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Summary

In the 21st century, agriculture and water are crucial for poverty alleviation, economic growth and sustainable
development. Water is endangered as a natural resource base in both quantitative and in qualitative ways,
water is crucial in assuring food supply and hydrological extremes create direct threats to human life.
Agriculture is a major user of water withdrawals. Integrated land and water resource management is needed in
Africa, the continent with the lowest food security. For full implementation of the CSD-17 messages better
Integrated Land and Water Resources Management is needed. To obtain further progress in integrated land
and water resources management a number of key areas need to be addressed in Africa: Water Resource
Monitoring: To monitor water resources with regard to quantity, distribution and quality, including variability in
time and space and their interaction with all water use processes in order to provide a firm basis for the
optimal development of Zambia's water resources. Water Resource Planning: To produce catchment outline
plans for all catchments in Zambia that addresses inter-sectoral linkages in the management of water
resources aimed at supporting cross-sectoral development needs and maximise the economic benefits
accruing thereto. Water Resources Infrastructure Development: To achieve sustainable water resources
development with a view to facilitate an equitable provision of adequate, quantity and quality of water for all
competing groups of users at reasonable costs and ensuring security of supply under varying conditions.
International Waters: To strengthen capacity of regional cooperation on shared water courses in support of
regional development.
Research and Development: To develop innovative and appropriate approaches and technologies for the
effective development of the national water resources; and Adaptation to Climate Change in water resources
management and development: To strengthen capacity for mitigation and adaptation to effects of Climate
Change in Water Resources Management and Development.
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Introduction

From 4-15 May 2007 the 17th session of the UN Commission on Sustainable Development (CSD-17) took place
in New York, USA. The focus was on Africa and the thematic issues, agriculture, drought and desertification,
land and rural development. The meeting was chaired by Mrs. Gerda Verburg, Minister of Agriculture, Nature
and Food Quality, from The Netherlands. The input to the meeting, as well as the CSD Final Adopted Text and
the Shared Vision (which is integrated in the Final Adopted Text), to which the participants to the meeting
agreed, warrant follow-up, hence the decision of the Government of The Netherlands on a series of subsequent
actions. This report builds on CSD-17 and describes actions taken to spread the message and analyzes
content wise what is already ongoing in Wageningen and what should further be done to strengthen the impact
of the DGIS-LNV 'Agriculture, Rural Economic Development and Food Security' program and the impact of the
interdepartmental programme 'Water Mondiaal' program of the Government of The Netherlands. The overall
goal is to realize sustainable land and water development to enhance harvest security.
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Findings of the CSD-17

2

The Commission on Sustainable Development meets annually in two-year 'Implementation Cycles', with each
cycle focusing on one thematic cluster alongside cross-sector issues. Each cycle is comprised of a Review
Year and a Policy Year.
Delegates to the 17th session of the UN Commission on Sustainable Development (CSD-17), which convened
from 4-15 May 2009, at UN Headquarters in New York, focused on the thematic clusters of: 1) agriculture,
2) rural development, 3) land, 4) drought and 5) desertification while Africa received geographical focus. In
addition to negotiating policy options related to six thematic cluster of issues, CSD-17 delegates also engaged
in dialogues with Major Groups and the Policy Research Community.
The High-level Segment and Ministerial Roundtables focused on the food crisis, a sustainable green revolution
in Africa and integrated management of land and water resources for sustainable agriculture and rural
development. The results from the Ministerial Roundtables were summarized in a Shared Vision Statement
which is annexed to the CSD-17 report.
Below the thematic cluster recommendations and practical measures to expedite their implementation are
discussed. The results of the Round Tables as summarized in the Vision Statement are presented below
as well.
Water in relation to agriculture was one of the cross-cutting themes of the CSD-17 and received special
attention in all thematic clusters mentioned above. In this report the actions recommended and adopted by
CSD-17 to achieve sustainability of the themes in relation to integrated management of land and water
resources and capacity development have been considered. They are particularly important when trying to
balance water needs for food and ecosystems. In line with the objectives of this paper, the analysis will also
help to identify what areas would be most relevant for Wageningen UR (University & research centre) to
support institutional and organizational change processes through capacity development. All other actions and
recommendations can be found in the CSD-17 report (2009).

2.1

Thematic clusters

2.1.1

Agriculture

In the past few years, agriculture has risen once more to the top of national and international policy agendas.
Agriculture lies at the centre of sustainable development. It plays a crucial role in addressing the food security
needs of a growing global population and contributing to the progressive realization of the right to adequate
food and is inextricably linked to poverty eradication and attainment of the internationally agreed development
goals, including the Millennium Development Goals.
Practical measures to achieve this in relation to integrated management of land and water resources for
sustainable agriculture and rural development are:
– Sustainable soil, land, livestock, forest, biodiversity and water management practices, and resilient crops

are essential.
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–

International, regional as well as national efforts to strengthen the capacity of developing countries to
enhance agricultural productivity and to promote sustainable practices in pre-harvest and postharvest
agricultural activities are urgently needed.

One of the actions identified to create a strong enabling environment for sustainable agriculture are:
– Provide increased technical assistance to developing countries to strengthen national innovation capacity,

training and extension services in sustainable agriculture, fish, livestock and integrated crop-forest and
crop-livestock production systems.
– Support the capacity of developing countries to rehabilitate and develop rural and agricultural infrastructure
sectors.

2.1.2

Rural Development

The achievement of the Millennium Development Goals is at the centre of sustainable development. Sustainable
rural development is vital to the economic, social and environmental viability of nations. It is essential for
poverty eradication since global poverty is mainly rural. A healthy and dynamic agricultural sector is an
important foundation of rural development, generating strong linkages to other economic sectors and
providing the necessary platform for further urban and industrial development. Rural livelihoods are enhanced
through effective participation of rural people and rural communities in the management of their own social,
economic and environmental resources by empowering people in rural areas, particularly women and youth,
including through organizations such as local cooperatives and by applying the bottom-up approach. Rural
communities in developing countries are still faced with challenges related to access to basic services,
economic opportunities and some degree of incoherence with regard to planning related to rural-urban
divisions. Investments in environmental protection, rural infrastructure and in rural health and education are
critical to sustainable rural development and can enhance national well-being. The success of sustainable rural
development depends on, inter alia, developing and implementing comprehensive strategies for dealing with
climate change, drought, desertification and natural disaster.
Actions needed to build social capital and resilience in rural communities are:
– Promote equitable access to land, water, financial resources and technologies by women, indigenous

peoples and other vulnerable groups.
Support training and capacity-building of rural communities to effectively implement adaptation
programmes to climate change at the local level.
– Foster and strengthen capacities of rural communities for self-organization for building social capital, taking
into account relevant legislation.
–

Practical measures to strengthen the human capacities of rural people include:
– Encourage rural communities' participation in decision making, promote rural communities' empowerment
–

and rural leadership.
Improve access by rural people and communities to information, education, extension services and
learning resources, knowledge and training to support sustainable development planning and decisionmaking.

Actions to ensure environmental sustainability in rural areas include:
– Encourage more robust systems of land and water use to prevent land degradation.
– Encourage the use of environmentally friendly practices.
– Promote sustainable use and management of natural resources, including ecosystem conservation through

community-based programmes.
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2.1.3

Land

Land plays a crucial role for achieving poverty eradication, food security and sustainable development.
Sustainable land management provides multiple benefits, such as sustaining agricultural productivity and food
security and enhanced living conditions for local populations, providing ecosystem services, sequestering
carbon, more efficient use of the available and contributing to the regulation of climate.
The CSD calls for promoting policies to manage water and land resources in an integrated manner, through:
– Promoting integrated land and water resource management in addressing land degradation, water scarcity
–

–
–
–

–

and adapting to impacts of climate change.
Promoting efficient, effective and sustainable use of water resources, including water diversification by
exploring the sustainable use of groundwater and effluent waste, sustainable desalination, rainwater
harvesting and support water conservation and demand management initiatives, balancing among different
water uses in all ecosystems.
Strengthening the coordination and cooperation among authorities responsible for managing water and
land resources.
Improving the efficiency of irrigation and water management practices, such as the use of rainfall
harvesting, so as to increase buffer capacities and create more robust agricultural production systems.
Addressing the threat of coastal erosion and land losses caused by sealevel rise, in particular in small
island developing States and low-lying coastal States and areas, through land-use planning and climate
change adaptation programmes.
Addressing the problems, in particular in small island developing States, of saltwater intrusion into
freshwater supplies and agricultural land.

Measures to enhance capacity-building, technology transfer and financing include:
– Promote and scale up the development, transfer, as mutually agreed, dissemination and adoption, as

appropriate, of safe and science-based practices, products and technologies, including advanced
technologies and corresponding know-how, that enhance the sustainable use of land resources, particularly
for developing countries taking into account local conditions.
– Support countries' efforts, particularly in developing countries, to enhance the scientific understanding of
land resources systems through strengthened technological capacity, including, as appropriate, support
for testing research findings through pilot projects.
– Further develop and improve human resources and capacities, particularly in developing countries, for
sustainable land management through education and training activities.

2.1.4

Drought

Combating drought is necessary to achieving sustainable development goals, including the maintenance of
ecosystem services, and improving the livelihoods of millions of people living in drought-prone regions. The
effects of climate change heighten the risk of droughts and drought severity and increase the need for
effective drought management and disaster risk reduction. Drought must be addressed in an integrated
fashion with the other themes of the current Commission on Sustainable Development cycle, considering
social, economic and environmental aspects. Strategies for drought management, including contingency
planning should be incorporated into sustainable agricultural practices, soil conservation, crop diversification
and integrated water resources management and combating desertification, taking into account the legal
framework and mandate of the United Nations Convention to Combat Desertification 28 and its role in
mitigating the effects of drought.
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Actions needed to create a robust enabling environment for drought preparedness and mitigation:
– Highlight the importance of integrated water resources management as called for in the resolution of the
–

Commission at its thirteenth session.
Promote North-South, South-South and triangular cooperation and partnering for capacity-building and
improving effectiveness in planning, monitoring and implementation of drought management plans,
including data gathering, information management, modelling and forecasting.

