description of the water management approach which is intended to be replaced by the IWRM plan:

· Where it came from and how long it has been in place;

· What legal instruments (policies, laws and institutions) support it;

· What the constraints are of the current approach to water management. 

· Description of the current water resources situation in the river basin (a water resource assessment) that addresses the following issues: 

· The spatial and temporal rainfall distribution, the major rivers, lakes, reservoirs, etc. Essentially a description of where the water is and where it is not. 

· The water uses and who are the users, how much do they use and for what purposes.

· The current social and institutional arrangements regarding water management.

· Description of floods and droughts, the frequency of occurrence as well as the extent of flood and drought events.

· Water conservation and demand management strategies currently in place.

· Description of “other” water sources (desalination, recycling, etc) in use.

· The participatory process and issues that have been raised by stakeholders during the participation process. 

· Description of the scope of the plan:

· Vision for water management and the level at which the plan is addressed (national, provincial or local level);

· Goals and targets we wish to attain with the IWRM plan.

· Description of how we plan to achieve the goals and targets:

· This means an implementation strategy.

· Description of the linkage of the IWRM to other plans:

· Its relevance to poverty reduction plan or an integrated development plan.

· Description of proposed monitoring and evaluation systems.

· Resource requirements to implement the plan.

4.20 Implementation and evaluation

The plan should be implemented as written, but with the realization that certain aspects may have to be modified based on experience during implementation. These modifications to the plan should be documented and incorporated into the IWRM plan as circulated. Constant and thorough monitoring of progress to the medium and long term goals and targets should also be used to detect any required or desirable changes. The monitoring and evaluation results should be used to modify and improve the IWRM plan. All such modifications to the process, changes in timing, budget or goals, should be made available to all participants.

4.21 Promising national IWRM plans: cases from Africa

4.1.1 A national IWRM planning process: a case from Burkina Faso
[image: image33.png]Case title
Burkina Faso — Action Plan for Integrated Water Resources Management (PAGIRE)

Subtitle

Confionted with serious water resources problems constraining development, Burkina Faso decided to prepare an action plan
setting out the future framework for integrated water resources management and identifying the specific actions and means for
their implementation.

Description

The elaboration of an Action Plan for IWRM in Burkina Faso reflects the country’s determination to address its severe water
resources management issues as well as its will to take part in the global commitments made in international conferences in
Dublin and Rio. The Action Plan has as its overall objective to contribute to the implementation of IWRM adapted to the natio-
nal context and the national policies, at the same time reflecting the principles of sustainable and ecologically viable rational
water resources management. The underlying broad strategies of the planning process was to: implement an integrated app-
roach rather than a sectoral approach; support the disengagement of the Government from water production and services and
management of irrigation schemes; propose an institutional and human resource plan for the public administration of water
resources; develop an fficient and stable management framework at appropriate ministerial levels and propose a staged
restructuring process. The process has been marked by certain characteristics contributing to its success: it has been conducted
as a structured process with several key steps — assessing the status, adaptation of the legal framework to IWRM principles,
identification of key water resources management issues and development of an action plan. Further characteristics of the pro-
cess were: the involvement of a highly multidisciplinary team; sensitisation and information of stakeholders throughout the pro-
cess; the inclusion of the Action Plan framework in the law and its elaboration and implementation in decrees; support from a
consultative, multi-stakeholder process and actions that clearly address the key water resources management issues. A perma-
nent secretariat has been created to implement the decisions of the management committee of the Action Plan. It has the
mission to define operationdl strategies for implementation, claborate annual activity programmes and to mobilise and manage
financial resources necessary to implement the PAGIRE.

Lzssans learned
political will at highest levels should be established at an early stage
the process should be firmly anchored in the responsible ministry and ministry staff should be involved in all activities
the planning process should be supported by a communication strategy for involvement of stakeholders, technical and finan-
cial partners
institutional reform possibilities should be considered during the process
IWRM principles need to be studied and adapted to the national context
stakeholder groups should be formed to discuss the plan and allowed enough time for comments and endorsement
decision makers at many levels should participate in the consultative processes
priovitisation of issues need to be based on rational methodologies
proposals and approaches need pilot testing in a basin where cconomic, social and environmental stakes are high

Importance of case for demonstration of IWRM
PAGIRE represents  recent (1999 — 2003) case of an IWRM planning process prompted by svere water resources problems,

strongly institutionally anchored, with multi-stakeholder involvement and tangible outputs at all milestones in the process. The

implementation process has started and continues within specific action areas in stages with 2015 as the horizon

Contact

Jérome Thiombiano, Ministere de IAgriculture, de IHydraulique et des Ressources Halieuteques, Direction Genérale de
Ulnventaire des Ressources Hydrauliques (DGIRH), 03 BP 7025 Oudgadougou, 03 Burkina Faso.

E-mail: dgirh@cenatrinbf or gire@liptinforbf






4.1.2 
A national IWRM planning process: a case from Uganda

[image: image34.png]Case title

Uganda — National integrated water resources management planning process
Subtitle

An TWRM process was started in Uganda in 1993, at a time when civil strife had caused the breakdown of all water monito-
ving and information systems, when institutional capacity was at a record low, when water policy and legislation was rudimen-
tary and consequently when water resources management was seriously constrained.

Description

The first milestone in the IWRM process was the development of the Water Action Plan (WAP) — the first of its kind following
the intenationally agreed principles from the UN Conference on Environment and Development in Rio de Janciro in 1992. The
WAP outlined a framework for water resources management based on identification of the key water resources isstes set
against the background of gaps and constraints in the enabling environment, the institutional roles and the management
instruments. The action plan assisted the development of the water resources policy and the legislative framework, defined
short term and long-term roles and responsibilities of the involved institutions and assessed their needs for capacities, capabili-

ties and management instruments. Cross-sectoral aspects were dealt with in a committce with representatives from a number of
relevant ministries, from districts, from water services providers and from private sector: A number of actions were program-
med all aiming at supporting the overall policies and strategies. Among these were the “Strengthening of the Water Resources
Monitoring and Assessment Services in Uganda,” the “Water Sector Capacity Building, Water Resources Management” and the
“Water Sector Reform Studies” linking water resources management to reform requirements for water services delivery. Over
the last ten years the IWRM framework has been built up to  degree where Uganda has asserted its role in the Nile Basin,
where a consistent policy and legislation provides the guidance and rules for priorities of water use, allocation and wastewater
discharge and where stakeholder participation and decentralisation provides local level involvement. The identified programme
activities in the Water Action Plan 1994 has provided the road map for this development which has resulted, among other
things, in empowerment both at local, regional and intemational levels

Lessons learned
The hey water resources issues are the determinants for development of a management framework
Classification of issues into livelihood/demand issues and resource-impact issues provides a very useful typology:
Ahigh level inter-ministerial water resources committee is required to deal with cross-sectoral issues and situations of com-
petition for water resources
An agreed set of coordinated, prioritised actions provides a firm basis for cooperation with funding agencies.
Balancing complexity of management and regulatory systems with human and financial resources is essential.
Though management of water resources is based on basins as the unit, it is not abways necessary or feasible to establish
viver basin agencies in situations of scarce human and financial resources
Decentralisation of certain water resources management responsibilities will give increased “ownership” at local levels and

will lso reduce logistic pressures

Importance of case for demonstration of IWRM

WAP demonstrated clearly how the four Dublin principles Gvater as a finite and wlnerable resource, participatory approaches,
women's central role, water as an economic good) could be applied in practice in the development of an integrated water
resources management framework. WAP laid the foundation for the further development of the WRM planning process and
implementation has been ongoing in several important areas (allocation and regulation, monitoring, water resources assess-
ment, capacity building and so on

Contact
Nsubuga Ssenfuma, Directorate of Water Development, Water Resources Management Department, Mpigi Road, PO. Box 19,

Entebbe, Uganda
E-mail: wrmd@dwd.co.ug





Assignment Chapter 4

Please comment on the strength and importance of the case study and mention if you have any comment on improvement?