Practical measures to strengthen the knowledge base and information sharing on drought, water stress and
drought risk management include:
– Promoting the exchange of information, experiences and lessons learned in relation to drought risk
–

management and reduction and increase public awareness about traditional and adaptable practices.
Increasing knowledge-sharing and information on weather forecasts and climatic conditions among
relevant key stakeholders, and increase the capacity to use such information before, during and after
drought events.

CSD-17 also recommends actions to enhance capacity-building, technology transfer and financing. In that
context the action relevant is:
– Promote access to affordable, appropriate and necessary technology, and provide corresponding capacity-

building to enable drought forecasting and planning, development of user-based drought-related
management triggers across time scales, and sustainable management, including efficient use of scarce
resources and arable land, as mutually agreed.

2.1.5

Desertification

Desertification and land degradation in arid, semi-arid and dry sub-humid areas are global problems that
require a global response through concerted efforts, as recognized in the United Nations Convention to
Combat Desertification. Desertification and land degradation continue to adversely affect agricultural activities,
rural and urban development, land use, water resources and efforts to eradicate poverty and hunger and
promote health and well-being. Combating desertification and land degradation and mitigating the effect of
droughts require policies that, inter alia, link land use, food security and livelihoods to the goals of sustainable
development, taking into account the adverse impacts of climate change and land use on land degradation,
biodiversity losses and desertification and on the achievement of the Millennium Development Goals.
Practical measures to combat land degradation and desertification in relation to water include:
– Promote sustainable land use and livelihoods, enhanced soil productivity, water use efficiency and greater

tenure security for people living in the affected areas, including pastoralists.
– Promote sustainable water management and efficient irrigation, water conservation and utilization of
alternative water sources, including flood water and subsurface flows.
– Support appropriate traditional practices and local knowledge concerning land use, water management and
agricultural activities.
– Encourage land users to invest in soil and water conservation, including through land tenure security and
access rights to land and natural resources for the rural population, particularly women, indigenous people
and other vulnerable groups.
Actions are also needed to enhance capacity-building, transfer technology and financing:
– Support the improvement of existing and the establishment of new centres of excellence and monitoring

in developing countries to combat desertification and promote capacity-building to adopt and implement,
inter alia, integrated techniques for the conservation of natural resources and their sustainable use,

14
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–

–

–

–

and invite regional and international programmes and funds as well as donors to provide support to
affected countries in their endeavours to combat desertification.
Support the establishment of and strengthen existing disaster management capacities at all levels,
including information and early warning systems that allow effective management of the risks associated
with drought, desertification, land degradation and the adverse impacts of climate change.
Support developing countries in the development, deployment and diffusion of technologies on mutually
agreed terms, including the sharing and scaling up of best practices and lessons learned in approaches
undertaken at all levels to combat desertification such as sustainable agricultural practices, and
conservation and rehabilitation of vegetation cover.
Build the capacity of affected communities to address the impacts of desertification by promoting
participation, including through participatory approaches that involve civil society, local communities,
indigenous people and other major groups, in particular women in decision-making and policy formulation.
Invest in sustainable land management, including land-use planning, sustainable management of forests and
other natural resources, as it relates to combating desertification and land degradation in arid, semi-arid
and dry sub-humid areas.

2.2

Africa

Strong economic performance in Africa is needed to ensure an enabling environment for sustainable
development. African countries have taken the leadership in addressing sustainable development challenges,
including challenges for sustainable agricultural development, and charting the way forward at the local,
national, regional and continental levels. Nonetheless, average gross domestic product growth remains below
the minimum target of seven per cent set by the New Economic Partnership for African Development and has
often occurred in sectors with little impact on employment and income for the majority. Africa still faces
challenges in meeting the Millennium Development Goals targets, which are not on track, inter alia, as a result
of poorly developed infrastructure, the lack of institutional capacity, and the continuing needs for investment in
agriculture. Africa needs a green revolution to help to boost agricultural productivity, food production and
national and regional food security in a way which supports ecosystem functions. This would provide a strong
foundation for addressing rural poverty, land degradation, drought and desertification. The ongoing multiple
global crises pose a serious challenge to the sustainable development prospects of Africa, including
sustainable agricultural development. Actions are therefore required at the local, national, regional and global
levels to support the ecologically and socially sustainable use of natural resources, the diversification of
African economies as well as an African green revolution and the economic, social and environmental
dimension of Africa's sustainable development.
To revitalize agriculture as a basis for sustainable rural development actions to be taken in relation to water,
capacity development and promotion of an enabling environment, it is suggested to:
– Ensure the equitable and sustainable use, as well as promote integrated management and development, of

national and shared water resources in Africa, in accordance with existing international agreements.
Facilitate and support the strengthening of commercial and technical capacity of farmer organizations,
including through extension services architecture.
– Support and strengthen Governments' capacities to manage their resources by strengthening and adhering
to their policies and legislations.
– Encourage and support African regional economic organizations to play a key role within the context of the
ongoing multiple global crises. Regarding food security, underline the key role that regional economic
organizations should play in terms of support to and coordination of national strategies and policies for
agricultural development and food security, improvement of the institutional environment for the agricultural
economy and sustainable management of trans-boundary water resources, in accordance with international
agreements.
–
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2.3

CSD Vision statement

During the High Level Segment of the Seventeenth Session of the Commission on Sustainable Development,
Ministers, other heads of delegations, representatives of Major Groups and representatives of United Nations
bodies shared their vision on the topics of fundamental importance to our economies, societies and to the
future of sustainable development: agriculture, rural development, land, drought, desertification and Africa.
In roundtables three themes were discussed:
1. Responding to the food crisis through sustainable development.
2. Realizing a sustainable green revolution in Africa.
3. Integrated management of land and water resources for sustainable agriculture and rural development.
The discussions were summarized in a vision statement.
The vision statement highlights deep interconnections among agriculture, rural development, land, drought,
desertification and Africa. It also stresses their close relationship to eradicating hunger and extreme poverty
and addressing climate change. The vision paper emphasizes the close link between agriculture and water and
recognizes the many competing claims on water.

The CSD vision paper emphasizes:
- Need for an integrated response to multiple challenges.
- Urgency of appropriate national and international action and greater cooperation to bring about a paradigm
shift and to realize a truly sustainable green revolution.
- Need to put sustainable development of agriculture on the international agenda and developing countries at
the center of the agricultural and rural revival.
- Need for political will, including investments in agriculture, a supportive enabling environment, fair prices for
produce, fuller integration of markets and greater international market access.

The multiple challenges the world is facing in terms of climate change, degradation of ecosystems, the food
insecurity, the financial crises and resulting economic recession require an integrated response that ensures
that short term emergencies are addressed while developing long term strategies within the framework of
sustainable development. The Ministers underlined the central role agriculture plays in sustainable
development. It was emphasized that sustainable agriculture should be put on the international agenda again
to lay the foundation for bio-based economies of the future.
Concerning the interactive round discussion of the Commission's High-Level Segment of the Seventeenth
Session of the Commission on Sustainable Development, the outputs of theme 3, Integrated management of
land and water resources for sustainable agriculture and rural development, will be the focus of this analysis.
The High Level Segment recognizes that agricultural water productivity has to be increased significantly and
potentials of adequate and efficient water management should be explored through changes in policy and
production techniques. Integrated management of land and water resources is seen as crucial for sustainable
rural development and for ensuring food security for growing population. Sustainable land and water
management plays a crucial role for achieving poverty eradication, food security and sustainable development.
It provides multiple benefits, such as sustaining agricultural productivity and food security, enhancing living
condition for local populations, generating ecosystem services and sequestering carbon.

16
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Promoting sustainable land and water management will require effective land administration, equitable land
access, integrated planning, broad participation and improved dissemination of knowledge and good
practices. Small-island developing states are facing specific challenges in addressing sustainable land and
water management in the face of climate change.
In response to the decreasing availability of water in many regions, there is a need for better water
management, protecting ground and surface waters from pollution, enhancing availability of scarce water
resources including through conservation and efficiency gains, and considering the ecological impacts of
water use and pollution.
Achieving water productivity gains in rain-fed agriculture is especially urgent. Access to safe drinking water and
sanitation services in rural areas, where coverage remains low, is crucial for preventing disease, promoting
rural development and ensuring the attainment of the Millennium Development Goals.
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Support for the CSD-17

A number of recent outcomings coincide with the CSD-17 results. Only a few outcomings in which FAO and WB
are involved are mentioned here.

3.1

Food Security and Agricultural Mitigation in Developing Countries:
Options for Capturing Synergies

The FAO report 'Food Security and Agricultural Mitigation in Developing Countries: Options for Capturing
Synergies' (November 2009) calls for a more holistic vision on food security, agricultural mitigation, adaptation
and development. Without a holistic vision synergies may not be maximized and trade-offs may not be
minimized. Synergies between food security and agricultural mitigation are mostly found in strategies for
agricultural intensification and for increased resilience of the food production system, while trade-offs tend to
occur with changed land use. Synergies between food security and agricultural mitigation can be reached by
increased available water in the root zone through water management. This stimulates biomass production
that can be marketed and consumed, but it will also increase the amount of above-ground and root biomass
that is returned to the soil. The biomass that is returned to the soil improves soil organic C concentration.
To increase available water in the root zone measures that can be taken include irrigation and drainage
measures, conservation tillage and improved soil nutrient management. Whilst these recommendations
support the CSD-17 objectives, some further elaboration of the proposed strategies is needed with regard
to the synergies and trade-offs with other uses of natural resources and biodiversity.