5. Management responses to global challenges

5.1  Matching demands to supply

Numerous responses have been put forward to meet the ever-increasing demand for water. In some cases, the response focuses on how to compensate for the natural variability in the hydrological cycle in order to provide a continuously available resource. In other circumstances, the response focuses on overcoming the reduced availability in water quantity or quality that results from human and development impacts, from a demand management perspective. Some of the mechanisms that could be implemented to match the demands to supply are discussed below.

5.1.1 Combating natural variability

Dealing with variability in water runoff in particular hassled to centuries-old practices of intercepting, diverting and storing water so that adequate volumes would be available to match the needs and demands of the users.

Rainwater harvesting

Rainwater harvesting is receiving renewed attention as an alternative to or a means of augmenting water sources. Intercepting and collecting rainwater where it falls is a practice that extends back to pre-biblical times. It was used 4,000 years ago in Palestine and Greece; in South Asia over the last 8,000 years. It has also been used extensively to directly recharge groundwater at rates exceeding natural recharge conditions. Reports indicate that such practices in India resulted in groundwater level increases of from 5 to10 m in just two years. Various mechanisms such as roof water harvesting, microcatchment and macrocatchment techniques can be used for rain water harvesting. 

Spate irrigation

This is typically applied where highland plains meet alluvial flat slopes and annual rainfall is erratic. Flood from seasonal streams is diverted and spread directly to crop fields using earth bunds. 

Groundwater recharge

Diverting surface waters into nearby infiltration lagoons, recharge pits or injection wells to recharge alluvial or other types of aquifers are techniques used to deal with natural variability in flow, reduce evaporative losses, and obtain better quality water. Water diversion programs being established around the globe are referred to as ASR (artificial storage and recovery)or MAR (managed aquifer recharge). This practice is being applied in arid and semi-arid locations throughout the Middle East and Mediterranean regions. Runoff in ‘Wadis’ (dry riverbeds that only contain water during times of heavy rain) that otherwise would discharge into the sea or evaporate, is collected behind earthen berms following infrequent but heavy rainfall. The water infiltrates into the underlying alluvial gravel there by remaining available for substantively longer periods without the excessively evaporative losses that would typically occur from surface storage. 

Storing water in reservoirs

The construction of dams to create reservoirs has frequently been our response to growing demands for water to provide hydropower, irrigation, potable supplies, fishing and recreation, as well as to lower the impacts and risks to our well-being from high-intensity events such as floods and droughts. These facilities collect natural runoff, frequently quite variable in its location, duration and magnitude, and store it so that its availability is more constant and reliable. Despite increased benefits derived from the services reservoirs provide, reducing their downstream social and environmental impact is an ongoing debate globally. Irrigated agriculture is practically impossible in most dryland areas without the construction of dams.

Transferring water among basins

The transfer of water from one river or aquifer basin to another has long been used as a way to meet water demands, particularly in arid and semi-arid regions. It occurs often when large populations or, more commonly, agricultural demands have outstripped existing water resources. Even in advanced national development stages, some basins can have surplus water resources while others face shortages. Major long-distance schemes exist in many nations and new ones are in development. The water transfer from the Aswan dam (Nile) to the Sinai desert across the Suez Canal is a case in point. Global experience has shown that although the transfer of water among basins has been identified as a hydraulically and technically feasible response, before proceeding with such potential changes, broad social and environmental considerations must be taken into account. Multi-disciplinary approaches allow evaluation of the feasibility and sustainability of transfer schemes.
5.1.2 Water reuse

The growing trend of water reuse is occurring in water deficient areas (Mediterranean region, Middle East and Latin America) as well as in highly populated countries in temperate regions (Japan, Australia, Canada, north China, Belgium, England and Germany). Its increased application is being facilitated by modern wastewater treatment processes, which advanced substantially during the twentieth century. These processes can now effectively remove biodegradable material, nutrients and pathogens so the treated waters have a wide range of potential applications. On a global scale, non-potable water reuse is currently the dominant means of supplementing supplies for irrigation, industrial cooling, river flows and other applications. The reuse of potable waters has been an accepted global practice for centuries. Settlements downstream produced their potable water from rivers and groundwater that had circulated upstream through multiple cycles of withdrawal, treatment and discharge. Riverbeds or percolation ponds have also been used to artificially recharge underlying groundwater aquifers mainly with wastewater. 

The current annual reclaimed water volumes total about 2.2 billion m3. Many countries in water scarce regions are increasing the reclamation and reuse of wastewater to meet their rising demands. This method of augmenting natural water sources is becoming an integral component to many water resources management plans and future use policies. For instance, a number of Middle Eastern countries are planning significant increase in water reuse to meet an ultimate objective of 50 to 70% reuse of total wastewater volume.  
5.1.3 Desalinization

Desalination is used mainly in water-scarce coastal arid and semi-arid areas that are located inland where the only available water source is saline or brackish groundwater. The technology has been well established since the mid-twentieth century and has evolved substantially to meet the increased demands of water-short areas. According to the International Desalination Association, about 50% of global desalination takes place in the Middle East, followed by North America (16%), Europe (13%), Asia (11%), Africa (5%) and the Caribbean (3%). Globally, the contracted capacity of desalination plants is 34.2 million m3/day with about 63% being used by municipalities and 25% by industries. 

The major challenge of desalinization is what to do with the brine waste byproduct of the process. Today it is disposed of by discharge into the ocean or surface waters, sewage treatment plants, deep-well injection, land application or further evaporation in ponds. Each of these methods has potentially adverse environmental impacts.
5.1.4 Demand management

Climate change and the hydrological variability of water’s distribution and occurrence are natural driving forces that, when combined with the pressures from economic growth and major population change, make the sustainable development of our water resources a challenge. The combination of these factors commonly results in increased water use, competition and pollution in addition to highly inefficient water supply practices. In general, water resources have been diminished in quantity and quality, and ecosystem habitats have become endangered to a point below their resilience levels.

To meet current and future water demands, increased attention should be given to prevention strategies and new technologies that augment existing natural water resources, reduce demand and achieve higher efficiency. In the past we have responded by storing runoff in reservoirs, diverting flows from water-abundant to water-scarce regions, and extracting aquifer resources– methods that provided ample water where and when it was needed. These methods are likely to remain part of most water resources development strategies. Non-conventional water resources, such as water reuse and desalination, are being increasingly used and new technologies such as artificial recharge are also becoming more and more common. Capturing rain at the source through rainwater harvesting is yet another method used to increase the availability of natural water sources. In certain regions, an extreme response has been adopted. In some arid countries, where sufficient renewable water resources are not available, non-renewable groundwater reserves are being exploited to support development.

Conserving available water and reducing demand is a necessary measure in water-short regions, especially those in arid climates. Programs of conservation and demand reduction are referred to as water demand management (WDM). This approach differs from the traditional supply-driven method, which makes all existing water available. This means before simply “providing more water” (often implying construction of new and expensive infrastructure), the first approach should be to address the demand side, that is, move from “supply management” towards “demand management”. WDM seeks to maximize the usage of a given volume of water by curbing inessential or low-use values through price or non-price measures.
Throughout the world, large amounts of water are wasted in poorly constructed or managed irrigation systems, through leakage in urban water systems, in wasteful industrial practices and so on. Water efficiency must be addressed at all levels in water management, through both technical means (e.g. drip irrigation) and improved management practices. Conservation begins by reducing high losses from water supply distribution systems. Further, water conservation can be achieved after delivery by improving use practices. For example, reductions in community water use after conservation measures have been applied are reported to be as high as 40%.

Water demand management advocates a wide range of measures that go beyond conservation to broader sustainable resource management. It involves:
· Improving water-use efficiency, i.e., reduction of wastage both in infrastructure leakage and by users;

· Improving water allocation efficiency, e.g. water allocations based on the economic merits of a sector, such as output and jobs per unit of consumption;

· Protection of water quality of sources and direct use of return flows;

· Rainwater harvesting;

· Desalination of salty ground or seawater;

· Demand prioritisation and ranking.
Provision of incentives to improve demand management efficiencies has proven highly effective in augmenting natural water supplies. Water demand management should also consider new capacities to use non-conventional water supplies and new technologies to augment existing supplies.

Some of the factors that are motivating increasing numbers of water managers to opt for WDM in water stressed regions such as Africa include:

· Environmental push factors

· Current or perceived future water scarcity;

· Droughts;

· Avoidance or postponement of the negative environmental impacts.

· Economic push factors

· Lower costs of WDM compared with new supply schemes;

· Possible savings on operation and maintenance costs;

· Increased competitiveness of enterprises that adopt WDM;

· Use of saved water to promote economic growth.

· Equity push factors

· Use of saved water to provide it to more people;

· Increased water security and risk aversion;

· Lower costs leading to improved affordability.

The key to improved efficiency lies in setting up mechanisms for changing peoples' attitudes and behaviour towards water use. Such mechanisms include:

· Education and communicationthat are aimed at raising society’s awareness of the scarcity and finite nature of the resource;
· Economic incentives including tariffs and charges for water use (domestic, industrial, agricultural) and for provision of environmental services; 

· Subsidies or rebates for more efficient water use can be useful. 

Regulations and byelaws can be used to set standards for water consumption. These may explicitly aim to prevent "waste, misuse or undue consumption" in public water supply. Byelaws and regulations can also cover standards and use of water appliances, e.g. water fittings and appliances, which are required to achieve minimum standards of water efficiency. Such tools can change behaviour and stimulate the introduction of lower water consumption technologies.

Mechanisms that could be implemented to reduce consumption may vary from sector to sector. For instance, some of the interventions in irrigated agriculture may include the use of improved water saving technologies such as drip systems, improving water management practices at field level, cultivating high value crops and crops that demand less water.

5.2 Sharing water
A proposed framework for sharing water would mean taking the following issues into account:

· Natural conditions (e.g. aridity);

· Variety of uses (irrigation, municipal, industrial, ecosystem, hydropower etc);

· Various sources of supply (surface water, groundwater and mixed sources);

· Upstream/downstream considerations;

· Socio-demographic conditions (population growth and urbanization).


The problem of sharing water is more pronounced in transboundary rivers than national rivers. More than 45% of earth’s land area lies within the world’s 263 river basins that cross national boundaries. These international river basins are home to about 40% of the world’s people and account for 60% of the flow in the world’s rivers. The depletion of national water resources, recurring droughts and expanding socio-economic demands are fueling upstream and downstream disputes in the context of transboundary river basins. As a result, there is a growing need for collaboration and cooperation. It is important to recognize water as a catalyst for cooperation; regions with shared international waters are often subject to water-related controversies. When coupled with reasonable and equitable utilization of the resource, cooperative efforts allow for more effective approaches to allocating and sharing water. However, cooperation is not simply an abstract term for peaceful coexistence, but also an important mechanism for managing natural resources by addressing the underlying historical, political, economic and cultural causes of water-stressed environments.
The 1997 UN Convention on Non-navigational Uses of International Watercourses establishes two main principles, namely, “equitable and reasonable use” and the obligation not to cause “significant harm” to neighbors. However, the reality is far from this convention. During the twentieth century, 145 treaties were signed concerning non-navigational uses of international rivers, with most of the treaties between two countries, even in river basins shared by three or more countries. Very few of the treaties deal with water allocation, only one in five has enforcement mechanisms, and only one in two has any monitoring provisions. Reaching agreement on sharing the waters of an international basin proves difficult. Most treaties ignore issues of water allocation, and the treaties that do often allocate water in fixed amounts. Riparian relations are embedded within more immediate dimensions of historical and political relations between neighboring countries. Sentiments of territorial sovereignty often override notions of territorial integrity in a shared basin, eliciting unilateral actions in the name of national development and poverty alleviation. The Nile river basin, whose major contributor is Ethiopia, is one example. The 1959 treaty signed between Egypt and Sudan for the full utilization of the Nile allocates the entire water to the two countries alone.
Increasing sensitivity about the need to integrate competitive demands and stakeholders’ interests, in addition to the evolving need for political accommodation and the proactive stance in avoiding conflict, have all contributed to the need for a shift from confrontation to cooperation, from monologue to dialogue and from dissent to consensus. Some important elements in forging cooperation in sharing the resource of transboundary rivers include:

· Coordination: relates to sharing of information, communication, as well as some preliminary regional assessments.

· Cooperation: elevates the level of contact through joint projects, exchange of scholars and researchers, active planning, adaptation of national plans to capture regional costs and benefits, contingency alternatives or joint water flow forecasts.

· Collaboration: implies formalized agreements, continuous interaction, integrated river basin management, joint institutions, river basin commissions, permanent secretariat and staff and other forms of joint management.
According to the Global Water Partnership, managing water at the basin or watershed scale includes integrating land and water, upstream and downstream, groundwater, surface water, and coastal resources. The issues that need to be considered are:

Optimizing supply

This involves conducting assessments of surface and groundwater supplies, analyzing water balances, adopting wastewater reuse, and evaluating the environmental impacts of distribution and use options.

Managing demand

This includes adopting cost recovery policies, utilizing water-efficient technologies, and establishing decentralized water management authorities.

Providing equitable access

This may include support for effective water users’ associations, involvement of marginalized groups, and consideration of gender issues.

Establishing policy

Examples are implementation of the polluter-pays principle, water quality norms and standards, and market-based regulatory mechanisms.

Intersectoral approach

Utilizing an intersectoral approach to decision-making, where authority for managing water resources is employed responsibly and stakeholders have a share in the process.