3.2

Declaration of the World Summit on Food Security

From 16 till 18 November 2009 the Heads of State and Government attending the World Summit on Food
Security declared that they shall reverse the decline in domestic and international funding for agriculture, food
security and rural development in developing countries, and promote new investment to increase sustainable
agricultural production and productivity, reduce poverty and work towards achieving food security and access
to food for all. The Heads of State also want to substantially increase the share of Official Development
Assistance devoted to agriculture that fell from 19% in 1980 to 3.8% in 2006 and call on international financial
institutions and regional development banks to do so likewise. This would mean that more financial resources
would become available to implement programmes that support rural and agricultural sustainable developments. When it comes to the strategic objectives for implementation (point 10) the declaration refers to
regional implementation. In this case for Africa the Comprehensive African Agriculture Development
Programme (CAADP) under NEPAD is the framework to support agriculture and food security. The CAADP pillar
1 framework addresses integrated land and water management and is therefore also for the CSD follow-up a
framework for guidance in the Water Mondiaal programme. Market Access, Food Supply and Research are the
other three pillars of the CAADP that are less linked to the production side with its associated use of water and
land resources. The OS-LNV programme 'Agriculture, rural economic development and food security' is related
to the CAADP. Within the CAADP Nepad aims to provide a platform for delivering comprehensive support to
agricultural water in Africa and has called on Wageningen UR to provide such services.
Under the same point the declaration refers for implementation in a.o. Indonesia, Vietnam and Bangladesh to
the ASEAN integrated food security (AIFS). The AIFS framework has four components to improve harvest
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security: addressing emergency situations, sustainable trade, information systems and innovation. It includes
implementation of IRRI's Rice Action.

3.3

World Bank report 'Convenient Solutions to an Inconvient truth:
Ecosystem-based Approaches to Climate Change'

In June 2009, the Environment Department of the World Bank together with the IBRD issued the paper
Convenient Solutions to an inconvenient truth: Ecosystem-based Approaches to Climate Change. It aims to
describe the best measures and instruments the WB has at its disposal to support better management of
ecosystems that are resilient to climate change and contribute effectively to mitigation. With regard to the
CSD-17 outcome the following elements in World Bank projects could and should receive stronger emphasis:
– Protection of terrestrial, freshwater and marine ecosystems and ecological corridors to conserve
biodiversity and ecosystem services.
– Integrating protection of natural habitats into strategies to reduce vulnerability and disaster risks.
– Scaling up country dialogue and sector work on valuation of ecosystem services and the role of natural
ecosystems, biodiversity and ecosystem services in underpinning economic development.
– Emphasizing the linkages between protection of natural habitats and regulation of water flows and quality
of water, essential for agriculture, food security and domestic and industrial supplies.
– Scaling up investments for protected areas and natural ecosystems.
– Promoting greater action on management of invasive species, which are linked to land degradation and
impact negatively on hood security and water supplies.
– Emphasizing the multiple benefits of forest conservation and sustainable forest management (carbon
sequestration, water quality, biodiversity conservation, etc.)
– Promoting investments in natural ecosystems as a response to mintgation (avoided deforestation) and
adaptation (wetland services).
– Integrating indigenous crops and traditional knowledge on agrobiodiversity and water management into
agricultural projects as part of adaptation strategies.
– Promoting more sustainable natural resource management strategies linked to agriculture, land use,
habitat restoration, forest management and fisheries.
As far as Africa is concerned the Zambezi basin (Zambia and Mozambique) can benefit from this approach as
better food security can be achieved in combination with better carbon sequestration and water security, while
for the Niger basin food security can be strengthened when using the approach advocated in this World Bank
report. Given the resources the World Bank has, this could substantially help in achieving the CSD-17 goals.

3.4

World Bank report 'Agricultural Development under a
Changing Climate'

In August 2009, the World Bank issued the paper Agricultural Development under a Changing Climate:
Opportunities and Challenges. The report is a joint effort of the agriculture and rural development and
environment departments. To allow for an overview of what is discussed in the document, its contents is
given in Table 1.
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Table 1
The contents of the World Bank joint departmental discussion paper on Agricultural Development and Climate Change.

Title

Sections

Remarks

1

Introduction

Provides a broad introduction of how climate
variability and change could affect agriculture

2

Regional impacts

3

Vulnerability, adaptation
and development

I. Climate Variability, Climate Change, and
Extreme Events
II. Effects of Temperature Rise
III. Effects of Crop Water Stress
IV. Effects of Secondary Climate Change
Impacts
V. Regions Vulnerable to Climate Change
I. Sub-Saharan Africa
II. Middle East and North Africa
III. Europe and Central Asia
IV. South Asia
V. East Asia and Pacific
VI. Latin America and the Caribbean
I. Vulnerability
II. Adaptation
III. Rural Development Policies and
Adaptation

4

Climate information

5

Water

6

7

8

9

I. Understanding and Managing uncertainty
II. Using Climate Information for Adaptation
and Development in Agriculture

I. Climate Change and Agricultural Water
Management Planning
II. Rainfed Agriculture and Adaptation
III. Irrigated Agriculture and Adaptation
IV. Adapting Agriculture in Flood-Prone Areas
Sustainable land
I. Opportunities for Linking Adaptation and
management,
Mitigation
adaptation and
II. Agricultural Land Management
mitigation
III. Market-Based Approaches to Promote
Adaptation in Agriculture
IV. Livestock Management in a Warming
World
Crop genetic diversity
I. Advances in Plant Breeding
and seed systems
II. Conservation of Agricultural Genetic
Diversity for Adaptation
III. Seed Systems and Adaptation
Pests and climate
I. Impacts of Climate Change on Agricultural
change
Pests
II. Adaptation Options for Managing Pests
III. Food Safety and Climate Change
Economic Diversification I. Climate Variability, Climate Change, and
Peri-Urban and Urban
Extreme Events
Agriculture
II. Effects of Temperature Rise
III. Effects of Crop Water Stress
IV. Effects of Secondary Climate Change
Impacts
V. Regions Vulnerable to Climate Change

Reviews the projected impacts of climate
change on specific regions; impacts common
across regions - such as land degradation,
water shortages, and pest infestation - are
examined in detail in subsequent chapters
Provides an overview of issues related to
vulnerability, mainstreaming adaptation into
agricultural development, adaptation
considerations in rural policies, and enhancing
knowledge and information flows to support
adaptation. Change could negatively affect
future plant-breeding efforts. It also examines
seed systems as they relate to climate risk
management and adaptation
Explores issues of climate-scenario generation
for agricultural applications and technical
progress and capacity-building needs in
climate-crop modelling, seasonal climate
forecasting, and early warning systems
Discusses impacts and adaptation issues
related to water use for rainfed and irrigated
production systems, as well as adaptation
options for flood-prone agricultural areas
Discusses options for combining mitigation
with adaptation in the agricultural sector and
examines adaptation options for sustainable
land management and for livestock

Discusses progress toward developing crop
cultivars that will be better adapted to future
climate change and how the potential loss of
agricultural biodiversity from climate
Examines how climate change could influence
pest and disease pressure in agriculture, and
it identifies potential adaptation options
Discusses diversification strategies for
agriculture, with particular focus on rural
microenterprises, high-value enterprises,
and peri-urban agriculture
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The overall message is a positive one. Farmers, assisted by governments, should, and can, adapt to the
changing conditions. The 'across the board' adaptation measures include (as can be read in the Introduction):
– Improving access to new varieties and other production factors, which can help farmers improve overall
production and better manage risks from droughts and floods.
– Enhancing the resilience of the resource base to extreme climate events through conservation agricultural
practices that protect soils against runoff and erosion, promote biodiversity, and conserve water.
– Modernizing irrigation systems, which can increase water-use efficiency, bring greater flexibility to water
delivery for agriculture, and help farmers diversify to better manage climate risks.
– Improving coordination around the containment and management of invasive alien species, which is needed
for managing both current risks from invasive species and for building the capacity to cope with an
expected increase in this risk with climate change.
– Creating opportunities for rural livelihood diversification, which can lead to increased economic security
and less reliance on climate-sensitive activities (P. XIX, XX).
In the remainder of this section we will look at Chapter 5 on Water. Having said this, also Chapter 6 strongly
supports the discussion at the CSD-17. The water resource management measures suggested by the World
Bank, as summarized in the introduction, are read as follows:

Better capture and storage of rainwater is a key strategy for managing climate risks in rainfed
agriculture. Rainwater harvesting methods range from simple technologies that increase the capture
of surface water flow and concentrate runoff to more complex measures for storage of water in
macrocatchments. In irrigated agriculture, policy reform measures that push water costs closer to its
shadow price through changing incentive structures, and efforts to modernize irrigation infrastructure
through both 'hard' (control structures to reduce seepage and evaporation) and 'soft' (institutional
reforms to create more demand responsiveness) measures are important for helping agriculture adapt
to future climate risks. Measures to improve water productivity (the conversion of water into food)
through conservation tillage, improved soil fertility management, use of improved crop varieties, and
better crop pest management are important under current climates and will become increasingly so for
managing risks from climate change (P. XX).
The emphasis is on the development of the entire water chain. This is congruent with the concept of Green
Economy as developed by the CSD-17. Rainwater is the starting point and special efforts are needed to use
rainwater as efficiently as possible, but also to plan rainwater use (and water from other sources, as snow
layers, other natural and manmade reservoirs, groundwater) carefully when it passes through a river basin
down to the lowest point in a delta. The World Bank links water management directly to land management and
to crop management.
It is noted that in the excerpt above, mainly technical and to some extent institutional aspects are mentioned.
Not mentioned is the need to provide security of title to resource uses, including security of titles to land and
water by small farmers. This aspect is not forgotten and is also considered important. It is mentioned in the
Introduction:

land tenure and resource ownership policies are complementary to the adoption of adaptation
measures and do not exclude marginal groups that are often the most vulnerable to climate risks.
Chapter 5 discusses three issues: rainfed agriculture, irrigation, and flood protection. In accordance with the
subject of the report, the three subjects are discussed in relation to agricultural production. Note that under
the heading irrigation, the importance and role of land drainage is explained in detail (see further below). The
general, but nevertheless important, statement is made that the need for integrated approached (IWRM)
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increases under conditions of climate change, and more attention for ecology and social equity. IWRM
becomes more complex than it already was.
Note: rainfed agriculture produces 60-70% of the world's food in 80% of the world's countries (p. 66). There is
good potential for increasing yields and productivity in rainfed systems, through water and soil management
measures; rainfed systems have largely been ignored in development programmes. Rainfed agriculture can
and should be made more productive, by means of locally adapted water buffering systems, both at small
scale level, and at macro level. Again a broad perspective is favoured, including the need for:

Reducing socioeconomic barriers to adoption by supporting rural finance, including social fund
financing and local credit systems, community-based management through forming cooperatives,
village labor and water-user organizations that can initiate cost-sharing and labor-saving measures,
and local organizations for governing the resource (p.73).
Irrigation systems throughout the world are in need for upgrading (although the term 'upgrading' needs
further specification to express what is actually needed). The opening statement concerning irrigation
systems is alarming:

The reliance on irrigation in its current configuration will be difficult to sustain because of large-scale
over-appropriation of water for irrigation (which accounts for approximately three-quarters of water
withdrawals in the developing world), widespread degradation of soils in irrigated areas from waterlogging and salinity, increasing demographic pressures, and competition for water by industrial sources
as societies develop. Higher temperatures, more variable precipitation, and increased salinization risk
resulting from climate change will further exacerbate these problems, particularly in areas where
unsustainable extraction of irrigation for agriculture is widespread, such as the Middle East and
North Africa, Central and South Asia, and northern China (p.74).
The report calls for:
1. Reformulating irrigation policies.
2. Engaging water users.
3. Enhancing water productivity.
4. Improving water management in irrigated rice systems.
5. Expanding the economic and environmental viability of marginal water sources.
6. Expanding the area under irrigation.
Not explicitly mentioned, but here it must be stressed under the heading 'reformulating irrigation policies' that
huge investments are required to make water provided by irrigation systems more productive. It is
disappointing that this point is not elaborated in the text of the Worldbank. The emphasis in on economic
instruments, like allowing the price of water to come as close as possible to its shadow price. Further down in
the report, on p. 80, the need for modernization of irrigation systems is discussed and here it is said that
canals should be lined, sprinkler systems should be installed, etc; all efforts to give farmers increased control
over water.
Drainage is seen as part of the solution, especially in relation to salinization (note: drainage has much
relevance in other settings as well). It is said that the following is required:
– Integrating drainage with irrigation planning, because the two are currently viewed as separate entities
and coordination is lacking.
– Building capacity of institutions responsible for drainage management to work with stakeholders under
an IWRM framework.

Alterra-report 2076

23

–
–

Developing an enabling legal framework to set up levy fees for drainage user organizations, initiate cost
sharing with non-agricultural beneficiaries, and engage with the private sector.
Address agricultural policies that externalize poor water management and fertilizer pollution, as these
exacerbate the impacts of poor drainage (see also World Bank, 2006b).

The report continuous with explaining more interventions that can and should be taken.
Throughout the report the need for capacity building, joint learning processes between local water users and
experts, the need to promote comprehensive rural development and the need for dissemination of adaptionrelevant measures is stressed.
The report is very practical in the approach to the problems that it discusses. In that sense it builds on the
CSD-17 output, which provides the global support for this approach.
It can be concluded that the World Bank report provides many practical and necessary measures to deal with
the issues that both the World Bank report and the CSD-17 final report identify as being critical for the
wellbeing of mankind in the future.
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Focus in CSD objectives related to water

4

Introduction
A large number of topics were discussed during the CSD-17. These discussions have resulted in a list of
policy options and practical measures, covering the themes agriculture, rural development, land, drought,
desertification and Africa. The scope of these proposed interventions is much broader than water issues
only, whereas many recommended interventions cover more than one theme.
The recommended interventions were, therefore, scrutinized on water aspects and the topics that are directly
or indirectly related with water were identified. This has resulted in the following 'long list' of water issues.
They have been tentatively grouped into 'Strategic and operational management', 'Water resources
management, 'Water for agriculture and ecosystems', 'Institutions and Human Resources' and 'Miscellaneous'.
In the next chapter they will be worked out into a 'short list'.

4.1

Long list

Strategic and operational management
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–

Integration climate, food and energy
Integrated land (use) and water resource management
Supporting ecosystem functions through biodiversity, water, land, and forest management
Integrated nutrient management
Response to desertification, land degradation, drought, natural disasters
Resilience of rural communities to climate change and natural disasters
Upscaling climate change adaptation
Drought (risk) management
Weather insurance schemes
Timely information and early warning systems
Seasonal and multi-year forecasting
Assessment methodologies
Indicators and benchmarks
Drought indices
Data collection / remote sensing

Water resources management
–
–
–
–
–

Sustainable and efficient water resources development and management
Water harvesting and storage
Water conservation (and utilization of alternative water sources)
Water quality
Saltwater intrusion
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–
–
–
–
–
–
–
–

Ground- and surface waters protection
Water treatment and desalination
Water reuse
Soil conservation and improvement
Management coastal zones, marine fisheries, wetlands
Demand management
Trans-boundary water resources
Coastal erosion and land losses (by sea-level rise)

Water for agriculture and ecosystems
–
–
–
–
–
–
–
–
–
–
–
–

Agricultural water productivity (general)
Water productivity in rain-fed agriculture
Irrigation and water management efficiencies
On-farm soil and water management / soil water retention
Drought- and flood-resilient seeds and crop varieties
Salt-resilient crop varieties
Sustainable bio-based products, bio-energy / bio-fuels
Agro-industries
Agro-ecological practices
Development of non-primary production activities
Ecological impacts of water use and pollution
Management of biodiversity, control of invasive species

Institutions and Human Resources
–
–
–
–
–
–

Integration of indigenous and state-of-the-art knowledge and practices
Cooperation and knowledge-sharing
Capacity-building
Empowerment (small farmers, women, youth)
Participation (communities and multi-stakeholders)
Partnership development

Miscellaneous
–
–
–

Drinking water and sanitation services
Disease prevention (waterborne diseases)
Small-island developing states

4.2

Short list of water issues

On the basis of the long list a short list was composed, in which the water issues are clustered under six main
subjects. These six subjects are addressed by the various projects conducted by Wageningen UR (University
& Research centre), either financed by LNV or by other clients. In this report examples are given of some
projects in these fields. The scope of these projects generally does not entirely cover the six subjects. Where
deficiencies exist suggestions for future projects (KB or otherwise) will be identified. The short list and the
related projects may also be used to support LNV international policies and performances on international
platforms. The six subjects cover the three dimensions of water: safe water (timely deliveries of sufficient
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water of good quality for all demands), safe harvests (maximum production per drop), and safe life (no loss of
lives or property because of water disasters).

4.2.1

IWRM

The holistic planning and management of water resources is required to ensure economical viability, social
equitability (e.g. equitable access to land and water resources) and environmental sustainability. Integrated
land and water resource management is also required to effectively respond to climate change and the
(associated) desertification, land degradation, drought and natural disasters. For resources management and
rural development effective stakeholder dialogues and broad, genuine participation of communities need to be
materialized. Small farmers, women and youth need to be empowered.

4.2.2

Agricultural production

Agriculture is key to sustainable rural development. Intensifying agriculture is critical for ensuring food security
for a growing population, including a response to major environmental change such as desertification, land
degradation and drought. The water productivity should be increased, especially in rain-fed agriculture, e.g.
through green water management and the scrutinous ('wise') selection of production locations. On-farm soil
and water management should be improved and soil water retention systems enhanced. Also irrigation and
water management efficiencies need to be improved. Drought-, flood- and salt-resilient seeds and crop
varieties need to be developed and the opportunities and impacts of bio-based products and bio-fuels
addressed. Considering the changing global demography and production chains attention should also be given
to agroparks.

4.2.3

Water management

Unprecedented pressures on water (and land) resources result in scarcity, pollution and increasing competition
among uses. Moreover in many regions the climate change will result in greater temporal and spatial
variability, imposing increased risks of floods and droughts Therefore, major attention should be directed to
sustainable water resources development and management, with increasing attention to water quality issues,
resource protection and trans-boundary water resources. To respond to water scarcity and climate change
water harvesting and water conservation methods need to be developed and implemented, as well as water
reuse facilities and innovative water treatment and desalination. In addition to these 'supply management'
options also water demand management needs to be further developed. The implications of saltwater
intrusion, coastal erosion and land losses should be addressed, especially in coastal zones and small-island
developing states.

4.2.4

Land management

The global climate change and other pressures on land have resulted in overexploitation, environmental
degradation and desertification. Sustainable land use is critical to rural development. Sustainable and climateresilient agro-ecological practices need to be developed to make communities more resilient. Adaptation and
mitigation methods and strategies need to be upscaled. In rural areas the biodiversity should also be
managed. Given their huge negative impacts on biodiversity and water resources invasive species must be
controlled or eradicated. Sustainable rural development may implicate that current agricultural practices
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be abandoned, land and water resources be reallocated and non-primary production activities (e.g. tourism)
be developed.

4.2.5

Assessment and evaluation methods

Methodologies need to be developed to monitor, assess and respond to desertification, land degradation and
droughts. To anticipate climate change and droughts seasonal forecasting and multi-year climate predictions
are needed. Information and early warning systems need to be implemented.

4.2.6

Knowledge management

Traditional and indigenous knowledge should be integrated with modern technologies and the latest scientific
knowledge about agriculture and the roots of sustainability. Countries have to share experiences and
innovative technologies and cooperate in training and developing human capacities. Improved dissemination
of knowledge and good practices is critical. Special attention should be focused to small farmers, women
and youth.
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5

Research and capacity building
in Wageningen

The issues listed in the previous chapters are not entirely new and many of these issues have been addressed
in research activities by Wageningen UR. In this chapter some examples of projects are presented that deal
with the 'short list'. These projects merely serve as illustration and do not necessarily represent the full picture
of the Wageningen UR activities on these water related issues.