5.3 Valuing and charging for water

The Dublin principle to treat water as an economic good follows a growing consensus on the need to maximize benefits across a range of water uses. The economic valuation of water theory advocates charging the users full cost, including:

· Operation and maintenance costs;
· Capital costs;
· Opportunity costs (the value of foregone opportunities for alternative water uses);

· Economic externalities (the impacts of actions of one water user on the interests or well-being of another).
However, the principle also acknowledges water as a social good and recognizes the importance of ensuring equitable access and meeting the needs of the poor and disadvantaged members of society. How to finance this task remains a key challenge. While higher-income countries move toward systems of water tariffs based on full cost recovery and metered service, low-income countries struggle to cover basic operating costs and, for the most part, still tolerate various systems of subsidies as many users are unwilling or unable to pay for water services. According to the World Bank, pro-poor policies relying on cross-subsidization have created an inefficient and unsustainable water services sector with serious impacts on the environment in many countries. Similarly, the ‘polluter pays’ principle, like the ‘user pays’ principle, although broadly accepted, suffers from poor enforcement due to a weak governance environment.

Considering the above facts and in view of promoting the efficient use of the scarce fresh water resource, water pricing with the following purposes is mandatory:

· Cost reflectivity: charges signal to users the true scarcity value of water (e.g. abstraction charges) and the cost of providing the service and provide incentives for more efficient water use. 

· Environmental protection: encouraging conservation and efficient use; recognising environmental benefits from leaving water in its natural state (e.g. pollution charges). 

· Cost recovery: generation of revenues for the efficient operation (and debt service) of the present system and its future maintenance, modernisation and expansion, the operation of the sector.

An effective tariff should, however, be:

· Affordable: recognising the vital role of water, the special needs of socially deserving cases, and the importance of safe water and sanitation for public health. Mechanisms to protect the poorest from high charges while avoiding subsidies to the better-off are necessary. The urban poor often pay more (per unit) for water via the informal private sector than the better-off pay to the official water utility. 

· Acceptable to the public: tariffs should be clear, understandable and fair.

· Administratively feasible: there should be sufficient capacity to collect the charges.

Volumetric tariffs, which charge according to the amount used, are more versatile than fixed charges and can provide incentive for careful use. Tariffs typically combine a fixed and variable element to cover overhead and operating costs respectively. Cost recovery charges for sanitation services are often levied on households and/or industry, typically as a surcharge on the water tariff, but are less easy to set and administer than water consumption charges.

Pricing or cost recovery for irrigation systems are beginning to be used, although irrigation water is often heavily subsidised. Volumetric pricing is still the exception, and proxies such as acreage, type of crop, size of harvest are used. Modernisation of irrigation systems (e.g., water metering) is required for improved charging in irrigated agriculture.

Direct cost recovery for environmental services or resource management is also rare but has been applied. Charges may be linked to environmental management (e.g. charges for abstraction licenses or discharge permits).

Water pricing is almost applicable under all circumstances. However, there are some preconditions for a successful cost recovery policy, such as:

· Public acceptance of the need for cost recovery. People may need a public information campaign to persuade them if they are used to regarding water as a gift of nature;

· Higher charges are easier to implement when there is an associated service improvement;

· Thorough demand surveys and consultation with consumers are essential. In poorer communities with underdeveloped services, willingness-to-pay surveys can be a useful pointer to setting appropriate tariffs, provided that the people who actually pay (often women) are actually consulted;

· Careful provision for poor or disadvantaged consumers. Direct support may be more effective, since subsidies often benefit the rich more. 

5.4 Creating water-oriented society

Public awareness creation at various levels and using various approaches is very important in changing the society’s behavior in the water world. Some of the interventions in this endeavor may include:

Education curricula on water management
This tool involves the incorporation of locally relevant sustainable water management topics into pre-school, primary, middle and high school education. Bringing water issues into education programmes provides a means of encouraging young people to understand not only the wider water concepts, but also the effects of their own behaviour on water, its quality and ecosystems. 

Communication with stakeholders
Information exchange among diverse water stakeholders using mechanisms suitable for the target group is very vital in improving their role in the efficient and sustainable utilization of the water resource.

Like other professionals, water practitioners learn best from face-to-face interaction with each other or a mentor, sharing common problems, concerns and successes. Good information exchange is enhanced by:

· Appropriateness: providing information that is relevant to the IWRM task at hand, has been tested in the field and rigorously proven through research and development. Information must also be applicable to the type of problem, the level of institutional capacity and technical ability of the practitioners. If capacity is lacking, special efforts will be needed to facilitate information exchange. Internet based information is key, but where it is not easily accessible alternatives must be used. 

· Accessibility: building on current capacity of practitioners rather than requiring major upgrades in organisational or technical ability. 

· Equity: information exchange should respect cultural needs and gender issues, and take care not to discriminate against users or providers because of their remote locations.

Raising public awareness
Creating awareness of the general public should be at the center of campaigns, as many water issues need broad public support and understanding. The aim is to engage the public in such issues as water conservation; hygienic water use; preservation of wet ecosystems; water user awareness; developing self-regulating water institutions; increasing the willingness to pay or contribute to water services; awareness for planning for emergencies and strengthening political will. 

5.5 Setting regulatory instruments

Regulatory instruments against which monitoring and evaluation can be made and corrective measures taken are very critical in IWRM. 

Regulations for water quality

Regulatory instruments for controlling water quality can be aimed at controlling discharges at source, or at managing the receiving environment. They also include regulations for waste minimisation.

Regulations for water quantity

Regulatory instruments for ground and surface water quantity control include permits for ground and surface water abstractions. The quantities permitted may reflect seasonal needs.

Usually, general rules determine when a permit is needed and when not, for example, for which volume of abstractions. General rules may forbid or limit abstractions for specific waters or under such specific conditions as times of drought.

Regulations for water services

Water service providers should be subject to the general quality and quantity regulations. In addition, governments will be concerned to ensure that providers deliver services in an efficient and cost-effective manner and at appropriate service standards.
Land use planning controls and nature protection

An important topic for IWRM is the interface between water use and land use. Consequently, regulating land use is part of IWRM. The steady growth of urban expansion means that the water impacts of land use becomes of paramount importance. Urban growth leads to massively increased local discharges of waste effluent with serious impacts on surface and ground water. In the same way forestry and agricultural activities have significant impacts on both quality and quantity of surface runoff as well as groundwater formation and quality. Land use planning should be a significant component of the implementation of national plans for IWRM.

5.6 Enhancing knowledge and capacity

Spurred by the Millennium Development Goals (MDGs), many nations are now intensifying their actions to improve water services and infrastructure development. Over the past two decades, developing countries have invested hundreds of billions of dollars in water services and water resources, a substantial portion of which has failed to bring about the desired outcomes and impacts. Assessments made by various global agencies indicate that much of failure is related to inadequate knowledge bases and weak capacities.

As a result, there is a growing consensus that a strong knowledge base and capacity to plan, manage and use the infrastructure and enable proper governance of the water sector is a primary condition for sustainable development and management of water services. Knowledge development and accessibility lie at the heart of this concern. Knowledge takes a variety of forms: 

· Databases; 

· Competence to integrate and interpret data and create meaningful information that can inform decisions; 

· Capacity to generate new data and information, to identify gaps, to learn from past experiences and to explore the future; and 

· Educational and dissemination mechanisms. 