5.1

Ongoing research in Wageningen supported by LNV

LNV policies are supported by Wageningen UR through so-called BO (short term) and KB (long term) projects,
as illustrated below:

LNV policy issues

Current needs:
Support through
BO Projects
(multilateral and bilateral)

Future agenda:
'Kennisarena'
Between LNV and
stakeholders

KB theme's established
and theme coordinator
appointed

KB projects

The coming years some of the Wageningen UR knowledge based (KB) research projects will provide results
relevant for increasing water effectiveness in sustainable food production. For more direct policy support of
LNV BO projects are executed for LNV.
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5.1.1

IWRM

KB MIRAGE (Mediterranean Intermittent River manAGEment) assesses ecological integrity (or ecological
status in the words of the European Water Framework Directive) in Mediterranean temporary streams. MIRAGE
develops practical measures necessary to manage their impact on nutrient dynamics, toxic substances and
organic matter and links this to integrated flood management. Since intermittent rivers are quite common in
Africa (e.g. Limpopo, Save, Luangwa) lessons learned from the Mediterranean basins may also benefit
intermittent rivers in Africa.
KB Prediction of drought in ungauged river basins further develops the physical model SIMGRO for large
basins to predict the duration and severeness of drought, including the uncertainty in the prediction. The model
is calibrated with data from the Pantanal in Latin America and the results have been made available to UNESCO
in the FRIEND programme. As many African river basins have deficient or incomplete data the work can be
further developed for basins in Africa, which will contribute to the increase of harvest security in data scarce
production areas.
KB Soft coastal defence is a project focusing on embryotic walking dunes, wash-overs and tidal gullies in
and around the Waddenzee. Soft coastal defence may reduce the flooding risks of populated areas and at the
same time create morphological changes that enhance ecosystems development. Many deltas in the world
face the challenge to adapt to climate change and the lessons learned in this project may well be very valuable
for other deltas and be utilized in the Water Mondiaal programme.

5.1.2

Agricultural production

BO Policy support by Wageningen UR
In terms of policy support in the field of water Wageningen UR is currently active with research and training.
Sustainable agriculture and ecosystems conditions under climate change with increasing water scarcity have a
focus within the three general themes 'Robust Systems', 'Chains of sustainable products' and 'Scarcity and
distribution'. Strengthening robustness of systems and coping with increasing scarcity are goals that require
further operationalization, both in research and in training. The aim is to develop a comprehensive
development and management of water, land and related natural resources for economic development as well
as a sustainable green environment and social justice. This will be achieved by addressing specific topics
within the activities under the general themes:
– Robustness and Resilience of Systems
Expected consequences for agriculture of climate change include salinization and waterlogging issues, and
larger inter-season yield variations. This will be tackled by increasing the adaptive capacity of agriculture
and food production systems. Projects include:
– BO-10-001-009-003 Climate and Adaptation (In Ethiopia a course on adaptation to climate change in
agriculture and natural resource management is development, the LNV-FAO dialogue is supported
and two cases studies (Central Rift Valley and Certifying forest coffee) in Ethiopia are studied
(C. Terwisscha van Scheltinga)).
– BO-10-001-009-107 Development of feasible sustainable agriculture strategies in a climate change
context in Ethiopia (see BO-10-001-009-003).
– BO-10-001-009-108 Increasing robustness of agricultural productivity and ecosystem conditions under
water scarcity and drought in Turkey (Effects of water scarcity and possible mitigation measures are
discussed with authorities and tested in Büjük Menderes (J. Harmsen)).
– BO-10-001-009-109 Impact assessment: Incentives for Good Agricultural Practices (Two supply chain
cases in Indonesia are described and analyzed for possibilities to comply with GAP (D. Boselie)).
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– BO-10-001-009-112 Assess the demand for weather index-based insurance as a means of adaptation
to climate change (In Kenya and Ghana climate and cropping possibilities are studied including a survey
among farmers (G. Meijerink)).
– BO-10-001-009-113 Land Dynamics in Argentina (A workshop with the AACREA farmer association
(J. Stoorvogel)).
–

Scarcity and distribution
The challenge of fair distribution of resources for the production of raw materials, whilst achieving food
security, biodiversity and Water for Food and Ecosystems. To improve food security Wageningen UR works
for LNV and OS, contributing to the 'Agriculture, rural economic development and food security'
programme of OS and LNV. Integrated approaches for Water for Food and Ecosystems are being
developed, that capture water quantity, water quality and changes in climate and land use. Projects include:
– BO-10-001-011-005 Competing claims (Competing claims between food and biofuels are analyzed for
their consequences on water and ecosystems based on models at national scales and discussions with
stakeholders on local scales (E. Arets)).
– BO-10-001-011-100 Water saving greenhouse technology for the Gulf region (A design for a
demonstration site for water saving greenhouse technology is presented in Saudi Arabia and the United
Arab Emirates (J. Campen)).
– BO-10-001-011-107 Greening Saudi Arabia: The 2x2 challenge (Sustainable water management in the
Kingdom of Saudi Arabia is discussed in three workshops to do more with less water in local agriculture
(K. Roest)).

In the KB Spearpoint water (KRW/Waterpas) project a number of objectives are formulated. This includes
improvements in the simulation model for grass production, including the associated costs and economic
benefits for the farm economics programmes. In addition the model multi-SWAP will be able to evaluate more
efficient and better nutrient management in the soil, while alternatives for the HELP tables (predicting drought
losses on Dutch crops) are also being studied.
KB Integral design for sustainable horticultural crop production results in a method for the design of
protected horticultural production systems meeting the local requirements and geared towards the
international market. This tool will be useful, as horticulture will play a role in increasing harvest security in
Africa and South Asia.
KB Improving crop establishment and harvest planning in African vegetables is a project with two
elements: 1) Improving seedbed management for vegetables that are transplanted from seedbeds to the final
production plots and 2) Develop planning tools to meet the market requirements.

5.1.3

Water management

KB The role of organism and in particular under-water plants aquatic ecosystems in Dutch ditches
(PLONS) will be studied and the results will be used for recommendations to enhance biodiversity, water quality
and nutrient recycling in the management and maintenance of ditches. The results might be applicable in
ecosystems with comparable conditions.
KB Sedimentation in wash lands. Optical techniques are being developed to determine the age of
sediments and combined in databases. This will result in better estimations of the potential to remove
sediments from the Rhine wash lands in order to adapt the river capacity to the consequences of climate
change. The results of this project are geared towards the Dutch situation. It is only in the long run that delta's
in Water Mondiaal may benefit from this project.
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5.1.4

Land management

KB LUPIS is a project on the ex-ante assessment of land use policies. It builds on SENSOR, a project that has
built the ex-ante impact assessment of policy-making for sustainable development in Europe. LUPIS studies
cases outside Europe, for example, in Kenya, Tunisia and Mali to evaluate if this approach is also applicable in
such situations. SENSOR was an integrated project designed to substantiate the impact assessment process.
It brought together 39 research partners from 15 European countries, China, Brazil, Argentina and Uruguay.

5.1.5

Assessment and evaluation tools

KB Eururalis' output sketches what could happen to rural Europe, based on conditions that differ in nature,
course, duration or place. The implications for the land use and the People, Planet and Profit indicators is
being assessed for four possible and plausible main scenarios. The approach can also be applied to other
continents.
KB The decentralisation paradox that is going on in the Netherlands is studied. In this governance
issue responsibility for nature and rural development is transferred from national level to regional level whereby
at the same time more specific output parameters are part of the contracts between the national and regional
levels. The project will result in recommendations to clear uncertainties, reduce the knowledge gaps and
suggest new links between national and regional levels. Water is not an explicit but more an implicit part of
this project.
KB Long term: Dealing with uncertainty will be a project that will start in 2011. It aims at providing
guidance on consequences at various time scales of changes in the special planning and land use, including
the costs and benefits of ecosystem services.
KB Competing claims and trade-offs is a project where the interactions of sustainability indicators at
different scale levels are studied. The interactions will be studied in pilot studies and the interactions will be
modelled. These tools will be available to study the effectiveness of policies.
KB Modelling results of land use and land management for ecosystem services is a project that aims
to produce insight in the trade-offs between ecosystem services and biodiversity. The model will be integrated
in the IMAGE-GLOBIO model of PBL and include GIS visualization. This will make it a tool that is also applicable
in an international context where sustainable development must include utilization of ecosystem services and
conservation of biodiversity.

5.2

Additional research going on in Wageningen

A variety of projects will in future contribute directly or more implicitly more in the background to the shortlist
and include the following:
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Competing claims on natural resources in the Central Rift Valley of Ethiopia
Key issues: biodiversity management, agricultural production, water management, water quality, development of nonprimary production activities, water productivity, rural development, stakeholder participation, partnerships, knowledge
exchange and cooperation, empowerment, monitoring, land degradation
Outline: The project aims to strengthen the capacity of local authorities, development authorities, development
organizations and private sector in the field of natural resource management with the aim to mitigate competing claims
for natural resources, and to improve resource management and the livelihoods of the rural population in the CRV. The
biophysical, economic and climate resource base are characterized and evaluated for various production activities under
current and changing climatic conditions. Robust and risk-tailored land and water management strategies and policy options
are identified and explored on their contribution to different objectives such as food production, increase of income, water
use efficiency and labor productivity. Potential synergies, tradeoffs and conflicts among various development objectives are
studied, in view of livelihood improvement and sustainability.

WIBIS (South Africa, Swaziland, Mozambique)
Key issues: water productivity, multi-stakeholder dialogues, assessment methods, land management, trans-boundary
water management
Outline: The WIBIS project is aimed at supporting inter-sectoral and inter-state (trans-boundary) policy development and
sustainable (wise) use of the Incomati basin water. The project supports ongoing regional initiatives and projects, such as
the PRIMA project (Progressive Realization of the IncoMaputo Agreement). WIBIS provides an interactive discussion support
tool in land and water development and management. The tool can generate spatially distributed information on water
consumption and water productivity for different land uses, based on a consistent method and impartial information.
The WIBIS tool enables stakeholders to - interactively - evaluate alternative land use scenarios, assess the economic water
productivity of the various land uses within regions or countries, and assess the water availability to downstream regions
or countries.

Managing land and water resources in the Baviaanskloof Reserve (South Africa)
Key issues: agro-ecological practices, development of non-primary production activities, biodiversity management, control
of invasive species, water productivity, rural development, IWRM, stakeholder participation, monitoring, assessment
methods, land degradation, (soil) water retention
Outline: The Baviaanskloof in the Eastern Cape Province in South Africa is a biodiversity hotspot and recognized as a
unique World Heritage Site. Various land and water problems have become manifest, such as increased hill slope and
stream bank erosion and water shortages. These are having detrimental effects on ecosystems and on agriculture.
The project supports the integrated development and management of land and water resources, including biodiversity
conservation, nature restoration, the development of alternative rural livelihoods such as eco-tourism, erosion control and
water retention measures.

NeWater (Africa, Central Asia, Europe)
Key issues: land planning and management, climate adaptation, water management, stakeholder dialogues, integration of
water and energy
Outline: The project NeWater studied and fostered Adaptive Integrated Water Resources Management (AWM) as a concept
guiding theory and practice. Considering the river basins as social-ecological systems, NeWater reflected the diversity of
perspectives and potential through project partners from Europe, Africa and Central-Asia. The project supported
stakeholders in seven different case study basins.
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Improving livelihoods and resource management in the Central Rift Valley of Ethiopia (ILCE)
Key issues: rain-fed agriculture, agricultural productivity, water harvesting, soil water retention, partnerships, capacity
building
Outline: ILCE aims to identify and explore options for more sustainable farming systems and integrated resource
management to alleviate the pressure on available land, water resources and biodiversity. The capacity of farmers' abilities
to add value to their production is being improved and partnerships are being built for more market-oriented local supply
chains. By strengthening the capacity for collaboration between different institutional decision-making levels the governance
of sustainable resource management is supported. The risks and variation in crop production under current and changing
climatic conditions are being assessed and appropriate risk adaptive management strategies being developed.

Egyptian-Dutch Advisory Panel
Key issues: integrated Water Resources Management, partnerships, cooperation and knowledge-sharing, capacity building
Outline: The Egyptian-Dutch Advisory Panel on Water Management started in 1976. Since then a strong partnership has
evolved between Egypt and The Netherlands involving cooperation between ministries and other organizations in both
countries. The current Panel functions as a think-tank for the Egyptian Minister of Water Resources and Irrigation, who
chairs the partnership. Benefits for both countries include human resource development and capacity building, institutional
reform, technical solutions, policy formulation and enhanced coordination between projects, institutions and partners.

Agroparks
Key issues: Agricultural production, water productivity, integration of water and energy, land planning
Outline: The spatial clustering of different agro-production chains and the spatial combination of agro-processing and nonagro functions enable many prosperous scenarios. It includes not only the production of food, feed, vegetables and fruits,
but also of fuels, fibers, fermented products, flowers, fragrances, flavors, functional molecules and pharmaceuticals.
Wageningen UR works on an integrated approach of chain development and regional development. The concept of
Agroparks is based on the principles of sustainable development, environmental benefits through lowering emissions and
waste, application of principles of industrial ecology, i.e. mutual use of waste and by-products, advantages of scale through
industrial production and processing, reduction of fossil fuel use and veterinary risks because of reduced transport,
improved animal comfort, increasing production levels, independence of season and land by whole year products, better
quality management by chain transparency, improvement of farmers position as a preferred supplier and a significant
reduction of economic costs.

Waterlogging in Pakistan
Key issues: agricultural production, salt-resilient crop varieties, salinization, rural development, water quality, partnerships,
cooperation and knowledge-sharing, capacity-building
Outline: The agricultural sector in Pakistan suffers from waterlogging and salinity problems. A bilateral cooperation
agreement on waterlogging and salinity control between Pakistan (IWASRI-International Waterlogging and Salinity Research
Institute) and the Netherlands (Alterra-ILRI) led to the creation of the Netherlands Research Assistance Project NRAP.
The partnership that evolved had two main activities: work on technical aspects of drainage and the development of a
participatory approach to drainage. The cooperation achieved results in each of the fields of activity and it has been
instrumental in assisting the partner institute IWASRI to become a nationally and internationally recognized centre on
waterlogging and salinity research.
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Robust Peatlands
Key issues: climate adaptation, land management, agricultural production, water management, rural development
Outline: Peatlands are threatened by subsidence of the soil surface, less favourable conditions for farming and, often,
rising costs of water management and infrastructure. This project focuses especially on water management strategies to
reduce soil subsidence and to create water systems which are more robust and adapted to climate change.

The Saline Coastal Fringe
Key issues: coastal zones, saltwater intrusion, climate adaptation, water management, stakeholder participation
Outline: The Dutch coastal zone is used intensively for agricultural production, fisheries, aquaculture, recreation and
nature. These different demands lead to conflicting claims. Wageningen UR is investigating how these claims are developing
in the light of climate change.

Dutch Climate Atlas
Key issues: climate adaptation, cooperation and knowledge-sharing, droughts and floods, rural development
Outline: Wageningen UR has provided provincial policy makers with multidisciplinary knowledge to enhance their awareness
on climate-induced conflicts and opportunities with regard to rural planning. In a series of maps, the 'climate-proofing
atlases' depict the effects of climatic change on local weather, river discharge statistics, groundwater tables, salinization
risks, risks of drought and flooding. They also provide guidelines on how to convert effects of climate change into
guidelines for sustainable rural development.

Changing water resources in Northern India
Key issues: climate change, stakeholder participation, response to extreme events, water management
Outline: Climate change will affect the hydrological system of Northern India, which in turn will affect water availability. The
rapid socio-economic development also has a large impact on water resources. To anticipate the potential negative effects
response strategies are developed that strengthen the cause for adaptation to hydrological extreme events through a
participatory process.

Sustainable agriculture in the Mediterranean/Aqua-Stress
Key issues: water scarcity, droughts, IWRM, agricultural production
Outline: Scarce water resources, intensive water competition between users - in particular agriculture and tourism - and
frequent drought episodes are common challenges in the Mediterranean. Agriculture is the sector most affected by
anticipated water scarcity. Aqua-Stress aims for participative development of water stress mitigation strategies for
sustainable agriculture in the Mediterranean.

Disposing of pesticides stocks in Africa
Key issues: human health, ground and surface water quality, risk assessments, cooperation and knowledge-sharing,
environmental protection
Outline: Large amounts of pesticides have been shipped to Africa for locust control since the 1950s. High concentrations
of pesticides are found in soils near stockpiles and pose a serious risk. The Africa Stockpiles Programme (ASP), launched
by FAO, is designed to help Africa to dispose of the pesticides in an environmentally sound manner, considering the African
conditions. Following a risk-based approach, site specific remediation technology using biodegradation and isolation have
been developed and implemented.
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The mangrove ecosystems in the Mahakam delta
Key issues: climate adaptation, coastal zones, biodiversity management, governance
Outline: The project aims to understand the integrated impact of human interferences and natural processes such as sealevel rise, climate change, upstream controls and ecological changes on the sediment and mangrove dynamics in the
Mahakam delta. Special attention is paid to determining the resilience and restoration potentials of mangrove ecosystems
and developing models that forecast catastrophic changes in coastal ecosystems. The project also addresses issues of
governance at all levels, and how ecosystem nestedness and governance nestedness can be linked.

WATERWISE
Key issues: participation, stakeholder dialogues, land planning
Outline: Spatial planning of land use and integrated water resources management are closely related. Spatial planners and
water managers should communicate more on their joint interests. The Waterwise tool integrates spatial planning with
strategic water management decisions and choices. The tool facilitates discussions between stakeholders competing for
limited water and land resources.

Development of coastal peatlands (Asia)
Key issues: land management, coastal zones, agricultural production, biodiversity management
Outline: The objective of the project on agricultural development in coastal peat swamps of Sarawak, Malaysia, was to
provide the State of Malaysia with tools to properly coordinate and enhance the overall development of coastal peatlands,
as well as to avoid conflicting land use. To this end, a set of guidelines for agricultural development in the coastal peat
swamps of Sarawak has been developed. These guidelines provide advice on best practice in planning, assessment,
design, implementation and management of water management systems for agricultural activities in the coastal peat
swamps of Sarawak.
PEATWISE (Asia)
Key issues: capacity building, cooperation and knowledge-sharing
Outline: PEATWISE aims to develop a curriculum on the sustainable development of peatlands by introducing innovative
educational methods and tools to promote the wise use of resources and to enhance sustainable economic development.
The focus is on in the areas of Sarawak, Malaysia and Central Kalimantan, Indonesia. The project covers the entire
sequence of curriculum development, the production of educational tools and course materials, and training staff to
disseminate knowledge.

Role of valuation for water management
Key issues: water productivity
Outline: The main purpose of the project is to draw generic lessons from a number of case studies about the role of
valuation in supporting water management decisions. Water valuation enables us to assess the implications of various kinds
of allocations of the available water among users, while taking into account equity, sustainability and environmental
sustainability. Valuation shows whether there is scope for improving the overall benefits from water use. Insight into the
value of water enhances the ability of decision makers to evaluate tradeoffs between alternative water management
regimes and courses of social action that alter the use of water and the multiple services it provides.
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FLOW-AID
Key issues: irrigation efficiency, agricultural production
Outline: FLOW-AID contributes to sustainable irrigated agriculture by developing a deficit irrigation management system for
farm-level crop production in cases with limited water supply and marginal water quality. It integrates innovative sensor
technologies into a decision support system. It focuses on innovative, simple and affordable, hard- and software concepts;
particularly a maintenance free tensiometer, a wireless and low-power sensor network; an expert system for farm zoning
and crop planning in view of expected water availability and quality; and an irrigation scheduler for allocation of multiple
water sources.