The support of a strong knowledge base can greatly improve capacity development and spur the kind of informed decision-making that drives policy directives, which enable local institutions to be better equipped to direct their own self-sufficient and sustainable futures in the face of change.

Capacity development is the process by which individuals, organizations, institutions and societies develop abilities (individually and collectively) to perform functions, solve problems and set and achieve objectives. A country’s capacity to address water-related issues is not just the sum total of individual capacities, but rather a broad holistic view of the central concerns of management, namely, how to resolve conflict, manage change and institutional pluralism, enhance coordination, foster communication, and ensure that data and information are collected, analysed and shared. This involves not only individual capacities (human resources), but also the effectiveness, flexibility and adaptability of organizational processes (institutional capacity) and an enabling and stimulating management framework (the enabling environment).

An adequate knowledge base must be available to the water sector worldwide in order to understand and deal with current changes. Besides data describing the state of water resources and their management, there is an urgent need for good applied research to generate knowledge on the current challenges facing the water sector and to collect and share the existing experiences of communities as they develop capacity. A knowledge system extends well beyond data pertaining to physical and technical parameters, and includes important socio-economic aspects too.

5.1.5 Data acquisition

Faced with climate change and population growth, it is now more urgent than ever that measures be undertaken to improve the state of knowledge on water services and water resources for better management. However, the World Meteorological Organization (WMO) Global Runoff Data Centre reported that there has been a significant reduction in the data collected since mid-1980s. This lack of data is in turn seriously impairing the capacities of countries to make informed decisions concerning the environment and development. Indeed, raw data from monitoring the physical and socio-economic systems of our water resources is the foundation on which we assess their state.

An examination of the current state of the data in the knowledge base on integrated water resources management reveals some distinct trends. On the one hand, due to political, institutional and economic instability, there has been a severe decline in basic hydrological monitoring for estimating sustainable water supplies. On the other, there have been considerable advances in the acquisition of data on water resources from remote sensing. These advances are due in part to the governments’ expectations of the availability and capabilities of remote sensing technology and its spatial coverage, in addition to the large costs and uncertainties involved in sustaining ground-based hydrological monitoring networks.
Ground monitoring systems (hydro-meteorological stations)

Ground-based monitoring systems are essential for characterizing a country’s water resources. Despite the spatial coverage of remote sensing, such data is generally still less accurate than that of ground-based monitoring, which is needed for confirming remote sensing data and for measuring parameters such as precipitation, discharges and sediment transport in rivers and groundwater levels. Today, however, there is a lack of ground-based hydrological station networks.
WMO’s World Hydrological Cycle Observing System (WHYCOS) is making an important contribution to an overall assessment of the world’s water resources by strengthening the technical and institutional capacities of the hydrological services to collect, transmit and store hydrological data and produce information responding to the needs of the end users. The WHYCOS program is implemented through various regional HYCOS components as shown in Figure 5.1. The main activities of each project include updating the observing network, developing regional databases (see www.r-hydronet.sr.unh.edu), establishing websites for easy data access and dissemination, and training personnel. Data collected through the HYCOS components also contribute to a better understanding of the global water cycle and its variability.
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Figure 5.1WMO’s World Hydrological Cycle Observing System (WHYCOS)

Remote sensing

In recent years, water resources management has benefited from the powerful assessment tools provided by remote sensing. Since the Rio Declaration on Environment and Development in 1992, a number of major developments have occurred. Over 100 new satellite sensors for sustainable development have been put into operation, and advanced warning for extreme storms and floods has increased in some instances to over 100 hours. Remote sensing is used for the provision of simple qualitative observations, mapping/detecting features of hydrological importance and the direct estimation of hydrological parameters and water quality. The high-resolution remote sensing data is more accurate but need to be purchased in most cases. 

It has, however, to be noted that there are also some freely accessible databases which can especially be used in developing countries. Of particular note is the TIGER Initiative led by the European Space Agency (ESA) in partnership with the United Nations Educational, Scientific and Cultural Organization (UNESCO), the United Nations Office for Outer Space Affairs (UNOOSA) and others, which aims to provide earth observation data, capacity-building and technical support services for IWRM in developing countries with a particular focus on Africa (see earth.esa.int/tiger/). Some of the projects operating in Africa under the TIGER umbrella include:

· GlobWetland: provides land cover and land use change maps on fifteen African wetland sites.

· Global Monitoring for Food Security (GMFS): maintains a continental-scale overview of sub-Saharan Africa in order to produce sub-national and selected high-resolution crop production forecasts.

· Epidemio: uses satellites to provide environmental information in the service of epidemiology, including the charting of water bodies in order to prepare malaria risk maps.

· Aquifer: generates land use cover and land use change charts, digital terrain maps, soil moisturemapping and subsidence monitoring, so that new aquifers can be identified and existing aquifers exploited in a sustainable manner.

The advantages of remote sensing lie in its ability to map conditions across regional, continental and even global scales on a repetitive basis at a relatively low cost compared to ground-based monitoring. Research efforts have recently concentrated on developing methods that need limited in-situmeasurements, but a large number of applications still depend on correlation and/or combination with measurements (such as water levels and discharges in rivers) from land-based monitoring systems.

Modeling

It is one thing to acquire data from the real world, but it is another to interpret and utilize that data to better understand water-based processes and systems. The ability to extract, understand and interpret such data and information is crucial for taking advantage of the processes and systems in water management. Computer simulation models are now commonplace tools for assisting in such understanding and interpretation. Such models encapsulate scientific knowledge in their development and application, while operating with data to replicate real-world phenomena. A model is a simplified description of a system to assist calculations and predictions.

Currently, hydrological models simulating water balance elements (such as river runoff, groundwater and evapotranspiration) are quite well developed. So are water quality models for rivers, groundwater and lakes. However, models for most other water aspects (ecological, environmental, economic, social, institutional and legal) need significant improvement.

A very important trend in modeling is the linking of hydrological models to Geographical Information System (GIS). GIS is an inventory of natural resources (soil, landform, water and vegetation) of an area and brings together data and information for decision makers for water planning and management judgements. GIS-based modelling techniques can allow policy-makers and managers to test "what if" scenarios, on topics like integrated water quantity, water quality and environmental regulation, the impacts of land use changes on flow regimes, climate change effects on flood and drought frequency/severity, inter-sectoral water allocation policies, effects of uncertainty and risk on water resources management and the impacts of economic incentives for pollution control, water conservation and more efficient irrigation.

5.1.6 Knowledge sharing and accessibility

Access to and sharing of knowledge by individuals and groups are critical to addressing water-related problems. In many developing countries, however, the water resources and services knowledge base has often been limited due to budget constraints, the emphasis on developing new infrastructure, lack of professional education and language barriers. This results in decreased capacity to translate available data into usable knowledge.
However, thanks to the establishment of water databases and monitoring guidelines, many countries have made strides to set up and maintain national water databases. Still, 61 out of 239 countries have not supplied the necessary data to international repository centres, making it extremely difficult to establish the overall state of the world’s water resources, and in particular those of a particular region or river basin in a given year, month or day. Such data is needed for inter-country comparisons in order to identify similarities, differences, strengths and weaknesses, to alert better governance and to improve management. The willingness to share data among countries remains a key obstacle to effective transboundary river management. Some of the important international water-related databases are presented below.

· AQUASTAT: www.fao.org/waicent/faoinfo/agricult/agl/aglw/aquastat/main/index.stm;

· FAOSTAT: apps.fao.org;

· Global International Waters Assessment (GIWA): www.giwa.net;

· Global Online Research in Agriculture (AGORA): www.aginternetwork.org;

· Global Resource Information Database (UNEP GRID): www.grida.no;

· Global Runoff Data Centre (GRDC): grdc.bafg.de;

· International Disasters Database: www.cred.be/cred/index.htm;

· International Groundwater Resources Assessment Centre (IGRAC): igrac.nitg.tno.nl/homepage.html;

· Transboundary Freshwater Dispute Database: www.transboundarywaters.orst.edu.

Networks of all kinds, representing all sectors, such as professional associations, are powerful tools for knowledge sharing and distribution. They offer a framework for resource optimization and knowledge

combination, saving valuable financial and time resources, in addition to providing an excellent platform for peer discussions. Some international water networks and professional associations include:
· Nile Basin Capacity-Building Network for River Engineering (NBCBN-RE): www.nbcbn.com;

· International Commission on Irrigation and Drainage (ICID): www.icid.org;

· International Network of Basin Organizations: www.inbo-news.org;

· International Water Association (IWA): www.iawq.org.uk;

· International Water Resources Association: www.iwra.siu.edu;

· International Waters Learning Exchange and Resource Network (IW:LEARN): www.iwlearn.org;

· WaterNet: www.waternetonline.ihe.nl;

· World Meteorological Organization – World Hydrological Cycle Observing System (WHYCOS): www.wmo.ch/web/homs/projects/whycos.html;

· International Water Management Institute (IWMI): www.iwmi.cgiar.org.

Assignment Chapter 5

Please indicate the major water resources challenges in your area and propose the best management practice to optimize the water resources? Please indicate the pros and cons of the management practice.

6. IWRM in Ethiopia

6.1  Water resource potentials and utilization

In Ethiopia, the annual rainfall varies from less than 100 mm along the border with Somalia and Djibouti to 2,400 mm in the Southwest highlands, with a national average of 848 mm/year. Rainfall in Ethiopia is highly erratic, and most rain falls intensively, often as convective storms, with very high rainfall intensity and extreme spatial and temporal variability. The result is that there is a very high risk of annual droughts and intra-seasonal dry spells.

Ethiopia possesses twelve major river basins, which form four major drainage systems (Figure 6.1):

· The Nile basin (including Abbay or Blue Nile, Baro-Akobo, Tekeze/Atbara and Mereb) covers 33% of the country;

· The Rift Valley (including Awash, Denakil, Omo-Gibe and Rift Valley Lakes) covers 28% of the country;

· The Shebelle-Juba basin (including Wabi-Shebelle and Genale-Dawa) covers 33% of the country;

· The North-East Coast (including the Ogaden and Aysha basins) covers 6% of the country.


Figure 6.1 Major drainage basins of Ethiopia
Ethiopia is quite rich in water resources and its drainage pattern is of great importance for its neighbouring countries. The flow/drainage pattern of the river basins is as follows:

· Blue Nile (Abay) and the Baro-Akobo towards Sudan; 

· Tekeze and Mereb towards Eritrea and Sudan; 

· Wabi-Shebelle and the Genale-Dawa towards Somalia; 

· Omo-Gibe towards Lake Turkana in Kenya;  

· Danakil, Awash, Rift Valley lakes, Ogaden and Aysha basins are landlocked. 

The total annual runoff of Ethiopia is estimated at 122 billion m³ (Table 6.1). The Nile Basin accounts for 69% of total runoff from an area that is only 32% of the total area of the country. Most of the rivers in Ethiopia are seasonal and about 70% of the total runoff takes place during the months of June, July and August. Dry season flows originate from springs, which provide base-flows for small-scale irrigation. The groundwater potential of the country is estimated to be between 2.6 – 6.5 billion m3.
Table 6.1 Area and annual runoff by river basin (Ethiopian Ministry of Water Resources (MoWR))

	Major drainage system
	River basin
	Area
	Annual runoff

	
	
	in 106 ha
	as % of total area
	in 109 m3/yr
	as % of total runoff

	Nile Basin
	
	36.9
	32.5
	84.55
	69.0

	
	Abbay (Blue Nile)
	20.0
	17.6
	52.6
	42.9

	
	Baro-Akobo
	7.4
	6.5
	23.6
	19.3

	
	Tekeze/Atbara
	8.9
	7.8
	7.63
	6.2

	
	Mereb
	0.6
	0.5
	0.72
	0.6

	Rift Valley
	
	31.8
	28.0
	29.02
	23.7

	
	Awash 
	11.3
	9.9
	4.60
	3.8

	
	Denakil
	7.4
	6.5
	0.86
	0.7

	
	Omo-Gibe
	7.8
	6.9
	17.96
	14.7

	
	Rift Valley Lakes
	5.3
	4.7
	5.60
	4.6

	Shebelle-Juba
	
	37.1
	32.6
	8.95
	7.3

	
	Wabi-Shebelle
	20.0
	17.6
	3.15
	2.6

	
	Genale-Dawa
	17.1
	15.0
	5.80
	4.7

	North-East Coast
	
	7.9
	6.9
	0.00
	0.0

	
	Ogaden
	7.7
	6.8
	0.00
	0.0

	
	Aysha
	0.2
	0.2
	0.00
	0.0

	Total
	
	113.7
	100.0
	122.52
	100.0


Even if the country is endowed with huge water resource potential, very little is utilized so far. Recent data indicate that the annual water withdrawal is only about 5.6 billion m3 (4.6% of the total water resource) out of which 5.2 billion m3, 0.33 billion m3 and 0.02 billion m3 is used for irrigation, domestic water supply and industry respectively. There is no accurate data on groundwater utilization. However, only a small fraction of has been developed so far mainly for local water supply purposes. Traditional wells are widely used by nomads. Non-conventional water supply through desalinization or treatment of wastewater is not practiced in Ethiopia.

The gross potential irrigable land in Ethiopia is estimated to be 3.6 million ha. However, the economic irrigation potential is at present estimated at about 2.7 million ha, considering the availability of water and land resources, technology and finance (Table 6.2). Traditional irrigation in Ethiopia dates back several centuries, while “modern” irrigation was started by the commercial irrigated sugar estate established in the early 1950s by the Imperial Government of Ethiopia and the Dutch company known as HVA-Ethiopia in the Awash Valley. Various sources give different estimates of irrigated area, but recent sources indicate that the area equipped for irrigation was nearly 290,000 ha, which is 11% of the economical irrigation potential. However, the irrigated cropping intensity is about 142% resulting in total annual harvested irrigated cropped area of 411,000 ha. Traditional irrigation practice accounts for about 138,000 ha and involves around 572,000 farmers indicating the significant economic and social role of traditional irrigation for rural society. Both irrigated and rainfed agriculture is important in the Ethiopian economy. Virtually all food crops in Ethiopia come from rainfed agriculture with the irrigation sub-sector accounting for only about 3% of the food crops. Export crops such as coffee, oilseed and pulses are also mostly rainfed, but industrial crops such as sugar cane, cotton and fruit are irrigated (in addition to vegetables).
Table 6.2 Economical irrigation potential and actual irrigated area by river basin (MoWR)