Ecosystem change in Lake Victoria (Africa)
Key issues: ecosystem management, climate change, water quality
Outline: Lake Victoria, Africa's largest freshwater lake, is changing fast under the combined effects of climate change,
eutrophication and fisheries. Both eutrophication and fisheries caused the decrease in highly diverse cichlid stocks in the
1970-ies that paved the way for the switch to the new alternative stable state in the early 1980-ies establishing Nile perch
as dominant predator in the lake's food web. Both processes still re-structure the fish community and the resource base of
the fishery. The feedbacks in food webs and resource use with increased eutrophication and fishing pressure is studied,
aimed to support fisheries and ecosystem management.

5.3

Capacity building at Wageningen UR

Wageningen UR provides an extensive set of academic and applied programmes aimed at training students in
analyzing and resolving pressing issues in rural development. In addition to the regular programmes also
various short courses are offered aimed at contributing to permanent learning of professionals after
completing their formal studies. In the report 'Strategy for capacity development to balance water needs for
food and ecosystems' by I. Gevers, A. Schrevel, M. Vernooij and H. Zingstra (Wageningen UR, 2009) an
overview of the short courses currently offered is given. In this report it is concluded that current activities
already provide strategic capacity building components to implement the CSD-17 messages but
recommendations for the future are given. The report suggests to expand the current activities and include
competing claims, conflict management, climate adaptations and focus on water demand management in
India, agricultural water management in Africa, improving water quality in semi arid areas, increasing water
productivity in arid regions and addressing typical delta problems.
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6

Presenting CSD-17 messages

The results have been presented at the African Water Week in November 2009 and to the Dutch water sector
in March 2010. Programmes have also been developed for the Waterproof Event (April 2010), the World Water
Week (September 2010) and CAADP.

6.1

African Water Week

Wageningen UR participated in the second African Water Week, conducted from 9 till 13th November 2009 in
Midrand, South Africa. The African Water Week is organized by AMCOW.
The African Ministers' Council on Water (AMCOW) was formed in 2002 primarily to promote cooperation,
security, social and economic development and poverty eradication among member states through the
management of water resources and provision of water supply services. The mission of AMCOW is to provide
political leadership, policy direction and advocacy in the provision, use and management of water resources
for sustainable social and economic development and maintenance of African ecosystems.
AMCOW is working with AU NEPAD (New Parthership for Africa's Development), the UN Secretary General
Advisory Board on Water and Sanitation (chaired by the Prince of Orange) and the EU ACP Water facility.
Vraag: is het Sanitation of Sanatation?
The water for Agriculture and Energy in Africa is an important programme from AMCOW.

AMCOW and FAO have launched the Water for Agriculture and Energy in Africa.
This programme is:
– Assessing the challenges faced by the agricultural sector in view of the current food crisis in Africa taking
into account the strong linkage with energy and climate change.
– Carefully examining how investment in the rural space can reverse trends to obtain well balanced subsectors that offset production risks, close food production gaps and ensure food security.
– Analyze the bottlenecks and constraints to accelerated water development in support of the continent's
food and energy needs.
– Proposing ways to promote and secure investment in water to maintain food and energy security in
the region.
An extensive website including national policies and investment briefs is available at:
www.sirtewaterandenergy.org/
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The aim of Wageningen UR in attending the African Water Week was to cross the CSD message to the
participants. Alterra therefore undertook three specific actions:
– Exhibit the CSD message by showing Dutch contributions in this field. Folders were distributed on issues
through an exhibition stand (Annex 1).
– Organized a side event (Annex 2).
– Laid specific contact with several participants as in Annex 3.

Exhibition
Over 1,350 persons from all African countries participated in the programme, side events and exhibition.

A side event was organized
Managing Africa's trans-boundary waters by trans-boundary land management
The world faces huge water and food challenges in view of increasing pressures by population growth, the
global climate change and socio-economical developments (urbanization, changes in lifestyle, etc.). This
requires a fundamental rethinking of the conceptual framework of (land and) water management.
In dealing with water issues the general focus has been on supply and demand management related to surface
water and groundwater resources (referred to as 'blue water' resources).
This approach does not sufficiently acknowledge the role of rainfall as the ultimate water resource. It should be
recognized that the availability and quality of blue water resources is primarily determined by land use and land
management. The land cover very much determines the faith of rainfall in terms of groundwater recharge and
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surface water regimes. In arid and semi-arid areas the (exploitable) groundwater and surface water flow often
represent only a small percentage of the rainfall.
Spatial planning and land management are, therefore, crucial. This principally refers to (commercial) forestry,
agricultural lands and town planning, as these land uses are largely manageable, and subject to spatial
planning. Agriculture and forestry can be regarded as the world's principal rainfall processing industry. In the
side event options were presented to use spatial planning and land use management as tools in water
management. Interactive discussion support tools are being developed to enable stakeholders to make rapid
assessments and search for feasible land development options and set priorities, both in a national and transboundary context. In the side event the methodology to integrate land and water development options and
possible prioritization evaluation criteria, such as crop water productivity (food security), economic water
productivity (economic development), social water productivity (jobs and welfare) and ecological water
productivity (integrity of ecosystems) were presented and discussed. An important implication of integrated
land and water management is also that traditional distinction between rain-fed and irrigated agriculture
becomes superseded. Sub-optimal or fractional irrigation may result that the policy objectives are better met,
particularly in times of scarcity.
The presentation is included in Annex 2.
The participation to the African Water Week was highly successful in that many participants learned more
about the CSD process and its messages. It resulted in an invitation for the CSD-17 chairwoman to address
the assembled African ministers on the CSD-17 outcome. It also presented the Dutch interest in the
development of Africa, especially in the field of agricultural water development and provided the contacts to
prepare policy messages for the next Stockholm Water Week and other international meeting points where the
Dutch policies can be exhibited and interlinked with the international agendas.

6.2

NWP meeting

On 11th March a workshop was organized together with Netherlands Water Partnership and LNV with the
following programme
Water and Sustainable Agriculture and Ecosystems
The message from the 17th session Commission on Sustainable Development
World population growth to an estimate 9 billion by 2050 and a diet preference change in the direction of more
meat, fish and dairy products driven by increasing wealth and urbanization, will give rise to a sharp food
demand in the coming decennia. Also, climate change will confront agroproduction systems with the challenge
of increasing variability in environmental conditions (drought, flooding) with consequent less stable food
production. Finally, the negative climatic impacts on fossil energy, their limiting supply and the unstable
geopolitical context of these resources, have increased the demand for biobased alternatives thus increasing
the pressure on natural resources.
Agriculture plays a vital role in sustainable development and can be part of the solution in solving the multiple
crises on food, climate change and energy. Good water management is of crucial importance for sustainable
agriculture. To address these multiple crises and its challenges to increase agricultural productivity is of
highest priority, including a Green Revolution in Africa. The required increase in food production and
anticipated future population growth will lead to increased water stress, both by pollution and over
consumption. For a safe harvest in the world we have to save water to safe lives. This message from the 17th
Session of the UN Commission on Sustainable Development must be used to feed the world in a sustainable
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way. You are invited to discuss how we can contribute to improve sustainable agricultural production and at
the same time aim at sustainable use of water for food and ecosystems.
The programme included:
– Ir. Mathieu Pinkers (Ministry of Agriculture, Nature and Food Quality)
Chairman
– Drs. Desiree Hagenaars (Ministry of Agriculture, Nature and Food Quality)
'Sustainable Development, what needs to be done?'
– Dr. Essam Khalifa (Ministry of Water and Irrigation, Egypt)
'After 6000 years of agricultural water management in the Nile, how do we handle the 21st Century
– Dr. Kees van 't Klooster (Wageningen UR)
'Save Water, save harvest, save life'
– Henry Sichembe MBA (Department Director Agriculture, Ministry Agriculture, Zambia)
'Water options to improve ecosystems, harvest security and hydropower for the Zambezi'
– Ir. Chris de Visser/ir. H.Hengsdijk (Wageningen UR)
'Options for High Tech and Sustainable Agriculture'
Presentations are included in Appendix 4

6.3

Waterproof

At the Dutch Waterproof event a 'Werkplaats' is organized dealing with Water for Food and Ecosystems in
Africa on 8th April 2010.
Africa faces the challenge to feed its growing population by producing more food. Exploiting the agricultural
potential of Africa not only helps in the development of Africa and hence of the world economy but creates also
business opportunities for those in close contact with the millions of hectares that can contribute to feeding
the world population. Where water is a limiting factor efficient use of water should be promoted in such a way
that other users of water may also benefit, notably ecosystems. The ecosystems in Africa are linked to the
ecosystems in Europe notably by bird migration.
–
–
–
–
–
–
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Mathieu Pinkers (Ministry of Agriculture, Nature and Food Quality)
Introduction
Koen Roest
Greening the desert, how (ICT) technology can increase water productivity in the Nile region
Eddy Wymenga and Hans van Poppel
How the right interventions in West African management agriculture
Paul Sijssens
Commercial and technical development of flood irrigation in the Zambezia province of Mozambique
Herco Jansen
How investors and ecosystems share the Incomati water to their mutual benefit
Madeleine van Mansfeld
Agro-Parks, the African version: A blueprint for the Beira Corridor in Mozambique
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6.4

World Water Week

A seminar will be included in the main programme of the World Water Week on African Agricultural Water.
The session is jointly organized through LNV, AMCOW, UNEP, African Development Bank and CAADP.
Draft programme:
– Welcome on behalf of the convenors and highlighting the intrinsic challenge for land and water
management in Africa
Bai-Mass Taal, AMCOW
– The wider dimension of water quality issues and needs for protecting water resources
Thomas Chiramba, UNEP
– Using the momentum and focus from the 2009 CSD 17 'Shared Vision' to 'make Agriculture better' and
to contribute to the water quality protection (tbd)
– Policy recommendations to minimize water quality hazards from increased pesticide use in Africa.
Mark Davis, FAO
– NEPAD's view on future nutrient requirements in African agricultures and strategies to reduce negative
impacts on African water quality
Elijah Phiri, CAADP
– Water quality in Kafue River and Lake Kariba
Chris Mukosa, Zambezi River Authority
– Implications of an intensification in land and water management in the Equatorial Lake region
Emmanuel Olet, NBI-NELSAP
– Water quality development in the Niger
Almoustapha Fofana, National Water Lab, Mali.
– Pesticides effects on Incomati and water supply of Maputo
Mozambique Water Authority (or Ivo van Haaren, DHV)
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7

Research gaps

Based on the on-going research programmes and projects new insights for policies can be extracted. For
some specific topics that need to be addresses in the future, adequate and timely additional knowledge need
to be developed to close the knowledge gaps and to develop future policies.. Focussing on the five previously
mentioned themes, these knowledge deficiencies are:

IWRM
Drought management in ungauged basins or basins with limited data can be further developed for basins in
Africa where it must and can be build on data scarce production areas, but where harvest security needs
further improvement.
To operationalize schemes for Payment for Environmental Services and Green Water Credits a generic
framework should be developed within which PES and GWCs systems are self sustainable in socio-economic,
and socio-ecological terms, i.e. how to legalize, organize, institutionalize and finance environmental services,
considering the various levels of institutions and policy.