	Major drainage system
	River basin
	Area
	Economical irrigation potential (EIP)
	Irrigated area

	
	
	in 106 ha
	in 103 ha
	in 103 ha
	as % of total irr. area
	as % of EIP

	Nile Basin
	
	36.9
	1,312.5
	84.64
	29.2
	3.2

	
	Abbay (Blue Nile)
	20.0
	523.0
	47.02
	16.2
	1.8

	
	Baro-Akobo
	7.4
	600.0
	13.35
	4.6
	0.5

	
	Tekeze/Atbara
	8.9
	189.0
	24.27
	8.4
	0.9

	
	Mereb
	0.6
	0.5
	0.00
	0.0
	0.0

	Rift Valley
	
	31.8
	731.7
	178.57
	61.7
	6.7

	
	Awash 
	11.3
	205.4
	112.50
	38.9
	4.2

	
	Denakil
	7.4
	3.0
	0.00
	0.0
	0.0

	
	Omo-Gibe
	7.8
	384.0
	40.30
	13.9
	1.5

	
	Rift Valley Lakes
	5.3
	139.3
	25.77
	8.9
	1.0

	Shebelle-Juba
	
	37.1
	627.3
	26.32
	9.1
	1.0

	
	Wabi-Shebelle
	20.0
	204.0
	22.79
	7.9
	0.9

	
	Genale-Dawa
	17.1
	423.3
	3.53
	1.2
	0.1

	North-East Coast
	
	7.9
	0.0
	0.00
	0.0
	0.0

	
	Ogaden
	7.7
	0.0
	0.00
	0.0
	0.0

	
	Aysha
	0.2
	0.0
	0.00
	0.0
	0.0

	Total
	
	113.7
	2,671.5
	289.53
	100.0
	10.8


The river basin master plan studies and the subsequent efforts underway to develop various large-scale irrigation projects in the last few years are, however, very promising. Some of the on-going irrigation projects in Ethiopia as part of the IWRM policy are given in Table 6.3.

Table 6.3 On-going irrigation projects in Ethiopia (MoWR)

	No.
	Irrigation project
	Irrigable area (ha)
	River basin

	1
	Kesem and Tendeho
	90,000
	Awash

	2
	Arjo-Dedesa
	14,300
	Abbay

	3
	Gumara
	14,000
	Abbay 

	4
	Lake Tana sub-basin
	82,457
	Abbay

	5
	Koga
	7,000
	Abbay

	6
	Humera
	43,000
	Tekeze

	7
	Welkait
	40,000
	Tekeze

	8
	Lake Abbaya sub-basin
	31,920
	Rift Valley lake

	9
	Zeway
	15,500
	Rift Valley lake

	10
	Wabi-Shebelle basin
	52,920
	Wabi-Shebelle

	11
	Raya Valley pressurized irrigation
	18,000
	Denakil

	12
	Kobo-Girana Valley pressurized irrigation
	17,000
	Denakil

	Total
	426,097
	


6.2 Challenges to life and well-being
Ethiopia is largely dependent on the agricultural sector, which provides 86% of the country’s employment and 57% of its GDP.  Rainfed crop cultivation is the principal activity and is practiced over an area of 10.6 million ha.The rainfed farming is characterised by low productivity. The annual grain production, which is on average 7 – 9 million tons, is too low to support the national food demand. Food insecurity, as a result of persistent drought among other reasons, has been the order of the day for a very long period in Ethiopia. Even during good years, the survival of some 46 million people depends on international food assistance. The condition is worse due to the large increase in population.

Wetlands in Ethiopia are very valuable areas for rural communities. They contribute directly to food security by providing vegetables in the early rainy season when the supply of food from the upland fields is running out for many families. Moreover, many rural inhabitants obtain drinking water from the springs around the wetlands. However, wetlands are being degraded due to human-related activities, such as draining for agriculture, cattle grazing, industrial pollution and unsustainable utilization of resources. Although there are some policies that specifically address wetlands, there is, at the national level, an overall lack of wetland policy.
Ethiopia’s urban population is close to 10 million people, 25% of whom are located in Addis Ababa. Half of the urban population lives in towns smaller than 30,000 inhabitants. Although Ethiopia is rural-centred (85 percent of the population lives in rural areas), the rate of urban growth is increasing at a yearly average rate of 5%, which is much higher than the average national growth rate of 2.3% per year. The status of water and sanitation infrastructure is very poor in Ethiopia. Only 10% of Ethiopians have access to proper sanitation facilities and 31% to safe water. Service coverage is considerably higher in urban areas than in rural areas (74.4% and 23.1% respectively). Furthermore, almost 25% of water installations in rural areas are not functional at any given time. According to UNICEF (2004), 46% of the water sources in rural Ethiopia are unprotected river/pond/lake and 39% are unprotected wells/spring while the remaining 4 and 11% are protected tap and well/springs respectively. According to the Central Statistical Authority (1999), 92% of the rural households use field/forest and 6.6% use pit latrine as sanitary means indicating the status of sanitation in the country. As a result, the incidences of diseases related to unsafe water supply and inadequate sanitation are very high. Diarrhea, the most prevalent water-related disease, accounts for 46% of the under-five child mortality rate. The infant mortality rate was 114 per 1,000 live births in 2002 and the under-5 mortality rate was 171 per 1,000 children.
Even if a significant improvement has been made in recent years in hydroelectric power generation, the main source of energy production in Ethiopia (about 90%) is biomass (fuel wood, coal, agricultural residues, animal wastes, etc.), which leads to rapid forest depletion.


Last but not least, extreme water related disasters, namely, drought and floods are the natural challenges to life and well-being in Ethiopia.

On annual basis, Ethiopia gets plenty of rainfall, but it is quite erratic in nature and mostly falls either too early or comes too late or even recesses in mid-season of the cropping period. In short, the required amount is not available at the right time. Accordingly, recurrence of drought is a common phenomenon in Ethiopia. Table 6.4shows the number of people affected by droughts and the population which required basic food assistance between 1990 and 2004.

Table 6.4 Number of people affected by recent droughts (UN World Water Development Report 2, 2006)

[image: image36.emf]
As most of the rivers in Ethiopia flow in deep gorges, floods have not traditionally been a common phenomenon. However, as a result of intense rainfall and the massive deforestation and loss in surface vegetation, flooding sometimes occurs particularly along the Awash river and in the lower BaroAkobo and WabiShebelle river basins, causing damage to standing crops and infrastructures. The contingency plans for water-related natural disasters are prepared by the Disaster Prevention and Preparedness Commission (DPPC).

6.3 The Ethiopian Water Resources Management Policy

The Ethiopian Water Resources Management Policy adopted in 2000 aims:

· To enhance and promote all national efforts towards the efficient, equitable and optimum utilization of the available Water Resources of Ethiopia for significant socio-economic development on sustainable basis.

Objectives:

· Development of the water resources of the country for economic and social benefits of the people, on equitable and sustainable basis. 

· Allocation and apportionment of water based on comprehensive and integrated plans and optimum allocation principles that incorporate efficiency of use, equity of access, and sustainability of the resource. 

· Managing and combating drought as well as other associated slow on-set disasters throughefficient allocation, redistribution, transfer, storage and efficient use of water resources. 

· Combating and regulating floods through sustainable mitigation, prevention, rehabilitation and other practical measures. 

· Conserving, protecting and enhancing water resources and the overall aquatic environment on sustainable basis. 

Guiding principles:

· Water is a natural endowment commonly owned by all the peoples of Ethiopia. 

· As far as conditions permit, every Ethiopian citizen shall have access to sufficient water of acceptable quality, to satisfy basic human needs. 

· In order to significantly contribute to development, water shall be recognized both as an economic and a social good. 

· Water resources development shall be underpinned on rural-centered, decentralized management, participatory approach as well as integrated framework. 

· Promotion of the participation of all stakeholders, user communities; particularly women's participation in the relevant aspects of water resources management. 

To realize the overall goal, the water resource management policy spelled out mainly three important sub-sectoral policies, goals and strategies (Visit the web site of MoWR at www.mowr.gov.et)

· Water supply and sanitation policy;

· Irrigation policy;

· Hydropower policy. 

In order to implement the requirements set forth in the policy, various legal and institutional capacity building efforts have been underway. For example, the fifteen year Water Sector Development Program (WSDP) was put into effect in 2002 and the Water Resources Management Proclamation was issued the same year to provide legal ground for the implementation of the Water Policy. The WSDP defines concrete interventions in terms of projects and programs to achieve the water policy objectives. The WSDP is a development program with 15 years planning period ranging from 2002 – 2016. It is divided into three five years development programs: 

· Short term (2002 – 2006);

· Medium term (2007 – 2011); and 

· Long term (2012 – 2016).

The WSDP is composed of five programs and sets the targets on Water Supply and Sanitation development, Irrigation development, Hydropower development, General Water Resources development and Institutional and Capacity Building. 

Water Supply and Sanitation Development Program (WSSD)

This program aims to increase the National Water Supply Coverage from the 30.9% (2002) to 76% at the end of the planning period. The sub-components of the WSSD include:

· Urban Water Supply: expected to grow from 74% at the base year (2002) to 98% at the end of the planning period;

· Rural Water Supply: expected to grow from the 23% (2002) to 71% at the completion of WSSD;

· Sewerage services: substantial improvement in the sanitation coverage is also envisaged at the end of the planning period (construction of 110 sewerage projects). 

Irrigation Development Program 

The overall objective of the Irrigation Policy is to develop the huge irrigated agriculture potential for the production of the food crops and raw materials needed for agro-industries in a sustainable way. According to this policy, Ethiopia plans to develop an additional 274,612 ha of irrigated land up to 2016.

Hydropower Development Program 

Hydropower plant construction: 

· medium-scale hydropower plants with an aggregate installed capacity of about 950 MW;

· 15 small-scale hydropower plants (<10 MW each).

Hydropower plant studies (feasibility, pre-feasibility and reconnaissance):

· Feasibility studies of 15 medium-scale hydropower sites by MoWR (Ministry of Water Resources).

· Feasibility studies of 2 small-scale hydropower sites by EEPCo (Ethiopian Electric Power Corporation).

· Feasibility studies of 35 small-scale hydropower sites in various regions.

· Pre-feasibility studies of 18 medium-scale hydropower sites by MoWR.

· Pre-feasibility studies of 30 small-scale hydropower sites in various regions.

· Reconnaissance studies of 30 medium-scale hydropower sites by MoWR.

Water Resource Development Program (WRDP)

The WRDP as a sub-sector covers actions that are multi-sectoral in nature and not covered in the other sub-sectors. The WRDP includes the following major components:

· Improving the hydrological data collection to meet WMO standards: a total of 274 new hydrological gauging stations will be installed at various rivers and lakes for collection of hydrological data. This will include 150 new automatic recording stations and 124 new non-recording stations.

· Improving meteorological data collection: the National Meteorological Services Agency (NMSA) will install 745 new weather stations of varying classes at selected representative areas across the country, bringing the total number of stations to 1,540. To strengthen and expand meteorological data collection and supply of adequate weather information, meteorological branch offices will be established in 8 regions within the next five years.

· Flood protection and control: undertake a number of flood protection studies and implementation of flood protection projects in flood prone areas. 

· Master plan studies for integrated development of river basins.

· National groundwater assessment program.

· Establishment of additional national and regional water quality monitoring laboratories.
Institution and Capacity Building Program (ICBP)

The ICBP consists of projects to:

· Create an enabling environment that includes an appropriate legal and regulatory framework, and enforcement of the policy and strategy.

· Establish the necessary institutions required to undertake the program:

· Water Resource Information Centre;

· Basin development authorities;

· Water resource research centre;

· Water resources training institute.

· Develop manpower, which basically comprises training, career development and design of motivational systems.

· The vocational and technical training centers established since 2003 to train technicians on irrigation development schemes and water supply and sanitation services are part of this initiative.
· Improve technical input in the form of equipment, infrastructure and program financing.

Investment needs of the WSDP

Total financial requirement for the WSDP over the entire planning period of 2002 – 2016 is estimated to be US$ 7.44 billion. Funding for water development activities is determined by the federal or regional government. The irrigation authorities have financial autonomy only over their approved and allocated budget. So far, neither cost recovery nor irrigation charges have been considered in irrigation development. However, in some cases beneficiaries have been contributing to the development of some small-scale irrigation schemes by providing free labour for up to 10% of the investment. The 15-year National Water Sector Development Program envisages cost recovery or cost-sharing mechanisms in which case financing for small-scale irrigation development projects will come from the regional governments (45%), beneficiaries (20%), multilateral and bilateral sources (20%), NGOs (10%) and private investors (5%). Similarly, medium and large scale irrigation development will be covered by the federal government (40%), multilateral and bilateral sources (40%), beneficiaries (10%) and private investments (10%). However, there is a long way to go to establish a cost-sharing system because most beneficiaries have not even contributed to the operation and management of the existing schemes let alone to construction costs. In some small-scale irrigation schemes, though, beneficiary communities collect irrigation charges for covering minor maintenance costs, each beneficiary paying the same amount irrespective of farm size or quantity of water consumed.

A Water Resources Development Fund (WRDF) has been established recently within the MoWR to serve as a public financial intermediary dedicated to financing the water supply and sanitation services and irrigation development through the provision of a long-term loan to groups meeting established criteria and based on the principles of cost recovery. The WRDF, which finds funds from donors, is a nucleus for the development of a financially autonomous institution for water resources development through a cost recovery system.
Summary

The Water Sector Development Program (WSDP) aims to improve the existing situation. However, awareness raising activities to disseminate existing plans and policies at various levels (public and national institutions) are lacking. In addition, the rate of implementation and the effectiveness of policies have not yet been assessed due to the absence of a functioning monitoring and evaluation system. Furthermore, the investment required for the implementation of this program cannot be financed by national funds alone. Attracting international donors will therefore likely remain a priority in order to alleviate the heavy burden of disease, poverty and hunger that the country currently faces.

Assignment Chapter 6

Write a short brief note on the potential opportunities and challenges of water resources development in Ethiopia. Propose any possible solutions with their advantages and disadvantages. Please consider the possibility of producing enough food in reliable approach or source. 
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