Agricultural production
Global agricultural production can benefit from water saving techniques as developed in the Netherlands under
a number of conditions. A basic condition is that to recover the higher investments per m2, the value of the
production obtained per m2 must be high. As a consequence the technology is mainly applied in developed
countries to vegetable and fruit production as well as ornamental plants rather than in staple foods, where
returns per m2 are limited. This implies that not only the technology must be available but good market access
including the logistics involved is necessary. The risks associated with high tech agriculture are high, also
requiring management that reacts swift and adequately on any change. Taking the above considerations into
full account the options for more high tech production in less developed countries with erratic rainfall patterns
should be taken up to utilize the vast potential to use less water in producing food by utilizing appropriate
elements of the current available technologies.
Upscaling of indigenous knowledge on robust farming systems and water conservation systems.

Water management
Living with salinity: As rising sea levels may create salt intrusion and salinity problems, systems that are
actually based on saline water, rather than fighting salinity, need further development. Some of the deltas in
e.g. Vietnam and Mozambique provide opportunities to develop such systems. In Egypt the rising water level
in the Mediterranean Sea increases salt intrusion in some of the agricultural production areas and policy
strategies to cope with these changes are needed.
Managing saline water: The more frequent occurrences of brackish and saline water together with increased
scarcity of fresh water requires conjunctive use, in which alternating water qualities are supplied, considering
the (alternating) sensitivities of production systems.
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Land management
Redesign of full fletched irrigation schemes to systems where water is used at the demand of the crop and
supplemented by irrigation when rain and water available in the soil alone would limit crop production needs to
be done to reach large water savings, providing also better availability of water for ecosystems and other
uses. Such situations are at hand in e.g. the inner the upper Nile basin in Ethiopia, various schemes in the
Zambezi and the Nile stretch in Egypt, the Chokwe irrigation scheme in Mozambique and in West Africa.

Assessment and evaluation tools
The development and utilization of early warning systems based on seasonal climate models will allow for
enhanced efficiency in the use of water and nutrients. This opens the possibility to develop policy options that
take the benefit from these forecasting techniques. Such an approach will not only have a positive impact on
food production but will also have a positive effect on water quality as less nutrients and pesticides will be
released. Ecosystems and other users of water will therefore benefit from this approach. It also provides
opportunities for markets to incorporate the expected agricultural output in their operational planning.
Methodology for biophysical quantification of impacts of integrated catchment management with focus on
nature restoration measures, in terms of water quantity and quality (and spatial/temporal), soil
conservation/erosion control, carbon sequestration, ecological benefits.
Methodologies for valuation of environmental services need to be further developed. As the water assurance is
generally more important than the water availability at a certain time, methodologies to valuate uncertainty and
water assurance in water-scarce situations need to be developed.

Integrated Land and Water Resources Management
To obtain further progress in integrated land and water resources management a number of key areas need to
be addressed in Africa:
– Water Resource Monitoring
To monitor water resources with regard to quantity, distribution and quality, including variability in time and
space and their interaction with all water use processes in order to provide a firm basis for the optimal
development of Zambia's water resources.
– Water Resource Planning
To produce catchment outline plans for all catchments in Zambia that addresses inter-sectoral linkages in
the management of water resources aimed at supporting cross- sectoral development needs and maximise
the economic benefits accruing thereto.
– Water Resources Infrastructure Development
To achieve sustainable water resources development with a view to facilitate an equitable provision of
adequate, quantity and quality of water for all competing groups of users at reasonable costs and ensuring
security of supply under varying conditions.
– International Waters
To strengthen capacity of regional cooperation on shared water courses in support of regional
development.
– Research and Development
To develop innovative and appropriate approaches and technologies for the effective development of the
national water resources.
– Adaptation to Climate Change in water resources management and development
To strengthen capacity for mitigation and adaptation to effects of Climate Change in Water Resources
Management and Development.
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Annex 1 Flyers Wageningen UR projects
contributing to sustainable
development on water and agriculture
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Annex 2 Managing Africa's trans-boundary
waters by trans-boundary land
management
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Annex 3 Contacts during Second African
Waterweek

Patrick

Mwangi

WSP/Worldbank

Kenya

Charles

Hakizimana

Tac-Amcow

Ethiopia

Thabiso

Mudau

ARC

South Africa

Lahmouri

Abaldaem

Secretary state of water and environment Morocco

Morocco

Bafedile

Raneskono

Dept Watter Appaits

South Africa

Samba B.A.

Raby

UN-HABITAT

Mauritania

Sampie

Shabangu

Kobwa

South Africa

Gerald

Tenywa

The New Vision

Uganda

Georges

Gulemvuga

CICOS

Congo

Mburente

Nestor

Avedec-Burunai

Uganda

Priscilla

Achakpa

Woman Environmental Programme

Nigeria

Dr. Sipho

Nkambule

Kobwa

South Africa

Bathermy

Tsafaek

Wesde Cameroon

Cameroon

Ada

Oko-Williams

Wateraid

Nigeria

Charles

Makuwerber

Bambani S. Africa

South Africa

Mildred

Mkandla

Earth Care Africa

Ethiopia

Sharon

Machutela

Protechnik Laboratoirs

South Africa

Frans P.

Wemba

Operation Hunger

South Africa

Esther

Ngorima

CSIR

South Africa

Masego

Thebe

Frances Board District Municipality

South Africa

Madeleine

Fogde

SEI

Sweden

Jill

Ovens

Wits

South Africa

E.

Karabo

MAWF

Namibia

Simon

Thuo

NBI /Global Water Partnership

Uganda

LZ

Maswuma

Water Affairs

South Africa

Dr. Kane

Alioune

University Cheekh Senegal

Senegal

Chuck T.

Tandia

CREPA

Burkina Faso

Matshepo

DWA

South Africa

Bilal

Randeree

Enviro Journalist

South Africa

F.

Hoogveld

BuZa

Mozambique
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George

Tsibani

Mthengenyat AD

South Africa

Dr. Alain

Randriamangrisort

University of Water

Madagaskar

Basiro

Fantole

Federal Min. of Agriculture and Water

Nigeria

Saliha

Alemayehu

Federal Institute of hydro UNESCO IHP and WMO-HWRP

Germany

Cecil

Mohlala

CSSP

Richard

Cupido

Chosen for Greatness

South Africa

Mohamed H.

Elrasal

Public Water Corporation

Sudan

Nomasonto

Malsi

PB World

South Africa

Phakamani

Buthelezi

BOCMA

South Africa

Dieter

Van den Broeck

Livinglands

South Africa

Nicholas

Mkhatshwa

KOBWA

South Africa

Emmanuel

Lesoma

Water Commission

Lesotho

Patrick M.

Wangi

WSD / WB

Kenya

Ir. Dick C. van

Ginhoven

Ministerie Buitenlandse Zaken

Netherlands

Drs. Simon J.H.

Smits

Ministerie Buitenlandse Zaken

Netherlands

Dr. Rose

Kaggwa

National Water & Sewerage Corporation

Uganda

Marius

Claassen

CSIR

South Africa

Dr. Keith

Kennedy

CSIR

South Africa

Rose Osinde

Alabaster

UNEP

Kenya

Lisa

Rheinberg

DEFRA

South Africa

Ms Thembi

Mtselu

University of the Witwatersrand, Johannesburg

South Africa

Emmanuel

Mwendera

IUCN

Kenya

Mbangiseni P.

Nepfumbada

Water Affairs, Rep. of South Africa

South Africa

Michel

Tozan

Min. de l'Environnement, des Eaux et Forêts

Cote d'Ivoir

Barbara

Lopi

SADC-groundwater

Botswana

Jonathan

Timm

The Mvula Trust

South Africa

Ir. M.A.

Ivalo

Ministerie Buitenlandse Zaken

South Africa

Sylvain

Usher

African Water Assocation

Cote d'Ivoir

Sering B.O.

Jallow

African Development Bank

Tunesia

Rwakakamba

Morrison

UNFFE

Uganda

Ngusa L.

Izengo

Ministry of Water and Irrigation

Tanzania

Ndileka K.

Mohapi

Water Affairs and Forestry

South Africa

Saadou Ebih

Oald

CNRE

Mauritania
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Annex 4 Water and Sustainable Agriculture and
Ecosystems, Seminar 11th March 2010

Alterra-report 2076

71

72

Alterra-report 2076

Alterra-report 2076

73

74

Alterra-report 2076

.

.

.

.

.

.

.

Alterra-report 2076

75

.

.

.

.

.

.

.

.

76

Alterra-report 2076

.

.

.

.

.

.

.

.

Alterra-report 2076

77

.

.

.

.

.

.

.

.

78

Alterra-report 2076

.

.

.

.

.

.

.

.

Alterra-report 2076

79

.

.

80

Alterra-report 2076

Alterra-report 2076

81

82

Alterra-report 2076

Alterra-report 2076

83

84

Alterra-report 2076

Alterra-report 2076

85

86

Alterra-report 2076

Alterra-report 2076

87

88

Alterra-report 2076

Alterra-report 2076

89

90

Alterra-report 2076

